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Application Progress of Time-Frequency Analysis for Lidar
Liu Yanping”, Wang Chong ™, Xia Haiyun™
School of Earth and Space Science, University of Science and Technology of China, Hefei, Anhui 230026, China

Abstract Lidar is vital for the high-resolution and multi-parameter detection of concealed objects, objects in the
ares like atmosphere, oceans, lands, and so on. Compared with the traditional time-domain or frequency-domain
methods, time-frequency analysis can provide more insight into the analysis, interpretation, and processing of lidar
signals. Time-frequency analysis has been widely used, including in feature analysis and extraction of atmospheric
parameters, signal denoising, moving target imaging and detection, and micro-Doppler classification analysis. The

methods used for the time-frequency analysis of lidar are further developed based on the basic principles and
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characteristics of time-frequency analysis.
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Fig. 1 Simulation results of tail vortex and Wigner-Ville distribution of radial velocity profiles. (a) Numerical simulation

diagram of contour plot of tail vortex pair; (b) three radial velocity profiles of line of slight; (c) average

Wigner-Ville distribution of black solid lines in fig. (b)
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Fig. 2 Spectral images of wind speed varying with distance.

(a) 1.5 pm all-fiber single frequency lidar; (b) long-distance Doppler lidar
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Fig. 3 Reconstruction results of 2D wavelet.

reconstruction period of 3.6 h;

(c) reconstruction period of 4.8 h;

(a) Original relative temperature perturbations from July 16 to 18, 2014; (b)

(d) reconstruction period of 7.8 h; (e) the

temperature perturbation field reconstructed from combining the above three major wave packets
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Fig. 4 Gravity wave perturbations (a)-(c) and distribution function of spectral energy (d)-(f).
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Fig. 5 Comparison of wind shear distribution between simulation results and actual measurements.

(a) Simulation results; (b) actual measurements
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Fig. 6 Comparison diagrams of inversion results. (a) Original and denoised data;

(b) denoised data and average of 1000 sets of accumulative signals
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(b) spectrogram and oscillogram of a Wiener filtered signal; (c¢) spectrogram and oscillogram of a clean signal
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Fig. 12 Comparison of segmented trees and buildings using matching pursuit method. (a) Trees; (b) buildings; (c) tree

area detected by an 11X 11 window; (d) building area detected by an 11 X 11 window; (e) tree area detected by a

7X 7 window; (f) building area detected by a 7 X7 window
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Fig. 13 Spectrogram results. (a) Normalized spectrogram of the target speed versus time with tone spacing of 10 GHz;

(b) velocity spectrogram after hard threshold processing
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Fig. 14 Airplane model and imaging results based on two methods. (a) Optical photo of the airplane model made of stone;
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(b) image result based on the FFT (fast Fourier transformation) method; (c¢) azimuth multilook result based on the

FFT method; (d) azimuth multilook result based on the JTFT method
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transform o . ) ) )
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distribution ) . )
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chirplet o
. cross-terms due to optimization in
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