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Application progress of time-frequency analysis for lidar

Liu yanping!,  Wangchong?, Xia haiyun!

1 School of Earth and Space Science, University of Science and Technology of China,
Hefei 230026, China

Abstract Lidar is of key importance for high resolution and multi parameter detection of concealed object,
atmosphere, ocean, land and so on. It was found that time-frequency analysis provide additional sight into analysis,
interpretation, and processing of lidar signals that is sometimes superior to what is achievable in the traditional
time or frequency domin alone. Time-frequency analysis has been widely used include feature analysis and
extraction of the atmosphere, signal de-noising, moving target imaging and detection, micro-Doppler classification.
Based on a brief introduction to the basic theory in time-frequency analysis, the newest developments of
time-frequency analysis for lidar are emphatically introduced as well.
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(c) Average Wigner-Ville distribution of a wake vortex system
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Fig.10 Spectrograms of the received signals from the targets at 250 meters. (a)Stationary target;(b)Moving target.
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(c) Tiles2 original data; (d) Tile 2 segmented result.
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Table 2 Comparison of various time—frequency analysis methods.

Category Method Pros. Cons.
Linear time- Short time Free from cross-terms, fast Lacks adaptability due to fixed window,
frequency Fourier implementation, physically limited time-frequency resolution
representation transfrom meaningful
Wavelet Free from cross-terms, adaptive  Difficult to select wavelet basis, limited
transfrom representation, effective in time—frequency resolution
detecting transients
Bilinear time- Wigner-Ville High time-frequency resolution Suffers from cross-term
frequency distribution interference for multi-component
distribution signals
Cohen class Suppressed cross-terms Suppression of cross-terms can lead to
distribution reduced time— frequency resolution
Affine class Suppressed cross-terms Suppression of cross-terms can lead to
distribution reduced time— frequency resolution
Reassigned Suppressed cross-terms, Ineffective at time—frequency
distribution improved time-frequency locations of zero energy distribution
resolution
Adaptive Suppressed cross terms, High computational complexity due to
optimal kernel improved time-frequency optimization
resolution
Adaptive Hilbert-Huang High time-frequency resolution  Difficult to resolve signal components

non-parametric
time—frequency

representation

Adaptive
parametric
time—frequency

representation

transform

Adaptive
Gaussian
representation
Matching

pursuit

Adaptive
chirplet

decomposition

adaptive signal decomposition

Suppressed cross-terms,
improved time-frequency
resolution

Free from cross-terms, adaptive
representation of complicated

signals

Suppressed cross-terms

when instantaneous frequencies have
crossings on time—frequency plane,
pseudo IMFs due to endpoint effects
and intermittency

High computational complexity for

search

Relies on dictionary, needs a priori
knowledge to construct dictionary, high
computational complexity due to
optimization in signal decomposition
Needs a priori knowledge, high
computational complexity due to

optimization in signal decomposition
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