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Fig. 1. FrFT on LFM-SFM signal: (a) Energy accumulation principle; (b) FrFT distribution in parameter field.
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Fig. 2. Bandwidth determination by bidirectional

threshold searching method.
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Table 2. Comparison of estimation results under different signal lengths.
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Tope/s 1.4380 6.5592 13.2715 17.9434 24.3599
REfO/% 0.45 33.48 16.75 11.17 8.37
RE,, /% 0.6425 8.37 2.09 0.93 0.52
4.1.2 WA HAET [50,150] Hz, Dy € [2,10] um, po € [0,7/2] rad.
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Abstract

Precise target identification is significant for commanding and identifying enemies. The micro-Doppler effect (MDE)
can reflect the subtle movement characteristics of the targets, which provides a new way of detecting and recognizing
the target. However, the current research mainly focuses on the micro-motion feature extraction and classification of the
targets, which is not capable of identifying the targets of the same type. In fact, by accurately estimating the micro-
motion parameters and combining sufficient prior knowledge, the target can be accurately identified. Compared with
the microwave radar, the laser detected MDE has high sensitivity and precision in micro-motion parameter estimation.
This is more conducive to realizing the accurate classification and fine identification of the targets. In real detection,
the MDE always exists in the moving targets. This will generate a mixed echo signal modeled by the polynomial phase
signal and sinusoidal frequency modulation (SFM) signal. So far, there have been no effective methods of estimating
the micro-motion parameters in such mixed signals. In this regard, a set of translational motion compensation and
micro-motion parameter estimation methods is proposed in this paper. A bandwidth searching method based on the
fractional Fourier transform (FrFT) is presented to precisely estimate the translation parameters, which will be used
to realize the compensation for the translational motion. The advanced particle filtering (PF) method using the static
parameter model is designed for the micro-motion parameters in the remaining SFM term. Given the lack of particle
diversity in static parameter PF, the Markov chain Monte Carlo sampling is employed, which also helps to improve
the algorithm efficiency. Meanwhile, a new likelihood function in calculating the particle weights is designed by using
the cumulative residual. With this improvement, the correct convergence under multi-dimensional parameter condition
is guaranteed. The proposed method can avoid the influence from error transfer and achieve efficient and accurate
estimation. Compared with the typical method that combines the time-frequency analysis and the polynomial fitting
through the simulation, the proposed FrFT method is verified to have little computation complexity and high estimation
accuracy, where the relative estimation errors of the translational parameters are kept at 0.64% and 0.45%, respectively.
The waveform similarity of the SFM signal phase between the compensated signal and the real one indicates that the
accuracy fully meets the requirement for accurate estimation of the micro-motion parameters. Further, the simulation
result also shows the high efficiency of the improved PF algorithm. The convergence time consumed by the proposed
algorithm is 0.353 s, while the traditional method needs 0.844 s. In the end, the comparison with the experimental data
from the traditional inverse Radon transform shows the effectiveness and necessity of the proposed method. The research
results are conducive to the accurate and rapid estimation of micro-motion parameters, which lays a foundation for the

fine target recognition based on the MDE.

Keywords: laser micro-Doppler effect, fractional Fourier transform, particle filter, translation compen-

sation
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