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Fig. 1. (color online) Geometry of the radar and the scattering points on the rotor blades.
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Fig. 2. (color online) Sketch of “flashes” phenomena
under the scattering point model of the single blade:
(a) The vertical position between the blade and the
radar LOS; (b) flashes in time-domain; (c) flashes in

time-frequency-domain.
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Table 1. Simulation parameters.
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HE 1 4 0 (0, 0, 0) 0.3 4000 1 50000 0 0

4.1 d < aBFTHISTRERREES SR

HH2.1 850 1A, HEU S A kg d < ol
B R Y S R B R S R, e Ok 2, U
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Fig. 4. (color online) The simulation results of the two-blade rotor with the scattering point model (d =

0.075 m): (a) Time-domain signature; (b) the micro-Doppler signature.
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0.05 m): (a) Time-domain signature; (b) the micro-Doppler signature.
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Fig. 7. (color online) The simulation results of the
single-blade rotor with the scattering point model
(d = 0.3 m): (a) Time-domain signature; (b) the
micro-Doppler signature.
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Abstract

Since the rotorcraft can easily be recognized by using the micro-Doppler (m-D) signature of rotor blades, the m-D
effect induced by micro-motion dynamics plays an important role in target recognition and classification. However, the
existing researches on the rotor blades pay little attention to the mechanism of the time-domain and time-frequency-
domain flash phenomena. To comprehensively explain the flash phenomena from physics, the modeling of the rotor
blades and the mechanism of the flash phenomena are studied in this paper. Firstly, for the rotor blades, the target
cannot be represented as a rigid, homogeneous line nor several points. Taking the scattering coefficients and the interval
of adjacent scattering points (the scattering point distribution on the blade) into consideration, the scattering point
model of the rotor blade echo is established, and the influence of the scattering point distribution on the radar echo is
analyzed as well. The detailed mathematic analysis and comparison results show that the conventional integral model
of the rotor blade is only a special case of the scattering point model. Furthermore, in the case where the scattering
point model is approximately equivalent to the conventional integral model, the critical interval of adjacent scattering
points is deduced by mathematic analysis. Secondly, on the basis of the proposed model above, the physical mechanism
of the time-domain and time-frequency-domain flash phenomena is studied from the viewpoint of the electromagnetic
(EM) scattering. On the one hand, considering the EM scattering and scattering point distribution, the mechanism of
the time-domain flashes is analyzed. Ideally, when the rotor blade is at the vertical position relative to the radar line
of sight, i.e., at the flash time, the blade has the strongest echo. At this moment, the radar echo consists of echoes
of all scattering points, thus inducing the time-domain flashes. At the non-flash time, the scattering points at the tip
of blade and hub of rotor have stronger scattering intensities, so the echo is much weaker than that at the flash time.
On the other hand, the time-frequency analysis and the cross range resolution are simultaneously used to analyze the
mechanism of the time-frequency-domain flashes in the m-D signature. The m-D signature of the rotor blades consists
of three parts: the time-frequency-domain flashes, the sinusoidal Doppler curves, and the zero-frequency band. At the
flashes time, the Doppler frequency of adjacent scattering points cannot be distinguished, thus the m-D signature has
the frequency band caused by all scattering points, i.e., the time-frequency-domain flashes appear. At the non-flash
time, the sinusoidal Doppler curves and the zero-frequency band are caused by the scattering points at the tip of blade
induced by the scattering points at the hub of rotor respectively. Finally, the simulation results about the scattering
point model with the different intervals of adjacent scattering points show that the effectiveness of the proposed model

and the correctness of theoretical analysis.

Keywords: flashes, electromagnetic scattering, micro-Doppler, scattering points model
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