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Micro-Doppler Frequency Extraction for Rotating Targets

Based on Parameterized Demodulation
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Abstract; In the field of spaceflight, the rotating motion of a target is one of the most common micro motions,
such as the rotation of the satellite antenna and the spinning motion of the ballistic missile. The micro-Doppler (m-
D) signatures of these rotating targets play important roles in radar space target recognition. Since the m-D
frequencies of different scattering points usually overlap in the time-frequency domain, it is difficult to extract them
by use of traditional methods. To address this issue, this paper proposes a novel m-D frequency extraction method
for rotating targets based on parameterized demodulation. Firstly, according to the theory of point scatter model,
the analytical expression of the radar echo signal from a rotating target is obtained. Given the fact that the obtained
signal model is featured by sinusoidal frequency modulation, a parameterized demodulation operator based on the
sinusoidal model is constructed and the parameters of the m-D frequency are optimized to ensure that the spectrum of
the demodulated signal reaches the maximum value at the carrier frequency. To estimate m-D frequency parameters
of multiple scattering points, an iterative parameter estimation scheme is proposed. For each iteration, only m-D
parameters of the current strongest scattering point are estimated and then the corresponding signal component is
removed from the original radar echo signal to eliminate the influence on the parameter estimation of other
components in subsequent iterations. The simulation and experiment show that compared to the traditional time-
frequency peak detection method, the proposed method can accurately extract overlapped m-D frequencies of rotating

targets, laying the foundation for radar space target recognition. The method has a promising application prospect in
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monitoring and identifying the targets such as satellite antenna and ballistic missile.

Keywords: micro-Doppler(m-D) ; time frequency(TF) analysis; parameter estimation; instantaneous frequency

(IF) ; frequency estimation; demodulation
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Fig. 1 Geometrical relationship between radar

and rotating scattering point
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Fig. 2 Flowchart of algorithm
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Fig.3 Time-frequency distribution of simulated signal
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Tab.1 Parameter estimation of micro-
Doppler for simulated signal
[ E e Wl a; / | R [/ | BALL io / | BAE L /
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Fig. 4 Comparison of extracted micro-Doppler

frequencies of simulated signal
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experimental signal
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