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Abstract: To address the urgent need to identify birds and rotary-wing Unmanned Aerial Vehicles (UAVSs), this
paper proposes a vortex radar-based method for extracting micromotion parameters of targets. The study
focused on target parameter acquisition and systematically extended target modeling and parameter extraction
strategies. First, mathematical models were developed for the body motion and wing flapping behavior of birds
as well as for the rotor movement characteristics and body structure of rotary-wing UAVs. Further, analytical
expressions for the radial and rotational Doppler frequency shifts at scattering points were derived, and micro-

Doppler features were extracted from radar echo signals to enable target parameter inversion. For bird targets,
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the radial Doppler frequency was estimated by extracting the spectral peak of the echo signal to obtain the
flight velocity. In addition, by combining the rotational Doppler frequency shifts of the scattering points and
analyzing the variations of the rotational Doppler frequency using the Short-Time Fourier Transform (STFT),
the wing-flapping length was estimated. Even under low Signal-to-Noise Ratio (SNR) conditions, the estimation
error of the wing-flapping length remained within 0.03 m. For rotary-wing UAV targets, an echo signal model
was first constructed, and the analytical relationship between the radial and rotational components of the
micro-Doppler frequency shift was derived. Using the reconstructed Doppler information and through range-
time domain analysis, six structural and motion parameters were retrieved, including the Euler angles rotor
rotational speed, rotor length, and the distance between the UAV body and rotor. The estimation errors for all
parameters were significantly lower than those obtained with conventional approaches based on individual
Doppler features, with all parameters remaining within 2%. Simulation results demonstrated that the proposed
vortex radar-based parameter extraction method enables accurate multiparameter estimation for birds and
rotary-wing UAVs. The method also exhibits stable and reliable performance under low SNR conditions,

confirming its effectiveness and applicability in practical engineering scenarios.

Key words: Vortex electromagnetic wave; Rotational Doppler frequency; Short-Time Fourier Transform

(STFT); Rotary-wing UAVs; Time-frequency analysis
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Fig. 1 Schematic diagram of vortex radar detection principle
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Fig. 2 Simplified kinematic model of bird wing flapping
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Tab. 2 Estimated results and corresponding normalized errors
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Tab. 3 Comparison of parameters and characteristics between birds and rotary-wing UAVs
ZH RS H KB HER S NGNS R 7
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Z U Bk / Al S SRR 1 3% 22
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B w 4m 100w

* 4 RIEREIR SRR TERSBIRBEELER

Tab. 4 Comparison of parameter extraction accuracy between vortex electromagnetic waves and traditional plane waves

Hbr A 24 HIME gk TE RREERE (%) e R A THE TR IR % (%)

foira 2 Hz 2 Hz 0 2 Hz 0

Kye v 10 m/s 9.9309 m/s 0.7 9.9848 m/s 0.152

byiva 0.7 m >0.63 m <10 0.682 m 2.57
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e B AL 7, (m) 0.55 0.504 8.4 0.5489 0.2
I (m) 1 / 1.006 0.6
(v, 0,9)  (60° 30°, 45°) / (60.25°, 29.82°, 44.68°) /
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Tab. 5 Comparison of parameter extraction methods using vortex electromagnetic waves (%)
WiRrS SNR (dB) Ty w P 0 ¢ l
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