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Bird and Drone Classification using Image Fusion of
Range—Doppler Map and Spectrogram
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Abstract

This paper proposes a method for discriminating drones and birds using a stepped-frequency radar. Small
Unmanned Aerial Vehicles (UAVs) and birds exhibit similar Radar Cross Section (RCS) characteristics and flight
velocities, making it difficult to distinguish between them using conventional radar features alone. However, the
distinct micro-motions of drone propeller rotation and bird wing flapping generate different micro-Doppler signatures.
To exploit these characteristics, two types of feature maps are generated: a Range-Doppler (R-D) map and a
micro-Doppler spectrogram. Furthermore, a deep learning-based image fusion framework is proposed to combine the
spatial information of the R-D map with the time - frequency information of the spectrogram. Simulation results
demonstrate that the proposed approach achieves superior classification accuracy and robustness.
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Table 1. Simulation parameter

Parameter Value Unit
Center freq.(f,) 105 GHz
Bandwidth 1.0 GHz
Freq. step(A £) 15.87 MHz
Pulse repetition freq.(PRF) 40 kHz
Pulses per burst(V) 64 -
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Rotor speed (/) 5 Hz
Blade length(Z,,) 0.25 m
Flapping freq. (f g,,) 5 Hz
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Table 2. Comparison of classification accuracy mean(std)
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SNR R-D map Image fusion

5 dB 51.37%(0.8%) 98.63%(0.63%)
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9 dB 92.58%(2.02%) 100%(0%)
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