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A method for localization of multiple drones using the acoustic
characteristic of the quadcopter
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ABSTRACT: With the increasing use of drone technology, the Unmanned Aerial Vehicle (UAV) is now being
utilized in various fields. However, this increased use of drones has resulted in various issues. Due to its small size,
the drone is difficult to detect with radar or optical equipment, so acoustical tracking methods have been recently
applied. In this paper, a method of localization of multiple drones using the acoustic characteristics of the
quadcopter drone is suggested. Because the acoustic characteristics induced by each rotor are differentiated
depending on the type of drone and its movement state, the sound source of the drone can be reconstructed by
spatially clustering the results of the estimated positions of the blade passing frequency and its harmonic sound
source. The reconstructed sound sources are utilized to finally determine the location of multiple-drone sound
sources by applying the source localization algorithm. An experiment is conducted to analyze the acoustic
characteristics of the test quadcopter drones, and the simulations for three different types of drones are conducted
to localize the multiple drones based on the measured acoustic signals. The test result shows that the location of
multiple drones can be estimated by utilizing the acoustic characteristics of the drone. Also, one can see that the
clarity of the separated drone sound source and the source localization algorithm affect the accuracy of the
localization for multiple-drone sound sources.
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Fig. 1. (Color available online) Experimental setup for
analysis of the acoustic characteristic of a quadcopter.
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Fig. 2. (Color available online) Test result of the experiment for analysis of acoustic characteristics according
to drone movement status: (a) hovering, (b) forward, (c) backward, (d) left moving, (d) right moving, (e)
counter—clockwise rotation, (g) clockwise rotation, Here, each position of the propeller is indicated by numbers
on the figures, =—: propeller 1, = propeller 2, —: propeller 3, = propeller 4,
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Table 1. Specification of the test drones and the rotor
dynamic condition under full throttle.

Mean Met:an Propeller | Maximum Weight
No. BPF sr;))ezz diameter size (ilg,)
(Hz) (t/min) (m) (m)
1 220 6600 0.24 0.60 1.375
= 2 469 14070 0.12 0.30 0.300
2 3 682 20460 0.08 0.20 0.080
2 41 908 27240 | 0.04 0.1 0.022
T= C,pv*D*, (1)
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Fig. 3. (Color available online) Spectrogram of the 2ol 37yl Bgo| =9 3 7|7} AStE B R o] &
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Fig. 5. (Color available online) (a) Spectrum of the
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actual source positions, [1: TDOA, A: beamforming,
V: MUSIC, O: 3DAI.
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Table 2. Localization test result for the reconstructed

drone noises,

Localization error (degree)
Setup | Drone
TDOA | DAS | MUSIC | 3DAI
1 7.2 8.0 7.2 2.5
1 2 394 6.0 6.7 1.4
3 3.1 6.6 1.0 2.1
1 9.1 5.9 7.7 3.7
2 2 10.0 6.3 54 1.9
3 29.7 152 35.0 3.8
1 8.5 12.0 8.5 2.5
3 2 29.8 33 9.7 3.7
3 42 3.0 9.3 2.4
1 7.2 8.2 4.1 29
4 2 5.0 5.6 11.3 1.4
3 6.1 6.1 3.6 0.9
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