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Implementation and Performance Analysis of a Real-time Drone
Direction-of-Arrival(DoA) Estimation System based on Low-cost SDR
and 2-element Antenna Array
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Abstract

This paper presents a study of the implementation and performance evaluation of a GUI-based system designed to estimate and
visualize the direction of arrival (DoA) of drone signals in real time in response to security threats posed by unauthorized UAV
(unmanned aerial vehicle) intrusions. To receive drone signals in the 5.84GHz band, a minimal, low-cost receiving system is
constructed using a USRP (universal software radio peripheral) B210 and two directional antennas arranged in a uniform linear
array (ULA). The multiple signal classification (MUSIC) algorithm, a representative subspace-based technique, is applied to the
received signals to estimate their direction. The implemented MATLAB-based app tracks changes in the direction of arrival in real
time as the drone moves, and the consistency between the actual position and the estimates is verified through outdoor
experiments. Furthermore, by analyzing trends in the system’s estimation accuracy as a function of changes in reception distance
and angle of incidence, it is shown that a real-time drone direction detection system can be implemented using only a
minimal-element antenna and low-cost hardware.
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Fig. 1. Block diagram of the DoA estimation process based on the MUSIC algorithm
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direction of radiated source
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Fig. 2. Phase relationship of incident signals in a uniform linear array
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Fig. 3. Spectrogram of the simulated signal
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Table 1. Hardware specifications and operating parameters

Category Parameter Value
Model DJI Mini 3
Transmitter Center Frequency 5.84GHz
(Drone)
Signal Bandwidth 10MHz
) Model NI USRP B210
R(escsg)er Antenna Array 2-element ULA
Element spacing (d) 3.5cm
Model AXIl DUO 5.8
Antenna Horizontal Beamwidth [-40°, +40°]
Vertical Beamwidth [-20°, +20°]
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13t & 2E PCE= Apple MacBook Pro(Ml,
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Fig. 5. Spectrogram of the actually received DJI Mini 3 OcuSync signal per antenna
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