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-D Direction Finding Techniques Using Unmanned Aerial Vehicles
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[Abstract]

The manual direction-finding method detects a target that emits radio waves using a base station or vehicle, utilizing various techniques.
However, base stations and vehicles have many limitations in mobility and are heavily affected by environmental factors, and the
techniques traditionally used could only detect the target’s location in two dimensions. Therefore, this study presents a technique for
detecting the target’s location in three dimensions using an unmanned aerial vehicle(UAV), which is widely used for civilian and
commercial purposes and combines mobility with a higher vantage point. We propose the method that estimates the target's location by
generating a virtual 3D sphere using only the received power, and we conducted a simulation to analyze the results. The simulation was
compared and analyzed with ground vehicle measurement data to evaluate the performance of 3D direction-finding when positioning the
UAV at the same location.
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Table 1. Simulation parameter.

Parameter Value
Measurement Location | Sejong City's First Village
Target Latitution 36.479196
Location Longitude 127.262363
Height 6
Detection Frequency 800 MHz
Signal Bandwidth 40 MHz
Signal Output Power 30 dBm
FSPL
Path-Loss Model Hata
3GPP Umi(800 MHz)
Noise Power N(0,0)
UAYV Antenna Height 30 m
Simulation UAV Count 2
Vehicle Antenna Height 2m
Latitution 1 36.4787
Longitude 1 127.262
Latitution 2 36.4773
Longitude 2 127.265
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Table 2. FSPL simulation result.

Error Distance Parameter Value
Mean 4.68
X(m) Max 11.87
Min 0.61
Mean 27.76
UAV Y(m) Max 38.77
Min 19.43
Mean 4.4
Z(m) Max 3.59
Min 5.15
X(m) Impossible
Vehicle Y(m) Impossible
Z(m) Impossible
w b
oF
(b)
Tyavz = 16km

(©)
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Fig. 9. FSPL simulation result.
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Table 3. Hata simulation result.

Error Distance Parameter Value
Mean 4.98
X(m) Max 9.13
Min 247
Mean 20.65
UAV Y(m) Max 23.08
Min 16.84
Mean 2.03
Z(m) Max 1.54
Min 2.51
X(m) 5.84
Vehicle Y(m) 30.54
Z(m) 4.70
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Table 4. 3GPP Umi simulation result.

Error Distance Parameter Value
Mean 4.24
X(m) Max 10.36
Min 0.02
Mean 22.53
UAV Y(m) Max 33.12
Min 13.11
Mean 4.47
Z(m) Max 1.84
Min 5.4
X(m) Impossible
Vehicle Y(m) Impossible
Z(m) Impossible
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