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m Honeybees are losing their habitat due to invasive species such as Asian hornets. To prevent
invasion, an autonomous robot system that can search for habitats while tracking Asian
hornets is required. This study proposes a multi-antenna-based insect tracking system using
an unmanned aerial vehicle (UAV). The proposed system measures received signal strength
intensity (RSSI) using a radio telemetry method, and the measurement noise is reduced by the
finite impulse response (FIR] filter. Based on the multiple radio sources extracted from the
multi-antenna, the position of the tracking target is estimated using triangulation. To evaluate
the performance of the developed system, localization simulations were conducted based on
the dynamics simulator Coppeliasim and robot operating system (ROS). The experiments were
designed with two cases: 1) the static state and 2) the dynamic state of the Asian hornet. The
performance of localization errors was compared with the Kalman filter-based single-antenna
system developed in our previous study. Experiments results showed that the localization error
of the proposed system was within about 10 m when the error in height was not considered, and
tracking accuracy was improved by about 58.72%~58.87% compared with the previous system,
and 77.14~78.98% considering the localization error for height.
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Fig. 1. Modeling of omni-directional antenna.

Output : Directivity
Frequency : 149.83 MHz
Max value : 1.37 dBi
Min value : -45.5 dBi

Azimuth : [-180°,180°]
Bevation : [-90°, 90°]

Fig. 2. Radiation pattern of omni-directional antenna.
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Algorithm 1. Tracking strategy

Input: Antenna current position Oy, desired distance Do, initial
constant D;, Number of antenna N
UAV position input Oy~ O,
Target position x <= Dy
procedure TRACKING (x, O)
compute D(x, O1)
while D(x, O) > Do do
fori=1toN
compute A(x, O;), Di(x, O;)
compute estimation space
S(Oi, D,'(X, 0,))
end for
compute intersection space of §
if intersection space >0 then
compute center position C
else
continue
end if
04— C
end while
end procedure
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Hovering UAV

Fig. 3. Tracking strategy of multi-antenna system. (a) Initial states. (b) Collect RSSI through ground and aerial antennas. (c) Estimate the
position of the moving target based on the RSSIs. (d) Move to the estimated position.
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Fig. 4. Multi-antenna based UAV tracking system architecture.
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Fig. 5. Experimental setup and design. (a) CoppeliaSim based simulation environment. (b) Localization scenarios including two experi-

mental cases. (c) Planned flight path of target.
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Fig. 6. Experimental results of cases 1 and 2. (a) Localization for the static target. (b) Localization for the dynamic target in case 2. (c) Esti-
mation errors for the static target. (d) Estimation errors for the dynamic target in case 2.
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