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Introduction

Results

The University of Pretoria in collaboration with other international universities
established team AREND (Aircraft for Rhino and Environmental Defence). A student-based team will design, build and fly an electric Unmanned Aerial Vehicle
(UAV) in aid of anti-poaching operations conducted by rangers in South Africa.
Currently, the AREND UAV only uses camera surveillance and image processing
to monitor ground operations within the Kruger National Park [1]. Although this
is an effective monitoring system, it is still has limitations due to the large region
the UAV is required to monitor. Therefore, there is a need to introduce a new
sensor within the UAV to assist in surveillance and to provide near real-time
alerts to poaching activities within the Kruger National Park.

The results and observations obtained from simulating the designed antenna
are summarised in Table 2. All simulations were performed using FEKO [3], an
EM modelling software package.

The introduction of an embedded direction-finding (DF) antenna array could potentially address this requirement. The assumption is made that the common
poacher will communicate with a cellular telephone, so a DF antenna array will
be able to locate an electronic emitter (i.e. the cellular telephone) and minimize
the sector the UAV would need to search.
Typical antennas used in UAVs are physically large and often mounted on the
exterior of the fuselage or at the wing tips. This not only allows for potential
damage to the antenna structure and interferes with antenna performance, but
also compromises aerodynamic performance of the UAV. Thus, the primary objective of this project serves to eliminate these problems by designing an embedded antenna array within the existing composite structures of the UAV that
can be used to aid in determining the location of emitters using DF principles.

Antenna Design Approach
A conformal antenna is designed to conform to some prescribed shape, such as
the curvature of the fuselage of the plane. Such antennas can improve
aerodynamics and are less visible to the human eye, since they are integrated in
the structure of the aircraft. The gain is controlled by the geometry of the
antenna and provides a broad beam radiation pattern. Therefore, these
properties make the conformal antenna an attractive chosen solution for this
project. The analysis of conformal antennas is dependent on their geometry, but
it is generally accepted that any type of method can be used if the surface is
electrically small [2]. On the other hand, if the antenna has a very large radius of
curvature, planar antenna analysis techniques can be used.
The conformal antenna was designed for the leading edge of the wing. Figure 1
shows the conformed patch. The substrate that was chosen is Teflon, more
commonly known as PTFE. This material has a very low dielectric constant of
2.08, but its most important characteristic in the current application is that it is
bendable and easy to conform to a curved shape.

Table 2. A summary of the results obtained from simulations done on the conformal antenna using FEKO.
Antenna parameters

Antenna pattern

Gain = 3.0 dB
S11 = -2.45 dB
Zin = 33.6 + j92.9 Ω

The sharp curvature of the conformal patch antenna in the leading edge of the
wing leads to a more omnidirectional pattern than is usually achieved with
patch antennas. Furthermore, the poor input match means that a matching
network will be required.

Direction Finding Algorithm
The choice of DF algorithm used for this project is influenced by ease of implementation, DF accuracy and reduction in computational complexity for its intended area of application. Therefore, beamforming was chosen as it can be used
for wideband and narrowband signals [4]. This method uses a weight vector to
linearly combine the array outputs. The delays are then functions of the emitter’s direction and array geometry.

Conclusion
In conclusion, simulations suggest that a conformal antenna can be designed
into the leading edge of the wing of the UAV. This antenna will not change the
aerodynamics of the designed wing or compromise the wing's structural integrity, therefore meeting the key objective set out by team AREND. The DF characteristics of the designed antenna array have yet to be determined, but the fact
that the wingspan of the AREND UAV is more than 4 m suggests that high angular accuracy will be achieved.
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