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Abstract—This paper deals with the electromagnetic
modeling of a dipole antenna mounted on a micro Unmanned
Aerial Vehicle (UAV). Such a setup has been recently used as a
test source to characterize the radiation pattern of fairly large
VHF and UHF antennas in their installation conditions i.e. on the
ground, with adjacent elements. In this framework, an accurate
modeling of the test source is fundamental to distinguish
properly its radiation characteristics from those of the antenna
under test. The computed results are verified with both reflection
coefficient and pattern measurements showing a very good
agreement.

Index Terms— radiation pattern measurement, low-
frequency antenna measurement, Unmanned Aerial Vehicle.

I. INTRODUCTION

The Square Kilometer Array (SKA) is the largest and most
sensitive radiotelescope being developed by the scientific
community nowadays. The low-frequency instrument of the
SKA Phase 1 will consist of a full-digital beam-formed array
with more than a hundred thousand elements [1], operating
from 50 to 350 MHz. All the elements will be placed on the
ground over a metallic mesh and will be arranged in a random
sparse configuration with an average separation of about 2
meters. The element size and height are in the order of 1.8
meters [2].

The performance of such array elements should be
extensively characterized in the real installation condition in
order to both confirm their design and generate useful data for
the radiotelescope calibration stage. For this reason, a novel
measurement technique based on a flying test source has been
developed [3]. The setup mainly consists of a dipole antenna
mounted on a micro Unmanned Aerial Vehicle (UAV) and fed
by an RF synthesizer. The UAV is able to perform autonomous
flights over the array elements. Its position is accurately
measured using a differential GNSS system [4].

Several measurement campaigns have already been carried
out on both single elements [5] and small subarrays [6], [7],
showing very good results in terms of single-, embedded-
element and combined array patterns. In [7], the system has

been also used to calibrate a demonstrator array in amplitude
and phase. According to the pattern extraction procedure
reported in [8], one of the crucial points of the method is the
knowledge of the test source radiation pattern i.e. the pattern of
the dipole mounted on the UAV for all the operative
frequencies. Unfortunately, these important data cannot be
easily measured owing to the very low operative frequency
(down to 50 MHz). Therefore, as described in this paper, an
accurate modeling of the overall test source assembly has been
carried out. The computed results have been verified with
reflection coefficient measurements of the test source and with
pattern measurement in combination with simple reference
antennas.

II.  MODELING OF THE UAV-MOUNTED DIPOLE

The used UAV, which is a custom model based on the
Mikrokopter KGPS ver1.0, has several metallic and dielectric
parts. The latter are neglected since they are very thin and have
a low permittivity. The most significant metallic parts are
instead depicted in Fig. 1. The aluminum hexacopter arms
exhibit a total length of about 70 cm. The maximum size of
GNSS box is about 18 cm, whereas its height is 2 cm. The
synthesizer box is 12 x 6 x 5 cm’. The integrated balun is
housed inside a 2.4 x 2 x 1.4 cm’ metal package, which is
connected to the synthesizer by means of SMA connectors. As
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Fig. 1. The six metallic arms of the micro UAV, the RF synthesizer and
GNSS system shielded boxes and the dipole with balun.
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Fig. 2. Computed E-plane radiation pattern of the test source.
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Fig. 3. Computed H-plane radiation pattern of the test source.

far as the dipole is concerned, two telescopic monopoles were
used in the first version of the test source to be able to adjust
the operative frequency [3]. The present version instead
consists of a larger set of fixed-length aluminum monopole
pairs with a 6-mm diameter. Each pair should be used at the
corresponding operative frequency. It has been experienced
that this solution is less practical but more stable.

The full-wave analysis of the overall test source yields the E-
plane and H-plane radiation patterns reported in Fig. 2 and 3,
respectively. As expected, the effect of the hexacopter metal
parts is negligible at 50 MHz (dotted curve) i.e. the computed
pattern of the overall test source coincides to the dipole one.
Their size is in fact definitely smaller than the dipole length,
which is about 2 meters. At 150 MHz (dashed curve), the
dipole length is instead about 0.9-meter long i.e. slightly larger
than the hexacopter arms. Therefore, the latter operate as
directors producing a slightly higher directivity toward the
zenith direction (180 Deg). On the contrary, at the higher

frequencies 250 and 350 MHz (dipole lengths 0.5 m and 0.36
m, respectively) , the dash-dotted and solid lines show that the
combination of the hexacopter arms and the various metal
boxes operates as a small ground plane. This increases the
directivity of the test source toward the nadir direction, which
is a more desirable condition in terms of the signal-to-noise
ratio of the overall measurement system. It should be noted
that all the radiation patterns are very smooth since the
structure is still quite small in terms of the operative
wavelength.

III. EXPERIMENTAL VERIFICATION

The experimental verification of the test source model has
been carried out at all the operative frequencies with both
reflection and radiation pattern measurements. For example,
Fig. 4 reports the measured reflection coefficient (solid line)
for the test source configuration operating at 350 MHz, where
the metal parts of the hexacopter have a stronger effect (see
section II). It has been measured at the SMA-connector of the
unbalanced port of the balun (the reference impedance is
50 Q). The simulation (dashed line), which has been carried
out including the measured S-parameters of the balun
(Guanella’s type), shows a very good agreement. The
simulation with an ideal balun is also shown with the dotted
line. It is interesting to notice that the loading effect of the
balun slightly lowers the resonance frequency owing to its
inductive effect. It also increases the overall loss level.

Unfortunately, the radiation pattern of the test source cannot be
directly measured in an anechoic chamber owing to the low
operative frequency. Other outdoor facilities or near-field
techniques will be considered as future (independent)
verifications of the system. So far, the test source pattern has
been verified in combination with another reference antenna on
the ground. In particular, Fig. 5 reports the measured received

Reflection coefficient (dB)

-16
0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 045 0.5
Frequency (GHz)
Fig. 4. Reflection coefficient of the test source operating at 350 MHz:

measurement (solid line), simulation with measured S-parameter of the balun
(dashed line), simulation with ideal balun (dotted line).



power pattern (solid line) obtained during a quasi-rectilinear
flight of the test source over the log-periodic PMM LP-02
placed on the ground (pointed at zenith) at a constant height of
about 70 m. It should be noted that the path loss also depends
on the zenith angle since the flying height is almost constant.
The bearing (compass) angle of the test source was selected in
order to match the polarization of the reference antenna on the
ground (co-polar orientation). The test source path was defined
in order to perform an E-plane scan. Fig. 5 also reports the
simulated received power pattern (dashed line) [3] which is
mainly proportional to the test source pattern, the reference
antenna pattern and the path loss. The two curves are in good
agreement. The maximum discrepancy is about 0.5 dB. It
means that the combination of all the simulated contributions
i.e. test source and reference antenna patterns, path loss
(computed from the relative distance measured with the
GNSS), source power and cable losses is consistent with the
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Fig. 5. E-plane received power pattern at 350 MHz, which is proportional to
both the test source and the antenna-under-test patterns: measurement (solid
line) and simulation (dashed line).

measured data in the angular range of about +50 deg from
zenith.
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