Hindawi

International Journal of Antennas and Propagation
Volume 2022, Article ID 4765008, 7 pages
https://doi.org/10.1155/2022/4765008

Research Article

@ Hindawi

A Low-Profile Dual-Band Directional Antenna for Unmanned

Aerial Vehicle Applications

Hui Jin,' Chong-Zhi Han ,2 Yanzhi Fu,’ and Huaiwen Yang1

ISchool of Electronics and Information Engineering, School of Integrated Circuit Science and Engineering,

Beihang University, Beijing 100191, China

2School of Ocean Information Engineering, Jimei University, Xiamen 361021, China
3Shenzhen Academy of Metrology and Quality Inspection, Shenzhen 518073, China

Correspondence should be addressed to Chong-Zhi Han; chongzhi_han@foxmail.com

Received 6 September 2022; Revised 22 September 2022; Accepted 5 October 2022; Published 17 October 2022

Academic Editor: Giovanni Andrea Casula

Copyright © 2022 Hui Jin et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

A low-profile dual-band directional antenna operating at both 2.4 and 5 GHz for wireless local area networks (WLANs) for
unmanned aerial vehicles (UAVs) applications is proposed in the paper. Two pairs of dipole antenna arrays with different
electrical lengths are utilized to achieve dual-band directional radiation performance, which is desirable for a remote-control unit
of the UAVs. Note that the directional radiation characteristic is obtained according to the double-dipole antennas driven by
antiphase signals (W8JK), provided the distances between different dipole antennas are properly optimized. Note that the distance
between the two longer dipoles, as well as the two shorter dipoles, can be calculated by equations. For each pair of dipoles with
equal electrical lengths, an antiphase along the two dipoles can be obtained, and directional radiation characteristics can be
achieved in the dual band. Coplanar strips (CPS) are employed as feeding networks, which lie on the same substrate layer as the
antenna arrays, resulting in a low profile of merely 0.762 mm. Also, the overall size of the antenna together with the feeding
network is 58.42 x 32.58 x 0.762 mm®. To verify the performance of the proposed antenna, a prototype is fabricated and measured.
The measured gain is 5.2 and 7.0 dBi, respectively, in the 2.4 and 5.8 GHz bands. The measured reflection coefficients as well as
radiation patterns are consistent with those of the simulated results. The proposed antenna scheme can be a good candidate for
UAV applications with the advantages of a lower profile, dual-band characteristics, directional radiation characteristics, and a
simple assembly. Since the remote-control unit operates at 2.4 GHz and 5.8 GHz to control the UAV unit, the low-profile dual-
band directional radiation antenna has extensive application prospects when integrated into the space-limited unit.

1. Introduction

Unmanned aerial vehicles (UAVs) are desirable for further
miniaturization. This is challenging since multiple com-
munication systems such as navigation, image transmission,
and remote-control are urgently are in need of integration
[1]. Accordingly, low-profile and multiband antennas are
attractive for UAV applications. And wireless local area
networks (WLANs) are generally used for the remote-
control system. Considering the scenario shown in Figure 1,
in which the remote-control unit cooperatively operates
with the UAVs, directional radiation antennas covering the
WLANS bands are suitable choices. Moreover, as illustrated
in Figure 1, lower backward radiation of the antenna

integrated into the remote-control unit is required to mit-
igate the electromagnetic interference from nearby elec-
tronic devices. Meanwhile, forward radiation needs to be
enhanced to ensure communication quality with the UAVs
units. Because the UAVs always work overhead of the re-
mote-control unit, in which the directional radiation
characteristic is required. Moreover, the 2.4 GHz, as well as
the 5.8 GHz, are normally utilized to operate cooperatively
between the remote-control unit and the UAVs. Hence, a
dual-band directional radiation antenna scheme might be a
good candidate in the scenario shown in Figure 1.

To achieve directional radiation, several techniques have
been reported [2-18]. The end-fire directivity of a linear pe-
riodic array with N isotropic radiators can reach N’ by
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FIGURE 1: Directional radiation pattern of the remote-control unit
for UAV applications.

decreasing spacing between elements, provided that the
magnitudes and phases of the input excitations are properly
chosen [2, 4]. Hence, in principle, the directional radiation
characteristic can be obtained by two or more antenna ele-
ments at a certain frequency. A pair of double-dipole antennas
driven by antiphase signals (W8]JK) are typical representatives
of the abovementioned linear periodic directional arrays,
which are realized with two dipole antennas fed by antiphase
signals [5, 6]. However, the design of a dual-band dipole linear
periodic array/W8JK array becomes extremely complicated
even for a 4-element array. On the one hand, the mutual
couplings between elements are more difficult to minimize.
On the other hand, the antiphase feeding network with desired
excitation magnitudes of a dual-band linear periodic/W8JK
array will be more complicated. Similar to linear periodic
antenna arrays, the 2 x 3 antenna array proposed in [7] can
also achieve directional radiation characteristics with high
gain. Another technique adopted for high directivity involves
an additional ground plane as a reflector [8, 9], resulting in a
high profile. For instance, the dimension of the dual-band
high-gain antenna for 2.4 and 5 GHz wireless applications in
[8] is 100 x 60 x 12 mm®. Although the gain is satisfactory, the
high profile limits its practical implementation for UAVs.
Moreover, a dual-band directional slot antenna for Wi-Fi
applications was introduced in [10] with a size of
90 x 80 x 36.5 mm?”, Front-to-back ratio (F/B ratio) up to 16 dB
can be achieved at the expense of a high profile (36.5mm).
Furthermore, it is expected that the beams in both the
lower and upper bands are nonsplitting, and the horizontal
beamwidths are approximately the same in certain scenarios
[10]. Hence, similar beamwidths are always needed for dual-
band antenna applications. While the electrical size would be
much bigger in the upper bands, and the beamwidths of the
main lobe would rapidly decrease for the upper bands. The
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antenna proposed in [10] partially conquers the issue, and
the beamwidth shift is decreased to 21-30%.

In this letter, a low-profile dual-band directional antenna
is introduced for UV As applications. Compared with recent
relevant works, the proposed antenna is superior in its
extremely low profile. The dual-band directional antenna has
a low profile of 0.762 mm with acceptable realized gains of
5.2 and 7.0 dBi, respectively, in the 2.4 and 5.8 GHz bands.
Moreover, the overall size of the antenna together with the
feeding network is 58.42 x 32.58 x 0.762 mm?>, which is much
smaller than those antennas in [1, 2, 4]. Moreover, similar
beamwidths in the dual bands are achieved with smaller
beamwidth shifts compared with antennas in [10, 11]. These
characteristics make the proposed antenna extremely suit-
able for UAV applications.

2. Antenna Design and Analysis

The configuration of the proposed low-profile dual-band
directional antenna is depicted in Figure 2, which consists of
four dipole antennas and coplanar strips (CPS) as the
feeding network. In Figure 2, longer yellow strips depict the
dipole antennas operating in the 2.4 GHz band, and shorter
brown strips display the dipole antennas working in the
5.8 GHz band. In addition, the parallel grey strips represent
the feeding network (CPS) that excites the four dipole an-
tennas. The four dipole antennas, together with the CPS, lie
on the same layer of a Rogers 4350 B substrate with a relative
permittivity of 3.66 and a loss tangent of 0.037. The longer
and shorter dipole antennas are fed via the CPS to constitute
dual-band WB8JK arrays, achieving directional radiation
patterns in both 2.4 and 5GHz bands. Note that the se-
quence of the four dipoles in Figure 2 has been studied, and
the proposed arrangement might be the most suitable choice
to achieve dual-band directional radiation characteristics.

For the geometry of a dipole on a semi-infinite substrate,
the formulation for the effective length of the dipole antenna
was proposed in [3] using the moment method in the
Fourier transform domain, which reads

L=0.48),

1
A+ WIDVIre 2’ (D

where is the free-space wavelength, W denotes the width of
the dipole antenna, L represents the total length of the dipole
antenna, and is the relative permittivity of the substrate. (1)
can be utilized to ensure the effective lengths of the dipole
antennas. Since (1) is based on the assumption that the
substrate is infinite [3], three-dimensional full-wave elec-
tromagnetic simulation software is further applied to op-
timize the dipole lengths. The underlying theory and design
principles will be discussed below.

First, to provide an insight into the dual-band operating
mechanism, the simulated reflection coefficients and the
input impedances of three different cases (case 1: without
longer dipole antennas; case 2: without shorter dipole an-
tennas; case 3: the proposed antenna) are presented for
comparison in Figures 3 and 4. The antenna in case 1 can
only resonate at 5.8 GHz while the antenna in case 2 operates
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Figure 2: Configuration of the proposed dual-band directional
radiation antenna.
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FiGcURre 3: Simulated reflection coefficients of different cases (case 1:
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proposed antenna).

in the 2.4 GHz band, which is depicted in Figure 3. The
comparison reveals that the resonances in 2.4 and 5.8 GHz
bands are driven by longer and shorter dipole antennas,
respectively, which can guide the design process to adjust the
resonance frequencies separately. Moreover, as illustrated in
Figure 4, the simulated input impedances of the antennas in
different cases can better demonstrate the resonance
mechanism for dual-band characteristics. The comparison
between the input impedances in cases 1 (without a longer
dipole antenna) and 3 (the proposed antenna) shows that the
imaginary part in case 1 gets roughly 200 Q at 2.4 GHz, as
illustrated in Figure 4. Hence, the structure with only shorter
dipole antennas can hardly achieve good input impedance
matching at 2.4 GHz. Similarly, the imaginary part curve in
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FIGURE 4: Simulated input impedances (real and imaginary parts)
of different cases (casel: without longer strips; case 2: without
shorter strips; and case 3: proposed antenna).

case 2 (without shorter dipole antennas) goes up to a high
value with its real part approaching to 0Q at 5.8 GHz, in-
dicating that the structure with only longer dipole antennas
cannot achieve good resonance in the 5.8 GHz band. In
conclusion, the fact that the resonances for the lower and the
higher frequencies are driven by the longer and shorter
dipole antennas, separately, is illustrated in Figures 3 and 4.
Second, the vector surface current distributions at both 2.4
and 5.8 GHz are studied by the simulation to show the mutual
coupling effects, as illustrated in Figure 5. At 2.4 GHz, most of
the surface currents concentrate on the longer dipoles.
Moreover, the surface current distribution on the shorter di-
poles seems stronger than that on the longer dipoles at 5.8 GHz.
As a result, the longer and shorter dipole antennas can achieve
good impedance matching at different frequencies without
much mutual effect to decrease the radiation performance.
Third, the directional behaviour of the proposed antenna
has also been studied according to vector surface current dis-
tributions shown in Figure 5. Note that the dipole antenna array
theory can be utilized to better clarify the working principle of
the directional behaviour. As depicted in Figure 5(a), the current
distribution on the longer dipole antennas plays a decisive role
in the directional radiation performance at the lower frequency
(2.4 GHz). Moreover, the red lines with arrows, which indicate
the direction of the vector surface current on the two longer
dipole antennas, are opposite in direction. The antiphase of the
surface current distribution on the two longer dipole antennas
has thus been observed. Furthermore, the blue point on the CPS
depicted in Figure 5(a) also indicates that the phase shift occurs
as the vector surface current travels along the CPS. The longer
dipole antenna away from the feeding port has a lagging phase
compared with that close to the feeding port. According to the
theoretical analysis in [12], the directional behaviour can be
explained by the mechanism of the W8JK array, and the main
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FIGURE 6: Simulated radiation patterns: (a) at 2.4 GHz and (b) at 5.8 GHz.

beam would point to the dipole antenna with a lagging phase. At
the higher frequency (5.8 GHz), an antiphase excitation can also
be obtained by the feeding network (CPS), as shown in
Figure 5(b), which shares the same mechanism with that at the
lower frequency (2.4 GHz).

To further investigate the positions of the phase shift
points shown in Figures 5(a) and 5(b), the effective per-
mittivity (e.¢) of the CPS should be calculated according to
the electric and magnetic field distributions [9, 13]. Then, the
phase shift positions can be approximated by following the
equation:A; = Ay/4, /€. ;5> (2) where e ¢i=1, (2) refers to the
distance between the phase shift points and the feeding
points shown in Figures 5(a) and 5(b), A, is the wavelength
in free-space, and refers to the effective permittivity. Also,
&g can be calculated by the following equations:

] (v -v&)
fo=— Y
te 4d\/1—_sr’

1+¢

Eq >

>

where f,. is the cut-off frequency for the lowest order TE
mode, ¢, refers to the effective permittivity at the quasi-static
limit, d is the thickness of the substrate, and a and b are
constants, which depend on the configuration and dimen-
sion of the CPS. For the configuration of the CPS proposed
in this letter, the parameters a and b are approximately 1.8
and 4.0, respectively [9, 13].

To validate the directional radiation, the simulated
3D radiation patterns at 2.4 GHz and 5.8 GHz are pre-
sented in Figure 6. The directional radiation performance
is obtained with the simulated gains of 5.2 dBi at 2.4 GHz
and 7.0 dBi at 5.8 GHz, respectively. Also, ahigh front-to-
back (F/B) ratio (up to 15dB) is achieved in both the
2.4GHz and 5.8 GHz bands, which is promising for
directional antenna applications, and the F/B ratio
among the whole operating bands is illustrated in Fig-
ure 7. Also, the realized gain and the efficiency over the
frequency are illustrated in figures 8 and 9. Realized gains
higher than 5 dBi/6 dBi can be observed among the lower
and the higher bands of the proposed antenna. Moreover,
the efficiency of the proposed antenna is up to 90% both
for simulated and measured results, indicating the
proposed antenna achieves a reasonable radiation
characteristic.
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_ 3. Results and Discussion
—o— Simulated result

0 Measured result A prototype of the proposed antenna is fabricated, as depicted

Figure 9: Simulated and the measured efficiency over the operating ~ in Figure 10. It can be seen that the proposed antenna is on the
bands of the proposed directional antenna. top layer of a Rogers 4350B substrate with a thinness of
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FiGure 12: Simulated and measured radiation patterns at 2.4 GHz.
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FiGure 13: Simulated and measured radiation patterns at 5.8 GHz.

0.762 mm. A 50 Q-coaxial cable is utilized to feed the proposed
antenna through the CPS. The measured and simulated re-
flection coefficients of the proposed antenna are presented in
Figure 11. Good agreement can be observed. The minor dis-
agreement may be caused by the asymmetry of the feeding
point and the existence of the coaxial line. The measurements
were carried out with a Keysight vector network analyzer
N5224A. In addition, the 2-D radiation patterns of the xoz-
plane and yoz-plane were also measured in a SATIMO
chamber, as shown in Figures 12 and 13. The measured gain is
5.4 and 7 dBi, respectively, in the 2.4 and 5.8 GHz bands. Note
that the measured F/B ratio is presented in Figure 7, which is up
to 15dB over the dual-operating bands.

4. Conclusions

A low-profile dual-band directional antenna is proposed in
this letter. The antenna successfully demonstrates how to
realize a dual-band directional radiation characteristic utilizing

four dipole antennas. Moreover, the dipole antennas with
different lengths can work separately without much mutual
effect, which simplifies the complexity of the design pro-
cess. The directional radiation patterns have been achieved
at 2.4 and 5.8 GHz without any metallic reflectors. The
extremely low profile makes it possible to integrate the
proposed antenna into the UAV’s remote-control unit. A
simplified CPS acting as a feeding network is utilized in the
letter to achieve the W8JK array excitation requirement.
Finally, the measured and simulated results verify that the
proposed low-profile dual-band directional antenna would
be a promising candidate for UAV applications with a high
F/B ratio of up to 15dB.

Data Availability

All data, models, and code generated or used during the
study appear in the submitted article.
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