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A miniaturized high-gain flexible unmanned aerial vehicle (UAV) antenna is presented in this study. )e proposed antenna
basically comprised of three parts of printed patch in series, etched on dielectric substrate. And, a flexible cable is loaded on the
bottom of dielectric substrate. A coplanar waveguide (CPW) with asymmetric ground feeding structure is employed to provide
good impedance matching. )e surface current can achieve the same phase for the straight-line patch and the flexible cable,
through adjusting the dimensions of the meander line patch, which increases radiation gain while maintaining the compact size.
As an important merit to be highlighted, the flexible cable can greatly reduce the volume and aerodynamic drag of the antenna. It
has a low-profile compact size of 196×15× 0.8mm3 (excluding flexible cable). )e results show that the omnidirectional gain
fluctuates within 4.5± 0.1 dBi in the desired band (902MHz–928MHz), which is high enough for the UAV application. Details of
the antenna design and experimental results are presented and discussed.

1. Introduction

In the recent years, the applications of unmanned aerial
vehicles (UAVs) have attracted lots of attention in the area of
communication, military, and commercial market. )ey are
widely used for exploration, reconnoiter, and multimedia
communication. It is necessary to have reliable communi-
cation link between ground control unit and an aircraft for
transmitting telemetry. Unfortunately, there are some re-
strictions for UAVs’ antennas. Firstly, the fly time of drone is
quite limited due to the lithium battery life. )erefore, the
larger the physical volume of antennas, the huger the space
occupied on the UAVs, the greater the wind drag, and the
shorter the fly time of UAVs. Secondly, the ratio of flight
distance and height is large for the UAVs, which determines
that the radiation pattern of the antenna must be omnidi-
rectional in the horizontal plane [1–5]. In view of these
factors, antennas are required to have small effective area,
slight weight, and omnidirectional radiation.

In typical applications, the images and data transmission
antennas of UAVs need to meet transmission distance more
than 10 kilometer, whereas the data transmission power is 1
watt and its reception power is 500 milliwatts. Nowadays,
high-quality and high-speed transmission of data and

images’ systems with compactness is extremely important in
UAVs’ applications [6]. For improving the radiation char-
acteristics, some metamaterial circularly polarized antennas
with various geometries are presented in [7–9], which have
high gain and compact size. However, low costs, vertical
polarization, and omnidirectional radiation coverage of
monopoles in the azimuth plane make them very attractive
for UAV applications. So, it is worth trying to combine the
metamaterials with monopole antennas. And, a variety of
antennas have been used on the UAVs to achieve the re-
quired radiation pattern. )e authors of [10–15] designed
antennas that can achieve the omnidirectional radiation
pattern by using printed monopole or dipole. A horizontally
polarized omnidirectional loop antenna using the seg-
mented line was proposed in [16]; over the frequency range
of 2.35–2.55GHz, the reflection coefficient is less than
−10 dB, but the maximum gain is only up to 2 dBi. As re-
ported in [17], although segment loop antenna has compact
size and omnidirectional radiation at 956MHz, it has low
gain. Weiyu et al. [18] designed a dual band and low-profile
antenna with omnidirectional pattern in the horizontal
plane. In [19], a 0.5–2GHz (VSWR <3 :1) blade monopole
antenna was presented. However, this kind of antenna needs
a huge ground plane, leading to a large overall size. Roughly
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speaking, monopole or dipole antennas have been widely
used in wireless communication systems because of simple
structures, low costs, and omnidirectional radiation pattern,
which also offer advantages in UAVs’ applications. However,
most of them hardly achieve the small dimensions at low
frequencies, which make them difficult for integration in
UAVs. To improve the performance of UAVs, the minia-
turized monopole antennas with high gains are highly
desirable.

In this work, a miniaturized high-gain flexible monopole
antenna for UAVs’ application is presented. )e radiating
section, formed by a straight-line patch, a meanderline patch
and a flexible cable, and a compact feeding network, is
designed carefully to provide high-gain omnidirectional
radiation. )e novelty of this design is that a flexible cable,
which has small cross-sectional area and low-loss material,
replaces part of the radiating patch, therefore reducing
aerodynamic drag. )e use of low-loss, flexible, and light-
weight design is also an advantage of this antenna. As an
important advantage to be highlighted, its maximum gain is
up to 4.56 dBi, which is about 2.2 dBi higher than traditional
dipole antennas, and the flying distance can be achieved
about 1.2 times longer.

2. Antenna Design and Analysis

As the successive half wavelength current maxima are in the
opposite phase and if the currents were equal, there would be
perfect cancellation of the radiation from the oppositely
phased pairs of current maxima. However, if all the current
maxima were in phase, the radiated fields would add, and a
high gain could be achieved. )e way of achieving this phase
reversal is by inserting an antiresonant network, which uses
radiating elements that are a little longer or shorter than one
half wavelength. )e self-reactance of the longer or shorter
dipole is then used in the design of the phasing network
between the elements to achieve the desired overall phase
shift. In this design, a meander line patch is used to as an
antiresonant network, which makes the same phase for the
straight-line patch and the flexible cable so that the antenna
achieves high-gain radiation.

)e geometry of the proposed UAV antenna with
detailed dimensions is shown in Figure 1. )e various
configuration parameters of antenna are as follows:
W � 15mm, w1 � 0.9mm, L � 196mm, l1 � 41.5mm,
l2 � 83mm, l3 �1mm, l4 �1.5mm, l5 � 9.5mm, l6 �153mm,
a � 27mm, b� 5mm, c � 1mm, d1 � 0.95mm, d2 � 2mm,
d3 �1mm, and d4 �1.3mm. )e diameter of the flexible
cable is 2mm, whose material is stainless steel. For ver-
satility, an FR-4 substrate (thickness� 0.8mm and εr � 4.4)
is adopted.

As seen, the antenna is mainly made up of three parts’
patches and a flexible cable (e.g., Part 1, Part 2, and Part 3).
Among them, the coplanar waveguide (CPW) feeding
structure is displayed in Part 1, comprised of a pair of
asymmetric rectangular patches. It is employed to provide
good impedance matching, even though it has no radiated
effect as a transmission line. A straight-line patch and a
meander line, used as part 2 and part 3, respectively, are

located on the top of the dielectric substrate. On the
bottom of the dielectric substrate, a groove whose two
sides are coated with metal is equipped with a flexible
cable.

Compared to themicrostrip line, the coplanar waveguide
(CPW) has lower loss and is more convenient for series
connections on the same side of the substrate without via
holes. )erefore, the overall design adopts asymmetric CPW
structure for feeding and forms stepped slots and rectangular
slots for coupling, which can improve the impedance
matching between the feeding port and antenna. )e high-
frequency structure simulator (HFSS) is used to simulate the
design. A prototype of the proposed UAV antenna is fab-
ricated and assembled.

Particularly, Figure 1(f) shows that the flexible cable can
be bent when the drone lands on the ground, whereas re-
stored to its original shape when taking off. As a conse-
quence, the flexible cable is adopted as the end of the
antenna, resulting in little air resistance to the drone,
compared with the radiated patch printed on the dielectric
substrate.

Figure 2 illustrates that the impedance and bandwidth of
the proposed antenna can be adjusted by changing the size of
the straight-line patch, whereas the resonant frequency of
the proposed antenna can be adjusted by changing the di-
mensions of the meander line. Using W as an example, when
its value is 1mm, the performance of S11 is not ideal. It has a
slight offset towards the low end, but keeping wide im-
pedance bandwidth.)e performance of S11 is the best when
its value is 3mm. However, its impedance bandwidth is very
narrow. As the value increases, the impedance bandwidth of
the antenna increases gradually. From these plots, it can be
observed that the value of W has a large influence on the
reflection coefficient.

Likewise, when the length of the meaner-line patch is
small, the resonant frequency is towards slightly the high
end. As the value of d2 increases, the resonant frequency of
the antenna moves gradually to the low frequency, but its
impedance bandwidth and the performance of S11 are
virtually unchanged. It can be seen that the value of d2 has
a large influence on the resonant frequency. A set of
optimal values can be obtained by optimization and fine
tuning.

)e simulated current distributions at 915MHz are
shown in Figure 3. Due to the effect of the meander line
patch, there are two current zero points. Consequently, the
surface currents of the straight-line patch and the flexible
cable are in the same phase, which can enhance greatly the
antenna omnidirectional gain. With the varying length of
the meander line patch, the positions of the current zero
points can be changed. When the value of d2 is 1mm, one
current zero point appears at the straight-line patch near
the feed port, while another one appears at the meander
line close to the flexible cable. As the value increases, the
current zero point at the straight-line patch moves grad-
ually to the meaner line, whereas another one moves
gradually to the flexible cable. From the measured results,
the proposed antenna can achieve the optimal performance
when the value of d2 is 2 mm.
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Figure 1: Geometry of the proposed antenna. (a–e) Detailed dimensions of the antenna (top view). (b) Part 1, (c) part 2, (d) part 3, and
(f) the flexibility of antenna display.
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3. Result and Discussion

As shown in Figure 4, the performance of antenna can be still
optimal when the flexible cable is bent. It can operate well
even if there is a slight frequency shift. Moreover, the
performance restores immediately to the optimal when it
restores to its original shape, thereby reducing effectively the
volume of antenna yet guaranteeing the good performance.

Figure 5 depicts the measured and simulated S11 of the
proposed UAV antenna with the dimensions given in
Figure 1. Because a little copper was added on the substrate
for debugging during the test, the measured results are
better than the simulated ones. It can achieve VSWR <1.22 :
1 (|S11|< −20 dB) at the whole operating bandwidth
902MHZ ∼ 928MHz.

)e measured and simulated gain of the proposed UAV
antenna is shown in Figure 6. Because the actual loss is larger

than the ideal situation and the measurement error, the
measured gain is slightly lower than the simulated gain of
the UAV antenna. )e result shows that proposed antenna
achieves the high gain of 4.56 dBi in the 902MHz∼ 928MHz.
)is gain of the proposed antenna can be accepted in
practical UAVs applications. )e measured radiation
efficiency of the proposed UAV antenna are shown in
Figure 7, and the result shows that the proposed an-
tenna achieves the high radiation efficiency in the
902MHz ∼ 928MHz.

)e test environment of antenna is shown in Figure 8.
)e radiation patterns of the fabricated prototype at
915MHz are shown in Figure 9, in which an omnidirectional
radiation pattern with linear polarization can be observed.
Although the size of antenna is relatively small, the antenna
gain is rather high. It shows that this antenna has good
omnidirectional radiation characteristics. )erefore, the
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Figure 3: Simulated current distributions at various lengths of the meander line: (a) d2 �1mm, (b) d2 � 2mm, and (c) d2 � 3mm.
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Figure 2: Simulated |S11| of the proposed antenna with variations of values: (a)W and (b) d2.
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antenna in the drone can receive signals from any angle on
the horizontal plane because of omnidirectional radiation in
the horizontal plane.

)e performance comparison of the proposed antenna
to publish referenced works is made in Table 1. It uses the
wavelength to measure the size of the PCB. )e miniatur-
ization of the antenna is reflected in the use of flexible cables
instead of radiating patches as part of the radiation, thereby
reducing the length of the dielectric substrate. From Table 1,
it could be seen that the proposed antenna provides the
higher gain with a relatively reduced size. Furthermore, it
has a relatively small size. It could be concluded that the
proposed antenna with a reduced size has a good radiation
properties and a simple feeding network.
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Figure 4: Influence of the flexible cable on |S11| for the proposed
antenna.

0

–5

–10

–15

–20

–25

–30

–35

|S
11

| (
dB

)

0.80 0.85 0.90
Frequency (GHz)

0.95 1.00

Measured
Simulated

Figure 5: Measured and simulated |S11| for the proposed antenna.
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Figure 8: )e environment of measured UAV antenna.
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4. Conclusion

In this work, a miniaturized high-gain flexible UAV an-
tenna, which consists of a straight-line patch, a meander line,
and a flexible cable printed on a dielectric substrate, has been
proposed, fabricated, and tested.)e flexible cable can be bent
when the drone lands on the ground, whereas be straight
when taking off. As a consequence, it can reduce greatly the
dimensions of the whole antenna without compromising the
radiating performance. It is found that, by adjusting the di-
mensions of the straight-line patch, the impedance and
bandwidth of the antenna can be controlled effectively.

By adjusting the dimensions of the meander line patch,
the surface current can be made in the same phase at both
the straight-line patch and the flexible cable, which is very
helpful to generate an omnidirectional radiation with a high-
gain level in the operating frequency range. )e proposed
antenna can cover 902MHz∼ 928MHz with VSWR <1.22 :
1. Moreover, the antenna has a low-profile structure of
341× 15× 0.8mm3. Its weight is about 15 g. )e proposed
antenna is very suitable for UAVs applications.
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