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ABSTRACT In this article, a 3D top-loaded low profile sleeve antenna for unmanned aerial vehicle (UAV)
applications is proposed. By loading a 3D disc cone structure on the top of a sleeve antenna, the overall height
of the antenna can be significantly reduced compared with the height of a traditional quarter-wavelength
monopole antenna. In addition, adding shorted columns between the top plate of the disc cone and the ground
can generate a new resonant point at lower frequency, so that the frequency bandwidth can be effectively
extended. Finally, in order to further achieve the miniaturization of the antenna, an annular slot ring structure
was etched on the upper surface of the top plate. Under the conditions of S11 < −10dB, the designed
antenna with a total size of 160mm× 160mm× 26.6mm (0.44λ× 0.44λ× 0.07λ) has a wide band covering
from 840MHz to 1.69GHz (67.2%), while the height of the proposed antenna is only 0.07λ (where λ is the
wavelength of the lowest frequency point). Moreover, omnidirectional radiation performances through the
operating band can be achieved for both the measured and simulated results.

INDEX TERMS Low profile, sleeve antenna, top-loaded, UAV.

I. INTRODUCTION
Recently, unmanned aerial vehicles (UAVs) have attracted
lots of attentions for scientific, industrial and military appli-
cations [1]. Generally, the antenna should be compact in size
to satisfy the highly limited space in UAV, light weight to
prolong the endurance of the whole UAV system, and low
profile to minimize air resistance for aerodynamic require-
ments [2]. Also in order to be robust to interference and
serve multiple wireless systems simultaneously, the antenna
needs to maintain well impedance matching through a wide
band [3], [4]. Moreover, a monopole-like omnidirectional
radiation pattern in the horizontal plane is preferable since it
can enhance the communication links between the UAV and
the ground base stations [5].

In order to meet the aforementioned design requirements,
many research on UAV antenna designs have been reported
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[6]–[14]. Dielectric material loading technique was used in
[6], [7]. In [6], a Co2Z hexaferrite-glass composite was used
as a helical antenna core, while in [7], conductive strip was
helically wound on Co2Z hexaferrite substrate. For both
designs, antenna miniaturization can be realized, however
they were not designed for wide bandwidth applications, and
the radiation efficiency changes according to the dielectric
performance of the material, a carefully choose is essential.
In [8], double split ring resonator (DSRR) slots and vias were
used to reduce the size of a planar circular patch antenna. The
antenna has a 20MHz bandwidth and can cover the 1090MHz
band for ADS-B (Automatic Dependant Surveillance Broad-
cast) applications.

In [9], the UAV antenna composes of two folded strips
mounted on a ground plane. The top folded radiating strip was
fed by a half-loop feeding strip. By adjusting the capacitive
loads at the two ends of the radiating strip, the antenna
operates in the frequency range from 500 to 511MHz, and
has an omnidirectional radiation pattern. However, in order
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TABLE 1. Optimized parameters (unit:mm).

to fulfill the design goal, the ground plane should be no
less than 0.5 × 1.0m2 (0.83 × 1.67λ2), which increases
the overall size of the antenna. A dual-band planar square
segmented loop antenna is proposed in [10]. The loop works
at the lower band around 956MHz, by using patch ele-
ment and shorting strip, impedance matching at the higher
band can be improved. For the two bands, the antenna was
designed to have omnidirectional and quasi-omnidirectional
radiation characteristics, respectively. A hemispheric con-
ductor seamed on a 0.8 × 0.8λ2 ground for Ultra wide-
band UAV applications is reported in [11]. While in [12],
higher-order mode circular patch antenna operating in the
frequency range of 674-719MHz was proposed. Top loaded
monopolewith shorting pins and inductive loading is reported
in [13]. The antenna can obtain a wide bandwidth of 17% for
VSWR no larger than 3. Besides these designs, monocone
structures were also effective and widely used for design-
ing low-profile, wideband antenna [14]–[16]. In [14], a 3D-
printed mono-cone backed with exponentially tapered cavity
is demonstrated. The antenna has a wide bandwidth and
monopole-like radiation pattern. A super wide band mono-
cone antenna is proposed in [15], by using dielectric loading,
flexible impedancematching throughwider bandwidth can be
achieved. In [16], bent shorting strips together with parasitic
and circular sleeves were used to minimize the conventional
monocone antenna, a 147.3% fractional impedance band-
width can be obtained with a low-profile.

In this paper, a 3D disc cone top-loaded sleeve antenna for
UAV applications is proposed. The antenna can achieve wide
band performances with a compact size and low height. Sta-
ble omnidirectional radiation patterns can be fulfilled through
the whole band. The rest of the paper is organized as follows:
Section II describes the design procedure of the antenna.
Section III presents the measured results and discussions.
Finally, conclusion is made in Section IV.

II. ANTENNA DESIGN
Figure 1 shows the geometry of the proposed antenna. The
antenna comprises a sleeve antenna with a top-loaded 3D disc
cone structure. The top plate of the disc cone and the ground
plate are two 0.8mm thick, circular shaped FR4 substrates
(relative permittivity of 4.4 and loss tangent of 0.02). Both
sides of the top plate are covered with copper, while only
the upper surface of the ground plate is covered with copper.
The 3D structure of the cone was first made of foam, and

FIGURE 1. Geometrical configuration of the proposed antenna. (a) top
view. (b) side view.

then the outer surface was coated with cooper. The explode-
view of the feeding structure is shown in Fig.1(b), around the
inner conductor of the feed, we use a cylinder shaped foam to
maintain the basic shape of the sleeve, and then the outer wall
of the cylinder is also coatedwith copper. The inner conductor
is 0.5mm higher than the sleeve, so the gap between the
sleeve and the cone is set as 0.5mm. Eight shorting copper
columns are evenly distributed between the top plate and the
ground plate according to the equal circumferential angle.
The distance between the column and the feed point is 57mm.
Parameters study was simulated by using ANSYS HFSS
software, and the optimized parameters are listed in Table 1.

The four evolution steps to achieve the proposed antenna
are shown in Fig.2. Antenna 1 is a simple sleeve antenna
with a height slightly lower than 1/4λ. Antenna 2 is a sleeve
antenna with top-loaded 3D disc-cone structure. On the basis
of antenna 2, eight shorting copper columns were added to
obtain Antenna 3. Antenna 4 was designed by etching an
annular slot on the upper surface of the top plate of Antenna 3.

The S11 curves of the four antennas are plotted in Fig.3.
Antenna1 has only one resonance frequency point at around
1.5GHz. For Antenna 2, after top-loading a 3D disc-cone
structure to the sleeve antenna, the resonance frequency point
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FIGURE 2. Four evolution steps of the proposed antenna.

FIGURE 3. S11 of antenna 1, antenna 2, antenna 3 and antenna 4.

FIGURE 4. Simulated electric field of antenna 2 at two different
frequencies. (a) 0.92GHz, TM02 mode. (b) 1.45GHz, TM02 mode.

shifted to 1.4GHz, and the height of the antenna significantly
reduced from 1/4λ to 0.07λ. After adding shorting columns
(Antenna 3), a new resonance point was generated at the
lower frequency around 0.95GHz. Compared to Antenna 3,
the annular slot on the top of Antenna 4 can not only shift
the resonance frequency to the lower frequency and realize
antenna miniaturization, but also expand the bandwidth from
0.87-1.48GHz to 0.82-1.6GHz.

The electric field distributions between the top plate and
the ground plane at 0.92GHz and 1.45GHz for antenna2 and
antenna 3 (Figure 2) are illustrated in Fig.4 and Fig.5, respec-
tively. By comparing Figure 4 and Figure 5, we can note

FIGURE 5. Simulated electric field of antenna 3 at two different
frequencies. (a) 0.92GHz, TM01 mode. (b) 1.45GHz, TM02 mode.

FIGURE 6. Simulated S11 of the proposed antenna (Antenna 4) with
different q.

FIGURE 7. Simulated S11 of the proposed antenna with different q1.

that, at 1.45GHz, the two antennas have the same transmis-
sion mode which is the TM02 mode. While at 0.92GHz,
the two antennas have different transmission modes which
are TM02 mode and TM01 mode, respectively. Therefore,
we concluded that the addition of the shorting columns
changes the transmission mode at the lower frequency and
generate a new resonance point, which is consistent with the
S11 results shown in Figure 3.

How cone shape changes affect impedance matching are
plotted in Figure 6 and Figure 7. Parameter q is the radius
of the top circle of the cone. The increase of q shifts the
higher resonance frequency point to lower frequency, which
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FIGURE 8. Simulated S11 of the proposed antenna with different q2.

improves the impedance matching from 1.0-1.3GHz. While
the radius of the bottom circle of the disc cone (q1) mainly
affects the impedance matching around the higher resonance
frequency point.

Also the tilt angle of the disc cone is determined by chang-
ing the size of q and q1. As shown in Figure 6 and Figure 7,
when q equals to 28.5mm and q1 equals to 14.5mm and
the corresponding disk cone angle is 50.3◦, we achieved the
optimal solution.

Figure 8 shows the influence of the changes of the antenna
sleeve radius (q2) on the impedance matching. q2 mainly
affects the impedance matching around the higher resonance
frequency. The larger the q2, the better the impedance match-
ing performance of the antenna. According to our design
requirements, the q2 is set to be 8.5mm.

Based on the aforementioned parameters studies, themech-
anism of the antenna can be further explained as two one
wavelength loop antennas. The frequency for the higher
resonance point can be determined by the current distributed
around the top circle of the cone, and the loop length is
179mm (2π×q), which is about one wavelength at 1.45GHz.
While after adding shorted columns, the distributed current
length changed to the circumference which is determined
by the location of the columns. Since the distance (radius)
between the column and the feed point is 57mm, the circum-
ference for the new loop on the top plate can be calculated
as 2π × 57 ≈ 358mm, which is about one wavelength at
0.92GHz.

The annular slot is inside the aforementioned two fed
loops, and the location for the annular slot should be close to
the top circle of the cone. Therefore, even if a new resonant
point is generated by adding the slot, since it is close to
the higher resonant frequency, the new resonant frequency
point will not occur. The slot only expands the bandwidth by
changing the impedance matching. As depicted in Figure 9,
compared to Antenna3 (Figure 2), when the slot is inside
the top circle of the cone (r1 < q = 28.5mm), the slot
improves the impedance matching between the two resonant
frequencies, while the bandwidth becomes even narrower.

FIGURE 9. Simulated S11 of the proposed antenna with different r1.

FIGURE 10. Simulated S11 of the proposed antenna with different r2.

When r1 > q, with the increasing of r1, the impedance
matching around the two resonant frequency points can be
improved, whereas the impedance between the two reso-
nant frequency points deteriorated. The final r1 was set
as 30mm.

As shown in Figure 10, The change of width of the slot
affects the impedancematching of the antenna in some extent.
While compared to the higher resonant frequency point,
the width of the slot has little influences on the lower resonant
frequency point.

Figure 11 depicts the simulated radiation patterns of the
antenna at 0.92GHz, 1GHz, and 1.45GHz. It can be observed
that through the whole operating band, the antenna has rela-
tively stable radiation patterns. On the E-plane, the antenna
has ‘‘8’’ shaped radiation patterns, while on the H-plane,
the radiation pattern meets the requirements of the UAV
antenna.

III. MEASUREMENT AND DISCUSSION
The fabricated antenna based on the optimal parameters
obtained from the simulation is shown in Figure 12.

The reflection coefficients measured by the vector
network analyzer is shown in Figure 13. The simu-
lated bandwidth ranges from 0.82GHz to 1.6GHz, and
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FIGURE 11. Simulated radiation patterns of the proposed antenna at (a)
0.92GHz, (b) 1GHz, (c) 1.45GHz.

FIGURE 12. Photographs of the fabricated antenna.

the measured frequency band range is from 0.84GHz to
1.69GHz. Both results can cover the target frequency bands

FIGURE 13. Simulated and measured S11.

TABLE 2. Comparisons between the proposed and recently published
UAV antenna designs.

like ADS-B (978MHz/1090MHz), GSM850/900, L-band
(0.96-1.22GHz) and so on, but compared with the simulation
results, the measured results are shifted to higher frequency
because of the manufacturing errors and the differences
between the actual material and the ideal model in the
simulation.

We measured the fabricated antenna in the anechoic cham-
ber. Figure 14(a) and (b) depict the simulated and measured
radiation patterns of the proposed antenna in the H-plane
and E-plane separately at the central frequency of 1 GHz.
We can observe that the measured and simulated results are
in good agreement. In E-plane, the max radiation occurs at
220 degree. While the fluctuation is smaller than 1dB in
H-plane, which indicates that a measured omnidirectional
radiation property of the proposed antenna is obtained.

Figure 15 presents the simulated and measured peak
gain of the proposed antenna. The simulated peak gain
varies from 1.31-2.21dBi and the measured peak gain
varies from 1.27 to 2.26dBi. Meanwhile, through the oper-
ating band, the simulated radiation efficiency is higher
than 92%, which also proves the good performance of the
antenna.

For UAV applications, the antenna design needs to con-
sider the height, footprint, bandwidth, gain and other factors.
The comparisons between the proposed antenna and the
UAV antenna research results published in recent years are
listed in Table 2. It can be seen that the proposed antenna
is relatively small in size and low in height, simultane-
ously, it has a wide band and acceptable radiation perfor-
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FIGURE 14. Simulated and measured radiation patterns of the proposed
antenna in the (a) H-plane and (b) E-plane at 1 GHz.

FIGURE 15. Simulated and measured peak gain of the proposed antenna.

mances. Also, the performances of the proposed antenna
was evaluated with a much smaller ground (the size of the
ground is the same as the top plate), when the antenna was
mounted on the UAV, better radiation performances can be
expected.

IV. CONCLUSION
In this article, a top-loaded sleeve antenna for UAV applica-
tions was proposed. We loaded a 3D disc cone to reduce the
height of the antenna, added eight shorted columns to achieve
lower frequency resonance and utilized the annular slot struc-
ture to further increase the bandwidth of the antenna. Finally,
the fabricated antenna can achieve coverage in the 0.84-
1.69GHz band under the condition of the miniaturization at
low profile. The proposed antenna can obtain an omnidirec-
tional property in the frequency band with stable radiation
characteristics, which meets the performance requirements of
UAV applications.
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