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Abstract — In this paper, a miniaturized and broadband
patter-reconfigurable antenna working at very high fre-
quency (VHF) and ultra-high frequency (UHF) band is
proposed. A dipole antenna element with a compact size,
stable horizontal gain, a wide bandwidth, and an omni-
directional pattern is introduced firstly, which operates
from 116 MHz to 505 MHz with a relative bandwidth
of 108.55% and a size of 0.11A; x 0.33A;. An antenna
array is constructed by combining four elements in a
rotationally symmetrical manner. When one element is
excited and other ports are terminated by matched loads,
switchable directional beams are achieved. A 10:1 scaled
model of the proposed antenna is fabricated and tested.
Measured results show that the antenna element oper-
ates from 1.48 GHz to 4.86 GHz (a relative bandwidth
of 106.62%) with a gain above -2 dBi. The proposed
antenna array can achieve directional beams with a high
front to back ratio (FBR) with gain value of 3-4 dBi
within 2-4 GHz.

Index Terms — Broadband antennas, dipole antennas,
pattern-reconfigurable antennas, VHF/UHF antennas.

L. INTRODUCTION

In modern tactical secure communication systems,
spread spectrum and frequency hopping technology is
frequently employed to enhance the anti-interference and
confidentiality of aircraft and ship communication [1]].
Numerous very high frequency (VHF) and ultra-high fre-
quency (UHF) broadband omnidirectional antenna have
been proposed over the decades [2H5]]. To increase the
bandwidth of VHF/UHF antenna, a biconical structure
and thick dipole is utilized in [2], a dual-parasitic sleeve
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structure is applied to improve the impedance further.
This design provides a working band that covers a range
from 120 to 550 MHz (128%). A dual-sleeve wideband
monopole antenna with loaded plasma cylinders is pro-
posed for shipborne systems in VHF range in [3]. It
achieves the VSWR < 2 bandwidth of more than 107%.
However, it is worth noticing that the prototypes of these
antennas tend to be large in size and challenging to man-
ufacture. Reference [4] designs a super broadband dipole
antenna with a passive matching network. By loading
lumped elements on the antenna body and using the
genetic algorithm optimization, it can operate over 30-
1200 MHz with VSWR < 3 and broadside gain > -10
dBi. However, the gain is too low to meet the require-
ments of practical applications.

On the other hand, pattern reconfigurable antenna
and multibeam antennas are highly desired in mili-
tary applications to enhance the capability of wireless
communication systems. These technologies contribute
to increase spectral efficiency, extend communication
range, and improve security and anti-interference. In
[6], a wideband multibeam circular array antenna for
VHF/UHF directional networks applications is designed
by introducing directional antenna element. The prob-
lem is that the finite ground plane causes a titled-up
radiation pattern from the azimuth plane. Electrically
steerable passive array radiators (ESPAR) are used to
achieve a directional and steerable radiation pattern on
the antenna horizontal plane [7H9]. Nevertheless, these
antenna dimensions are characterized by large and com-
plex dimensions and the controlling circuits loaded on
the parasitic elements affect the quality of antenna radi-
ation patterns.
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Active frequency selective surfaces (AFSSs) attract
significant attention in pattern reconfigurable antenna
design [10H12]]. These antennas can manipulate radiation
direction and beamwidth by changing the PIN diodes or
varactors on the AFSS. However, due to the limitation
bandwidth of the FSS units, the pattern reconfigurable
antennas based on AFSS could only dynamically switch
the beams in one or a few operating bands, typically
resulting in a larger volume.

This article presents a miniaturized and broadband
pattern-reconfigurable VHF/UHF antenna that features
four directional beams with high front to back ratio
(FBR) in the horizontal plane. Employing a circular array
configuration eliminates the need for placing directors or
reflectors around the antenna at a distance of A/4. This
approach results in a more compact size and broader
operating bandwidth. A 10:1 scaled model prototype is
fabricated and tested to validate our simulation results.
This article is organized as follows. In section II, the
antenna element design and performance analysis are
discussed in detail. In section III, an antenna array with
directional beams is studied and the simulated and mea-
sured results are shown. Section IV is the conclusion of
the entire paper.

II. ANTENNA ELEMENT DESIGN AND
PERFORMANCE ANALYSIS

A. Geometry of dipole antenna element

The configuration of the dipole antenna element is
depicted in Fig. [T} It is printed on a FR4 substrate with
a relative dielectric constant of 4.4, a loss tangent of
0.02 and a dimension of L x W x h. The antenna is
fed at the bottom edge through a 50 Q SMA connector.
The microstrip feeding structure comprises microstrip
lines of different widths and a sector open-ended branch,
which functions as a broadband unbalance-to-balance

(a) (b) (c)

Fig. 1. Configuration of the dipole antenna element: (a)
3D view, (b) top view, and (c) bottom view.
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transition [[13]. The microstrip line directly connected to
the inner conductor of the SMA has a width of Wy and a
length of Lyy. After feeding through a trapezoidal patch
with a length of Ly, Wy is transformed into a width
of Wp», and then it is connected to a sector open-ended
branch with a radius of R and an angle of 0.

The upper trimmed rectangle patches serve as radi-
ating elements. The rectangle patch with an area of L X
W is divided into two parts by three stepped slots that
traverse it. Each part features two vertical slots (L x Sp)
located next to the stepped slots and a horizontal slot (L,
x S2), which improves the impedance matching of the
antenna. Other specific dimensions have been marked in
Fig.[T]in detail.

With trimmed rectangle patches and microstrip
feeding structure, the antenna element is significantly
reduced, which has an electric size of 0.11A; x
0.33A (AL corresponding to the lowest frequency), and
the bandwidth is expanded. Detailed dimension param-
eters of the VHF/UHF antenna element can be found in
Table[Tl

Table 1: Dimension parameters of the VHF/UHF dipole
antenna element (unit: mm)

Parameter Value Parameter Value
L 660 Wi 160
w 220 Ls1 30
W1 3.76 Wso 90
Ly 132 L 3
Weao 1 Wi 12
Ly 120 Ly 97
Lg3 80 S 5.5
R 110 L 80
2] 175 SH 4
P, 85 rr 90
P, 100 h 2

B. Antenna element performance and analysis

The proposed antenna element was simulated and
optimized in CST STUDIO SUITE 2019 software. The
antenna is fed by an ideal wave-port in the simulation.
The fabricated VHF/UHF dipole antenna is shown in
Fig. 2| (a). The simulated and measured |S;;| are illus-
trated in Fig. 2] (b). Simulated reflection coefficient curve
shows that it operates from 149.73 MHz to 505.15 MHz
(IS11| < -6 dB, 108.55%). The measured bandwidth cov-
ers from 116 MHz to 505 MHz (]S}, | < -6 dB, 125.28%).
The difference between the simulated and measured
results is mainly due to the practical coaxial connector. In
addition, the difference of the dielectric constant in sim-
ulation and fabrication will also cause a slight frequency
shift. From Fig. |Z| (b), it can be seen that the modified



simulation results (blue line) agree better with the mea-
sured ones, where the coaxial connector was modeled in
simulation and the relative dielectric constant of the sub-
strate was changed to 4.8.
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Fig. 2. The fabricated VHF/UHF dipole antenna: (a) 3-D
view and (b) simulated and measured |S].
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The basic working principle of the broadband
antenna is to excite multiple resonant modes which are
close to each other. To demonstrate the basic working
principle of the antenna, surface current distributions at
different resonant frequencies are presented in Fig. [3] It
can be seen that current distribution primarily concen-
trates on the edge of the patches at 187 MHz and the
effective current path is the longest, which determines
the lowest resonance. At 358 MHz, current distribution
concentrates on the four slots, while it concentrates on
the two slots at 480 MHz. It can be seen that as the
operating frequency increases, the effective current path
becomes shorter.

Due to the limitation of the anechoic chamber,
where the minimum frequency is 1 GHz, a 10:1 scaled

Fig. 3. Surface current distributions of the VHF/UHF
antenna at (a) 187 MHz, (b) 358 MHz, and (c) 480 MHz.
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model was fabricated and tested, as shown in Fig. E
(a). The 10:1 scaled model exhibits a slight varia-
tion in structure with the VHF/UHF antenna, primar-
ily due to limitations imposed by the dielectric sub-
strate and the cost. Simulated and measured return
loss and gain of the 10:1 scaled antenna element
were conducted in an anechoic chamber as plotted in
Figs. [ (a) and (b).

The simulated bandwidth covers from 1.51 GHz
to 5.08 GHz (|S11| < -6 dB, 108.43%), as shown by
the black solid line Sim.I. The measured bandwidth

a2
N
=
-40 ) A L . ) . ) .
1.0 1.5 20 25 3.0 35 40 45 50 55
Frequency (GHz)
(b)
-
=
g
<
&}
o
8
=
]
=1

1.0 1.5 2.0 2.5 3.0 3.5 40 45 50 55
Frequency (GHz)

©

Fig. 4. Fabricated 10:1 scaled antenna element and its
experiment results: (a) top view and bottom view, (b)
simulated and measured |S;;|, and (c) simulated and
measured gain.
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(red dashed line) covers from 1.48 GHz to 4.86 GHz
(106.62%). The measured bandwidth is in good agree-
ment with the simulated one, except those resonant fre-
quencies shift towards lower frequencies. We changed
the dielectric constant of FR4 from 4.4 to 4.8, and the
new simulation result is denoted as Sim.II in Fig. [ (b). It
can be seen that the resonant frequencies of Sim.II agree
better with the measured resonant frequencies. In addi-
tion, coaxial connectors and soldering may influence the
resonance frequency shift.

Realized radiation patterns in the E-plane and H-
plane (6 = 90° plane) at 1.5, 2.5, 3.5, and 4.5 GHz
are depicted in Fig. It is evident that the out-of-
roundness becomes worse with the increasing of working
frequency, although the antenna’s omnidirectional char-
acteristics in the broadband spectrum remain observable.
The asymmetry of the E-plane can be attributed to the
influence of the substrate and feeding structure.

Realized Gain (JBi)

Realized Gain (dBi)
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Fig. 5. Measured and simulated radiation patterns of the
proposed 10:1 scaled model dipole antenna element: (a)
1.5 GHz, (b) 2.5 GHz, (c) 3.5 GHz, and (d) 4.5 GHz.
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III. ANTENNA ARRAY AND
EXPERIMENTAL VALIDATION

A. Antenna array structure and principle

Based on the proposed dipole antenna element, an
antenna array is constructed, where four elements are
arranged in a circular array configuration with a radius
r = 25 mm, as shown in Fig. [§] (a). Circular array
antennas have found extensive applications in systems
such as radio direction finding, radar navigation, and
underground detection [14H17]. Their advantages lie in
the ability to generate both omnidirectional patterns and
directional patterns with the main lobe pointing towards
the normal direction of the array. The antenna struc-
ture of a uniform circular array makes its azimuth scan-
ning angle higher than that of a linear array or rectangle
array.

The overall antenna array fits in a volume of 53.2
X 532 x 66 mm>. When AntlI is excited and the
other three antennas are terminated with 50 Q matched
loads, a directional pattern is realized, as plotted in

Fig.[6] (b).

Ant.I11

—_——

ARtIV i *Ant.I]

(a) (b)
Fig. 6. Geometry of the proposed antenna array and

reconfigurations for directional pattern (r = 50 mm): (a)
3-D view and (b) directional pattern when Ant.I is fed.

When the other three antennas are excited in the
same way, three directional beams can be achieved.
These four directional beams are at an interval of 90°
in the H-plane (6 = 90° plane). Since the bandwidth
of the antenna element is wide, pattern reconfigurabil-
ity can also be realized over a wide frequency range The
impact of the mutual coupling is investigated in the next
section.

B. Results and discussion

The experimental setup of the proposed antenna
array is shown in Fig. [7]] Simulated and measured S
parameters are plotted in Fig. [§| The isolation between
the elements is better than 12.5 dB, and the |S}] is less
than -6 dB over the frequency range 1.66-4.78 GHz. In
a practical testing environment, S>; and S4; are nearly



Fig. 7. Photograph of the fabricated 10:1 scaled antenna
array and its experimental scenario: (a) measurement of
S parameters and (b) measurement of the radiation pat-
terns.
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Fig. 8. Measured S parameter of the antenna array.

identical due to structure symmetry. When using the
same operation to feed the other three ports separately,
three directional beams are also obtained.

Radiation characteristics of the antenna array were
evaluated in an anechoic chamber similarly. The radia-
tion patterns at different frequencies (2, 3, and 4 GHz),
when one element is fed and other ports are terminated
by matched loads, are shown in Fig. El The maximum
horizontal gain in 2 GHz, 3 GHz, and 4 GHz are 2.5 dBi,
4.9 dBi, and 3.1 dBi, corresponding to the FBR with 12.4
dB, 9.8 dB, and 13.1 dB, respectively. All results show
directional beams in the azimuth plane with relatively
high FBR.

The small deviation between the simulated mea-
sured results may be caused by the difference between
the simplified wave-port model in simulation and the
actual dimensions of coaxial cables and matching loads.
In addition, the small size of the antenna results in a rel-
atively low gain in lower frequency measurement. The
welding and fine features near the feed ports also intro-
duce adverse effects.
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Fig. 9. Simulated and measured radiation patterns of the
proposed 10:1 scaled model antenna array: (a) 2 GHz,
(b) 3 GHz, and (¢) 4 GHz.

IV. CONCLUSION

This paper proposed a miniaturized and broadband
pattern-reconfigurable VHF/UHF antenna which fea-
tures four directional beams with high FBR in the hor-
izontal plane. A dipole VHF/UHF antenna element char-
acterized by its compact size, stable horizontal gain,
wide bandwidth (116-505 MHz, a relative bandwidth
of 108.55%), and omnidirectional pattern is designed
firstly. Then, a 10:1 scaled model is fabricated and
tested. Measurement results show that the impedance
bandwidth of antenna element covers from 1.48 to 4.86
GHz (a relative bandwidth of 106.62%) with omnidi-
rectional characteristics. An antenna array with direc-
tional beams is designed and tested afterwards. The over-
all 10:1 scaled antenna array measures 53.2 x 53.2 x
66 mm? (0.271; x 0.271; x 0.3311). Measured results
reveal directional beams can be achieved in the azimuth
plane with a relatively high FBR within 2-4 GHz. More
flexible beams can be generated by exciting more ele-
ments or changing the feeding phase of each port in the
future works.
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