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Abstract – In this paper, a switched beam antenna system
consists of four Vivaldi antennas for vehicle-to-vehicle
communication is presented. The proposed design is
realized on a substrate material of “Rogers 5880” with
εr = 2.2, tanδ = 0.002, and 0.508-mm substrate thick-
ness. The antenna is designed to operate at a center fre-
quency of 28 GHz with operating bandwidth of 1.463
GHz. An overall realized gain of 9.78 dBi is achieved
at the intended center frequency. The proposed antenna
is designed and simulated using CSTMWS. It is also
fabricated using photolithography techniques and mea-
sured using R&S vector network analyzer. Good agree-
ment is obtained between both CSTMWS and measured
results.

Index Terms – Vivaldi antenna, intelligence transporta-
tion system (ITS), vehicle-to-vehicle (V2V) communica-
tion, switched beam antenna, 5G applications.

I. INTRODUCTION
Intelligence transportation system (ITS) is built

depending on dedicated short range communication
(DSRC) technology which presents a high reliabil-
ity and a fast data transmission [1–7]. This sys-
tem improves the road safety to avoid car accidents
and reduce the traffic jam by sending all the informa-
tion about the road to the drivers to make decisions.
There are four classifications of V2X wireless commu-
nications: vehicle-to-vehicle (V2V), vehicle-to-personal
(V2P), vehicle-to-infrastructure (V2I), and vehicle-to-
network (V2N) [8–14]. A low-profile monopolar was
introduced and two antenna designs were presented:
low-profile and flush-mounted [15]. Both antennas were
surrounded by a thin plastic radome. Four-element
monocone broadband antenna for V2X wireless commu-
nication is introduced [16]. Three antennas were pro-
posed and discussed in the cavity to offer a significant
room for antennas and radio frequency [17]. A low-
profile wideband monopolar antenna size is reduced by
adding four tapered slots which make it applicable for
vehicles and helmets [18]. Three antenna arrays consist-

ing of 16 patches in each array were developed to operate
at 61 GHz [19].

There are many techniques for beam switching that
can be used to reconfigure the radiated beams [20, 21].
Some of them are traditional such as digital beamform-
ing [22], butler matrix [23], and phased array antennas
[24]. Narrow bandwidth, bulky structure, and compli-
cated beamforming networks are disadvantages of these
methods at microwave frequencies. Another method to
satisfy the beam switching configuration is by using PIN
diodes which are operated by DC controlled circuit [25–
28]. In [25], RF switch controlled by a microcontroller
to feed a 2 × 2 array antenna is introduced.

In this paper, four switched beam Vivaldi antennas
with single port are designed, simulated, and fabricated
for V2V wireless communication system. The proposed
antenna provides a full 360o coverage area with high
gain and large distance compared with an omnidirec-
tional one. The antenna is designed to operate at a fre-
quency of 28 GHz for mm-wave and 5G applications.

II. PROPOSED ANTENNA DESIGN
Figure 1 introduces the configuration of the pro-

posed antenna structure. Four symmetric microstrip Vi-
valdi antennas are placed at different directions with an
angle of 90o between each two antennas to cover the full
360o area. Five PIN diodes are used to connect the sin-
gle port of the structure to each antenna. A controlled
circuit is applied to switch the PIN diodes to ON/OFF
states. Details of the single patch antenna and the overall
structure are described below.

A. Single microstrip Vivaldi antenna
Figure 2 shows the design of the proposed Vivaldi

antenna and its structure. The structure of the proposed
antenna is realized by subtraction of an elliptical shape
from the rectangular patch antenna on each side. The
antenna is placed on a substrate of type “Roger 5880”
with εr = 2.2, tanδ= 0.002, and 0.508-mm thickness.
The overall antenna size for a single patch is Lsub =
32.25 mm and Wsub = 16 mm. Table 1 shows the dimen-
sions of the structure and all dimensions are in mm. The
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Fig. 1. Configuration of the proposed switched beam Vi-
valdi antennas.

Table 1: The dimensions of the proposed antenna ele-
ment in the designed structure
Parameter Length (mm) Parameter Length (mm)

Lsub 32.25 Wsub 16
LP 9.581 WP 0.705
L f 13 Wf 1.65
Lg 8.75 Rg 4.25
Ri 9.775 Rout 28.825

dimension of Rg represents a minor radius of an ellipse
which has a center at the edge of the substrate. Figure 3
shows the return loss of the single patch antenna.

A parametric study is obtained for each dimension
individually while the other parameters are constant.
Figure 4 discusses the effect of changing the length of LP
which tends to shift the resonance frequency and change
the value of return loss (S11). Increasing of LP tends to
increase the resonance frequency and increase the return
loss while the gain decreases. In Figure 5, increasing of
WP tends to decrease the resonance frequency, while the
return loss (S11) approximately remains the same. Elab-
orating the results of all parametric studies, it is easy to
choose the proper dimensions that achieve the resonant
frequency at 28 GHz based on the required specifications
and application. Figure 6 shows the radiation pattern
of the proposed antenna at the resonant frequency. In
Figure 7, the overall antenna gain for the single patch
element is presented.

B. Proposed complete structure
The designed structure consists of four elements of

the Vivaldi antenna designed. The four elements are con-

Fig. 2. The design of the proposed Vivaldi antenna and
its structure.

Fig. 3. The S-parameter (S11) of the single patch antenna.

Fig. 4. A parametric study of increasing and decreasing
of the length LP.
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Fig. 5. A parametric study of increasing and decreasing
of the length WP.

Fig. 6. The simulated radiation pattern of the single patch
Vivaldi antenna.

Fig. 7. The overall antenna gain for the single patch an-
tenna.

Fig. 8. The complete proposed structure with four ele-
ments.

structed to cover the overall area by making the angle be-
tween any two elements equal to 90◦; so the overall cov-
erage angle will be 360◦ as shown in Figure 8. The main
benefit to use this structure instead of an omnidirectional
antenna is the high gain and long distance that the signal
can travel compared with the omnidirectional antenna.
One microstrip feedline is used to feed the four elements.
PIN diodes controlled by switching circuits are used to
select the radiated antenna sequentially to transmit and
receive the signals in all directions. PIN diodes offer a
very good linearity and are applied for high power appli-
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Table 2: Four configurations of the proposed antenna us-
ing switched RF diodes

State Switched Diodes RadiatorD1 D2 D3 D4 D5
1 ON OFF OFF OFF OFF Antenna 1
2 OFF OFF ON OFF ON Antenna 2
3 OFF OFF ON ON OFF Antenna 3
4 OFF ON OFF OFF OFF Antenna 4

Fig. 9. A parametric study of increasing the length LP.

Fig. 10. The S-parameter (S11) of the complete antenna
structure: blue curve for antennas 2 and 3 and the red one
for antennas 1 and 4.
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Fig. 11. The radiation pattern of the complete antenna structure: (a) antenna 2 is ON, (b) antenna 3 is ON, (c) antenna
4 is ON, and (d) antenna 1 is ON.

Table 3: The dimensions of the overall proposed antenna
structure
Parameter Length (mm) Parameter Length (mm)

L1 23.85 W1 16
LP 9.882 WP 0.39
L f 12 Wf 1.65
L f 1 14.35 L f 2 9.60
Lg 25 Wg 25

Lgro 12.85 Wgro 1.65
Rg 4.25 Wc 5.355
Ri 9.775 Rout 28.825

cations at microwave frequencies. An AlGaAs PIN diode
of type “MA4AGBLP912” with a small ON-resistance,
low capacitance, and significant fast switching speed is
applied. The proposed structure is shown in Figure 8.
The relationship between the switched RF diodes and the
four radiator antenna structures is tabulated in Table 2.
The shape of feedline is different in each case; so a para-
metric study for the shape of the feedline is presented in
Figure 9. A groove between each two elements is used
to enhance the system operation and improve the return
loss. Table 3 shows additional dimensions for the pro-
posed structure. In Figure 10, the return loss (S11) of the
four elements is shown. Figure 11 shows the radiation
pattern of the proposed structure. In Figure 10 (a), for
example, the diodes D3 and D5 are ON and D1, D2, and
D4 are OFF, and then antenna 2 will operate and the ra-
diation will be in the –90o direction. In Figure 10 (b), the
diodes D3 and D4 are ON and D1, D2, and D5 are OFF,
and then antenna 3 will operate and the radiation will
be in the 0o direction and so on. The overall gain over
the frequency range of operation for the full structure is
studied.

III. RESULTS AND DISCUSSION
A. Single element

The proposed single element Vivaldi antenna is de-
signed and simulated by CST software. This structure
is operated at a resonance frequency of 28 GHz to cover
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Fig. 12. The fabricated antenna design.

Fig. 13. The comparison of simulated and measured S11
results for single element antenna.

Fig. 14. The comparison between simulated and mea-
sured overall gain versus frequency results for the single
element.

the ITS and 5G applications. It has a return loss of
31.5 dB at a resonance frequency. The antenna is fabri-
cated using the photolithography method and measured
using vector network analyzer (R&S ZVA 67). Figure 12

Fig. 15. The comparison between simulated and mea-
sured radiation patterns (normalized).

Fig. 16. The fabricated antenna structure: (a) top view;
(b) bottom view.

shows the fabricated single element antenna. Good
agreement is achieved between the simulated and mea-
sured results.

The return loss comparison curves are shown in
Figure 13. The gain of the antenna is also measured and
Figure 14 shows the comparison between measured and
simulated results. The comparison between simulated
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Fig. 17. The comparison of simulated and measured S11
results for antennas 1 and 4 in the complete structure.

Fig. 18. The comparison of simulated and measured S11
results for antennas 2 and 3 in the complete structure.

and measured radiation pattern (normalized) is intro-
duced as shown in Figure 15.
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Fig. 19. The comparison between simulation and measurements of overall structure radiation pattern (normalized).

Fig. 20. The comparison between simulated and mea-
sured overall gain versus frequency results for a single
element within the complete structure.

B. Complete structure
The complete antenna structure is designed on the

same substrate of “Rogers 5880.” The complete antenna
structure is fabricated and measured. Figure 16 shows
the fabricated antenna structure. The return loss is mea-
sured and compared with the simulated one. Figure 17
shows the return loss for antennas 1 and 4 elements. The
measured result is closed to the simulated one with some
notches. Figure 18 shows the return loss for antennas
2 and 3 elements. The radiation pattern and the gain
are also measured and compared with the simulated one.
Good agreements are achieved between the simulated
and measured results. Figure 19 shows the comparison
between the simulated and measured radiation patterns.
Figure 20 shows the overall gain versus frequency for the
complete structure. The comparison between this work
and previous works is tabulated in Table 4.

IV. CONCLUSION
A switched beam antenna system that consists

of four elements of Vivaldi antennas for V2V com-
munication in 5G application is introduced. The
designed antenna achieves a wide bandwidth of 5.38%
around the operating center frequency of 28 GHz.
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Table 4: Comparison with pervious works
Paper [15] [16] [18] [19] [20] This Work

Center frequency
[GHz]

0.67 25.9 61 1 60 28

Bandwidth
(at –10 dB)

[%]

14.3 23.7 2.46 36 3.33 5.86

Coverage area
(degree)

360 180 66 50 90 360

Gain
(dBi)

5.8 6.1 18.7 9 3 9.78

Size
(in mm)

144 × 144 570 × 220 46.4 ×31 250 × 250 14.7 × 11.9 48.85 × 48.85

The omnidirectional radiation is achieved by using the
four elements of Vivaldi antennas. The antenna shows
remarkable radiation characteristics and a high gain of
more than 9.78 dBi. The proposed antenna has achieved
a bandwidth of 1.64 GHz for the single element and 1.11
GHz for the complete structure. The antenna is fabri-
cated and measured.
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