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A Triple Band C-Shape Monopole Antenna for Vehicle
Communication Application

Dong Sik Woo*

Abstract—A compact triple band monopole antenna with a simple modified C-shape structure for
vehicle-to-everything (V2X) application is presented. The proposed multiband vehicle antenna with
three C-shaped round stubs structure satisfies the worldwide interoperability for microwave access
(WiMAX), wireless local area network (WLAN), and wireless access in vehicular environment (WAVE)
bands. The three resonant frequencies are implemented with three C-shaped round stubs, and they
are simply controlled by adjusting the round stub length without influence each other. The presented
antenna demonstrated good impedance bandwidth and nearly omnidirectional radiation patterns over
the whole operating bands. The field communication tests by connecting the vehicular communication
module were also performed and verified in the view of automotive vehicle antenna application.

1. INTRODUCTION

Recently, with the development of communication technologies such as 5G wireless communication,
dedicated short range communication (DSRC), and Wi-Fi, research on high-reliability and low-latency
autonomous vehicles that automatically recognize the driving environment and drive without a driver is
being actively conducted. Vehicle-to-everything (V2X) is an essential technology for autonomous driving
and has been standardized by DSRC in the US and cooperative intelligent transportation System (C-
ITS) in Europe. Recently, mobile telecommunication operators have introduced and utilized cellular
V2X (C-V2X), which is characterized by high reliability, short latency, and high data processing capacity.
Also, researches on WAVE communication systems based on IEEE 802.11p MAC class using 5.85–
5.925GHz frequency bandwidth that provides vehicle to vehicle (V2V), pedestrian to vehicle (P2V),
vehicle to infrastructure (V2I) in vehicle networking (IVN), and infrastructure to infrastructure (I2I)
communication network functions are actively taking place in [1–7].

Modern automotive antennas are usually placed in a small space on car case. These automotive
antenna modules like shark-fins contain antennas for GPS/GNSS navigation, DMB, digital audio
broadcasting (DAB), emergency call (eCall), long-term evolution (LTE), Wi-Fi, WLAN, WiMAX,
multiple-input multiple-output (MIMO) antennas for cellular systems, diversity antennas for V2X and
satellite digital audio radio (SDARS). However, the antenna design suffers from limited space, the
coupling between antennas, and shadowing of other radiation patterns due to a multitude of near-field
effects. Also optimum positions are difficult to identify [8–15].

Several microstrip-feed and CPW-feed printed monopole antennas that can support WLAN and
WiMAX applications, while potentially applicable as V2X vehicle antenna, have been reported and well
designed to meet a dual or triple band operation [16–26]. In [27], two open ended inverted L-shaped slots
on the radiation patch have been designed, but the slot position and dimension were ambiguous, and the
E-plane radiation pattern was uneven. A compact triple band antenna for WLAN/WiMAX USB dongle
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application with a circular-arc-shaped stub and an L-shaped stub is presented in [28]. However, due to
the large coupling between adjacent stubs, the resonant frequencies are not independent of each other.
In [29], by using a toothbrush-shaped patch (TSP), a meander line (ML), and an inverted U-shaped
patch (IUSP), the three resonance frequencies are realized, but there are many design parameters, so
the design is complicated, and optimization is difficult. In [30], a CPW-fed monopole antenna uses an
L-shaped stub and a rectangle stub to cover 2.6–2.73GHz, WiMAX and WLAN applications. However,
the resonant frequencies cannot be tuned independently. The gain is relatively low, and the difference
between the simulated and measured values is large. Fractal antennas can be a good alternative due to
their self-similarity geometry that provides multiple resonances. They have I-shape, hexagonal shape,
circular shape, and has the advantage of small size and high efficiency. The return loss and bandwidth
are improved. However, it is observed that the design complexity and the limitation on the number of
iterations for miniaturization lead to fabrication inaccuracies and take a lot of design time [31–35].

The design of a triple band monopole antenna with a C-shape structure is presented for WLAN,
WiMAX, and WAVE band operations. Three resonant frequency bands were implemented through three
different C-shaped round stubs. Compared to the previously reported antennas, the proposed antenna
has a simple structure and has little influence on other resonant frequencies, so it can be designed
independently. The change of the resonant frequency according to the length change of round stubs
1, 2, and 3 is investigated through parametric analysis. The designed antenna had good impedance
bandwidth, relatively flat omnidirectional radiation patterns, and stable gain in the operating bands.
Also, a simple field test using the integrated vehicle communication module is successfully performed.

2. ANTENNA DESIGN

The proposed triple band antenna is designed based on a multi-monopole antenna. The length of each
round stub was designed in the desired frequency band to realize multiband characteristics, and the
positions of each stub were appropriately placed. Fig. 1 shows the structure of the proposed antenna seen
in the front and bottom views. Also, a microstrip transmission line with 50Ω characteristic impedance
was used as feed. The triple band C-shape antenna is printed on an FR4 substrate with thickness of
1mm, relative dielectric constant (εr) of 4.6 in which the characteristic impedance Z0 of the MSL was
50Ω. The feed strip width of 1.8mm and conductor thickness (t) 18µm were used in the proposed
antenna. The size of the antenna is about 24 × 28mm2. The length of each C-shaped round stub
(l1, l2, l3) is about a quarter of the free space wavelength (λ0) at the centre frequency of each band.

Figure 1. Configuration of proposed C-shape monopole antenna.
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Therefore, the final value can be obtained by optimizing the length of each C-shape monopole. The
optimized antenna parameters are listed as follows: A = 8.2mm, B = 10mm, C = 7mm, E = 9.5mm,
T = 1.8mm, L = 28mm, W = 24mm, d = 1mm, t = 0.018, l1 = 30.6mm, l2 = 16.6mm, l3 = 11.1mm.

3. PARAMETRIC ANALYSIS

The proposed antenna consists of C-shaped round stubs. Stub 1 resonates in WLAN band; stub
2 resonates in WiMAX band; and stub 3 resonates in WAVE band. The parametric studies and
optimization of the proposed antenna are carried out by using HFSS by ANSYS, which is a commercial
3D electromagnetic simulation software. The design procedure of the proposed antenna is as follows:

1) First, the length of round stub 1 is adjusted to satisfy the WLAN band frequency;

2) Next, adjust the length of the round stub 3 of the antenna that can resonate in the WAVE band;

3) Finally, the proposed antenna design is completed by adding round stub 2 to form a resonant
frequency in the WiMAX band. In this case, the position of the stubs is optimal to minimize
engagement with round stubs 1 and 3.

3.1. Effect of Length Adjustment of Round Stub 1

Figure 2 shows the change in the S-parameters according to the change in the length of round stub 1.
The line width W of stub 1 was 1.8mm, which is the same as the width of the 50Ω transmission line.
It can be seen from Fig. 2 that the resonance frequency increases as the length of round stub 1 becomes
shorter. Considering the combination effect with round stub 2, the optimal length of 30.6mm of round
stub 1 that satisfies the WLAN band (2.4–2.484GHz) is selected. This corresponds to a quarter of
the free space wavelength at 2.44GHz. It is observed from the figure that the other two resonance
frequencies are slightly changed. Therefore, it can be seen that round stub 1 determines the frequency
of the WLAN band almost independently.

Figure 2. Simulated S-parameters according to change of length of the stub 1 (l1).

3.2. Effect of Length Adjustment of Round Stub 2

In round stub 2, the line width W is the same as stub 1. An oval shape has been adopted for round
stub 2 to minimizing the mutual coupling with the other two round stubs. Fig. 3 shows the change
in the S-parameters according to the change in the length of round stub 2. The resonance frequency
increases as the length of round stub 2 becomes shorter. At this time, the length was optimized to
minimize the coupling between stub 1 and stub 3. A round stub 2 length of 16.6mm that satisfies the
WiMAX band (3.3–3.69GHz) was used. It is optimized to be slightly shorter than a quarter of the free
space wavelength at 3.5GHz. As can be seen from the figure, the other two resonant frequencies do
not change at all. Accordingly, it can be seen that round stub 2 determines only the frequency of the
WiMAX band, and the mutual coupling is very small.
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3.3. Effect of Length Adjustment of Round Stub 3

Figure 4 shows the simulated S-parameters according to the change in the length of round stub 3 after
fixing to the optimized length of round stubs 1 and 2 derived above. It can be seen in Fig. 4 that the
resonance frequency increases as the length of round stub 3 becomes shorter. In this case, the resonant
frequency change according to the length change is rather large, and the other resonant frequencies also
change slightly. Therefore, it can be seen that determining the length of round stub 3 first and then
determining the length of round stub 2 is an effective way to design the entire triple band antenna.
A round stub 3 length of 11.1mm was chosen for the WAVE frequency band. This corresponds to a
quarter of the free space wavelength at 5.9GHz.

Figure 3. Simulated S-parameters according to
change of length of the stub 2 (l2).

Figure 4. Simulated S-parameters according to
change of length of the stub 3 (l3).

4. FABRICATION AND MEASUREMENT RESULTS

4.1. Impedance Performance

In order to verify the overall performance, the proposed C-shape triple band antenna prototype is
fabricated as shown in Fig. 5 and measured by utilizing the Anritsu 37397C vector network analyzer.
Fig. 6 shows the simulated and measured S-parameters of the fabricated C-shape antenna. It can
be seen that the proposed triple band antenna has three different resonance bands. The measured
impedance bandwidths for S11 < −10 dB are about 210MHz at WLAN band (2.34–2.55GHz). In the
WiMAX band (3.39–3.69GHz), it has an operating frequency band of 300MHz and 500MHz at the
WLAN/WAVE band (5.5–6.0GHz) which fully cover the WLAN bands, WiMAX bands, and WAVE
bands. However, due to fabrication tolerance and deterioration of characteristics because of connector
connection, there was a slight discrepancy between the simulated and measured S-parameters. However,
it sufficiently covers the 5.85–5.925GHz IEEE 802.11p required by the WAVE/DSRC band.

Figure 5. Fabricated proposed triple band C-shape antenna.
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Figure 6. Simulated and measured reflection coefficient (S11).

4.2. Radiation Performance

The radiation performance of the antenna was analyzed by measuring the radiation pattern and gain in
the electromagnetic wave shielding room. A standard H-polarized antenna is utilized to measure the H-
plane (x-y cut) radiation patterns, and an E-polarized standard horn antenna is utilized to measure the
E-plane (z-y cut) radiation patterns. The rotation directions of the measuring the radiation patterns
are in the ϕ and θ directions, respectively.

Figures 7(a), 8(a), and 9(a) show the radiation patterns in the H-plane measured in WLAN,
WiMAX, and WAVE bands. Figs. 7(b), 8(b), and 9(b) show the radiation patterns in the E-plane
measured in WLAN, WiMAX, and WAVE bands.

Figure 7 shows the radiation pattern in the WLAN band at 2.45GHz. Nearly omnidirectional
radiation patterns similar to that of a conventional monopole antenna appeared in the E-plane, and
the peak gain was 2.3 dBi. It had similar characteristics to the simulation. Figs. 8 and 9 show the
antenna radiation patterns for the WiMAX and WAVE bands, respectively. The E-plane also exhibited
characteristics close to omnidirectional similar to that of a general monopole antenna, and the maximum
gain was similar to those simulated at 2.6 dBi and 3.7 dBi, respectively.

(a) (b) 

Figure 7. Radiation patterns in the WLAN band: (a) H-plane (x-y cut); (b) E-plane (z-y cut).

4.3. Coupling Test Using Vehicle Communication Module

Coupling tests were performed using the V2X vehicle module for automotive communication systems
operating in the WAVE frequency band. The coupling test setup using the vehicle communication
module is shown in Fig. 10. The vehicle communication module is composed of a power supply unit, a
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(a) (b)

Figure 8. Radiation patterns in the WiMAX band: (a) H-plane (x-y cut); (b) E-plane (z-y cut).

(a) (b)

Figure 9. Radiation patterns in the Wave band: (a) H-plane (x-y cut); (b) E-plane (z-y cut).

Figure 10. Coupling test setup using vehicular communication module.

transmission unit, and a signal processing unit. The antenna used in the transmitter consists of a GPS
antenna and a rod antenna, and a test was performed after replacing the rod antenna with the proposed
antenna. Fig. 11 shows the result of communication test connected to the vehicle communication
module. The developed vehicle communication module uses a commercial rod antenna. Firstly, after
mounting the rod antenna, a transmission test was performed. Then, the proposed C-shape antenna
was replaced, and the transmission test was performed once more. In Fig. 11, the signal level received
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Figure 11. Comparison of measured signal levels between antennas.

from the vehicle communication module using both antennas was compared as a function of distance.
It can be seen that the proposed C-shape antenna improved the receiver sensitivity by about 10 dB
compared to the commercial rod antenna, and it was proved that it can be used as an antenna for a
V2X communication system.

Table 1 compares the proposed antenna with previously reported other multiband antennas. It can
be seen that the proposed antenna sufficiently covers the triple bands of 2.4/3.5/5.9GHz. In addition, it
has a smaller size and a simpler structure than the existing multiband antenna, and provides independent
frequency tuning capability due to less interference between round stubs.

Table 1. Comparisons of some multiband antennas.

Ref. Frequency bands [GHz] Gain [dBi] Size [mm2] Application

[26] 2.4/3.5/5.8 1.4/2.0/4.6 30× 50 WLAN/WiMAX

[27] 2.45/3.45/5.5 1.8/1.9/2.4 10× 29 WLAN/WiMAX

[28] 2.4/3.5/5.5 3.4/3.1/3.2 16× 39 WLAN/WiMAX

[29] 2.4/3.5/5.5 1.3/2.2/3 20× 30 WLAN/WiMAX

[30] 2.65/3.5/5.5 1.5/1.6/3.3 20× 37 WLAN/WiMAX

[31] 3.9/5.4 0.4/−1.1 60× 55 WiMAX/WLAN

This work 2.4/3.5/5.9 2.3/2.6/3.7 24× 28 WLAN/WiMAX/WAVE

5. CONCLUSION

A design of a triple band C-shape antenna for autonomous driving V2X application is presented with an
FR-4 substrate of overall size of 24×28mm2. The proposed antenna demonstrated good impedance and
radiation characteristics in the desired WLAN (2.4GHz), WiMAX (3.5GHz), WLAN (5.2–5.8GHz),
and WAVE (5.9GHz) frequency bands. The lengths of three round stubs, which are the main design
parameters of the triple band C-shape antenna, can be independently designed in each frequency band,
and it has been proven that the influence of each other is insignificant. The measured peak gains were
2.3 dBi, 2.6 dBi, and 3.7 dBi, respectively. As a result of compatibility and coupling tests with the
vehicle communication module, it was found that the receiver signal sensitivity was improved by about
10 dB compared to the commercial rod antenna. Therefore, the proposed antenna is small enough to
be built in a narrow space or curved surface of automotive vehicle, and can be used as a multiband
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antenna by mounting it on another vehicle or road-side unit (RSU) for C-ITS application. Or, it will
be widely used by mounting it on drones, wireless communication sensors, and wearable devices.
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