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ABSTRACT: A novel wire antenna for future dedicated short range communications vehicle-

to-vehicle communications is introduced. The proposed antenna carries low-profile and low-

cost features, and possesses an improved gain performance. This article also includes a spe-

cific feed network design for the proposed antenna to meet the mechanical and manufacturing

requirements. Two different numerical techniques using CST Microwave Studio and HFSS

have been applied for evaluating the performance of the proposed antenna. The whole system

including the feed network and the antenna elements is integrated, and its performance is

also assessed. VC 2012 Wiley Periodicals, Inc. Int J RF and Microwave CAE 23:111–117, 2013.
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I. INTRODUCTION

Modern automobile antennas are typically designed for

frequencies suitable for FM/AM radio, global system for

mobile communications, and global positioning system

(GPS) communications, among others. Normally, the

highest frequency antenna in a modern vehicle transmits

at 2.4 GHz for Bluetooth [1]. In July 2010, IEEE

amended the 802.11 standard with 802.11p, which regu-

lated the frequency range of 5.85–5.925 GHz for wireless

access in vehicle environments and dedicated short range

communications (DSRC) [2]. Specifically, these include

vehicle-to-vehicle and vehicle-to-infrastructure communi-

cations among other potential applications [3].

Because of various vehicle designs, manufacturing

requirements, and electromagnetic compatibility con-

straints, which arise from the increased installations of

several on-board electronics such as mobile telephones,

Bluetooth transmitters, and radio frequency identification

tags, automobile antennas require installation flexibility at

different positions of the vehicle. For example, an antenna

may be installed on the top of the car roof [4, 5], along

the pillar [6, 7], on the surface of the windows [8], and

even on the dashboard [9]. However, it is desirable for

vehicle antennas to have the lowest possible profile to

avoid cosmetically altering the vehicle’s exterior appear-

ance and to facilitate quick and easy installation [9].

Moreover, current automobile antennas operate at rela-

tively low frequencies. At these frequencies, the physical

length of a quarter-wavelength antenna is quite large.

Thus, different technologies have been used to reduce

antenna size. High-permittivity dielectric materials are

used for automobile GPS antennas [10].

PIFA antennas [11] have been utilized for mobile

handset technology. At FM/AM radio frequency bands,

low-profile blade or shark fin antennas have been invented

[12, 13]. Traditional wire antennas at these frequencies

have lost their appeal due to the large physical dimensions

necessary for the antennas to resonate at these low fre-

quencies. However, in the DSRC frequency band, wire

antennas would be able to regain the low-profile and low-

cost advantages and provide the desired performance in

their original size.

The objective of this article is to propose a novel con-

figuration of a quarter-wavelength monopole antenna
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surrounded by parasitic elements for generating an omni-

directional radiation pattern. It will be shown that the pro-

posed antenna exhibits the desirable feature of compact-

ness while achieving an enhanced omnidirectional gain

performance.

In order for the antenna to operate properly in a practi-

cal vehicle environment, it will need a mechanical support

to securely fasten it to the vehicle body. This support

structure will be in close proximity to the antenna ele-

ments and may affect the system’s performance. There-

fore, the support system needs to be accounted for in the

design process. In this work, a specific feed network board

with a metal base is proposed to meet the mechanical

requirements. The whole system is assembled, and its per-

formance is analyzed.

The organization of this article is as follows. Section II

describes the antenna configuration in an ideal setup (i.e.,
without the feed network and the metal base support

structure). Section III demonstrates the feed network

board details. Section IV assesses the performance of the

fully integrated antenna while, conclusions are given in

Section V.

II. ANTENNA DESIGN

The specifications of the proposed antenna are listed in

Table I. The target frequency is around 5.9 GHz. A quar-

ter-wavelength monopole antenna at that frequency is

around 10-mm long, which would meet the low profile

requirements. As this application is a relatively narrow

band service, the monopole antenna is a good candidate to

provide the desired bandwidth. A wire monopole antenna

offers vertical polarization when it is vertically oriented.

The difficulties arise when we attempt to achieve a higher

gain while maintaining an omnidirectional radiation pat-

tern in the horizontal plane. One way to increase the gain

in colinear antennas [14, 15] is to introduce a certain

number of iterations of radiating elements. However, these

elements and the half wavelength destructive phase shift

eliminating mechanism [16] between the radiating ele-

ments will increase the antenna dimensions considerably,

although it would keep the omnidirectional radiation pat-

tern on the horizontal plane. Yagi-Uda antennas [17] can

be tuned to obtain a high directive gain by including an

amount of parasitic elements in line with the driven ele-

ment along with a reflector on the opposite side of the

driven element [18]. Thus, the gain is proportional to the

number of the parasitic elements in the price of the anten-

na’s physical size. More importantly, the gain of this type

of antenna is highly directional in nature [19]. However, it

has been demonstrated that the parasitic element can be

utilized without a reflector element to increase the antenna

gain. Some parasitic antennas were built on the top of a

skirted conductive sleeve to steer the direction of vertical

radiation [20]. Here, a monopole antenna is used as the

driven element; however, in this case, the monopole was

on a finite ground plane [21]. For automobile applications,

the metal surface of a car roof is normally treated as an

infinite ground plane for the vehicle antenna [4–6].

This article describes a monopole antenna with eight

parasitic elements that maintains a low-profile and also

exhibits an improved gain performance. Although monop-

ole arrays have been proposed for use in roadside base

stations [22], to the authors’ knowledge they have not pre-

viously been investigated for use in vehicles at DSRC fre-

quencies and with this new configuration.

Figure 1 illustrates the ideal antenna setup, consisting

of eight cylindrical elements touching a perfectly conduct-

ing ground plane. The single driven element is located in

the center and eight parasitic elements form a circle of ra-

dius (S) around the driven element. Each element lies on

the circumference of the circle, and they are separated

from each other by 45�. For better understanding of the

antenna operation, an ideal setup of the antenna where an

ideal ground plane at h ¼ 90� plane is introduced in this

section. A fully integrated antenna with feed network and

metallic base will be discussed in the following sections.

The proposed antenna can be considered as the combi-

nation of eight single pairs of the central feed element

and a separate parasitic element. To keep this antenna low

profile, only one iteration of parasitic elements was cho-

sen. This is different from Yagi-Uda antennas, where up

to 30 or more parasitic elements can be utilized. It was

found that the spacing between the driven element and

parasitic elements plays a vital role in obtaining the

desired gain and the omnidirectional radiation pattern.

Full-wave EM simulations have been carried out using

CST Microwave Studio and confirmed by ANSYS-HFSS

for demonstrating the antenna operation and for obtaining

the optimal antenna parameters as listed in Table II. Fig-

ure 2 shows the return loss (S11) response of the antenna

in Figure 1, exhibiting a 10-dB bandwidth of 200 MHz,

which completely covers the DSRC frequency band from

5.85 to 5.925 GHz. The response is obtained using both

CST and HFSS simulators, and it is clearly observed that

the two solvers which are based on two different numeri-

cal techniques are in a good agreement.

Both the E-plane (i.e., elevation plane, where u ¼ 0�)

and the H-plane (i.e., horizontal plane, where h ¼ 90�)

far-field radiation patterns of the antenna with its ideal

setup were evaluated using CST. Figure 3 shows the

change of the far-field radiation pattern in the E-plane cor-

responding to the different elements’ spacings (S). For

this antenna, the spacing is chosen to be 22.9 mm, which

is 0.45k. This is slightly larger than the 0.3k to 0.4k range

specified for Yagi-Uda design in Ref. [23]. To achieve an

omnidirectional pattern in the H-plane, a symmetric layout

is employed. Unlike a traditional Yagi-Uda antenna, the

reflector is removed, but the reflective and directive nature

of the parasitic elements still remains. The radiation pat-

terns in the H-plane with different numbers of elements

TABLE I Antenna Specifications

Feature Specification

Frequency band 5.85–5.925 GHz

Polarization Vertical

Radiation pattern Omnidirectional in the horizontal plane

Gain � 5 dBi, as high as possible
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are given in Figure 4. From Figure 4, it is observed that

the parasitic elements are considerably directive while

maintaining a high level of gain. However, the apparent

nulls with a 2 dB difference from the peak level that

occur for antennas with few parasitic elements are not ac-

ceptable for vehicle-to-vehicle communications. Increasing

the number of elements and arranging them symmetrically

is necessary to obtain the desired omnidirectional pattern

with some sacrifice of the peak gain.

III. FEED NETWORK BOARD DESIGN

As a part of the antenna system, the feed network board

will have the following functions. First, it must match the

impedance of the antenna to the characteristic impedance

of a standard 50-X cable (i.e., it mitigates reflections due

to the impedance mismatch between the driven monopole

element and the 50-X transmission line). Second, it pro-

vides mechanical support for the antenna elements.

Finally, it is the electrical and mechanical connection

between the antenna and the body of the vehicle.

Figure 5 illustrates the bottom side of the board struc-

ture, and board details are listed in Table III. The height

and width of the board are determined based on the

dimensions of the antenna. Board material properties are

chosen based on commercial availability, and these are

also represented in Table III. The screws shown in Figure

5 are necessary to fix the board to the system’s metal base

and to mitigate any spurious modes that may exist due to

parallel plate modes.

As stated previously, Figure 5 shows the bottom side

of the feed network board, where there is a grounded co-

planar waveguide (GCPW) trace that connects the antenna

radiator element to an SMA connector. The antenna will

be installed on the top side of the board. The driven ele-

ment will be setup through the board in the center and

connected to the end of the impedance transformer.

The transformer used for this design is a quarter-wave

transformer [24] to match between the antenna input im-

pedance and the 50-X transmission line. The two

TABLE II Design Parameters of the Antenna

Symbol Value (mm)

LD 10.6

LE 10.2

S 22.9

D 0.4 Figure 2 Return loss of the proposed antenna with the ideal

setup.

Figure 1 An ideal setup of the proposed monopole antenna with eight parasitic elements.
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parameters that need to be calculated to realize this design

are the necessary characteristic impedance of the trans-

former and the length of the trace.

The characteristic impedance of the transformer is

given by [24]:

Z1 ¼
ffiffiffiffiffiffiffiffiffiffi
ZoRL

p
(1)

where Z1 is the characteristic impedance of the quarter-

wave transformer, Zo is the characteristic impedance of

the transmission line (i.e., 50 X), and RL is the resistance

of the driven element (36.8 X). This results in a 43-X
characteristic impedance for the quarter-wave transformer.

The length of the transformer is quarter wavelength at

5.9 GHz. This is expressed as follows:

k
4
¼ c

4fo
ffiffiffiffiffiffiffi
eeff

p (2)

where c is the speed of light in free space, fo is the center

frequency of the antenna, and eeff is the effective dielec-

tric constant for GCPW. The effective dielectric constant

can be calculated from equations in Ref. [25] based on

the dielectric constant of the substrate, the dimensions of

the trace, and the air gaps beside the trace.

For this design, the effective dielectric constant of 4.04

was calculated, and substituted into Eq. (2) results in a

transformer length of 6.3 mm. To achieve the desired 50-

X impedance of the main trace and the 43-X impedance

of the quarter-wave transformer, the trace width and the

air gap width were adjusted leading to the optimum values

listed in Table III. The scattering parameters for the quar-

ter-wave impedance transformer between the antenna

input impedance and the 50-X line are shown in Figure 6.

It is clearly seen that the transformer provides a good

matching at 5.9 GHz.

IV. ANTENNA INTEGRATION

Figure 7 depicts the proposed fully integrated antenna,

consisting of the ideal antenna integrated with the feed

network board and the metal base. The metal base, which

will be placed on the car roof, acts as a mechanical sup-

port and electrically conducting part by attaching to the

feed network board through the use of eight screws shown

in Figure 5.

Using CST Microwave Studio, Figure 8 compares the

reflection coefficient (S11) response of the ideal antenna of

Figure 3 E-plane gain patterns in dB at 5.9 GHz with varying

spacing (S).

Figure 4 H-plane gain patterns in dB at 5.9 GHz with different

number of parasitic elements.

Figure 5 Feed network configuration. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.

com.]

TABLE III Feed Network Board Details

Parameter Value

Board dimension 55 mm � 55 mm

Substrate dielectric constant 6.15

Substrate thickness 1.524 mm

Copper thickness 0.035 mm

50 X T-line trace width 1.8 mm

50 X T-line gap width 0.8 mm

50 X T-line length 15 mm

Impedance transformer trace width 2.2 mm

Impedance transformer gap width 0.6 mm

Impedance transformer length 6.3 mm

114 Westrick et al.

International Journal of RF and Microwave Computer-Aided Engineering/Vol. 23, No. 1, January 2013



Figure 1 to that of the proposed fully integrated antenna

of Figure 7. It is observed that the metal base of the

antenna slightly affects the bandwidth, which still fully

covers the target band 5.85–5.925 GHz.

Figures 9(a) and 9(b) compare the radiation patterns

for the proposed fully integrated antenna with the antenna

in its ideal setup at 5.9 GHz in H- and E-planes, respec-

tively. The H-plane pattern illustrates that an almost omni-

directional radiation pattern is achieved in a manner similar

to the conventional dipole antennas. Compared with the

radiation pattern of the ideal antenna in the H-plane, the

metal base changes the pattern slightly but does not reduce

the gain in any direction. On the other hand, the E-plane of

the proposed antenna introduces tiny side lobes less than 1

dB. The E-plane and H-plane radiation patterns demonstrate

a peak gain of 6.5 and 7.5 dB for the ideal antenna and the

proposed fully integrated antenna, respectively.

V. CONCLUSIONS

In this article, a low-profile, low-cost wire antenna with

improved gain is introduced. A specific feed network with

a metallic base is designed for this antenna. The proposed

Figure 6 S-parameters results of the quarter-wave transformer.

Figure 7 Proposed fully integrated antenna (i.e., combination

of the ideal antenna, the feed network board, and a metal base).

[Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]

Figure 8 Return loss of both ideal and fully integrated antenna.

Figure 9 Evaluated antenna gain pattern in dB for both ideal

and fully integrated antennas at 5.9 GHz: (a) H-plane and (b) E-

plane.
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antenna comprises of a monopole wire antenna surrounded

by eight parasitic elements to generate the antenna omni-

directional radiation pattern. The antenna array is also

integrated with the feed network board and a supportive

metal box. The performance of the proposed integrated

antenna is evaluated, and the results indicate that the

reflection coefficient (S11) level is sufficient over the

entire DSRC frequency band. Moreover, the proposed

antenna exhibits an omnidirectional H-plane pattern,

which is essential for vehicle-to-vehicle and vehicle-to-

infrastructure DSRC communications.
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