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Transparent Circular Monopole Antenna for Automotive Communication
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Abstract — A novel fractal shaped antenna on
transparent material is communicated in this article.
The proposed antenna is flexible and conformal on the
automotive surface to serve at vehicular communication
applications. Polyvinyl chloride substrate material of
er=3 and loss tangent 0.02 is used in the antenna design
with overall dimension of 55 x 40 x 3 mm. The virtual
placement of the antenna on vehicular surface is
simulated with the combination of ANSYS HFSS and
Savant tools. Far-field radiation and the Electric-field
distribution with respect to the antenna placement on
vehicular structure is analyzed and presented in this
work. The prototyped antenna measurements are in
good agreement with the simulation.

Index Terms — Conformal antenna, flexible, Polyvinyl
Chloride (PVC), vehicular communication.

I. INTRODUCTION

The advanced wireless modules with modern
antenna elements are needed to access the condition of
various parts of the automotive system and to timely
report the data to a common control system in which
the vehicle condition can be notified to the driver. Even
a large family of antennas exists till date, but the
compact and conformal antennas with good radiation
performance and with attractive look is mostly
preferred.

There are many antennas existing in the literature,
and some are designed for different wireless and vehicular
applications. The modelling of vehicular antenna at 100
MHz is discussed in [1]. A meta-resonator-based high
impedance ground antenna is presented for vehicular
applications in [2] and some interesting works on
transparent glasses and materials like corning glass
and 1ZTO/Ag/1ZTO are reported in [3,4]. In vehicular
technology WLAN, WiMAX and DSRC (dedicated short-
range communication) applications-based antennas are
discussed in [7-10].

In this letter, a novel fractal design is employed
as the radiating structure, which is prototyped on
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conformal and transparent PVVC substrate material. The
radiation performance of the conformal antenna after
placement on the vehicle is also discussed along with
the effective electric-field distribution regions.

I1. ANTENNA CONFIGURATION

Nowadays several modern vehicles are introduced
with stylish body and with some of their metallic
cabinets such as side view mirrors are being replaced
with rigid and durable materials like plastic/fiber/polymer
composites etc. Antennas which are designed on
transparent substrates will make minimal presence on
the vehicle rather than it appears as some beautiful
design on the vehicle. Keeping view of this scenario,
the transparent PVC material is considered for design
of the antenna in an attractive manner. The proposed
antenna structure on transparent PVC substrate is
shown in Fig. 1. The radiating element of the proposed
design is formed by taking the circular patch of radius
‘Ry’ then annular ring of width ‘W’ is formed by cutting
a circle of radius ‘R2’. The effective permittivity ‘eet’ is
given by equation (1) as described in [5]:

&4 =05(¢, +1)+0.5(¢, —1),/(1+10t/W ), (1)
where

W = (R1 - Rz)- )

Later, circular slots are introduced in the radiating
structure. These slots are iteratively made and merged
together with the slots etched in previous iteration, and
this process continued up to three levels and then
terminated due to the limitation of fabrication of the
antenna as shown in Fig. 1 (b). The scale factor ‘sf’ is
considered to compute the radii of next iteration slots.
The scaling factor ‘sf’ is determined through the
parameters ‘an’, ‘an-1’ by equation (3):

f :%_1, @)

where ‘an’, ‘an.1’” are n and (n-1)" circular cuts radii
respectively. The scale factor is considered as 0.54. The
overall shape of the patch obtained based on fractal
concept, resembles like a wheel-shaped structure. The
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coplanar waveguide feeding is used in the design with
50-ohm impedance at feed point. The feed line of width
‘Wy” and two ground conductors on either side of the
feed line with a gap ‘g’ are soldered to a 50-ohm SMA
connector through which the antenna can be excited.
The structural parameters are optimized to obtain the
desired pass band performance under vehicular bands.

W,

Merged Circular Slots

Fig. 1. Geometry of the proposed wheel-shaped fractal
antenna: (a) front view, (b) structure of radiating
element, and (c) prototype of the fabricated antenna with
SMA connector. (Ls=55, Ws=40, L4=19.4, Wy=18.155,
L=19.87, Ws=3, g=0.345, R1=17.1, R,=15.72, a;=4.35,
d;=11.44, d,=6.82, ds=4.46, 1,=0.475, h=3) (unit:
millimeter).

1. SIMULATION AND MEASUREMENT
CHARACTERISTICS
The proposed transparent antenna is simulated by
bending the substrate at different bending angles mainly,
309, 45°, 60°, 90° and 120° respectively. The equation (4)
is used to calculate the bending radius of the substrate:
Bending radius, b, =0.5(L, - f,)x(360/ 76), (4)

where ‘Ls’ is length of the substrate, ‘fy’ is the length of
the feed line section on the flexible substrate and ‘6 is
the bending angle which are indicated pictorially in
Fig. 2 (a) for the conformal antenna configuration. The
corresponding VSWR characteristics for the mentioned
bending angles are presented in Fig. 2 (b). It witnesses
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the frequency shift towards the higher frequencies with
the increase in bending angle.
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Fig. 2. Bending characteristics of the proposed antenna:
(a) geometrical configuration, (b) simulated VSWR vs
frequency characteristics of the antenna at different
bending angles, and (c) VSWR comparison with respect
to basic circular patch.

The proposed flexible fractal antenna on transparent
material is compared with that of the circular monopole
without any slots in planar and flexible versions. The
level of transparency is increased because of the
modified ground plane from the conventional patch to
the proposed structure and also due to the etched
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circular slots in the final structure. The variations in
their operating bands are presented in terms of VSWR
performance as shown in Fig. 2 (c) and characteristics
are tabulated in Table 1. The proposed antenna geometry
is fabricated on transparent PVC material and its VSWR
is measured with MS2037C combinational analyzer, for
both planar and conformal versions of the antenna. The
simulated and measured VSWR characteristics of the
planar antenna are presented in Fig. 3 (a) and the
corresponding observations are tabulated in Table 1.
The peak gain of the proposed antenna when mounted
on side view mirror of the vehicle is measured by
comparison method. The standard gain PowerLOG70180
series horn antennas are used as transmitting antennas
and Keysight-EXG-X-Series Microwave Signal Generator
is used as source to the antenna. The Friis transmission
formula [5] is used to compute the peak gain of the
antenna.

7
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Fig. 3. Simulated and measured characteristics of the
proposed transparent fractal antenna: (a) VSWR vs
frequency characteristics, and (b) peak gain vs frequency
characteristics.
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In Fig. 3 (b), the wvariation of peak gain
characteristics of the antenna is shown, and it has been
observed that the antenna radiates with a maximum
gain of 5.9 dB in its conformal mode of operation at a
bending angle of 30°.

Table 1: Operating band characteristics of proposed
antenna

Antenna Type Operating Bands [GHZ]
Conventional
Circular Patch| Planar |5.14-5.25/5.79-5.90/6.80-6.97
Antenna
CPW fed Planar 1.71-4.85/6.02-6.78
Circular Patch
Antenna Conformal 1.80-4.67/5.82-6.65
1.75-5.1/5.55-6.5
(Simulated)
o ; Planar 1.66-5.1/5.43-6
Ir:opotsei (Measured)
racta 1.85-5.0/5.5-6.54
Antenna Conformal (Simulated)
(30°%-bending
angle) 1.95-5.1/5.55-6.9
g (Measured)

IV. VEHICULAR MOUNTING
CHARACTERISTICS OF THE ANTENNA

The features of vehicle-to-vehicle (V2V) safety
communication usually operate by mutual exchange of
vehicular-traffic information among the nearby vehicles.
The antennas for these V2V systems can be mounted on
various places on the body of the vehicle. Side view
mirrors of most of the sport utility vehicles (SUV) and
light trucks have the good scope of accommodating
conformal antennas on or inside their shells. This kind
of facility is useful in scenarios such as cross roads,
intersections and blind-spots to detect other vehicles/
infrastructure for avoiding major fatalities. To study the
radiation performance of the antenna, the proposed
antenna is mounted on the shell of the side view mirror
by bending the antenna with a bending angle of 30°.
This angle allows better conformal adherence on the
side view mirror.

The far-field radiation characteristics of the
proposed transparent antenna are shown in Fig. 4. The
radiation patterns are observed at 2.4 GHz, 3.5 GHz
and 5.9 GHz, where the applications of the vehicular
communication are mainly concentrated.

The patterns are plotted according to the azimuth
plane of the antenna mounted on vehicle with reference
to the coordinate location of car body. The co-polarized
radiation is better than cross-polarized radiation which
is evident from Fig. 4, at a cost of ripple like behavior
in the radiation performance. Antenna covers the all-
around radiation, but some of its radiation is found to



be blocked in the side directions. Similar kind of nature
is observed as frequency is increased. Some ripples are
observed in the patterns which could be due to the
increased scattering of the signal from the vehicular
body. The computational aspects regarding the
simulation using the shooting and bouncing rays (SBR)
method employed by the simulation tool are presented
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in Table 2. It can be observed that the total number
of rays launched are increased with frequency of
excitation also, the total number of rays that contribute
to the generation of far-field is in proportion with
frequency. With increase in frequency, one can notice
the blocked rays increased for a particular vehicular
body.

Table 2: Computational statistics of SBR for calculating the far-field characteristics when antenna mounted on

vehicular platform

Specification> No. of Rays | No. of Rays| No.of | No. of Rays | No. of Rays | No. of Rays | Total Simulation
Launched | Blocked | Rays Split |Exceed Max | Escaped (B) | Contributed | Time (CPU) in

Frequency Bounce (A) (A-B) Seconds

(below)

2.4 GHz 10,363 3,19,294 52,822 44,726 36,104 80,830 7,276.0

3.5 GHz 12,581 4,44,479 54,214 46,652 38,476 85,128 10,459.0

5.9 GHz 18,388 8,04,833 57,498 51,164 44,687 95,851 10,600.0
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Fig. 4. Simulated field patterns of the proposed antenna when mounted on side view mirror of the vehicle: co-polar
and cross-polarized patterns (Column-1), 3D far-field (Column-I1), and Electric-field strength (VV/m) near the vehicle

(Column-111).

The electric-field strength within the vehicular
surroundings is presented in Fig. 4 (figures on the right)
for the frequencies at 2.4 GHz, 3.5 GHz and 5.9 GHz.
The azimuth region of 4.8 meters in Y-direction (along

the length of the car) and 4.2 meters (along the width of
the car) is considered and shown graphically in Fig. 4.
Here, the origin of the coordinate system is assumed to
be co-located with the center of the footprint of the car.
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Table 3: Performance comparison of proposed antenna with earlier literature

ACES JOURNAL, Vol. 34, No. 5, May 2019

Ref. | Dimension of the Antenna Substrate Used Operating Band Percentage Max Gain
(L xW xh) (GH2) Bandwidth (%0) (dB)
This 50x40x3 1.95-5.1/ 89.3/
work | 0.45hgx 0.33hgx 0.025) | ransparentPVC 5.55-6.9 216 59
[2] 0.5124x 0.4124 X 0.054 LTCC, Dupont 1.83/2.18 23 7
[3] 1.98)4x 1.98)4x 0.0072% | 1737 Corning glass 1.83-2.23 19.7 5
[4] | 0.19924x 0.1314X 0.0004%g | IZTO/AQ/IZTO, FR4 1.1-1.65 40 1.84
2.57-3.29/3.95-4.73/
[6] 0.26Agx 0.24Agx 0.008%4 FR4 6.55-12 31 22.52/17.9/61.0 ~5.8
7] 35x4x0.8 FR4 2.35-2.51/ 6/ 2.63/
0.2924% 0.033%gx 0.006)g 4.82-6.22 25 3.22
2.17-2.5/ 14.13/
[8] | 0.5Mx 0.375Agx 0.0133%4 FR4 4.98-6.31 2356 3.65

V1. CONCLUSION

In this article, a transparent and conformal antenna
is presented with wheel-shaped fractal structure for
vehicular communication applications. The fabricated
antenna is tested in planar and conformal mode with
placement on the vehicle. The experimentally taken
VSWR results of the conformal antenna after placing
on the side-view mirror of the vehicle shows its operating
band from 1.85-5 GHz and 5.55-6.5 GHz in simulation
and 1.95-5.1 GHz, 5.55-6.9 GHz in measurements,
which supports the WLAN, Bluetooth, WiMAX, DSRC,
V2X vehicular applications. The measured radiation
characteristics and the obtained gain of 5.9 dB makes
the antenna as a good candidate for using in automotive
applications.

ACKNOWLEDGMENT
We would like to thank DST for technical support
through ECR/2016/000569 and EEQ/2016/000604.

REFERENCES

[1] L. Low, R. Langley, and J. Batchelor, “Modelling
and performance of conformal automotive anten-
nas,” IET Microwaves, Antennas & Propagat.,
vol. 1, no. 5, pp. 973-979, 2007.

[2] 1. K. Kim, H. Wang, S. J. Weiss, and V. V.
Varadan, “Embedded wideband metaresonator
antenna on a high-impedance ground plane for
vehicular applications,” IEEE Trans. Veh. Technol.,
vol. 61, no. 4, pp. 1665-1672, May 2012.

[3] J. Hautcoeur, F. Colombel, M. Himdi, X. Castel,

[4]

(5]
(6]

[7]

(8]

[9]

[10]

and E. M. Cruz, “Large and optically transparent
multilayer for broadband H-shaped slot antenna,”
IEEE Antennas Wireless Propag. Lett., vol. 12,
pp. 933-936, 2013.

Y. Kim, C. Lee, S. Hong, C. W. Jung, and Y. Kim,
“Design of transparent multilayer film antenna for
wireless communication,” Electronics Lett., vol.
51, no. 1, pp. 12-14, 2015.

J. R. James, Handbook of Microstrip Antennas.
IET, London, 1989.

J. Liu, Z.-Y. Tang, and Y.-Z. Yin, “A differential
CPW-fed ultra-wideband antenna with dual notched
bands,” ACES Journal, vol. 33, no. 6, pp. 610-615,
2018.

C.-H. Ku, et al., “Compact planar dual-band folded
dipole antenna for WLAN/WiMAX applications,”
IEICE Electron. Express, vol. 8, no. 2, pp. 64-69,
2011.

L. C. Tsai, “A dual-band bow-tie-shaped CPW-
fed slot antenna for WLAN applications,” Prog.
Electromagn. Res. C., vol. 47, pp. 167-171, 2014.
H. Honggang, et al., “Design of hexagon microstrip
antenna for vehicle-to-vehicle communication,”
The J. China Univ. Posts and Telecommun., vol.
23, no. 4, pp. 69-76, 2016.

B. T. P. Madhav, T. Anilkumar, and S. K.
Kotamraju, “Transparent and conformal wheel-
shaped fractal antenna for vehicular commun-
ication applications,” AEU-Int. J. Electron. C.,
vol. 91, pp. 1-10, 2018.



	ACES May 2019 all with numbers.pdf
	09_ACES_Journal_20170526_SL_AZE header.pdf
	I. INTRODUCTION
	II. SIX-PORT NETWORK DESIGN
	The layout of the power divider with equal power division and 0  phase difference (in-phase) between its output ports that used in the construction of the six-port network and its fabricated prototype are depicted in the respective Figs. 3 and 4. The ...

	III. THE FABRICATED SIX-PORT NETWORK AND ITS PERFORMANCE
	IV. CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES





