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In this work, the project of a compact circular polarization microstrip fractal antenna for on-board
deployment is presented, developed for application in vehicle-to-all communication in the 5.9
GHz operating band. The fractal geometry used as a patch was generated in MATLAB™, from
the coded implementation of the Lindenmayer system together with one conformal
transformation. To feed the antenna, a proximity transmission line was employed, and to excited
two orthogonal modes for circular polarization, a rectangular patch rotated at 45° with a truncated
corner was inserted at the end of the transmission line. In addition, to reduce the project's

dimensions and operating bandwidth, three antennas were designed with the dielectric substrates:

Compact Antenna, Circular Polarization,
Fractal Microstrip Antenna,
Vehicle communication for everything.

FR-4, RO3006 and RO3010. All antenna design results were analyzed in ANSYS Designer™.
Therefore, the microstrip fractal antenna designed with the material RO3010, got at the operating
frequency 5.86 GHz, the axial ratio of 0.49 dB, and |S5;;| of —43.05, directional gain of 6.93 dBi

and bandwidth of 255 MHz. The proposed antenna dimension has been reduced by up to
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approximately 70%, compared to some antennas found in literature. According to the results
analyzed and presented, the antenna analyzed is a strong candidate for application in vehicle-to-
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INTRODUCTION

Vehicle-to-vehicle communication (V2V) is not a new technology, the
first efforts to standardize this technology date back to 1999 with the
FCC (Federal Communication Commission) [1]. The 5.9 GHz
frequency spectrum destined by the FCC was used for traffic safety
applications such as vehicle collision avoidance (DSRC). With the
advancement of wireless communication systems, the standards for
communication between vehicles have become more and more
stringent, such as IEEE802.11p, which implements, in addition to
security, the capability of multiservices through the vehicular network
[2]. For communication between vehicles to occur reliably, it is
necessary that devices implanted in vehicles have certain requirements
such as: reliability in the transmission of information, high data
transmission rates, low latency in communication between vehicles
and mobility in urban settings with high vehicular density or on roads
[3], [4]. As with any other wireless communication network, antennas
are the main devices that can provide a secure and fast wireless
connection, and can be applied for vehicular communication [5].

As result this, there is a demand greated for compact and efficient
antennas, for deployment in units on-board OBUs and RSU roads
units. Taking into account some characteristics, for communication
V2V, microstrip antennas are devices that have inherent advantages
over other types of antennas for vehicle deployment or mass
manufacturing, such as compact dimensions, easy modeling, the low
cost and low profile [6], [7]. On the other hand, microstrip antennas
have low directional gain and linear polarization, which can affect the
performance of vehicular communication, in mobility and high density
scenarios. Therefore, to increase the performance of V2V
communication or vehicles and infrastructure, antennas were designed
using methods to modify the polarization of the transmit or receive
wave or with increase the directional gain, to expand coverage [8] -
[13]. In [8], a compact, windshield-shaped antenna was developed
with circular polarization for vehicular tracking and location
applications. In this project, the circular polarization was generated
from the geometric configuration of the antenna patch, and according
to the results presented, the axial ratio achieved was equal to 1.81 dB
at the central frequency of 1.575 GHz. To increase the signal coverage
between V2V communication and satellite communication, an antenna
was designed in [9], with two bands of transmission and reception in
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the frequencies of 2.60 GHz and 2.98 GHz, in addition to dual circular
polarization to the right and to the left, respectively. The geometry of
this antenna was projected from a circular patch, and the circular
polarization of two directions in the two operating frequencies,
generated through two rings projected by L-shaped stumps and
suspensions. For applications in ITS (intelligent transport systems), an
antenna with multiple resonant frequencies was presented in [10].
According to the results, at the operating frequency at 5.9 GHz, the
circular polarization was generated from the implementation of two
feeding techniques, coaxial probe and microstrip line, thus, it was
possible to observe an axial ratio of less than 3.0 dB in the operating
frequency, respectively. In [11], another antenna was proposed for ITS
applications, but at the operating frequency of 3.675 GHz. The patch
geometry of this antenna was based on the Fern fractal, and according
to the results, it was possible to observe a lower axial ratio at 3.0 dB,
this result was achieved by fitting a microstrip line network positioned
at the bottom of the substrate. For DSRC application at the 5.9 GHz
frequency, a high-gain antenna was proposed in [12], this antenna was
designed from a circular patch, and to increase the gain, a circular ring
and twelve elements in short were inserted around the circular patch.
And in [13], another low-profile patch antenna project with psi-shaped
geometry was developed for wide bandwidth and circular polarization
at the frequency of 5.9 GHz. The circular polarization was generated
from the adjustment of dimensions the patch and the positioning of the
transmission line. In this work was developed a microstrip fractal
patch antenna Project of polarization circular and compact, from a
new fractal geometry, generated in MATLAB™. The method used to
generate circular polarization in this project is a patch rotated at 45°
with a truncated edge, inserted at the end of the proximity feed line.
The present work is divided into the following sessions after the
introduction, session II: the work methodology is discussed; in
session III, the results of the proposed antenna parameters, generated
by the ANSYS Designer™ full wave simulator, are demonstrated;
And in session IV conclusions are presented and references are
presented in V.

Design of the Antenna

Generation of transformed fractal geometry: The new fractal
geometry is generated through a code implemented in MATLAB™.
This code performs two functions: first, the Lindenmayer system is
executed, to generate the Koch fractal, from the Koch snowflake curve
get up the perimeter of a square [14]; the second function is made a
transformation corformed according to [15], of type, w; = f(z). The
complex variable, z, contains the string information (characters
conjunct generated by the L-system). Then, after the transformation,
f(z), the new fractal geometry can be projected from, wy, as illustrated
in Fig. 1. Then the image file is exported in Drawing Exchange Format
(.DXF) format. to then be imported into the ANSYS Designer™
environment. The analytical equation used in the transformation it was

(OF
w; = f(z) = cos(z — %) (1)

N =2

wy = f(2)
_y

Fig. 1. Conformal transformation of the NV =2 Koch fractal into
a new V=2 Koch fractal

Microstrip Fractal Antenna Layout: The microstrip fractal antenna
layout is illustrated in Fig. 2. The material used for the initial design
was FR-4, whose relative electrical permittivity value, &, is equal to
4.4, and the total thickness, hr, equal to 3.0 mm, take in account the
sum of two layers of dielectric substrate with a thickness equal to 1.5
mm, respectively. Antenna dimensions are designed for the resonant

frequency of 5.9 GHz. The dimensions of the fractal patch, W and L,
were approximated to the calculated dimensions of a conventional
rectangular patch [7]. For the calculated dimensions, the resonant
frequency, f,., was equal to 5.9 GHz, and the thickness,hy, equal to 3.0
mm and electrical permittivity equal to 4.4. Comparison of calculated
dimensions with dimensions fitted in ANSY'S Designer™ are listed in
Table 1. The dimensions of the transmission line width, W.r, were
approximated for an impedance matching of 50.0Q, [16]. However,
the length of the transmission line, L7, was calculated for a quarter of
the guided wave length, /4/4, of the frequency of 5.9 GHz,
considering, €,= 4.4.The dimensions of the rotated rectangular patch,
Wgr and Lg, can define the electrical phase different between the
orthogonal modes in 5.9 GHz, necessary for the circular polarization
[11], [17]. However, these dimensions excite lower and higher modes,
TMy; and TM,;, respectively, which can affect the resonant frequency
at 5.9 GHz as well as the axial ratio. Therefore, the dimensions of the
rotated rectangular patch need to be designed for different frequencies
than the fractal patch so that they do not overlap at 5.9 GHz.

Projec PO RHCP

Fractal patch

+ / *;

h, ¥

\ Microstrip Line
Ground plan

Fig. 2. Layout of the initial circular polarization fractal antenna design

Considering a difference between the frequencies of 1.2 GHz TMy,
and TM,; modes, enough not to overlap with the 5.9 GHz frequency.
The frequencies, £z and £z, of the TM; and TM,; modes, respectively,
are given by (2) and ( 3):

fr1 =% —59=53GHz @)
— 1'2 —
fra == +59=65GHz ©)

With this, the dimension of the length, Lg, is calculated considering,
fr1 equal to 5.3 GHz, and the width, Wk, considering, f,, equal to 6.5
GHz, initially. In Fig. 3. You can see the comparison graph of the
simulation of |.5};| of the A0 antenna, designed with the calculated and
adjusted dimensions, and the values obtained in Table. II.

S11] (dB)

u \Hhﬂu
-16 - ™ 1 i

12 T™M, TMzi
------ antenna adjusted
— antenna calculated
18 | I L . i i
4.0 4.5 50 55 6.0 6.5 7.0 1.5 80

Frequency (GHz)

Fig. 3. Simulation of |Sy4| in dB, in the 4 to 8 GHz range of the
adjusted A0 antenna
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From the result of the graph, it is observed that the calculated TM;
mode frequency of the antenna was 4.79 GHz, which is lower than the
frequency for which its dimensions were calculated, that is, 5.9 GHz.
This is due to the characteristics of the fractal geometry [14].
Therefore, to increase the TM;; mode frequency, the fractal patch
dimensions, Wrx Lr, were reduced, and consequently the Ly length, so
that the TM,; mode frequency does not overlap with the TM;; mode
frequency.

Table 1. A0 amtenna dimensions calculated and adjusted in

ANSYS Designer™
Dimensions (mm) | Calculated Adjusted
Wr 26.97 24.81
Ly 25.31 22.93
W 15.49 12.40
Lr 10.75 10.73
Wr 9.55 7.60
Ly 11.87 10.70
Wir 2.87 2.87
Lir 5.67 5.49

Table II. Values obtained from the simulation of |S 11| of the
antenna set A0

Parameters TMo; TM TMoz_
f, (GHz), Cal. 5.20 5.82 7.11
fr (GHz), Adj. 5.14 4.79 6.24
|S11] (dB), Cal. -9.79 -16.07 -9.55
|S11] (dB), Adj. -9.91 -11.15 -8.80
WB (MHz), Cal. - 330.00 -
WB (MHz), Adj. - 309.00 -

Table II1. AQ antenna dimensions adjusing only LR length

Dimensions Adjusted antennas

(mm) Adj. 1 Adj. 2 Adji.3 | Adj. 4
Wr 24.31 25.07 2481 25.15
Lr 22.43 22.78 22.93 23.28
Wr 12.40 12.40 12.40 12.40
Lr 10.73 10.73 10.73 10.73
Wr 7.60 7.60 7.60 7.60
Lr 10.00 10.50 10.70 11.20
Wir 2.87 2.87 2.87 2.87
Lir 5.49 5.49 5.49 5.49

Parameter analysis of |S;;| and the axial ratio: In this section, the
parametric results of the reflection coefficient modulus, |S;;|, and the
axial ratio, AR in dB, of the A0 antenna, with the same FR-4 dielectric
substrate with electrical permittivity 4.4 and total thickness 3.0 mm,
were analyzed. The first results were obtained by varying only the
length of the rotated patch, Lg, as listed in Table III.According to the
simulated results of |S}|, and illustrated in Fig. 4. it can be seen that
the frequency of the TM;, mode, f,1, was reduced from 5.30 to 5.14
GHz, with increasing of length, the same occurs with the ressonance
frequency of the patch fractal, f,., which varies from 6.02 GHz to 5.73
GHz. Furthermore, it is observed in the frequencies of the TM;, and
TM;; modes, the |$};| less than —17 dB, respectively. For the TM;
upper mode, there was little variation compared to the frequencies of
the previous modes, as per the values listed in Table IV.The results
obtained from the axial ratio in dB, in the frequency range from 5.5
GHz to 6.1 GHz, varying the length, Lg, are illustrated in Fig. 5. As
observed, the frequency range with axial ratio below 3.0 dB is
reduced, when increases the length, Zz. However, the axial ratio at the
center frequency increases and the bandwidth also decreases. The
result values are listed in Table V.The simulated results of the |$;| and
of AQ antenna axial ratio, adjusting the rotated rectangle patch width,
Wk, are presented below. In Table VI, the values used in the variation
of width are listed, thus, it can be observed that only the width, Wk,
and the dimensions of the ground plane, Wr x L7, were adjusted
according to the previous analysis.The simulated results of |Sj;| of
antenna A0, ranging, Wp, are illustrated in Fig. 6. As seen in the
results, the frequency of the top mode, TM,,, reduced from 7.31 GHz

to 6.68 GHz with increasing width. Also, when reducing the
frequency of TM;; mode, the value of |$};| TM;; mode frequency is
reduced to —36.16 dB. In the TM,, mode of frequency there was little
variation with the width adjustment, W5, according to the values listed
in Table VIL.The simulated results of the axial ratio of the A0
antenna, varying the width, Wk, are compared and illustrated in Fig.
7. As the is increased width, the axial ratio varied from 2.04 dB to
4.26 dB, as well as the frequency of 5.80 GHz up to 5.86 GHz, with
the lower axial ratio value. With this in mind, it can be concluded that
increasing the width of the rotated rectangular patch can reduce the
value of |5}, however, the axial ratio increases for values greater than
3.0 dB, according to the values listed in Table VIIL.

g
2
&,
— 1= 100mm; ¥, =7.6mm
e L= 105 mm. W, = 7.6 mm
L;=10.7 mm; I, = 7.6 mm
— Ly=112mm; Jf, =7.6mm
-20 = £
4.0 4.5 5.0 5.5 6.0 6.5 7.0 1.5 8.0

Frequency (GHz)
Fig. 4. Simulation of the |Sj;, of the A0 antenna varying the Ly length

18 - g .
—1=100mm; W, =T.6mm / A

===1;=10.5mm; #; =T7.6mm 2 o
15 F Ly=10.7 mm; W} = 7.6 mm / = A
— « Lp=1L2mm; }, = .6 mm ’
/ !
12+ / P

Axial Ratio (dB)
{*-]

55 5.6 5.7 5.8 5.9 6.0 6.1
Frequency (GHz)

Fig. 5. Axial ratio simulation of antenna A0, varying the L length

v

|S11] (GHz)
5B &5 B

P
A

.30 —  1,=10.Tmm
35 ] 1
_40 i I I i
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
Frequency (GHz)

Fig. 6. Simulation of |Sy;|, antenna A0 varying width, Wy

Reduction of project dimensions: The microstrip fractal antennas:
Al, A2 and A3, illustrated in Fig. 8, were designed and simulated with
the dielectric substrates: FR4, RO3006 and RO3010. The relative
electrical permittivity, €., of the three dielectric substrates are: 4.4,
6.15 and 10.20, with the following thicknesses, A7, 3.0 mm, 1.27 mm
and 1.27 mm, respectively. Dimensions were calculated and adjusted
to optimize resonant parameters as listed in Table IX.



50339

Tales A. C. de Barros et al., Compact circular polarization microstrip fractal antenna design for application in v2x
communication in the 5.9 ghz band

o

"
oo

+ —— Ly =107 mm; Hi=7.2mm
===[;=10,7mm; ¥;=T7.6 mm

hr, equal to 1.27 mm. The direction of circular polarization is adjusted
by changing the rotation direction of the rotated rectangular patch.

? Ly=10.7 mm; W, =E.0mm
g'“’ = L,=107mm; {,=55mm
212
=
o 9
ER~
- —a
- 6 P e -

e A L

3 ":“:-:-.__._"_:_'--“"

0 I

5.7 5.75 5.8 5.85 59 595 6.0

Frequency (GHz)

Fig. 7. Axial ratio simulation of antena A0, varying width, W

The objective of this analysis was to reduce the dimensions for a more
compact antenna design, and also reduce the bandwidth, WB, in order
to reduce the interferences from other applications in frequency bands
close to the 5.9 GHz band. Comparison of the simulated results of
|S11], in the 5.0 — 7.0 GHz range, of the three antennas Al, A2 and A3,
is illustrated in Fig. 9. As expected, the bandwidth of the A3 antenna,
designed with RO3010 was 255.0 MHz, much less than the
bandwidth of the Al antenna design with FR4. The result of |$| of
the A3-RO3010 antenna was equal to —43.05 dB at the resonant
frequency at 5.88 GHz, indicating an excellent impedance matching
in relation to the A1 and A2 antennas, according to the values listed
in Table X. The axial ratio simulations of antennas A1, A2 and A3 are
compared and illustrated in Fig. 10. According to the results, it is
observed that the frequency range with the axial ratio below 3.0 dB
was reduced from 101.70 MHz to 50.00 MHz, with an increase in
electrical permittivity and the reduction of thickness, between
antennas Al and A3. At the resonance frequency, the axial ratio of
the A3 antenna was equal to 0.49 dB, the best result among the three
antennas, according to the values listed in Table XI. In the next
section, the results of the A3—R0O3010 right-circular polarized RHCP
antenna with the A3—-RO3010 left-circular polarized LHCP antenna
are compared and discussed.

Al - FR4 A2 -RO3006 A3 -RO3010

p 7 A —— . - - - - —
", \
24 F \ ——FR4 h=3.0mm
. \ ===R0O3006 #=1.27 mm
71 | \ RO3010 /i = 1.27 mm
L ‘\ """" TEELEROZ.0 1p

=18 L
= o
215 | .
- “
=
&1 2
= 5
= A
29 \

6

3
O - L
5.7 575 5.8 5.85 59 5.95 6.0 6.05

Frequency (GHz)

Fig. 10. Comparation of the axial ratio of simulation
antennas Al, A2 e A3

In this case, when rotating 45° clockwise, the circular polarization is to
the right, and counterclockwise the direction of the circular
polarization is to the left, according to the antennas illustrated in Fig.

11.

A3 RHCP

A3 LHCP

Fig. 11. Two A3 antennas, varying the direction of rotation angle of the
rectangular patch

Table IV. Valores obitidos da simulacio do |s;| da antena A0
ajustando o comprimento L.

Fig. 8. Comparation of the three simulated antennas with different

Adjusted antennas
Parameters  [Xa T T34 5 T Adj.3 | Adj. 4
FA(GHz) 602 | 586 | 582 573
f.(GHz) | 530 | 524 | 520 514
fo(GHz) | 715 | 713 | 7.11 7.06
1S, (dB) | 1311 | 1535 | 1607 | _17.53
WB(MHz) | 355.00 | 330.00 | 330.00 | 395.00

Table V. Values obtained from the simulation of the axial ratio of

the antenna a0, varying the length, L.

Adjusted antennas
Parameters Adji.1 | Adji.2 | Adj.3 | Adj.4
f,(GHz) 5.96 5.88 5.83 577
AR (dB) 1.61 1.67 238 539
WB, CP (MHz) | 76.92 88.26 5128 | 0.00

Table VI. Values of antenna dimensoes A0 adjusting only the

substrates
0 r=—====srt— e
5 k _‘\ ’
R q [}
-10 L
(el /'
: 1
-15 2 /%0
8.0
:_:'-)'5 —FR4 =30 mm
30 ===RO3006 h =127 mm
*RO3010 /= 1.2Tmm
35 e [EEESQ2.11p
-40
45 A | | i i |
5 5,2 54 56 58 & 6,2 6,4 6,6 6,8 7

Frequency (GHz)
Fig. 9. Comparation of |Sy;| of antennas A1, A2 and A3

Resultados numérios da antena proposta: The two A3-R0O3010
antennas, polarized RHCP and LHCP, are designed with the same
material, that is, dielectric substrate with, equal to 10.20 and thickness,

Width, WR.
Dimensions (mm) Adjusted antennas

Adj. 5 Adj. 6 Adj. 7 Adj. 8
Wr 24.31 25.07 24.81 25.15
Lr 22.43 22.78 22.93 23.28
Wr 12.40 12.40 12.40 12.40
Lr 10.73 10.73 10.73 10.73
Wr 7.20 7.60 8.00 8.50
Lz 7.60 7.60 7.60 7.60
W.r 2.87 2.87 2.87 2.87
Lir 5.49 5.49 5.49 5.49
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Table VI. Values obtained frrom the simulation of |si;| of antenna A0
varyiing width, Wg.

Parameters Adjusted antennas
Adj. 5 Adj. 6 Adj. 7 Adj. 8
(GHz) 5.79 5.82 5.84 5.86
(GHz) 5.27 5.21 5.17 5.14
(GHz) 7.31 7.10 6.91 7.68
(dB) —13.44 | -16.07 | —20.63 | —36.16
WB (MHz) 315.00 | 330.00 | 345.00 | 335.00

Table VII. Values obtained from the axial ratio of antenna a0,
adjusting, Wr.

Parameters Adjusted antennas
Adj. 5 Adj.6 | Adj.7 | Adj.8
£, (GHz) 5.80 5.83 5.83 5.86
fr1 (GHz) 2.04 2.38 3.17 4.26
fr2 (GHz) 102.56 51.28 0.00 0.00

Table VIII. Values obtained from the axial ratio of antenna a0,
adjusting, Wj.

Adjusted antennas
Parameters - - - -
Adj. 5 Adj. 6 Adj. 7 Adj. 8
fr (GHz) 5.80 5.83 5.83 5.86
AR (dB) 2.04 2.38 3.17 4.26
WB, CP(MHz) 102.56 51.28 0.00 0.00

The simulation comparison of |S;,| of the A3 RHCP antenna with the
A3 LHCP, is illustrated in Fig. 12. From the result, there is little
variation in relation to the resonance frequencies, £, of the antennas,
being 5.865 GHz for the A3 RHCP antenna and 5.880 GHz for the A3
LHCP antenna. The values of |$},| at the resonant frequencies of
antennas were: —43.05 dB and -24.20 dB, respectively. The
bandwidth, WB, of the A3 LHCP antenna was 310.0 MHz and was
slightly larger than the bandwidth of the A3 RHCP antenna, in this
case, equal to 255.0 MHz. The result of the comparison of the axial
ratio of the simulated antennas A3 RHCP and A3 LHCP is illustrated
in Fig. 13. In this graph, the axial ratio was simulated in the frequency
range of 5.7 — 6.1 GHz, with theta, 6, and phi, ¢, equals to 0°. Thus,
the bandwidth of frequencies with AR less than 3.0 dB was 63.50
MHz for the A3 RHCP antenna, and 66.15 MHz for the A3 LHCP
antenna. At the antennas' resonance frequencies, the lowest axial ratio
values were: 0.49 dB in 5.88 GHz for the A3 RHCP antenna and 1.27
dB in 5.85 GHz for the A3 LHCP antenna, according to the values
listed in Table XII.

0

-5

-10

-15 |
—— RHCP Antenna
ssenns LHCT Antenna |
------- [EEES02.11p

-20 +

-35 +

[S11] (dAB)

30

-35 +

40 +

45 1 1 i L i 1 1 1
50 52 5.4 5.6 5.8 60 62 6.4 6.6 6.8 70
Frequency (GHz)
Fig. 12. Values obtained from the simulation of |Sy;| of the simulated
antennas: A3 RHCP and A3 LHCP

The comparison of the axial ratio as a function of theta, considering ¢
=0 °and ¢ =90 °, between the A3 RHCP and A3 LHCP antennas,
simulated in 5.865 GHz and 5.880 GHz, respectively, is shown in Fig.
14. In the comparison, the beamwidth of the antennas were
approximately 110° with AR less than 3.0 dB, regardless of the Phi
variation.

30 T T T T T r T
——RHCP Phi = 0° |

----- LHCP Phi = 0
24 wewnn [LEERIZ

r
fhrs
T

-
o
7

Axial Ratio (dB)
5 &

o
T

8 i . il R B . |
5.7 5.75 5.8 5.85 5.9 5,95 6.0 6.05 6.1
Frequency (GHz)

Fig. 13. Comparation of the axial ratioofsimulated antennas A3 RHCP

and A3 LHCP
“°o o
a2 r 3 ——RHCPPhi=0°
39 i <uss+ RHCP Phi = 90°
6 o it ——LHCPPi=0° |

= = +LHCP Phi = 50°

Axial Ratio (dB)
B

C i
R R
{-’

syl

-180 -150 -120 -90 -60 -30 O 30
Theta

60 90 120 150 180

Fig. 14. Comparation of axial ratio versus theta of simulated A3 RHCP e
A3 LHCP antennas

In Fig. 15, the radiation diagram of the simulated A3 RHCP antenna
at 5.865 GHz is presented. The directional gain obtained in the
simulation was 6.389 dBi in the broadside direction, and the half
power beamwidth, HPBW, was approximately 111.0°. The result of
the simulation of the radiation diagram of the A3 LHCP antenna at
the frequency of 5.880 GHz is illustrated in Fig. 16. The directional
gain obtained was equal to 6.367 dBi, while the beamwidth, HPBW,
was approximately 110.0°, result very close to the A3 RHCP antenna.
The surface current density of the A3 RHCP antenna and the far field,
simulated at the frequency of 5.865 GHz, are illustrated in Fig. 17. The
obtained value was equal to 145.5 A/m?. In addition, it is also possible
to observe the far field of the antenna, indicating maximum irradiation
in the broadside direction.

For the A3 LHCP antenna, the surface current density and the far field
were simulated at the frequency of 5.880 GHz, as illustrated in Fig. 18.
The value obtained in the simulation of this antenna was equal to
151.58 A/m>. For the far field, as well as for the A3 RHCP antenna,
maximum irradiation in the broadside direction was indicated. The
direction of the right-hand circular polarization of the A3 RHCP
antenna can be seen from the rotation of the surface current density as
a function of phase, following the right-hand rule, as illustrated in
Fig. 19. In addition, it can be observe a 90° phase difference between
the components of orthogonal fields in the TM;; mode. For the A3
LHCP antenna with left circular polarization direction, the rotation of
the surface current density as a function of phase is seen from right to
left, following the left hand rule, along the perimeter of the fractal
patch, as illustrated in Fig. 20. As seen in the A3 RHCP antenna, the
phase difference between the orthogonal fields of the TM;; mode is
90°. In Table XIII, the results of the resonant and irradiation
parameters of the A3 RHCP antenna were compared with the results
of the antennas designed for vehicular communication, found in the
literature. For the frequency range of application in vehicular
communication systems, the proposed antenna performed better than
some of the researched antennas. According to the results presented
and discussed, the axial ratio at the central resonance frequency, the
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Table VIII. Values of calculated and adjusted dimensions of the three antennas A1, A2 e A3

Dimensions A1-FR4 | A2-RO3006 | A3-RO3010
(mm) Cal. 1 Adj. 1 | Cal.2 Adj. 2 Cal. 3 Adj. 3
Wr 2697 | 24.27 22.00 19.23 18.62 16.58
Ly 2531 | 2278 22.32 19.63 17.95 17.40
Wr 1549 [ 12.40 13.46 10.82 10.75 8.29
Lr 10.75 | 10.80 9.91 9.38 7.65 7.22
Wr 9.55 7.60 8.92 6.00 6.87 5.00
Lr 11.87 | 10.50 10.85 9.30 8.39 7.15
Wir 2.87 2.50 0.40 0.80 0.21 0.37
Lir 5.67 5.49 4.50 5.00 3.35 5.00
Jir 3.00 3.00 1.27 127 1.27 1.27

Table IX. Values obtained from the |s;1| of the three antennas A1, A2 e A3

Antennas Al, A2 e A3
Parameters Ad 1 | Ad2 ] Adj3
¥, (GHz) 5.85 5.96 5.86
.1 (GHz) 532 5.84 I
fr2 (GHz) Il Il 6.18
1S11] (dB) ~16.85 ~17.95 ~43.05
WB(MHz) 380.00 210.00 255.00

Table X. Values obtained frrom the axial ratio of simulated antennas A1, A2 e A3.

Parameters Antennas Al, A2 ¢ A3
Adj. 1 Adj. 2 Adj. 3
f(GHz) 591 5.88 5.88
AR (dB) 0.87 1.11 0.49
WB, CP (MHz) 101.70 50.00 63.50

Table XI. Values obtained frrom the axial ratio of simulated antennas A3 RHCP and A3 LHCP

Parameters A3 RHCP A3 LHCP
f, (GHz) 5.88 5.85
AR(dB) 0.49 1.27
WB, CP (MHz) 63.50 66.15

Table XII. Comparation of the parameters of the A3 RO3010 anttenna with those of the antenna in the literature

References | £(GHz) | |$/(dB) | AR (dB) | Gain (dBi) | WBde AR (MHz) | WB (MHz)
[8] 1.57 -24.90 1.81 -1.20 700.00 400.00
[9] 2.60 —30.00 ~3.00 5.76 I 155.00
[10] 591 4233 | ~2.50 471 | 780.00
[11] 3.67 —22.25 ~1.50 5.16 90.00 410.00
[12] 5.90 ~21.00 I 1.70 I 199.00
[13] 5.30 -25.00 0.12 5.00 1000.00 2000.00
Proposed 5.86 —43.05 0.49 6.39 63.50 255.00

Table XIII. Comparation of the parameters of the A3 RO3010 anttenna with those of the antenna in the literature

References W x L r(mm) Level Reduction
[8] 50.00 x 37.00 easy —84.40
9] 90.00 x 10.00 difficult —67.94
[10] 100.00 x 100.00 moderate -97.11
[11] 30.00 x 30.00 difficult —67.94
[12] 84.00 x 1.60 difficult —94.79
[13] 58.20 x 47.70 easy —-89.60
Proposed 16.58 x 17.40 moderate -
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Fig. 15. Simulation of the 2-D radiation diagram at the 5.865 GHz frequency of the RHCP antenna
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directional gain and the reflection coefficient modulus, are optimized
in comparison with the results of other antennas designed for the
same frequency band, as well as for other bands of frequencies
intended for application in ITS intelligent transport systems.
However, by reducing the transmission bandwidth of the A3 RO3010
antenna to 255.0 MHz, the bandwidth with axial ratio below 3.0 dB
was reduced to 63.5 MHz, ie, 9.0 MHz less than the 75.0 MHz band
of the standard IEEE802.11p, following the EUA resolution, yet
enough for application in C-V2X following the European resolution
[4], [18]. Furthermore, the antenna achieved a half-power beamwidth
HPBW greater than 100° and good axial ratio for circular polarization
at the resonant frequency at 5.865 GHz, close to the central frequency
of the IEEE802.11p application.
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Fig. 16. Simulation of the 2-D radiation diagram at the 5.880 GHz
frequency of the LHCP antenna
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Fig. 17. Simulation of the surface and farfield current density of the A3
RHCP antenna, at the frequencyof 5.86 GHz
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Fig. 18. Simulation of the surface and far field current density of the A3
LHCP antenna, at the frequency of 5.880 GHz
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Fig. 19. Surface current variation as a function of the phase of the A3
RHCP antenna
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Fig. 20. Surface current variation as a function of the phase of the A3
LHCP antenna

These results together, in addition to ensuring communication in blind
spot zones, such as the rear, front or side of any vehicle, combine
with another advantage of circular polarization antennas, which in
mobility scenarios, the TX and RX antennas do not need to adjust
their positions around their propagation axes. In Table XIV, the
dimensions and level of complexity of the proposed antenna
prototype are listed and compared with some antennas found in the
literature. In the table, the percentage reductions of the total area of
the proposed antenna in relation to the total area of the researched
antennas were also listed and compared. Thus, it can be concluded
that the proposed antenna has an area reduction of 97.11%, in relation
to the area of the antenna presented in [10], considering that this
antenna was designed for a lower frequency range, it could also
observe the same manufacturing level. For antennas designed for the
same frequency range [9], [11], the proposed antenna presented an
area reduction of up to 67.94%. Therefore, the proposed A3 RHCP
antenna is more compact than some antennas found in the literature,
and can be implemented on vehicle surfaces or embedded without
taking up much space.

CONCLUSIO

This document presents a design of a compact circular polarization
microstrip fractal antenna, for on-board deployment in vehicles for
application in vehicular communication in the 5.9 GHz band. The
microstrip antenna was developed from a new fractal geometry,
generated from two functions, the L-system together with a conformal
transformation, and implemented in MATLAB™ codes. To generate
right or left direction circular polarization (RHCP/LHCP), a
rectangular patch rotated at 45° with a truncated upper corner was
inserted at the end of the proximity microstrip line. According to the
results obtained and discussed, the axial ratio, a parameter adopted to
measure the polarization of the antenna, was adjusted from the
dimensions of the rotated patch, as well as the rotation direction of the
circular polarization. In addition, three antenna models were designed
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by varying the dielectric substrate to reduce dimensions and
bandwidth to reduce interference effects. After reducing the projected
antenna bandwidth, the polarization direction was changed to LHCP,
adjusting the rotational patch positioning angle. The results of the
resonant parameters of the LHCP antenna were compared with those
of the RHCP antenna and little variation was observed with the
change in the circular polarization direction. Therefore, the antenna
presented in this research is suitable for wireless vehicular
communication, regardless of the direction of circular wave
polarization for communication links: V2V, V2I, V2P, or other links
such as satellite communication. The antenna dimensions are compact
in relation to the dimensions of other antennas found in the literature,
and its manufacture is moderate, being able to be manufactured on a
large scale.
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