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ABSTRACT

Design of a Vehicular Indoor Antenna with Bi-directional
Asymmetric Pattern for WAVE Band

Kim Dong-Woo
Advisor : Prof. Oh Soon-Soo, Ph.D.
Dept. of Electronic Engineering

Graduate School of Chosun University

In this thesis, a vehicular indoor antenna for WAVE communication was designed
and performance of the antenna was verificated by communication experiment
between vehicles. In order to design the vehicular indoor antenna, a received power
of -98dBm should be measured within a minimum of 500m, and the possibility was
shown by using simulation. In addition, the effect of between the vehicular glass and
the antenna was analyzed by using simulation, and the optimal distance and glass of
available tilt were selected. WAVE antenna was designed and measured for vehicular
communication experiment. Using the designed monopole patch antenna, we was
searched minimum radiation gains in forward and backward communication and
measured indoor vehicular loss. The antenna with the bi-directional asymmetric
characteristic pattern has a radiation gain of 0.5dBi to 0° and 6.7dBi to 180° , and
the received power is very similar in forward and backward communication, and
recevied power of -67dBm is measured at distance of 1km. The experimental result
of the final designed antenna shows that the performance is satisfied with the

antenna for vehicular indoor equipped.
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Table 1.1 The registration status about type vehicle[1]
7 A =

A= il 8 | % | == | &=
2010 17,941,356 | 13,631,769 | 1,049,725 | 3,203,808 56,054
2011 18,437,373 | 14,136,478 | 1,015,391 | 3,226,421 59,083
2012 18,870,533 | 14,577,193 986,833 3,243,924 62,583
2013 19,400,864 | 15,078,354 970,805 3,285,707 65,998
2014 20,117,955 | 15,747,171 947,012 3,353,683 70,089
2015 20,989,885 | 16,561,665 920,320 3,432,937 74,963
2016 21,803,351 | 17,338,160 892,539 3,492,173 80,479

%ﬂﬁ 7| 10.9% 12.5% 8.8% 7.9% 6.2%
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Fig. 1.1 The whole dates of vehicular accidents in 2016[1]
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Fig. 1.3 The smart antenna of shark fin type
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Fig. 1.4 The mounted antenna in door mirror of large vehicle
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Table 3.2 The setting parameters in simulation
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QHElL e 9 15dBm 3dBm
AlEYold Aa= I9 329 2t WAVE 54 &7 282
98dBme] @72 FZ3ok Ak T FAAM M 2 Aot
At Bold4s FadEe 348 gaste AL ¢ 5 Aok
Ao dojRe we} 2FAYH Ayt HodFE & jro=
APAQ A5 EAL HAT AR Az
Hoz Haalo] bsdtte ¥e FU # & An
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a9 3.2 FAAY AlEgeld A3
Fig. 3.2 Simulation results of the received power
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Fig. 3.3 Structure of an antenna for analyzing the effect of a
glass
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Fig. 3.4 Simulation result of reflection coefficient without a
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Fig. 3.5 Simulation result of radiation pattern without a glass

_22_

Collection @ chosun



32
_Q
)
ofy
Y
o
1o
o
)
rulm
i‘l
ol
£
do
rlr

€,=49 T/ 5mmE ZHAl AA AT}

S|V e} &2 7FZe] 11.3mm, 25.8mm, 38.8mm<¥ w] WAMAIGS} WALEE S vl

skt

5“4"49] frel olAAYE et 2L 7|eo® AAsAT AA, WAl5H &
ARt B4, 2F WE 5488 FR7] HsiA oA AYE Has

rlo

(it rulo

=

ok

=

Z
\ Antenna | y
[

9 36 st Ev HA ] gk AlEd el Fx
Fig. 3.6 Structure of simulation about the distance between a glass and an
antenna

_23_

ZICollection @ chosun



HEAA g AlEdeld Adbe 9 379 gz 2o 7 fle w= 5.85GHz
oA FsFA™ o] 25.8mm o Aol fFE7F & Al 5.8GHzolA FXH= A
< HAFEo. o] ARG "HojA W 38.8mm AT AH 58GHzolA P ¥HAL
AAL A Fa7t S IS F Ao = f8 1Fo] 11.3mm
o REAAS =uh HAH FEAAIE obd W WA E fEvh flE WEG
AAF7E AT E AS AEdold Fall £48 At

2]

T e

YAMNE Al E#olAd Ays I8 389 =t 2ok fElvt gloed M Ha
o) o5 mTh WAISFE 25.8mmY © o WgkAT WA S-S oF 2B W
A3hE Rl ZTh o ARE vITo] Mol FYZ AT WA So] UG ZEThe
A ¢ & Ak ARHOE fel 5 Aste] FohEo] YoM WAS e £Ho]
glom G HAo Aenrk 22 A wAbst] oF BaE A5 s

—— Without glass
- -=-11.3mm
—=— 25 .8mm
—-— 38.8mm

-10

-15

-20

-25

Reflection coefficient (dB)

-30

35 1 1 1
5.70 5.75 5.80 5.85 5.90

Frequency (GHz)

19 37w olAAY A ek WhALA|E AlEdold A
Fig. 3.7 The simulation results of reflection coefficient about
distance of glass
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Fig. 3.10 The simulation results of reflection coefficient about
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Fig. 3.11 The simulation results of radiation pattern about
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Fig. 3.12 The structure of the designed monopole patch antenna
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Fig. 3.15 Simulation result of reflection coefficient about a
WAVE antenna with bi-directional asymmetric
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Fig. 3.16 Simulation result of radiation pattern about a WAVE
antenna with bi-directional asymmetric
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Fig. 4.2 Result of reflection coefficient about monopole single
patch antenna
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Fig. 4.6 The photo about measurement radiation
pattern of a antenna in anechoic chamber
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Fig. 4.7 Result of radiation pattern about monopole single patch
antenna
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Fig. 4.8 Result of radiation pattern about monopole two patches
antenna
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Fig. 4.9 Result of radiation pattern about monopole three
patches array antenna
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Fig. 4.10 Result of radiation pattern about monopole four
patches array antenna
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Fig. 4.13 Block diagram of experiment about vehicular
communication
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Fig. 4.14 The equipped monopole patches array antenna

in vehicle
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Fig. 4.16 Measurement result of reflection coefficient about
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