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A Study on Improving Performance of the Vehicular WAVE Antenna System
using the EBG structure for ITS wireless communications

SREOEET B A YHE
* AR R BAAA : AFARFATY 2OESAA AT A
e FAA L ABAREFATY 2vhE L AR ATFAE AR

wer BAZ AR AA FRATL o4

wox ZAZ QALY FFATL AYATY

Aok ok

KyuBong Yeon* - DuHo Lee** - JinKyu Hwang*** - TaeHoon Yang

* Korea Automotive Technology Institute
** Korea Automotive Technology Institute
#** INFAC Elecs
#¥x% INFAC Elecs

+ Corresponding author : KyuBong Yeon, kbyeon@katech.re.kr

Vol.16 No.1(2017)
February, 2017
pp.176~185

ISSN 1738-0774(Print)
ISSN 2384-1729(On-line)
https://doi.org/10.12815/kits.
2017.16.1.176

Received 24 May 2016
Revised 20 June 2016
Accepted 29 September 2016

(© 2017. The Korea Institute of
Intelligent Transport Systems. All
rights reserved.

2 o

B =22 A5 FA2EJTS: Intelligent Transport System)< $]3+ V2X 7He] FX 54l
A|2Hlol] 285 = WAVE(Wireless Access in Vehicle Environments) SFE|UF A]2®lo)] gl <
T-o|th. 5.825~5.9GHz T3S 9] WAVE §4l& ahee] FaatdA 22 Qlaale] dA)5
e ZIATT g2 gl FE o e ddv|te] FAFAl A 4 JEE )
FF3ld T2EZo|t

] WAVE B2IA 28" dFoAe FAAZ mE 5245 S FdA717] HsiA
ZIA=H 2k @] Je/pE R ATEL Jou, B =RdAe AzE 4% A
Ve e AES A A Fxo] ARTLE3 AFAkE bV A28l AAFE JjAdel
e A7E APSG T WAVE e #lo] 2 -0l EBG(Electro Band-Gap) 725 -8
sto] A EEo)AS B3l T o] ATtE HEo] FEE AS sk

I

rr <

ol AEA}, LU, ASFRLEAA, dolB, AAN=R

ABSTRACT

This paper describes a design of the WAVE antenna system in V2X wireless communication
systems for Intelligent Transport Systems. The WAVE standard protocols defined 5.825~5.9GHz
frequency range for wireless communications with V2X.

In a recent, A study of WAVE communication system it has been studied mainly the base
station and the OBU technology in order to improve the communication performance of the
communication distance. In this paper, the proposed vehicular WAVE antenna using the EBG
structure is to improve performance. The proposed WAVE antenna with EBG shows improvement
of return loss and radiation beam pattern. The performance of WAVE communication systems for
intelligent transport systems is dependent on the performance of antenna. The proposed vehicular
antenna for WAVE communication systems shows improvement of return loss for performance.
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£ 538tA AFsh] 9 FA454 7le Hg8o] Edts)
$- IEEE 802.11p £%F& IO 2 3 ITS S8 HolE A
GHz F34 tY9-& AME-HH(Varum el al., 2012).

ITS§ WAVE QHH|U A 2=8l2 ZpFofxe] 54l Aes S 7]7] Aste] A 2412 HoJe AF
o RxE Zgsto] mjy AHY I AHE A o] & F v HAd ARH Uk A9
WAVE QFHE[U A| 2Bl o] 9ol = 2pgFo] £izof Aabr|o] 7hagk | AgldlA FAlo] 7hedtes X4 3)s)
of A2hE] 3 Q) Th(Sergio and Mario, 2012).

7]—7“-9] WAVE QU Al2'le 2paF fazof] A2d A9 A mE AAZE7F S7h= st v

F2F X e} Tz o] Yol wheh matel] o3k MRt agle] BAH A AstE 4o F e
Xﬂ’,‘jol At =3 zZpFl|A Q] ey Al~ElS shgE & F7]¢l] GPS(Global Position System), AM/FM,
t}lE 7], TPMS(Tire Pressure Monitoring System), DMB/DAB, CDMA/LTE(1 57 AIA] $418) 59 SE
T oF QFEIWE 8751 Slol BRETE SVl wet QbEly AExke) 1 dAdel AlstEa Stk

ool thgk T A LS ATAIZI7] A AFH R FAE AAA A &3] E 5 e S5 A
714 A4S Yeide £4< vg=4d 89 tig A7 dAAH R &ds] s ot o]yt
HEeE o= #8 W= 74(PBG, Photonic Bandgap) &-& #x}7] W= Z(EBG, Electromagnetlc Bandgap) T
Z, JF A7) ZA(AMC, Artificial Magnetic Conductor) T3, ©¥/0lF &9 4 &/FA-&(Single/Double
Negative Permittivity/Permeability) &2, 22 = E(NRI, Negative Refractive Index) &4, Left-handed(LH) &
2 Fo] lom, #se =29 S0 wet t2A HHEEHo EHAL ok

o] Fo| 4 A3k (Electromagnetic Wave)2] # 3H(Propagation)S& E-&2 02 AT 4 Q)= EBG T+X& v}
o]A&2 A P A2l &= ATVt nlo] AR T F Qbely 8 fofolA e AFEI ok
(Maagt et al., 2003). EBG T&& FEokoA S HEE A75o] 21 Photonic Crystal 2 PBG =0
A fraElen, olg3t F2E vo]a 2 Ww|H It tio] H&5HA EBG Fxeka FE21 gtk
EBG 7%t £33 2oL 1A= ©9] A(Unit Cell) 727} F713 02 By E= Fx2A4 EF Ful
oo Azlute] Aur} 5 &HA e F4 AkBand Stop) EAS zh=th o243 EBG T2E ¢l
A48 AL okEHUo] 7] F(Substrate)0| Y TFE TFZRE AFEE 4 Atk

SHeLFS] 7| Ho 2 ALgHE 749 {3 & (High Permittivity)o] 7| HS AMSE o] WAYsl= EH 3 (Surface
Wave)5 HaAA QHHU] FAEA 7 2 o] 55 F3AZ 4 UTHYang and Rahmat-Samii, 1956). =&
o2 QUL Wi EE o0 7 QB Atolol 82 A9 bEY 7] A4S A FH(Mutual Coupling)s =
AFE 9= & ¢ Qth

el OF 722 AREE A HEYU A& Directivity) S FAIZ 5 o BlE QFE U(Array
Antenna)oll 4] B8 3t B9 5 F27F 2AgA Aok olg@ MdEe A5 1 AR ¢ W
(narrow beam)= RHE7] 9I8lAE E904E 7HAE 2 57F T H(Aperture) = 7HA & WBARAIZE Qs
AL ou)stm, # ] Qteube} -2 WAL (Radiation Source)S ©]-&35te] 7tehslA WS 4= QT}(Jackosn and
Oliner, 1988).
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ENZ(Epsilon Near Zero) =25 AH8-2 4 T(Jackosn and Oliner, 1993).
o|# 3t EBG &%17] QHe|v AAC tefx IA F74A A ol AEolsith

AR PH A AHUE T 3K Leaky Wave) QHHIUZ A= 2 2.2 A] Jackson &< A e
ol B 2 vF T84 T& Fob HA] ey AFA o] FES KA, ol TéJJr O|EE& o] &
sto] Adstdlon A5 FAt s JHs] 2dste] AP Fdol Yehve Fars 24T
T ASE HAT} Zhao 5L oJAE F< I X|(Metallic Patch) L} 54 HHol| S5 (Slot) 0.2 0130173 22
#7) 22 3A5ATHZhao ef al., 2005).

“:r HA v S Qe o5 FRAA S BlololE WAL I (PRS, Partially Reflecting Surface) &=

Fate] A QHUE Fabry-Perot Cavity FEj2] SHEIUZE AASt), o] 49 HE wkAlL 1wy} HAw

(Ground plane)ll ]3| ©]F0]A= Fabry-Perot Cavityoll Al -+ EHALe|o] A7} Fatro] wiapado] 2 of
sk FX7] e ol &dte] A FIANINEE AAske Wolth

Trentini = A =(Trentini, 1956) HAIHo] & =it o] B8 WA} WS T3 HAH FE kAL
111] /\}‘O]E 1:!*—1 —,,__i E{‘Hé’\]—OEk] 7(]6’]:/(-] ’(ﬂ:)\]-o] 7]— 1——% i]HO}g}E}

Alexopoulos &=<(Yang and Alexopoulos, 1987) o°ﬂ/\‘]*‘: T ¢HHY Qo] dd &2 tF FAASE
ol WX Qe AFHE F4E A F IS BEFoy, ojnf FIZHL I o]E(Ray Theory)
3} Fabry-Perot InterferometerE ©|-8-3}1, WANE S 7}9% 8] (Reciprocity)2F A %41 ©] & (Transmission Line
Theory)& ©]-83t] =33t

Feresidis 52 Jackson 5-©] A3t o] E(Feresidis and Vardaxoglou, 2001)2 HI® o2 F
AA| < (Reflection Coefficient)2] 719} 942 ©] 8319 Boresight ©]153 &S 7 ¢ = 2
a1 B T oM 84T g e HASE B 9AF FHE o] 83 10] 5 QHElUE AAlE

=] Y] HAHOZ A 7] Z=A|(PEC, Perfect Electric Conductor) THAlo] 13 A7] =A(AMC)E
AHgste] 2EY tholE YJEC] EBGE TA4E F B} W HA Aol Hagh Al ¥zl 4o
(Resonant length)B] Aukel gAol 142 29 F ASE H Y HFeresidis et al., 2005).

Cheype < 34| &(Dielectric Rod) 2.2 FA4E EBG 72& QNS oE A&t W= Oy o 2

Z(Defect Mode)E THEAA #%] AEUe] AFHS FFAZE = e PSS AU THCheype et
al., 2002).

Lee et al.2005)& 22 FxoA F7HA] 23 REs BT F e WS 248 o8 RES 24
g & e B A AEHOIA HHE AASEL, o] o83ty olF td ¢
g3 B MY 53 22 o8 FF 1 A EBG F37] FEUE AFEHATHLee et al., 2005).

T3 Lee et al.(2004)> &9 A Al Ed oS o] 838l ~EF tho|E e o Fu Y FAHES GNT

al

= WA Y b
[e)
= =

o THR IAPY Aelthel AFHL Tohe PES ALSHATLee ot al, 2004), ©1F THIl A A5
2 FYNY & Ye T 39 Foe A9 gHoE THE DAFS ALHATHLe o al, 2007

#ol| Pirhadi 52 @Y S(Single layer)®] EBG W3 HAHOE Q1F A7 EA(AMOE AHES o] F

E A3 th(Pirhadi et al., 2007). o5 WY A& PGS YA F F9 F3

b Y F0 7 o]F fYoli FREEE F o] £ (Double Loop Element)S
sto, 7 WA 3 g Ae dr1ge] FARAA HR] 5 EE(0dd Mode)E AH8-3H7] 9
kA 7] =4 (PEC) tiAlel AF A7) TAAMC)E AHE3IATE oEA Fo2H o]F tee] ¢
T H4e 4 F2 F Utk

Gardelli et al.(2006)> EBG &-%17] Qtelube] WA o2 wld elUE AMEE 4wl <teue] 1H4
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< & g FEve] A Bo E4 FE ¢ lom, uid eyl 2 AleloAe] dE Agt: £
T o] #d gty 2o £ 2 AES AASHATHGardelli et al., 2006).

o] =7oA IEE EBG 7] tElve] A9 eV FRebE HAE T T 3g0)4de
AgE 71 & EBG T2E UFI Qi) wfZo A3t A58 OJHM T2 Solle A&7t oH &
T-Zo|t}.

2 =7odAMe 2EL]ZR] Jeo Fa4 A3 FHE o] &3te] WAVE U (5.850~5.925 GHz)9| A5
28 QHEHUE AFSE = Qle EBG FX7] FEHUE ARSI WAVEH 9 9] 2H-5aH8 QbE|uelA] 87
5= 3dBol 39| FElY o] 53 75MHz] tY %S V1A= EBG 3317 QWS AAEY] flste] 3317]1¢]
HE WAL ZHS 7] 720 @ A AEHo)AS o] 43 thofst AAEn Y] Wt wE FXF
T 2 g9z EAS EANT 99 A AEHIH AFE o] 83l WAVEH Y S THEsts HATR
°] EBG 337 ¢HHUE AR on, A 722 EBG 337 ¢EHUE o] &ate] B4 WAWE S zh=

EBG ¥317] ¢HUE HAEAH

. WAVE gk} A7

528 WAVE LH U A2 7|& A 2Hle] AeaddS 98t A¢kE EBG 739 28 AA o
5l 194 = EBG 7]& %9} 2,914 = EBG WAVE ¢HElU 729 A i3k W&o g 7435
Atk

1. EBG 7=

EBG (Electro Band-Gap) T-Z+ 3457 A2 & 7 45 AT F7|2 dEHoZ njdd o 1
T Yz F71AQ] st o) Fuk e BEAo] YRR 3 FFX2EA, EBG TEE T4l 9
3l T Yol AR =M StV Ay 2 Wad S 9t AHgET

B =FA A¢E EBG 7Z9 ¥FU T YFT2 EW(high Impedance Surface) S 7HA & TF2= AlF
Ao] 717} wig- Ztow, £ Fuk oA A ute] Aufr) o] FoA A g APty Ee 54 Y
EAE BTk o] EAL 53] A5AHE Qv Zo] AR FAE AF F2E A B B2 F

A& 7

[e-

o

AL BBG T2E e 9 ZAoe] e Y 4 = 54O 3] 53 AFAE AHel
st 0oe AT Ao BeE A Fro) o HL ARHow 2Y 5 Ui TEolh

71&2] EBG7} -85 0] A 942> WAVE QU FxolX= <Fig. 1>0014 ¢ o] QY &445-2] metal
material 2 TAE g T2} I T E AFLE T Y+ metal materialodll &3] 7ol 93 null o] WAY
2 T o] A5 Ast 22+ Utk

<Fig. 2>¢} 2+ A|¢td EBG T%7} 8% WAVE JEﬂUr/l = metal material © 2 FE 9ZA% EBG
T2E 8 U FaE wet S 2L F Ae T “EM ATt ojeh e T WARE
de Folm W Aole 2HE AZAZ O EA L l%*ég el AEAT #A ds JiAdel 7t
el
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(Fig. 1> Conventional Antenna Structure (Fig. 2> The Proposed Antenna
without EBG Structure with EBG

AHE EBG 7% @ <Fig. 3> <Fig. 4>¢} o] WAVES] FXF045 7|Wo 2 ofgfe} e 42
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(Fig. 3) The EBG Cell structure

(Fig. 4) The EBG structure of Proposed
Antenna
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2. EBG WAVE 2L} A7

A|QtEl WAVE QU F2& <Fig. 6>9F 22 7]£9] Conventional $FEIU F390| <Fig. 7>} 2o] ¢t
EBG T2E F7ste] 1Mle 2 + e 722 ZI5th 53], AljkE F2E 71E2] WAVE ¢HH

el FxE WHSA QAL AAH 2719 Wk glo] wolaE AEY A Aolo] gapol EBGE 7
T 5 Y PR Adse] AUt Y ALE FY 5 Y FHo Ytk

- =

(a) Without EBG

(a) Without EBG
(Fig. 6> Conventional WAVE Antenna without

(Fig. 5) Compare the antenna structure EBG
of without EBG and with EBG

Roof of Vehic

(Fig. 7> The proposed WAVE antenna with EBG on the mounted of
vehicle roof
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. Al&#Held 23

o] IS AR EBG 78 A8 A& WAVE 149} /1] Comentional WAVE SHeil
thate] WAIE A Retum Loso)sh BAIEIS Hli A BHo| A Saystelch olo] me) Al Eeold AstE 5
@ AsaE FYw,

1. HMAREY A|EZ0|1M

Aot¥l EBG T%7} A-&%¥ WAVE ¢He|U-9} 7122] Conventional QFEIUS] HEALEAS Al E# o]
3 <Fig. 8>¥} o] v}

HhALEAl o] gk Bl A3} 7]¥ Conventional Z@9] -9 -25 dBe] A3 S 2% EBG RE2 -43
dBo] A#gE Kol oF 18 dBO WA S AAZE 4 UTh

flo

5

o
=
a
o ----Conventional Model
-1 30
c
§ 5 EBG Model
@

-40

-45

-50

3 41 5.2 6.3 7.4 8.5

Frequency[GHz]

(Fig. 8) Simulation result of return loss of Conventional Model and the
Proposed EBG Model

2. MMutd| AlZ3jolM

AtH EBG 727} 2-8F WAVE <t Ue} 71£9] Conventional FE|IL] VSWR(Voltage Standing Wave
Ratio)& AlE#o]d& F3l <Fig. 9>3 o] Hlasteh. FAnn e xfol= I = ot . 74 2
olsel 1.189] A} g& Hol TS + e AH #E dE F UMk
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- ====-Conventional Model

\ ——EBG Model

VSWR
@

3 41 5.2 6.3 7.4 85

Frequency [GHz]

(Fig. 9) Simulation result of VSWR

3. 2AIIHE AlZdjolM

AFE EBG TZ7F A4H WAVE <Ll 71E9] Conventional QHEIU] WAMIES Al EH oS &
3l <Fig. 10>2} Zo] vl wa¥ith vl A3} 7]& Conventional E2 9| 79 FH ) FoV (Field of View)olA 17
dB9] A% & BRI EBG S HU) Fov 20 dBY| 23 #& Hol o 3 dBe WAY AAREE &

AN T A

180
170 og -170

-120

-110

----Conventional model

-50

50 —EBG model

20

10 0 -10

(Fig. 10> Simulation result of radiation beam pattern
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v.d &
E =FoA+= 71E£Y Conventional WAVE e[l AQtE EBG 725 A-83to] QHe|uke] 23k of
Ao Agk S Fola AFEE FIANA 85 MAAZ = AEE S5t
AFE 2 AEYelAS 53l 18 dBY HWHAREA A7 U FovellA 3 dB WANIE AAGE 4
< AT F U
T ITSE A WAVE 54l A2 Fsdd-S 1% MIMO (Multi-Input Multi-Output) 2| @o] 7}set
ojgo] el o] EBG TEE A3t stk
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