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ABSTRACT

Electronic Toll Collection (ETC) System makes the telecommunication possible between the Beacon and the
On Board Unit(OBU) for automatic toll collection. In this paper, the propagation path of microwave is modelled
and the induced voltage of receiving antenna is analyzed numerically according to multi-path fading effect. In our
modelling, we consider frequency, weather condition, polarization and antenna radiation pattern. Also, we suggest
the diversity technique in order to reduce the fading effect. In the resuts, the fading effect is reduced
significantly in case of the vertical polarization at the rain condition. In general the circular polarization is the
most desirable in this application. The antenna which has the high directivity, is also desirable. Using the space
and frequency diversity technique at the Beacon, the fading effect is reduced effectively. These results are
compared with our experimental data.

Intelligent Transport System) Sollx] X}gks} W

I.M2 Azl B4 98 e Fketn ot ol &

AL #Es] st {7, vl= FelMe 71

o =2 wEe] FA3% Sl uet 2% Ao -4 27|9H-2{(DRIVE ; Dedicated Road
A, ZEAI B Fa EAIEe] AR £ERE Infrastructure for Vehicle Safety in Europe), %
okt ok =3, XFd  ZEA|AHATS; xjekadrw 8 A A~ E(IVHS ; Intelligence  Vehicle

*PFAAFAD Y FFATAE 71571597 (chbae @ pec.etri.re kr),
FGTAAEAG Y FFATFAE  7]1€7)50F(heechang @pec.etrire.kr), **Folcidtxw A4 728 (yjkim] @ wow.hongik ac.kr),
*x Folehdtw A A 7333 (hosung @ wow.hongik.ac.kr)

=FHE : 99430-1026, A4URL ¢ 1999 1049 263

636



i/ ETC Al2jlel o] vlo)ags} s} 54

Highway System) 32 750 u3| AeYs|x
glct. 53] n&ET, f8ux=® 4 Bd 59 83
Ao g ZF AAle A4 oyl mEAF
<> AAA PH)E zHEnE AgHoR wESS
Hold deAo] FElw ik aFAFiedlAg
A% AAE dF3e Aol AEsFArA|2Ho)
th AFRFATAIARE JEHow Aeka) o
AR|7ke] AAmgAle] 7hssledof glc) ulepy x=
off AFRRAR(OBU)E Halste #a]iel wlo)
Az $£44 ZAxQl kA (Beacon)E AdA)gH
ok 2EF g A9} AR Aol FAlS 5.8
GHz F352l vlo|mests AMshed] A
o= A FHoPHZ(ASK ; Amplitude Shift Key-
ing) TR S AMEEle] Al3E BUlw AleF &
A ARl o] ATE FF, WFsbe] 2-9149
o]#HZ(2-PSK ; 2-Phase Shift Keying)ul]og i
HAkalo] A15E B B Q7 xdag)
Al 2 vlelazge] HulA 2ol ule} xjepstanat
2oflA] pAlEE e ke 2dedToltth o]
st HRe xd, AEkle] dRE 23dske o
% ZRoln Aul AH=2e] Aol 23 solwd A}
e 2 ex)3)x-E Fale] o]F BAslm 93
Wy}, AdygHHulel] o AspEste FAsle] w3}
A 5 B s meisl Held AN 44
AP vpolmgredl el Yol AMg
g adte EMIP. @9 soly RS b
7171 H3ted Ao pHoz £ oY e}
£ HABI AR g Aol AEE wule I3
tlo|WAle] 7|4 Hgalo] B

I. ETC AlAH<9) ojo|3=0} Mot 2E

AFesaApAage] vlo)ags) Hag wds}
sp7] sk ol ¥ 13} o] MnAbx|e}l Xl
s AH 9] Alelol AwA2E A} Aspy
2R kAR qhEdelA 2l dA) AR
stz 24 Asdsles AReh Ao <
oldl A W Ak Huleli uhalsle] AuiEe
2 5ol Utk old AZE B3l A wA] A
Aol f71Ee IS A ARel o’ 23k
A Hbapel] oJ3F At} Alege] Bl wkalel ok
A%k 59 Fez A

HERRE F3l] Al SAlEls Aghv
of dukA2 A ()3t Zrh.

R1
hi
R2
! T I
e d : -!
fe—s|
/

%3 1. ETC A2dle] Aspgz Aege

—ikr;

V=AVZF (05, 6)F (05, 0p) 0, e’

4rr;

M

Al v A sk gkl n A
HEelS, duirdast Agt sl oja) A=
TRV Gr Gr Zil Z AR FoiAlch
5 Fle 23] chEde] wabie, Fie
AR tete] WabRel o, '
Ha Bue] whipgoln] s g SAlkbE
Alole] AR Aelolch. =2 el UM Wk
2 vlolazspl sty sisid et Ay
& Asjsla a=zt JRehs weidich =g Al
A 2 A Y 58 aEs) ged
Fehe) AlgE ks o).
A A2l o7t vlo|azs} AwE Sals

=
=
= A

o

~jko 7o

Vo=A VF [ 6 m)F § 8 ro) 45— @
D

Ol rp=[d*+ (h— k)" & A A=
Zolole}. A wA} Aol o3 Aslz $AlEE
e

~jke TR

VamA ViF X 0 F % 0 0 &'

Arrg

3

-

ol rp= [ d%+ (hy+ £ & Xguk
ZE Zololrh ek nule] 2J3) kAl A Rol oJ7F
A $Al5E 29k

~jkyrg

Vs=A VoF K 8ma)F X 6 05 e’
Yy

@
697



LR 2183 =2 %] *00-5 Vol.25 No.SA

O\ rp=[ d®+ (hi+ hy=2 k3?1 & BY
HRAL 7 2 oot}

wlebs] xEkekA] Apx|e) SlekEe] FAlEE
Z Ak =71E A (), 3), @M AHYEY
ol Fch

A BN pg e’ FH oy e’tre A A
Y 2yle| HhASEeT 4 2 gt o}
2 2] O 4] (N2 FeiAIrh

gt 235

#_ (K—jpnsing—V (K—jx)—cos ¢

o (K—jpsing+V (K—jx)—cos 2¢ (6)
T -
o= sing—V (K—j2) —cos’¢ -

sing+V (K— jx) — cos ¢

Plola K& A FHElE 1=, o

Aegolw el WE U xw Aol we} T
o Atk g AR AR Alole] Zzelek

m. 2o Ha

AR A Ak 2 rle]aZely) A}
HE o3 E 99 2dg A3l ot 3
o] HAalgirt old AMfElE WSS oo} Zrt
lgko] o)%sh= AelE 0.5-100me] =AM
dule] FTolth): 5.5m, XEFhAA=R|e] el
I(ho)& 1.13m=2 Aslgich =3t A=fe] Byl 4
IS 1.2m, B9 Folths)E 0.8m=Z AH3lHch o]
= 43 s afflolr). Aol HbAlElE wle]
2} Bl gjsled xwiEl= 772 0-24.11m
olrd wule]l ¥k ukrluprl $AIEA] Edh= #3E
£ 183-100molth I2|®EZ 0-183m TtelAE
2A Aol ¥ule] vk} ARl 97 ¢S]
Al kLl A5l 18.3-24.11m Pl e #
A ARe 2oj3F AMgtute] falgich =jE 24.11-
100m F7hlAMe A3 Z=2el A wF A=
23 AHgtEe] 1"k 44 2 Al S
vlolaz AEY x| gkEe]s] @l FHx <k
e} 2x2 ofdlo] =] otele] wpAl RS 7z}

ﬁg (s

o

698

a3 2. g3} ojdle] et WAbHR(dB)

AHgslgEd o) HRAMRIES 23 260X B
Ack. oldle] o] whal el ujsped oF 9.6}
o) wpde shxlck AR kel Ao
7] wpgkelx] 14.68°2FER HIAES] AAse] A
7] 2imelld] WAl Hoigke 2ES Hx
Aepetags) olevbE AT 104.68°2 Ax|€rk
2 sk

vlolzzsl Mol AyHnte| A9 s}
o} Suinte PEelw YsHsid ASE wels)
Aok 23 guste) whal ALEE T 9
sl AW DN mEelxE A A0S
5 29 #e 10°2 sw Rldde AdadE
<1, 9 e 10°28 gk Agele ko)
2ol "ol gl Az sl A fes
20, xo} Fhe 17.82 3k o A=l 9§t o
old dAg F2AFY] I8l T Foke o
oA 7&g Eslsl] FAE shedl Al
7137t Hasl

| "w LA
R URE IR \\ I
) lf{t’ ‘\\ . ‘ ‘: " "‘ ./ "‘ A/ \\

wa | 8 |

a2 3. 9 el duwel of7k A

Ak Gl B x| el Ag A
ool olgh skl Aol == AR}
Akt Alole] Al 1 3o Moz Al
AL £ARE Jehly AL pEEAE et



=T /ETC A|AH])X 9] vlo]z 2 Au} B4

Wt d¥esid 3¢ gy g
Asul7t Hold Asjel] 23k 10dB oo 7t
At ole kel od w3l 9
& dgoict. el Hale] Fiell Ahgle]
Ao 30dBoldox Azt Zhadide: miebA
A¥sse 272l vl M| k.

72 Adshale ¥ 4ellA] Bejled A
TAYIE veple P SHEAE vl
T2 A 73, so|d Aol 23 art Azl
Hsle] EoE5ick AW M9 At-uct o
10dB= Asiu)7t /A=) gt 3 so]
W Al ofs) Ashlrl A FFsich. ole
Ao WAL 739 oz Hsle] #A
Tell4] wlolr Eaprl FA Eols=e ARE R
Zok.

a7 4. A Al o7t A

sk Ale 2] Sl BedRlew A
AL ZAE velE AL B SXE et
ek a8 SollA AyHsid o usie) ot
glold Eabt Zasdek & 7H¢Ald 5dB A=
o Zasick AAeFAPAz"ee A
Azl Ago]mZ 0~24m oML sold &
It AR e ER JYUAE AR Ao]

vvvvv

3 5. @] dxusel ok sk

el 272l sold AFE A 4 gk
a2y} 24m Bt APl ey Axprt A
Ae AL & 5 Utk

ofgo] telte] Zfell=s el Qbelviuc} wbsk
Aol FRlEE dubkd ez Azlo) wel ol
o depink gyustd 79, 10-24m ws)o)
A wlold Hbrt Ae] vehA] ¢dglar 40m o]
elxte #Hold Esjel 2Jsle] A7l 20-30dB
2 zrasigled ol wRl] odt F 9o
FoR7] diolck m2hbx 10m olvje} 40m o)A}
o Ajellxe AASe] FhashA "ok a7 69
A gl A 34 dstel] o7t At B
o331t

M 9 vi(dB)

) )
% 2l (m)

a7 6. s ofge] e dgdgie] 9%
H

el

T2 ol AE] 714 Hesled AYUAY o)
o} vlmabE 24m ool Ae) Ao o]
7} 93 24m~50mof|Aj= Hlo)d] Falel| o3 A
eule) F2rh EelEHT Somole] Fhelx:
el Alelel] 2jgh Mol ZHaESTh o]e) Az
23 74 medxich

o 60
Hel(m)

a3 7. I AEE Hed g

AYATA T choliAe sles Mgk

699



LB 83 = E] '00-5 Vol.25 No.SA

50m o|Wje] FirlMe dHold Al ¥AF
Aslgdeh 2% 8elx] F3h 2o} 450MHz Y of
7b 4 slold Aol Yehded ole A
7} A2 el majol | Flolth

I8 8. FurdeAEE 83 Ak

T Fopr dedAlE red Hesd oF
Aol wE de|gdENE HHY zAoE 4
5 AT F cleluAEe] A Az F713
7} a7EEE Fg delyAlg y|ge] vl
Adsly] sbssick ETCAlX 71E FuE 58
GHzZ 3le] Fuj zlels} sloldaaf 2t A
shajate] BAlE 2% 9el4 EAm 450MHz
o 7 2ghe]e} zlelr} Agich ol ol A
7F EolEsih A& &l

i E B B § B

o o ol X (d8)

2 3

H
e
¢
e

oo urs
x o  XH(GHz)

a8 9. Fu clelw el ofjt Ashale A

VdE

A8 FAAI2ellA At A2l A% A=k
sAlgxe] el sl A =276l
Azt mdlsiel AFE A dE I ¢l
Aok Aalste] gl o & kg F
27istel] o]t A3, gt WP S"el] of%

700

Fajel 37t o Ful clolwAled] 23t A%
< zslgeh ¥4 A ok AR o't #o)
23 E3pl A a4 Akl =212 o
ehdon APHTRcE YIARE o] fshe A
o] ZAg] AwpA] Heldel 3t FFAavl AHsw
rpistEe] Mg Hake A 5 dES
il B wkAlagRlS A8 Aupucl o)
ol g ARt Aol Ho|d Fd= AHElr}
Z7WE ZdiEgi e} 10-24m FRkelM= )
ol A3} Hm Al Y =7t A &
AHe] Aol AEyl Jejo ool A E 2
£ e ARge] stk =R L oA
g H43 A EApA gy A ¢4
o weh Hold AAE FHie 7Y = 9l
52 dF3lE Falg deHAHE AL
W 450MHz A% Zo|7} §l& A5 sHeold A7}
£ FAHew Y + gtk B dlde Ae
A, ohE Alskelire] wkale} S anE FA
g ZbRE 29 gk F o] ANES 1
23 AWt AESFAFAIAY] AHEE Y
A7) 713eleka A7k

B dixe] Avke 3 TRAxe] 54
B4, Tl Fapgat #9l &9 A AR Bl

-89 + glee)E 459

g8

[1] B. Hane, P. Weissglas, “Short Range Micro-
wave Links for Traffic and Transport Appli-
cations,” IEEE MTT-S Digest, pp. 1169-1172.
1990

[2] G. Blume, W. Grabow, W. Zechnall, “5.8 GHz
Short Range Microwave Links for Applications
to Road Transport Informatics(RTI),” IEEE-
MITT International Microwave Symposium,
Workshop on Mobil Communications Systems,
Atlanta, June 1993.

{31 CEPT-ERC, “Report from the European
Radiocommunications Committee within CEPT
on the Harmonization of Frequency Bands for
Road Transport Information Systems,” ERC
Report 3, Lisbon, February 1991.

[4] European Committee for Standardization pr278/
9/#62: DSRC Physical Layer using Microwave
at 5.8 GHz, 1997



EE/ETC A &qox9) nlo]azsl A 54

[51 R. C. Hansen, Handbook of Antenna Design,
Vol.2, A.W. Rudge, et al. Eds. IEE/Peregrinus,
1983.

[6] W. Grabow, A. Schrei, “A study on diversity
techniques in a 5.8 GHz microwave link for
traffic management systems,” IEEE MTT, pp.
556-562, 1992.

[77 K. Abe and A. Ishiwata, “A Study on a
Millimeter-Wave Radio Communication Sys-
tems for Railway Using Subcarrier Multi-
plexed Lightwave Systems,” Trans. IEEJ,
Vol.117-¢, No.9, pp. 1308-1316, Sept. 1997.

[8] Robert E. Collin, Antenna and Radiowave
Propagation, McGraw-Hill, 198S.

ti b %(Chang-Ho Bae) A3

19974 24 : AEHE A 49

19993 29 : AR AApgatst At

19991 44 ~&z) : IJFAAFAATY BEAT
el 71e7 174

<FHA #op RF & vlolz2s B4, ITS §41%

Al

X 2| Al(Hee-Chang Chung) A3)Y

19801 24 : FE{oista AR £4

19891d 84 : o}Ffstu Mg} XA}

199713 24 : o}FfEta Mapgtat uat

1980%d 49~ : ISAAEAATYE REAT
A 7er|edTd 9%

<FHA] Fop AREFA, FAEA

Z ¥ F(Young-Ju Kim) A3

198013 24 : MEoista A7)FEI} £

19859 24 : MEiga Ar)gEs HAb

19953 1249 : Polytechnic University Dept. of
Electrical Engineering ®}A}

1985 34 ~1987d 44 : A 7] rledTa

19893 94 ~1995'd 124 : Polytechnic Univ.
(Research Fellow)

19961 94U ~&A : F g HApr|atg 3]
AR e 2

<FPA Fop ZuFy), Lapze}

Z % 4(Ho-Sung Chang) A3

19711d 24 Fojuiglw B gs =4

19773 24 : effshae At

19913 24 : whgoighar ARt wkal

1971 39 ~1978\d 24 : BArgdnsstw

19784 3¢ ~1992\d 24 : Fo)FYAFN T

19923 39~ : FAuistm FHeprlguiet 3]
A Fe T R

<F@4] Fol> A BEA, ITS, DSRC

701



