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Abstract Recently, inter-vehicle communication system to prevent car crush at an intersection has been proposed. In the
system, the use of 720MHz and 5.8GHz bands have been considered. In Japan, there are many intersections surrounded by
light-weight concrete walls at residential area, which have poor visibility. It is important to know the propagation
characteristics at these interscctions in cach frequency band. In this paper, the propagation analyses of 720MHz and 5.8GHz
bands at an intersection in residential area arve carried out using the FDTD method. The propagation characteristics for both
various locations of wave source and wall thickness were investigated. The azimuthal power delay profiles were obtained by
using the direction of arrival estimation method.

Keyword Inter-vehicle communication, Intersection, Radio wave propagation, 720MHz, 5.8GHz
OB EREE R IET S T L IEECH D,

sk, AT EN LA ESI BV TV A b e
S GR[2]-91 e PRV T R I BORE 00 AR IR A i S B AR N AT
P UE L, TORE, RV THEE E o
K ENBEN G QISR TH D, Ehmy PhboDfE
Priff OB IIER I S WHAURENRS), 9] E, B
BED BRI S ninih, Tho oty

1. LD
HINOHEESII BT, RS ORENE FHIZ .
T ARSI BT B IS HII R R IR o T
A, 2 OMRMA R 5 fd, BEREEEIE & R Tl 228
Bhih o 27 AR EN T B[] i B Lo B 28z
BTk, FOMENMFENRDS. L, EHEMME
H OB - LT DSRC THWAERNTYWES 5.8GHz H#OF|H

AEE SN, —0, BEF U AERA~OBITIC N,
BTEHT 2 T20MHz # ORI H bR STy 5, £0idh,
HHEERE A 7 A OKERIC i ¢, RIS D iR

FET ABEIEEE S h T A,
3, EROEERIC RSO TIERRo Sy U — MRTHE
iR LOEBNEESREREETD, TR ETHE~

- 263 -

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.



The Institute of Electronics,

FDTD % By TSRS ZESIZ38T 5 720MHz #roERE
PR 29T » TR R[10]. B ORS, EElgEicl
W b OFRB I L AREN K& CERER IR, i,
R e ORI B BhET AL 8 S Bl LA o ik ic &
AABE AN NI E BB L, L L5,
5.8GHz # Tt DB HEAZE A O BRI R I &
T ER TRV,

AT, BHo 2 ) — MECHIE R e
I B T20MHz AR TR 5.8GHz B OB (RIS IEART 21T
ot i, BHEASAERE LT FDTD % vz
T ONR, DB N UNEE N B ThINT 8 4 £ F L 2B 2470
PSR I B T D EIRIR RO S BT o . BIZ, B
WA D =X AR RIS B DR R B LR ENE
W' 7w A AR L, M, S ERSEEEAs
B, 2IWIBITBIT DN AT T B,

2. HEHMERERETN

Bl 1 iRy s U — MRCIRE s AT T
AR ARETACH, HEES 6m & L, § [m)ikasiEm
DB EAEW B AR (BT, BRALE &3 5) ECoiElt,
d [mEREL A F LTS, TCQ PRSI ERE LT 5
@ RAE UHANRE, Limlid@BRERZRLCHAD. £,
A SUTBATRTYEA L R R BRI 1 S B v
ZyANAOBEBNETHS. K, HEOEEEIT T20MHz K&
TA5.8GHz & U, WMREERELE LD, gk, AHEH
JOIW & L Ry ) — ORI i St
I ITU-R KB H IGHz ODEIHETH D g, =20, o=
0.02788/m & L i=[12]).

AR THE, WES d =00, 0.12m, 0.10m K OERATE S =
20m, £5m, 10m, Sm o+ AMATEITo. M, d=012m,
0.10m @ 2 FEROEATEMNIZBWTES HE LTS i
HIZLIRIE AR T BH13).

3. =EESRHN
A TR LPAMEEE TCQ Licisit Bl edsid & R
F. R ORITREE TCQ DN F I EE 1.8m T

Light-weight |
concrete wall Eio

M1 @Eors V- MECHERLEEMEEL

Informaticn and Communication Engineers

EHL L, HEMEEFEOERMMETRELL TV, M, &
et it SR IRRA I ER RIS 5 PR B R o ED
BERLTWS, Thbb, SE7 T HFHOEHCEITS
R B TR R B R S TR,

31, BELORE
0 2 WCIREL A d R B MR, B 3 IR dirT
BIERERA A T, B 3 I8 A SR LR S R

LTWA, DT, EEMEN S =20m & L. SR

BRI K S T EEMCHEOMEEE R L TR Y, RS
d =D EME RS R E < REABFROS & LER
BOBBZEVNER-TWD, Bl KRB RIRE DS
W BRI A O L SRR RRIER T &V,

32. BEVEBEORE

B 4 (IR SRt AW Ry, B S T
ST A ERREE AT, WEMBI LY, BR
BHNELBELTHI EMRSATVS. Lk, R
WU AMEIE I B R e rh I S b A
D/ENZEDELERT L L0, HHEECLLTIE
H-ERLREBRFRERTVD.

4, BHEBES a7 7 A NVHERT

R EREEBEERT BT YAV AAAK
ST HBEHBE 27y A M EIEEY AEEEFEE
WehHDH, LM LAMNE, FDTD HiIRMll 4 v
AREHAFARZIT>ELRERTH D, Fod, KR

(a-2) d=0.12m
(a) 720MHz

(b} 5.8GHz
[T
-35 Normatized £ [dB] ©

B2 RS kT 2RO

- 264 -



The Institute of Electronics, Information and Communication Engineexrs

TR T P S AR BV S A A RE
&R iTob. M, SAROBIEFWMEBRBELY LA
B MUSIC S5 B W8I rfE b BRZIT->
[14].

BWRA 0T A XU L £, = 720MHz,
5.8GHz, = X — i 08 Rk 6 8 S 3k 0 £, = 60MH
E L. BB AWEIED MUSICHEDO T L—TF 7

FHEFER B § R, 720MHz B OR 5.8GHz 2 (a-1) §$=20m

B AT 7P HEFHIBRERER 64mm B O 8mm & {a) 720MHz
WAL S=20m & Lk, i, Zhb otk

- .
EAHE BT 5 EORAMITHBEER TV S l

ol B MAKE AR AEL LEBERHAY D (b-1) §=20m (b-2) §=5m

4.1. BHARBE 27 711
e BGR7TICHBMMAB AR AIENBIEY o7
7ANRUEBIAERE 7 7L LR T.20C,

HETHS, FgEHEOB MG ECHENS, EE %K (b} 5.8GHz

Bt R LA BN d W T RO IR ORE B 00 B R _;?zzﬁimb
[ 1
PIEFEIHIE S . i, HBEEZOBEWE LR AT
BRBEOBREREREILL L OO, FiREH LENT B4 IR S Ketd MDA

HAEMPRINTIND.

0
T ' Y 0
1oL Cs o d=042m o
%‘ : ——d=0.10m =
sl . . L ks I
= : Q 9,20
FET R 2 3
5 oaop. g 40 CRNRTRREIRER
B kS —5-
& 50 1 % s S
£ B, S=tHm
g ok . . =] — 5= 10m
h =60 :
o] . " . . [ S=5m
7 Lmelzlof-sxghtl‘——:——‘* Mon-line-of-sigh : : :
0 10 20 30 46 50 60 7‘0{] Ib 2!0 3'0 4b SI() GO
Path length L [m] Path length L [m]
(a) 720M Iz (a) 720MHz
0, 0 : : :
r . : mﬂ.; ol . \
10 . C : e = O 12 M 10} N . . P S
r=n — AU — R
%,, 20 - ‘“‘—"‘(‘3 % )
= =
& sl ! 2 30}
5 40+ : 840_.
] ‘ v = .
o 501 : %SD»' ) | ——s=%m
&, h 8‘ . : : S S=i5m
2oeop - S Eool i ——S5=10m
” Line-of-sight +—1—% Non-linc-of-sight : : : o EEIm
9 10 20 30 40 50 60 700 IKO 2I0 3I0 4I0 5‘0 60
Path length L {m] Path length L {m]
(b) 5.8GHz (b) 5.8GHz
B3 REA G T DR R B s b S SRR

- 265 -



The Institute of Electronics,

" 20
& 2 Y
Pg 430 “‘;‘ a0
2 s : : g sl .
T . ¥ : :
.50 . ! N TS i
s o B3 ) o ] 02 03
Time [ps) “fime [ws}
{a) 720MHz (b) 5.8GHz
Ble BENBET 0z 7 A0
o -20
= a5
(3]
% ~30
8 .35
2 40
]
g 4
%50
9
A *90 oy
Tiva 4:18[(9\;;;%0 % Tios s
(a) 720MHz
<)
53
=z
2
)
2
§ - :
~ols0 ¢ 7
\] -2
Ay .5 0 07
Waf 4,0 VP60 Op gine WS
ng&}e[de
)
(b) 5.8GHz
7 BHOAKEETZy 10
5. LR

AR T, BE=27 ) - MMETEERLESER
TSRS 720MHz # RO 5.8GHz @ FDTD
WARRENMIT R T o7, FOBE, MEL K UREEN
By Ee2ERL, MABEESH BT ERSES
e E T, OB AUIRIIBHTDLIRNTAH
O TIE, BERC L CERSH LS POEWE
R h OOy, R EER kW E MR R R oo M A AR
THERBE ML oM, T, RMGRRES, BEE
R0 B T B DS MR A MR T b R B A R
Mrabin AN S ERAR I

SBITEBELAACBTAEBEREO LRV 3K
FTLHTEIT > TETHDH.

W B
AFE O~ M fTEE AN AEWIEHS O

Information and Cowmmunication Engineers

FIF G I (23560433, 22760260, 22560400 M TR 21510174)
ORREBLLOTHLD, ZIIILHMEBELETDS.

B N

[1] ITSEEM Y R T AOEELICH T 2R M EF,
Mg,
http:/fwww.soumu.go.jp/menu_news/s-news/14422.ht
ml

(2] AHeeZE, BHBA, S —, “HErMEELBS
HAHZENRLE LABRETCOERIBERMSEE
B e, » {F2HEW, AP2007-173, pp. 1-6, Mar.
2008.

[3] WiT—F, ¥R, ERF, SHERA, KHHE
S, EEENE -, oL A 2SS & T v BB BRBE
B 5 RE SO ERGITM, » FEHER,
AP2008-140, pp. 1-6, Dec. 2008.

[4] SHEH, “v o b L — 2 FHBin L 5B
PR oo l—ta, ? 5% B, vol. J92-B, no. 9,
pp. 1333-1347, Sept. 2009,

[5}] SHERE, SELEM, MM, sk, <&
HEHEERECRB S RBLAERBREE, ”
{8 55 4}, AP2006-126, pp. 95-100, Jan. 2007.

(6] %, $HEEH, “HENBELBTOILEER
MEmRMDEHBAREHOoRN, » EFHEHR,
AP2008-37, pp. 7-12, July 2008.

[7]1 A, mdmA, s, e A)E, B
mEse, A b L— 3w P a2 RS
BT AEELALE LA TORERBRGEMN,
1% % 48, AP2007-6, pp. 31-36, Apr. 2007,

(8] #x W AN, HEFR, S48, B, HEL,
KBIE, NAR, o bl FkeAnk
AEEEIB DB ARIR AT, » L 22 B
B - I R BEAR b R 3 A K IR TR ST
4%, No. 101, Qct. 2010.

[91 A Mp SRR3R, AAFCRH, 4 JRsl, DR, RED,
“EMEBEERS E L ad b YR
£ B AR EER AR AR, » WK 22 ¥ [BICE b
WEEHELERA v F—Fy PRI DA,
2010.

(10042 Mok Al, & dbst, LT, MEd, KW=,
JiATE, “'n o 2RI DBl el
HAICBIT B 700MHz # FDTD B EIRMEN, »
WA R R AT S S B B, EMT-10-106, pp.
23-28, Nov, 2010,

[11TK. Taguchi, T. Kashiwa, K. Ohshima, T. Kawamura,
“Propagation analysis of electromagnetic waves in
700 MHz band at intersection for inter-vehicle
communications using the FDTD methed, ¥ IEICE
Trans. Electron., vol. E94-C, no. 1, Jan, 2011,

[12]Rec. ITU-R P. 1238-5, “Propagation data and
prediction methods for the planning of indoor
radiocommunication systems and radio local area
networks in the frequency range 900 MHz to 100
GHz, ” ITU-R Recommendations, Feb. 2007.

2SS R, ¥, BoRE S, W@ r, &#
BEERT, “BExr s V-7 ry 7 ROnE
Yotk b MR R ST SRR (2O
HWRDIFEROCEEDR W EHDL ey VIFOR
B (REME), " HAREZRMAERSE, A
M, 1, HEiE R (48), pp. 685-688, Mar. 2009.

[£4]Y. Ogawa, N. Hamaguchi, K. Ohsima, and K. ltoh,
“High Resolution Analysis of [ndoor Multipath
Propagation Structure, ” IEICE Trans. Commun., vol,
E78-B, no. 11, pp. 1450-1457, Nov. 1995.

A

i~

- 266 -



