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Recently, the car crash avoidance system using inter-vehicle communication
using 760 MHz band has been studied. In the development of this system, it is important to know
radio wave propagation characteristics in an environment with poor visibility such as an
intersection surrounded by buildings in an urban area. In this research, we Investigated the
three-dimensional intersection radio wave propagation characteristics at intersections considering
cars, antenna positions, surrounding environment such as buildings by using modern large-scale
simulation technologies for electromagnetic fields. As a result, new knowledge and useful data
necessary for development of car crash avoidance system by ITS technology using UHF band were
obtained.



B X C—19, F—19—1, Z2—19,
TGS O 5
U A . ITS (Intelligent Transport

Systems) F T A A VICS (Vehicle
Information and Communication System) 73
EOE B ASEE M OMIE & R mEGIE, e
EATD L OEZEY L, HEMEE (Inter
Vehicle Communications). M OVPiEEITD
%@7»~f:ykm~w£%ﬁﬁbt&
ﬁ®%%ﬁﬁéhfnéo%’”#5

5 & VO BEE 22 il U@ﬁAW%®—
DTH D, mﬁ%%%®mﬂ XIVEDE
B IROMRBOO X R AL 2 -V U AT A
DEERICEALEN TS, L2 L, ZhbHo
M iEdH < £TH HBEFTT O\ 4§
FHCUMIEREZRE L2V, TR0, &%
FAZB W CIXH B REEE 28 H L7 w2 ps
WL AT AR STV D, HEMEEIC
BT, BIUE 5. 8GHz 5 O JE I H50R FH A3 e
SNTWD, Tz, 2011 o 57
HVIES~OBATIZHE Y, UHF H#r O 760MHz
N ITS ~EY THND, Z OB
U MO8 5. 8GHz Hr & AR IED 72 0 | JE
WELDMERNN T2 D [ WA BE T DA 1E D3 AT e
Thd, TOREH, REMRELIMEKIZE
5 BENEERE KDL — &‘?ﬁfﬁ%ﬁﬁb\f_
P S ) S T D L PH & RIRIZ IS B 2 & A3 A]
LD, HI \wsﬁoﬁfﬁﬁi/xf
Iy e PN T2 (5 R 7 g HE B S ST
S AV W AR B oD IEHE 27 B BAAR A
THZELREL 22D, RRICEBERDOEZEFH T
“C VL IE 22 S QB 22 LA BRI 2> & 2256
AICHE T < 2 Bl <0 B HRHL & D H 2 VO BR T
EHENZ N, ZDTD, HERD IV PO H
TlE7e < ABPRFFED B UHF # 2RI L B &)

I C
VICS 5.8GHz band

FM radio band, GPS
2.3GHz band, 1.5GHz band
350THz ban\ /

inter-vehicle
communication ——
pre—

760MHz band

digital terrestrial
television broadcasting
470-720MHz
analog terrestrial
+«—— radio broadcasting

AM: 522-1629kHz
FM: 76-95MHz

P —
—

anti-collision radar
70GHz band

X1 HEYEE(E & OB

inter-vehicle
commun|cat|on

a1

T

X2 HEWEEZE S IR

CK—19 (Jtm)

HLET SR 7 1k Bl 2 SRR IC ) B9 2 LA
HikAUE, AZEAICHR T 5 B B HE i s
KIEIZIHD S 2 ERARETH D,

2. WHEOHEM

UTAE, T60MHz 7 2 FA V7= B RE E I
£ 5 BEhEE L LA RE STV D,
ZOFERBOT-DITIX, EanE e BB HmEH
5 B OV GPS 8 D 1TS H:9i7 DA 20 FIFH 23 e BEAS
AR T D, AZETIIERHT O KB BRI
FEMTHEAN 2 VT, ZRETHLMCENT
WRWHBEHE, 7T, B EoENER
F%%ﬁbt#ﬁkB&ﬁﬁ#5 &MW%

BT A9 %4TS 2 2LV, UHF 4

ﬁ%mmtrm&m ié%%%@@ﬁ%%
Bhilks A7 AOBREHE T 5,

3. WOk

AR EEBREICE T D E R kR
P2 EBRIZ L > TR GE. R 8k1,
A, AR R MBS S, £7-, 2
=FaTET N EAVWEERTITET LR
VEDMEMEZe BT, JEEE D m < 72 0 FERE D
H DODREEZ &é —J. TEOBERRAE R
%ﬁ%®%émﬁw\%@ﬁv51v~v;

W XD BUER TN BN /2> T D,

Kﬁ TIL, mFVFMD&&UV{%V
— U TEERAWSZ LI BlER T
?wmomfﬁszﬂoﬁﬁﬁﬁﬁﬁm
LUV DRE IS D 2 E N A[RE L 72 B,

D% S
$H T, 760MHz & N 72222 5 B #h)
HEZELG IS AT A DOBRICET 283>
W, FICBLTF OWFZER R 2 157,

(1) TR 2RI
DWFIE
HEMEE AT AMIB W TIIE L TH

FNTHERES R ERELOBEWEREIC

B DB ZERE TS 2 LN EE

Tho, Wk, EIREFEZFHET 5 720 OH|

EREBRKOFEBEY I 2L —2 g itk

TIHHEEXAR—AT T FED LT

T EERE LTRET D ENZ D, L

L. B#7T > 7 T OfEmM I — B

WE OB ESEORBIC L B (kT 5, L

T D B AR BE

kﬁof\%&m%%r IBITHINLDE
BEPAONITHHERNDH S,
Flo, WEEROBEBWHBHR I 21— 2T

it‘/pﬂsérzf%ﬂﬁllﬁ'dté: U 7= 25 I D AFTE
L 72 W R IIZ 31 D Rtk 2 3l 95 =
EMEotz, LinL, EBEOREE CIIE L
Zimm T D BB SFET D720, M
WEFIEIC G 2 2B EMD Z ENEE L 2
Do

Kﬁ Ti EWTIiMK$%%Q%5

(b S BRI ICBW T, HlR T T
Tﬁﬁﬁ%@%%\$ﬁ7y?fﬁﬁ¥ﬁﬁ

HAR—=IVT T OB, EVEEE R



car body
with antenn

building

(concrete) 45.0

~— Unit: [m]
6.0

B3 EULTHHE i A 22

M4 BHEHEETAVROT T FERALE

WD DWW TH LM LT,

O HET v T FEULE O

X 3|2 BV E N - AZ 2 ST L
oRd, ZZTCIES=20m & L7z, M4ICHE
HETNVKOT 7R LEE RS, TV
FFEfHEIZ, a)b—7 kR )L
— 7 by THRE, DAIT—, DEIT—,
e) 7y kXU =L L T T Fida) K
b) TIX /4 RE /) R—NT 7)., L
A TITFEEXAR—LT T F %2 HNT,

. %%ﬁ%%ﬁ&(ﬁ?ﬁﬁ’ﬁ
—kafw~7h/7$%m?/
TT%TA%iLt DB AR &R %
T, /1/“‘7&()‘& Z — NIRRT DN T A
TWAEIRINTWS, AP TIIKEE
FIEEHFEEPEEL TEA—T7 A X
WAHRTH D720, &Ko EHFITHROFRRMEN
BATND

« RHR SRR
| 6 KB T T T EALEIC BT A5
WARKRRE 2 T, (BRHRRREE T 7
LB &> CEBANCE A D08, B
WZIXRRE OfH A & 7T,

@ HET T FEFRELAR—ALT T
F & DL
Tl LTA—T by FHLEHT
VT RO B A R— T T HAA
DGR RIS E DO ik 2R3, W7 > 70O
IR R, FER IS WRHEZ FfF > TV DR
TIIHENTE RS> TWDS, DT T
FTHRAAALEIZOW T HREBEOEm A H D =
L %ffﬁwu LTW5h, ZEm T T IR j‘
% B BT 7 W O R mPERAS M

z z
L o
x X

120 I 170 20T o

Normalized | /| [dB] Gain [dBi]

a) TS

b) 3 WRICHRMIME

o) AKFmfREfE  d) FEEER A
5 AT R ORI

line of sight +4—= non line of sight
° i )

—rooftop center
1 ~—rooftop rear

—right door mirror ||
—Ileft door mirror

[
o

—front bumper

=
(=]

path loss [dB]
o
o

00
o

0 20 40 60 80
path length L [m]

M6 #HHHT T TRLEICR TS
{EHRIR IR

line of sight = non line of sight
i
I
1
Gy

path loss [dB]

1
—M/2 vertical dipole antenna

—rooftop center

0 20 40 &0 80
path length L [m]

K7 H#ET T FTROEESY A R—L
T T BAR O IR Sk

RHZENFRTHD LEADBND,

©® EEiEE e
t»ﬁ#%@@ﬂ&®%@%%%ﬁ hcn
DI, EILBEE L DIENT ERARTR
FrtED b E21T o7, X8I t»@ﬁ&%%
& LIRS E R R T, T2 CRERE A
t=0.2m KN lTZNZENFHBiEE H 0 Kk OV
L ORIITH S LTV 5, Bl OfF(EIC &



a) B H Y b) Fi e L
(t=0. 2m) (t=0)
B8 ELEENDLOFEIREEZHE LT
S MR
0 T line- of—3|ght4-|-> non line— of—3|ght
| —FDTD t=0.2m
N cl ——FDTD, t = 0.6m
20 AN = 1 —FDTD, t = ©
—_ ‘\_\ S ==-Ito-Taga model
% 20 §$\‘ S ==-ITU-R P.1411
3 I t S
] 1 Seel it
® 1 \."'-
a 60 ~- N
: —
80 !
1

0 10 20 30 40 50 60 70
path length d [m]

9 Fih AR LI iR SR

DANRKELS BT DHZ ENHERT
%5
X 912 ViR & 5 58 L ISR R R
BT, O 2 CARIRAER SR A R AE T 18 0D S
e LTWB, £72, D7Dz 2 FED
B GIREET ANLE LN RS O
ﬁf%ﬁommﬁﬁﬁm\éﬁ&ﬁﬁﬁﬁé
iffb&w%é&%@bfﬁ@bﬁ
ﬁ B DI IERS KIFICLE L TWD,
F7-. [to-Taga EFT VKL ITU-R EF /VIT#
NENGIEWE H 0 KOV L OfEFIZ T E
Mz L TWa,

(2)FDTD ¥£%& =%

ﬁ?’\:

B AR TIIER LD LA P L —
VIENRIRK HONBNTEY , BEVAT A
DOFFMICEE R RT A= THHRKEICE
T DMERR, BIET e T 7 AV, AET R
Ty ANVNBHEARETH D, —FH., TEDF
%%@ﬁ%ﬁf&@f%)@i@mi WA
- T FDTD {EIT &V fi#fr Al R/ 22 il 4 X%
TATEREEH I T\ 5, ubxu FDTD ¥
TIELA FL =Y ZEE TR Y FiEH
KCAEI a7 7 ANEGDLIOIIRETH
%, & ZTARIFETIZ, MUSIC VE7 EDFEk
I J7 1) (DOA) HEE V% & FDTD 4 W =8r LW
TEIWACIRIEITIE AR R LT, X 10 (22

R AR IAIZ B 5

concrete
4—»0
y Rx

T—)x

X 10 AFESET IV EBRANE

-10

o
K‘Zé
Il?

a)
BV
e
n
w
w
E}

path loss [dB]
[
o
1)

: } Proposed method

N
o
I

:: } ray-tracing

30 1 1 1
0 5 10 15 20 25 30 35 40
distance from intersection to Rx, d, [m]

(a) =R R 2%

0 I I I
H | Proposed method

¥ ray-tracing

—

-20

PR e
i,

00 01 02 03 04 05 06 07 08
delay time [us]

electric field intensity [dB]

-60

(b)BHEZ 11 7 7 A )L (1,=4. 5m)

—> Proposed method
—» ray-tracing y

arrival angle 6 [deg.]
——

electric field intensity [dB]

R
(c)fET 1 7 7 A )L (1,=4. 5m)

X 11 ﬁ ?&&UV%hv~v/7&
BRI

ETOVEBRNE, X 11 IRETFIEE LA
ML= > TEN DD NI E R AR
DL #Rd, Z 2T, w=w,=18m, 1,=7.5m,
d=20m & LTW%, WFIEDRRITRAIFIZ—
BHLTRBY, TFOEEHEKE WD Z &



Iz Xk
DAV
HZ
A
A
DA

5.

[
)

(=

)

> FDTD ZHWHATHLA L —
7k & RS O AR AT 25 FTRE I 72
EMIRENTWDS, F7=, FDTD L3 M
DFFNTIZHE L= FETH D72, 5% D
BEPERE D 22 1) BT X » TARRE
R EmEDL EEZBND,

Fp A
s L) (BH41F)
S. Imai, K. Taguchi, and T. Kashiwa,

“FDTD method as a counterpart of
ray-tracing method to analyze radio

wave propagation,”  IEICE Trans
Electron., vol. E100-C, no. 1, pp.
68-74, Jan. 2017. (& #HA)

M, HOfR, S, “ToT Bt

O BBV EEE A2 HIY & Lo B
Hr — 27 RS W IEE 2805 Ik D 7= 0
HH I 1E O EICH T T—,” IEICE
Trans., vol. J99-C, no. 10, pp.
468-475, Oct. 2016. (EFHH)
S. Imai, K. Taguchi, and T. Kashiwa,
“Effect of transparent waves from
building walls on path loss
characteristics at blind
intersection in urban area for 700 MHz
band inter—vehicle communications, ”
IEICE Trans. Electron., vol. E99-C,
no. 7, pp. 813-816, July 2016. (&7t
A)
S. Imai, K. Taguchi, T. Kawamura, and
T. Kashiwa, “Numerical study on path
loss characteristics considering
antenna positions on car body at blind
intersection in urban area for
inter-vehicle communications using
700MHz band, ” IEICE Trans. Electron.,
vol. E99-C, no. 1, pp. 36-43, Jan
2016. (&FeA)

2FE) G2 ih)

HOfs, e, “==—J1xv b
T — 7 WS LR B X 28k
TR T 2 — /e 7 EFE#
BE¥ESMA KRS, C-15-12, Mar. 23
2017, AR (FEIRA HET).
AFFE, HOMYE, tEd,  “FDTD 7
BEARIRARAT 2 B 1T D Bk 5 e & 1 D
R, 7 ErEwREETR YA =T
4 RE, CS-1-3, Sep. 22 2016, JbygiE
KT (AL EFLIR ) .

H oG, ASJhe, feEh, “BHERr
L RO EER BT b ek
DO kRE, 7 ErEwREETs YV
A =T 4 K%, C-15-9, Sep. 22 2016,
AbEE K (AbEE FLg )

H oG, A, fEd,  “AW 2 H
W ABEIZ XA FERFEEmL > XD
ek st C BT 2 —MiEt -GA KT PSO

Lokg-,” \EEFREEYS, L
b= Ay alb—3a VRS,
EST2016-38, pp. 171-174, July 22 2016,
FHR—=> 7« bRVt & — (LifE
M) .

AHE, HAfE, fiEh,  “FDID &
WARPRARATIZHS T D MUSTCIE & V7= 2|
kAGmHAEE,” EFIEREBGEYS, &
foé S B G 0F %8 <5, EMT2016-35, pp.
161-164, July 22 2016, A H—> 7 -
AR Wi v & — (AeEE A ) .

S. Imai, K. Taguchi, and T. Kashiwa,
“Study on accuracy of direction of
arrival estimation in FDTD analysis of
radio propagation using MUSIC method, ”
ACES, pp. 102-103, Mar. 15 2016,

Honolulu, Honolulu (USA).

S. Imai, K. Taguchi, and T. Kashiwa,
“Direction of arrival estimation in

FDTD analysis of radio propagation

using MUSIC method,” ISAP, S1.12.5,
pp. 912-913, Nov. 12 2015, Hobart
(Australia).

A, HOfNR, e,  “HEHE
FOD O AR 72 A ERERIC R
JHELEREORE,” ERER
i < KPR - FLBEFY RS, 18-C-pl—4, Sep.
17 2015, PR CFA)IIRAIRT).

M hfEn, A Fs, A,  “FDID ik
ERHWE bR e U —K#EEFICBIT S
IRF FH] S ORI A5 pidsk AVM oD BR R &, 7
BrHEREBEETE YA T 1 K&,
C-15-7, Sep. 10 2015, s K2 CErd
BALE ).

AFE, HAfE, fiEh,  “FDID &
BARIRARNT I H3 1 D MUSIC 7L =Y X A
Z W TBRR F e E IC BT A58, 7
ErHEHRBEYS, L7 hr=/2X
o b— g UAF%ESS, EST2015-33,
pp. 117-120, July 16 2015, @4
JEFE T & — ALmE I ) .

S. Imai, K. Taguchi, T. Kawamura, and
T. Kashiwa, “Study on propagation
loss characteristics considering car
antenna position for inter-vehicle
communications using 700MHz band at
intersection, ” IEEE AP-S Int. Symp.,
pp. 1612-1613, July 24 2015, Vancouver
(Canada).

S. Imai, K. Taguchi, T. Kashiwa, and

S.  Komatsu, “Analysis of radio
propagation at intersection
considering car antenna positions for
inter—vehicle communications, ”
EuCAP, P2.19, Apr. 15 2015, Lisbon
(Portugal).

M hfEn, A Fs, A,  “FDID &

BT D MUSIC 7L =Y X A% V=%
K7 HEE BT D R, T B

HBE A RE, C-15-13, Mar. 13



2015, SZANAE R (R IR EHE )
A, HOfs, )R, M,
“HHEMEE OO OBEET T
AL IE % 5 8 L 72 A8 72 AR AR O e ik
BT 5 — a7 EIEREE TS
WA KE, C-15-12, Mar. 13 2015, 37
AR (e R BT

S. Imai, K. Taguchi, and T. Kashiwa,
“Effect of car antenna position on
radio propagation characteristics at
intersection for 760MHz inter-vehicle
communications,” ISAP, TH4A-12, pp.
349-350, Dec. 4 2014, Kaohsiung
(Taiwan).

A, HOfNR, e,  “HEHE
BEE2 A& LA m B AR AR AT 1
B DHEEET 7 FRALEICKT D
ZEEORE,” BERFR, BRAH
AAFZE4S, EMT-14-135, pp. 63-66, Nov.
20 2014, FEERREHPRT 0 Ly (B
JE5 VR ELEREHT)

AFE, HOfNR, e,  “HEHE
BICBTDHEET 7 T RANLEE %
&L 7= R 7= B AR R T,” B
FHEWMEEYS, L7 hr=/ 2R

I = b—3 3 UIF%ES, EST2014-54, pp.

53-56, Sep. 12 2014, JbR T KL
HEE AL L)

AObE, HOMENE, HaEt,  “HEE
FBEHME LR 2R BRI
B DEET T FEALE O R,
BIHEREGFR YA =T 4 KRS,
C-15-17, Sep. 23 2014, {EBEK¥ {EE
WAE ).

AObE, HOMENE, HaEt,  “HEE
BICB T HHEET T T HRANLE D
B AGTR ST AR E
THERBERS, L7 he=J Ay

I = b—3 3 UIFSES, EST2014-40, pp.

187-190, July 18 2014, =pi LE KT
(b E =R ) .

S. Imai, K. Taguchi, T. Kashiwa, and
T. Kawamura, “Effect of car body on
radiation pattern of car antenna
mounted on side mirror for
inter-vehile communications,” IEEE
AP-S Int. Symp., pp. 601-602, July 8
2014, Memphis (USA).

2 4

(XE) Fto )
(PESERA PEHE]

OiRDL Gt 0 1)
OftsikdL Gt 0 1)

(& D)

F—

JRREL

http://kashiwa—lab. net
6. WFIEE
(D) WFgEfs
1 3EEH (KASHIWA, Tatsuya)
LR TR - T - #Hf%
W& - 30211155

(2) BFJesy i
s (TAGUCHI, Kenji)
LR TR - T - dedz
WFoeE &5+ 60435485

A3 B (IMAI, Suguru)
JRITERSE - T2 - Bi#
WFoeE 5 : 00584575

JIAE % (KAWAMURA, Takeshi)
R TR - T - HESeHT
oo %&5 80234128



