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Abstract The directivity of a car antenna is changed by the car shape, the ground, frequency, antenna type and position.
Therefore, it is indispensable to know the directivity of an antenna mounted on the car. In the directivity measurement, it is
very important to grasp the boundary between near and far fields, and the error of directivity at a finite distance because the
directivity is defined at the far field region. By the way, the car antenna in UHF band is recently necessary for the iransition to
terrestrial digital broadcasting. In this paper, the distance dependence of directivity has been analyzed to clarify the boundary
between near and far fields for car antennas in UHF band. The FDTD method is used as the analysis method.

Keyword Car, Antenna, Far field, Directivity, UHF band

LY ‘

EEOBHEBEEWORRICHED, HEFI 40
Mk, GPS, VICS, ETC, DSRC, WMz, B im
WY,  ABE CHI A IR BAREE T — A ORI
BOZOBMERERICTOA TS, Zh b B B HE
BR 3 BEOREE TR Y > FF O
SERHICERE L LS.

Pt EANBECERLEES, TrE T
B HBORS 4 L b BIKARN S 0, AB#EE

HEHlBHEORBAER —FBICT T BEER L L
LTR&ERT B8] Fio, KhofFfEic Ly
Aot L B®E 2T B6][8]. £, b
OESTEGE, 7o REECRMGEICE ST
LRSS ZThoOBHAE, DEERRET-F+D
BRI EREPY I a2l —a P2 WTEY R
TR 5 HEEHEREORMEFbA TS,
BRI EREEOEF R Lo CEBEEARD LD,

HHREBECMESREBRIBREL SR TREND 5.

—_—1 —
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

Copyright ©2011 by IEICE



The Institute of Electronics,

HMECL>CEGRET 7 HEMERTTEORE 4
FTAanEisbhiRETs0IE, 7y raigng
KB DEER - B RENIE R CHE R B
LigMEOREREEERETAIEFEEL S,
A7, W R U R WV HOE~ OB IT ST Y, B
UHF #7570 EEHREE - TWH . BiE, HBE
FUH AHE T 470MHz~7T70MHz O KRR S =
KEAERTWS, ki, —HOMBETHRREREY
AunbhTinsd, LL, UHF rg MiERE 7 7 -
CREERCAEREC BT EMEICBLTHFE SN
bl A TR

R, Rl RoETEF A CERLE
UHF W7 7 FORER - B FRERVEL BT D
fed, B EBEENEICST S HIREMEREO R
AT -7 [9].

SRR G, EEBRICEVCHBIESFACHERL
TUHF 7 7+ ORBF- BFRAEFMEICONWT
BEAT & T o 7. Beebioei ki, B, REROT
CFFBRAAMBE SN L RIER R D A E g
FEFW, ZRoOEFFEmC s 2R E: TE
L. M, BREAMATFEEE LT FDID B AL,

2. BBV UHF 7 v 5B 5iEH

Ho- BT RERRT
2.1, BEHEFARUBHET 57

HillARFRETCHWERBESTAEZFT. M
—H R S E A T ONIRAEL LB KET
AT HBEART ¢ (IR EEL, BUIFR, FA
RO BTEAERSIEEELTWARY, M, K
FEMRKHUE G LTV 1101 3 L ARBRET TRV
MBS OBEAT A —F BT

UHF HHEE7 TR 4 Re/  B—nT 57
ROBERS A R—AT7r7Fo 2 L, TvF
FHRAMBIRERER T by P VR Ry b,
b7, 2 d)7r:‘/}\k74:/}:‘|7, e)lj'f’rj,{
KD s gk Lz, M, BB 470MHz R

Moncpole antenna

[ Manopole antenna |
1 ABEEFARVT 7 FERAAE

Information and Communication Engineers

# 1 FDTDAEFKBITSEMAS A—&

[ [m] 4.64 2 3.0
Ground "

w [m] 1.76 o {S/m] {1,0xX10

h {m] 1.30 Anterma | ro [mm] 2.5

hy m] 017 ‘Spatml A [mml| 10.0

Car 1y fm] I.19 fncrement

hy fm] 0.65

{, [m] 1.20

w, [m] 1.20

I [m] 0.286

Ry, [m] 0.93

TIOMH2 @ 2B & L. (%, BR7 07 HHS
CRUAY—FEBEFEALTY S, WILE RS
CPML % F\ iz,

22, BHlEMOER

®ziitemttr BT SEMoERERY. B9o
Aok LR A2HEIEGLEETORTHY,
WS im0 S DBEMTH S . RFTIZBITD
78 B B &8 VY 4=10m, 20m, 40m, 80m, 160m, 320m, @ 7
PRF e LT

.,

[ 2 H Rk oo R R EE

2.3. BT Hk
2.3.1. HIRERIZBIT 58 ms8e
HBEAC ST AEmEOMFEEHEE LTk, &9
WAHBIE, Py rEUKHEEE LS FDTD AT %
Ty, RO BBERICBABDERT  LOBRY
HEHETL, M KMELELUETRERCETD
R R[TIE B TR EREER b oo 3 e A E
ERHS5, BBECEFLOOERM L SBNMEREZBT
HEIHR R ORRELH O TESE LBRME A F -
BEA. M, BERREREEe  X-ATFrFFET
KEZAR—=ALT rFHTCERFRERTEp & L.

2.3.2. BREEBEB ZHERAEOBRENE
ABSE-CIE, EREFoRFREMRECNTIHE
Mt O AN L. BENIEM T O
A EHWT, kKM bR AFRERBRED
WA STR AN ) O RN RE., 2ROk,

___..2.,,...._



The Institute of Electronics,

Z
xﬁ
Y
-60 40 ~20 “ 0
Normalized |£] [45]
(a-2) 770MHz

(a) H 55 AT

{a-1) 470MHz

40 20 -0 0
‘Normatized |E,| {B]

(b-2) 770MHz
(b) Eq B At

(b-1) 470MHz

M3 A—T b 7EEET/ RN T 55
B AEEASAMEONEF RIEm

Normalized [Es{ [dB]

{dB]

Normalized |Eg¢}

(b) 770MHz

4 -7 b 7HREE/ T FHCBTS
B Wh 5 W O o0 A PR RE R e ik

EE::;mﬁzcd (!‘, 95 ¢)|2
E.;:;rmn!lzed (93 ¢)|2
LT, B et (0B BB s (0.0) 1 K M % 5

W U 7 A DR E R ) PR R N K R A (8] CH D M,
EHBMT 2 RERLSERLCRBY 0FE R THS.

b poe :
s (r)=5-], BN ~isinddgdd (1)

2.4, FRHTHE B
HM3Kh—7 Fy PBEE ) B FF I
B SR OEF RIBEEEZRT, V=7 hy 7

Information and Communication Engineers

y

60 -0 20

0
Normalized |/| [ 48]

{a-2) 770MHz

(a-1) 470MHz

{a) W S

ap -0 -6 0
Normalized |E¢| faB)
(b-1) 470MHz (b-2) 770MHz

(b) E 48144

Bs 7arbvsr FORESS BT 27 F
SISV B M Sy A B R R HE A

Z
g—0—g [Distance r [m]]

Normalized &5 | [aB]
=
3

Distance r (m]
e 0o

e 150 11
i 800 11y
ueas 40 m
- 2 m
e 10m

Normalized |Eg | [dB]

M6 7ty FUKETYSR—-AT 7 F
W30 5 B B B 1 BT o0 A R BR RS 1A

FratERBLEBARIC Y —H BN ENS
EHAMBCSH, K, EAREMEREERIZL-

THLRLDBAREEHIC VTR, BEEREEALEH
LTW5,

Ha4zn—7 boXREEE AT rFriciit
HHBHEEKFTOFRBEESELRT. &HKE
Elr2omBEMANLEHEFR EEBEANOBEE Y —
VEHLNLN, FEBEATEINTWAEIEIRFIN
T s,

Blsicomyr by FOKFEF AR —NF o 7F

___3._.__



The Institute of Electronics,

] t -
—i— (a) Monopele antenna on the rooftap
& (b} Monopole antenna on the bonnet
o 8 -~ {c) Monopole antenna on the trunk
5, : | - () Dipota antenna on the front window
= =4 (o) Dipolo antenna on the rear windaw
~6 : !
3
Q9 : B
5 .
Eorgdle
o N
o
s Y.
@ 244
5
<<
0 + +
10 [{i4]
Distance r [m]
(a) 470MHz
10

~—#— (a) Monogpele antenna on the rooftop
—a— (b} Manopole antenna on the bonnat

o 84b---| -—4- (o} Monopole antenna on the trunk
& - . | (d) Dipole antenna on the front window
fen ‘;‘. --%- (e} Dipole antanna on the rear window
= P T
5 .
2
[
5 .
E>3 2
<« H
0 ;
19 100
Distance r [m)
(b) 770MHz

7 R b BRI 6 o B 4 T AR A 00 BRI
{17 K

CRBTABESMAEUE S M EAEERY. Za b
v Ry bR ERBLERESE, ToT
TR EINEEERAEENTESERILT LD,
HEELLTHABERF ALY EENICRERER
WML TWE., £, 2OBB IO AL~T by
B®EE R—AT T FOBS L CEREIE
a2,

Belwrvmr hwgr KOIKEYAF—RTF TN
RTAABERENGOAIBESERMEERT. &
Bhba—7 by 7TEET/R-AOEHEE R
BB CEBAEBRZEERALTNDS.

B7iAt g TARST o ERERE
DIEMEEERSE SRS, UHFFiC B 2 EMgHEmE
RERERY w7 FRAMBIEE BTFEFT A4 —
FmDMBEEEACHIEPRECTEDL, Ek, B
BEOT T FRMAEEERN L - TEEHOBVWE D
BHLOO, EHESELLIIC DN TEFOERAELRD
FHRREh TS,

3T

R TR EEBRIZ IV EAER L UHF &
FrFFOERER BFREFRMELTHLLCITLIL
¥, A IRBEEEIC 30T B 38 AR 2E o BB TR e R O fF

Information and Communication Engineers

WhiF-th., FOHE, KMITARATA-FERNTE
bhi-HFRESOKEMET, FEECBOCTHERSE
FHTAERRRESNE. M, EFESBEREECY
5 EMEME, 4 10m, 20m, 40m ZEWVT
BENEFRFERT TR, 4.5dB, 2.5dB RETH -T2
Fol, EEMRCBWTHMEEIET DRI, H
IS LEROMERERELR THERE S
SRMENLEIL R ABALHDILEBAOND.
ABTABEBRTCZAMOBRERZOE VD
RO IC S ISR BRI TETHD.

WO
AR O — MR EA R REFREREOH
2 e (23560433 B TN 2276026000 B KA B L OT
HhDH, DI MEERTS.

X ®
[1] R. Ehmann, B. Wagner, and T. Weiland, “Farfiled
calculations for car antennas at different locations,”
IEEE Trans., Magn. vol. 33, no. 2, pp. 1508-1511,
March 1997.

{2] K. Taguchi, et al, “FDTD large-scale parallel
supercomputing and its application to the analysis of
radiation characteristics of an antenna mounted on a
vehicle,” Int. J. RF and Microwave Computer-Aided
Engineering, vol. 14, no. 3, pp. 253-261, May 2004.

{31 F. G. Bogdanov, et al., “Validation of hybrid -MoM
scheme with included equivalent glass antenna model
for handling automotive EMC problems,” IEEE Trans.
Magn., vol. 52, no, 1, pp. 164172, Feb. 2010.

[4] D. W. Hess, “The isoFilter™ technique: a method of
isolating the pattern of an individual radiator from
data measured in a contaminated environment,” JEEE
Antennas Propag. Mag., vol. 52, no. 1, pp. 174-181,
Feb. 2019.

[5] M. Li and W. C. Chew “Multiscale simulation of
complex siructure using equivalence principle
algorithm with high-order field point sampling
scheme,” IEEE Trans. Antenna Propagat., vol. 56, no.
8, pp. 2389-2397, Aug. 2008,

[6] K. Nishikawa and Y. Asano, “Vertical radiation
patterns of mobile antenna in UHF band,” JEEE
Trans. Veh. Technol., vol. 35, no. 2, pp. 57-62, May
i986.

[71 K. A. Norton, “The propagation of radio waves over
the surface of the earth and in the upper atmosphere
—part I1,” Proc. IRE, vol. 25, no. 10, pp. 1203-1237,
Sep. 1937,

[8] W REE f, “ABEERTERE T T OMHE R
A0 1 S B #, AP2004-339, pp. 215-220,
March 2003,

(9] BT M f, “UHF #icR i 5 A IHEERT o 7
FOEER - EF RIS R R,
AP2010-44, pp. 37-40, July 2010,

[10]Rec. ITU-R P. 527-3, “Electrical characteristics of
the surface of the earth,” ITU-R Recommendations,
1992,

— e



