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Propagation Properties in Case Human Bodies Exist
Between Transmitter and Receiver

Chiharu TOMONAGA and Mitsuhiro YOKOTA

Abstract

In cellular mobile communications, the number of customers who use cellular phones indoors is rapidly increas-
ing. We have so far studied the shadowing properties for one or two persons from the experimental and numerical
points of view. In this report, the scattering by lossy dielectric cylinders is examined numerically. The lossy dielectric
cylinder is considered as the human body and propagation loss is calculated by Method of Moments. At first, the pos-
sibility of approximation by cascade connection is investigated as a method of shortening computation time. Next, the
propagation loss when people exist between the transmitter and receiver are calculated numerically. As the results, the
propagation loss properties for the passerby density and distance are examined.

Keywords: Human body modeling, Propagation loss, Fixed terminal, Numerical techniques

1. 2apE 2. ERE
BT —BEEETIE, WA T ERRAED Y
2T OMMANEI LTV b, BRI EHHE evindrical wave "7 00 <::>
BIL ClEZ L oM s, Zo—FidEEfLsh ‘
TV D, —H HF R RSO B2 O EHE % my
BEICH LT OB CREAD R STV 2, BTFER b

BN%TIR, ZOHIv 5 ABASESE M OERE %

ERET 2 720, AN & 2 (ZHHR% OB A E B 4

Frhd, THED - I0BWT, BN T ClAk 1. 2 RICHEIF BRI L B EREIREGELE TV
HIE LT 2 5 8 MO BB L 525757 A - B 1ERT L5 M 2 Kol BB &
(N A EEERCE LM MBEETVIRESN D E AL Do 2 KRR . FRE . I
s B Flk e WA LT B COLE, BABIIEL
AiETld, B2 AEETIVE LT2 RCELFE FOMSERTE 2 5N 9,

IR Y EUF, 2 O3BRFEAMH:C & 5 BRI

WAL IZ D VW CRET 20 RMERICHT 2 W57 @@FFWWQfGGMNMﬂMV (1)
BREE— AL MEICE DEEMILL, B85 h7RAE "
FUCHT 74515 R % GMRES #: 9 12 & b #UEm I
< RERBMEA R VA, R O R
I AEORIIIS L TR 2%, £2T, 7, ftH )

RN & RS ikl LT A — FHERRIC & B @@hj%mmrufﬁ#@mQWMV+@m(m
DTN % T B o HlE 41T O (TR A % v
WTRZERMEESE SO ZNEHET 2 LR Q) FE- AL PEIZLYEEBALEAT) L RO
HERD, KIT, BEO NEIAEAET % BZERIC B IRERDHE 5N Yo

DAZHARLCE M D SRS & LT 325 BB AE AT H N ‘

BRI RN OTIRAS O (SR OB % 34 2 Cmbn =B,y m=12:N Q)
H B

CASHE ENr) 2Nz . BARNY 2 554l i 5 R
Jog@@)s 2 RTEDY 50 7) — > O G(r,v') A
T2 LRIk D,

2 ZT, REATHIOREUE

VERET THEHIAFRE 2 o
DT HE TR Con = Omn +/Z°[sr(n)— 1] f ”H(()z)(kop)dx dy (4




50 Hg oKy L7l ®E F42s
THY. E, BEV &) E n FHOLVIZBIT 5 KA | ——
BRELFEECTDH S, NITKRMEROBE., pldm - ]
FHOV EMSEE TOWBE. El 1T (Xn,ym) TD 08 A2 o ff
AHBERTH B, T—A Y MEICBWT, EBRBEKIZ é o6 -
IOV A ERH L, % Cp TOFES1E Richmond g
B X YR TRS Y, s o
02 ,/d'.'
3. BB EAE | =t
RECIT 5 BUEAHE D /85 2 — 5 & LT, H%HE 0 oo o
KR D AR B & ORI 6, = 50.0 = 2[S/m] Rafative powar(dz]
ELT02 % AHERTE B = Eoexp(—jkox)  @y=0[m
7 E = —JEHP (k| p—po /4 BV B, i e 24} _J
ST Ho2) W 0 KA 2 HN Y 7 VT H Do AGHE prilob i NN
DIRIEH Ey = 1.0[V/m] & LC. &% £ 13 3.35[GHz] oe Fokior M MNP
CREET B0 T2 MEOBERE W 1% 0.35[m] 22 éuﬁ ;ﬁ
Vo LB, ARTHCS TR T 53— FOZLYHER = 7
AEY % 7o, BRE L L THS T 2 A BSUR B s s
B —HLTWVDZ L RHERR L2, 02 7
31 HR— FEREC £ B o T -
40 20 0
Y Relative power[dB]
. e (b) ¥ =05 [m]
11© O &=, [
L 4{m] = mjirandom} !
. @ @ @
! Blrm] = Zimijirandom) PE
ly ' = !
Plane wave | 3% ¢
= i
£ nat j’
D2} F
42, 7 A — FEERROMHTE T VI ol
0 e
AR — FEHICE BEFMEE X, M2 ITRT & =T T o

I NTBAT N RE A U BEAGH I % fiE e L 72 € 7V
L TEBEEE4T) FETH AL, TRIZE Y, (EHEE
F AT 2 2 L OMREM O 2179 o KEiTIZA
Rk 2 FHigk e L, AT ABEY n=3/4[\/m?] & ¥
Bo ADICBHEIPIZ ly % ly=2[m] & & LInHcEisE 1x
% Ix=2[m], 4[m], 6[m] ¢ FEIX L T W<, F/2, Ao
LEE T 27 A02 100 BIZELSETWD,

BT o Y=0.0[m]. Y=0.5[m]. Y=0.95[m] D TD
MBI 2 BAE A & X 3 1R o (R
HEXIEIE L T LBITE O 3 M TORMERHER S
A TV B o F 72 SRR A TIEIREE D 70 Vs,
SN ANDORELS & ) SHEBGHICET 2 L) 108kE
LTWwa7ed, MEOEES LRV LEZLEEZ LN
bo Ty MEERIRE SNIHEBAMKRIZT ¥ ¥ LI2H

Relative power[d8]

() Y = 0.95 [m]
X 3. MxtAE BT 5 BEES A

B SEGEOPHNZEET L T 5 &, W
®IZHFTVEIIRONED» o7,

3.2 BEAEZ A LTEEL LGS DEIBRIFE
RIZ, BENE T ¥ A TERE LB E OEMEE
BHIZOWTIHRET 2, M4 IRTBIFETIVIZBW
TAHIEME R E L, BT AREE 7= 1/2[A/m?]
V2/3[AN/mP £ B, Fo, HEROPLY (X, Y,) =
(=1x/2-0.2,0), (=1x/2-0.2,0.5), (=Ix/2 - 0.2,0.95)[m]
D3I DDOHAIOVTHE TS, ADFAET 5 HiPHIE



B MBI AAHEAET B 56 OGRS

¥ Observation
Iy I b . Plane
c¥tindrical Human body 1
wave H :
i '
N : _
o : —

4. fEHTET IV

[x = 2[m]. 4[m]. 6[m]. 8[m]. 10[m]. Iy =2[m] ® 5 D
DHERTH 5, T2, KETOFATHEIZ 150 [ & L7,

5 KO 613, BT NEED, ENEh, n=1/2[
A/m?] B O 2/3[ N jm?] D4 O 2R R &
RLTW5, 5 %6 » 5 AT T 5 #iFl-
1[m]<y<l[m] TOEHRHPZILL . EMEHESES 2D
NEDE R BT ZEE NS KR oT
WBLZENWDNS,

3.3 ERSRIEEE M T B EMIEL

ARECIE, %2 RIS 2 ERERICO W T
BEtd 5. 5 RO 6 DFEREHNT, ADPEET 5
#HiPA-1[m]<y<1[m] CHEZEHEHFET L IFHE LD,
L AE W EEEE O T AR 2 Bl T 5, EREH
FEHEIT S 2 AEMIRIER O R Z R T~9 IR, ZNbH
DFEFR 5 32215 HBERE Z & DIRMEL (SRR PERE =
LT EHINLTWA I D00 d, $72, b
THEEIC X DB L 7R NE R D & | BT IR R (O
T AIEMHES I, Y, = 0[m] Tl = 1/2[A/m?] 134
1.46[dB]. n = 3/4[A/m?] 134 2.17[dB]. Y, = 0.5[m]
Tlid = 1/2[A/m?] 124 1.51[dB]. 5 = 3/4[ \/m?] &
#5 2.01[dB]. Y, = 0.95[m] Tix n = 1/2[A/m?] {3
1.08[dB]. n =3/4[A\/m?] 13#5 1.55[dB] & 7 > 7=,

4. FTEH

AFTIE BED MEVAFAET 5 22 B B {EHHE
KOS & LT, 7 A7 — FEERRIC X Bl ) gk
TR A AE MBS LB B OBIEA Y Dfn
PRI EOME 21T > 720 B AT — FERICL B3
PO FEEIZDOWTIX, EBITAKEZ n = 3/4[A\/m?]
L4 B HEAI A HEEERE L 720 0 & 3R S i
ERIZT VLN ERELZZETVOZENRENRD
BUNTE T O ZEEI) 2 B L7z, P
BRNOHREPOBERIMEETH Y, I A7 — FE#
WL BB EE R L7z, RIZ, S EE

DNHAEAET % #iPH T2 F MR S L 1P E L ) |
PG T HEHE O 2R ER R 2 A L7z 2 OFER,
ERBEAE A ILIE L T SRR L . #51E
MIBRHEE d (26 5 DIRMIES I loss(x) = ad + B[dB] 12
IVEMTELZERIR LT,

LSHOFEE LT, —BICHAZREREL 720 0
ERRR o (. (EEEEC BT ABE L EOMKE 2
bo FIT, Atk g oA L, EiHEK o LBT
NEEn OMBREWS 2T A2 &, $72, TR

OF —TT ]
\"\"\_ : Vi
" 1.\_\ A
—_— — W “N, . d
J g P
= -5 ' S
= i, - f
(1] LR [
* J
u
= -0k i o
= 3 —— Ym] = 2|r"|:
=2 i) = ]
= ]
L i ] Ejm]= 2my
15 ! L 8] = Hmp
10{m] = 2{m]
R T S
¥[m]
(@) Yo = O[m]
Ui T T R
'- H:'."""\-"\.:-\ E rI?'Ir.'II .”\j“-. ]
= - Mo, N :- H vi'h!ﬂ: ¢ I
=T N I
w t ™ el m
= ' L
] l Yy
]
e 1
i -10F
s | ; ]
g § —— 2] = 2]
= . Al 2my
Wil Brn] = e
H ; Bl > 2]
| : 10{m] = 2jm
. z 4
¥ [m]
(b) Y, = 0.5[m]
ol T T T e
| LA
o I ™y E :
= N ey h’r‘
g e\
o "‘\1__ Wi
w W 1
t | Ty |
oo Iy P ] m
= | i 24mi |
h-10x .
= | &) 2jm |
=1
o~ | Bjm] = &m)
| 10{my] = Hmd
11 T U R S P
-1 =2 [] 2 4

¥im]

(¢) Y, = 0.95[m]
5. n=1/2[\/m*] DG OFEHZEE



52 oK LR B B42E
o : T T 25
B : 1 o —=N=1/2[A /]
_ .-..___k_\_?'}\ i Er,-'ﬁ-"" Ly "
E ) W P ] /’“ﬁ' n=3/4[A/ni]
o ™ i i } & 15
=, N, b L N, #
o =10 : Vel 1 i — ERER (=1/2[A/ni])
& R H 98] 10
- : ot
_;:__: : : SEAUEAR(M=3/4[A /i)
g ; ¢ —agm < 24 ’
= i ¥ ] ¢ 2o
—20r D b 2] o
ad Wi i 2 ¢ BRI (] "
oo b A0l )
~ -2 D 2 4 (@) Y. = 0[m]
Y[mi 25
20 e =1 /2 A /1]
gﬁz_é N=3/4[A/mi]
# 15
OF™ : ; [dﬁil =L RN /200 i)
H 10 z SR N-3 /400 )
) : 5
:E. -
iJ:J E ] 0
.."-L-Hn . % .. s 0 5 10 15
w -1 L TLbl W ] B EMTERE (m)
+ e |
i : ]
=) : : ] (b) Y, = 0.5[m]
; § —— 24 2 25
= i . ] M1 20
S 0 T dmean - |
-,..],,.__ . E ] 2{m] @ . N-3/4[A/ni]
L 10 #{emi] E —SEBE S /200 /)
L L i i I i i i i d
- -2 0 2 4 e 10 AT LUE $RM=3 /400 /i)
Y(m] 5
(b) Y. = 0.5[m] 0
0 5 10 15
0f R i 2 BIERISERE (m]
g | (c) Y, = 0.95[m]
g | 7. AT NEEE & AL S R 72856 O 25525 R A
3o 3 2 Z R
& |
B N ] T 2) KM, I BN - BB B B RS
8 tim< 2} EFNVORE (ZD 1), F¥5EE, AP2006-55,
[ A S e e 2006.
. R 3) KH, BEH BN - BB TICBIT52E LN
¥[m] IVEEIRRE”, B5ERE, AP2006-54, 2006.
4) T. Fujii and Y. Ohta . “Dynamic Channel Modeling
(©) Ye = 0.95[m] for StaticMobile Terminals in Indoor NLOS Envi
_ or StaticMobile Terminals in Indoor nvi-
6. 1 =3/4[\/m?] DEOFIHN ZEET)
ronments”, Proc. of IEEE 2007V TC fall,2007.
5) KH, B AR X 2 BEOERIFEICET 2
TP LFHHREENOMEERCT L2, & SEBROBF, (EHE, AP2008-159, 200,
0 B iﬁ?ﬁ T T H BEENAFAET B & OIRR L 6) WEEF, BE  “RAEEEORI, HIAENE, 1996.
EOWTHGERT 5 2 &2 ENBITFH 1L b, 7) R.F.Harrington : “Field Computation by Moment
Methods”, IEEE PRESS, 1968
S £k 8) A.Ishimaru: “Electromagnetic Wave Propagation,
Radiation, and Scattering”, Prentice Hall, 1991.
1) BUR, Al <P EAREEDELE 2B 2 (a0 FE B 9) C. C. Johnson and A. W. Guy : “Nonionizing elec-

HFZE>, BIF SR, vol. 19, no. 19, pp. 1705-1764,
1967.

tromagnetic wave effects in biological materials and
systems”, Proc. IEEE, vol.60, pp.692-718, 1972.



	工学部紀要2013.pdf



