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A Study on Input Characteristics of Human Body Communication Devices and Human Exposure

Using Realistic Human Model
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Abstract: Human body communication is expected as a new transmission method for body area network (BAN). Input
impedance characteristics of transmitter have been investigated through a three-dimensional electromagnetic field
simulation for improving transmission characteristics between devices by impedance matching. However, detailed human
body model is not considered in simulations. In this report, it was found that the detailed human model and the
homogenous cylinder model showed different input impedance characteristics. Moreover, applying the voltage required for
the communication between the electrodes, the SAR on the body surface and inside the body were less than the safety

standards.
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Fig. 1 Human body communication system
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Fig. 2 An analysis model of human body communication system
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Fig. 3 Structure of transmitter and receiver

Table 1 Electrical properties of biological tissues

Tissue name Conductivity [S/m] Relative permittivity
Skin (dry) 1.1 360
Skin (normal)  0.37 220
Skin (wet) 0.28 290
Fat 0.029 14
Muscle 0.62 170
Blood 1.1 280
Tendon 0.41 100
Cortical bone  0.043 37
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Table 2 Input impedance in each simulation models
Simulation model Re(Zin) [Q2]  Im(Ziy) [Q]
Detailed human arm model 179 -86.4
Detailed human arm model
(muscle homogenous) 454 -5.88
Muscle homogenous 50.1 -6.60

cylinder model
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Table 3 Input impedance in each skin conditions

Skin condition Re(Zin) [Q]  Im(Ziy) [Q]

Dry 180 -127

Normal 179 -86.4

Wet 165 -51.8
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Fig. 4 Electric field distributions around and inside the human
arm with wrist-watch sized wearable transmitter and
mobile sized receiver
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Fig. 5 SAR inside the human arm with wrist-watch sized
wearable transmitter and mobile sized receiver

7. FEH

ARIFIE TR T T V&2 W2 BRI ARATIZ L 0,
NEBEREBDOANA v E—F o 2 E2BEH L. =
NETICHRH SN TELHEMREET L E ORBOREE,
Bl ctipk s A W EMEE TV & EEMbESET LT
ITEBHROA TN KRES B ERbhotz. £,
G DOKPIRREIIATIA v E—F  ZAERITIRZEAEF
BhEH 2N EPHERENT. &5, HEHMEERO
BRI K DAEERA~OBIYERN, HA KT A4 OFIRIELL
TTHDHIEEMRLE. LEOHBRFTL Y, sFMiilts
AT X D ERE RN O BB LW, AREAF O£ IR T
DEAEMENRH LMo T2,

01-1-3

M)

@)

®)

(4)

(®)

(6)
™

(®)

9)

(10)

(11)

SE XM
Huan-Bang Li, Kenichi Takizawa, Ryuji Kohno :
“Trends and Standardization of Body Area Network”,
Proceeding of the 1st European Wireless Technology
Conference, 2008.
T. G. Zimmerman:
(PAN):Near-  Field Intra-Body Communication”,
M.S.thesis, MIT Media Laboratory, 1995.
BRI, /DNRIESE, BATE, &R, SR, &
WEL, WA, xR, o NAVRTTHY =T
SNk T amy FOBREME, (7R
A hu=27 X, Vol. 47, No. 3, pp.12-19, 2003.
FAA KRR, (WARMEZ, BiHiiEed, #mgk—: “»q
=X ARG B E LI NEREE BRSO
BEt” , EEAMTREREAL LY RFREG RS
20107 3C4E, pp.412-415, 2010.
e VB ST, A B, R, SRR, xR,
PRIREE, MRAETE, il “AERAERER & L7z ERim
BT NAZADORFR” , v~ 7 mAH vrn=7 X ol
46, No. 2, pp.53-64, 2002
International Telecommunication
(http://www.itu.int/en/pages/default.aspx)
P —, gk, KM, ERBOR, SR
N, ZREL, EREE, BEE “HARABEAE
T VERGE & EE T — 2 FIFHABR O, 155
#, EMCJ2004-53, pp.29-35, 2004.
International Federation of Automatic Control (IFAC)
website (http://niremf.ifac.cnr.it/tissprop/)
FAAKEE, (WM, @R, gk —: “AK
G KO EmEEICET 2R, BHAR AEM
2458, Vol.19, No.2, pp.354-359, 2011
A B —T7 = —AEAE FH8E, CQHRtL, pp.60-
63, ISSN 0387-9569, August 2001.
KT A4 B I BG #E F & (http://lwww.tele.soumu.go.jp/)

“Personal Area Networks

Union



