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Study on Electromagnetic and Thermal Computational Techniques for Humans

MRARE
TH RE ROGEIXXZE
Akimasa Hirata Nagoya Institute of Technology

TFREAM Rk 20 FE)E ~ PRk 22 4

Bm=

BIEOBRE#EN A RT A4 2Tk, BARNENLZEMOREL LTHNWLRTWD R, BEOAEE~OXENFEILE
TIPS (RNIERE LR TH D, BHETA N7 A ORFEARIOE R 2H(EARD LN TWEE B, £, &
HOERFHDO LA, FBEBELIZHIET 2720120, MROBVERZZE TE | Mo moEeeIc B I WIUIFE S IRE
F- &2 TS 2 AT FIEOBR N EE Th o 72, RFERIE CIlL, MOMRAEET M L b AR ERS - 2URRAE
WMrETAVERR L, TOMITHFEZANTHELNCMRIZL Y, GHz #1282 ERETA 74V ~OEEREIT-
72

Abstract

Much attention has been paid to further clarification of scientific rationale of international guidelines. The dominant
factor inducing biological effect due to radio-waves is the temperature elevation while power absorption is used as a
metric in the international guidelines. In this study, an electromagnetic-thermal computational technique was
developed for high-resolution anatomically-based human models. The feature of this technique is that it can take
into account the thermoregulatory response of the human. Dosimetry has been conducted for different exposure

scenarios to correlate power absorption and temperature elevation.

1. FAMNE

MEAREE O R RIZHEVEENIRAS Ao b
LI oTo—0 | FDER~OEEBIZBLATER LT
%, D= FEHLREHE OBGHE L OEMAICEE LTI,
BB ORI EE EEFM L, ZaMEORILZ BfIC T
LZENEEND, ZITC, EBRERETA KT
BTl ZRMEORBEL L THMBERH - OWINE S
ETHD SAR (HERINE) KAWL TS, BHR
IR D R 2R BT R NIRE LR (BVER) TS b
DTHDHEINTND,

B BHEFE $ O R AR O 22 D HREN RO H LT
WoHEH, MEOBABEEZER T, homofREEICER
AR O IRE B R 2Rl R RE /e T VAT H 2 &
MEBF &5, RUFFERS Tk, ARICxHT 2 BRI - 24
IRAFRT PIEARE L, T aMMEICEA T 2 itk
O, ERESA RTA VRECHERARMAESE25 L
YEHME Lz,

2. IRNBERVER
2. 1. HERBFOEHELL. B&Et

B RN F 15 & L C. Finite-Difference Time-
Domain(FDTD)iE# AV %, 7", FDTD JEIC LV ES
NI T35 % R D D, 15 5 AT RN E ) & FEER &
U, RISk 2 8uEE F A RS 2 &2k, RRE
JEDORFREALEFRNT LTz, 7ok, ARSI 2 Bt ¢
MEMEER N EE R EE A2 R, dEERELANTB T,
ERICEBT DEVRERIN - S D X O ICmiRiRE 2K
DLFEEREL, TORNMEEHER L TWD, £z, 3
EREFLRlICBNT, N OEFIZELET B HEEE
RLTWD, L TORHHICIE, AR TR L FikE
ATl onizfRrchs,

2. 2. REICBTAmFEDEIE
OMEGAWAVE #: 0 L — % — i % 21 (FLO-C1 TWIN

3 3
S D
S o

5000
4000

3000 I/
2000

1000

(=]

Blood perfusion rate [W/(m3-°C)]

(=]
—_
()
w
N

Depth [mm]

1. NEBEERIC IS D Mt ‘O E L
C1A303-C1A304) % AV, AKRBEE O M= 4 WE LT,
Z 2T HIESMIZZ OBy & Ui, THUTREITICE
W BRI L ABEE O RATIE BT 52 L.
F 72 EENEFEY TR O oY 2 EEILUC A S &
LI EMARETH DD TH D, BERGIL., MAFED
RIT 47 (22—2475%) 12 A& LT, Fi-, WEDOE
BEIX, RERENSEE lmm, 2mm. 3mm O 3 DDIE
ECHIEZITo 7o, BIERFIZSEEIC>E 5 M & L,
HIERERN R LLE L2 1 DMOEEERTEY LZH 0
. gEEREOMmE L Lz,

1 EIE OWRE Z &I R E SR O I % MU A TR
L, =7 —N—TxKE. Z/Miz. Lo#HE (Mclntosh
and Anderson, 2010) 278 X7z MFEEE DIE % SR T
FLTCWD, 22T, LIS X 2 MiREHRDOEIZEE (2
& 1.5mm) T 3687[W/m3-°Cl, fgif (E& 1.5mm) T
1626[W/m3-°C] T %, SCHkE & JIE T X 2 11 2 bl
T 5L EBEICBT A MRERIIEERBREDE L 2o 7
DI L, BRI CIE 2 R LN A U, -, BIERE
FE 1mm (2B VT, HEEEIE L W £50% D ENH B
AR E. HAEBICLEVIESDERNHAZ ERbhoT,

B W B 17 S E 15 B SR B R HEE T (SCOPE)
% 7 BT RS (CFR 23 4F)



Blood perfusion rate : —4— Literature —— MaX —— Min

10
8
S ¢ —
o 4
2 2
[}
S0
< .
A
-4
N /"\/_ At
-8
-10

(=]

1 2 3 4 5 6 7 8 9
Frequency [GHz]

2 MEERIZ L DHRKIEE LRS-

10 11 12 13

2. 3. IFEDIELDEICXIEKEELRED
=R

AARHT TiE, RS E LT, NKEEER 2 Kl L - £ /8
HEAFEETVERWZ, 2, ST AR TEARL, o
MBICLDEBOLEFZRTDZOTH D, TT/VLOHE
IX. #€200mm, A 200mm, EX 70mm & L, EER LY
J2 & (1.5mm). RS (1.5mm). A A (2.5mm)., FEEE
(4.5mm), #HFE(1.0mm), MEBEE(Q.0mm), i (FEH o
EAy) R END, T U T IEE T AVERREND 25mm
HEN LB ICECE U, fRNT 24T O R EEPHIL 1GHz 2>
512GHz £ TL L7, 22T, 7o 5o SIIEER
ToBWThkBLERERERD LT LE, £, TV
T T OHABEFN AW & 725 X 5 IHAL 21T - 72, ik
BORXLOXIC L DIEENEE LR OB B L2 EET A7
& | MR E LN E M O FI59ME % T RO KIBE B 5-
EEEE (0%) & LT, ZOMoOmESREAWiiGa
LOERE RO, EEREN 2ITRT, KLY, EZEANE
K& 72DDI1E, 2GHz 123V T i E 22 SCHkiE 2 v 7=
D +9%, 1GHz IZB W Tt @iz i RKiE & AV 7o
8% ThHole, TOIZ kb, MEEITIEDNIRE L2
B2 HXRHERO—>2L LTETFNTWD HEDD,
P ML E S A e L LA I ER O AZEIC &
BIELOE T EI0%LUNTH D Z L Bhbh oz,

2. 4. 3—10GHZ IZBITHHER ALY

SRR AMAEEERE T LD 12mm O & I A I EERIEE
TUTFEEERE LA ARV T T T EEE L, 2D
W BIRBLCHK LT, FDTD IS & 0 AENICRIE

ENETHD SAR BXOERE EH 2T L=, —fFl&
L C. 3GHz THT L= %X 31~ d, KLY, MiE D
BRITHIE Cld e\, Zhud, IR S =B AL, AR
BTSN D= Th D,

WRICANRE HIL, X VIR 2BV T SAR # (TR
HEICD Y M Uil &R E EH oL L WFEES
MBEBND T EEREL TS, OB T 2 BB
JEWEE A AT AT LU OMNiRfREk a ZHIZEL LT
Anszed5, 2ED, SAR MRE LHZTHEIT 2
BWEETH D7 5 1F, MEFEERET L DK BB T,
KD TRTBMRDAL Y St Th B,

AT =a-SAR,,, M)
B OBRERS FEARBIC L) R 2L £/, K 3(a)
L0 bonsXoic, 7T I BB AE TR E
RO T/NEWNZ LD SAR O KMEIZ LT SAR 28
1/100 AN D& /WK LT, F/h Z3RIEIC L0 SFEENR
FRETLATISARave 33 L R ERREL 2 R D72, 2 DFER. 6GHz

() (b)
K 8 3GHz # A R—1A7 o FFHI12 L % @)SAR H5FF
B L OO)EE FF45T

F ORI TR, ELEE% 8-30g & 4L,
SEEIMEAREI TR W ENTIT L A B LW L b
ofe, —F, EREBMLERICH LT, WERIL 3GHz
FCTORBEETIT 0.9 UL LD TR 2MENEIHE S
NnNab00, 3GHz LA ETidthxiz/h&< 720, 6GHz T
1£0.7 &7xo7z, T, FEEMEERE (10g. —iZ 2.2cm
DOSLHFRIZHY) [ BEORSBREIDNS LR BT
O, HEMETT2HDEE 25,

3. LIV

AWFZE Tl B IRRER AMET T TR L TR 22 BRE
B BURAART FIE AR L, OB EHR L, £
7oy BB LT FIE R VT, RO A R 2 EM L.,
IZ 1-6GHz 2B\ CTHEFEO LA MFTHiiFsE oA FvE & 1R
FUZOWTH B NS LTz, B DA 7oft S, R R b
(WHO)C £ A CEICHIHEN 2 Y, BOPEICET 2E
WSS O EICH ST 5 2 LRI SN,

(SMEREEREY X ]

[1] IEEE International =~ Commission  on
Electromagnetic Safety. Silver Spring (USA). 2010
#1H15—16 A

[2] IEEE International =~ Commission  on
Electromagnetic Safety, Seoul (Korea). 2010 4= 6 A
11—12 H
[BELERERUR ]

[1] A. Hirata and O. Fujiwara, “Modeling core
temperature variation in the bioheat equation and its
application to temperature analysis due to RF
exposure,” Physics 1n Medicine and Biology,
pp.N186-196 (2009 £ 5 H)

[2] A. Hirata, H. Sugiyama, and O. Fujiwara,
“Estimation of core temperature elevation in humans
and animals for whole-body averaged SAR,” Progress
in Flectromagnetic Research, vol.99, pp.221-237,
(2009 # 12 H)

[3] A. Hirata and O. Fujiwara, “Correlation between
mass-averaged SAR and temperature elevation in
human head model exposed to RF near-fields from 1
to 6 GHz,” Physics in Medicine and Biology, vol.54,
pp.7227-7238 (2009 4 12 H)

[ZEYRF]

(R E, SFRRIE, GRS RERERZHIFE (F
JERRFY) . “HERITT O HME R oA b U B & AR A
PERHMOMFZE”, 2011454 A 11 A

WSO TS DT JE B RIS (SCOPE)
5 TERERERS (TR 23 )



