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Development of human body phantoms for electromagnetic wave
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The performances of antennas for mobile communications, which are used in
vicinity of the human body, have been evaluated employing tissue equivalent phantoms. In these cases,
“ uniform” tissue equivalent phantoms are mainly employed. However, the uniform phantom is not suitable
to evaluate performances of the antenna, which are used inside the human body such as capsular endoscope.
Therefore, in this study, a realistic abdomen phantom has been developed. This phantom consists of
muscle, lung, heart, liver, stomach, large intestine, and small intestine. In addition, as an example,
the antenna for wireless power transmission of capsular endoscope has been developed. Moreover,
performances of developed antenna have been investigated by the phantom. From the results, good
agreements between calculation and measurement are observed. So, it is considered that the developed
phantom is effective for performance evaluation of the antennas, which are used in and around the human
body.



B X C—19, F—19. Z2—19 (GtH)

1. WFZEBA S FI D =

AR, NMEDUTEEICB W T, #EEEELS:
WS BRIR OREBIENRY Do b, TD—
ONWA T BALNEETH D, ik, BEfFD
Whwp s TNHEERA) &Ry, gEROX
I I /N S e NREE & R AGA T 721 TR N
T22% &0V IEFICHEIN 2T ch 5 7=
O, HEEZEDTWSE, ZOLE 2 cm i
D/NZTNHBEONTRITIL, T bEhH
WINE R T o T RIS LTEY, (KNT
SR SNTFEBIZI 0T 7 I XY A
DBWHEEE~EEEIND,

DA TENVNBEENBER 2 TV 5 R
L LT, EENICLDMERERR L VD b
OBRHD, BAEFHINTHDE 7B ALAR
1L, WEROEMOALEZENFRE L TWAHT
O, KNTHREEIT ORI, O/ 72

TG R U IRA H, £ 2T,

HR/ANRDOEBETRHRDO N EBRIRIEEAT
I 72DITE, BESE O EBMNEARFKR &
2%, AT EANBEED XS5, AMEREH
LIBEMTONDSE, NMEDOREBZLLT
YT RO E D dEME OEEBNIEE I
REWED, ENLEEZOT T T ORGE
MREEBETHD, LNL2BRL, BEFA
SNTWLH T EANABREDOT 7%, &
HE72 NARKEIE O %8 % AV ICREm 9 5 F
ERMENL SN TR W), TR HEEE L
TeRRGEE DT O TR,

—J7, BTCIE, TESEIMREEN) %
JGHAL, I(KNO I 7LV NRE~DT A ¥ L
A2 X DB HOMIEB STV D, BT
T NEEE~OERIZ X 5 E T O
TlE, T E TAEZESL KRS (Kenji Shiba, et
al.,“Energy Transmission Transformer for a
Wireless Capsule Endoscope: Analysis of
Specific Absorption Rate and Current Density in
Biological Tissue,” IEEE Trans. Biomed. Eng.,
vol.55, no.7, pp.1864-1871, July 2008.) 7 £'iZ &
DHFZER TR TVW D, £DE LT,
MEHE ST PHVWLRTWD, B
WG TIE, 77BN X OMESMNT 2 B
DaAVEREL, FEEIZ L TREE kHz
DEREENICHFRIEDLZ LT, 7777
— ORI X T VNS~ BN &
EDHZENTED, LLRRDL, BIFED L
25, AT BN~ ERE )G 115

HAbIZE > T, FORKO—oE LT,

NE~DZEFAM A+ ST RN &
WH ZERFETOND, ERFEICLDHES
B TIE, RIS SR X D%
YERB L OREOBNRH D72, AME~D
TR BT BT O DRKEEE AT 5 BN
H5,

51T, WEOBIC, NHREENS S S
5 BB X DB OVWTHRE LT
N bvn, 22T, MO0
FBEL L CREE CIIHIBRENED 5T
BY, EMFHEICLDENAGEO X D el
kHz D354 TIXAN OB E[A/MA 25

biv, @fE O X 912 UHF % (300 ~
3000MHz) 2l & 2 35 A 1T I E
SAR(Specific  Absorption Rate[W/kg]) 7% H \»
LD,

D EEENICTHET 572 I12iE, FEEE
WCAREFRAT A LT TERnizd, 77
v b @EEAR) BIESHWSLRATWDS,
T 7 b I IR O Wy BRI R A
LR TH Y, BT D ROMEREEICS
DETINETIE, EREHT 7 v F A0
HFHH 7 7 PABREINTWS, Ll
NG, BEFEO7 7 o b A, 2ER%E LW
BREHELOHE 77 FATH DD,
AN Z BEICHB L7 7 > N W3TF
FEL7R\, EERERE L ITRR Y, W FE'AN
FREED X 9 I NIRRT ORGSR X 7 8
Z MIE TR OFHIC B W T, ko7
WEZ7 7 FAEAWALET T+ &%
SR, I T, AKWFZEE, 7AW
BEBIOAKEDOHMAEZEIZR TS, LVit
W72 EBRAIEHI D 7= D12, FEEED AR DR
WEEZ T ICHEBE LA EM T 7> b o
(VTN T77r hb) #BETHEEZEHW
£ 5,

2. WHEOHEM
AWFGETlE, FEEEDO N OEREE -+
OB LA RS MER T 7 > b & (B
ERELVAER) OB EENET 5, HEHEE
SEITANTE S LD HEH IR D IR R 70 1T
PRV, IERRUER & AR B BRI OV
T, 772 baZRAWTEEE L ORI &
NTE7z, LMLRS, BMEDOT7 7 A
L, 2RPELWERERE LOWE T 7
KA THDIZD, NMROSMMES BEICHR
SINTT7 7y AFFELRY, BT, 4
BETETHRENBFEIND I TS EALNM
BD LI, NMREHOREENZ ORFEICK
TR KT TSR OFHMmIC I VW TIE, 2
DEIRYET7 7 FAEFANS T T
T4 EIEE R RV, FIT, AFETIE, E
BED MR i % £ AR N E R 2 85
WCHESR L7 7 NARBIR L, BIAEFIA
L 7= 25 O EBRIIGHI I Z 38 1T 2 Fi iz 72 ik
o [ RYAG R

3. Mo Hik

AL CTIELL F O FINECTHEEZIT > 1=,
(1) AR O [F &

7 7 v b AR E R AR NI S
LAEMHBORIEEITH>, 2T, £7, K
1R T AR O Z A A B I EE R I 8
L 72 @ MEUE AR E T v (R IED,
“HARNBRNS I OYL R 26T 5255
' VORISR, AMRE T, vol.40, nod,
pp.45-52, Dec.2002.) %W\ T, AKNERT
DT T SRR X OVERGEIC L D AR
ik~ D R B 2 FEA R 5, 2 H D
FERND, HEREOFMHICKE 2 Er b
z DAk A 10 FERREICIRET 5,



X1 ERmEENEET v

(2 #HAERMEMEEREHDZELWT 7 b
INGYER S

IIECEFEEOMEL LV, AEEEROTE
BRBLIOEBERIIZIEE LVWEEZ L4
RS EAER. 7 7 > P AR L TX -,
FIT, TNETIE-7-7 7 hAERLT 0
T AEKIZ, (1)THE L7z 10 FEEERE DL
AR Z R L7 7 AR T 5,
72, MNMEFEEEIC L BEKEENET D
72, AN TRINDEEEKICE LT 7
v NAERFET D,

() HEBH 7 7> b ADBA%

%I, QTR LESHE#D 7 7 b A
ZHV, EZBRICARETVEMANLTH &
T, JAREREE LU T L7 7 b A ETEK
EHDH, TOEDIT, FREZIT- IS/
W7 L, AMEOEMRE L WVEE L7 7 >
NAEEDVERNSH D, B, 77 A
PERT 57200 B 2% 5, K21
AT X, FHkoT—%mn5, 3D 7
VEERWTEMBORI ZERT D, £,
B LIV TV T 7 b AOFAMNEZRIE
T HTOIT, (L) THAT LA I 2
—va rORER LT 5,

S0 AR

ZHEBOT i AR BUT R iR

X2 U777 b AEROTFIE

4. WFIEE

(1) et oigeE

RN 2 & To iR R 2 A B U 72 AR (R S5l
77 N AEERTZICHZY, 2ETOAMNE
FRE AT D Z S LV, 22T, 1R
T NEHREORE E, B NET T L% F
AL TRE L7, BdEANEET VICIE, BAR
N RN B A 51 FRHH O B AUE S TR
U 7= E A HEEE AR 7 L o il i & 55 &
BRWZIRE 2RI Uiz, K% 5 5 mm OAL
EBICENEEHRT T T2 BE L AL

FNT T FERREE S VT Lz, BET
YT RTFOETIZ, 7T MBS 34
mm & 72 5/NBRICE LN R E L,
FORY EEX 3 mm OREETE ST, ik
ANEETVOBREREELSHETREDO
BT v T T ORMEEB L OEZET v 7
T OFEERE A FHE LT,

BR B ORE R A X 31 2R, 51 FEEEOM
Wk a b OBIE AT T L OFER R LA,
/NG E K ORI O Bl AR E 7 v O FH RS
BN LIS e otz, /MEOBESERIL,
WOBRE L EZNKREL, 7AW
CEHELTCNDTD, ZET T T OREMER
BICRE<SBEL-EEZLND, F2, B
PiOBREEL, HRNOBRERE ENKE
<, BEICHHALTWD OB RO

B LIEEZOND, LEXY, hTE
JVINTREE D/ NBICALIE T 5356 TlE, TR,
/NGRS X OWBHA OFGRDFRIC BN K E L,
BT 20BN H D EEZD,

0
5l —
_ -== fHA
2-10 = - A - DS
= fP - g - Bl
@15
\%'Z“ - 9( i \‘“h.
; ,"4 -~
LS
o ~
25 // -
r’:/ \\?""::-'.:
_30 L 1 L
350 400 433450 500 550
JRBEH [MHz]

X 3 Ak & FHiEiRE

(2 W&~ 7 > b AOfER

BT VNEENIERICH D551,
A - BB X OIEI 2T A2 ERH B &
T, BAE, I RIAVNEEEII RIS
B2 EOMILE~DISHAbAFZEE N TV 5,
LMo T, KIBEH BT 20 ERH D
LEZ F, BOISEANREICESD
DA, IR, D7 & 0K E ik
BHRENDDL EEZOND, T T, AHF
JECIE, BT HMEkE A &R IR
ET D, BT s, N, KB, H,
g, M, BXOWETH S, I blEasD
T7 v N AEERTDHZOICE, 772 A
O ZVERS B VENH D HE DD, EEEO A
KAERY LB bigss 2 8e Ll %
ERG 5 Z L3 L, 22C, RSN T
WD NRE & 2 FI) L Cliggs 7 7 > b
LR ENERT 5D, £F, BEA L7y
3D AX ¥y T EHHNTEET— /b L7,
WIZAX ¥ LTELNTZEET — % %2R
£L, oM T -2 2ERLZ, ZL T,
3D 7V v 2 AFIH L Chgs 0 2 /EfL L 7=,
AT, B O & LCTRIKA
BRI 2 —PRRE LTS [EHEKey
WNigk bV — TAT7 4 A > b EX] =R
L7z, IRE 3 EMERIRE LT a T, E



BRICT7 7 P AERAER LTINS 7 7
Y RAERYH LT T 570, BT
WZaEI LTz, A I/ERL7Zige~ 7 o~ b A
ORI D—ERT, KiGE, HENFEDT 7
UV NAERERT D ENEE LoD, H
OS2 &Lz, bR TE L
FoTNDIEND, EHKROPIZZERN% %
THZ LTRSS LT Le, £, MR
O, WEICAIEE TER L7zl A B2
T NVETTIC LR EZRIH L,

i L
(@) TER LTI 7 > R A0 CE5)

(b) ERIL7=H 77 b (5)
B4 ERE U7z 7 7 > b Aol
() 77 ¥ M ALY EDIERK

MR SIEZ R T A I2HT-0, XR—R L
LHIHWEM T 7 N ARKETH D, fhiR%E
fi7 7 v b AD L IR TGS THER &
NTWBER, (BRI DK T 7> b AFFER
WCRELESbH D20, HIYBRAESZ
DITHEATHFEO L L0 b 2RO EHT
T ERROENEGEEHL Lz, £, #Hizic
Kig, BB LB DS~ 7> hAD Ly
EEBE L, (B LR 7 7> FADK
BINMOERT NI DB AR L CE
L7,

B 5 IC/ER L 7= &K ligis 7 7 o~ b A ERT,
VERIL7=7 7> P AOZY A EET 7=
DIz, BREHOWEZIT-7=, WEIT 10
rETCATY, ZOYEBEEEREME LT 5,
FTEORAEKICB T HFEREEERD
fEiX, ColEss~ 7> bab BIEE & EE
10 %UNTHY, LT 7o F AITEY
ThdEHW LT,

(@) FFl&~ 7> b &

by 77> b A

(c) DM~ 7> b A&

(d) fi7 7> ~&
X5 {ER L7-lkas 7 7 » K A

(4) EEMEERAARZ 7 > B A

ER LR T 7> hAB L OB~ »
VR AEFALTEN SR LR 7
v M AOEREITo T2, (ERTIEZ X 6 (27
T £, TOERLEZ/NET 7 oAb X
OKRG7 7> baZRREKRZ 7> h ADRZ



Bl L, wio, KRIGEeEc2E>ETHRunT »
¥ NAEIKRT 7o N AORNZHE LiAte,
W77 hANbAIEERE-721%, Tk
WCHZ7 7 ALY 7o b A% RE, B
E, N7 7> b ok, g7 7o ~oaaE
I ETHLIAT, FIATY 7> b AR S DFEE
EEo%, FoOLIIHZ 7y Mo &L
7 v b AERE, KEIC, HRTZ 7 NAaE
MR LiAA, EENEaIRAEZ 7 o b A
AR U7z, X7 IR L 72 Sl ik~
7 NAERT,

MR

(b)y M7 7> b RIBT 72 b ADBLE
6 HA IR 7 > b A ERRIE

e

B 7 ER L 7oAl iis— 7 > b A
(5) FRREDOHE

YER L 7= A gEs ik 7 7> > s LD
MPEHERT DD, BRELEZET VT
BIOYEREFAR—ALT o FFE2HNT,
BREBOWNE T 1o FAR—=LT T

Tk, BHEERT T T2 BELT, KE
25 15 mm ONLEIZELE Lz, *y T —7
TFIAFERNT, FA KT T F o
R T ISR E L 72358 OB mR O HE
EiTo7, K 8 ICHHEMER L O A RT,
AR OME L MEME MR —F L
Zenn, fERLUERET 72 b AIIERY T
brtEZLND,

350 400 450 500 550
JE % [MHZ]

X8 F-FifER & EBRE R il

T, HAOHRTEE L7 7 b2axH
W=5E L0 b ARN 2 BOREHE O figias TR
L7277 baZEAWEESEOTN, EiEfk
HPNENZ ENGghoT-, ZhiE, —EED
ERERTHRE L72GE L0 L EFEEOE
KEE TR LT2 BB 0N, Bx IR
BHWEORKFNEZVEELZZDTHD
EEZOLND, LEDORERMNS, Zlgas~ 7
¥ b AT 2 M EER R S T,

5. EIpFEEGmLE
(WFFEREA . IHIE5 5 M ORI IE4 12
=S

CdesEam ) (Gt 4 1)

Oz Lhikd, & KRS, MEE—, s
W, OHERA —, “AREAM 7 7 b ADIR AL
MANEBERT T FDANNAE—H AT
5.2 25 BRI, - HR(E im0
e A, vol.J97-B, no.7, pp.574-577, July 2014.
@Shogo  TSUZAKI, Kazuyuki  SAITO,
Masaharu = TAKAHASHI, and Koichi ITO,
“Development of antenna for wireless power
transmission to capsular endoscope,” IEICE
Communications Express, ##if, vol.3, No.4
pp.138-143, Apr. 2014.

(®Ryotaro SUGA, Mizuki INOUE, KazuyukKi
SAITO, Masaharu TAKAHASHI and Koichi ITO,
"Development of multi-layered biological
tissue-equivalent phantom for HF band,” IEICE
Communications Express, # i, vol.2, no.12
pp.507-511, Dec. 2013.

@E BKRR, Hz bLEnfd, BiE—=, Eiffs
W, Oty —, “HF B AEREMT 7 oo
B %" &I s R A SRS, A
£ ,vol.J96-B, no.9, pp.964-970, Sep. 2013.
(3R] (B 20 1)

ORI R, ik —=, JHUER—, V7L
P8~ D 0 7 ) (AR R A oD 72 00 D AR




ﬁ77/hA"2m5$@%rﬁ I
A Kax, p.590, &, Mar. 2015.
@Dalsuke TAKEI, Kazuyuki SAITO, and Koichi
ITO, "Small Antenna Stowed in Capsular
Endoscope for Wireless Power Transmission,"”
2015 International Workshop on Antenna
Technology (iWAT2015), pp.355-356, Soul,
Korea, Mar. 2015.
(®Kaoichi ITO, Daisuke TAKEI, and Kazuyuki

b AOBKELIE,” AANA X=F—3
T 52 30 (AR 4y, p.168, 143/, Aug. 2013.
OHz LEifd, HigE—=, & RS, S0
B, @%A*‘HFW F5\F % AR R A TR

77k A®%%”H$A4ﬂ~#~:7
P 30 K4y, p.194, #HZ4%)1l, Aug. 2013.

.MIZUkI INOUE, Ryotaro SUGA, Kazuyuki
SAITO, Masaharu TAKAHASHI, and Koichi
ITO, “Development of biological

SAITO, "Microwave Antennas for Wireless
Power Transmission to Capsular Endoscope,"”
2015 International Workshop on Antenna
Technology (IWAT2015), p.22, Soul, Korea, Mar.
2015.

@Daisuke TAKEI, Kazuyuki SAITO, Masaharu
TAKAHASHI, and Koichi ITO, “Design of
receiving antenna  for  wireless  power
transmission to capsular endoscope,” 31st URSI
General Assembly and Scientific Symposium,
Beijing, China, Aug. 2014.

O, Mk, EiEIST, JHEs—,
“T 7V NERLEE A~ D BERRTE ﬁmLVXTA
DA%, 2014 FEFIEFRBEFRIRE RS,
p.167, 1k, Mar. 2014.

O R, Ak, EEIST, JHEs—,

“h 7 VNS ﬁ$ﬁ6%7/%+"
NME@¥%$%E?Q%A 4, p.166,
15, Mar. 2014,

OF WREOR, HIRAAH, B —2, SR,
DRI —, “ T 7' VNS~ D B E T m s

SEET VT ONARFIENC J:%)-””;'% 155
WAE 2 RO S AR PSR , p.87,

U, Mar. 2014,

O, ik — s, miEIS, gk —,
“T 7R IVINTRBE D R E S RIED T2 D
NEERE 7 7> b A BFIEHRIERETFSR
SR SRR RS, p.64, HAL, Mar.
2014.

@Shogo  TSUZAKI, Kazuyuki  SAITO,
Masaharu  TAKAHASHI and Koichi ITO,
“Development of antenna for wireless power
transmission to capsular endoscope,”
Vietnam-Japan International Symposium on
Antennas and Propagation, pp195-200, Hanoi,
Vietnam, Jan. 2014.

0Koichi ITO and Ho-Yu Lin, “Physical Human
Phantoms for Evaluation of Implantable
Antennas,” IEEE MTT-S International
Microwave Workshop Series on RF and Wireless
Technologies For Biomedical and Healthcare
Application (IMWS-Bio 2013), Singapore, Dec.
2013.

@Koichi _ITO, “Wearable antennas for
body-centric wireless communications,”
Proceeding of Third International Symposium on
InfoComm and media Technology in
Bio-Medical and Helthcare Application, pp.8-9,
Taoyuan, Taiwan, Nov. 2013.
@7, Jz Banfd, & BRES, mifs
W, DR, “HF AR SEMER: 7 7 >

tissue-equivalent agar-based solid phantom in HF
band,” Progress In Electromagnetics Research
Symposium  (PIERS), p.1482, Stockholm,
Sweden, Aug. 2013.
OFIR AL, k=, @], Jks —,
“7v47/7%%%mtﬁ7ﬁwWﬁ?«
MERREE )R, 2013 FEEFIEHEGE TS
\/\j( 2, p.176, I K., Mar. 2013,
@#ZL%%,%EK%,@%—i,%ﬁW
B, QU —, “HF S HAEREMZ 7 > 4
%%@t@@% R, 2013 AR T
EEAA KRS, p.358, Ik E., Mar. 2013.
@D AR, W% =, miEsH, ks —,
“ﬁfthﬁ?A® ﬁ*ﬁ&ﬁ@t@@
7 7 v M AR ORE” B HEE
ﬁﬁiﬁ?éAﬁn%ﬁﬁpnzﬁﬁAMn
2013.
@/INREN, @G, ik, JHks—,
“A 7RIV INTRBE~ D BERE SR ESAET
VT T OEMERGES, A E s E R AR
SRS RS p%;%ﬁMmmm.
@ KB IS, iR, ik Ok
ﬂpﬁﬁAW%TW%%wt4/77/5
TNT T F OR R, A R E
/\ﬁ)ﬂiiﬁ%i/\ﬁh%\é%x, p.82, T,
Mar. 2013.
@7 BOKRS, gk —=, miEsm, e L
ﬁ RN —, “HF #2361 2 RSN~ 7
IA@%%E@ME (2B D BT,
T s AP e s, AMT2012-8,
pp.7 -10, JB#H, Dec. 2012.

6. AFFERERR
(OIFFEfREE

i A—  (ITO, Koichi)

FTERE. a7 4T ETSE 2 —
iz

WFgeE 5 90108225

(2)@?7‘2/\;}:5 %-

G 0B (TAKAHASHI, Masaharu)
TERE 7744 T ETLZRS X — -
%

WFoeE e« 70267342

i —3&  (SAITO, Kazuyuki)
TERF. 7unr7 44 T7ETLFERE X — -
W%

HF7e# &5 : 80334168



