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Design of UWB Antenna for the External Receiver of Capsule Endoscopy
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Abstract

In order to accomplish a wireless communication of capsule endoscopy, an environment study in the human body

and receiving antenna design have been performed. The proposed antenna is the loop antenna designed to minimize
the propagation loss in multi-loss layer such as the human body and utilize the magnetic field. Considering the
propagation loss in the human body, the frequency range is from 400 MHz to 500 MHz. Acorrrding to the FCC
regulations, the permittivity and conductivity for each human tissue were extracted. We set up an equivalent model
and make an aqueous solution which is replaced with the human body. Due to movement of capsule in the human

body which propagation loss is extremly severe, an array antenna is required. Irrespective of the location of transmission
antenna transmitting a signal of 1 mW, we confirme what it is possible for the enough signal detection as the average

si

gnal level of array antenna is —60 dBm.
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Fig. 1. Relative permittivity for the tissue of human
body.
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Fig. 2. Conductivity for the tissue of human body.
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791



BEEREBERGE F 168 F 095 2005588

- \,/«-.,W\HX:: \..,v""' e
_ s

g —«—511
& 40 -+ 812
o —a—s21
g 50 ] v §22
8

o -6 \

1] | ' 1000 | 2000 " 3000 ' 4000 | 5000
frequency [MHz]

2 4. A 7130 FAA 2 AF

Fig. 4. In case air is not exist.

gy = Azt g & 37150 EAEA &

gk £ gt 10dB A o S48 A
A& Btk EhA FAl GEUE QA X
Al THE A" F7150] -‘-ZHEW GAE ok &
T3 Fu7t SUHEFE QA W A £40]
A3 Z7487) Qo] F34 fHFL 400~500
MHzZ A3} °l°ﬂ A% 4 e A

_|]m o

n:L];i_,

B4 A% el 228 29 59 2

31730 A E-field €} €]
JEﬂL‘rEE}Hﬁeld E}%H TRl U7t At E4ol 3
A #7] g FZ ey Brgez AA 83

Y

Q8 5. 8T Bk R e} 72
Fig. 5. Loop antenna structure of Taeguk type.

792

24 ForE 229 WAFA R, F A
].

ztolel b 133 g9 o3 A

EM-Simulation Z Z}of| o]} F= 9] ukz] 0] 71 2]
27 R AL A wkAF4 Apeldl b7F FT 6
& Aol gt 33 FaAF7H Hevke 54
BYth old sehHES ZHHA Aol 4
REREC L AEREE R EREAEES
e WA FA Fob o E< 400~500 MHz
£ HE3e £ QEHUE I8 63 ol R=1S
mm, r=14 mm, §=104°F @ﬁ;ﬂu}. o] eLhE <
Ao 243 & e PLYS(RFAE =28, 77 =50
umo 2 ARSI, $2 e AL Pl BES ASHL
24 si) 244 230) Aol A Wt e

£ 3A £Y 7 YL 4Dl Holn FHE

J8 6. AGE Y 2
Fig. 6. Structure of the proposed antenna.

Retumn Loss [dB]

0 ‘ 500 ' 1000 ' 1500 ' 2000 l 2500 ' 3000
frequency [MHz]

O3 7. wkAF &4

Fig. 7. Return loss.



—w—y2-plane & 400 MMz
o e x2-plane @ 450 MHz
—— yx-plane @ S00 MH2z

J8 8. e A "
Fig. 8. Antenna radiation pattern.

o 2R Fd oA wjF o} sh5

FCC #A0) o3td 77) o2 §A&3 SA&E
NHAE A4 779 AL sy 2FMHFHE
=56.5, =A-8=0.83 [Sm)e.E E7}3} Al E + itk

I 7 29 A9 Asiel AA e v 3Rl
R3S o o] vl A S vy g Zo|y 1Y
8L o AFAFelA gtevhe] WAL S veR
= I =2 A omni-directionalsk EA1S Helth

9

m oA S7t2

e

T8 [ =

[
-0,
i,

o

Ard crelude Aeg HAES] By $3
9} Z+E multi-layerE PO 2 T3] o H7
2o o] one-layer2 5713} A7) = Al B
AAE AFAEe] Al Z+ AL HE OE b
EAEE 7Y Fago] ne 2] of

o Zuk4 t) el 400~500 MHze| A FCC F4 9l
o AAE ¥SHE 565 AL 083 [S/m)Yd
one-layer® =713 & 4 gt} ol# melvlgE 7+
A FRE5 EE 197 YHUEFL
2 AZE 4 Ak DCY W ZF5S WHee v
FAES 27} oF 803} 30 A=0) T o] F 1119 ul&
2 B a1 AE 60, EAE 0015 [Ym]E 2=
FEAE Ve & Yok o7l GIHEFS W
gto) whe} vl FAEL AT AL St
22 Au|= HP §753DE £ Aol

B Z2HY E0g 37, S/, 94 57 249
S8, dergo ztz} A o] Zhzhe) whAL Al

rr

AE WAZAY 97 F£2714 UWB ey A4

A8 9. FEA22RYH A AF T2} Be
Fig. 9. Extacting the reflection coefficient from an
aqueous solution.

e onri
— conductivity

............... -

...............

e R A
Frequency(H2) %107

12 10. Onedayerd) ¥l 5ALs =44

Fig. 10. Relative permittivity and conductivity of one-

layer.

AEFH AL Y 103 o] EAE & ot
B0 79 1004 BEo| 74 450 MHzol A Bl %
Ag3 ©Ago] Zhz} oF 56.5, 0.83 [S/m] HE] A
S AT 4 Aok o)]AL FCC QA 2d 74 9
HEL

gt

AA el ¥ AleE FA7] S8 gtey

793



- BEBHKSEANES H16% B8R 20055 8A

1]
b
5
%,
-10 “% . .
{v TR 483 4] &
15 A - = N fa IR A RN
= i Yith
a . vy AEANY
S 2 lj\ ‘j‘lg”‘ {\;nf*fj Y
A g (LS N
S L AT
g N A EREEE
T -30 Y - - &Nt
& H
-38
40
-45
0 500 1000 1500 2000 2500 3000

frequency [MHz]

8 11, wka} &4
Fig. 11. Return loss.

< 404.5 MHzZ
80 —— 448 MHz
T e 506 MHzZ

270

28 12, 239 A Ae
Fig. 12. Measured radiation pattern.

o

49 Q& o] &5y ¥dS Ho #89
golM 23 ARG A APPA 2o 4F
Astoe] HwE 19 1AM Yeh it

Eg Qg uAL iR SR 3] A8 Al

SIS Zoo] 57 | mWe] AL YHAA F

3 71% ot U R # "ol omni-directionald Rix-E
GEIUE 54 FHOZ YA AL E &FoH
A A Hdg SA3UT

¥ 128 SAE e V] A HEE B A
ot} AAF oz B AZF ¢t omni-direc-
tionald EA4-& Ho|3 WA Fo] 16 em L H=
T4 Sojl M M S4o] Hi 60 dB A= A2

% % gtk

794

A 449 &oA A &40l 60 dBOIUL
o ¢lA) el Ao Ax £42 multi-layers} $41 ¢t
Bute] 582 725 60 dBRT ¥R o Z/+a
) oold Ag &AL FHET 528 FAL §
71 98l A QEluE | e WE sheuEA
AT 4 Aok DA WY JHUE $8 £7]
Z wo) Bojy HYS Yol QA 57} Bue] £¢
Ae 27 Fodo HAEL £4 FEUES FUTh
z¢9 27 AulZ = HP 8753D, Agilent VEE(A|S7)
=289} RF 29\ X|(Agilent 87106C SP6T,
el A0 2)2 ALY h 1Y 138 £49
QHE o] Rag wjd gheluv Bgoly B
WaE 244 QHUE 188 & g 4%
2elth 1Y 14% o]9} 2& A% BAA £4 ¢
luke} ulg QU] WAL A4E 2A S Tezoltk

re
12 off

s
=

i ofp
~,

J8 13, 4l <tElve 94
Fig. 13. Location of receive antenna.

13

7
eI VA

)

.
\

T AN
\/ I

S

522:Rx ANt 1
$357Rx Anit 2
SB5.. R Ant 3
s
$

77 : Rx Ant 4
010: Rx Ant 5

|
:
. |
!

T T
! [ [ [Y as o a2 0 o 13 20
freq. 04z

J8 14, 540 FHe) HAF £
Fig. 14. Return loss of TX and RX antenna.



Rx Ant l
' forward

Right

J8 15, 24 $21 <Teve 944
Fig. 15. Location of the measured TX antenna.

18 4oM HRo] g2ELoR AZF £
elvE EE W E v Al Fak el 40
~500 MHzo]| A ¥bA} &4o] -10 dB ofst)& &
+ o

AR Abgo] 249 fled 2749 ﬁ% =50
s 2% £ HYolBE 4Y =2
AbaHA 4l delve] A E vk 7}‘1“1 A
£ ZAYk $41 G A= 19 159 o)
&9 &7 FYeRTH 2, 5, L2 Sem £
o3 ZF Aeitt &) viRo 2 RE S emTrE 7t
ANHAL 4 Al SR

a9 162 $4 et 289 271 FH(IA
F=18 cm)ell A/ ] HPHOZRE 5 em¥ o
7haA 238 £ Hidg B2 e Aol A
27F 2o o) wel £A dilo) ZHaskn AAHL
2 ool #Aglol Wi gely= H4 -60 dBm

<

A0 -

—u— Antt
454
5 . —o— Ant2
-0 - Ant3
55 v 4 s d— ¥ AT
50 ] ;- i . Ant5
! \'_N__“‘ -
P . .
g e
& sl ‘. o
1] \
50
e N Center
80
95 ;
46D i
5 10 5 b2} % 30
Distance [¢m]

8 16, $4 gEYst Y g |
Fig. 16. In case TX antenna is located on the center.

We YAA 9% $0718 UWB et 47

401 . Forward 5
-5 g —a—Ant1
50 ] e 0 AT 2
55 N Y ] & A3
g p——— —y- At 4
-8 G ] o AmS
e /><- ~4 P
g :
5 . L \‘ o
((E T e
804
-85
80
85
100 fey
10 i3 2 % £
Distance {em)

J8 17 $A0EU7E 4 5 emoll 1S o)
Fig. 17. In case TX antenna is located on the for-
ward 5 cm.

A2 AZE FAE & Ave A

olg} FALSHA £41 ¢telvte] YA E HEo 2
cm, 10 cm o] F, £20 2 5cm, 10 em o E, 4=
Z5em olFAZE WO ST 2 Holx & )
olAe] QteluE 4 -60 dBm o]t 4l
Adte Ao eyttt

5«01] A AA 9 72 multi-loss layerol] A ¢
AL gob wgron Jo) BE 7% FA
g A7, AZstgch =3t AAE 5745 @
g Azdsont o) 2494 vge
deE B RES] A3 AHLE F

54 QgE AR, S8 Foln
o] WA= VSWR 2:1 7]2 0.2 346
Giz o402 Zrhe QuE2 o) 3ol 7}
AL & F Yok £F A He WA
A o2 e FA gEuE 8
& Ho Bolx ¥l AY FEAE YL
Yo AE HHAEA FF -60 dBm
9 £ gL Fojg & Algir/]. oz olE
S8 e WAAA AgE $2 dHE R
Azta B mRoA At B B
Hiuet FARE BT Aqete] HAZ
g Avrolel & Holt

E%mmm&a

) R A T

—‘T—‘Jéro"mﬁ—ﬁ&
lo

s
o)

ox ofy ol of off
N,
2

e =

A
k=3

[o=}
=

e ifled

L r
=)

i
o)

>
»

Jim

795



BETHEPRERNGE £ 168 8K 2005F 8A

mt

;12 ¢

[1] Gavriel Iddan, Gavriel Meron, Arkady Glukhovsky,
and Paul Swain, "Wireless capsule endoscopy",
2000 Macmillan Magazines Ltd, Nature, vol. 405,
pp. 417-418, May 2000.

[2] Camelia Gabriel, "Compilation of the dielectric
properties of body tissues at RF and microwave
frequencies”, Brooks Air Force Technical Report
AL/OE-TR-1996-0037.

{3] David M. Pozar, Microwave Engineering, 2nd
Edition, John Wiley & Sonms, Inc., pp. 206-212,
1998.

[4] Constantine A. Balanis, Advanced Engineering
Electromagnetics, John Wiley & Sons, Inc., pp.

180-243, 1989.

[5] Hans Gregory Schantz, "UWB magnetic antennas”,

7 2004 29: AFoEL EAFG
3 (Fo4h

20003 38~BA: ALAFR
I ARAADFEIHE A4
3+

T BAEOH Ao, RF 554

A

20039 29: HEAHN Sy AR
A/NAFHTEE (T

120053 29: AEA Pty Az

| ANAFYITEE (FFTAAD
20059 2€~8A): LGo]5EAIE
T4 9rd

[F ZAEOH g, RFFEA

3

796

IEEE 2003 APS, pp. 604-607.

{6] H. Schantz, "Planar elliptical element UWB dipole
antennas”, [EEE APS 2002, Jun. 2002.

[7] Constantine A. Balanis, Antenna Theory, 2nd Edi-
tion, John Wiley & Sons, Inc., pp. 203-242, 1997.

[8] C. Gabriel, T. Y. A. Chan, and E. H. Grant, "Admi-
ttance models for open ended coaxial probes and
their place inn dielectric spectroscopy"”, Physics in
Medicine and Biology, vol. 39, 12, pp. 2183-2200,
1994.

[9] Eum-Min Jeong, Geunseok Jeong, Jong-Mu Kim,
Jaw-Hyoung Park, Jei-Won Cho, Changyul Cheon,
Young-Kweon Kim, and Youngwoo Kwon, "Multi-

layer processed probe for permittivity measure-
ment", JEEE MTT-S, Texas, Dallas, pp. 1813-1816,
Jun. 2004.

1983 29: Mg HA7)3E
& (A
1985 29 HedEgn H73e
- N 2 (FEAAD
— 1.1992\d: v]=+ The University of Mi-
M chigan, Ann Arbor (3 8H3tAD
19921 ~1995\3: 72Ut n A7)
T8 2y

19956 ~ @A A EAHNTE AAANFFEH AT T

[F ZHAEOH RF, RF power Amplifier, EMC &



