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Characteristics of BCI-Monitoring Probe System
Using Electro-Magnetic Field Simulation
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Abstract

In this study, we propose a methodology to achieve consistency between EM simulation and measurement results by implementing
a BCI-monitoring probe system as an EM model. To accurately model the BCI monitoring probe system using EM, it is necessary
to accurately calculate the magnetic permeability x,’(w) and x,”’ (), which change according to the frequency of the ferrite constituting
the core of the probe. The impedance measured by the BCI and monitoring probe includes the connector impedance and the capacitance
component owing to the coil shape of the probe. In this study, a method of extracting the relative permeability of the ferrite core using
only the R-L parallel circuit components excluding these components suggests that the EM analysis model was constructed using the
magnetic permeability obtained in this way, and the consistency of the reflection characteristics and transmission characteristics of each
probe was confirmed. Finally, the EM model of the BCI-monitoring probe system was built to simulate the S-parameters. The average
error with the response characteristics of the measured S-parameters was approximately 1.12 dB, and the effectiveness of the perme-
ability extraction method and the entire EM model were confirmed.

Key words: EM-Simulation, BCI System, S-Parameter, Response Characteristics, Relative Permeability

Fo] A& AFAUSw et LGHAAF) 7He Ay E A ‘gdF o2 WABCY) 14 71& Aw A8 AUog £33,
A AR 717 7 H 3 8 FH(Department of Electrical and Computer Engineering, Sungkyunkwan University)

*LGA AL A gAY 2k7] & AT 2x(Production Engineering Research Institute, LG Electronics)

- Manuscript received February 8, 2023 ; Revised February 25, 2023 ; Accepted May 3, 2023. (ID No. 20230208-012)

- Corresponding Author: Wansoo Nah (e-mail: wsnah@skku.edu)

466 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



EM Al&

I.M &

BCI(bulk current injection) B ~E=
AgFol mlEe ‘ﬂolcow k] ag; /\]'
i AlgelH, d

I ¥

>
offt
_)‘4_:‘
~

l

ofo
§2 A ook
=

2 rir ofy

ok
[

—

i
ok
).
hass
—E
3
o
2
N

wu ke

a
2
g

N
o

of
o
ol
ol
ox rr e (K ofo ox ofd

RF generator®} $17}
3= BCI Z2H, A
B AF7F 22 AolEE FHh
E°ﬂ 2% A 2E
= Alste] Rd=S 7
of EAlst= ALY &
e AR A A
27wl 7+ FAF
o full wave-EM Al &g o] S 28 FJPJ}
oA 7] “o
EM A& Vd
ol Z9tE o] 9l
E gusjof f&E}m 7411
HeolE Foj 9| FAb&
AFE0] FHH ]
T—L"ﬂ AP By

S
ox

2 du

g
r E 2
ol it

z2

H H2AE setupoﬂ

ol e]
=2
S
=

=

MR Fol1 ERolE
zw oz ;Lom

oBL’

7] HJEE ‘ﬂ%;‘-ﬂ%’l J]E‘o(lteratlve fitting) = FH T ZH
ZAE T2 Ho s TFE ZE AR Z H
o|E9] If9 FxAES EE3IAT & FuEd 3]
Me ol 2

= 719H, ER0]

b

A HolHE 2H=

gojd-g o] &e BCI-EYHZ Z2H AJAE EXd et A
(effectlve permeablhty)ﬁ w8 F7ho] EFE G oH, o]

J

2

iz

A
o
A

|

AT

o m*
o oge
R

ml 2 9 N o lo o oF o L oo N

T A 2 oX

2 =

oL
Y e
- _&
FLJ
>~
=
L
P,L
rlr
s
T
_xz
o,
N

e

e

(LS
>
rir
> o
v
o

fr
M

F34 (1 MHz~400 MHz
aRHoR 1+ F e By
3t} sk HEtel ES] FAES é%ﬁfﬂ
AE ol&atr, ojo] E3He oA /]
ato] FAES FEae THE
o]-§-3}o] BCI-_I_HEW] ZEH A

ol
ol
=l
E\_, i
S
Y tlo 2 o
—m
Iz > 3 oo
o o o Ok

ol

ﬁrr‘
fu |

tjo

s
OFO

o
qn =
D)
o
o

o Ao &

=<
© >
>
o2y
_O,
Red
i)
o

B
ook
i Hﬂ

als
&
c
|
=2

Ry

=l
>
(L
[>
oX
H

o
oX
M
it

es!
=<
>,
i
)
s
r'>~

2 o
[l
i
o
>
>
ol
lo

o M
o
O
)
£
[N
of
o
2
o
rfe
e 2

ilh b
! rlo

Y

ox, B 1
=
o

=

_O,FUE_L]
5 4

N H-ilO =
ORI
_0|L
Y2 dn o
AR
T o
=
oX, to
2
R
rr

4D
= oo oXx
2 o
£ 9
o>
10 g

1o ox |
)
i)
m
oX,
o
Jﬂ
rO
_o|L
R
>

Sk ﬂv"%iz}e ZN 1
3 ZEH NXAEHS 753
E‘E*Ur BCI ZZH 9} DUT 7+9] A
EO]T_ A7 2 P F L AE Wfs}
]/ﬂ A agzﬂ- ;Hx].gq. ]E—1‘6‘]— thﬂ_ij

_&;u

zH 7

o_>c, ﬁ

FU[O FN

I. E20|E HX0AM FXt=

FE 7Y

I8 13 19 2= 247 BCI 2 RYUEE Z2H | g
Fo YepdTh I9 1(a), 28 1(b) 2 18 2(), ¥ (b)
ZZH pgs X-ray 2 o3l gy o] E 7|uto g

Adsk 3p Bdle] gdolr, I8 I(c) ¥ I¥ 20)=

467



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 6, June. 2023.

| Spring-shape!
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(a) X-ray of the front side
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(b) Front side of 3D model
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Fig. 1. Structure of BCI probe (F-130-1).
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(a) X-ray of the front side
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(b) Front side of 3D model
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(c) Full 3D model
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Fig. 2. Structure of monitoring probe (F-52B).
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Table 1. Parameters for calculating relative permeability.

Parameter
Model N (turns) | a (mm) | b (mm) | ~ (mm)
F-130-1 1.0 25 45 50
F-52B 8.0 23.5 29.5 11
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Fig. 7. Relative permeability extracted through Zge.
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(a) BCI ZZH9 =74 setup
(a) Measurement setup of the BCI probe
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(b) Simulation setup of the BCI probe
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Fig. 9. Measurement and simulation setup of the BCI probe.
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(a) BCI - XUHZ 22 H A 24 setup
(a) Measurement setup of the BCI-monitoring probe system
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Fig. 13. Measurement and simulation setup of the BCI-
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