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Bioelectrical Impedance Analysis of Multi-frequency using
Portable Small Impedance Measuring System
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In this study, we measured the bioelectrical impedance of whole body in various frequency
bands by non-invasive method by four electrode method using a portable small impedance measurement
system developed to understand the bioimpedance characteristics of intracellular fluid and extracellular fluid
components through a skin equivalent model. The measurements were performed on 10 male subjects
(mean age 24 * 3.0, body mass index(BMI) 20.3 kg/m’) for four weeks and the bioimpedances were measured
at multi-frequencies (1 kHz, 5 kHz, 50 kHz, 70 kHz, 100 kHz and 500 kHz). Experimental results show
that the impedance is the highest in the low frequency range of 1 kHz and the lowest in the high frequency
range of 500 MHz. Especially, it was confirmed through experiments that the impedance is rapidly lowered
above 50 kHz band. In addition, it was confirmed that similar characteristics to the measured values of
the bioimpedance measuring system were obtained in the simulations for understanding the impedance
characteristics of the intracellular fluid and the extracellular fluid through the skin equivalent circuit model.
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[Fig. 3] Position of electrode with four electrode method
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(Table 1) Result of bio—impedance in according with
frequency

Frequency(kHz), @

1 5 50 70 100 500
(kHz) (kHz) (kHz) (kHz) (kHz) (kHz)
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+32.9Q +28.4Q | £35.29Q | +44.29Q | +27.3Q | +27.0Q

= 7l=eltt. [Fig 8] 2]
29| A7 Re (A3 2] A7)= R AR E 9
At e dZEglen, Zaa-r% AAE CAIE

gho] AFAEA )N Rz 20 AFT o)X=

A= CE B34 58 5 8l Hl Fuvke s,

olf= 0 Tk A Wl A AE o A} Pk
Ry =Ry (1)

AFE AEete] AFAE AR
v AxEs FHEA 72y 55 5 9
A ] vg

Sl A% R A (23 3 Ret RiZ +

=

o

>~

T
>~
T

ek

1 1 1
E. R, R @

R.+R

Rw _ E 74

R+ R,

3|29 Fu4E FRFIG(f)E kiz Y-S 714
] o}7]A Col F3= Y3 (circle arc)e] Hix|o dl$
skat, 2(3)ell ofsiA] Aaks 4= it

1

L= Sn ey ) ®

Re3t Re7k Rosh #20] 249 o) Ri= 4 (@)} 2ol
Adg 5 gk

o B R
I REiﬁoo (4)

A@AA A ARl g AL AT e me

Ry 3hS viehdch
QIR AE)e] Had SA oz Lhepa & i,
RE RE

=t lp+—r 5
R B\ oo r)r| O

714 e 4] T4 ARl FE&FE HA AL a=13k2 T
BEo FAlo YXET) o7} 18T AS u) ho] T
FHZ9| olgfoll YAF) QA 4L BE 06 < a
<07 H9E 7HIt.

C R

——\A—
A N———

Re

Skin  equivalent  circuit
fluid and extracellular fluid

[Fg. 8] model of intracellular

[Fig 91] A2 o §3 AFelol4 23} 50 ki
degol gel Al el zsk AR solde A &
= o

olocq a)kHZo]/\]—g] 1:].]01_0. /(ﬂu_ Lngg %‘\,}.
Fojojosn QslRagel WalE B
of ulelzs AZ Wele] Qe

T8 R &8 ke Aol

Ea=
AL 9o

e wAeteT



S8 AFUTHA 25

_E_
S
1o
1)
oo
E
ru
>
=(JII=I
1z

1200

oo I"15kkH»—|zz ]
1000 + -
900 50 kHz ]
800 -
a
& 700 -
m70 kHz
600 -
500 + -
400 -TOOkHZ\\ 100 kHz |
300 T T T T T
o] 100 200 300 400 500
Frequency(Hz)
[Fg. 9] Result of impedance simulation of equivalent
circuit model
B apel QuEsagsle AFoeqels ns
Felom AFE Teld el AL ol AR AT
o) e E3leld Al AYE BAL 9T AP
& A8 o5 FHE] A Hs SRR
9L olgatel ARelOINS Sl AMHAEY
71el A EAd3k gk 5713 2R de HluE & Ay
AE Wl Eatele T34 oelel 50 kizolA] Q11
27k 373 VeokAl A5k dehle A fAa 25t
2 Uehiglh R 10 ki vwe] Fohs ool Al
2 dHU2E VEFo RN AE g RIS &

A= RLA
G lgleh wheb Qe 24e 918 T A
AE FY3A ol F

= 2 7
o) AE W AE 2)oe] ATEs 4G AR

U r}i

2

o ML

o
2
o
i
i
2,
N
N
P
o
)
=
fru
o)
]
o
N
NS
~
NS
i
tlo
s,
o u
S by

4, A8

l‘_&

247)% BEF

AR RS

R

Tol A et A
3}04 F ool whE A9
L7189 BADIR 2= I Alo] B A
< 938 Lock in Amplifier(SR 830)2 ©]-&-3}
et AR 7] JE|H o)~ V]go] B
g Alzdloltt 7]E AF} vl Al 28
S A %2Ao) 7}5d L
S T A %
ZA7E 71 EARE st Fol 9 o] |
Y| Fael AlokS ¥ Fa SH7FEe Aok
Fulg F71e0A 2
7¥s8to] HlolE]

=
=
A 7vedt 717 28

>
e
7

Rl
=
=

=
>~ o

iu)

x Ll

%

- 5{” -
He

[N
oﬁ
tilo

ol ol

o 4
>

fl
RN
_194 O_u

of
o
i,
S~} JH g

> ot N m e p

oZi
i
>
fol
o
4 -
>
f
>,
o]
fit
2
ofy
-

4> oE ¥ o
o 9
_>1:
=
ro
)
ol
oo
e
[>
B
2
o
=
it
ot
oo
N
o|
ol
O

REFERENCES

[1] U. Birgersson, E. Birgersson, I. Nicander, S. Ollmar,
“A methodology for extracting the electrical properties of
human skin” Physiol. Meas., Vol. 34, pp. 723-736, 2013.

[2] M Chen, J. Sun, H. Bai, Y. Wang, D. Xu, X. Zhy,
J. Chen, Z. Bao, "Muscle mass reference standard
for sarcopenia using bioelectrical impedance analysis "
Asian ] Gerontol Geratr, Vol. 10, pp. 16-21, 2015.

[3] A S. Jackson, PR Stanforth, J. Gagnon, T. Rankinen,
A.S. Leon, D.C. Rao, et al. "The effect of sex, age
and race on estimating percentage body fat from
body mass index: the Heritage Family Study”, Int J
Obes Relat Metab Disord, Vol. 26, pp. 789-796, 2002.

[4] D. Gallagher, M. Visser, D. Sepulveda, R.N. Pierson
. T. Harmis, S. B. Heymsfield, "How useful is body
mass index for comparison of body fatness across
age, sex, and ethnic groups?”’, Am ] Epidemiol, Vol.
143, pp. 228-239, 19%.

[5] T. J. Faes, C. van der Meij, H. A et al. "The electric
resistivity of human tissues(100Hz-10MHz): a
meta—analysis of review studies”, Physiological
measurement, Vol. 20, pp. R1-10, 1999.

[6] J. K Seo, O. Kwon and E. J. Woo, "Magnetic resonance
electrical impedance tomography (MREIT): conductivity
and current density imaging”, Journal of Physics,
12, pp. 140-155, 2005.

[7]1 Y. Mandel, S. Laufer, B. Rubinsky,"Measurement of
comeal endothelial impedance with non-invasive
external electrodes,” Medical Eng. & Physics,
Vol.34, pp.195-201, 2012

[8] F. Villa, A. Magnani, A. Martin, M. Alexander
Stahn, "Wearable Multi-Frequency and Multi-Segment
Bioelectrical Impedance Spectroscopy for Unobtrusively



126 S1=288sts=2X M8# 25

Tracking Body Fluid Shifts during Physical
Activity in Real-Field Applications: A Preliminary
Study”, Sensors, Vol. 16, p. 673, 2016.

[9] B. Nordhotten, C. Tronstad, G. Martinsen, S. Grimnees,
"Estimation of skin conductance at low frequencies
using measurements at higher frequencies for EDA
applications”, Physio. Meas., Vol. 35, pp. 1011 - 1018,
2014.

[10] S. C. Kim, "Implementation of Multiple Frequency
Bioelectrical Impedance Analysis System for Body
Composition Analysis”, J. of the Korea Academia
industrial cooperation Society, Vol. 13, pp. 5403-D408,
2012.

[11] S. B. Kim, N. R. Lee, S. W Leg, J. Y. Choi and Y.
H Lee, "Development of Multi Frequency Impedance
Measurement System for Acupuncture Points and
Preliminary Report of Measurement”, Korea ]. of
Acupuncture, Vol. 29, pp. 71-81, 2012.

[12] Cho Y.C, Kim M.S, "Analysis of Bioimpedance
Change and the Characteristics of Blood Pressure
according to Posture”, Journal. of Korea. Industrial.
Information. System Research., Vol. 19, pp. 25-31, 2014.

[13] B. K. Van Kreel, "Multi-frequency bioimpedance
measurements of children in intensive care”, Med.
Biol. Eng. Comput., Vol. 39, pp. 551-557, 2001.

[14] S. B. Kim, et al, Development of a
Multi-frequency Impedance Measurement System
for Acupuncture Points and Preliminary Report of
Measurement Results,” J. Acupuncture. and
Meridian Studies, Vol. 29,pp.71-81, 2012.

[15] C. Song, K. Lee,"Design of Authentication System
using Biometrics for U-Healthcare Environment in
M2M", ]. of the Korea Conver. Soc., Vol. 2, pp.
13-17, 2012.

KXtATH

1, o2
&

1‘
[T
=

of ok

[¢}
skl A7)kl
20049 29 ¢ <
el AAEE (T
-2004d 8¢~ 2007

POSTECH =R
eist FeguE

f
= R o R
m&‘f;
=
)

>
-
=z

Qo 1o g

co
i

> rﬁ rL

2014L4 39 ~ @A
EAG

<HAFoE L AL E s, AN T AR, 94 2 9
2717]

r>,
ol
i)
=

% %4 #Young Chang Cho) (439

- 1996 8¢ @ doistal YRty
ahel AAFFHF LA

2001 8¢ ¢ Gt Anty
8L$J Z] z].—g'—?‘ﬂ—_ﬂ]. (—g'—?‘ﬂ—ul—/\})

- 19994 3¢



