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A1 A

WA EEXPFe AL 9ol £3) 71F, /IS, A B AAH 2300 s 2dEn
Iy Qe d9ds HEe A2 W oy BY AA 23T e

Aol e Alopdel Atk oleld ol il AP AAel i Avrchs
Yol YUsE BAE YoE AT ABFole o] Alolth A2 AT EH
9] F7}e} Aol o) Bale] nEHIL Qow,

A AFe AFE He 2HoEA 84 - FetH o RERE AE RS
atm, Ao Al Bag A5ty Jles FAGA ste o Jdelt
7o) F2E %3 (epidermis), 33 (dermis), L8] 3L 33} A Z=(subcutaneous layer)

TAH e FAE BE 1.5~4mm=E F9o] weh sty 959 Fd
159 FEEAY o7 ss g3ste ggy e 199 ZdEd EA 3]

o HelF o SR FRO o]Fold JA o Yol qE o AAFL Eol

e AL PARE 4TS Dok B o] 2AAF) WIS Fehe AW

2R ARs 45 Ang 5 gow A NY, 3 AN gYyy yoge

NS SgEIL A FES 9 A4 A FFS wAR 4AFe] £ 5
% d

HI 5 959 Agd SAo] AAF, A, 48 2 AFol et B Ao]& Holu
UAA T g FAge] HAF g ot Ao A5 FejE Brketr] e HS el
e eta lom FHZol= vl 53 W (non-invasive bioengineering method)< ©] &

& in vivo d57F 283 IAPHA Aok HIHFA A5 SAYHA = 9 Fo A9



A 7)1 A == (conductance) ¥ g & F(capacitance)= ©] &3 IR FFE SAH, I F
A QR ZE AAEE FEF F, R4 E<E 4 (transepidermal water loss, TEWL)SH
W, optoelectricity S 0] 8§ HAF %W A& SAHH, 25345 o] &S AFF4 S,
reflectance spectrophotometers ©]-83 3| 34 =4 H, laser Doppler flowmeter&
o83t dFH ZAH, suction perpendicularE ©]-§-3 3% gHd SHY Fo] A
9l cH16].

7ZAAFe R FHEFS AT 8 duFHoR AgHE ASVVEA
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e
ftj
o
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ylg
s
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ox
24
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o,
Lo

hydrometerﬂl— corneometer
ZAFo] A6l el e A%S %A Ux, A% EWo] FEL FHAL A2 W)
ERY ST Age] g 459 249 AAA S

2

Aot o] g 7752

of Holk g0l YAT ZH AR Holg A FRIFF) NS h5R 7
e ArjsAolw AL 44 W9, A7) BE FE FHE WHE AsHoz

SAu7bsstt= @xe] . o] v R ZAF o) FEEFFER ol Azt
wet FE&8HA WHehe v 22 o] GAAE Y S =3 54 753 BIS(Bioimpedance
Spectroscopy) 71&°] A& A5 FHH[7].

BIS©= Z71%E-g-ZA Q1 A]2=Hl (electroactive system)9] A =2 A7} AAHN A&
W Fag fHdAM SAss Ao2A v g FagE 2te 7
il Zt Fago] dSdte AN dAUALE SAS A RAHS AVH &

o] BB S FetH oz AR mebs S4 Felol thete] FFs] REYRE 5 of]
|, R s AR oyt B AR Al JRE 25 F Ue &
FHE JHY. EARE 7]E9 BIS WHelAE AAxRHe EAddd o
R-C(Resistor-Capacitor) 2@ g o] ¥rg &4, 22 Rdgolg} st et A =Frithe]
et E HES A% A dAE Aolo] mE FA ea T, HxE Fig
Ao digk o7 Az Al 87 {7, 3738 E
tlolBl 9] 9=, 350kHzo] 9] =& Fuol A A5 dada9 B A ARl 2 (stray
capacitance) 2.2 1t 914 Ad FTLERE A7 HASA HoH[15].

webA B AFoM s 1A 7129 BIsol Ao Faka v A S vE A" a5



Aol Fohg Aol obdl Eohy BEo| AAT Fog Ahu PHL AYG A2HL

o Fopgol e QR PR Fhsish Azko] o shol

Hoz 9ol FA4E 2t AF AFE Akt ATV Ao B
37 BAE HAAES Bk £ S Y2 349 RC HRYN A Yol
AEE ARX RdFL o] §35te] R} Co shetele Ao RE BAHTHE 0
FaAY 9 - &9 dolH2RE HHo) ADGFE FAse] YARH 599 w0
§& Folt A2HUe Auech 099 AT d7 - o) ok BN 29E o=



A 277 o4 w3

21 ¥ Tz 7%

211 THe 7z

7] (epidermis) %3] (dermis), ¥ &}A] 2 (subcutaneous layer) .2 -/ & o]
1], FA< BE 15~4mm= F-9]o] w2} thoFstal o §-9] 250 2 5-H
B BREdth 9RE 12-22m° 9 WAL MY FF AT 7% =S 4~5kg]
FAZ & w2 Ha s AdE 7ot

Eae PR FFUYYNz AL sov FAE 43 ge Fol
002-008mme] 3L £3} ke o] 7bg FAE Fe ou) o] 4o Aolvt qlrk. E3 s}
AR5 PN acd mantie)& 91 ¥ @730] F 3 WA goldle] Hwl EyEAe AFTY



oy @S A PFev. Ftoz EFuFo] olFojAw AHFPAME
(keratinocyte), ™2} A 3 (melancocyte), &2 g2~ £ (langerhans cell) 2 ™ 2 A 32
(merkel cell)7} &A1t} 22 &gH o2 Z}H F(stratum corneum), ¥ 3 (stratum

lucidum), #¥ 5 (stratum granulosum), = % (stratum spinosum), 7] # 3

5 (stratum
basale)Ql 5719 Fo 2 o] FojAT[1y 2.2].
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Ol
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]
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IHE

¥ 22 299 F

Z13) (dermis)= Aatal #1744 A= AFEAolH o} ARG F Afolo] 9A] g

oh 99| of 10~40u o sjBete AA2 FAHH YR hFES AATH IS
AAZF FAEA oy SIFR9 {535 (papillary layer)¥} o} 2 F-3-2] /3 (reticular

O

layer) &2 =4 oW, Y4 F(collagen fiber)S} B2 A (elastin fiber)5 2] 4154
A R VA= FA " B3 A frobAl (fibroblast), Bl RHA] X (mast cell),
2] A Z (macrophage) 5] Ao ¥# F& ARy ZAEH, P=Z@, A%, 9x4

FH 5L 9RYY, 27, wABNAE AR FaF V)5S T YTk £ Fpo

S R=AGAe) )50 A,
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E_:]1

212 gF9 75

AR $ 2o ADBA FHE PIAE GF AES S A9 PP
2 AEPE 94 a0 Ry FolEnh B WEEd AXtE A AW A8

71#A o] wte o}, A, sZE getEd Foll =EHo] Ak HF= AA 87FA
Aser BRE & QEd U4 A due 3 F setd, Be aen 4EE
Ay el Be 8 ik aa AU AXNGA Atg oF e W
959 ojdd Ao g3 FFL WA FEF P YA 2AsE AL2DHELS
st} BRE 2324, ALAAAY AL} AAH gon AR
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4o A, 53] do Foll AAHA AEL& Eo7F GFL7F HAA st FFAHES
HEet v o ZAstAdd FA T2 Rl D7F A H = ofuf Aol o] EARA

E}9l D &4 & (vitamin D production)S b, AT Y EL S A dez
ARGl AR Y= E S AW E Agste AFAEH 2P ER AEE
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-8 WA 24 (Cole equation)d] 32w € 9} B slo] o3
s Yamamotodl] ©]3] AA= A=, 1= 7
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Xc High Frequency LUW Frequency
A / Current Current
N —

4 %
3 ) \ Cell Membrane
c S %,
(P
15 2 %
o 8o /’e/ ;
@ \‘(\?e Intra-Cellular
x A\ H Water
“Phase angle Extra-Cellular
- Water
R Resistance R
High Hz Low Hz
2= =
Frell wE

ad 2.7901 A o AEE =3
T ey, nFgF AFe AXs Fhete] AZR g Ao 4E59
Foz JAIAE 4L 5 AT10]. °]H 7 o] FZ 10kHzo|s}2] S Fa}=of A o]

Afe wRes 52 ou APgEo AuHA ZdEd o % dFax}
AQHH, 1 o4 FA5FE 2E AR daAE 9HE =neld ool A4

HF ez FHEe 2 F A4 Pl Ak FARE D A 73
FaHe Age 2 WHol Yov, AL Askste]l o] B2 ARE
g5k ol ok AR AF-0 07 Yot g FHEL T4 AR
278 4% & g0 MEd R ARZYE Do ) ARE 29T

2 gtk webq 93 dmuat A9 gyol AgHCHI

9% Qe 4 AF Axdd B AFALH AGEHL shhe) Aol A
Aaste T A3 24 P, AFAYT ALSHL TH D FEAC F& AFA
Agste A AT 24 P, ARAYT AGZHL EPHow FEA] FL AT
Agsts W A3 24 el Ak



o—p I o o—>p ‘ o V+

83} o] AAFE A7kste] F A Abole] HAE 45t
2 4 FoA7F Wi 2 B A5Y ATt

5 2" 5ol o] & HA ARAFTIH AGAS

I JeER ] AASHA AR-AS3e] HE g} Fapgo] e FEFE
weth Ee g A5 A7 AW F, F AFY A AR OE A4S AT
Z A FoelA e dodae FAEY G4 FiFor 22 A FoloA Y ol
2to]l S 9 o] . Al S A LS F @A SN FE Y A
(potential electrode)& o] A=529] Z7]o] AFagle] g FojolAnte] dadxs F4T
T AE A5 dadz Ao Bo] o] &= WHelth M HAF AW IS
PRH o g et A5 oAzt JF A dFS J4s & 5 e PHeld

[13].
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2.2.2 Bioimpedance Spectrosocpy(BIS)

BIS(Bioimpedance Spectroscopy) =< MFBIA (Multiple-Frequency Bioimpedance
Analysis)= A% BHoN B A7} o] Fojx] Mo 2N UuH O R 5~500kHzol
o] Fatg 2~2HEPL o] 8ale] A4 AFHse F&FE Bdo] JukS T A Z oA
(ECF)7 A ZW A(ACF)e} el =2 o] ek shAwt HZol= A A8 o=
NFo FRE AU HE 49 BUEHDCY 2% 0y Age] 24L 34
Aoz ANEHa 9lon 53] BISE o438t Fuf ~AFEY 4 A3 A7}
o] Y 9lTh14,15].

a9 29¢ YIRS SAHE AT AF A" FAS TS HAEr o7

713 Adg Ak V,.7F 33 EA G X (waveform generator)E 5 3te] 171E

R

©
°

.

rlo

T4 §H #2497 (frequency response analyzer)E F3t T4 @Yoz

=
=
&

B
it

Generator/Frequency response analyzer

Voltage Source

Current Monitor

» Electrode

F N

Seperation

a9 27 I Ex Z=Ho| gk Ay 1A
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Input: V,, = Asinwt

= A1) 2ol AZ)(A)el s, 3 (w)oll A () w T
AU FEj7h "k olek fARSHAl EHoEA ARF SHE

Response: I, = Bsin (wt + ¢) (2.2)

A 22)914 B= = & Z7]olH o= olsdH 97 olH.
webA go WA Hgste] Nxde gudae I zE e 2ok

Va(’ Asinwt
 Z= -= .

Impedance 1. Bsin(wttg) (2.3)

FoHoE A9 FEE AFH()% H5R() FHOE 4Y, $F, dND2E
wdsd 0oy 2o
Response

8 /

2

&

45: Time

input

a9 28 Add Yol i SH=A
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Input: V,.=V'+;V” (2.4)

Response: ,, = 1"+ ;1" (2.5)
Vi+v” P
Impedance EST] +7 (2.6)

9 FASZRE Jdadre AVE e 2o

Magnitude: |Z|= (2" + Z")\? (2.7)

e
ox
N
flo

14

Phase angle: ¢ = arctan7 (2.8)

A2 g AFF(Z)E in-phase &Heol™, &F(Z")< out-of-phase & H ]

o o] gt e E 3 #ANA "R o(loss)'et "A HF(storage)’ O = T U 0H

21190 A A2 in-phase 58, &4 F2 out-of-phase SH, YHTL SHL A7&

|Z|= WEe Ao, 183 947 o= ¥EH Wo|)
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Imaginary Axis

Real Axis

O 29 dHdx vy 79 BEAEHEY 1

i
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AN Azte] He 5 FagolAe] duds SHoE Yo oY
REE GutHog RAPUIY L, o] H2E tholojad), =E I& 2

AFHAT 53] 2&-F& 2P Z = <94 (dielectric) & Foll o Folth
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K

=

ot

X
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B>
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)
23]

Rp

Imaginary

w*=1/g*

il |

c Rs Rs+Rp  Real
(a) (b)

1% 210 R-RC 7132 2 JodX~ B4y

JI 2 HolE 9 A ZFHQ] T & BAHOoE HEX(bode graph)7} UTH HE=
2o 779 AR AL Fugo gt 2 EHI A0 E AY] FEAA

FaAHE ARAEH ARNHAR R BASEY T2 o851 53 ojed AT

H
fr
A
H

)\
ol
=
0%
o

=
< IS(Impedance Spectroscopy)dl X = frALStA o] &H T} 7124
SRR 5oty 7 7 HEES oleY =4

ik 2o #4eE SHoE §Xste Aol 1
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RRCO| 571822 EAT Aolm(@), o 57529 SHL Bagugelq agow
e RolTho). whel Ao AN SR Wgom Fusl Frhee, 4356l
o ZAEns (09 H2Y ARF(M 45 TAATAL

223 3§ F&3} H 7k (Evaluation of Skin Hydration)
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— System ——
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7 FAreAl Rd st M]3 RL-C 2259 dehv] g
& wuo LXE ted) vk Ay nEaky
Y ol T

b dubE o g o] gdhe A3

yOEA, A ¢ - 282 u(t-k)Z y(

)

2 (29 2o, Ao 8o
tk)E 7zt Yebdoh

y(t)-l—aly(t— 1)+... +anay(t—na) = blu(t—nk)-l- +bnbu(t—nk—nb+ 1) (2.9

kA 2 292 AT Fd9) FEE na nb, nk 9 Al FEE FH, A2Flo)A

nate S8 (pole)d] 74, nb-12 4 A (zero)e] MNF, nke TF

G AZAAL o n g
729 2148} o] B9 A2He) £ 9 ush FLAE o7 Aol Hol y2 2H

v w 4 QoE e 2o ¥aY 5 A

y(t)+ayt—1)+...+a,,yt—na) = (2.10)

blu(t—nk)erQu(t—nk—l)Jr...ernbu(t—nk—anr1)+e(t)

2 (210)= A o d¥rAl FEE AEstd A (2.11), (212), (213)%F 2°] ARX
2do] Ak #=45 de 5 ATk

Alqy(t) = BlQu(t—nk)+e(t) (2.11)
Alg)=1+ayq " +...... +a,,q " (2.12)
Blg)=bi+byg '+t byg (2.13)
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A 3G st=de] 2 Al=d 74

31 A9 74

a9 31 R JIdx 58 Hi B =FdA NEet A" AA EFolt),

A RS 29 329 20 2 A2H2 AA ALY dde dAS F e
HEF A ERMAEr O HEFAFE 7 AAGE B A717] 47 PCO DAQ
HE, A7 Her] 8 Ask Wiy 59 327t AH0] e vF dads 45,

w5 &A, Aol E

A% guEs 2456 AW AFALLS FFAE ARAL F

(Raw Data)E | st= HolH g5 FAZ FAs A
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HIOIE Sy
DAQ Board \ l /

O guea

sz

V-to-C Converter
Voltage Buffer

a9 32 AA A" A=

3.2 AAAXH

S
Ny

17171 f18ke] o]-8-5 = LR PCo} A H 0]

B Ao FHYES DAQ HEZ )
ERL FAFSRE g87|7] A7) - AR AT ES

B 53 FARA ol &5l O e

WESA ZaTh Hebd olE mebaly] )@ sror 20V A Welvlel 243 A9

tlo

PCot =EH Fgdoan fids FadF 4S WS AFoH, duds S48
o AFAYS THste FANEAE & A HFHAEHF A (Linear Power Supply)

2l

21 93030D Dual Tracking DC Power Supply(ABM)< ©] &3} t.
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33 AAY A FX

Puinz PPy e A Aol A% by BE ZHiAel R A5E
By 7] 3 oGz =g oj7F A Hojokge Byl sty &3 MFBIA(Multi
Frequency Biolmpedance Analysis)®|t} BIS(Biolmpedance Spectroscopy)ell A ©] 83}
= T Fyg P W42 ZEEYY Ao E Tk Ty WEIE Ve
DDS(Direct Digitalized Synthesizer)t Z} F3}4=¢] tj st tlo|H & v|g] Z2 133
FPGA (Field Programmable Gate Array) 5 ©| &3l 948 2 S22 7HHAIZ
o} aAw 7} Foigol A A4 e HolEHE Q58] sk AFTGol A 1T
2 Fo nFuoA AFRE JpE W, 2 Hol 22 FAF Fo5E 240l dolE D
g5etn P 59 HolH AS FYL A "k

B RN 48 PN 7 F35E b A71E Labview Z21YS A watge

W, 295 b AL Told REA Vv FAT ER Fu4 Wz JA%E

@A}t (connector bloacks)Z 4] NIAF BNC-2110< ©] 83} % tf.
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Poisson DistributionOil
= === ool
(Labview7.0)

v

Waveform Generator
(Labview7.0)

l DAQ board

Connecotr Blocks=
Esto=g=21 5=

b

3.3.1 ¥o}% &3 (Poisson Distribution)

QA o] 222 o dHo] s AT G oFe] st AL o} A5 S
T S2EHE B AETE Fol o) A T ASS Folk EE A BAeA
e A 54 At mEhAy AR ds SAHA dg o] ATt oyt

N
i)
oy
Lo
of
=)
o
e
fr
v
|
ol
N
N
i
ol
=2
18
=2
X
N
i
ol
)
82
2]
psh
tot
1o,
off
e
oL
N
L=
ol
2

9= (random frequency)E A= st= WS A AT, 2 (6.1)2 Tols EE

_Zr
Wt Aztel ua g4l

S

t,=1—
' I

log.[1—a (1= M= rrGaT (3.1)
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z; = 03 14}0] 9] )] 9] W (random variable)©] 1L ¢,= 19 3504 2] 3 F A}
F7]o]™ Al 4 (time constant) A= 0.2083, =719 HY A3t ¢, = 10msec, FAA|ZE

toin< OsecZ LA 3FH TH[18].

N AN
UUUU'

a9 35 Xobd X & A

29 362 2GS ol &sta 7t FaE 2t At tiaiA 12870 HelHE
A4t Labview 7.0 T2 0] g fo|th HFAAS 93 B = A AEH AASS
aste] AP Y AFE 100002 gt en Ao Fu5E 5kHzE, H&
F94E 100HzZ 2P A

a9 36 EotF EEXE WE
ddy "ol AY =239 Jd

a9 378 A% WYFAY T2 LR ANGOE APFRE
BENE AAske] DAQ HER HolHE 144 AibAzte] ThE A Ade] B}
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(U m
_-amu.\tu.e o [cycles]
|

2 93 A A X (Waveform Generator)
Rl Y BAIAE 1Y 369 Fobd Lo Wt 100049 Fo4E
Zte AT dolHE A4 s=gojHoz ey 9o gxFol

DAQ board= PCI'H4] © 2 4 NIAF PCLI-6110S ©] £3589 .01 DAQ RE9} gl
AR Abol 9] SAT 24 NIAF BNC2110& o] &-3te] &y 258 Agsigit
23 382 10007)9) 358 2bE YEHE DAQ RER £¥3HE Labview70 Z21Y
o] jd ol ztzb dF 7| 1287) A o] WE tolE = AW ALstE bolE 9
F A7) 1.953Mbytec] th. 29 A] dloJH Qo] EE-L 50,0007 /% °]#, 10007 ]

Adn A7t wzHe F AL o 6ot
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A 50 o LS
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A [\/ MLm=
oA & X 2 o1 80|
il
EHOIE-I | /ﬁ-‘- =
see ‘ =

a9 39 9% Adds 24 4H FAE

a9 395 A dHds S AR FARRA GHY Y AXFENY A3
AT E degtol AR HAAFAOZ FH3st7] 98 AH-AF 87| (voltage-to
current converter)¢} At WA FAFo} A SFAHF, T8 3 HolH J5H
7He] AT A At HHE o] &t FE3he F3F &7 (loading effect) & 3 438}
St AHE-E A4S E 7] (op-amp)= unity gain bandwidth”} 35MHz, Slew Rate”}

200V /us?l AD847¢] T},

341 ASH-AF WE7](Voltage to Current Converter)

40uAp

R10 R11 Ri2
Current
22k

R15
10k

2% 3.10 Improved howland current pump
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Fo] AF A|&E 7]E MALY] A58 Z2H
o

Floating-Load *}2]©] o}d Grounded-Load 4] S A glsle] st=4o]e] 7HA3) 53T
a9 3102 3% Jydxs

current pumpo] HE 2= otk YA S G ERE 04VpE zhe AT At

Ay JAFHdes Agddy =8 AF(6,)7S 2620l it 40uAczE A A

olml 40uApY AFE AR AR AV WS o Fdte] ANZEo| A £}

(saturation) ¥ A = WA AHAT A7 tot] AFZES =7A @< o=

A5

(3.2)

342 MRQIEE 54 AT

Akkawa(1959)0] )89, ZA5)E ARzl 95 EW 5 24ho) AGAR AT
Agol os) AP 4, o] AW ke FH AT EAH wul 3
ey

A AAAH o7 HAFol YT IH ZQstuA stE He RE Judas AE
A wredEkA RahE wxol Uk
B ATNN AEHE A gAU2 Y AT e
=

wEoA ARHE 43 A7 ABRY AAW B AFL

rlo
<
>,
Lo
N
X

A,:
N
Al
filo

9et T2 HF A H|
o] &3t i3t Fgo A AFE Tt FF Frt E A= MYy dagEs FES
1

et 19 3113 22 ASS AREET 19 3112 R YgId s S A5
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2.5mm

a9 311 ¥R dods S A=

35 HolE 85 % A7

351 HeolH g5 Wy

AR P A A AY HHPE AR old21 AEE =EE DAQ
Cardel A dlo|H 2 Henh & =] AH- DAQ cardi= NIAF DAQCard-AI-16XE-50
© 2 PCMCIAY], 168 E Ba]%, +0.1~+10V 4 MY, +10V =8 92 1 3o}
HolH 5807 AME3 2ZEg o] T2 WL Labview 7.00.2 A @ v} 2 g 1
9] 50k updates/sSt F3A1717] Sdte] A EPYEL 50kHzO. 2 agstglom At
dolg Age #AS UAE7] f& W3 Z7]= 7M byteZ 3.
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scan rate buffer size
hannels (0} (250 scans, /sech (2500 scans! 3

device ¢
L T | £ ) E L

1

e R T

~10) .
T e

1% 312 dHolE =& Labview Z21¥ =8 93 3y

FYNEEN A4 duds A golHe ARX ZEd S 9% dojy A2ags
At 5 ¥t 29 wolH o] AlF ARkl b
d-E9Y FlolEe 11 WS 9T W W ds

o

& 7] 8} (synchronization) 2 4 7}
A= sk

2

o

3.5.2 ARX modeling

ARX Zd#S 93 2398 Matlab 6.52] Toolboxol A A Y93l System
Identification ™77 & o] &3ttt v dste Y& =9 dvlo]E o] tfa] remove trend}
remove means 2 & 7 A 2] (preprocess)at 4™, A(q)y(t) = Blq)u(t—nk)+e(t)Ql oF
g2 Az A@@S B(@9 AFE 1AEE 1037h A (1<nanb<10) H7J] 34
YA &S Role A5E Hdeste] AAson, AZEA AL 13Hnk=1)Z 3}o] A]2=F] 9
A ZEA o) gtk 7Hgske]l ARX modeling(ARX441)S AA 8 Gtk =3k 2+ 3] A=<
HelHZ R e mdge] FgL Felaty] 8 54 doleet ndo &7 34
A &S Adol wet gelet ek 18 3132 2 FolA] ARS8 Toolboxoll tdt 1§ o]

®
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File Optione  Window  Help Chanrel  Help

Data o Hodels Measured and simulated model output
4

1 Hperiies 4 BestFils
< Prepiocess o jare10101. 90.598
m3 mad arx1 0101 2

T

=t
“
] s

s —= | T ]

-4
Dataisws HMoadel Views
I~ Time plot ¥ Modef autput ™ Transient resp -6
I~ Data spectia I~ Model resids I¥ Frequency resp

-8
™ Zeros and pales a 001 00z 003 004 005
Time

_ Ema | Trash validation Deta W

=121 x] =1o1x]

Model name: a0l
oo [resr

Styla  Chaninel

Disezete ime IDPOILY modek AL = BlTuT * off <
Frequency respanse Alal=1 1,009 ™1 04776 0" 2 005691 g3 + 01656 0*
g . : ‘ . 02048 55+ D.053820° 6 + 01556 47 - 00841 9 -5
001028 59 - 007653 9710
, Blal=02234 071 + 04162 0°2 - 0.2427 - 0 14 o4
02298 075 -0.09257 076 + 05018 777 + 007506 o
J £01171 3.+ 003604 °10
Estinaed usig AFX fiom defa set 3 =
4 4| i F
2
3 i Disiy And Hotes
=
: - %
% Impart m3
a0 = a3 10 101)]
0 05 1 15 2 25 Fresenl | Cese | Help

Frequency (Hz) w10t

1% 3.13 Matlab system identification ZZ 1%
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A4 Ad 2 25

B A2 20059 4] AR YAEs S 9 AEE A LF Y] R85 £ 3
ATE 3] APstgon, 93 A o877 8 A ey TIC AE Q] & - P52l
A Ak

d¥de Ad 5 24 ZdS 5 97 Jaus FH ) AT ZEE S

4 ]

glstdon dddds Fol AF A2 ARX EdS Fdsdth w9
Corneometer CM825 =74 ZAH}-E o] &8l 7 A28 =13 =Hd A3 A=
CR

41 234

A9 B 009 AAA4E BAS FRSA NAAE A a A
Se de sgon, Ah0 992 2 & At Wdo] g A AL Ao
Stk BAE 4978 dund NR A%o] g AR F FAIZ AFRon

o
it

A Ao g Vx BAZFE F 413 2ok AA AHAE F 31IHOEA
of/de 117, 9% 22.8+2.04], F4& 207, dF 25.6+1.041¢] £ZE Hola Ut

¥ 41 A dEHe 2 AR
A3 H ArZ A g EFHF
o] A 228 20 26 2.0
%A 25.6 24 27 1.0
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4.2 Corneometer CM825

AFe SR HAEE BE R EVe] HHsE Z2BE Fi dgHE v
Aol ol 4515318 F(capacitance) A 55 T3 ol Fort. o] FFa P
sHEEE M= HHshs dFo] slof AR HErrt #5545 SAH = 737 2ok

+H|, Corneometer?] FH o 2= sgF, oFE9 =¥Xo| IA TS BA Z= oA

=)

Z+ A% sH 30~40pm Z o] ojuj o FEFHFS I35}

x,
AN
o,
ol
-
rr
N
ofr
=)
Q
=]
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c
Q
o
=
=y
%)
0
=



ol AMg3le CM82se HY
2ol F7HA

S
b
%0
2
e
I

in electric scatter field)S 2t
Couraget+Khazaka electronicAt®] HAl & BfE 54 FHIZA o5

Hogx o] g5E Fuloth

421 CM825 I ¥ ## Ri= =4

Corneometer CM825& ©| &3 i & BR{E 42 @A 78 FHAA

% B H9E 103 SA3o 535 CM8259] 2=
S 9ate Fdde] AAEH, 108 A= dHolE o 7 H
Ao ghe W=l 87 HlolE e Fdghe 71= dolHEAM ARSI 13 42% J A
i3k CM8259] I i Bi= S0 gl Abdeln, 19 438 CM8255 5319
53 Holy A3 = spyolth vF FE Hiks 25 SR A9 4 E
?l RAE YEhf A S =2}

b
)

YL AR F
z=

)]
598 949 =4

A% A% F o 1% Peold

e
o

13 42 CM825E o] &3 7%
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—tahd

(RSN
e ] st [T Teremaer [
S

9o T
|
e | e [

I8 43 IR $2 BHEE HolE 5 Ay ag=

Asers|m T [ Tt o v

Rie 54 2%

i

422 CM825 I F &

CM8255 G3te SAHE I F& Bi% gho] 2545 3Fd FE3ido] 852
omat ol ¥R g = T IR GHE WY
AP XY =4 AFe ¥ 42 2 29 449 o 9z =29
FE BAE7E EAdol HslA A vEhdaL it B o of d2 ARG v
et Q12o] wom 3§ #Ed tiste] FAERT HFHolt) weha] oA o] FRGE =
ARG Foe AL VgAY B APy T A9 oi eyt GARY USS
& U

¢

q
rlo

3* 42 CM825 # Hix F3H A3

T B HAF& A RFEAX
4=0
(1? _ 1 A% B 22.29 410 53.36 13.87
H$Ad=1
N = 20) A= 18.44 6.03 33.90 8.59
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Y 44 CM825 2 WY FR FE B 41

Z AN = 98 AAFI S FHel AEHAE
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B RO e Azde) 434 oo Mol A Aol taiy Aad mdee
2RE Aol 4% Fo S5 27 (powenE Hlaete Aot AL YwHow
R mE el WY 10kQ B9 2 10kQ~100kQS) 348 3:04%) Aut AP 4aAS
o]§-3te] AN ATt

¥ 43 A mdo] dig ARX 2d F4 dA &
Fitting A B HAE A #%
ARX441 10 85.463(%) 85.191(%) 85.963(%) 0.235(%)

=]
N
)
)

gt ol et AFg RAZHE AL HolEHE ARX Rd 2 74
B = AAg 2dolH, 1000789 M2 B& FaE Zte Y A5
Y53 HolHE ARX Eddy Ay 4 dX &2 i 437 2ok 2 A3k
100Hz~10kHzol M= A8 2 A5 21T 4= 9lon, 10kHz o] &=
7b Zhge e A E s AR dFo s Hggho]l HaTSs & 5 A
H = o] Fudido A HlAg A A4S Holu fRrAdgux =4S 98 Fu
tojo] Yukz o g 10kHz v who]| B2 IR udx 249 93 B AJAHe My

2t sl

u
o
o
fr
ot oz\d,
Ai

=

Frequency respanse

10 100k )

90k

T0k

Amplitude

50k

30k
e 20k =
10k

Frequency (Hz)

a9 45 AFRAZRE Y A" HAFA gl
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= otk =S SRS A 4G A5 2R g gFS wAs] fske
Isothermal technologyA+2] Black Body Source® ©]8-3t =9 ¥ 225
i w9 2=9 T FA AA FReH, SF9] S =ol7] A @A

5\
o
R

AHAE2A 10009 FH57F MEHE A7 Z 2 62 5 95 doRz
523 Aol od A&How gol FAaHN, o|dd ARe mdy A Ao
o) Fo)AE HlolE A& FYHS BojmA Gepy B =RAHE JTdx
Arel ol 94X JAe 1A WY YolA o - 9 Holg Fe 28
=

¥ 4% 7 HUARRY 59 H5JHA2 GojHe A ARX 29 <



AAE F g golth FAgY T4 A& 89.368+3.085(%), A9 T UA &L
89.488+1.789(%) 0.2 A S dlo|E o] gk ARXE ™S F4 A &L oF 90% ]

A94e gl

¥ 44 FEo] WE ARX 24 FA X &
chk:! b RN B HAagk HAdigk FFAA
=G4 18 89.368(%) 79.815(%) 91.841(%) 3.085(%)

oA 10 89.488(%) 87.014(%) 92.311(%) 1.789(%)

HA4 Aol thale] ARX 2UPE AAGgen, $2H 24 Rl RE Fos
$YE FAF A% 19 463 19 470 2Tk e Ford @ ARE I
g3 EAEw 52 Hol B3 AFYRY GREE AAtE 449 AAd2st
£90] HMl, Fo5sk Be WFAFA WAL £3) o} EAA =g Ho) F2
A Folut AsHAWES) YW1 E WA Bk B ATolA ARX BdYS 5
Fo5 SHAME SkHzP R e Fohpe] e Quesg Walt a8E 4439

ZASY dyds GG Eo] #Fade AT F Ao

Freguency response
15 T T T T

Arnplitude
=

(g}

Fregquency (Hz) %10

a9 46 FA 189 td ARX 2l Fu4 L
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Frequency response
15 T T T T

Amplitude

Freguency (Hz) ot

IY 47 oA 1099 g ARX Rdo] Futd 35

ARX 2d F34 Sg=x49 7t Fo5d o gk ik 459 2T BE Fo5
oMol B g HAdo] AGEY 52 FAT & QU ofe dAo] ARG IR
Ao E 27t FHH o2 Fov o dAHHT ofo] IR SR YA -9

¥ 45 AFTY ARX 299 Fu5 & A7

HAHN=18) &} ZHN=10)

B H2F Ho@ 2EHEA| ¥HE A2y Hd@ qEE
200Hz 9.034 2940 14.635 3.617 7.400 1.790 13.590  3.230
500Hz 6.515 2188 11.030 2.589 5.236 1.269 10.001  2.277
1kHz 4.237 1.480 7.186 1.699 3.356 0.792 6.576 1.460
2kHz 2.597 0.914 4.255 1.086 2.009 0.443 4.127 0.912
3kHz 1.964 0.711 3.541 0.851 1.491 0.316 3.125 0.692
4kHz 1.626 0.620 3.099 0.714 1.218 0.257 2.549 0.563
5kHz 1.395 0.568 2.751 0.613 1.036 0.225 2.144 0.472
10kHz 0.860 0.389 1.765 0.356 0.626 0.193 1.214 0.255
25kHz  0.492 0.029 1.421 0.362 0.337 0.012 1.169 0.340
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44 TAZH A

e FE HEEE F23517] 95te] ARX 2dde] AugRy AL Fus $d3
Corneometer CM8252 E3le] A& dolg 9 Fo9X A=S A8
FEY A5 JAED S AT Rl o2y AT AT
e 2 M5t on 544 HZ2 MINITAB 13.209] 54 Z2 13 AME-3F AT

wdgo Fug $@FML 200Hz~25kHz2] 44291 gho]= 2 200Hz, 500Hz,
sto] Z4zp v

e

1kHz, 2kHz, 3kHz, 4kHz, 5kHz, 10kHz, 25kHzo| A& A7 & F
TE EFEE dZote JARDY SPHSFZ dAH A

441 CMS825 HiolH 9 EHHFEY A 24

3 45 CM825 HiolE 9t SHHFETY] FaEY

T(:T 200 500 1k 2k 3k 4k 5k 10k 25k
Z

IR 0.694 0.722 0.747 0.802 0.835 0.851 0.859 0.857 0.587

p 0.000 0.000 0.000 0.000 o0.000 0.000 0.000 0.000 o0.001
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H SR RGE o

Z93(S)

-
3t

FR3 8 AARAF(R-adj)

AR AF(RY)

23
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72.6
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s
iy
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: (
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=
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35.3408 — 10.2070 X (A RX model Amplitude Q5kHz)
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R = 0.859
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A5F EAE

ERAA PR IF IFEs 33 P Fe RLC 2o e MFBIA o]
ol ARX RR2A 3% JUE Pt A2e AR ¥4 FHE 1kHzol A
skHzALo] qlole] #3408 2 AAFLL Artahe] 294 AT gae] Age 24T
S QES Ao, £5 24 wdeA 1 4Y4S 42T 959 29

tolel= 4 dHelE st 5718 2 wjdstE Sot] A7 A4S AASHA S Matlab

9] System Identification & 53} ARX441 =& ¥ 1kHz~25kHz ¥ 91 & Zt+= BISE
T&sA

317 9 A o] el A =&l A AAG A=FS o] &8t HAN B9 AR ad
28 2R Yo, A IR F£E BE&E =34 #H])2 Corneometer CM825S o] -85}
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ABSTRACT

A Study of Electrical Skin Impedance Measurement and
Estimation of Skin Hydration Using the ARX Modeling

Kim, Jae Young
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

A human skin protects body from the outside physical and chemical
substances. The outmost layer of a skin, the stratum corneum’s abnormal state
is directly related to a disease or skin disorder, and the health skin, elasticity
and softness of a skin is most influenced by the water content.

The skin impedance method in various evaluative methods of skin condition
is non-invasive, easy to use, and don't need the technician’s skill. A
BIS(Bioimpedance Spectroscopy) technology enables a estimation of the stratum
corneum’s water content and a measurement of a response of the skin tissue’s
normal state. But the conventional BIS method is an acquirement of
impedance through the restricted frequency sweep based on the R-C model
and has an error of parameter estimation and a stray capacitance in the high
frequency region. So the BIS method based on the ARX model is researched
in this study, and adopted the arbitrary-frequency varied constant current
source to reduce the refractory period problem of the current stimulation.

The developed bio-impedance measuring system adopted the bipolar
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electrode method and was verified the system linearity by the passive element
model. Also the sine wave voltage generator and the analog to digital
converter system were developed to minimize the phase delay of system.

Experiments were done on 31 subjects who had face washing with the
collyrium and were adapted in the temperature & humidity chamber(24°C,
40%). After 30 minutes from the face washing, a skin hydration level in the
left cheek was measured by Corneometer CM825 and the skin impedance data
were acquired by the developed impedance measuring device.

The acquired impedance data were synchronized and rearranged in input
data, and were done an extraction and preprocess to increase the curve fitting
rate of ARX modeling. Finally 200Hz~25kHz regioned BIS were researched by
the frequency response of ARX model.

In this study, the frequency curve of ARX model in 200Hz~10kHz could be
specialized to the individual’s skin condition, and the skin hydration state and
the amplitude of 5kHz frequency in ARX model had the highest significance
and correlation(R=0.859, P<0.005). After the best subsets process of
multi-regression analysis, only one indepent variable - the amplitude of 5kHz
frequency - was sufficient to predict the skin hydration level.

From the results above, the BIS system newly based on the ARX model
was developed and the regression equation to predict facial skin hydration level

was researched through skin impedance analysis in this study.

Key words : Skin Impedance, Multi Frequency Bioimpedance Analysis,
Bioimpedance Spectroscopy, ARX Model, Coreneometer

CM825, Skin Hydration State Prediction Equation
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