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The present thesis presents the invention of a 2-source Bio-impedance 

Analyzer for application in hemodialysis patients . The analyzer uses both direct and 

alternative current source to replace the conventional phase shift measurement so as 

to avoid measurement problem. The analyzer consists of 6 main parts: power 

supply, signal generator circuit, constant current circuit, voltage measurement 

circuit, processing circuit, and display. First, performance of the system was 

investigated in measuring pure resistor, pure capacitor, and resistor-capacitor 

parallel circuit as a model of tissue. It was found that the system could measure 

impedance and resistance in the range of 160--1 0000 and 200-10000, 

respectively. The coefficient of determination of 0 .999 was obtained. Second , the 

system was applied to measure in good health people comparing with the results 

obtained from Maltron Bioscan 916S. It was found that when the alternative current 

was applied to measure impedance, a satisfactory result was obtained with a 

coefficient of determination of 0.979. However, when the directive current was 

applied to measure the resistance, reasonable results were obtained only when the 

test group were males who have a body mass index hig her 20 kg/m
2

• The coefficient 

of determination of 0 .651 was obtained. 
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1J'Vl'Vl 1 

o 
1J'Vl'U1 

~ , ~ 

~1.l,)UL~flL(;J~'fl1'1 (chronic kidney disease;CKD) LYil-J~ULUU91U,)"'UJ1n L~u"'n~n~ 
, ~ 

~lfil~ru~'1JU254 7 YnJ~llutl~~LVlP11vlUn91U,)U~Yll.l')u~')u LmL[;l ~'fl1'1th~l-J1 ru 108,000 flU LLft~ 
• 'II 

iHlu')u~l.l')m~l-J~'Iti'l 7,900 flUI11'flU [1] 
~ 

~1.l,)UL~flL[;lL1'fl1'1ntl~:::~VlfiflIYinl~vil'11U'1l'fl'lL(;Jft~ft'l L'I-Ift'fl LYiU'l 5-1 O%'1J'fl'lflutln~ 
~ 

L(;Jhl~Il-JIHlril4'C'lUI LLft:::'ll'fl'l L~U 1111 'I 1 'fl'fl n"lni,'1 nlUL~ L YiU'IYi'fl LLft:::L[;l~ t1J L~U nI~fl,)U ~l-J~l-J ~ft 
~ , 

'll'fl'l Lnft'fl LdLLft:::~l-J ~ft'll'fl'lfll,):::m'C'I ~1'1flIU 1 Uil'1n1U fll'):::il~'I c.Jft 1,x'll'fl'l L~U 1111'11Yl Ln~"1 n'1Ju')u 

nlnl-J(;JIU'fl~'.Ol-J(metabolism)L-rlu fJLrtl(urea)LLft::: flr~ilu (creatinine)~:::~l-J'il~luil'1n1mUU 
, ~ , 

ml-J1 rul-J1 n "ULn ~ fl,)ll-J ~ ~tl n ~1 U il'1 n1 tlYl Lrtl n ~1fll'l :::tllJLntl (u re mia) U'fl n,,1 nilnl'1Ylil'1 nlU 
'II ., , ~ 

hi ~1l-Jlnl'llUUI'fl'fl n,,1 n il'1 nI tlVlI'11[;lL~hj L Yitl'lYi'flvi 11,x Ln C'lfll,)::: n l'1rl'l PlI'1'll'fl'lU Ifl 1 til U 

il'1n1U"ULnC'lfll,):::~1 LnULLft:::,r') 1 ",)1t1 ml-Jl-Jll~ ~'I~'I 1111'11~ Ln~~u,rU,,:::n c.Jftvi11,x~thti L~tI:n1(;J 
LLl11mh'lhri(;Jll-JnI~1mf1~')tlnI~U1U~Vl"'LLVluL(;J(renal replacement therapY)~'Il~LLri nI~Yl'fln 

Lft'fl~~')mfli'fl'll[;lLYlUl-J(hemodialysis), n1~Yl'ilnl[;lVlI'1-rl'fl'lYl'il'l(peritoneal dialysis) '1-11'fl nI~tl~n 

chtll[;l (kidney transplantation) ~1l-Jlnlvil'1-1i.h~Vl ~ LL VlUnln;1'11U'll'fl'l1[;l~~ t1J L~tlltll~ ~l.l')tI~'I 

~1l-JI'1nnm[;lI11'fl'flf.h'lnflruflIYim[;l~~I11'flltll~ [2,3] • 
nI~Yl'fl n Lft'flC'l ~'ltl Lfl1'fl'lL[;l LYltll-J(Hemodia lysis) LUUni ~U1U ~Vl ~ LLVlul[;l~'In 

tl'1:::~VlfiflIYi~'I LLft~lillunI'11m~1 ~l.l,)tI LUU'l'hul'1-1 n.l1 u~l.l,)tll[;l'llm:::tI :::~"'YlIU L"'tI ~l.l')tI":::rX'fl'l 
... 'U .... \I "I \J 

'" " I II 

l-J1 L;h1UnI~Yl'il n Lft'fl ~~tl "'1~ft:::2 ti'l3 fl 1'1 fl1'1ft:::4 on') Ll-J'I 1unI~Yl'fl n Lft'flC'l UI11 ft:::fl 1'1"::: Li1unI ~UI 
I I I " 

LYl'fl1,x Lft'fl ~ ~IUlfl1'fl'l1[;l LYltll-J'.O'I,,:::nnl~~'IUI 

~,)ULnUlLft:::'ll'fl'l L~tI 1111'111 Ulft'fl C'I'fl'flnl-JI", nil'1 nltI ~l.l,)tI LLft') 1 'I-Ift L~tlUn ftU L-:ih~il'1n1t1 ~l.l')tI 111'fl 
'II 'II 'IJ 

Li1'fl'l'" fi'fl"'~~tI:::L')ftl~vil nI~Yl'fl n Lft'fl ~ L~'fl1 ,xi,'1 nltI'll'fl'l ~l.l')u Lih~ ~fll,) :::~l-J ~ft L~tlml-J1 ru~1 
'II 'II • 

I" " "" I 

~,)uLnUYl LLYiVlULUU~v1'1~1":::~'I'fl'fl n", nil'1 nltI ~l.l')tI Lvii 1ruu~U'fl~ nuu1m1n LL ,x'l( dry weight);'1 



2 

'" I" II 

Ltlt.lU1 v"rnV11~iiu1 ~'lt.l Lnt.!'tl Ell t.l11-l mu LL YlYl~ ~fm~1 ~'tl-:J ri 1t-lt.lcrl m ~~-lU1 'tl'tl n~1 n 11-:J mu ~U'lU 
~ ~ ~ 

, ., ., 
LYlT.ll,xu1t-lun ~U'lUt-l~-l'ri'tl n L~'tlcrl Lyh nUU1t-lUmL,x-l~-l mh'l [4] 

" ., 
n1t-l1n~U'lul~funTl~-:J~hU1t-lUml,x-l~-lLnt.llU (overestimation of dry weight) ~~ 

" vhl,x~u'lmr-l"Nii111'l~U1 Lnt.l(volume overload) "';1l,xLncrl111'l~U'll-J, m1l-J~t.ltft~~~-:J , lX'll~,x'tl-l 

~1-:J-n1ut~(left ventricular hypertrophy) LLft~ Lncrl111'l~~Tvi'l)JU'tlcrl(pulmonary edema) ~-l111'l~ 
" , 

It-l~1il~~~-:J~ft~'tl fI ruJl1Yl~';) ~ LLft~ltlt.lmnVil-Jtl ~n nJn~u~ ~~1 n t~fllX'll~ 1 t.lYl1-l ~Nnt.lifll-J • 
" " , 

t-lln~U'lul~fum~~-lU1t-lUmL,x-:J~1Lnt.llu(underestimation of dry weight) ri9~"';ll,x~u'lmn~ 
" I I I 

111'l~'n~U1 ;-l~~~-l ~ft 1,xLn~'tl'"lm~~~fl1'l, mu'tlut-l'tlu LLft~ nfl'lll-J ~t.l tft~~~I~~t-l~I-l"';1 nJ~'ri'tl n 

l~T.l~ (intradialytic hypotension) ~-l ~ftifl-l L~U-:J Lt-l~ld~~~-l ~ft~'tl fl'lIl-J1'll-Jii'tl"1l'tl-l ~u'lult.lnJnih 
, , " 

fu m~'ri'tl n L~'tl ~ t~uii cjU'lU~It.l'lt.ln~1t-lU-llt.l~~~ Ln ~'tl'"lm ~-iil-l L~m~1 n111'l~"1I1~Ul111Ut-l~-l m~ 
~ 

" " I I 

1 t.li1~~Ut.lm~t-l1Ult-lUn LL ,x-ll t.lcju '1 U LL~ ft ~ fl t.lUt.lfJ-:J 1~ n Lfl1-'tl-lii 'tlV1l,x ~ ft LL~t.lih LVi tJ-l . ~ 

" " Yl'tlV1~~ l-if Lr!t.lLfl1'T.l-:J1' ~l-Jl ~ ~~It.l ~-lUt.ll t.lth~ut.l~-l H m ~U ~~ Li1t.l"1l 'tl-l LL YlYl ~Lr!t.lt-l~ n 1 t.lm ~U j~ Li1t.l 
~ . 

, " 
t~tJmju~~Lnt.l~~Vi~I~ru1~1 n'tl'"l m~"1I'tl-l cjU'lU Li'j'tl Ln crl111'l ~"1I'tl-l m~"1Il ~Ul (volume 

" " ., 
depletion) l-J1 lflt.ln1~ri1t-lt.l~ .. hult-lUn LL ,x-l'lJ'tl-:J ~U'lU LLI1i';)fii1'tl'"l~"';ll,x ~U'ltJ Ln ~'tlt.l~~IU~1 n mj 

1 I "" I 

V1 n fl'l1l-J ~t.l tft~ ~ ~1~1 n m ~n111'l~"1Il ~U1 1~ t.l'tl n ~1 nilfJ-:Jn m nJ ~~~ n ~1 frlfi m ~~1-:J1;-lnif'tl ~ 
, ., " 

if'tl L~mL~ n~1-lnt.llu L Yl'tllfl t.lm~·lhu m~'tl LLYlYltJlt.lnJ ~rilt-lt.lcrlu.lt-lUmL ,x'lil L-Dt.l nJ~1'crl L'tl LYlrUft-

Lt.l~1fJr~n LuulYl~ (Atrial Natriuretic Peptide, ANP)1t.lm~LL~L~'tl~ ~-lLUt.lLuulYl~fl'tlfll-Jt.l 
. I I" I 

(peptide hormone) V1t-l~~'tl'tln~lm'l!ft6n""I)JLU'tllt.llX'lh,x'tl-lUt.l (atrium of heart) Lii'tlnmju~ 

"11 fJ1tJ'tl'tln'lJT.l-l ~U'llX') 1 ~,x'tl-lUt.l~1 nml-Jl ruL~'tl~~ L ~l-J~t.l ;-l L~tJtl n~ LL""'l~1~'l!~~d~~"';It-lUl~1t.l 

n,),i'~-l~tlJtlJ1rulm~iimn~l-Jm)Jlrun1~iuL'lIL~tJ)J'il'tln~ln11-lnJtJi'll-Jnun1~~'l~tlJtlJ1ru1,x 
" " t-lft'fl~ L~'tl~n nJ~"1IfJ1tJ ~'l [7] LLir~1 n1~~ j,)~YlU~l j'l!~~il~:::nfl'J 1 l-Jl 'J ~'fl nJ~m'J~1' ~111'J ~Ul Lnt.l 

, " , 
LL~ri~'tl-ll-if L'Jftl1t.lm~I'l~'l~111tJlt.l,x't)'ltl!)~ mj, ml-J1 ru~I~Yl1' crll~~~1l-J1~C1 ~~1.J n'lml-J1 ruU1Yl 

n'tl~lt.lil-lmtJl~, LLft ~ l~~Il-Jljm~1.J n'l-D'l'l~"l~.yh 1,x Ln crl111'l :::n1~'lJl ~~11~"l1 n nJ~~~'J"l1' crl~ n 

~'ltJ ~'lt.lm~1' ~ L~t.l~1t.l~t.l~nftl'l'lJ'tl'lt-lft'tl ~ L~'tl~ ~11mlJ (Vena cava) LcrltJn1 j~~'l"l~'tlU ~'JtJ111Yl 

L~tJ-l~~;1'tlt.l"1l't)-llX'll~ (echoca rdiographic exa mination) ,rt.llut.l,;)fi~~'lfJ1 nLLft~,r n"l~n nJ~ 
'" I I" " " , 

U~:::Lnt.lU.lt-lUnLL ,x-lYl ~-l Lnt.llu ~'lt.lnJ~U ~~Lnt.l~'ltJ nJ~-n'lUlt-l1!mrt.l n'll1 ~ fl'll)J LL~t.lU1 ~ m1'l~hYl 
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l~u~iif"l'lI)J~U~'lU~~ 'elUL~'fl~)J191nnT1LtJ~UULLtJ~N'fl~~tJ1~n'flUI111~1JllUlu11~mU~thu ~~ 
I " I'" 

91 n~fivh~1Yll~ mh'))Jluu9~'Y'iul~rh~fiYll-iiL~m1,) ltJuu U~'lJl ~ f"l'Jl)J mJuUl'fl~ vil1w.iJ~l)Jl'j'tl 

~9~tJ1~LnurhJl~unLL,x~'lJ'fl~~tl'Jul~'flr.h~nml'fl~ ~~~~~~l,x~thU~L-lllt'Umn-l'flnLft'fl~Ln~ 
,,\1 " 
" " , 

Jll'l~LL mn-n'flU91 nm 'j'iiJlI'l~~1 Lnu~1'flJlI,)~'lI1 ~~IJlIU~~~91 nYl L -ll1t'Um n-l'fl n Lft'fl~ [8,9] 

m'j'1'~luttJ~)JYiLL~ui(Bioelectrical impedance analysis) Lijum'j'm,)91'~~ 
"" tJ~'fl~nu, 'j''l~L~,), liJvil~IU (noninvasive), LL~~iif"l,)I)JLLiJUUl t~u'ifim'j'1'~LLUUUU'W 9~'fl1~U 

fl ru~)Ju~'Vn~lYH~I'l1tJ~ L~'fl L~'fl)JltJ 'j'~Ln'W'fl~~tJ'j'~n'flUI111~1JllU 1 UL ~'fl L~'fltr'W1 vilL ,xm'j'~~ Ln r;] 
, ," 

f"l'lI)J LtJftUU LLtJ~~Yl Ln~~'WJlIUL 'W11~mu dj'WltJtJr.h~ tl nrX'fl~ LLlJ'WUl 
" 

L~'fl~91nm'j't)~lut'fl~)JYiLL~'Wid:Jum'j'1'~~iitJ'j':::tu'Du1uvn~nl'j'LL'Y'i'Vl~ 

tJ'j'~L 'VlPll'Vlu"'I:::~)Jiim'j'H'~I'WLrd'fl~t) ~ lu t 'fl~)JYi LL~'With~ LLI11 riii~IU')uliJ)J1 nun L ti'fl~ 
, " 

Lf"l1'fl~ij'flii'j")rn~~ t~mJ t1!~11 um1t) ~ lu ttJ~)JYi LL~'Wiu'WLn ~"'I1 n m 'j'1' ~ lu L 'fl~)JYi LL~'W'1i1 'Wf"lutJ n ~ 

~~'Y'iU~lrilf"l,)I)J 1111~ Lyj ~~1' ~ 1~9:::iirilu'flu LLft~m'j'LtJ~ U'WLLtJ ft~'lI'fl~ Lyj ~L 'W'lJ ru:::~vil m'j'yj'fl n Lft'tl ~n 

iiriIUtJuL'1IuL~mnuvil1,xdjumjmnl11'fln1'j'1'~ ~n~~u~liJii'j")u~lum'j'tJ'j'~~~-:fLf"li'tl~ 1'~lut'fl .... 
" ~1'W'i'Vlmil'Y'i'Wfiu9~ii9~~~~l-J1ul 'Wmj'fl'fl n LLUlJ LLft~tJ'j'~~~-:f , , .... 

" , 
LLUU~lfttJ~'VlI~l yjvh'll'fl~ L U'tl L£l'fl LLft:::luf"l'WtJ n~ 

, " , 
1'~luttJ~)JYiLL~ui Maltron Bio-scan 916S LYi'flLil'Wn1'j'~n~ILu'fl~rX'Wl'Wn1'j'tJj:::~~-:fLf"l1'tl~1'~ .... 

" )Jlr;]j1jI'W~I~t'uHil'Wn1'j'tJ'j':::Ln'W~lwwnLL,x~I1i'tlltJlu'tl'WIf"lr;] .... 

, ," 
2. 'Vl ~~'fllJtJj:::~'VlfiJlI'Y'i m 'j'vil~I'W'lI'fl~ Lf"l1'fl~t) ~ llJ t'fl~)JYi LL~'W'llyhh:::~~,j1'WfllJ 

" , . ... ... 
LLlJlJ"'Ilft'tl~'lJ'fl~ L U'fl LU'fl 
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, ," 
3. Y1~~flUlh:;~Y1fi1l1'r'im n11-l1U"1Ifl-l Lri~fl-l1~ LU L fl~).JYl LL~UiYh.h:;~l!I'ynwi'u ~utln~ 

L~mmUU LYlUUnU L~ifl-l,) L~~I:::VllULfl~).JYlLL~Ui Maltron Bio-scan 916S 

I ," " I I 

2. ~lm~Y1~ ~flU L~~fl-l1 ~ LU L fl~).JYl LL~uiVitl~:::~l!I'ynu nu LLU1J'~If'lfl-l'lJfl-l Lilfl LUflViiJI*11 

~'lI).J!1flUY11Uflcilu'll'l-l 200Lfl,x).J t1-l 1 OOOLfl,x).J LLf'l:::iJI*11~'lI).J'"l1vHhflcilu'll'l-l 0.1 Ul LUyhf~ t1-l 
'II , 'II 

10U1LUyhf~ 

3. Y1 ~~flUtl ~:::~Y1fi1l1'r'i nl~~I-lIU"1Ifl-l L~ifl-l1~ LU L fl~).JYl LL~w.n1 u~utl n ~ L~U'"l:;UlI*11~ 

L~).J1LmUULViuunuril~1~Hl'"llm~ifl-l Maltron Bioscan 916S 

1. flUf'l~1 LLf'l:::~'lU~'l).J-nfl2Jf'l L~m nULU L fl~).JYl LL~UiLLf'l::: LLUU91f'lfl-l L nfl L~fl 
2. flUf'l~1 LLf'l:::~'lU~'l).J-nfl2Jf'l1'l1-l1L~mnUVl~nmnLf'l:;m~flfl n LLUU Lf'lifl-l1~ LULfl 

LLf'l:::1*11~'lI).J!1flUY11UL'Y'lYh LLf'l::: ~'lULL~~-l~f'l 

4. Y1~~flU f'l'Jl).J rl mlfl-l LLf'l:::~'lI).J".h L~fl Ofl'lJfl-lfltl n nu L~UY1 ~ MIU n1 ~~I-lIU'lJfl-l L~ i'fl-l 
'II , 

, " , 
') L~n:::Vl~).JYl LL~U'Jlil,)1l1'r'iYltl~:::~l!I'fi1U L~UHvl'l!1flUY11ULLf'l:::vl'l Lnutl ~:::'"lYlm'IU 1*11 .u , 

nu L~ i'fl-l1 ~ LU L'fI~).JYl LL~Ui'lJ'fI-lI'lI-ltl ~:;LY1 P\;-l~I-lIU~ f'l'Jl).J ~ 50 ntf'l L~~~i 

6.') Lfljl:::,xUf'l:::MU ~f'lm~Y1~f'lfl-l L~'fI'lI-l LL~U~ nJull'l'fl1tll U'fIUl ~ ~ , 



1.1~ ~ULLUU'll'fl~ L~l~'fl~'1~ lu L 'fl~f.!Yi LL~uiLLUU~'fl~ LLW~~r.htJ~~If.!ltC1vil~IUl~~tJ 1-if 
~ryClllrulyjYhm:;LL~[;1NLL~:;~ryrylrulrIYhm:;LL~~~U~fl,)If.!~ 50 nt~L~t[;1i 

2 .1~ Lfli'tl~'1 ~ lu L'tl~f.!~ LL~uiLLUU ~'fl~ LL"H'i~"'ltJ ;~~If.!1 tC1'1~ P)1~f.!~ LL~U'1l1~U'rl')~ 
160L'flvlf.! ii~ 1 OOOL'flvlf.! LL~:;~If.!ltC1'1~P)lfl,)If.!~IU·vnul~u'll')~ 200L'flvlf.! ii~ 1000L'flvlf.! 

3.1~ Lfl i'fl~'1 ~ lu L 'fl~f.!~ LL~uiLLUU~'fl~ LL,..wi~r.lltJ ~ ~ 1f.!1 tC1'1 ~ P)1~f.!Yi LL~U'1l1UflUtl n ~ 

l~nftL~tJ~nuP)l~l~r.nnLfli'fl~ Maltron Bioscan 916S 

4.1~Ylnuii~fl,)If.!~If.!ltmL~:;tlt:;~YlfiIlIYi 1Un1t'1~lUL'tl~f.!YiLL~ui ~')tJlyjYh 

m:;LL~[;1N'luflutln~ 

5 
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1J'Vl'Vl 2 

"" " I I 

Lij'flln 1 'WuYlU'"l~nrll'ln'l~~n nlnLfi~Yl ~1:tD~'W~I'WVi Lnm-n'CN nu nl1rJ V11u lil 
" " ~~Yi LLV1'W..u LV1ULLU'I LU'il~11'WUYlU1v1 d:l'W 6 ~'l'W1v1 LLn 'il'lf1th~n'ilu'lJ'il'l11'1 nlU~'W1:ttJ, LLUU41fi'tl-l . 

" , . 
Lij'il LU'ilYlI'11U L'il~~~ LLV1'W{ Pl'lI~~~~'Wfi1~~~I'1 Pl'lI~ n'lJ'tl'l~t1J C1J1 ruLLfi~n11rJV11u L'il~~Yi LLV1'W..u. 

~ru~~U~'1I'il'lj;J'lLnUlh~,1WYhl1l'il~t1Jt1Jlru1wYhm~LL~~~ULLfi~~C1JC1Jlru1wYhm~LL~~N, nI~ 

rJV11u L'il~~Yi LLV1'W..u • LLfi~~1 ~1n11Pl'lI~Ufi'ilV1nul'Wnl1rJ V11u L'tl~~Yi LLV1'W..u 

'il'lf1U'i'~ n'ilU 'lJ'il'l11'1 m U~1t1:ttJ~I~1 'i'rl LLU'I v1 'lU LLUU91 fi'tl 'I ~'tl'l ~'l'Wv1'l U n'W~'tl LLUU 

91fi'tl'lm~'il'lf1U1~n'ilU'lJ'il'l11'1mU~'IU1~n'il1J1uv1'lU1'11,r'WLLfi~~'l'W~Unp\'"I1n1-n,r'W (fat free 

mass) LLfi~LL1J1J91fi'il'lYlI'1LPln~'Ilil m141 LL'Wn~'l'W~U11p\r.nn1'11,r'W'tl'ilnLU'W ~1, m~~n LLfi~ 
hh~'W11l1'11 V)~LL~V1\11'W~u~ 2.1 

T 
Fat 

• r 
Fat Free 

Mass 

-t-
Fat 

+ -1 
Waler 

--L 
Proteins 

Glycogen 

~Mineral 

-r 
Bone Minerai _.-
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" " " LUrn.Jtln~uu U1LUi1'lmu(total body water)il~(?I~')utlj'~l-J1ru 60% "lJ'tl'lU1V1Un(;]') 

~'l~1111UL Ui1'lmmrutlj'~n'flu1tl ~')U~ L~n t i'w1~~'l LUU(;],)U11yh~11~ LUUt)U1'l~ vh L~ Lnt)il 
" ., , 

ml-J1ruu1111ULUi1'lmUl-J1 n ~~~'l &.J~ L ~i1'lmuiJ n1j'U11yJyh 1~~~U~'l~~~~Vft)u'flt) nl-J1 LUUrl1 

r1'J1l-J!?llUYl1U1yHh~il"lJU1(?1~1 [11] 

Lumj'tl),~LijU~'JU~tlj'lp\~ln 1"lJlJUll1ULUi1'ln1U !?l'Jun1j'<)(?I1u tt)~l-JVi LL(?Iui,!u ;11 
.... I I II " 

t(?lUmj'tlj'~Lijuml-J1ruu1111Ului1'lmU Lut)'l~ln~'JuYitlj'1P\91n1"lJlJUll1ului1'ln1UUU ilU1d~u 

~'Jutlj'~nt)ut)U(1'l 73% [12] ... 
" " , 

1"lJlJu~,)uLnull1ULUi1'ln1UUU ~'JU LVI ti)9~~~~l-J'fI~lllUl!?l Lilt) L~t) L!?ln')VlU'l 
" , , 

(subcutaneous tissue), 11lUl U-Dt)'lt) nLL~~-D'fI'lYlt)'l LL~~LLYlmt) ~j'~VI~l'l n~1l-JLilt)I11'lXtlYi2.2 ~'l 
, " 0-

hlJuYiil'tlUll1ULUi1'ln1UUU 9~tlj'~nmJ~'JUU1 LVim 14 (1'l 22% ~\l~~ L~"lJlJuil~1r1,)1l-J!?llUYl1U 
'II 

" " 1yJYh~'l ;11L~n1j'U1~tlJtlJ1ru1yJYhLUr1U~,)uu'WLn(?l~u1~tJ1nn~11uf)u~t)l-J [11,13] 

n 'JVlU'l"lJt)\ll-J~~u~~tl j'~ n'fllJ 1tl ~') U ~'JUVlU'l th~'i h (epid ermis) ~'l iJ n1j'u11 yJYh ~1 

~1 n~lf1n(;]l-J r1'f1fL nUl-J (stratum corneu m) nlJ~,)U"lJt)'lVlU\l LL Yl( dermis)~il n1j'u11yJyh~'l91 n L~U ... 

L~t) (?I~ ~1 L~ U'llJ"tL ') run 'J VlU'lI11'l LL ~ (?I'lL U n.l~ 2.3 L(?I U~ 'J 1tln')VlU'l9 ~iJ f)'J 1l-J!?l1 UYl1U~'l n'lVi ~1 U1'f1 U 
'II 'II 



fl'n).JrifluVllU'lJ~-l~')\nr-lft~ft-l~lnm~~~'1J'1Jlru1Yh~I~I).Jl~C1~IULLVlm:n).J~n"NhJlu~,)u'lJ~-l~ 

j:Jn1~Ul1YHh1~~ [14-16] 

Epid&rmi$ 

pap;lla'Y} 
Derml!> 

Reticular 

Subcuti.s 

8 

n11'l Lrln:;",'"',fl).JYi LL~ui~ih[l1Yi (Bioelectrical impedance analysis) LijUn1~'l Lrl11:;\-f 
" , , 

ftn~ru:;~).J~Vll-l1YlYh'lJ'el-lLU'elLU'f) (biological tissue) :n-lj:J~,)ulh:;nmJ 2 ~,)U~,)tJ11U ~'el ~')U 

" rl,)l).JriflUVllU (resistance) LLft:; ~')U1LL'elrlLL(flui (reactance) t~t.J~,)Url,)l).JrX1UVllU,rudju~')u 

nftU'lJ~-lrhn11Ul1YlrhIl1t.Jluil-ln1t.J~-lLn~).Jl~ln~l~ft:;ftlt.JiSL~nt(fl~1ftl1l (electrolyte)~1-l1 ~j:J 

~~luil-lmt.J lU'lJru:;~LL'elrlLL(fluidju~,)U~L~m-ir'el-lnUrll rl,)I).J, 1Ylrh (capacitor) 'lJ'el-l 

'el-lrhh:;n'eluvll-l1~j:J'el~luil-lmt.J 

luil-lmt.J'lJ'el-l~-lj:Jm(fl,rUL~'el~).JL'l!ft~(cell membrance)1l1t.Jluil-lmt.J~:;j:JYi~~m1).J 
" " rl~lt.J nu LrJU~')U(;]') LriUlh~~ 1 Ylrh LU'el-l~1 n LU'el,x).J L 'l!ft~t11:;n'eluhJ ~')t.JiuYl'el~Yl'elft1J ~ , , 

(Phospholipid bilayer) ~-lj:J"lru~).J~d1u1'lJ)Ju~1l-iUl1YlYh(non-conductive lipid material) t~t.J 

j:J'll'el-liS'el'elU (ion channel) ~vil",ih~ LLftnLtl~t.JuiS'el'elU~I-l11:;"'~1-l1l1t.J1UL'l!ft~nUIl1t.JU'elm'l!ft~ 
," , 

~-l~ftl,xLn~rl,)I).J~I-l'lJ'el-lt11~~1YlYhVi~,r-lL'l!ft~-n-.l 2 ~IU lu'lJru:;Vi~11ft:;mt.J1l1t.J1UL'l!ft~ , 



9 

(intracellular fluid) LL~:;~1~~:;~1t1111t1U'flnL'l!~'Hf(extraceliular compartment) 9:;ilYi~~mnJ 

Plft1t1nu~')r;hu'Vnu1yjfh[17] 

, " , 
(Cole-Cole model) ;'lLtlUn1~~1~~-1~ru~tJu~'Vn-11yjyh']J~-1LihH~~ 1~~~lu!tJ']J~-1,)-19~~tJ~~u 

Vl1-11yjyh ~-1~~luZtl'JJ~-1,)-19~~il ~,)~1UVl1U'JJ'fJ-1~1~~:;~1t1111t1U~ n L'l!~~I1i'fJ']JU1U~~ flU ~') diu 

tJ~:;9'JJ'fJ-1L~~~tJL'l!~~ LL~:;~,)~1UYl1U']J~'l~1~~:;~1t1111t11UL'l!~~~-1~tJ~2.4 [18,19] , , " 

, - ------,,---j--

ZtJV1 2.4 ,)-19~~tJ~~UVl1-11yj~1']J~-1 LU'fJ L~~ lui1-1 n1t1[ 19] 

, " , 
Pl,)1tJ ~1UVl1UV1 Ln C;)~U91 n ~') LnutJ~:;9']J'fJ-1 L~~~tJ L'l!~~ , , 
" , , 

Lil'fJ L~~ 1 ~ LV1~~ LYltl'l~,) ~1UYl1U']J'fJ'l~1~~:;~1t1111t1U'fJ n L 'l!~~I1i~']JU1U~tJ nu ~') LnutJ~:;9']J~-1 L~~~)..J 
'II " 

\\\ 
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, , " 
~~lJVlfl,)1).Jn 50 UtJ YilJr)1fl1~).JYlLL~tJi'lJ'el~iifl1'el~1tJ"rl,)-l 344Lmf).J ti~ 725Lmf).J, fl1f1,)1).J1'l1-l~).J 

L~~(phase angle)iifl1'el~1tJ-rl,)-l8 °ti~ 15 0 LLft:::fl1f1,)1).J~htJ'Yl1tJiifl11n~ L~tNnlJfl1~).JYl LL~tJi 

[20,21 ] 

" , , 
fl1 LL tl ~i1 j;] LLj;]tJi(Y) ~1'elrl')tJn ~lJ'lJ'el~~).JYl LL~tJi'lJ'el~ LW'el LU'el ~1).J1m LL~ ~-l1cn~-l~).Jn1'i'Vl 

(2.1) LLft:::fl1~).JYlLLVltJi(z) LL~~~1cn~-l~).Jn1~~ (2 .2) LLft:::(2 .3) 

Y=1/Z =(1/R) +(1/Xc) = (1/R) + (j*(O*C) 

Z = R/(1 + j*R*(o*C) 

Z= (R - j*R2*(o*C)/( 1 + R2
*(02*C

2
) 

(2 .1 ) 

(2.2) 

(2.3) 

L~rJ~ Z ~'elfl1~).JYlLL~tJi. R ~'elfl1f1,)1).J~1tJ'Yl1tJ , Xc ~'el1LL'elflLLj;]tJi'lJ'el-l(;],)LnlJU~:::~ • 
1~yh C ~'elfl1f1,)1).JU~:::,1~Yh (0 ~'elfl,)1).J~L:n~~).JLLft::: f ~'elfl,)1).J~'JJ'el-l~'1!t1!1ru [22] 

, 
~1 n~).J mrVl (2.3) 9::: L ~tJ1Ci1r)1 rl')tJ'JJ'el-l~1tJ,)tJ91~ LLft :::',htJ~1tJ')tJ~tJj;]111Yi'JJ'el-l fl1 

~).JYl LL~tJi'lJ'el-l')~~~~).J~fttJt!tJ9:::ii f'l,)1).J~).J~tJffnlJ f'l')1).J ~ ~-lt!tJL~'elin fl1vr-l~'el~~f'11tJ') ru1Ci1 

1tJ'll,)-lf'l,)1).J~1'l1~1 ).J1 L~rJtJm1yJ ,,:::1cn~ft'el'eln).J1 LutJllJLf'lft-Lf'lft (Cole-Cole plot) ~~lU~ 2.6 
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, , , 
'" • .. . 

fl111-Jfl1,1'l fl111-JfI~1 

250 1 • • • 
200 • • 

~ • • 
150 1 • 

I 100 1: • 

• 
50 t 
o ----,:----. --*---, 

0 100 200 300 400 500 
Resistance (Ohm) 

- --.--- j ----- - - --- - - --- - ---

I I I " I 

~,)~1'WY11'W Lii'tl LVi~fl,)1~ n'lJ'tl~~ '1J '1:)1 ru~1 n~'WLr'tltJ1 '"l~.yh 1 ,xf"l1~~Yi LL~'Wof'll'tl~~') L1iUlh~, lyjyh 

ft~fNLihlnftl'\'Wu l111~~Yi LL~'Wofj'')~i1f"l1 LU'WI'\'WU 
~ ~ 

l~tJYy')ttJ "nn11lm~LL~lyjYh~i1fl,)1~~~1n~1 1 OnlftL'5twK U'tl'WLihttJ1'Wi1~n1tJ'"l~ 

YnJ~1m~ LL~ lyjyh f'l')'Wl~ n.J'"l~1 '\,1ft Lih ttJl 'Wf'l'J'WU1'L'J ruIl1tJ'W'tl n L"lIft ft 1 'W'll ru~~ n1 t 111 m:; LL~lyjYh~ 
, 

i1r1'J1~n~~~1n n~1 1 OOnlft L'5 j'(1l of '"l:;'YiU~1m:;LL~1yjYh f'l')'WlmlJ'"l~l~ftLihttJ1'Wf'l'J'Wu1'L'ltU 

1l1tJl'WL"lIftft (intracellular compartment) [23] LL(;]~1n11lm~LL~lyjYh~ i1m1~~j':;~~1~ 10 

mftL'5j'(1lof n~ 1 OOmftL'5j'(1lof '"l:;l11L,xm~LL~lyjYh 1~mh'Wl~~~f'l')'Wu1'L'JCU1l1tJ'W'tlm"llftft LLft~f'l')'W 

U1'L'J CU1l1tJL'WL "lIft'lf 
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1 
Xc = -- (2.4) 

jOJC 

Lntlib fl ru~l-JU~'jJtI~ 1'1'J LnUlh:;91yjyh ~tI ~ ru rul rul yj~1 l-Jlth:;tJ nl1i1 ifnUnlTr)~ fil 
'I 'I Got .. 'I .. , , 

~l-JYi LL~tJ'll1tJLLUU~I~tI-l LUtl LUtI ~U~1 L~t) H'~ C1J L1)1 rum:; LL~~~U9:;~11 m~ ~1~l-JYi LL~wh'Jl-J'jJtI-l 
" , o dO dO 

LLUU91~tI-l L tJt) LtJtI 
" , 

~rn~ LUtJ'J-l9nU ~ ~~ t.J~ 1lX~IJ.J1TCl~1 nlTr) ~ ~1 fl'Jll-J ~ltJYlTW.fl1tJ1tJLLuu41 ~tI~ L Uti LUtI l~~tJ I1lN 

~-lLL~~~1tJl1.J~ 2.7 

AC 
"--e z 

l1.J~ 2 . 7 ~ ~~mTJ.J'jJtI~I'1'J LnUlh:;, lyj~lnu~ L1) C1Jl rulyjYh m:;LL~~~U 

LL~:;~ C1J L1)1 rulyj~1 nT:;LL~ 111 T~ 

" , 
nlTr) ~fil~l-JYi LL~tJ'lf'jJtI~11-l nlm!tJ L~tJvl'J 1119:; 1-ifrjfir)~ LLUU 4 

electrode technique) ~-lXtl~2.8 LYlflilfl~9:;1-ih~9T'jJmmLuuiJtltJn~'lJm:;LL~lyj~1 (current­

feedback operational amplifier) 1tJnlT~,mT:;LL~lyj~ldh~11~n1tJ ~ltJ;S L~ntYIT~~~ltJtJtln 
~ ~ 

electrodes) [25,26] 



tw 

~~- .~-
-------. ---- . ltl~ 2.8 n1)'t)~i"l1~'-JYiLL~ui~')t1 4 ;SL~ntY1),~ [28] 

~ ~ 

~1'-J1 nn11 ri1;S'-JYi LL~uii1'-J1 fi1U,) ruvl1 Pl1 fl,)1'-J !X1UY11U'1l'fl'li1'l mtlLm~t1L-n~'-Jm j'r;i'flLtli1; 

Z = VII 

Z= (R - j*R
2
*ro*C)/( 1 + R2

*ro
2
*C

2
) 

tan9= RroC 

IZI2 = (R2 + R4
ro

2
C

2
)1 ( 1 + R2

*ro
2
*C

2
)2 

IZI2 = R2/( 1 + R
2
*ro

2
*C

2
) 

R2 = IZI2
*(1 + tan

2
9) 

t~t1~ 9 ~'flfl,)1'-Jr;i1'l'-JMYlM:::\.d1'lm:::LL~L'VHhLL~:::P1nd1vHh • 
~ 

n1j't)~;S'-JYiLL~ui'1l'fl'l~'li1'lmtl (Whole body bioimpedance) 

, ~ 

L~mnu'1l'fl'l~1.htl LYl'flvhm)'t)~;S'-JYi LL~ui (bioimpedance) ~'li?l,)'1l'fl'l~Qnt)~ 
, >-

13 

(2.5) 

(2.6) 

(2.7) 

(2 .8) 

(2 .9) 

(2.10) 

mj't) ~ LU t 'fl;S'-JYi LL~U"lI1~t1 mj'L-n~ Cl-J Cl)1 ruL Ylfh m::: Ll~~ ~U L Yitl'l fl,)1'-J n l~m,ru Utl'-J 
I I • II 

L-nfl,)1'-Jn 50 nt~ L~j'l1li Li~'fl'l91n~ ru ru1rufl,)1'-Jni1nfl,)1'-J~1)..J1j'Cl1 umj'Y1:::~ ~1U~,)Wl1t11ULL~::: 
~ ~ . 

Jl1t1U'fl n L"lI~~1~ L1JU'flr)1'1 ~ ~'l ~~ 1,x mj't) ~ LU t 'fl;S'-JYi LL~ui~1'-J1 j'Cl~9:::U'fl n n'l mj' Ltl~t1ULLtl ~'l'1l'fl'l 

~1Jl1t11ui1'ln1t1t~m,)'-Jl~djU'flr)1'l~ [27] 

" I '" I 

!X1UY11Unm1)..J ~'-J~UfiL:n'l L~ULLUU LLtlj'~n r.Junum'-J1 ru'1l'fl'lU1Yin'fl~1 uLi:i'fl L~'fl vh 1,xmj't)~ LU t 'fl 

;S'-JYi LL~ui~1'-J1j'ClU'f.l n n'lm'-J111lj'~1~'f.lr)Jl1t11 Ui1'l mtlL~ [28] 
'II 



]4 

~'".lI#-lUfitJ ~nU1lJn11H',:nlJ ntJ LtllJ~\l~1 fOi't1}#-l1 n ~IVlfu1lu mrWYll\l n1tLLYlYlrJ ~\ln11 
., , 

lVlfi"1J'tl\lm::LL~hlyh L;rl~11\l nlU"1J'tl-:J#-J~~rJUlJ 'tl19vil1~ Ln~ n11-n'tl~Yll-:J1YHh 1~ ;-:J-erlJVlr1U9:: 

~lJtJ~ nUm#-llnm1:: LL~lYHh~lVlfi ~hlJil\ln1U #-lIn n~1 LLN ~lJlrJYh~ Ln~~lJ 
t~U"1JlJl ~"lJ'tl\lm::LL~1vHh LYlU\l 5 nfi~ LL 'tl#-l LLUf dj'tl lVlfi ~,hlJ11\l n1U"lJtJ\l#-llJ~rJn • 

I " I I 

~1#-Jl1nYl9::YhLn~~'".lI#-lL9Uth~;lJl~ LLfi:;m#-Jlru"lJ'tl\lm:;LL~lYHhr;il~~YlviI1~Ln~n11fur~'tln11 . ~ .. 
lVlfic,hlJ"lJ'tl\lm:;LL~1~YhUlJ9:;iJ"lJlJl~ 1 nfi~LL'tl#-lLLUf [29] 

L~'tl1~L~i'tl\lt)~luttJ~#-JYlLL~lJi LtllJ'tlUmrW~iJ~'".lI#-lUfi'tl~JlU~\l m"J1rum::LL~l~Yh . ~ 

I I tI I I , 

YlLfira\lH'ulJ ~\l()n41n~1~iJ'JJlJl~ii1lUn~1 1 nfi~LL'tl#-lLLUf ~\lLtllJ'lIlJl~'lI'tl\ln1:;LL~1~Yhr;iI~~ Yl 
~ . 



~ 
'U'VI'VI 3 

" "" ," I 

Lil'il~lLUUYlU'"I~n~1')n-liwP1'ilumnJ1~~1:tiLLf'I~f)finl1Yl~~'iluViLflu-llUf)4'rJu 'D-liJ 

11rJf'I~L~rJ~(;]1-l1'il~ 6 ~');r'ill~LLfi mn.h~~1:tiLf.i~'il-l'1~lUL'il;a~YiLL~U{ mnJfULVirJu~1(;11~lU 
, , " 

'lJ'il-lLf'11-'il-l'1~lUt'il;a~YiLL~uiVililmnJ1~~1:t~U, nl1Yl'"llHW1~lU'"I1rJDn~lunl1Yl~f'I'il-lnu~u1:ttJ 
~ , 

, 'iltlnHu~Lflum1Yl~~'ilULU-llUf)4'rJd, m1Yl~~'ilUm1'1~lUL'il;a~YiLL~Ui'lJ'il-lLf'1i'il-l'1~~lilm1 , 

tl1~~1:tjiunULLUU~lf'1'il-lL~'ilL~'il LLf'I~ m1Y1~~'ilUm1'1~lUL'il;a~YiLL~Ui'lJ'il-lLf'1i'il-l'1~~lilm1 
" tl1~~1:t~1unuf'1utln~ 

~ 

Lf'1i'il-l'1~lUL'il;a~YiLL~ui '"I~tl1~n'ilul~~,)rJ'il-l~tl1~n'ilU~~n 5 ~')u~~nl~LLri ,)~'"I'1 

~11~~ 'lJ'lJl rw, ,)-l'"lnL ~~-lril LU~m:;LL~lvHhf'1~~, ,)-l'"l1'1~ r11 f'1,)1~ 11h~ I"i'nrJ1y.jV:h, ~')Utl1~~,)f'I ~f'I 

if'ill;lf'l LLf'I:;~,)WL~~~~f'I uii'ilnl~'il:;LLm~'lJ'il~Lf'1i'il~'1~lUL'il;a~YiLL~ui LL~~~H(f)-lttl~ 3.1 

In 

Subject 

I Microcontroller • 
I + .. I Detection Voltage: 

A • I Display I V put 
It,!9t. 

.. ~ 
. 

~ I Measuring Electrodes I I 
v. 

~ 

.... Injection ... 
Current Voltage to Current 

~ ... Electrodes ... convertor 
..... 

Output 
S:jJrreJl~ 

Si a G I gn I enerator I 
1tl~ 3.1 uii'ilnl~'il:;LLm~'lJ'il~Lf'1i'il-l'1~lUL'il;a~~LL~ui 
" 

A .. 
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3.1.1 lvh~!I~ 

I I '" " 

Lm~'1Y'1~'1'11'W'lJ'El'l Lf"11'El'l1' ~ lu t'EliS~Yi LL~'Wiyhh:;~~fi'Wtr'W 

Lrt'El'l1Oi1 n LLVl~'1r.hulyJ IX'El'l VI 1 n1)'r.i1ulyJl~numnu(NIOi), V111 ~r.h LU'W~IOi:;IX'El'l 

ri1Vl'W~fh ~'l LnUlh:;, 1'W'l'l1Oi),~ ~1 LLVlU'I ri'Elkl~~ cy CY1 rul yJrhlOi:;L ih~t 'lfl~L~1Oi L)'Q Lfl L~'Elf (voltage 
I "I" 

regulator)1~iJfi1 220 1~tfl)'yJ1f~ ;'1n1)'l~~'lLnu1.h:;'LihhJtr'W 1Oi:;V11LYi'Elfl~),'Elu1'l(ripple)1Oi1n 

~n.!n.!1rulyJ~N~1~ 
l'W~'El'WLLml~ifVl~'ElLLl.lfl'l 2201/12 t'lfl~ LL~Y'lU~1~CYCY1rulyJI1lN~1~hJti'l 

I ," 

9'1V11n1nl.l~u'WVl~'ElLLl.lfl'l1Oi1n 2201112 t,)fl~ LU'W 2201115t'lfl~ LYi'ElU'El'ln'Wi1CYVl11yJL~u'll1ln ~'1~fl 

1~~n.!CY1rulyJ~Nti'l~1n~'W 

Pl _ ---' 

1111 ........ 

I ., 

)'1.lV1 3.2 'l'l9)'lyJ L~U'l 
" 

I I 0-

~ cy CY1 ruV11 if1 'WLf"1'1'il'l1' ~ lu t'EliS~Yi LLI1l'Witr'W 

~n.!n.!1rulyJYhm:;LL~~~u~fl,)1~~ 50 nLflL"5)'I1l'll LLfl:;~CYCY1rulyJYhm:;LL~~N ;'1~1~1)'m~'Eln 

'llU~'lJ'El'l~ ruru1 ru~IX'El,m111-ii1~91 n ~~Yl'K f"1')U f"1~n1), 1 ~ri1 L u~~ ru ru1 ru 
., ., , Il1o' ., 



17 

L~U~~ ry ry1 rulYlyhm'::LL~ ~~u,r'W "'l ::dj'W~ ry ry1 ru~ij~ n~ru::dj'Wfl~'Wltl 

'l!1mr ~fl'l1l-J~ 50ntftL~r~i L~uHl'tl"D XR2206LU'WLLV1~-ln1LU~~ryCl.J1ru Lrl'tl-l"'l1nl'tl"D"J!U~d1~ 
I I I " 

n1LU~~ryry1rultll'l!uvh~~m 'l-l"'ln;lftj1'W'lI'tl-ll'tl"D XR2206 LL~~-l1'WltlY13.3 ~-l1'tl"Dih::~1l-J1m 

~~1-l~ruru1ru'"l'Wn-l'll'l-lfl'l1l-J~t1r::l-J1ru 100 ntft L~r~"l!1~~-lLL~~-l1'Wrtl~ 3.4 L~U~1l-J1rnri1V1'W~ 
~ ~ ~ 

I 
f = RI *C 

(3.1 ) 

L~U~~'ll1i'1'W'Vl1'W R1 ijri1r::V1~1-l 4 ntftLmfl-J n-l 200 ntftLmfl-J LLft::~'lLnU 

th::"l C ijFl1r::V1~1-J 1 'W1L'WYl1f~ n-J 100 1l-JLflrYl1f~ [30] • 
" ~1V1fu~ryry1rulYlyhm::LL~~N,r'U "l::1-ifi:'lftvlL~"lLrQLm~'tlf 7812 LU'W 

LLV1~-Jn1 LU~~ry Cl.J1ru 

1 
F,. AC 

C 

Vee 

4 
Symmetry Adjust 

16 
25K.L As 

15'" 51 Closed For 5inewalle 
14 

XR-2206 

+ Vee 
10,u; 

Vee ~ 
S.lK S.tK 

I I '" , 

ltlVi 3.3 'l-J"'lr~1V1fun1r~~1-J~ryry1rultll'l!uViijFl1fl'l1l-JCj~LYluwih [30] 



5 

4 

l 
a 3 
'E o 
iii 
o 2 

1 

o 

RaSKa 
VOOf""O.5VAMS Pin 2 
RL=10KSl 

/ 
) 

V 

10 100 1K 10K lOOK 1M 

Frequency (Hz) 
I "1 I 

pJYl3.4 f)'l1).J~).J~ufi~~wh'lf)'l1~Jij~LlhJ'l'lJ'El'lltlf)~w1Uf)rn).Jn~ryqj1ru [30] 

18 

I" " I 

L ll'El 'l" 1 n luiu"'mm1~1' ~ 1u L'El:al-lYi LL~ui UU,,:::Yi1 n1~tl rl'EltJ m~LL~1 WyhYlil 

~Cl.Jry1rultXmntJL{jum~LL~1wYh~il'lJu1~f)'l~ LLft:::il'lJU1~U'EltJn~1 1 ~ft~LL'El).JLLtlf L~'Elil'El'lnu 
, ~ 

hJ1tX~L'ihfUn1~1'~ r~nCi'lm~LL~1w~1Yl~'lL-n11tllui1'ln1tJ lu';)Y1tJ1ilYiUfii1 ~'l1cn L~'Eln H 'l'l"t 
~ ~ 

Lmrl'ln1Lil~m~LL~1w~1'lJ'El'ltl1(HLftU (modified Howland's current source) ~'liltl'll'1tl~:::n'ElU~'l 

LL~~'llu~tl~ 3.5 ).J1Yi1VlU1~d L~tJ,,:::Yi1n1~n1Vlu~,"hm:;LL~~1cn"1n~l-ln1~~ (3.5) 
~ 

Vb = 2Va (3.2) 

Vc = 2Va - Vin (3. 3) 

1= 
Vb-Vc 

(3.4) 
R 

1= Vin (3.5) 
R 



Vin~ Va "- IK 

/ 
....... 

q,ur. 

lK Va 

lK 

w, 

1 14 

4 11 

S 11 

G II 

1 10 

2 t 
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, ~ ~ 

Yl'f11 n 1rtl r:; ~'liffnt,l,l!'W~ :;n1V1'W(;) 'l,x m:; LL ~ 

lK 
A 

Vc 

I~ 

~~---~~-------< 
Vb R Vc ~ 

R1 
S"fl.{.A,'2 RPaL1 

S~~I 

W~~\1 

~ W~vt.\1 

O/<T) 

S'/l<>:C> 
C4 

311S..!Jf-
FSI't.C"" 1'>011 

luf" 
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., 
,)-l"'l~1'~ fl,)'ll-JI1I'l-lPl n£J1yHh1!'u"'l:;l.h:;n'flultJ ~,)£J ~,)£J'lIm£J~ '1! '1!'l ru, ~')U'('l ~ 

~ '1! tl.J'l ru 1umu, ~')u1' ~~ '1! '1!'l ru~'l~1ul Ylvhm:; LL~InN LL'('l:; ~')u1' ~~ '1! '1!'l ru~1~1ulYlvh 

m:;LL~~ftU ~-l n'l n ~'fl n1' ~ ~ '1! '1!'l ru'e1U 1~'e1 U~ii-l,xu"'l:;vi'll~ "'l'l n n'l n~'fl n ~ ~')u~ij'Vli fl,)U '"ll-J n'l ~ 

1'~~ '1! '1!'l ru 

~,)U'lI'fl-l,)-l"'l11' ~,xU 9'l LUU~"'l:;l'i''il-ljj~'l:Sl-JYi LL~ui'll'l L'jh ~-l L~'ili:l'fl-l flUn'l~ 
., ~ 

t ~~~,)-l"'l~(loading effect) ~-l1!'U~-lvi1 m~ 1~uYl L Yl'flfL ih H flU fhu1U~ '1! '1!1 rul1-l~'fl-l-n'l-l LL'('l:;1-i! 
." , 

,)-l"'l~~'l ~'('lI1l'l-l~:;~~'l-l ~'1! '1!'l ru'll'l L -n111-l~'fl-l-n'l-l L Vim;'l m ~'('l ~ ~ '1!'1!1 ru~u muVl~'fl ~ LL mn L-n1l-J'l 

'lIru:;vi'l m11' ~ 

Lii'fl-l"'l'ln~'1! tl.J'l ru~1'~ l~jj'llu'l~ L~m.h:;l-J'lru 1 00 iJ'('l~t')'('l~ ~-ll'i''fl-lvi'lm~ 

'lIm£J~'1!'1!'lru t~£J1if,)-l"'l~'lImmLUUnftU LYl~ L~'fln 1-i!ri1ft-l'llm£J 15 Lyh~'l"'1u1Ylvhm:;LL~~ftU 

LL'('l:;1-i!ri1ft-l'llm£J 25 Lyh~1~1ulYl.yhm:;LL~InN 
"'IJ I I I 

1um~1' ~ 1 Ylvh m:; LL~InN1!'U U'l-lfl1-l'fl1"'l Ln ~~ tl.J '1!'l ru~u mUfl,)1l-J nl1'h Lil'fl-l 

l-J'l"'l'l n m~'lItJu 111,)'lI'fl-lli L ih1U m~'Vl~~'flU LL mn ~'fl ~ L -n'll-J1 ~-ll~vi'l m~'('l~~ ill ill'l ruj'umu~,)£J m~ 

, 

"'l'ln~l-Jm~Vl (3.6) 

~ ~ ~ 

1 
f=2*7r*R*C 

(3.6) 

L~'t) f LUUfl,)'ll-JMn~l1l, R LUUI11')l'i''lU'Vl1U~1if1U'N9m~'fl-lfl,)1l-J~ LL'('l:; C d~u 

111') LiiutI~:;9~1if1 U,)-l9m~'t)-lfl,)1l-J~ , 

m~1~'J-l"'l~m'il-l~.hu~'l'l!il~Yl'l~~Yl-n'l-l~ii'l'J-l9~'lIm£J~-lltl~ 3.7 ,xu L~'fl 
~ ill ill'l ru 1 Ylvh m:; LL~1n N 1", '('l ~'lU'J-l"'l ~9 :;vi'l1,x 111'J Lfiutl ~:;"'l~mn U~'JU'lI'fl-l'J-l9m ~'t)-l ~1'W~ 1 mn£J 

~ ~ ~ ~ 

, ,., 
'J-l"'lj''lIm£JVlnm1-l~'lLLm..l-lH-n'l-l",ft-l'J-l9j'm'fl-l Yh1,xri1ft-l'llm£JVl1~9'lm-l9~'lImmrujj~1'('l~'('l-l ... 



X? 

Socket 

R? 

Rest 
tK Tg~ 

~_tOuF 

R? 

Rest 
tK 

::: 
R? 

Res! 
tOK 

~ , 
1'Wn111'~~rurulru1YHhm~LL~~ftU,r'W 1~Yhn11~'f)~,)LnUth~9r)'W1~~~1~ 

~ ~ , 
I I t/ I 

,)~9nm£JU LYl£JU~ ClJ C1Jl ruLL1'l~,)~91'1J£J1£J~ ClJ ClJl ruLYi'f) vil~iilYl n'W~ ClJ ClJl ru1U n'J'WYl Ln ~91 n 

21 

~ClJC1Jlru1Ylvhm~LLM1N~~9~~c.J1'l1Un'J'W~'f)n111'~1~ 

n11Ul~ClJClJlru1Ylvhn1~LL~~ftUl-J1L;hl-Jl~m~U')'Wnl1LLU1'l~~n.Jn.JlruLL'f)'W:;ft 
0-

'f)nd:l'W~ClJClJlru~~tJl'f)1'l(Analog to Digital Convert, ADC)l~£Jl-nl-Jlfl1fl'f)'Wh1'lL1'l'f)ffl?1£JtJlN,r'W 9:; 

" , 
(sampling rate )'1J'f)~1l-J lfl1fl'f)'W l Vl11'l L1'l'f) f vil1,xn11tJl1,)91'1?1~ n.J n.Jl ruLn 1?1~'Wu'W(;'h LL ~ll'lYl LLtJl n~l'l 

n'W'1J'f)'l1Ufl~'W~rurulru LL~~'l~~1U~ 3.8 
" .. .., '\J 

c;)'l,r'W~'lr.hdj'W~9:;~'f)'l1;f'"J~91m,)99U£J'f)I?1~rurulru~'lLL~~'l1'W1u~ 3.9 l-Jl1;fL~'f) 
~ ~ " 

viln1nU~£J'W~ ClJn.Jl ru1Ylyhm:; LL~~ftU~9~1'1?11~ ,xn1'll£J Lij'W~ n.J n.Jl ru1 Ylrh m:; LL~ tJlN L~'f)vil1,x 
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., 0 

mrln j;]'.l'f)ul'1"lJ'f)'11),J Lrl1rl'f)'W L Y11ft Lft'f)fLn~~'Wuuvoh LLvnl'lV11n~ L~rN nU'lJ'f)'1~ ry 'lJllli ~1~full11 L 'f)111 

~Lft'f)nHlu'.l-l'"l1d'"l~1if 'J!'f)Vl;nlI11L'f)~ (Schottky diode) Lti'f)'1'"llnll11t'f)I11'J!UI11,,~iJf'iILLN~uVln 

rli'f)),J ~~lth~),Jllli 0 .2 L'.lftvl 

Dl 

}.DC 

X? 
3 

Input ,--::...2 --I 

Itt 

It .. 1 
SK"" ... 

"" 

! 
SW·SPDT 

II' 
-N>.~ 

11,,1 
IK 

. 

U?A 

--

~1 ?I 
IK 

U?A 

? 
Schottky Diode X? 

"" 

.L 

II? 
--;;-;7 

IK 

II? 

11,,1 
IK 

C? 
T cap 
~56uf 

II? 
--"N' 

11,,1 
lK 

Ie' 
Ic~ 

IOUI' 

II:", 
P ... I 
IK 

1 
,I 

lK 
::: 

111 
'----=Rt·"'7I-­

IK 

V3=Vl · \~ 

11 

I 
~e? 
Te~ 

I IOOOOpF 

t 
SW·SPDT 
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1~LI"l11"l'flULYl1mrl'flf PIC 18F4550 C1ml1~.n1-ifLijw;l'ltl'l':::~'lrlc.Jrlif'fl~rl~1'~1~ 
~ ~ 

, 0-

~'1 Ll-llfl c.Jrllumn~'fln 1iii.~ L1"l11"l'flU L Yl),rl Lrl'flf'l!il~i1~1'"l1 nl"l'l1)..1 ~1)..11),C11um'l'~ ~vl'flI"l'fl~Yi'l LIfl'flf • 
, 0-

~1UYl1'1~'flflflfJl'fl~iJ (USB) 

L~uuLA'~~1J'I~'lU1l1'rl'1~ 

L~uYimn11'11u'll'fl'll)..1LI"l),I"l'flULYl),rlLrl'flf'"l:::C1nri1l-lu~~u~1Um'l' 
~ 

Ifl1)..1LLc.JWJn~1U'I1U~'1~1~LL~~'11~Ul1J~ 3.13 

m)'l11'11u'll'fl'l1)..1 LI"l'l'I"l'flU L Yl'i'rl Lrl'flf'"l::: ~)..I'"l1 nt'u~ C1J C1J1 CU'"l1 n'l'l'"l),1'~ fl1~ nu 

lyjyh LLft'l Ltl~UU~ C1J C1J1 CULL 'flU:::~'fl n~t'u Lif1)..111 ~ nrl1U LtlU~ C1J C1J1 CU~91fl'fl rl ~1UYl1'1 L)..I ~rl utl rl'l 
, 0-

~C1JC1J1CULL'flU:::~'flnLUU~91fl'flrl(Analog to Digital converter, ADC) YiI"l'l1)..1rl:::L~U~ 10 UIfl'"l1m!u 
I I'" t 

u1fhYil~)..I1 LLtlrl'l1~nrl1u djUfl1~ nulyjyhYi1'~ 1~ l-l~'1'"l1 m!U9'I l11 m),~1U'l CUfl1 ~ nu1yjyhYil~ 

L~'fllw.~fl1~)..IYi LL~U..n l-l1'fl fl11"l'l1W;l1UYl1U ~'11~ri1~u~ l«t)..lLI"l),I"l'flULYl),rl Lrl'flfl11m)'t'ufl1 
I 11 I I I 

~nu1yjvhYi1'~1~LUU~1U'lU 10 fl1 '"l1m!u9'1l-l1fl1L'UftU'1l'fl'l~nulyjvhYi1'~1~ LYi'flLUum),rl~I"l'l1)..1 
I " " , I 

~~~rl1 ~Yi'fl1'"l Ln ~~U'"l1nn1r1' ~ LYiU'lI"lt''1 L~U'l Uft'l9'1U1 fh L 'UftuYilrKltl~1U'l CUl-l1 fl1 

~)..I~ LL~u..n~1'fl fl11"l'l1)..1 ~1UYl1Uvl'flltl 
" , 

U'fln'"l1m!ul)..1LI"l),I"l'flULYl),rlLrl'flftY'Il11~ihYilun1rl"l'lul"l)..l'"l'fl1l1~c.J~nL~rl'l • 
(Liquid Crystal Display, LCD) LLUU~'l'tln'rl'), 'llU1~ 16 ~'l'tln'rl'), 2 u)')'~~ l~y'h,nuluL~)..I~ 4 Ulfl 

L~'fll11m'1LL~~'1c.Jrlfl1~)..I~ LL~U..n l-l1'fl fl11"l'l1)..1~1UYl1U~1'~ 1~ 



Sf p~ ,-----------------, 
~ __ ~ __________________________ a~!~-4~ 

SW-PB 
18"$50 

R..l 
UK 

LCD 
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iilnTHlfffl.:J.n'Vfl11lJ "measuring" ~ltJYIl.:J'I1,j'l\lvLCD 

Va = 2(V - 0.035) 
15 

fa = 0.59 
1000 

Z= Va 
fa 

. . "Z" . " LCD YIln1:illn'f1.:Jfl1 NltJYIl.:J'I1tJl\lV 

v·nilfm1f1rh 

ffn6'1rHh'~ 

'lJmu 10 fil 

Vd = V -0.076 
25 

fd = 0.17 
1000 

R= Vd 
fd 

25 
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3.2.1 Lri~''el'Hi1 LU"'~'1)'1)lrulyjyh (Function Generator, Instek GFG-8215A) dJu 

Lfli'el-.3~'el~1i11.Un1~~1~'el-.3~'1)'1)lrulyjYhm:;LL~~~U'JlU1"'(;h-.31 ~fI'lll.J~ 50 nL~L~~IWn L~'el1-iltu 

n1~Y1"'~'elU'l-.3"'1~~.yh n1~tl~:;~~fiu 

3.2.2 Lfli'el'lfi1LU"'m:;LL~lyjYh(;lN(regulated DC Power Supply, Kenwood PA 18-

3A) LtlULfli'el..:J~'el~1-iltUn1~~1~'el-.3~'1)'1)lrulyjvhn~:;LL~(;lN'JlU1"'11l1-.31 L~'elY1"'~'elUfI'l1l.J~1l.J1~n 

1Unl'lvi1..:J1U'Jl'el-.3n1~LLtJ~..:J~ '1) '1)1 ruLL'elU:;~'el n dju~ '1) '1)1 ru~9 (;l'el~ 

3.2.3 Lfli'el..:J'el'el~"B~L~~LfltJ (Tektronix TDS 2014 four channel digital storage 

oscilloscope) LtluLfli'el..:J~L-iltUn1~'fhurhf1ntJlyjYh~1~"'I1nn1~Y1"'~'el..:J L~'elviln1~(;l~'l"'l~'elU~l 
, ., 

'eltJnmH1vi1n1~tJ~:;~~fj1u ilfl'l1l.J~1l.J1~nLUn1~vil..:J1ULYl~NL", . ~ 

" ,., 
~l.JYlLL"'U{ ~ll.Jl.J, ~1f1'l1l.J~lUY11U LL~:;~l~LL'elflLL(;lui LU..:Jlufj9tJU"'I:;1-ifLfl1'el-.3ud:Ju'eltJnnu.r", . , 
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3.2.5 L"~~L~nLYlj'1~~ (electrode gel. Signa gel) L1j-WL.,~~i'J'"lru.~~J1mlun1nl1 

1vh~11~~. i'J~'.l1~j'::fl1m~tl~~1 LL~::hJi'J'"lru~~lJ~lUn1j'-n~~ L"~'1lu~nuu~1-iii.uYl1,m1nLYmU 
. . " 

~1'vlflJn1j'1'~~ftulYl~1"1n~'.l1., 'vl1tlflftulYl~1"lnm\'lWiltl 

3.2.6 ~L~nLYlj'~~'.l~Wr~ (ECG electrode. Blue Sensor) Li'Ju~L~nLYlj'~'1lu~iD~L'.ltlf/ 

iD~L'.ltlf~~tlh~ (Ag/AgCI electrode) ~i'J'"lru~~illllUn1j'u~~~nlJ~'.l'vltr~~~. hh::fl1m~tl~ 

~'.l'vltr~ LL~:: ~1~ln)111n~lJ~11-iii.mJl~ 

nJ 3.15 ~L~nLYlj'~~'.l~~~~ (Blue Sensor) 
" 

I , II " 

~ '1J ru1 ru~l~"l n'.l~"j' l1Xih LU~~ '1J '1J1 rul Yl~1 m:: LL~~~lJ~tl j':;~~j1u,ru lu 

~'ilULLmU~hl Lijuj'tl ~~ul'll,r~~Yitl 91 Li1U'~:;~tl~i'J mj'tlflJ ~'.l1~~~l-J1 [;mL~:;~'.lll-Jj'llJ LrUlJ"IJ'il~ 
" 

" . 
Fourier transform mode) L~ulUn1j'tlflJtru .,:;~tl~YiU1U1l-JtlflJl1X1~tl~~tl~:;ntllJ'lJtl~fh~'.ll~ii 

" I I I I 

YiUj1U (fundamental frequency) ~~~~~ 1u"lJru:;~i'JfI'.ll~iienf~tlun (harmonic frequency) ~1 
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", , 
Ll.W11t) ~ lu L'tl~l-JYi LL~tJi,rtJ m:;LL~ lYl-vhViH1tJn11t) ~~:;~!)~i.Jri1fNVi LL~~1~:; 

1111t1i)~nu 1l11:;ltJn11r.j1um:;LL~lYlYh(load) ~i.Jri1fl,)1l-J~1tJYl1tJ~LLr;]mh~ntJlt1 ~~1~~1n11 

Yl~~!)U m1l-J~1l-J11n ltJn11~1~1tJL tJn11r.j1um:;LL~lYlYh'JJ!)~ Lfli!)~t)~ lu L !)~l-JYi LL~tJi~vi1 n11 
" , , 

t11:;~~~tJml-J,)~~1ViLL~~~1~tJ~t1Vi 3.17 L~Un11"'1m1l-J~l-J~tJfi1:;"'~1~'JJtJ1~'JJ!)~m:;LL~1Yl-vh 
I I I" I 

Vi!)!) nl-J1~1 n Lfl1!)~t) ~ 1u L!)~l-JYi LL~tJeKVivi1 n11t11:;~~j1tJ nu fl,)1l-J ~1tJYl1tJ'JJU1~ 1'l1~1Vl1l1l-J11-if 
, , " 

Yl~~!)U L~UVlfl,)1l-J~1tJYl1tJVi1l1l-J1 LilYl ~~!)u,rtJ~:;i.Jri1fl,)1l-J~1tJYl1tJ 100, 390, 680, 1000, 

2000, 3000,4000, 5000 LL~:; 6000 L'tllfl-J ml-J~1~U 

I 
R 

, " 
m~Vl1111,rtJ fl') 1~:;i.J'JJtJ1 ~ ln~ Lfiu~ nU'JJtJ1 ~'JJ!)~u!) ~~ t1j t1j1 ru1Yl-vh m:;LL~ ~ftU 

n11Yl~~'tlu~:;m:;vi1r;]1l-J,)~~1~LL~~~1~tJ~t1~ 3.18 L~Un11U'tltJ~t1jfk!1ru 

1YlYhm:;LL~~ftUfl,)1l-J~ 50 mm'51r;]i ~1nLfli'tl~ri1LU~~'1!t1j1ru1Yl-vh ;~'lJtJ1~'lJ'tl~~'1!t1j1rulYlYh 
, 
~"t" ~ I Yl L-n~:;l-Jfl1 0.25, 0.50, 0.75, 1.00, 1.26, 1.50, 1.76, 2.00, 2.25, 2.5, 2.75, 3.00, 3.26, 3.52, 



29 

~ , 
3.74, 4.08, 4.24, 4.52, 4.76 LL~~ 5.08 L'l~j;J '"llmrUlilm1t)~~CljCljlrul~Yhm~LL~m\lYill11l11'lU 

Lfi~'fl\l'fl'fl~;~ L~~LfllJ 

m~LL~~filJ~lfl L-ifl1tl (Vp) 

IN5819 

Cap 
560nF 

Lrt'fl\l~1 nmll-J LLl-lu~I'lJ'fl\lm1LLtl~\I~ Clj Cljl ruLL 'flu:;~'fl n LtlU~ Clj t1)1 ru~911l'fl~ 

tiu ~:;fl\l~~~'fl~I~~:;Ul1tjtl~:;l-J'l~~~~\liJ~~m~Y1lJ~'flf")'lIl-JLLl-lu~11um~t)~ ~\I~ldju~~:;~'fl\l 

Y1~~'fllJtl~:;~Y1fiJl1~1'tmI1lil\11U'lJ'fl\l rN~nLtl~\I~CljCljlru L~um~ulm:;LL~1~Yh~1111~lnLf")1'fl\l 
0-

nl LU~ m:;LL~l~vh ~Nl-Jllil mnLtl~\I~I~ Clj t1)1 ruLL'fl u:;~'fl n l~n ~IU dju~ C1J C1Jl ru~911l'flft ~1 mru 

, , " 
~C1JC1Jlrul~vhm:;LL~l1lN fllJ ~1~nu1~YhYithull11 LVlU'lJU1Vl'lJ'fl\l~C1JC1JlrulyJYhm:;LL~l1lNYil.jhru 

.,,;, 

"'I:;l-Jf11 0.28, 0.32, 0.42, 0.49, 0.62, 0.73, 0.88, 1.06, 1.21, 1.42, 1.65, 1.82, 2.01, 2.2, 2.34, 

2.49,2.75,3.06,3.32,3.61,3.9,4.13,4.34,4.53,4.7, 4.92 LLft:; 4.95 'h~j;J ml-J~I~lJ 
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mtPi n1!l'1'l9t1nL~t'U r.hum t'El'iml ~hu~1mjtt).J 1 umtYl ~ fi'El~ L~t1ii~).J1t1 Lfi"JJ'tl'iml~ 
IRB NO.386/51 ~1nflrw:;nn).Jmt~1t1Dtt).Jmt'l9t1 flrw:;LLYiYlW'I1'Mlf ~li1fi~nHU).J~1'lYltl1fttl , 

LLft'l ~~mtYi~1trw1t!U~:;LijuhJvn).J UYltlDc\!'1!1Ltlfien~n (Declaration of Helsinki) ~~d:lu 
UYlu'1!cWi~1nfiL~'Elmt~).Jflt~~mt'l9t11u).J'i1t~ 

~ L-n1t'U mtYl ~~'ElUYln flU~:;Yl nu n~t) [;)Cltlt:;~~fll UmtPin1!l'1, 'lfi~1ill umtt) ~ LLfi:; fl'l1).J 
'II , , 

, ~ ~ 

tlfi'tl ~lltl~1 n mtt) ~ LU L'El~).JYi LL~ui ~~mn-n11'l).J mtYl ~~'ElUYl n fl t'~ Ln~~u~1n fl'l1).J~,rflt 1 ~"JJ'tl~ ~ 
, 'II 

J,I " I I 

L-n1t'U mtYl~ ~'ElU;1~~U LLfi:;~ L-n1t'U mtYl~~'ElU~1).J1tClYl~:;t1 n L~n mn-n11'l).J LflN mt'l9t1 L~'Ell~ n 

L~ hj(h~:;~'lm~~~fil~1nvn).J 

• d . 
3.5.1 n1i'VI~~'f)'1.Jn1i'VI1.:J1'U"lI'f).:JLf'li'f).:J Maltron Bloscan 916S 

I I I I II I I " 

916S ~~LL~~~Lr)lultlYl 3.14 LU'El~~1n Lfl1'El~t) ~OLijULfl1'El~t)~ 1u L'El~).JYi LL~ui Yl ~~~~u~1nu1';Yl 

Maltron tlt:;LYlP1'Ei'~n~1t L~mfl1'El~~:;vhmtt)~,"hLuttl~).JYiLL~ui~fl'l1).J~ 50 iiLm'5t[;)i 
~ ,~ 

Lfl'Nmt'l9t10~~1~U1Lfl1tl~O).J11ifdjutltlnnu).J1m~nu1umnmtluLYltlUfl'l1).JmJuu11umtt)~ , .... 

Maltron Bioscan 916S 
, 
do, 

L'WtlU1'D'l~ 

I II , 1J I I I 

Lnutlt:;9Yl1if).J1 ~~1~ djULLUU91fitl~ LUtl L~tl1 U~1U'lYltl1UYiufiO LUtl~91 n 11l'El~ mt 1 ~ Lfl1tl~t) ~Ylvh • 
~ , 

mttlt:;~1!I'fi1uii'll'l~lumtt)~ 1nftL~mnU'lh~1umtt)~"JJ'El~ Lfl1tl~ Maltron Bioscan 916S .... 
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, , 
o .... I '" .... '" Q..::.IQ I 

Vl1n1~,)~Pl1P1,)1tJm\J'Vl1\J"1I'1l~1Wl(;]1\J'Vl1\JL~tJ(WltJrn 200, 300,427,676, 814 

LLft:; 1 000 tmftJmtJ~1~U ~~~,)11l1\J'Vl1\J~1ifiJfi1th:;tJ1ruPl,)1tJn~~ft1~ ±1 % LLft:;1'~fi1(;],)LnU 

tl~:;9'llil~tYifh'il~L(;]'1lfL~tJ')~iJfi1 0.1,0.5, 1,3.9, 6.8 LLft:; 10 \J1t\JYh¥~ mtJ~1~U , 

t~ltJ1 \Jn1~1' ~,r\J9:; 1-ifm:;LL~ 1yj (;]N L~'ilvi1 n1~1' ~ (;]') 11l1\J'Vl1\J L\J'IJ ru:;~9:;1if 
m:;LL~ ~~U L ~'ilVh n1 ~1'~;a tJ~ LL~\Ji'IJ'il~ (;]') 11l1\J'Vl1WLft :;(;]') Lnutl ~:;9 , 

, ... , 
vi 1 n1~1' ~ fi 1 (;]') 11l1\J'Vl1\JYltn'il 'IJ\J1W1U (;]') LnU tl ~:;9 (;] 1 tJ LLUU~1 ft'1l~ L U'il LU'il t~tJ , 

... 
"1I\J1~ 0.1, 0.5,1,3.9,6.8 LLft:; 10\J1t\Jyj1¥~ ~~~tJ~ 36 ttJL~ft 

" I I tI 

LLUU~1ft'il~ &il LU'il LYi 'ilvi 1 n1~1' ~ fi1;atJ~ LL~\Ji 91 nU\J9 :;vh n1~U'il\Jn~:; LL~ 1 yj(;]N 1 'IXnu LLU1J'~1ft'il~ 
... , , 

LU'il LU'il ;~9:;vh L'IX~,)\J"1I'il~(;],) Lnuth:;9iJ~1l1Yi LU\J,)~9~LiJ ~ 9~vi11 'IX~1tJ 1 ~(l~1 fi1 Pl'l1tJ 11l1\J'Vl1\J , 

~~nn1nLft:;PI,)1tJtlft'il~JltJ ~~ mh') LLft:;fj\JU'iltJ1'IXm:;vi 1 n1 ~1' ~ 1u t '1l~tJ~ LL~\Ji 

L~'il~91 n n')~U~'IJ'il ~ tJ\J1ir.m PI ru~tJu~1 \Jn1 ~11l1\Jn1n111 yj~ 1 ~..] L~tJ , . 
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1MYl¥'tl2-Jri'tl'W"'l:;Yhm~1'~ 1u t'tl~2-JVl LL~'Wi L~'tlft ~ fil f)'"lI2-Jiill'WVl1'Wm ~tJl 1yjyh~u"tL'"lru~'"lvnr~'tl'tl n 

1t11~2-Jln~~~ 

I I ... I 

~~tl L~n t Vl~~ L~'tl ril4'~~~~ntlm r;l1~1'tl'tln"'ll n ~'"l~'W~ r1'tl'W"'l1 n'W'W~~vi') m~Vll L "'lfttl L~ n t Vl~1ft~Yl 
I , I " ,... 

lJ"tL'"lruYl"'l:::vil m~~~tl L~n t Vl~~ L~'tlYl"'l:;'JhtJ1~iJ mTtJl1 yjvh L'WU"tL'"l ru'W'W11~~:n'W 
" , 

l'WmT4'~vll~I~t'U ~ Liht'lJ m~Vl~ ~'tllJ'W'W 9:;1 M ~ Liht'lJ mTVl~~'tllJ'W~ ... ... 
... ", I'" 

L 'tl'W~~~ L Vlll1~ ~'tl~ifl~"'l:;,)I~Vi 1 ~'tl ~U'WLn 1~1 'W lL 'W')'W'tl 'W LLft:::'"l 1~ LL 'lJ'WVi ') ~ 1 ~YlVi'Wml~ LL 'lJ'W11~ ~'tl~ 
" , 

ifl~ m~ 1M~ Lifl1umTVl ~~'tlu'tl~1 U~1 LLml~i19:::vil1M'lJ'tl~ mft,)Yl'tl~1'Wil~ mtJiJ f),)I2-J~2-J~ft lLft::: 
'" I " ,... 

'JJl'lJ'eN~ Lifl1U m~Vl~~'illJiil'il~11-1~2-J cr~ rlU~'W on~~1 n'lJl'lJ'il~ ~ l ih1lJ m~Vl ~~'ilu'W'W~2-Jcr~~'W9:::vil1~ ... ... 

, " 
m:::LL~ 1 yjyhYlil'il'WL if 1 11..11 ~ft ft~ ~~'W 

tl L~nm'ililm{LLft:::1' l'l~ tftVl:;r;l1~1'il'iln91 nil~mtJfi'il'W L ~'ilil'il~ rl'Whl1 ~~~ ~1~1 Lmhd2-Jl~lJ m'WmT 

l' ~ 1lJ t 'tltl2-JVl LL~'W "]j1~ 

" mT1'~tl2-JVlLL~'Wi'lJ'il~l1~il~n1tJ (Whole body bioimpedance) Lij'W 

m~1'~tl2-JVl LL~'Wi (bioimpedance) ~iltJ2-JH'rl'W2-Jln~~~ L~'ilvilmT1'~tl2-JVl LL~'Wi (bioimpedance) 
>-.... - ..,..., 
Vl~l'l')'lJ'il~~Qm~ 

tl L~n tm~~1-iil'WmT1'~ Li'lUtll~n tVl'j'~ ~,)~i-J cr~ (surface electrode) 

~~ d:J'Wtl L~n t Vl~~"]jil~ L~tJ') rllJ~~ n"'l:::1-iil'Wm~l'l~,)91' ~f)~'W~'"l L 9 t~tJtl L~ n t VlT~ 1'l,)1' ~9:::C1 ml~ 1 1~ 

t;Jml~ ~1 LL Vl11~H~~~~~'il LLft:::Vl~~ LVII 

v1~LL~~~1'WZtl~3.18 

... 
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'" 1umrYl~~'tlur)~ luL'tl~~Yi LL~U'l!LUflUtJ n~uu 
, >-

L;hfumrYl~~'tlULUU~1U,)U 9 flU L~tJV1&JL'ih1umrYl~~'tlu"'l:;rX'tl~ilmtJ~1nn~1 20 n~ulu hlil " . 
LrfltJr:;~1~,) LL~:; hlilLrfl n')".u~1uu1L')ru~"'l:;y'hmr~ ~~ Lftn LYlr~ 

mrYl ~~'tlUfI,)1~ mJuih 1 umrr) ~ 1u L 'tl~~Yi LL~ui"lJ'tl~ Lfli'il~r)~~y'j1 

mrtJ'1:;~l:J':Iiu,ru "'l:;vi1 L~mmtJ1JLV1tJu~~~r)~ lrX flU ~~~lrX"'l1mfli'il-l Maltron Bioscan 916S 

" " " " L~tJlum'1r)~luL'tl~~YiLL~uoflu&JL;hfum'1Yl~~'iluLLlPi~:;f1UUU "'l:;y'j1mrr)~~1f1U~:; 3 f11-lvl-lLU 
" 

I I " I 

~,)U"lJ'tl~Lfl1'il-lr)~V1y'j1m'1tJ'1:;~l:J'~ULL~:;~,)U"lJ'tl-lLfl1'tl-l Maltron Bioscan 916S .... 



d 
tJ'VI'VI 4 

~ ~ 

luuVlil'"l:;n~h') n'H.Jftn11Vl ~ft'fl'l LLft:;n11fJ LPl'n:;\f r..Jft t~t1'"1:;LL1J'I Lil'flln'fltl muu 4 ~')U 

nl1Vl~~'flUnlnJfuLY1t1mn~1~lU~1V1fULPli'fl'lt)~lut'fl:a~YiLL~Ui~Yhn11tJ1:;~Hj1'U, 
, 

o 4 _ I oQ Q,. 1.1 

n11Vl~~'flUnl'j'Vll'11U'iI'fl'l LPl1tl'l Maltron Bioscan 9168, mf,)~Plltl~Ym~1J'n LLft:;Pl,)l~(;llUVl1'U 

lULLUU41ft'fl'l~Vl11U ~1 m.!U'flU LLft:; mft) ~~11u t'fl:a~Yi LL~U"1I1 'UPl'UU n ~ 

• ,., I '" 4 
lUnl1u1:;~H.!LPl1'fl'lt) ~ lu t'fl:a~Yi LL~ui,r'U 41 LUUYl'"l:;~'fl'lii nlfufu [;]'I~1 r;Jl'11 LYi'fl 

Pl,)uPl~l,x'j':;uu m1t) ~ii L~ ntlunYi LLft:;,)'I'"I1Yil'11'Ulcn'fl ill'1 Cl n ~'fl'l mJ'Uih tlU'"I :;ft~ mnUmUV11tl 
• 'II 

~'j',)'"I~Utltl~Pl~U'iI'fl'l~ '1J'1Jlru LLft:; m1Vl~~'flUPl,)1~~1l-Jlm'il'fl'l nI'1UU ft'l~ '1J '1Jl ruLL tl'U:;~tl n dj'U 

~ '1i'1i1 ru~9 (;l'flft'il'fl'l,)'I'"l'1LLUft'l~ '1i '1i1 ru 

" " , 
1 U~')-if'fli1'"1:;n ~1,) n'l r..Jft m nJ fu [;]'I~ '1i C1Jl ru 1 ~Y11 n 1:; LL~ ~~U Yllcn'"ll m'l'"l11,x 

til Lil~~'1J'1Jl rul~yhm:; LL~~~U~Yiln1'1U'1:;~H!i'U L~tll ,xii~ n.! '1i1 rufjlf~'flilPl~l~~~ L~'fl 1,x 

~ t1J t1Jl ru~lcniiml~ LV1~1 :;~~ r;J'fl nl'1t) ~ lU t'fl:a~Yi LL~'Ui~l n~~~ 
~ ~ . 

I it I I 

L).jm11n1'1ufU[;]'I~lPl,)1~~lUVllU RB 'iI'fl'l1'fl; XR2206 l'U'1UYl 3.3 LYl'fll,x 
" 
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il~~l Yi1J~l~ C1}C1}lru~1~n~n1!l'ru~Ltl\,lZtl~~\,Il"l!u ~n~n1!l'ru:;~l-Jl-J1(;lnLft:;~11J ~tJ1J '11\,1111) 10 

L'lftl1l ~~'l1l-Jr\ 50 ntftL~~(;l'lf ~'lLL~I1)'l1\,1Ztl~ 4.1 

5 35 40 45 
Time (I-lsec) 

I I I I II 

ZtlVi 4.1 ~C1}C1}1 ruVil~r.nm~1'il'lri1 Lill1)~'1! C1}lrulYJYl1ltll"l!uVivi1 n1~tl~:;~1!1'~1\,1 

;;.....:;~ Frequency 
(kHz) 
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" 0-

t~t-J~ mTLLU~'l~LtJcl"LLUU L~,) YlU~I"lJUI~"lJ~'l~ tlJtlJl ruYirl,)lt-J n~~n 50 nt~ L'5 rl11 oft UUi:i"lJUI ~~'l 

n~I"lJUI~"lJ~'lrl,)It-J~el1ft-J'ililrl~rl,)It-J~ 100 LL~::; 150 11Lm'5Tl11oft c;l'lLL~~'llUXU 4.2 

~m~ru::;~t-Jt-Jll11nL~::;nu~uu 'lJUI~ 10 t')~~ ~rl,)It-J~ 50 nt~L'5Tl11oft t~U~i:i~tlJC\!lrurl,)It-J~enf 

t-J~ilrl~U1 LL Vlm~~ ~~~ L YlU'l L'~nU~U ~'lYiI1,x,rul"l1~~I~ tlJ tlJl rul~yh nT::; LL~~~U~1flU'lIU 
0-

'lVlU1ilYlUfiiJ i:irl'JIt-J mt-JI::;~t-J~~mr1' ~ 1u t ~:St-JYl LL~Uoft 

mTVl ~~~U~YiI~'LJL~'il ~ n1:!1 rl')l t-J~It-JITn 1 Un1Tr.lIU m::; LL~l ~WI'lJ~'l,)'l9T 
r.lIEJm::;LL~ l~wl~YilmTuT::;~1:!~U LL~~19::;H'vl,)~IUVllu~i:i'lJUI~~'l1Luut~~~lumTr.lIU 
nr::;LLfll~wl 

t~u~m::;LLfll~Wlfl~u~1~91m'l9Ti:if11L'U~U 0.59 ii~~LL~t-JLLUf LL~::;i:i~1 

L~tJ'lLUUt-JII11TjIU 0.031ii~~LL~t-JLLUf L~~H'Vl~fl'ilU~,)tJrl,)It-J~IUVlIU'lJUI~ 100 n'l 6000 tmft-J 

1111t-J~Ic;lU 'lJru::;~mTVl~~~Um::;LLfll~WII11N~1~91m'l9Tl~f11L'U~tJUr::;t-Jlru 0.17 ii~~LL~t-JLLUf 

LL~::;i:if11 L~tJ'l LUUt-JlmfiIUUT:::t-J1 ru 0.004 ii~~ LL'ilt-J LLUfL~~ l-nVl ~~~U ~,)EJ rl')l t-J~IUVlIU'lJUI ~ 

0.70 

0 .60 

~ 

• • ---.-.... - - -----.-- -_. - - .-_ .. -. -
_ 0.50 !L. _______ . __ . - .- . 

1 0.40 +------------ .. - -.-- -- - . 

i 0.30 +-------------- -----

8 
0.20 +.-.-.-.-----,.--.--.=----;----. -.. -
0.10 +------------------

0.00 +--.,---..,---,---,---.,--- -- - . 

o 1000 2000 3000 4000 5000 6000 7000 

Resistance (Ohm) 

i; ·oc· Si9~aill 
! _. A_C .s!~_~~~ 
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. ~ ~ 

"I1nn1rYl~~'tllJYllJ~1'J'l'"lrr,htJm:;LL~lYl~1V1l11n1nh:;~1!tfi1'Wu'W ~1l-J1rn .... 
~ 

~1tJm:;LL~lYll~'tlth'liJ L~ llmf)1Yi~'l1'W~'J'W'll'tl'l~ 'lJ qJ1 ru1Yl~1m:; LL~~~lJ LLft:;~ qJ 'lJ1 ru1Yl~1 

m:;LL~InN ~'ll111 ~,r'W1"11~~1'J'l'"lr~1tJn r:; LL~ lYl~1~lh:;~1!t~'WiJ rl'J1l-J L~llm Inft'tl~'lI'J'l~~1rl'J1l-J .... 

., ~ . 
n 1 rYl ~ ~'tllJUl11~'W L ti'tl ~ n1!t1 rl'J 1l-J ~ 1l-J 1 rnl 'Wn 1 rvh 'l1'W'll'tl'l'J-l"lr~tJ'l1 Yl 

m:;LL~InN~1-if~1 ~1l-J1rn~'"I:;LL1Jft'l ~ 'lJ 'lJ1 rulYl~1m:; LL~~~lJl ~nft1tJ LU'W~ 'lJ 'lJ1 ru1 Yl~1 m:;LL~ 

inN 1'Wn1r9lJtJ'tl~ rl~'W~ qJ 'lJ1 ru L~'tl~'"I:;~:;~'J n ~'tln1r~'l ~ft 1th.h:;l-J'J ft~'tl L~tJ1l-J LMrl'tl'W L Ylrft Lft'tlf 

lU~ 4.4 LL~~'l~ftn1rYl~~'tllJn1n;1'l1'W'll'tl'l'J'l"lr~tJ'llYl~1m:;LL~InN '"I1nlU 

'"I:;L ~'Wl~~11 Yl~ 1 n r:; LL~ In N~1~iJ'll'W1 ~ In ft L~ tJ'l I1lJ ~'J'WtJ'tl ~'ll'tl'l ~ qJ qJ1 ru 1 Yl~1 n r:; LL~ ~~lJ ~1~ L ~1 

lu 

2 

o 

-2 

-4 Time (lJsec) 
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Ln'UUl ,",1~ C1J C1Jl cu1v-lyhm~LL~ InN~r)Vl1~ )'J1viln1~\.n fl,)Il_J~l_J~\JfinUf·h 

U'UVlfl~\J"JJ'il'l~ryC1Jlcu1yjYhm~LL~~ftU~1~Lih1tl YlU~lfl,)Il_J~l_J~\Jfi~LLuuLLtl~cr\Jml_Jdj\JL:n~ 

L~\JInN Ln'U,",IU'UVlfl~\J"lJ'U~~ryrylcu1yjYhm~LL~~ftujjfhL~l_J~\J fh~C1Jrylcu1yjYhm~LL~InN~1~ 
ri9~)jfhl_Jln~\J~,)U tVlU9:;)jfh~l_Jtl~~~'Y1fn1'1t?lVl~\J19(Coefficient of determination) 'U~~ 0.999 

~~ltl~ 4.5 

r----.----------.----- .-.- ---- .. --. 

2.5 .- ------------ -- .- - - -

~ 2 +-___ yL.=_0:cc~':"-9:..:.::~=.9..,...;9=0;..::...04:...:.:42=- ----:~------- . . ------.-

~ 1.5 -/---------=.AF-- --~-- _._.- "-- --- ._--._-----
Q) 
Co 

> -/-------:-::;;N='---------.. --.- .. --.... 

0.5 -l-----AF-

i 
o 1------ T- -----~-- -

o 0.5 1.5 2 

V retifier (V) 

2.5 3 

, 

m:;LL~~ftu1,xmnu dj\J~ C1J ryl cu1yjYh m~ LL~InN 1~mh~~ n~'U~ LL).]\Jih 
.oct Q 0 I 

~ cyryl cu1yjyhm~LL~InN~r) Vl1~l_Jl r11\J') CUnftu dj\J~ ryryl cu1yjyhm~LL~~ftU 

(4.1 ) 

Vac = 2(0.99Vdc + 0.04) 

r,N~Il_Jl~nv19:;\Jlfll 

LVlUH'~l_Jn1'1~ 

(4.1) 

L~'U Vae LiJ\J"JJ\J1Vl"lJ'U~~ cy ryl cu1 yjvh m~ LL~~ ftU91 nu'U Vl~U'U Vl (Voltage 

peak to peak) ,Vdc LiJ\J"lJ\J1Vl"JJ'U~~ryrylcu1yjYhm:;LL~InN~r)Vl1~ 
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n11V1 ~~tJlJdYh~\.A L ~'tl ~ n1jl fl')1l_J ~1l_J 1101 \.An l1LLU ft_.3~ t1J t1Jl om 'tl\.A:;~tJ n d1\.A 

~t1Jt1Jlru~~(;l'tlft'lJtJ-.31l-JLI"l1I"ltJ\.ALV11mft't)f L~tJ H~t1Jt1Jlru1yJYhn1:;LL~(;lN~nrh 1\.A1')_.3 0 L')ft~ n_.3 

5 L')ft~ (;l'm~h~lJ 

L~'t)tb rh~tll\.A1~r.nn n11LLUft_.3~ t1J n.Jl ruLLtJ\.A:;~tJ n d1\.A~ t1J t1Jl ru~~(;ltJft l_Jlvil 

n1nnl"l,)Il_J~l_J~\.AtfnlJrll~t1Jt1Jlru1yJ~ln1:;LL~(;lN~1i'lL;h1u YilJ~lf1')ll_J~l_J~\.Atf~1~n~n1jru:; 
I ,1t I 

Lll\.AL=D_.3 L""\.A LLlJlJ LLUnr\.A(;lIl_J L(i1mijtJ rll~ t1J t1Jl ru1yJ~1 n1:;LL~ (;lNn I'll L ~l_J~\.A rllY1tll\.A1~r,nn n11 
>-

LLUft-.3~n.J t1JlruLL't)\.A:;~tJ nLll\.A~ t1J t1Jl ru~~ (;ltJ ft '"l:;n rlll_Ji n~\.A~,)rJ L(i1rJ'"l:;n rll~l_JU1:;~V1lf n11 

tJfilJlrJ~l~flJn11LLUft_.3~rurulrumj~ 1 ~_.3rll~LLUft_.31~'"l:;nrlll_Jlnn~lrll~rurulru1yJ~In1:;LL~ 
., ... '\J ..... 

is---------------
5 1_ _ ____ ~_.~ 1 ·~~~2~X ~ 0:0766 

1 R = 1 
I 

4 .~.-.--- ---- --

s-
0 3 : 
o 

2 ·j-

1 +---___ ~----- ---.-._ .. -._- .- -----. --_.--

o i---- -- -_ .. , -

I ° 1 2 3 4 5 

l _______________ AD~ ~~ __ _ 

lU~ 4 .6 1"l')1l_J~l_J~\.Afi1:;wh_.3~n.Jt1Jlru1yJ(;lNnlJ 

rh~ nrJL Yl~I~tll\.A1~'"lln Ll_J LMl"ltJ\.A L V11ft LfttJf 

6 
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"11 nnr'j'Yllf)~'fllJYl1YhnrnLtl~-l~ Cl.JCl.J1 ruLL m,d~'fl n dj'W~ [\) Cl.Jlru~~[;1'flrl 

1~ Lrl'j'rl!l'W L Yl'j'rl L~!lf~I~I'j'()~11~'ilth-l~ mi''il-l mJ'Wcll ~-l~11~,r'W1 "Il~~1 ~h~ ntll yjYh~"I:;uI1tl 
.., I I II 

tl'j':;~'l~~ml!'W iJ~hL'vhnlJ~l~ntllyjyhVll~"IIn'l-l"l'j'1'If)~ntllyjyhVl~lnr'j'tl'j':;~~~1'W .... 

"11 n nr 'j'Yl If)~!llJ nrnLtl~-l~[\) Cl.J1 ru LL !l'W:;~'il n dj'W~ Cl.J Cl.J1 ru~~[;1'il~ YllJ'lr nr'j' 

tl'j':;~'l~ ~~~I~I'j'()~"I:;UI ~1~ ntll yjYh~1' If) 1~~1~1'W'l run~lJ Lij'W~ Cl.J Cl.J1 rul yjyh m:;LL~[;1Nl~If)tl 

1if~~nr'j'~ (4 .2) 

Vdc=1.01VADC-O.076 (4.2) 

Lrl'il VADC Li1'W~I~ntllyjyh~TiI'Wl~"Iln"llnrl'il~Yl'lL[;1'ilfLrl'il~lnrnLtl~-l 

~ Cl.J[\)1 ruLL!l'W:;~'iln LU'W~ Cl.J Cl.Jlru~~[;1'il~, Vdc dj 'W'1I 'WI If)'lI'il-l ~ [\) Cl.J1 rulyjvh m:;LLM1N~1' If) 1~ 

"11 n nr'j'Yllf)~'illJ nr'j'LLtl~-l~Cl.J [\)1 ru LL'il'W:;~'il n LU'W~ Cl.JCl.Jl ru~~ [;1'il~ LL~:;nr'j' 

LLtl~-l ~ Cl.J Cl.Jl rul yjyh n 'j':;LL~ ~ ~lJ 1 ~ n ~1 tl LU 'W~ Cl.J Cl.J1 ru 1 yj vh n 'j':; LL~ [;1 'j'-l YllJrJl nr'j'tl 'j':;~'l ~ ~ ~ 

~1~1'j'()~"I:;ul~l~ntllyjYh~1'If)l~~I~I'W'lrun~lJLu'W~Cl.JCl.Jlrulyj~lm:;LL~~~lJl~If)tl1-il~~nr'j'~ 

(4 .3) 

Vac=2(V ADC-O.035) (4 .3) 

Lrl'ilV ADc LU'W~1 ~ ntllyj~I~TiI'Wl~"I1 n"'ll n rl'il~Yl'l L[;1'ilfLrl'il~1 nrnLtl~-l 

~ [\)'l!1 ruLL!l'W:;~'iln LU'W~ Cl.J Cl.J1 ru~~ [;1'il~, Vac dj 'W'lJ 'WI If)'lI'il-l~Cl.J Cl.J1 rulyj~lm:; LL~~~lJ~1' If) 1~ 

o d . 
4.2 n11'Vl ",'GI'flU n11'VlI.:11'lJ"lI'fl.:l LWi'fl.:l Maltron Bloscan 916S 

I I I tI " ,... II I 

LmtllJ LVltllJ ~1V11' If) 1~"I1 n Lrl1'il'lYi"l:;~ [ij.J'WI~'W ~-l,r'W 1'W~'l-if'ili1 ~-l~I~'WL~'il ~ n~1 rl'lI~~I~I'j'(l 
I I ' I 

d dOl ~ cJ rJt:J4.d 

'lJ'il-lLm'il'l Maltron Bioscan 916S LYl'il'WI"ll'l-l'il~Yl LLIf)'W"llYl Lm'il-l Maltron Bioscan 916S ~1~1'j'() 

, " I I '" 

~1-lI'Wl~~1 r'h~'WIf) Li1'W~IYi"'l:; 1-il1 'WLLlJlJ91 ~'il'l LU'il L~'ilVl1-il1 'W-l1'W1YltJ1i:m wfi1r;i'illtl 
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91n;rtl~~'lJtl-lL"'i~,tl-l Maltron Bioscan Y'lU~1Lri~,tl-l9~yhm'ltJvwhiSlJ~LL~'Wi L~tl9~1~ 

f011'tl-l ~tl'l:::ntlu'lJtl-l~')~h'W.,.n'W(R) r1u1LLtlPI LLl'l'Wi'1ltl-l ~') Lnutl '1:::, (Xc ) ~r;ltl LLUUt1l~m)..Jr1'W L~tl9::: 
'" , , 

LL~~-lc.J~tltln)..J11'Wttl'lJ'tl-l Z=R + jXc ~-l11'Wd:jm11mnLtl~-lf011V11~tltln)..J1 LU'W~,)'W'1Itl-ltl-l~tl'l~ntlU 

'lJ'tl-l~,) i1f1'W'Yl1'W(R') r1U ~') Lnutl'l:::, (C) ~r;ltlr1'W1'Wttl LbUU m'lr;ltl LLuu'1I'W1'Wl'W~nl'!ru~L~tI'l r1'Wr1U 

R' = (Xc2 + R2)/R 

C = Xc/[CO*(Xc2 +R2)] 

, , , 

(4.4) 

(4.5) 

Ljj'flYl1n11[ild'J"~'f)U;r'f)).Jft11U~~L~rJt1l'1J'fl~LP11fl'l Maltron Bioscan YiiJ~1 Lfl1'f)\J9:: 
" 

~1)..J1'lntJ~f011iS)..J~LL~'W'lf1~'W'll,)-l 100Lmf)..J n-l 1000 Lmf)..J, tJ~l-J)..Jl~ 1.3 tl-lP11n-l 30 tl-lP11, tJ~f011 

m1)..Ji1f1'W'Yl1'Wl~'W'll,)-l 100 Ltl,x)..J n-l 1050 L'tl,x)..J LL~:::tJ~",h~,)Lnutl'l:::91~'W'lh-l 0.03 'W1L'WvhfV'l , 

n-l 13 'W1L'Wvhf~ L~tI~~,)LPl1'tl-lH'm:::LL~lyjYhm:::LL~~~UPI'J1)..J~ 50 iiL~L'5'll'li '1I'W1~ 0.7 n~ft 

LLtl)..JLLtlf 

~-lt1'W~-lYi1 m'lrhYl'W~ 1~ LLUU~1~tl-l Lntl L~tl ~1-if~1YlfU m 'l'Yl~ ~tlutl'l:::~'YlfiJl1Y'11 'W 

m'ltJV'l'1ltl-l LPl1tl-ltJ ~ lu L'tliS)..J~ LLV'l'Wi~Yi1 m'ltl 'l:::~l'!~1'W 1~n'1l'W1 ~'1Itl-l~'J i1f1'W'Yl1'WtlU~'ll,)-l 200 
~ " 

I I I '" I s" 

ritl'WV19~Yi1m'l'Yl ~~tlU m 'lYi1-l1'W'1Itl-l LPI~tl-ltJ ~ lu LtliS)..J~ LL~'WiV1Yi1 m'ltl'l:::~l'!foU'W 1 'W~-lnm l'l11'W 
~ 

91 ni19~tI~'W1~9::: L;r 1 )..J15'U n'l 'Wm 'ltJ V'l ~-l9:::Yi1 't ~'Yl nu~ V'l PI') 1)..J ~l)..Jl 5'(1 't 'Wm5'Yi 1-l1'W'1I'fl-l LI"l 1'fl-ltJ V'l 
, " 

lu L tliS)..Jl1 LL~'WiV1Yi1 m'ltl5':::~l'!foU'Wl~ 
~ 
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", " I I 

n1nl~~'fJuih11~uLYl'fJ~m~ltl~::~Ylfi1l1Yi1un1ni1'llU"1J'fJ'lLfi~''fJ'lt)~1uttl 
, ~ 

:fl~Yl LL~uiVivh n11tl1::~1i~w;1'fJ n1~t) ~ I"l1"1Jtl'l~'".l11f1UYl1Uv;~'fJ ~'".l Lriutl~:;'"l1 YHh~lf;l~~lU 
~ , ... 

, ., 
'fJtJ1'l1~'fJ£hn·li1'l Lvhuu 

,.. I I " I I 

1un1~1'~ 1ut'fJ:fl~Yl LL~U·lhru ~'lVi~u1'"l~'fJ:fl~Yl LL~uim~ LLUU'~l~'fJ'l Lil'fJ LU'fJ ~'l 

~I"l1'fJtJ1u'lh'l 200t'fJl.f~ n'l 1000 t'fJl.f~ t~u~~utln~'"l:;~I"l1~'".l1~'"l1~Yh'fJtJ1u'Jl'".l'l 0.5 U1tU~lf~ ... , " , ., 
n'l 3.9 U1tU~lf~ ~'lLLl!(hl"l1:fl~YlLL~Ui'lJ'fJ'l~'".lLriUtl~::'"l1~fh1u'Jl'".l'li1'"l:;~I"l1~::vd1'l 816 n'l 6366 , 

I " I I 

t'fJl.f~ LL~lLU'fJ'l'"ll n LLUU41~'fJ'l LU'fJ LU'fJ tl~::n'fJu1tl~'".lU ~'".l11f1UYl1U~'fJ'lJU1'\.U1U ~'".l Lriutl~:;'"l1YHh ~'l , 
., , 

~'".l1~11f1UYl1U1ULLUU41~'fJ'l Lil'fJ LU'fJ~I"l1~:;'\.·d1'l 200t'fJtf~ n'l1 000 t'fJtf~ vh 1tX~~Yl LL~l'Wi~'".l~'lJ'fJ'l 
., , ~ ., 

LLUU41~'fJ'l LU'fJ LU'fJ~I"llhlLnu 1 000 t'fJtf~ ~'lUU1U'llUfj4'Ui19'lri1~UWlJ'fJU L"1Jf;l1Un1~t) ~ I"l1 

~~YlLL~Wn1tXtl~~:;vd1'l 200ttf~ n'l 1000 t'fJtf~ 

L~'fJ'l'"llnl"llPlnu1~Yh~'l~~~'".l'l'"l~~1~1~nt)~1~nn41n~~'".lUm~lru " , " 
~nu1~Yh~'l~~~~1~1~n~'l1tXnu~'".lUn1nLtl~'l~ '1) n.J1 ruLL 'fJU:;~'fJ n Liju~ ry '1)1 ru~9 f;l'fJ~~'l'"l:;~ 

"1JU1~tl~:;~lru 5 t'".l~vl LL~:;1u'".l'l'"l~1~-nrerf;ln'lJU1U~1~fU~'1)'1)lru1~Yhm:;LL~~~utl~:;~lru 15 
" I I I I 

Lvh ~'lUuLi:jm11n1~A1U'".lrun~udju,"h~nu1~YhVit)~Hl'"l:;~I"l1'fJtJVi 0.7 t'".l~vl ~'l91nn1~A1U'".lru 
'IJ 

~'l~~1~LYlU'l 1400 t'fJtf~ ~'l'"l:;L~u1~'"llnmn'l~ 4.1 ~1 ~'".llmlnrX'fJ'l'lJ'fJ'ln1~t)~9:;tltJ1u'll'".l'll"l1 
" \ '\J '\J 

"I "I " I 

:fl~YlLL~WllO'ltl1:;~lru 1000 L'fJtf~LVhuu Lij'fJI"l1~'ln~1i1A1f;l'fJuVi~11~'"l:;lj~Yi~1~~ln~u ~'l 
" 

"" I I I 

~'".l1~lj~Yi~1~i1Ln~~U91nn1~:a~~'".l'lJ'fJ'l~ruru1 ruVit)~ 1~ ~'l~tlVi 4.7 
~ ~ 'IJ 



Capacitance Calculated Accepted 

(0£) 

0.1 

0.5 

1 

3.9 

6.8 

10 

Impedance Voltage 

(Ohm) (Volt) 

31831 5 

6366 5 

3183 5 

816 2.31 

468 1.21 

318 0.79 

,.--------_._ -- -.-

1500 

1250 +---------,7""'-~-­

! 1000 +---·---~~-----­
E 750 +->"'--~ 
! 

AC voltage after 

remove gain 

(Volt) 

0.70 

0.70 

0.70 

0.34 

0.19 

0.13 

Saturation 

~ 500 +l--f..- -\----r------., 
N Dynamic Range 

250 

Measured 

Impedance 

(Ohm) 

1400.00 

1400.00 

1400.00 

743.88 

419.93 

296.18 

, t 

0.000.50 1.00 1.502.002.503.00 3.504.004.505.005.50 6 .00 6.50 7.00 ' 

Impedance (kllo'()hm) 

43 

n1~1'~fil~'-lYiLL"1l~i'JJ'fl-lvl,)LnUl.h:;,1Y1Yhl~W11~-ri,)-l 0.5 '.nllJYl1t'~ n-l 10 lJ1 

llJYl1t'~ ,rlJYi11~~),)tJn1~ft~ri1ft-l'JJtntJ~l'vlt'Un1~1'~MnrjlY1Yhm:;LLMlftU "'l l nrl1ft-l'lltntJ 15 Lvii 

l~ft~ L'vlft'fl LYitJ~ 3 Lvii 

L~'flW1fi1~'-lYiLL~lJi~1'~1~ (Z 2system) l..nYi1n1~'vl1fl,)1'-l~'-l~lJfinufi1 

~'-lYi LL~lJi~ ~llJ,) ru1~"'l1 n vl,) Lnuu~:;"'l1Y1yh~W1'-l11'1 ~~'flU 'r1U~l fl')l'-l~'-l~lJfi~h1ijft n'lj'ru:; LijlJ • 
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I I I " I 

L:n~L~tJ LLUULLthtrtJj;l1~ L~m~'f)fhiS~YiLL~tJiYil~r.nml,)Lnutlj':;,1yJYhnfi1LYl~~tJ fh;a~YiLL~tJiYi 
'" r I I 

rJ~1~n~:;nfi1~1n~tJ~')u L~u~:;nfi1~~1.h:;~Ylfimj'j;]~~tJ1~'f)~Yi 0.999 ~~ltlYi 4.8 

5.50 -- ----.-----. -- -----. - ----6.00 t= 
E 5.00 ---------- - --.--- - - -.- - . -----­
J: 4 .50 +-- -------------- -- ---. -- - .--- -
Q 4_00 +-----.~=__:__;;__;= 
o 
~ 3.50 +----!----::-r-:c-:---:--:--:--- -:7''''''---. ---- -- - --- - .. --
E 3.00 +---- --'-'---=='--.-=>"""-­
S 2.50 +----------,,.,...-c-­
~ 2.00 +------:7~-------- . --- -- - -- ------ - -
c'!I 1.50 +-----:;~---------------- ------
N 1.00 +--__"'' '----------------.-------- - .--. 

0.50 +-"""----------- -- -- . -. ----
0.00 +--.----,-~-,-____r-r___ .. ,- -,---,-- ,---. ,- -'r -- --. 

0.000.50 1.00 1.502.002.503.003.504.004.505.005.506.006.507.00 

Impedance (kilo-Ohm) 

L~'f) 1'ih:;uu~~ oo.JtJ1~tJvi1 mj'rJ ~fi1 fl,)1~ ~1tJYl1tJ LLrl:;U1 fh fl')1~ ~1tJYl1tJ~ 

rJ~l~ (R 2system) ~1vi1n1nnfl')1~~~~tJjfnufi1'JJ'f)~j;]')~htJYl1tJ1yJyh~Hi.tJYl~M)U YlU~1 

fl')1~~~~tJjf~1~nftm~ru:; LUtJL:n~ L~tJ LLUU LLU j'trtJm~ L~U L~'f) 1-ifj;],) ~1tJYl1tJlyJyh~U1~1Yl~ ~'f)U 

nfi1L~~~U fi1fl')1~~1UYl1u~rJ~1~n'"l:;nfi1~1n~u~')u L~m:;nfi1~~Uj':;~Yl~n1j'j;]~~U1'"l 

Uj':;~1ru 0.999 ~~j'U~4.10 LLrl:;nA1L'U~U'JJ'f),lLUtlfL~U~fl')1J_J~~Ylrl1~'"l1nmj'rJ~Uj':;~1ru 1.0% 
" 



I :::: ~:~oo"x. 74031 -·==-··~~= ...._ 
e. ~R2 = 0.9999 
E 600 +-. _ _ .s 
III 
>­
~ 400 +--------oJ<''""'----.. - ---- .- .---
IX: 

200 +---fF------.------... ----

O +---.---.---.--~--._--

Q) 
u c 
e 
~ 

o 200 400 600 800 

Resistance (Ohm) 

:::: l=~:-=-~~:- . 
5.00 L- .-

o -5.00 f--_ _ 2-'-0_0 _--'-4-'-00C-.-__ 6'-'0,_0_ . ___ .!100 __ 
</!. 

-10.00 +-------------

-15.00 +----------------- -

-20.00 

R 2system (Ohm) 

1000 1200 

1000 1200 

, , " 
"1 nn1nwl~'eluif1_.'l ~'Wl1U~1 LPlt'el_.'l1'V11u L'el;SJ..JYi LLV1'Wivh11 n1n.h:::~1i~1'W .... 

45 

~1J..J1'm~":::1' V1~') ~1'WVl1'W""~'el~,) Lnm.h:::, 1 vHh LlUU LV1V111~'elth_.'liJtl ~:::~Y1fiJl1l1 LV1tJ~1J..J1'1rll' V1 

~1~')~1'WVl1'W1~'W'.rl')_.'l 200 L'elv1J..J n_.'l 1000 L'elv1J..J LLft:::~1J..J1ml'V1~1'lJ'el_.'l~')LriUtl~:::,,1YHh'lJ'W1V1 1 , 
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o ~ 

;S~Yi LL~uiYlYh n1nh::~~~ulfh.l n1~1' ~fOhti~Yi LL~uiLL~::f'h fl')1~!1flUYl1U1ULLUU~lft'tl.:j'lJ'tl.:j 
.l' d 

LU'tlLU'tl 

• II I I • 

;S~Yi LL~UiYlf"ilU,) rul~"l n LLUU~lft'tl.:j L U'tl LU'tlYlUl~lYl ~~'tlU YiU~lfOl,)l~~~~UfiYll~nft n~ru::Ltlu 
I I " I I 

L=ft.:j L~ULLUU LLlh~UIfl1~ t~u Lij'tl f"il;S~Yi LL~UiYl f"ilU') rul~~l n LLUU~l~'tl'l L U'tl LU'tlYlUl~lYl ~~'tlUn 
I " I '" .. 

f"ilLYi~~U f"il;S~YiLL~UiYl1'~l~ri~::nf"il~.:j~U~')U t~m::nf"il~~th::~Ylfin1~Ifl~~ul"'lJ'tl.:jn1~1'~f"il 

;S~YiLL~ui 0.998 j;).:j~U~ 4.11 n) 
" 
L~'tlUlf"ilfOl,)l~~lUYllU~1'~l~ (R 2system) ~lYhn1~"'lfOl,)l~~~~ufinuf"il 

I II I I 

'll'tl.:jIfi',)~lUYllU1YHhV1H1ULLUU~lft'tl.:jLU'tlLU'tl YiU~lfOl,)1~~~~U1fV11~nftn~ru::LtluL=ft.:jL~U LLUU 
I " I I I II I 

LLU~~UIfl1~ L~U Lij'tlLLUU~l~'tl.:j LU'tl LU'tl1ifIfi',)~lUYllUlylYhV1nf"il LYi~~U f"ilfl')l~~lUYllUV11' ~l~ri 
~.. 0 

~::nf"il~ln~U~')t1 t~t1~::nf"il~~u~::~Ylfin1~Ifl~~ul"'lJ'tl'ln1~1'~fOilfOl,)I~!1flUYllU'tltJYlO.999 j;).:j~U 
" " o 

Yl4.11'lJ) 

1000 

900 l------------.--. ---- -
E 800 I···· ;;-; ·O.9206X+11 .707 

~ : -_-~=-_-==~2_=-9.-9984 :=~_ 
§ 500 
~ 400 -1-------­

c!Il 300 -I------;MF-----. --. 
N 200 -I-------=<IIfL---------.- .. - -.-

100 +----------- --.-.- -- -- - .. -
0 +--- -,----,---..,.-------,--·--··- ,----- .. -

0.00 200.00 400.00 600.00 800.00 1000.00 1200.00 

Z tissue model (Ohm) 



E 
.r: 
Q. 
E 
S 
'" >. 

'" N 

0:: 

1200 

1000 l--------------------.----.---.-.. -.- -... -
y = 0.9987x - 13.7~Z. ____ ._ 

R2 = 0.9999 
800 

600 

400 +------~'----------- .--- ... ---

200 

o ~ - -------- 1-

--.---.---~ 

I 
I 
I , 

0 200 400 600 800 1000 1200 i 
I 

'----__________ R_t_issu_ e_m_O_d_e_1 (_O_h_m_) _____ . __ . _____ J 
'lJ) fOl1'lJ'fl'l(;],)v11UY11Ul ULL1J1J~l~'fl'l 

lU~ 4.11 fl')1).J~).J~'Wfi'l:;"d1'1fOl1~1'~1~r.l1n'NIOj'l~U'l:;~M~U 
, ., , 

LmtJ1J L YltJ1J r11J fOllY1H1ULL1J1J~1~'fl'l L tl'fl L~'fl 

n )fOllf1).JYl LL~Ui'lJ'fl'l LL1J1J~l ft'fl'l LLfl:; 'lJ) fOll'lJ'fl'l(;],) v11UY11U lULL1J1J~l~'fl'l 
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1 um'l1' ~ LL1J1J~l~'fl'l L~'fl L~'fl IOj:;Yi1J~lj'j fOll L 'U~tJ'lJ'fl'l LU'flfL ~UI'l fl'Jl).J ~~Yifl1 ~ 
IOjln1'~fOllf1).JYlLL~Uith:::).Jlru -4.27% LL~:;j'jfOllLtltJ'IL1JU).Jlm=llUU'l:;).J1ru 3. 54 L'fll.f).J 'lJrw :;~j'j ... 
fOll L 'U~tJ'lJ'f)'1 LU'flfL ~UI'lI"1,)l).J ~ ~Yi fll ~lOjl n l' ~ ~11"1,)1).J v1l UY11U'fl ~~ 

).Jl~'ljlUU'l:;).Jlru 2.43 L'tnX).J vl'lLL~~'11UlU~ 4.12 

I~ ~:: 
I CI> 10.00 

I 
g 5.00 
e 
~ 0.00 

I .-
I 0 -5.00 
~ 

-10.00 

-15.00 

L 
-20.00 

------+---------- -
•• 

---- --.. --~ -------...-- -_. - - - --. ,-• • 
_~Q~.L _ _ '!~ _ __ §Qg... 

~ . . 
-------.- -----.. ~--. - ~ . 

Z 2system (Ohm) 

---- -------- --_. 

• 

-3.53% 

JOO .-
• • 

1000 .--



------- ---------- --_. _- . --- - -- --- -- -----... '---'--------l 
~oo I 

Q) 
u 
c 
I!! 
I! 
i5 
~ 0 

15.00 -j-----------------. - -.----- ... -.-- ---------

10.00 

5.00 

0.00 

-5.00 

-10.00 

.-.-.. -------.-----.... -.---.... I 
+------------------ ----._ . . ------.. --- I 

D 
--'---T ------ --.,--------, 

-f-__ --=~OO ---1-- 4Ob __ ..§..QQ.~ __ .B.QQ _ _ _ J~QO_. __ . _1100 

1---=-. -----

I 
i 
I 

-15.00 1-.------

-20.00 

R 2system (Ohm) 

I I " I 

nJYl4.12 LtJ'ilfL~UI1lI"1')I~n~YHn~lun1~r)~Lm£JULYl£JUnUfhYlHflULLUU91ft'il'lLil'ilL~'il 
" 

n) 

" , 
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"'l:;r)~~I~uVi LL~UiLLft:;~1 Wl1~ LPlIt.!Vl1Ul ULLUU91ft'il'l'll'il'l L U'il L~'illmmh'liltJ ~:;~YlfiIl1Yl t~m'l"'l~ 
, .-

YltJ~::;~lSf-lit.!~I~I~nr)~~I~~YiLL~U·lilrn1u'll')'l 170 tmf~ n'l 1000 tmf~ LLft::; r)~~If'1,)I~LPlIUYlIt.! .. 

" " I I 

n1~Yl~~'ilUih11~ULYi'il~m~ntJ~::;~YlfiIl1Yl1Un1n'il'lIU'lI'il'lLf'11'il'lr)~1ut'fl 
, " 

~~Yi LL~UiYlyjln1~tJ~::;~lSffnU 
I I I "I 

Lm£JULYl£JU~.mYlr)~lm"'llnLf'11'il'lYiyjln1j'tJj':;~'rt:r~U nULf'11'il'l Maltron Bioscan 916S .. 
Ln'fltll fh~).JYi LL~ui~r)~ 1m (Z 2system) ).Jlyjln1~~1 f'1,)I~~~~t.!finu~1 

~~YiLL~t.!i~r)~lm"'llnLf'1i'fl'l Maltron Bioscan 916S YlU~If'1')I~~~~ufi~1milftnlSru.::;LijuL:n'lL~t.! 
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LLUULLlh~um~ t~mrl'tlfh~~YlLL~ui~1'~l~r.nnLfi~·'tl'l Maltron Bioscan 916SrlfhL~~~U fh 
I " ... I I 

~~YlLL~uiY11'~1~ri'"l :;rlfh~1n~u~')u t~U'"l:;rlfh~mh:;~'Ylfin1r(jj'~~u1'"l'tl~Y10 .969 (jj''llUY14.13.n 

Lrl'tlibfhf),)1~~hu'Yl1u~1'~1~ (R 2system) ~1Yhn1r"'1fl,)1~~~~ufinufh 

f),)1~~1u'Yl1ull'l~1~1'~1~'"l1nLf)i'tl'l Maltron Bioscan 916S Ylu~1m1~~~~ufi~1~rl~n1fcu:; 

LtlUL~'lL~U LLUULLUr~n~U t~mrl'tlri1f),)1~!ii1u'Yl1ull'l~1~t)~1~'"l1nLf)i'tl'l Maltron Bioscan 916S 
I '" I ... I 

rlri1L~~~U ri1f),)1~!ii1U'Yl1uY1t)~1~n~urlri1~~~'l t~U'"l:;rlri1~~ur:;~'Ylfin1)'(;]~~U1'"l'tl~Y1 0.322 

~'l),U~ 4.13. '11 
'II 

, 

I 700 , 

I E 650 ~ 
i Q. 600 ! Y = 0.7884x + 94.805 

R2 = 0.9688 
:; 550 -t-.---------:....:ii 
u 
1/1 
o 500 +--------..~------- .. - .----- .-­
in 
c 450 
~ c;; 400 ------'------------ - - --.--.-
~ I 
N 350 i-----·- . --- .------.-- -_.- .-

300 L 
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I 
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R 2system (Ohm) 
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I I ," 

ltlY14.13 ~,)Il-J~l-J~ufir:;"dl'l"hY1t)~h19In(N9~Y1tlr:;~~jiiu 

LmtluLY1t1unw·h~t)~1~9Im~1'a'l Maltron Bioscan 916S 

n) 1'l1~l-JYi LL~Uef'lJ'a'l ~utl n ~ LLfI:; 'lJ) 1'l1'lJ'a'lmll-J ~IUY1IU'lJ'a'l ~utl n ~ 

I I " I 

91n nlrY1~~'tlUYlU~1 L~1-'a'lt)~ lu t 'a~l-JYi LL~U..nY1viln1~tl~:;~~~U ~1l-J1~()Y1 .... 

9:;t)~I'lI~)JYiLL~u"l!1u~utln~1~n~L~tI'lnul'll~l-JYiLL~U..n~t)~1~~tIL~1'a'l Maltron Bioscan 916S 
I I I " 

LL~ L~'tlviln1~t) ~ ~,)Il-J~IUY1IU1u~utl n~ ~')tI L~1-'a'lt) ~ lu t'a~)JYi LL~UefY1vil nI ~tl~:;~~jiiUtl~1 n!) 

~ I ~f1 nI~t) ~~l~'bJlll L~'a n'a L rt'a'l91 n I'lI~l~iJ ~,)1 )J~)J~UfiL:n'l L~ULLUU LLtl ~~ n c4u nu I'll ~') 1)J 
I I I I " 

~IUY1IUY1t)~1~9In L~1-'a'l Maltron Bioscan 916S ~'l~'),l-J~~Ylfl'~Y1Ln~~um9iJ~,mlnl-J,9,n , 

4.4.2 n1~-r1n 'bJL'El~)JVi~b~'U'lI' 'UFl'U'l.Jn ~ .viij~'lIU)J'J~nl!1)J1nn'.h 20 nL~ni')J~'El 

~)J ~Wlh~-3'61'El-3 

" ., , 
m~Y1~~'auilvil~ULil'a-l9,n ~f1 m~~ n~, m ~t)~ ~'),)J~luY1,u1 u~utl n~ ~')tI 

~ Lihfum~Y1~~'au~'a'lLUU"l!'tI ~iJvl'JlU)J,)f1n1t1l-J' nn~,,,,1-'a Lyhnu 20 ntflnfl-J~'tl Ll-Jrnrri,~'l~'a'l 

L~'avi, m~~')u ~l-J [;]') LLtl~~ L~tI') nu L Yl PI LLfI:;vl'JlU)J,)~nltI t~tI LmtiU LY1t1U ~~~t) ~ Hi9, n L~1'a'l1' ~ lu , 
, '" I , 

t'a~l-JYiLL~U..nY1viln1~tJ~:;~~~unW.JflY1t)~1~9,m~1-'a'l Maltron Bioscan 916S .... 

Ln'aU,I'l,~l-JYi LL~U..n~t)~ 1~ (Z 2system) )J,viln1~"',~'),)J~)J~ufiriul'l, 

~)JYiLL~u..n~t)~1~9,m~i'a-l Maltron Bioscan 916S YlU~'~,)Il-J~)J~ufi~l~iJ~n~ru:::LijuL:n-lL~U 

LLuuLLtJ~c4um)J t~tlLn'aI'lI~)JYiLL~U..n~t)~1~9,m~i'a'l Maltron Bioscan 916SiJl'l'L~)J~U I'l, 

Lij'a-WII'l,m,)J~,uY1,u~t)~l~ (R 2system) l-J,viln1~""m,)J~l-J~ufiriul'l, 

~'),)J~,uY1,ul~~I~t)~1~9,m~i'a-l Maltron Bioscan 916S YlU~lml)J~l-J~ufi~l~iJ~n~ru::: 

djUL:n'lL~U LLuuLLtJ~ml-J t~tlLn'aI'l,~'),)J~IUY1,ul~~,~1'~1~9,m~i'a-l Maltron Bioscan 916S 
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iJfOi1L~~~U fOi11"1f)1~~1uV11u~r)~1~n~lJiJfOi1L~~~u L~tJlOj~iJfOi1~~1.l~~~V1tn1~(;)~~UllOj'f)~~ 0.651 

~'1ll.l~ 4 ~ 14.'lJ 

550 

-E Y = 1.0531x - 26.917 .c: 500 +-------''----:--- --------- - .. 
Q. R2 = 0.9796 
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1" • ---, 
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~1nn~1";r'f)LYhnlJ 20 nL~nf~l'l'f)L)..Jt'lni 1~'1~ 'f)'1 

n)fOi1;aUvhL~U'l!1U~Y1~MllJ , 'lJ) fOi1'·lI'f)'11"1f)1~~1UY11U1U~Y1~~'f)lJ 
~ ~ 
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I I ., ..J 
~1 n n1~Yl~~'t)U~U~1 Lfij-'t)~1'~ 1u t 'U;al-J-W LL~'Uivhl1 n1nJ'j':;~~rn'U ~1~1HlYl 

~:;1'~~1;al-J-W LL~'U'Jj1'U1,'Uun~1~nft L~U~nU~1;al-J-W LL~'U'Jf~1' ~ 1m~ULfi'4't)~ Maltron Bioscan 9168 
I I I lot 

LLft:;f"i1Yi1~~1nn1~1'~fl'l1~!X1'UYl1'Ul'Ufl'Uun ~ ~'lU Lfl "j-'t)~1' ~ 1u L't);al-J-W LL~'UiYi111 n1~U~:;~~fi'U iJ 

fl'l1l-J ~l-J~'UfiL=n~Lt\''U LLuULLu~cr'Uj;JNnU f"i1~1'~1~~1mfli't)~ Maltron Bioscan 9168 ~~LL~~~~1 

1YHhm:;LL~m~ ~1l-J1HI~~:;1'ihnA'l1l-J!X1'UYl1'U l'U~V1~~'t)U~ LU'UA'UUn~, L~f'1'Jj1U LLfl:;iJf"i1~'Jji1 

l-J'lfln1U~1nn~1","j-'U LVl1nu 20 nLftnf~~'t)Ll-Jj;J~n1~~~'t)~ 



d 
U'Vl'Vl 5 

?f'itJ I:J~ n1'i"ij4'tJ LL~::i'elL?fU'el LL U:: , 

~ , 
i)YlmilYn.uml~1l1 Lt'lUtl mnJ 1~~h:t~L~ ~tl\lr) ~ lu ttl~~Yi LL~u1LLUUt'ltl\l LLVl~\lr.l1tJ~1Vlfu .. 

mnh~LijuJ1Vlun LLt¥\llu~ll'1tJ~vh m1Yltln L~tl~ LLft~1l1 Lt'lUtl ~~m1Yl~t'ltlU Lri~tl\lr)~ lu ttl 

~~Yi LL~U"lf~th~~hfJ~'U 1 umir) ~rh~~Yi LL~U"lfLL~~ri1f1'11WX1UYl1UL u(;)'11X1uYl1uVl~tl(;)'1 diu 
~ , 

tl1~' lYlyh~1 [;J1l1U, m1r)~ri1~~Yi LL~U"lfLL~~ri1 f1'11~tX1uYl1ul ULLUU~1~tl\l'lltl\l Liltl LUtl 1'1~ n\l 
, ~ 

mir)~ri11uttl~~YiLL~u'lI1uflutln~ on\lt'l1~11nMtl~~1~~\lil • , ~ 

1. 1~tltlmLuULL~~tl1~~h:t!LfI~tl\lr)~lut'El~~YiLL~u1LLuut'ltl\lLm~\lr.l1tJ~U mi 

111Lt'lu'Elm1r)~ LLUut'l'El\l LL Vl~\lr.l1tJ~t'l1~11n'll'1tJ~~ m1~tJ\lmn~ Ln ~~ul Um1r)~~~ LYlt'l'lltl\l Lfl1tl\l • • 
t I I " " 

l1'11tll~ LfI~tl\lr) ~ lu ttl~~Yi LL~U"lfvh;1 m1tl1~~1fj1UUu~~tl1~ntlU ~'1tJ'El\lr1tl1~ntlU 6 ~'1U~'1tJflU 

l~LLrl '1\l~nm~\lr.l1tJ1Yl. '1\l~1t'l~1\l~ry'1d1ru, '1\l~nLVl~\ln1 Lil~m~LLt'llYlvhfl\l~. '1\l~1rJ~ri1f1'11~ 
I I " " 

~1\lPintJ1YlYh ~'1utl1~~'1~~~iftl~~ LL~~ ~'1WLt'l~\I~~ LfI~tl\lVitl1~~1f~1Uilt'l1~11nH'Liju 
~ .. 

Lfl1tl\lIXWLUu~~~1l11tl~ OOJu1tlfutlN~1Vlfum1tl1~~1f~Lfl1tl\lrJ ~ lu ttl~~Yi LL~U"lfLLUU~U1 ~tlltl . .. 
LUtlU1f1[;J 

.. 
2. '1\l~1r.l1tJn1~LLt'llYlYht'l1~11nr.l1tJn1~LLt'llYlYl1l1\1n1~LLt'l[;JNLL~~n1~LLt'lt'l~ul~nu 

tVl~~~\lLL~ 100 n\ltl1~~1ru 6000 ttlt.f~ 1~~tJnri1LntJ\lLUU~1[;J1~1U 0.03 LL~~ 0.004 ij~~ .. 
LLtl~LLtlf~1Vlfum~LLt'llYlt'l~uLL~~m~LLt'llYl[;JNm~~1~u 

3. ~~m1Yl~t'ltlUm1rJ~nUlii''1tX1UYl1UVl~tl(;)'1LriUtl1~~~1m~nU(;)'1tX1UYl1U~tl . .. .. . " 
'lIU1UnU(;)'1 Lriutl1~~m~ LLUU~1~tl\l'lltl\l Liltl LUtlUUY-IU~1 ~1~1inrJ ~ri1 (;)'1 tX1UYl1Ul~u'll'1\l 200 • 
ttlt.f~ n\l 1000 ttlt.f~ LL~~~1~1inrJ~ri1'l1tl\ll'1'1Lriutli~~lYlYl1'l1U1~ 1 U1tUYl1f~ n\l10 U1tUYl1f~ . 
~\lnri1~~YiLL~u"lftl~lu'll'1\l 160 ttlt.f~ n\l 1000 ttlt.f~ t~tJnri1~~tli~~Yltmi(;)~~ul~ 0.999 ~1n 

, , ~ 

~~miM n1f1t'l1~11n t'l'Ttl fI rut'l~u'1i'lltl\l LfI~tl\lrJ~ lu t tl~~Yi LL~u"lfViYh mitli~~1f~U , . .. 
.,J 

m11\lYl5.1 
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on'l-lFt'l'llJ~Yh~'lU o Hz, 50 kHz 

"tJU'l61"tJ'fl-lnr:;ll~lrlYl'lYh.n 0.17 .n1~ 0 . 5 .~~ 

on'l-l.a lJ~ ll61 u'llYi 'l6116i' 160-1000 0 

on ~ d ... ~" 'l-l Fl 'l 'llJ In '1 UYI '1 UYI 'l61 61 200-10000 

., " 

l.h::;~1f~1'Wl'W"'1'I...!un&i L~tll11mmJhJuLVlmJ~~Vlr)~1~ nUL~1'Cl'l Maltron Bioscan 916S 'WU~1 
., 

mrr)~Pi11uL'Cl~~YlLL~'W'lI1'W~'Wun&i~')tlmrHi1YHhm::;LL~~~U,r'W ~1~1rnl111~'Clth'lij 

U't::;~Ylfi1l1'W L~U.,:;iJPi1~~ur:;~YI~n1r~~~'Wl"'Cl~~ 0.979 1'W"l.Iru:;~mrr)~~,)1~1'l1'WYl1'Wl'W~'W 
." , 

un&i ~')um'tl'ill:rJyhm:;LL~~N,r'W "::;l111~~ Ln'Cll11mrr)~ nu nri~~YI~~'ClU'll1U VlijPi1~'lIi1~')~ , " 
n1U~1nn~1~1'ClLVhnu 20 iiL~nf~lJi'ClL~(;Jrfi1~'l~'Cl'l L~tI.,:;ijPi1~~Ur:;~YI~n1r'ClfilJ1U'Cl~~ 0.651 

I I' " 
1. LU'Cl'l"1nn1r~,)u~~n1rl11'l1'W"l.I'Cl'lLA1'Cl'lr)~llJL'Cl~~YlLL~'WiVll11n1nh::;~1f~'W , ~ ., 

,r'WH'mrmlJA~~1'W~f)~'i!1'Wn1rL~'Cln~1":;l11n1rr)~Pi1~~YlLL~'Wi~')ulYHhm:;LL~~~U 
... 0 

~r'ClYl1 , 
" 0-

LA 1'Cl'lVlU r:;~1ffn'W~'l n n 1 ojf'l1'W~1'Wn1 rmu ~ ~~')u ....." , ., , 

~'l,r'Wn1rufuut'l1~LA1'Cl'l~nA,)u"'J~n1rl11'l1'W~1'WYl1'l1~L~rA'Cl'WLYlr~L~'Clf 

I I I " 

2. LU'Cl'l"1nmrLL~~'l ~~'1J'Cl'l LA'1'Cl'lr) ~ llJ L 'Cl~~Yl LL~'WiVll11 m'tu't:;~1ffn'W .,:;l11 ~1'W 
~ 

" I I '" 

3. .,1 m'l.,r~W~~'1J'Cl'l LU'Cl Ltj'Cl "::;L~'Wl~(h n1rLU~U'WPi1 A,)1~1'l1'WYl1'W,r'W .,:;vi11~Pi1 
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" " ~1.hmr'W ~:;~IJJ1Hlti~(1~tll",un LL,x~'lJ'il~~tlf)tJt~",1'il hI 

~IJJI1n~~:;'W 11JJ'W1 [;]'il hJ LtI'WL~i~'il~rJ ~ tu L'il~JJYl LL~'WiLLlJlJmntJ ~')IJJ ~ L~m11n11~ n~ L~JJ L~JJ 

L~mnlJn111,xriILu~~ryrylrut~Yhm:;LL~~ftlJ lU~~'WL"l!U ~"'~ltJ~,)IJJ~ LL~:;Yhn11~m:l'1 

L~JJ L~JJ L~m nlJ n11rJ ~~JJ~ LritJ~ LlJ'WLU 1:;"'~1~~ ryryl rul'l' ntJ1~Yh~rJ~ L~ nlJ~ ry rylrum:;LL~ L~Yh 

~l~L -111 LU ~'W~:;Yh lm~-1I'ill.J~~JJI n~~~'W~~:;LtI'WU1:; LtJ'DU[;]'fl n111 if~I'W~'W1L~ 
, " 

5. U ry",lV1 Ln ~~'W~1 n n11rJ ~ ~,)IJJ~I'WYlI'W l'W~'Wun ~91 n n11lif~ 'lJ ryl ruL~Yh 

m:;LL~ ~Nt!'W 'il1~ Ln ~~1 n n11~'fllJ ~'W'il~'lJ'il~ ~,)"'U~~1 n'fl~ f'1U 1:; n'fllJYlI~~,)'lYl tJ1~n [;]'il~ ry ryl ru 
I I , '" 

t~Yhm:;LLM1N ",1'ill'l'ntJ1~yhV1 Ln~~ln L9~~ L~n LYl1L~~~~r1'W1:;"'~I~~L~~ LYl1~ LL~:;~,)"'U~ ~~U'W 

n11Lft'flnH'~'lJrylrut~Yhm:;LL~~ftlJ~il~,)IJJ~~1 ~,)1~:;1,xt:-J~1'Wn11rJ~fil~,)IJJ~I'WYlI'Wl'W~'W 

un~t~~n~lnI11if~'\J'\Jlrut~~ln1:;LL~~N 

6. ~lnt:-J~n11Yl~~'illJ'WlJ~In11rJ~~,)IJJ~I'WYlI'Wl'W~'Wun~ ~')tJn111-ifl~~lm:;LL~ 

~Nt!'W ~:;yhl~Lrl'ilYhn11rJ~nlJnftJJ~Yl~f'l'illJ'DltJ~nfil~'DUJJ,)~n1tJJJlnn~I",1'ilLYhnlJ 20 
, '1/ 
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1l1fUJU'ln (Appendices) 



tV • _ CIf .. • .., Cf). 0 -¥ .. 
111 FI ~'U ~n n. ~'il n1'1'V1 UI'i't'ElU n1'1~ UI Fl1'El).l~ bbUl'U 'libb'il~Fl1 FI~1).1 Ul1'U'VI1'U I. 'U bb UU~1'il'El~"lI'El~ b 'U'El b!J'El 

~ .~e.~I~?h.':rI)_ 1 C!~al(p!) . Jc:~l~ulat.~_(?!:..r:n..Cl Z (Ohm) phase ! R (Ohm) ~(Ohm~Z measure (Ohm) I R measure (Ohm) 
200 : 0.1 200 .00 I 200 0.88 200 .05 3.1 209.93 187.12 

,-' - - 300 .... + .. -"efr '" ,.. ,- 299 ,99 '-!-'''- 300 0.64 300.04 3.4-'" 295.05 288.48 --_. -_._._-_ .. .; ...... _,--,., ....... ...; .............. _--_. __ . /-- -,--- -- , 

: 427 : 0.1 426 .96 i 428 0.96 428.12 7.2 413.94 414.36 ........... -, ........ - .. , ..... ,-... '''''~" .. " .... "-...... ",,," ...... ' ................ -,-,_ ...... """ .. ,,,.' t . , •• ,,_ ...... -1"---.-..... - f-------. ~ .. ~ 

~., __ .... ~2§. .___ L " .9...:.~ .... "..._ .. ___ . 675.8~_ .. _._ l-. __ 1:578 ' 1.19 678.30 14.2 546.02 1:565.65 I 
.... _"'_.,._8~~_ .... _ .... .:.. .. ___ 9..:!._,., _ ....... _ .. ~~3.73 ... ,., l ._81~_. ___ ~.i........ ... 817 .59 22 .__ 780.35 I 807.32 

1~0000 I , ~:~ . ;~~ :~ ~ 1 ;;~ '.. ~3~2~'·· .. ~~,b :~~·- .. -- .. -}~l- -1-" . · .. ~6~i~ .... --·-+·-· .. '-1~~{~~'-"'" -... 

___ ~L _::l · · · t -J!JI nj: iTFJi=~=:~f~=f~ !E~~~ :-T . :~-= 
1~~6 l_~~ .. .. ... ~~~~~... +·fd3~-··-t"1~~9·! 1~S:8~089 +·--·-+~~l ·,·+· .. · .. ~~~~---- .. ·+--·-.. "-~-~~~ .. -·- .. ·--· 

__ m'''_:. ~g~~'' ...... ~'''_ :. =r...... '''''';:ffr · ~T .. -~~ .. ·~~l~:~Jr::~~:···i~~ :;~ +--'i~~~-',,~ '~l-""""}~:~i ---~-.. -~~~ :~i-·--1 
"' 427 1 " '1 " "423:21 ;,.,' . ' 6}1 "·t·~9 :3~""·r- $f.~fI5· .. ·"r"~'~'~·~$9'·'·'· ,. ""t, ~ .... ,. ~q~~~·~·=:I··--···-IH:~1 ~~~~=1 

~~~ ~ ~~~ :~;~;~ I ~ ~ :~~ l ~~~:n i, .,., 1~~ :~ ! ~3~:6~ : 8g~.~1 "j 
, 1~bboO .. ;, 3~9 \~~J~ 1~~q1 . ".}. +~:~r 1;2.~1:l{ ·t·~·.1.:~. ~~~lr .. "., I~ll~ ,' · j 

300 3.9 281 .58 492 i 20.26 524.85 ; 170.4 267.25 282 .32 ' 
427 3.9 37K3S' S52'" 1" '27)5 , "'62(0l' .~ .. '-''''257 .... 353.03 ·--·---t•• ---413.45 ·"-'-~ 

- ~{~- j. ~ :~~~1~} · 1 ~~~ .. " "r,~~:~~ ; ~fg·~~ ·j·-:: ~g.&:~ ; . ~i~~;-f :~~~···:', .. :-, lg~:~~,,~ -:~1 
····1'660 :. ' ''3.9 '' 63-2,31' .. '7· 794 .. ····1" .. 35~27' 'i··§;t'2~2r '1" .... · .. - 4·58· -·58o.j2 .... --.. ·-:--.. · ........ §:t'9~9·ff ·· .. ··i 

200 6.8 183,92 380 r 23.33 413.90 l 150.5 185:32 ··' ........ f. .... · 18:2.31 1 
300 ' ·6.8 2~2.$8 I 4~8 " .32:68 5~2 :5 5 . r 241 ,7 · 24() .6$ ... ..., . ~8~:t't -1 
427 6,8 315.47 ! 499 , 35.63 . 613.71 ! 290.4 295.71 413.15 I 

,:~~ -tl -~lr J jf! :IJ!t~iiL:-jL LIfiL:I~-~~-d 
.. 3.0q. }.0 , ... _ .... 2...~8,~_._. i. ~1~ __ ...... L~.?~88 '-r' . ~Q!:!L .. }._ .. !..90.~ ... ___ ~_......?16.0~_-+-_, 288.63 .. 

~;~ .~ ~.. ~~~ :~~ f ;~; ... ~ ~~:~~ . :~;:~~ .... f ~~~ :4 ··········l·, ~i~~~~ ·-.. ,,+·,·,--.. , ~H:~~ ·-·, .. "'· 
. ___ .j~Q@ _____ .L~~ .•... ~: .. _ .. J~~:~f:=~_-=J~ ...... :~1~ ~13~:~~ . t._~l~:i~::._l_~,:~ ~~r:L,_.r=~~~':=:~:~~~~~~:~=::::~~E== ,:~~'~:~~8:~F:=::==·-- 0\ o 
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111Fl~'U'Jn 'lI. ~~n1~V1~'61'B'1.Jn1~:r~1"i1~'-l~~~~'U'li'~~~::1"i1F1'J1'-l~1'UVl1'UL'UFl'Utln~ 

r----- ._._.--.. _--.-..... -.--,.-.. _.. , . ---
; I i Height : Weight 1 8MI Z tMlli.Pl!. ! Phase Ql,9b R ~ XC ~ Z measure R measure 
l ~_~X. ___ j_~g!?iy~_ar) .L {r:nt . __ . U~.gL--r' (kg/m~_r-(Ohm) __ +iQ~__ (Ohm) (Ohm) (Ohm) (Ohm..L..) ---1 

! male 22 : 1.75 , 70 22.86 500 t 6.23 503.92 54.3 500'.00 500 
i :: __ __ ~.~.~ .. ~ .~.-.:-.-.'J" •............ =.....!~.-:::==: .--.. -.--.-,,---.-- ----4g9 .. --·-r-.. --6:26 502.98 '---54:5--'- 500_00 46f5--'---
1. ._ "._", ......... _ .. l __ .. _._.~. ____ . ___ ._ 500 I 6 . 2~ 503.99 54.6 500.00 462.5 

male 22 ' 1.8 ' 87 1 26.85 482 ! 6.81 484.69 52.2 482.76 350 
,. . .. t· .. -··-·-- -..... --.... .- · .. ·------·-· .. ,· .. - .. t· .. ---·-· , .. - .. -.--.. ,.---.. ,- ----.------.... ---.... ---.-....... -----... -.-. ..-.. -.... -.---.. _--.-.. -- -----.. - .. ------.-.--

_ .. _______ ,~_"' _ __ .• ___ .H' __ .,, __ .. ,,~_ .. _ .... ______ • __ ~ 481 I 6.85 I __ 483.77 52.5 482.76 362.5 
: :! 480 ! 6.85 ' 482.78 52.5 491.38 400 

,m~le 4~ _. 1 .. §~L ~.,: ~~~: __ J..=:::·i[I~~ .. = ~, 4-37 ·-=J-~=_. 6 .8~~_"-__ ~-!40.~~~, ~~:~,52 ,2 -~-- - 448.28 , :,- 3t[=,·= 
_.'i=~-=L=f :~-i=* I ::~;~ . -i¥s-.r-:~~~~ 4i~5 

ale ._ .... 1~~ __ .. _;_._ ~ ____ 1 25.50 I 417 i 6.41 420.23 46.6 422.41 275 

[ !. I" --·r······%H·--T ···-·t~~ ·---·..-·-.. -~~~·~t·--·! ·········-%~~T--· .... .. %H-:~~ -·-·--·-3~~~5-·---· 1 
__ ~.~.~ _____ 'y __ ...,...-.. N~~.-.'~,~~,~ .... --".,,-,..-.--~--.---____ ~ _ 

male 26 ; 1.9 ;_ !~_,.! __ 21 .6J : ~~; ' ~ : f~ '" t--- ~~~ :~~ j ;~ : ~ .... f. ~~&~~ -T---..?~;5§..--
. --,.--, r-- ..-.; .. '501 .. 6-:72 ____ , _5.Q4 · ~~ .. r-- 58}--] . 4~I:~f _~t~-~j~7.5~~~-= 

1.73 _ ~5 ___ , __ l, 28.40 .. : ... ~.Q? :. .s. . ~,4 _ ..... ___ ,;, .. §l..L~Q-. ; , §_l:~.!._?_QJ!§~_ ... __ ~_ 475~, 
...... __ ___ _; _ .. _______ ~ .. - _ . ., ___ §J4 ... _ .,,,._. § ~~z. ____ _+- 517.38 ! 57.1 .. ~_-_~17.2~--.+-._ 462..:.~ 

. ~ . 503 ' 6.4 ..; 506.29 f 56.1 ; 500.00
1 

4§~:5 j 

21_ ... _. [_ 1.69 __ -?-?_-t -- 1?21 - -- -. ~~~- ..... : - --.--~ ~~~-. ' ~~~ : ~~ : .---~; :~ '1- ~~~: ~~ ~ ;~~H 
, ..........., .......... , .............. -... ,... .+.-· .... ·_··--.. -·--·-.. · ...... · .. i 

_ . __ ?~§ 7.04 530 .95 l.,.~4~?___ L_ .... ~?L~~ ___ . __ L __ ..2061§_ ... j 
25 1.67 55 19.72 546 6.47 549.99 ; 61 .6 ! 589.66 : 221 .5 

.. , ...... , ..... - . . T·· .. ·· .. · ............................... , ..... _.---.... - ...... ... + ... -.... -.. -----.... --... -. 
; -. ~ ~:; :' ~::~ + ~1~ :~~ + ~~ :~ ! ~~~:;T r---··--· l~~---··--

fem ale 27 · 1-:62---···Y-'45-=t-'- -·17'~1· 5· ······· .• ·r··-·····-~~r·-.. ····--:-·-· ·········· 1 ::~· .................. ·r---~i~~~~·---···l····-= ~·l~~---·--l~·-~~~~ -·-l·---f~:~ ----
-----1- .. --....... -----.. -.-.. -.. -... --.-- I I ~ t-. ___ ....... , __ , __ ... _. _ .... _._ .. _._._.1 .................... ______ J?I4 ___ . __ .__ 4.45 L ___ .§{§"Qf.._.L __ ._ 52A ..... ---..l.. 727.59 _ 82.5 

male 26 

male 

male 

0'1 
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_r:! ... '1 'i' ...... ....,IV 1" .., 
111fl ~'U'ln fl. b 1J~!J'H 'Vl!JtJ Fl1 tJ ~'fl'fl).l'VHbUt'U'1I'Vl'l @I Ut~1mfl~'fl.:l Maltron Bioscan 916S 

Impedance Phase (Degree) Resistance Reactance 

(Ohm) (Ohm) (Ohm) 

Sbj1 normal 508 6.02 505 55.0 

Sbj1 sick 103 13.34 101 23.7 

Sbj2 normal 501 6.74 499 60.0 

Sbj2 sick 263 18.86 249 85.2 
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2-source bio-hnpedance analyzer 

IltllJ-lflll fl1trA'II'!l,nm' . ).11).1: mQlllff"i"'lInt 'Hl ;:;jilllu lqn 

I i'l111l1'llm'lff'lM1).11i1n'l ]iQl'li,,'inrnno ~11l<Hll1lJhJlI11I1n l~fJ 

Illlu"IlII ' l1l'll'llhpJ1l-1 flllll1l1 It)J31l 1mmo], ,)Sb-9S<) ' 1'i452 f: - I1~il , YO<l""ng\;"I.S(.i .",d\.'tll.dltJu.,ac,(h 

1 f)1fllifl"mlnnJl1rirh 11\u~ll1')Ii'HJ" I IfIl{ ~tfrillmllhJln":ino 1.1'<1 

lI11lf"1lJ11111'1191lilj1riu fl1'n11'1 IOJJO 1111ih1l1: ()-n l~..(,~1 7 f. · lrulil : Mnr. •. S(.i.chul. ac.1h 

'1'f1'l,:hl'ilI nll'1'hlllllfHfl l1"1'I7 ROJ;;1I1'l1UffliYfl l ll1l'1llt~'JilhJl1l1m)'t t;u "il~ hlrWt!11II~I1H1 'IIl Hlr il'nhlUlil1n6 

11\l).ll'lllp1 111 .... tl'luil-l i11~JllTM 103311 lmnml: 0 ,225(42)1 
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UtlflMB 

..... ,: .. 1!'t ~ " ..t .... 
~ nntlllJliflWl11fHlftlll1m)\llllll: 111111 l~ \\1)11111 on .. 

olJij\lft\l.nl.ol""lf1onl1HfI1;III1''"ihl\l~i 'J1J1iuott'' lf',jilllfllll 

1I11Ufl', i'flOlJlilil'll~:V"iflmulJ\l1~hl'litllfllJ1)ll 'WItI'll rill-futliilt" 'hI 

l~IlMiint~o~il1l!1ll~,iifl\l10n n Ifl1jlJ\nll 1ftIJI"i fHihls::fllJ!'im: 

,lno61.J4'", 2 U1\mtlili'ie rhU'lle-llllln~ill!01:::IIl! Iln::rhnfH 

1~U19lft111JIiHfln6 Hno 11timllnmh~ IU' IOlmlllllHIlJ0111'lItllJ 
, , 

,;-lil111l1l-lIftll1. ,j)1iiml1:,ti\v1 'Jr.:'" rXllf)1 111iill'lllJ1U l;ml'Jtoli 

tl1::.~ llillUlJi l /ltl~"")~IJO,iif) 11 ~fH .. tlli' "l1riH'lIlI'11(l 'jllrilrl 'fill 

A'1ll"1\J1~lI'Vl~ 417 .. 8H n 1I!ld>hili'!)lJJl'IHh1A1ui H ! () 47 

nF 1i\/JlifiTdlJtb~ihli .. ml)i:1J !{)"'Hiln Wliilfl1 I1Jii'Wl1llJIlll;, 

fI') 1111 hlihEl~~'bt}Jlill ().'19811J"iJJ ~ ~ijrill!l~!T1l 61111~{t.y,.!i'f1 111J 

f)wnftlfl1lJml'iflth,(lIll1llH1Qrilh:::JJlIll /) ),1..10 • ' 11I:: iifi 'Il~D 

'116 UtlEl51~\.lAfl1UJ~1'In 1ft 1 Iiml 'WIA )lfhnh::;t)qii-lht 11IOJ 

2.J±b.1l"'. 

Ahstrllcl 

Tht pr~~e-nt p:JJX~ rq.k'\1"rs a aUl~tructj~)n 01 bk"impcdl'I}('1! 

aMIyZ('f' u£ing both dinx"! anu nltt'1"nad ..... c "\lITem HHffCe" replacing ~h.: 

COr1veorfon.aJ pha~ . .min meam.tft'tlwnt to U'\'oid rh(" rIlf'Mure proNem. 

'The J)'stem ,on."K~ of 2 main pans: t"Oll.stunl curn'tll ~lrces and 

potaltinJ tneflMLring circuit. The s~~tein wa. .. (~t('d. in menntring J'Klrt 

fef!oiJtor. pur~ \:-Apac imr. and p3r:tUef ~jf\:uit or" r~I"tof and capacitor as 

2.l:.hCf ... r~~">('li\cly. 

I.rinh 
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. . . " 
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~1n ITlI1)\Jfill 'li l~1lili I II W.ilfl1 lIJlJlil, iillln::I1Ul1HI Mtlt1 1A" 

fHi lH ")~'11i l UII\j'i lljilli~: qmi lIJ11h ~ I,'rll\1VIJ1P~IH~OO') 11< 

i l llll) )~i il~I'i'~ I"lI\IliI 1'11'1ulll 
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Y;' lUji'f1~H i I F'l~" ('(1,110 mw;i I~tii.c [~l ',OH1)ilfillJriW ) 111 

';llnicrii'llIl I."Viu,l ".~ , I <lHTl 1170J1J 19lf1f;ltlll1JnllJl\l ll l,l\; 

n l f1 )111, 111rh"r"lJlfIHJ~~i'ifi 1l1;~lllill I dl !ln~· If) nl ti 1 

')rd'lJ'-lljtri ft~ iW)j ~ft lllJ 1it,l1;,J!n'lHh) l1RinnU t'l:, lb :-~)fi' 

!i1~O 1')".;"il!ii"T1l1,';;')f( 1\'1 1MII' !>H"l~lI!"hlihi'lj I i"l1,,1 lJin: 
.' .' .. 

" if1r1rhi'1~11 i ' l n~ '. J ~';f-II\1I11 i';)IIH'-;lllin!l:' IJ j~ tlii !~eii 'i~ hj 

iiih]!1I1! lin I~ iM;1 l lmi ', m1i! 
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2,fl1llJl nlJ ! HI 
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'N"11lJ\JQ6'1rnt~l1l'11l)~'~flI~l)Ii;tl".tro"o~~~ii:;'59t~~th" 
,11::f\lllJ 2 fi1'IJR"WnU fiB ~~IUt11\j1l1l!:flllil1l\Ilt; ,~;ill<\l1JIU 

nil 1ftlli1ll"D.M''lYllunl\.,juHm'ljm!mlln'l1Ulhlill'll l'J~llii)(al'J 
'1;&l<wtll:i'mo1u;HfllV IhIl11eWI11fln-11t\:lll!l6t~n 1111 1MI'll Wl~ 

ij\'lg1u 'i-l~ n w '''''IIOI::rili'llihnh:, hHhHu\T'illri 1lI,i'~D 'jie~i)U 
fllft l1u.11'hlll"llo~ l) ~fllb t 1lO1Ioli H'1 ~iie41)J'j un lOtiu 1 AllnHi. l 

1'ViI,{'l'lU"'" (3-41 J\".,llIiIH11.1Illlh 

IhUtllln"U"1.I"fy.,..o~J'O~'lt~lI'lIJnIHU"'Nl~AMlJiI11 
;ir n IIn:;lhellmlilU"'(l:llI l!iH'~HOJm';! (2); 

y .. ) iZ '- ( ) R) ~ ( j" w *n (I ) 

TR'J~ Y umui·"ltIfliil'l!ll'twI. /, Hmll'ilibliilllllJ'lf. R '.Il1t1 

fllIl11lJt4'l UTlI1.l . C Umlflllll1lllh~'t1rh'h JllIt {t) IImJl1111J~li~ l{l J 

fl lHllti IIl'ln.o¥1'lUYl1lHln:;Ol UJ1 hHh .. tl on' tnJ\lfHlrr 1 

Ul'l llnl'lill101;i'lIIiflI1l1-l11Il1JU 4 iioi\nlTl1P1!1~U/f1W11l1t1ii 1 1M 

l,","oWn hllm.iI1,j~r";(It]'h6t·g'11",_,:;uII1\Jfm rltllJ m~lI.n inyh 
trtill~tl·lIU~Allfd~h.'li,)l 10-100 kHz ii~r11mR~if\l:'Ilj1')J~'fTl')O 

UOfl1'!R lin:: H'iil~fl hll I'\Onti\l"il~~";IJO)l ii~ n lm9\~ll J"u~itl 
H~"q(n,l~~nJ 1lI1~tl' ';11'11'1")"IUI1 Hiir10;11l rWl1IJlJl1itl1g0 1'i !,nJlf~ 
')R/\11Ufhmlll""'fHo1~::lrlY" ru;"fl6'hHhl ~ijU IlIlHtlru '\lill ii'll 01 11 

'j14l1tl uii~t. n~mfllli'l .~) )1'\11"1 ni iNt 'likt'luflnitlft;\lI\1ll1ii!~!I'1 11ft 

'~iiihVln'1li'hlJ'Vo~tmlllllhHi1'unl f-)flI Tln IfiO~i lf1l ri .... ~ 'iji\'ti\' 

t:iitiriiAHfl.1 \6J 

r-____ ~' (;:..r.fIJ 

u.---a~", __ -... w.4 ___ • 

1"IJ;\ 2 fll)-'WIlrllilu~n~,;'<Y')fl1n 1110;; 4 ol ~n hlHl 

. 1 '"'l J 4 ... 
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iiilb 'l11~~ II IHH'l-J ill'; IO,n ~ lIl'! fl l)j 1I\UH11r,lln;;IIj'~\.I 
Ill: nfjlJj\")n ritllHHrfW ,hUl') mi~lJ ci l1J~i IV 114i:flM~Un'II .tlJ 

~,mIJ3 Su I"" ""iill n. ~ rnA ti'lI;jnu~nIHhlll1lilOhlih . , , 

f))::l1/f'llHiHi'llU l¥\ U.45 mA i '11l'ri' nnQ/1lI )llnl mtHl11J~ 1111) 11 

rr!lmH""niJ1j !ji\b ti'UJllI 'nl"Il~:i\ltl 'Jwri :"i kit, 1Ii'lllY1nH' 

'!)~ XI0206 '1I"!lI~li"'!lJiY1Iltm ,'fi\lhl"HH hn~II'I \lI1Qln 
lI'Iof L7809 i~"~qp1)l\lHliu.f~lflln~\!r11300il\Ui'l')n'' '~fJlb 
loU'nli1 n'!Hfll::lill"~~I)fllJ 11,1\. hY.'f'J6t~'11I1H' 
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: ~ .. 

~~. 
.------------------------~ 
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lii>l~'\.>1:' I ·j ,~Olh f.1 t11 '1 'Jft1l1 ~A11 hJ" 'n l" ,n'H'~ IHlii't=H H 

"'jlltl]ur ... ~ri l~ 1;:i ~U~'';(~ l1J lW~ lIil 'I'Wiill)1J1J 1'U1i1.HAII ill,,"tl 

'mfi Ifl )lu";1-ltinuhh1 11Tu 11);.· .. ~!!fJll1fflifU Hl'!1l:;UlInnlJ1un)1 

':ifh1~ H IHl ;\li;""Ull",. i~~~ ;1J11/ I" • fifl 1\ lI"')llJ ~(JUtiI\lIlJ l iII 

l"rh))l ~ lJi'lrriilJ~ )",\~ 1 (,nn WJ~ l ' ' ,.h'h ·'I~I'!'I\'lH~ii"1l 11lI1il 

1'i\JliJlIt"l~'II"HI~iJl'l,p1\j '\ JiM l ·II~. "rri'l· ij ·u rh l;.,1\tiiii imili'l') ; ~J 

Ii 11ili.ii1rh'h1l1f11"m: 1'i'l111 I ill,..,' 7 )<;1; '11\: H') Ul,11A lil ))lJ ~ 
~ u·j'}lJ;;!,Uf>1t1·J:1j tlj nt '11l1 'IHt)rJf : 1 1i filJ\J ~ u:. \1 -lll 1'1 'in" lHJfl)~ 
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, \J1';~~~\Wl1 ~ti 1Il'1l0hHh~'~nl1J1o Hlfl~O~ 

6IJl1'';O lott1ml'i'UTektronhc TDS 2014. IOOMH7. four channel. 

digital .u...-"ge .,..,iII_-op" 

3.2 0l'l68nUUlJnl'lllto1l1IH 

flllnftl'tfl'l. :HUil'~I1l:~wi:l\J Ihiflllilfi ouliltJtJl~\'\ 
nUfi1ii~'Kl"Ot"t!H HI' 42l!4A p<cei.ioo LCR mel« ~11lU/6 50 

UIz, l\1'iU~lUhI1l1~ft'lfl'l11JK1'Un n; .. o~9i'1>\'lulln; I~D'liliiril 411, 

507.1>16,745 U\'\:; 81<4 n ill1J1h~\I "hKHm luiiHtrilfl'1 lllHftllllIII 

"' 10/0 1IC1= ;iI'1fh"1Ii\'J1h;1,ruJllniilllt1If1Il)laO)~il1;' IQ.2Z.-'3 un: 

-17 nF nnJ'ihft1l1;l1o'hm"'ltli-lfh')/h~oz; 3 fli~ 
91Illf'Jnlll1'i9\Al"I)~;i~1U"n;;\,;f)"'UllJ OllA'}t~U\h;~ 

91nJU'Il1J'l(I !l 'll1ff>l~1'l liUllnUfnl'liofl rnJ'tfH;t'~'l\lll1lJ""1191 41 7. 

501.(.7,>.745 1I1l: ~ i 4 n A ilifilli'1J Httt:I·.~lIlbt:'~"l.IHI 111.22.'-' 

/In:; 41nf f llJ )\f)i~ ;fu 2lHhotil~ 1I'1nnlfln'iR<il1hoo'14C1:: 2 I'f~ 
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