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Abstract

In an operation room, anesthetics plays an important role and are indispensable.

Furthermore, the dosage of anesthetic given is much more important because it may

have terrible influences on the patients if it’s not accurate. Generally, general anesthesia

affect the patients' cardiovascular system by cutting off the autonomic nervous system,

which causes the patients' rhythm of the heart and blood vessels' elasticity to change,

weakens the strength of systole, makes the peripheral vascular to extend and so on.

These changes of hemodynamic may cause the patients' blood pressure to drop and will

probably result in shock. Moreover, those who suffer from diabetes and cardiovascular

disease are even more likely to have complications or die.

According to many references, heart rate variability (HRV) is a way to estimate the

activity of the autonomic nervous system. Since the sympathetic nervous system and

parasympathetic nervous system mutually affect the low-frequency part of the heart rate,

while the parasympathetic nervous system alone controls the high- frequency part, the

most common way to analyze heart rate variability is to use power spectrum density to

get the power ratio (LF/HF) between heartbeats and speculate about how much the

cardiovascular system is controlled by the autonomic nervous system.

This study aims at the safety of anesthetic in operations, combining relevant, non-

intrusive measuring devices : electrocardiograms and photoplethysmographic. The



thesis also analyzes the changes of HRV and pulse wave transit time (PTT) during
anesthesia by LabVIEWS.6 based application program to estimate the patients’
autonomic nervous system and cardiovascular system. Eventually, the method of
assessment to offer doctors a reference during an operation was build so that the patients

could recover in the shortest time by giving them the appropriate anesthetic dosage.

Key words: anesthesia, barbiturates, vascular compliance, electrocardiogram,

photoplethysmographic, pulse wave transit time, heart rate variability
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R FE TR T e - LRI TR R A3 02(mV)~ 0.6(mV)
f. RREH P A& - wprsr g apd il > 5 wprid ¥ (heartrate) ehif|fic - 3+ 8

2 N5 A AP AR Rk 2 cpE R BhEE AL o
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PR 0 - AP i chdede 3] QRS A cde gl » B E4p PQ Y © £
G S R R - PR RS 2 PR o R R &

BEPFT o Hire Faeng T AT 2R (1) w5 et oo
(2) s 28 ¥ EEEPFRFE2 (3) ol BF #7< & (bundle of His)

3 AT e A T B4 2RO T PR o m PR P E) i@ 7] £ & 7

P2 Rand S5 L B ¥ E0.12 (s) ~ 020 (s)

QRS AFH i ¥ A T RIEP AR ALt B R IL gL i3

BerpERF o P F KB QRSEH #Z B e 5 0.04 (s) ~ 0.11 (s) =+
B QRSAGFE b LAcT !

(1) %- ot Rpdirafmt 2 dfl:i R

(2) Rtz o™ HmITendfis Qi o

(3) Rtz {6 T HBdTik fES it o

QTR (K Qikvrdp Bz - EF| Tk eh¥ L2 Feaprl o (% & BT A

»ﬁﬁﬁﬁﬂ?oQTﬁﬂ—ékﬁuwutﬁﬁw’;¢@£aﬁm10%(s)1?

RTEHY 27T FMEFHECF2 {8 CHERNRREFICF LR PER o

S-TR# :STREED QRS 32 %4 2 T2 Bhoo H¥ QRS A2 427k

Fiw] g

2-1.3 R SF'; R e N B

® %A 5% %u( central nervous system, CNS )~ g i # (& k sL(autonomic nervous

system, ANS ) 12 % % 84 = % % (peripheral nervous system, PNS) & 4§83 & =

ﬂﬁrfmo«wﬁd&§#+ﬂmﬁﬁiwiaﬁﬁk»w—— 2T R

MA A TMET BT ¢ R Sk ASd YR S A R s e
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il REAR s PE R enp e A d AR 0 ¢ PR I kR
( sympathetic nervous system ) £2 & 2 g #¢ &k %t (parasympathetic nervous system )
P ARG NG EET PR AN R o R g F i

B Rl KSR §F R A SRR RS R B

AL F o ARG R RN DE R NIRRT

o

TR AHG AN TR Ffos B0 AT U E Y A BE A

=

PZBEE RERIEA JI RIS DL o H A ik > § 5% (SAnode) 2
FEERT AP ECRPFELE BT A BT s SR adp At gk

o &md l},iﬁé &ml.,k: J\L},iﬁé 5‘"17#E”*#:L#m * T Ord g é‘«‘\._;;.—_%; o ;:ic‘ Q}ézéﬁig

A

B r 7 5'?7% ( norepinephrine, NE) ¥ 12 4v o B erptdo 3¢ 5 5 4p F ¥ 0 @2 B
A gl ae fpitak (acetylcoline, Ach) B € i€« ilig J i o “ﬁ? Tp AR
1ﬂ’ﬁﬁﬁﬁw%%‘?J%%\H#ﬁ%ﬁﬁﬁﬂwﬁ\@\@sﬁéka

¢RFopE s LA B AN G gk S o

22 SHBEFEH

- A O RRT A A T - Bk AR R R o R ERRE S R

X4

HIF UL - @ Feh= B0 FREGF w3 2R 7 UFRAPH T ¢

<

FALEUP A LR TR Dt RL R E S EF AR ARAK LR
TfA A B WH L o B R 5 (heart rate variability, HRV ) » & w5 § F pih- 384 »

FOPRES ARG s 5 F 1 (heart rate reactivity ) oo & % Hp % £ 1% (heart period
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variability, HPV) - @ w5 ¥ F 42 (cardiovascular reactivity) & & { 4t B iL > ¢
;}‘rﬁ,:u ,”; mi’% o Bm»];:‘é{ﬁ:! ¥ = aE m-"% v @mez,‘% ~ Tty B mi’% LV SN

BegE R

CHHRR F g A Bl R R T o BRI A b T
B > RAESRZ 2 BEZI g a; > Flpf1* RRED (R A% 3|7 - <R
AR PP BE > 4o BIFIg 99T 0 A Bk 2 B el s X AR-RFFH > H =

ms)?i’k‘%\'tu ;ﬁ_ﬁ_—[‘fﬁm? o

845 T45 812 32

Fig. 9 R-R intervals sequence

d 3t gt §d 3 BApASG RREPPERFE L35 Ft - m7 A R i
d R-R B it -5 - o) 5l ol $8cs SR ol id cng it > 4 * pF
¥ 58G THrF RR FHEEL (SDNN) ; 4ps8 R-R B £ s>
(rMSSD ) ; 4 £ < 3% 50ms 4p#% R-R R #p 5.8, (NN50) ; 4p £ < > 50ms
PHS R-R B ¥k R-R B @y~ (PNN5S0) ;% 5 440 % RR s
& £ (SDANN); %54 481 ¥ R-R B £ £ 7% 35 (SDANN index ) -
S G R T R A AT A T S % R LT 0 R B i )
PR IS A AR KR T Er fl 3t S MR-RIT ) enpk
¥ WP (TP & > E i # (Fast Fourier Transform, FFT ) # 5 #g3 + cha 47 o — &
¥ r gk q L B % (total power, TP) ; 4& A = & # & (very low frequency ,

VLF) ; 4 = & # F (low frequency, LF) ; % #f = & # ¥ (high frequency, HF ) ;
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MAE R AE s ot (LE/HF) &3 - g e @i ond B & 4rdpfkdc™ 4 (Table.l

% Table.2) 7 [9] :

Table. 1P} ™ 8 247 L8z H 2P

IR H i BN
Mean NN ms o e R Hp et 32 0E
SDNN ms Nk SN LR [N rr -2 e
SDANN index ms PHERERF T o ¥ ot

¥ ADA 4 > RIEL P E 2RI IS

L -

SDNN index ms FEELAEDT K R iR

£ B E 2 AEenTIog gy

rMMSD ms T F PR L ET S foduas 42 o
SDSD ms AAR S R AR R A
NN50 none & f s pr R A EAZE00 (ms) hip

3}: o
PNN50 % FAR L ¥ R £ @Az 50 (ms)
St ) o
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Table. 2 455 T o X BB 047 2852 Hwp

1

H =

o

Total Power

HF

LF

VLF

ULF

LF-norm

HF-norm

LF/HF

2
msS

HEZ

ms

ms

ms

nonec

none

none

P2 M5 5<04 (Hz) -
#B-2 AE 5 50.15 (Hz) ~ 04
(Hz) »dp %M g Bl ene ¥ B
et 5 (RE ) -
FEP~2 AE F 50.04 (Hz) ~ 0.15
(Hz) »4p S e Flen F o gt R 3
shet 5 (%3 80) -
FBHE F 50.003 (Hz) ~ 0.04
(Hz) > 4p 1 A 5 Rl eh F o gt
e F (FRE) o
P S 5<0.003 (Hz) - 4pAeteis
A g Bl F e B R e S (R R
&) -

o HE P /(R AR MU
Z)x100% » A 2 gAY S ey
1
30 B AR S/ F AR AT A
F)x10096 > & & B 2 A GE
itk
F R E/B R A ST iy ik

R R SRR
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SRR R E AR G s AR 6 i RELd RRE
gL E Sk RR et d § 5 28 il aad a § 58
k] Ad QR rRI A o F R g kT Bt RR B %

R BRI R A R Rt F S R R

- E g AN SR B F ROl RS F L AL

D AN SHBAE MR F AN GIRRHEERAST > BB FpRIRA
w%@ﬁoﬁﬁgépiﬁmé’u%% FUEFT R AR GEE bR
fhers 2 i endpik o Pl PR RS M ATRA Y XDR LML L ERLP

SRR S R ECE S AT REIRMA R T M o+ BTRA L G

2-3 LMFH LW EL

% 48 i 45 1 5L B (Photoplethysmographic, PPG) 2 2) 31 & § 4| * k&
TEERIMNE E PN L ROy SRR R R o gD
MASEEF RN b n 44 FY PP Fptaof)r LEE R 0 %
t“%‘“ﬁ%’%%‘?%ﬁfﬁﬁﬂ: P TE B I]- GF AR R 2 A Et Ar i 3

2R KA A L -

Rk L A Yk e i e LR BT A & KR A

7&:’&_3&)\;\};’7 & d NG ke _?«k;‘?’, A BT B AT EF A B Bk ensg B AR iR
33 o ip i 20 RS SRR R T EIFRA DT R L - o - B
dod 3ag Zlewle o AT T B AVERRGE 0 F RGBT U T B RUF D [

Fpb - AR R BT T Lk b kL T R G KR
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FI* Beer Lambert law ¥ r2 GLp 3 b5k 5 34 0 1S SR BT R R PIR % o

f] = .IF.:,. s :D_ﬁ.ﬂ.;

Fig. 10 Beer Lambert Law 7+ . B)

PR E AR SRR G S kAR 0 @ A R e o ¢
RRIPRRE IR G FTERNREER - FEXARPLZEZIFT RRS - T
B RIF B AT L RELE R T

Fl kgt A (S4) 0 0 T - BRI RTERER 0 R
@ik g4 i (AC) 23 m(DO)A 284 » AC Hd ¢ F 3§ %A% e ehs 2 i

%‘:“3'»’]'( 'DC P& d A fg# ﬁ”‘\ﬁ”&ﬂ.ﬁ%\ sho R AR~ F f?%ﬁﬁﬂ.ﬁ%"«*’%@&‘ii °
BEeR? £73F 0o 22(HbO,)E 7 F 5 5 2% (Hb) 1245 Beer Lambert law>

T kTR T F kg R AeT L

I = *’f,ac:-mc:rﬂ

=y 1g—§“§b05'q¥bog+ﬁt§b'ﬂgﬂ-a x 1{1"2"“?05"-1:—:;-05-#&@'- Cup AD
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-m\H

Hoqi® qfru R A FF R e R E P NF & m ke kot il

MADL B AR S FE R ACHS o T AC A A £ Tk R R

T ORF R o~ SR o~ AR R R F 0% F g R RS R

o @Edn FURAL - BADGRTY > BRBADER T T E LD
AC 84+ Boficdh 5 5 SUAIEE T 5 AT 5 AR o B R AR A UL iR iR
FL R o d B WU SRk T A R e

i ol \ \/
Fpopid e

Rubg

T
4 B Fig.11 #71

S
ot
oy
5

A, I

Hb...Cp I(A)
A
) ) HbO,...Cmor A—

I
s AFaR
«  ore
D AD

®I[10]

Cm\i

Fig. 11 %% 5 o=

__ﬂ'“
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loc I I De A l transmission

transmission

vanable abscrption due lo pulse
added volume of alerial blood

} absorption due to anerial blood
absorption due 1o venous blood
absorption due to bone, skin, and
other tssues and pigments

time

Fig. 12 PPG #7;# AC/DC % 4 [11]

Incadent kght

absorption

d b Bl Fig 12 ¥ g IR R F e Bl ehliz ks glag & % 1 (PPG T 5L¢ «h AC

) o TE R R P R R

>
-~ —
reflecteh&’ve

The direct wave and the
reflected wave combine to
form the finger pulse.

Fig. 13 - = &% # 51 PPG i 45[12]
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PR RS DY

FARAHL D20 F i f ) PR RS T BB
BRI ETSRPE 0 R A PR ] > PEW - X Icﬁﬁﬂifﬂ*ﬁb’%% Mzod ik BiRREAE

FOHRA ® Fh it FATZ IR o T - BRI RMA R T

F A
A & TR B ehg & o
'.Eﬁ’;
- Hb
?4.0.3 [ R
B — HbOy
T ___ HbCO
06 T
‘} ‘.
e \
1 .
'.'. % P
04 M o
|| I' 'I
| ok ——
0 2 [ ‘l' 5\ i . T .
\. e ~
0.0 i
600 700 800 900 1000 i#% £ (nm)

Fig. 14 Hb ~ HbO, 2 HbCO £ $13+ % fr ik £ 7 35 6 2 S fTHE 3 [10]

dot B Fig.14 #7577 > Hb ~ HbQ, #4205 % 6 et qe iz A+ - 27 L Wi 4o i
DB IR 0 Fp R i 8 SUE 1Y Hb » HbO, 37 B Bt kT B

3
%o F L kb kg

b e fe Bl dm b B Sl ek R gy i 752 AC 54 ¢

W @k Rk ari® 2 PPG L2 ACHRA Rent > Tt AE PR L T

SR G otk R FERA HAC A o
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PPG £4|* £ FRPIEE R A WA H s Feng SR > o d itk
ro o Fla d kBRI i A HAA R R B X R R e T 3R T
A F b MR E R e oAy FI o Ao R MR EER S S o
PPG e e+ € " 1 o @ 30 B AL 1 Agh B R B AR F TR R P

B > (e (v a0 €0 5] PPG ek A o

2-4 i FE gk @R

2-41 5 ¥ VE AT

% F "8 (vascular compliance) ¥ & 7 &L 30d F £ 6 ffH BB A LS
£ F B e

dAfeP 1
c=25% o
.'."}.::. ﬂllﬂ"[”

B CRb Filt p bk vaid? ML LER »d ¥ 59 7 oy
Pk @R B D F G B o Moens-Korteweg equation { i&— b KRG i@

TR F R L IEE

HPehl Rl RAZLFP A h 58 #A5A B 54 ¥ BB GEk

(Young’s module) ° F] 5 o el lice = > @@ X fd g h 250 o

d b ind B AN E A n YT ek & A g ORI B

AR EE A PR R - HRFIRL G e o AR

B BT ATIR E 4 B BB BRA s B ORmER E
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2-42 "mpBppEEFeL R2 MG

d ECG 1R & ™ 11 (8 3]s BR R ﬂﬁé‘i'{f{ﬂ TRk ApE R EL > @ od RS
HMELET @R BRRFa f o R gL S FPER R L L R
d o BT e F P L > Lz S %L YRR (pulse-wave transit time,
PTT) ° % "%k chi vEpEddp b p5 > PTT ¢ 2 7% ik B v & F 1L chif 1 F)pt o
A ehg B Rt A28 T 0 B PTT fos F 842 C 5 B > % PTT Az pF >

' ? HRE M AR o

2000 # pF » W.Chen % 4 & d1— "% B pr fF gr o B2 BB T chde S8 50
d Moens-Korteweg equation #-x. ¢ 3842 8 3% 5 1979 # Hughes #74% ) e
BERA dpdh B
E =E,«a¥¥

BB § R4 ZFP2 0 PGl vid 2 o §orida Gl 240 4
0.0016~0.0018 (mmHg™) 2. & > d p 7 5 41> § &4 P+ A pFo o W s

§ Xmdpdeent 2 BRURL BERERE S - T Lo R BIERFR ST Rl

Moens-Korteweg equation *% & @ L& F g % 5 ¢

(L)" _Eyretfh
T/~ 2gR

BT 2 (5 @ PR A G

_1 2pREZ 1*"‘)
F (s 0 m(T)

]

FAPEp hE R GBI N EL R ] FP PN LY -
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FALGL Wl RESES R L AT ET

aFr 2
dT 4T
2

= &P——IH—I. ﬂ.T

g g w R g Bl R g i RO T §
.\i’.%"“'ﬁl@'fﬂlﬁ:%f; » W%k i vf Bi:F'&ﬁ%—g A § RIDA R g—rng o Fptd W,
Chen (23 » Zvi4hp ~h &2 R¥Fs BRE 2 o] 5 Fd BLREpr2 kit @

E%F'&m‘:{?%"‘ I 5:.,_,\1_@5 HHL’I‘J%IL i’]

& 2003 # K.Meigas[14]% 4 #a7 — i 8 9% > A 6357 = 64 W5 © RS
# #* L (mechanical) ~ & #8 # 45 it /4 ) (plethysmographic)fr 2 2 fe Fud 45
(bioimpedance) > i&= fAA A0 F 1T - Rk o I * 2= AR A8 ECG )

CNPE R 4 B KRGS IV w R aA R R 0 K Meigas & A ¥ = B4 “’KA,\ BB~ = B

BB - R 2 10% ~ 509 % 1009 A (K. Meigas method #_& 7% it & VL P&
B = %% Bhdc Fig 15 #77 ) » $4i5= 345 1 feii - ECG 2 R A TE Behph 4 > 3
B2 F 2 P LA S RES AP ML o F %% BT PPG LA H i = B %

TR SIEAEE SR i)

fr# > K. Sameshima[15]% * + § % ! R & 3] PPG B 41 = ghez Jesg/R 5 @

el r

R, =AXAT +B

HYP_ 5 fck/R > AT 3 Sameshima % 4 #T R &K 2 "kl 2 BEPEF - 482 B4 w5
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A

B ety ol

R-valley

R-middle

- e ——— - - - - - —— - - -

Fig. 15 K. Meigas method ¥ = #& Pulse-wave Transit Time (PTT)

FIot 0§ R E S B e o A e BB Ttk LR e

L

BB L s R PIRE  f RE L FEERE  L B R RE

“}E‘“\

g'} A s Toud Mg BERER ke P Ta‘u}jﬂ‘r,— A m»]({ﬁ@:&_@_[lﬂ .

2-5 HaE:EFRBE LR E 2 F K

251 & FH

7% Rk E By v v d & > F g4 (Fourier Transform) Sk £ 57 - 41 *
&2 E S 2T a0 dicd PRI (time domain )i 3 4 2 (frequency domain )
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KA K SRR R R R P AR PR e 2
ARl FA st E R IR Y o L FEANE AR BRI TR BRI .

w(e) s - BYPERF I B8 FERLSOIEE (W] L7 5

T

Fi()} = XGw) = | a(e)- et
A OX()F AT R
F-1{X(iw)} = 2 () = — [ﬂm W(t) - e g
. =)

RS

fohrk - M E I TR BT U RE e F o Ny
T

Fix()} = XGw) = [ () -~

T
e FHE T AF R A H A B R B oo A Bl AL
MEL ST L A > & P 2 Wi B A i = ¥ (Discrete-time Fourier

Transform, DFT) » s g R * T8> s 5t o o

— el U 17 AR A ATl 2 g ok PO A 47 (spectrum
analysis) > }PFR * x[n] N & GBS UL XK N & SEREATE 2 EEH

fo e g X kloik#p 1 2x s H 2o ZR-wiE N BEREaL R @ Fw=2a/N

Plagsc® = EEH 7T L &7 2 5 ¢

N-1
X[k] = Z x[n] - e~t3ANIN =0,1.25 .., N—1
=
B kR MY B A BAEF LA X R]N A B Y 5k BAE S S A g
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WA o HEEEHTERR S

1% o
x[n] = ﬁz X[k] - etdhmnin n=0,12%3%. N-1

n=

B n R4 AP S nBAX > xn] A& B P ¥ nBAEHE - xn]L
- H AT > BB IR N BERREEE AT - 0 ImNFE G B
(Fundamental frequency ) © # & - A SLP{REH P N g~ » BT 1% 2147
A4 A REPE R R P E B - SRR 523

e L SR

2-6 # g

# it (Hilbert Transform) ~ & - f8 R iZi8 * Gl G HLAJL } i &
EIR ﬁfs—b%'ﬁs?] » ey g Lo s (Convolution) 3 ¥ {5 # 3] ¥ — e sie(r)
FEF RS AU § R R UL AR 0 4 F LR N R
BLen® RSN R E B RIUR B ASAI S B R 15 el U
oo~ SR B S - ek ik (Transform pair) o AR 8 2 E R H
BB AL AP S S B K DR AR - AR AR

BT > BB R IV D T T - BT s e 2
vﬁ%%‘ho

F O T RAT

o) = B} == [ 262

H-l
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RigHF O EHR LS o B d > £ (Fourier Transform) # {7

S R
PR} = = F {2} PLx(e)]
;::i =4
1 S .
P} - Lj 7o = —in{sgn(f)

sgu(f)4E 5 signum function > H % & 3

1,F = 0

sgn(fl=9 0.F =0
—1,f <0

+3
&
s
N
(\x
[
el
ES

F{R(E} = —t(sgn(f))- Fx(e)
FiOFEEL Y - FEMEL AR AEE T R F B ¢ A xdh} zero crossing

Bofes Flpt 4o B b 0 B4 i T EEY f (B A i A 2h2 A e zero crossing A G

RS g S R I - R, T S e TR RASTARE o
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d
yin]= Ex[n]

1l V]

Hilbert
Transtform

I HO)

Peak Detection

R A ¥
Fig. 16 {1* # ofriin b 2L ECG 2 Rk =}
AR TR x[n]pe s (A ) y[n] o £ EEA DR RS

HRLEL 0 ¥ 1Y ’,}_R;‘iifij‘g'_'ﬁilj— (73 & L I 3 PP frui.%'a MR s T B

TN RASIEE o
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31 AWEH

AR RAMIHEY AR RE[2)[17]7 R/ Feh 5 L £ 2 BAFLE R 5 5%
KRBT T E L FHENGLRDE R > S BR AT L 3L -
WAL TMEF e 2 LA HENGLE PRI E > ¥ - %4 R & National
Instruments 2 & 2 A5 5 NIUSB-6211 22 FALREE-+ > 3-8 PI3UELIL B RAf

% 300 (Hz) ##4 5 #iciu 5L o

3-1.1 NI USB-6211 DAQ F s+

L7 B T RS AR AR o B B Y e & S it
R 7 LabVIEW it 2 T 5 > 5% 27 R IR E o 7 (National Instruments,
NI) #t4 3 h USB @85 4 6 en AL aB+ USB-6211 (4e Fig.17 #557 ) [18] » & ¥
BEME 2P NP DAQ F R T ML A TR @R IIIAp F R 3E o NI
USB-6211 £ § 16bits 5 #1247 & ~ 250 (KS/s) e A7 % 00 16 b 40+ 4 » 30
G2 BATVRIEEE > T MR 4 pHee R i 0 R Y USB RISEH T %

= (P pFd T 7% E #2151 USB in2 ¥ NIUSB-6211 &7 ) » fif* b4 & ix

B4 i 14 o T % Table.3 3 NIUSB-6211 ciife £ :
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uuuuu

Fig. 17 NI USB-6211 DAQ card
( BB~ p National Instrument, hitp://www.ni.com ) [18]

Table. 3 NI USB-6211 specifications

Product Name
Measurement Type
Analog Input

Channels

Resolution

Sample Rate
Maximum Voltage
Range

Analog Output
Channels
Resolution

Updata Rate
Maximum Voltage

Range

34

NI USB-6211

voltage

16 single-ended channels, 8 differential
channels

16 bits

250 kS/s

-0V +10V

2
16 bits
250 kS/s

-0V +10V



Digital 1/0

Input Channels 4

Output Channels 4

Maximum Input OV 38V
Range

Maximum Output OV 525V
Range

(4t % FALB~p National Instrument, http://www.ni.com ) [18]

3-12 <~ RAFHE

ST AR ENERICTEY 2% - 4254 (Leadl) > H g o
# %5 005 (Hz) ~100 (Hz) -~ W BT A RUELR -T (V) ~+7 (V) 3%

Hoie R RS B4 T
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4-th 4-th

Pre-amplifier Butterworth Notch filter Butterworth Amplifier
= high pass = (60 Hz) = low pass % | (Gain=1000)
J ﬁIter(D‘OSHZ’I‘}J | filter(100Hz™V }J J

Fig. 18 «& 7 U5 8 Bl H e Bl

BT ARRE R TR E TR OB UL 0 S B e B B 12

(Gain =20) & d = F# Butterworth 3 & Jg & Big's & i 5L 4 5 4 0.05(Hz)

e

PUTRNA ) s R E F] G Gkt B 0 g ML B RITA R AR 0 i

$ Bentefor 2 ELI% B o 2 (51 50 F 4k B (notch filter) A% 7

\T

srA 4 e 60 (Hz) §5 84523 0 2. {8 £ 554 2 F# Butterworth i jg g % dﬁf?ﬁ"%ﬁ
F B AEIMEL > Bt R S d SR F AR B 24 9 1000 15 0 Bots DR
s FAFL (-5 (V) ~+5 (V) ) > #Riidoid fudl Bie 74 i

2 (analog to digital convert )

3-1.3 kHfidk AR E

LA A 45 B35 (PPG) Bl A 54 B304 fa ¥ ERRBRIENA bt

ATE T B PPG i HW
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DS-100A

=

=/ \\
Mot
A9
ot
il
3 Butterworth
Notch filter .
Pre-amplifier » low pass filter
[Cobz) (100 Hz )
\\‘_ '.\ \\ !
o \\ \ \

Fig. 19 PPG & Bl ice ™ B §]

f1* b T FE N § kA sensor (Nellcor DS-100A) » i& @ (7 48k 3% peds i 45 o
sensor ¥ £k R S A R T B Sy Rl B g0 YV - B R RIS

Hok R S TR ] A TR Y - BT L
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Y/

Fig. 20 Nellcor DS-100A % % ;% & 3 & B % [19]

PPG 32 F {220 F A EAPSE 120 H 2 5 en ’iﬁ‘_—’?%@ 0.05(Hz)~100(Hz )~
TREPZIE|GE-T (V) ~+7 (V) > a3 jad TR 7 4% 8.0 § B4
ETT A g PR BE - R R - TR L TS m s
d F 4B B (notch filter) ‘}},E",% W R A2 g s 0 £ & d v ¢ Butterworth %
Wk B % FAEZE > T B RIRAG-T (V) ~+7 (V) 2. PPG 5L » & 51528

H0 B AJE B (T A B AT .

3 2 -ﬁi’iﬂ F I"“ﬁi

A nd BEREHARS LR FE R RRE S 7% B OB 46 A2t R
7% T 5 LabVIEW ( Laboratory Virtual Instrument Engineering Workbench, LabVIEW )
3BT - B F A AR FE S 0 LabVIEW i@ * 7 A TR A 0 R
AN AR T RS S N ERR AR DER AR Srpg s po
S5V R AR B hpER 0 £ 0 % 24 & 2P 4 52 NIUSB-6211 48 %

it b iR dRS D e A2 JI* LabVIEW #1048 B 4% 5%% NI
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USB-6211 7 #L#583~~+ % ECG £ PPG Hle fe30 S48 » 23k B~ 4 & 300 (Hz) -
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Table. 11 i fis 5 22 Bt 15 20 A 48 2 v% ik @ YR pF P 1t

L 32 PTT_peak PTT_peak T PTT foot
# 4 (ms) H Aot F PTT_foot B Aot F
H 4 (mMs)
3 iE‘J"FT 1 48 17.7% 22 17.6%
= iE'J“ﬁ 2 46 18.2% 26 13.2%
3 iE‘J"FT 3 44 13.5% 28 22.8%
= iE'J“ﬁ 4 41 13% 15 9%
= iE‘J-ﬁ 5 93 33.1% 20 16%
3 iE'J—‘F‘{ 6 22 6% 11 9%
7142'1-%7 7 61 28.2% 20 6.9%
T s 50.7 18.5% 20.3 13.5%
Table. 12 Frfi% 4 22 Frfis 12 20 ~ 48P 2 "%k GyLps P @ 1V 15 A
PTT peak &= &+ %it& ',f | PTT foot&k & +x%ivE ',f n
% & (ms) Rep# T 351 % 18 (ms) RrESH T35
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= iE‘J"FT 3 447 37.6% 184 49.5%
3 iE'J“ﬁ 4 472 49.8% 239 48.4%
= iE‘J"FT 5 488 73.6% 217 65.6%
3 iE'J“ﬁ 6 439 19.3% 203 58.5%
= iE‘J"FT 7 376 74.1% 165 26.0%
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