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ABSTRACT

This thesis presents a low-cost method to continuously measure patient’s
electrocardiogram (ECG) signal and percutaneous oxygen saturation (SpO,) level. Hardware
implementations of the designed ECG conditioning circuit and pulse oximeter using finger-type
probe are based on the use of commercially available devices. A user-friendly graphical user
interface has been developed by using LabVIEW program to display incoming measurements.
From the measured ECG curve and the pulse oximeter data, the heart rate and %SpO, can be
determined, respectively. In addition, the adjustable high/low heart rate and low %Sp0, alarm
limits are provided for users. If the obtained heart rate exceeds the preset settings or %SpO, level
falls below its alarm limit, the audible alarms will be turn on. The probe-off alarm for measuring
SpO, level is also included. Resulting signals of all patients being continuously monitored can be
transferred to a Central Monitoring Station and a Cardiac Center via local area network (LAN) in
a hospital for diagnosis by experts later. To verify the performances of the proposed
measurements, experimental results from measuring reference ECG waveforms and %SpO, levels

are given.
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Heart) [13}-[14] anudusiuivesialanazaau il [15]-[17] nszuUMmss Inarls-
idunazd Iwan lsduiinoaduady IWfale [131-[14] nau WAl [15]-[17] m3a

A o — s 1 4 ") o o - e
aauTifale (18] BifinTnsa(Electrode) nazdaunlssamlunan Iy lad meumsStese

01m15n19¥92 19 [15)-[17]
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Parietal pericardium (cut) Apex of heart
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Sino-atrial Node (SA Node/Sinus Node/SAN) 1ilugaisuduszunmamituniiivihg
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dnuuziumadUszamiasadnduniie megased g munveaialatoswuyn wagd
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Tndwlatussnhaemionhiaeste asauSoamiesuiale Tricuspid Valve uayoy
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2.3.2 1Baaiiay
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medmndaveuduidion Superior Venacava anngmiiaruialatosuy auNgAUUYDY
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3. Posterior Internodal Track (Thorel) L'éu%1ﬂé’1uﬂﬁ'amaa SA Node a3y
Al lavieaunyaIIg AV Node
- Bundle of His iU ufido00nu191n AV Node Tnonsan1lszanm 2 iudns oY
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anssummudonazuneaniiiu 2 uvus 18un nvusdumnazuvuag NSy (Anterior
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- Purkinje System 1Hudnarsgavesszuumienidae i Faoglaidoyiale
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in'lesouvinuesImdon (Na') nazanuda loseuuanvesTsunmioy (K) Nenanu

2.4 nszwaumssinan lsdunazdina lssduiifeasoamdiihisle [13]-[14]
N32UIUNST 1N 15199 (Repolarization) t1az@ Twa 1514 (Depolarization) i
fearunau Iriniale dszneudromanlavuiidy 3 szos Ae
330z Inal514u (Polarization) n30320z1in (Resting) Ao szvzrougnnszdu
o o A o4 ¢ v A s v A o v +
spozd Inan ladu flo szuzfadgnnizdu Womsadnduiionlignnszdu Na
i d A 4
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= o - d'd A:i d'l d' ar 9 1 ar ] =Y
32023 Inan s Ao szoziilinsn/aounlasiofivzndudhdszoingudy Tay
4 i ' 1 4 o ¢  aw a
Tosouindioufiodnadh d1urmu Membrane o I¥imadndudiniaz Tnar'ls AUTUAUVDY
" ] ' [ ¥ ¥
3w ls Suduin leseuavvesTsunadon K masuvennndwiiealwng Augaiiie
Na'uag K indeuiindudigdumiadanluanio: Tnan'ls

fnd e luwadndmiiiona lavazing (D) Bgfiszdy -85 mV 71995 mv
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DEPOLARIZATION REPOLARIZATION
Positive ions (Na+) flowing into the depolarizing Positive ions (K™) flowing out from the repolarizing
cells make @ » (outside the cells) more negative. cells make (» o (outside the cells) more positive.

Resting Depolarizing Activated (Depolarized) Repolarizing Resting |

(Action pulse) (:3 Direction of wave front movement <3

4 o o A
Wi 2.4 nszuoums@Tnan lsdunass Tnan lsdudaansmsuanilszq Tndouuay
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TaRouuaz T suna@on Taslduaaalfimudumansi nthuazns 1982198 2 44 3a
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Still activate Resting again
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ATRIAL SEPITAL APICAL LEFT VENTRICULAR
DEPOLARIZATION DEPOLARIZATION DEPOLARIZATION DEPOLARIZATION
220 ms

230 ms

LATE LEFT VENTRICULAR VENTRICLES VENTRICULAR
DEPOLARIZATION DEPOLARIZED REPOLARIZATION

VENTRICLES
REPOLARIZED
600 ms

450 ms

U 220 anwdiusszneimmamsnsznodves It laazaan i 1ot
a &
ATy
(M) Mmuanau P Tagd Inalsisdui Atrial o Septral

a e - A = a o4 .
() MananaY Q uazmsisuAuaay R Taomsd Inar IS ui Atral 1ae Left
Ventricle

v ] v
(M) Myduganau QRS Tasmsd Inanlsiydui Left Ventricle

a & - @ o )
() mananau T Taomss Iwan 15195y 7 Left Ventricle
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2.5 aaulvlvhiiale [15)117)
atu I lsezlszne Tdaundy p (P wave) NUATY QRS (QRS Complex) AU

4 s Gﬂ‘ é el y ar o
T (T Wave) HagAdu U (U Wave) Auaaalugilil 2.11 Saaasdnvazaay Wi loles

!lwdy

uazyumananau il vl Tasusazdwannsasiuieg 188l

QRS Complex
w

PR

Segment Segment

P

: ' s ar
Interval

- {

3Un 211 dnwazadu T lvnduassaesmsifandu i le

&4
2.5.1 AU P
aau P uanIni1sa Inar I duvesialedesuudronazialodesunaan
& 5 & o o = ar a 4

(Depolarization of The Right and Left Atria) #3%11¥valavosvusinisSiuda Tavundudanay

k- ¥ " [ 1 v ¥ Vv
P aziaAwiuudndy avR findu P axfanduuazaiu P ezilvualugjiqaidoldialvih
Lead I 32 (9317 2.12)

2.5.2 NGHAAYU QRS

nguUAAL QRS uaaInsd Ina lsduveaiazleesaresdho uazialedeadaa

o Y v df =4 @ 1 = ; 1 1

(Right and Left Ventricular Depolarization) lvindmiiefiuddalafialiidvadua

U q' - LY 4 1 4‘ :; o ; =] v d.l
molusrme yaidamsinm lunaas yausnSondndu Q WPNHNMAUG NI “adu R”

s é ar 4 1 4 : Ted 4 1
wazgarinmasnmmanau R Gondindu s Tunsdinhifindu R 15und1 “0s Complex”

1 1 ¥ v 1 £ 1]
wazlunsdiniinau R awndendu s 1 WiSond “adu R dnhd i lsefusuyn
uazuundn (Lead 1) vz 1ddygna R Mngjiiqaniioaninnasaudnd Infhvouradi sy
- 3 2 .

wn dmfuaiu Q duinwulu Lead 1, aVL, aVF, V4, Vs, Ve, iRavInnInIsdu
Ventricular Septum

25304 T

Aau T uaaemss Inan lsisduvesialatesdruaziivinadszinadosas 30 vo

d'. c'i A = o o n‘; " L7 ~ Y = s £ [}
aau RIaonadu T selidnyazifneuineauias Inofiaiy Ascending & U BUN AU
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]

Descending 1an1ios Tuns@ifild Lead 1, 11, V3-V6 5a nazIdndu T viangulunssinsSalas

¥
o

14 Lead aVR 300U T Wadaniondulunsdl Lead u 4
254 A4 U
A = o =a 1 v ' =2 Y = s 3
aau U Hyaduiialimidaudenuansdsanimmaans inan lswduveudule

Purkinje 114 SAATY Lead V4-v5 afu U sinflvia lidy 0.1 mv

2.6 m3¥anauTuihiale 18]

mstanauifinialell 2 dwazdetu Ae Bipolar Recording 11a% Unipolar
Recording 3100zi8unvesmsfavaesdnyae annsoesueldgen

2.6.1 Bipolar Recording

Bipolar Recording Fonn Bipolar Limb Lead #50 Standard Limb Lead Tﬂumﬁﬂﬂg
aumasuuesleri Tswly (Einthoven Triangle) T¥0i3on11 “lov Islu-3a” (Einthoven Lead)
dumstiuiinmanlfeunasdndifwonialy Tasmsaadatuiindadiy Active 139
Exploring Electrode 2 ﬁ“J"'Jumwun’i‘amﬁﬁ'mmsﬁuﬁnﬂ?;u'lﬂ%ﬁ'ﬂi: Falszneudav Lead 1,
Lead IT 1182 Lead I1I Tﬂtjﬁ%ﬁﬁﬂ%ﬁﬂ;ﬂﬁ%ﬁq f] ﬁ’agﬂﬁ 2.12 Tavii

Lead 1 flunsiiufinmsnleunlasindihveaiale senhanenvnduuudas
Tﬂﬂﬁq‘fqauaejuwmnms%1uaﬂﬂ§jtxmu°§1ﬂ

Lead 1 Wumsiiudinmanlaoundasdndnihuesiale senhawuanduvidas
Iﬂaﬁsf'zaua;iwuw'nuazﬂfamﬂa;jm'm’hu

Lead 1 ifumsiiuiinmsdountasingInthvesiale ssuhuvudassuudas

ko E
Tasiidhaveguundrouazdauineguide

Lead I Lead I1

A
i

Negative

| Lent Leg
(+)

Positive

g'l]‘ﬁ 2.12 Bipolar Recording
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2.6.2 Unipolar Recording

Unipolar Recording (Jumsiiufinmsu/dsuuasing Ifhwoaiale Taedaiuiings
1 Active 130 Exploring Electrode (i‘:"’m'm) MnuLinadfidesmsiuiin dausndamit
(i'iy"mu) Ao Indifference Electrode ﬂguﬁﬂﬂTﬁﬂﬂﬁﬁuﬁﬂllﬁﬁﬂﬂ’h “Unipolar Lead” ‘%ﬂ
1/32n0UA20 3 Unipolar Limb Lead 1182 6 Unipolar Chest Lead &9iigumalatiuiingns 9 dait

1. Unipolar Limb Lead 3 3 Lead faueaalugait 2.13 fio

- aVR (Augment Voltage Right) umstiudinmsulasuuasinglniusiale
USULYUYNTABNG Exploring Electrode US1MUMY1EIY Indifference Electrode #ofi1l
WU VI

- aVL (Augment Voltage Left) ifumsiiufinmsnlaouudlasing Iihve st lsusing
uwug18TABI19 Exploring Electrode USInIuvu1o @31 Indifference Electrode A0S UUALYY]
LAz

- aVF (Augment Voltage Foot) iHumstiuiinmsnldsuntasinglnihvesiale
USUVI98TaU9 Exploring Electrode US1IM1418 @9U Indifference Electrode Anfy

HUUUNMAS LV USY

avVL +

aVF +

314 2.13 Unipolar Limb Lead

2. Unipolar Chest Lead ifumsiiufinmsn/fovuulasdind e sialeludud
T1u19AAYI9 (Horizontal Plane) Tuszdulanaaialadeegiszanaszdn AV Node Tavso
d20uid1%Y Neutral Reference Lead $91in91nn 13910 Limb Lead W3 3 Lead 1§80y du
$20nmie Exploring Electrode 92AANUUTINAN 9 DUMTING900 Feemsatiufinms
wavunlaaing Inivoaialaludausag 18 Unipolar Chest Lead i 6 Lead Fanaaslugaii
2.14



Tilnnomyanars wszeoundimansely i

Left Mid
Right Clavicular Line
Sternum \
| | Left
Sternum
Axilla

v, V51994 Intercostal Space ﬁ 4 AV Sternum ATUUN

v, V3199 Intercostal Space ﬁ 4 AAVOY Sternum A UGG

v, Uinmisnaessnde v, M v,

V, U329 Intercostal Space ii 5 AR Left Mid Clavicular Line

V, U190 Left Anterior Axillary Line 5¥AUIRUIT V,

V, U319 Left Mid Axillary Line 52@ Uiy v,

11 Standard Limb Lead 1Hun1317u#in 111112 Forntal Plance ansotifiamauaziumd
1159909 Lead I, Lead II, Uag Lead III mﬁmmi‘luzﬂammﬁuué’mwiu‘%‘ﬂn:h “Einthoven’s
Triangle” #9317 2.15 #9@ W Einthoven’s Law 11Au8a11120594 Lead I 991¥1171 Lead I +
Lead III @211 159909 Standrad Limb Lead v‘?wuﬂmmmmmﬁmmﬂu Hexaxial System
18 #4309 “Einthoven Hexaxial System” Fa3107 2.16 ailsz Tomflumsmunu Ifhwes

1219 (Mean Electrical Axis)

105038
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gﬂ‘ﬁ 2.15 Einthoven’s Triangle

AVR

AVL

Y

I . I

gﬂﬁ 2.16 Einthoven Hexaxial System

2.7 ataninsa [15)-[17)

8inInsa (Electrode) Ao daFoumsiadnd Ithuaznszua Ithuusiame fivran
wilouiunsdduwes (Transducer) Fahmihiinasunszualossiin (tonic Current) 1]y
nszua i Electric Current) Tumisdametufinadu Wil wialond sxdesiinisiian
azomusmiezAnia i (Blectrodes) éeifo”lﬂﬁﬁanﬁnﬁimaﬁ%’wﬁ’ﬂugﬂﬁ 2.17 &4
wansdnyazd iy (Ag) - Farneinanlsd (AgCl)

271 SidnTnsafitharlsduazdidninsaitlivhailss

aumgugannsomididninsald 2 siia fe

1. 8tdnTnsadithar s SidnInsamdermunssua i uda 1y os'1als

9 df Y a g ad o ° - = o
nazua IlihduiumhvedidnInsa uasdidnIns laviseiaumilounnhsimes
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2. BianTnsadt lithals4 definszuarimezannsamumum et aa’
' Pl o w & = " a ' " Yy ad ~ o
Tnoligapdondaan dnfuTahifia Over Voltage udis liannsnadredidn Insafivharlse

unz lithals 4 1edsanysal

Connecting Wire \\

Double layer

Electrolyte with chloride ion

v v
3N 217 dnvaizd iy - Fanesaas'lse

2.7.2 pauanvAvesdidninsa
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2.7.3 ¥HAvRIEaNINTA

a A

yiiavesdidnInsalunsfudnd Wi madainoiidens 2 vila Ao 80 Tnsafi

d o0 w

v
Ao lanzqanmea (viial ldnawns) unzdidn InsavilauiuitmdoTnly @il lfld
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ATuAYY) Aseraalugii 2.18 uaz 2.19 awdidy

a a d A o o o - o A
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% .2 sec .04 sec 1 sec >
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A 1 mm [ P-R Q-T P I
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savana 4 luadulvlih

il

sezilnd

P Wave Interval

¥
0.06 3117 04 0.11-0.12 Su17 uaziadaluns

V4,V5,V6
P Wave Amplitude 190N 0.25 mvV
PR Interval 0.12-0.20 Iu1¥
QRS Interval 0.06-0.10 Ju1¥
Q Wave Amplitude T 0.1 mv w3e Tiifiu 14 vesnwgandu R
Q Wave Interval Taitfy 0.04 RN
190N 1/4 ¥93AAU R (1§U910 Tsoelectric Level)
Q Wave Amplitude i
Hi0 = 0.2 mV
Tt 0.1 mv dierfsuiuduinasgiu (soelectric Level)
(ST Segment Deviation)

¥ '
0 0.08 311 MdIgATUGANAY QRS

QT Interval: QTc

Aoy 0.40 Sunii dmejelaiiiv 0.44 St
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2.8.1 Mwazdeaiunlssnduamiinile

swaziBoaoIfudandssauluadu i le ield5imszady I wals
annsaayy1dded

1. Anmndanau p Wuszuznamsd Inan lswsuluwilduewiouitetui

2. Anwgavesniu P Fuiluvinavesind nihildoseeninen SA Node Sa3na1n
52AUUINATIU (Isoelectric Level) fau0ana P

3. anwnhandu Qrs Muszoznmmsn nar lsessulurle daunuasinadeinly
ndmiiieladmnuadiafams o wazunngaEuAuvesndn R Tunsdinaliude
yisuAuvesniu Q lunsdiiindu Q wﬁaqﬁéuqmmaﬂﬁu QRS ﬁ@ﬂéﬂtjﬂﬂﬁu

4. Augauesniu QRS Fuiluvuavestindlnihiildososnunen AV Node 343
‘l]‘lﬂ'iSﬁlJLﬁHiJMimu (Isoelectric Level) 5ﬁﬂﬂﬂﬂ§u QRS

s.awndundu T dlusseznamst nar lswduluials daunuasiiasadi
Fanmiialidmnuaiifanaod

6. anugeesniy T duilununavesindluihiivdesoonuvasiiialady
NUATIADMAINAIA? %ﬁﬂmnszﬁ’mﬁ'ummgm (Isoelectric Level) favoanfu T

7. %39 QT (QT Interval: QTc) ‘ﬁaqnanmwint’i’mn’faﬁ’ﬂmum?xﬁmﬁﬂm3ﬁTwm'ls
wiudagaduganiss Inarlsduiinduifomlanuniiae @remaves QTe Und faeli
i1 0.40 il Andjalaiiniu 0.44 Funi) Favzasedugasuduveandu ors wﬁwﬁﬁ’uqﬂ
AU T uazdrendn QT Wugrnduiioniiqa Uszneudaennmenadu 2 92918ud ady
QRS U AfY T uazdu ST Segment Tnowaudrszos QTe wiufuszoy RR myaums

¥
U949 Bazette A4l

or
Tc = 2.1
e =Trz -

v
8. %79 RR (RR Interval) 2950 umsmiamveaialafesnuasiia 1910938051058
") 1 é Qs ar r
walaesan Faudusasimsidurialangn
L] o o 9 = ar 9 ] civ
9. %23 PP (PP Interval) 2350UMsyamuvenialavieuemioa (i laesuy) 194145
™ o @ i v+ w ) P
oanmaduialafesuu Taoialuszes PP uazszoy RR seilvinafinigy Buudlunssid
a Y a a ) LY ' kY ) ar 1 n‘: = =1 ¥ ar
nanNuEalnAveia lassuuuazfesaradu lundouiu a9 2 Saveiivuiasiaiu
1 1 : U A -] o A d'
10. 719U PR (PR Segment) %331321a3uaisun135a Inan lasdurialoesuu Fananii

" ¥ td
SA Node 1A5umsnszdu Qaisudunau p) fsduganmsa Ina Isduveninlaiosdanio
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yaildayaun s Node T1ds AV Node (ﬂmsumuﬂau R) Tunsdisialy v3oyaiudundy
Qlunsdifiindu Q dufuSefinsiondaiiiszoy pQ Tawita Iludaes hiesiinis ta duug
fu:nmsmauﬁuawms:ﬂmfmmﬂsgm (Isoelectric Level)

11. 99U ST (ST Segment) c'if‘auflmhas:ﬁ'jnﬁﬁﬂ%ﬁaunum?uﬁaﬁiwm"lscﬁm%u 94
i lvdmnuadiAes Iwan lsdidu Fanswdoundasseduuns ST Segment Yudl
awddyetselumsideivernmsTsarale W3IEMIAeuTuAIYead Y ST diofvuiiy
sraudinnasgm uaaaldtuhinmwdadndlunduiionals Wy nduideialemne
(Myocardial Infarction) Wionduiteralaviaden (Myocardial Ischemia) Safnduilody
ideauns TnTsuiiihoondion uazasomns lisendunienls mﬂmwnmﬂqmum
1ﬁﬂmmuamhmumﬁumaﬂiﬂismsmﬂmsﬂnﬂu"luummma zoondion idoe e
ndwifferalaludaugsnanviadoaniono’d

2.8.2 m3dasuudidnlnsmsalensl

myiauvudianlasmiaTonsl (Electrocardiograph) Ao m3amsidenulasuue
hameiaMsindRRaT L Ll 7 Waifivuiunm $938ms il iiiousy
1n ilesnn1diiaialivn msategunsalilFlumsia higsndudeunazannsaiden
Fuanaiaiiontsiiese ldnaedumuiidoans FeswneBoalunisSauuudidn Tnsmi-
Alonsmlozuamalugilit 221 Taoumasszozare q Tundu i lsuunszauns i
AnuEng 25 wu/ 3 uazfimnaialadmelng (10 mm/mV)

ntiudinadu i lodneseglugtnszamnsl Sedisedumnaiilfifiousunad
werasuusemmesadalaalnl1d nszmwiimnadngrn 1 eslngezivig 5 mmuay
1 Youdneziiving 1 mm Taokalimmderdiszduanudnindlunisuansmaninlviih
walawunszarwns 139 25 mmvs uazszavamnading It UnAfisedy 1 mm/em (W30 10
mm/m) K331 221 ualutnensdii mssaszos QT v ﬁaaﬁmsﬂ%’nmﬂmi‘lu 0.5 mV/em
(%39 20 mm/mV) azanuS lunsuaasnaii 50 mms mmmﬂmsmqﬂﬁuqmmﬂau T
anadn@uii1denn

2.8.3 MIIABATINIAUIID

matasanmaduialesinld 3 33 il

30 1. Saszozszndaveandu R $1uau 2 gn Tasianinueandu R gousn’lilgn
A R gnil 2 iemszos RR poni laoriumuswaugeslnagvenszatunsnauuan
aduInfiniale ’ﬁf:mm:ﬁm?unsﬁﬁéﬁauﬁﬁ'mmmé’uﬁ'ﬂwﬁuﬂua Tiuandrsfuinn
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3.1 umn
a’ - - A & A a o a [<J P
unun:nanmmm‘lumanum IATDIUDAUANITIZHNIY ﬂ’l‘illﬁﬂlllﬁﬂ‘uﬂ'l“ﬂﬂﬂﬂﬂllﬁz
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'Hﬁﬂﬂ'liﬁ'l\'l'lu‘llailﬂiﬂQWﬁ“}fﬂﬂﬂ‘l’ﬂiﬂ'ﬂillﬁzﬂﬁﬂﬂ'ﬁﬂ‘i?ﬂ?ﬂlﬂsﬂﬂwfﬁfﬂﬂﬂ“ﬁumﬂi [21]

3.2 Mahudeaunaa [19]

[ - i a o A

MaludeAnAd (Arterial Blood Gases) Msuasizimaludoadunmsasioms

a s 5 " 1 o = 4 = 3 4

WoulfiiRnsnfidmdwlddleiimahaveusadinzweranmiiiaiy itolss Tony
lumsitivielsn msduiuTsauazmsdsziiunamsinungiluedialndsa Tasmmzetns
4 B
galuszuumsmielanazns lnafouidon Famsannedhaludoaunsaunsouaaslug

3.1

37 3.1 msTmeimaludeauns

domgiieendiouuazasvoulasen ladifufaiiianuduniuilunszuaums
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'3 a o a J Y A o' aa o o A =
isaduaznsanminavy 1d wiovss TonilumsTiedoTsn nsduiiuTsauaznisiszifiy

wamsimindilhemanddin Taoialluswanafaludeassuaasdeyaiidwaunzdie

ao'luli

pH AMzAwuNIAA (Acid Base Status)

PaO, ussauoondau lufoaung (Partial Pressure of Oxygen in Arterial Blood)
PaCo, ussiumivewlaoenlad ludeauns auw.ison)

HCO, anududulumsvewalunaraii (meqL)

BE 15310 Base Excess 1u519me (mEqg/L)

mEq/L Milliequivalent Per Litre

Sa0, MAnuduFIvesd Tu Inaduludoauns (Arterial Oxygen Saturation)
Spo, AT IveIeenFiouluidentn (Percutancous Oxygen Saturation)
co, Usinmmiven laeenladfiazaweglumaranir (uwalson)

Ca0, Yswnmoendionuluidenuns (Arterial Oxygen Content)

PiO, Partial Pressure of Inspired Oxygen

PtO, u'iaﬁ'uaaﬂcﬁmu'lmﬁmga (Partial Pressure of Tissue Oxygen)

PECO, Partial Pressure of Expired Carbon Dioxide

Hb #TuTnaiiu (Hemoglobin)

HbCO M35uenddTuTnaiiu (Carboxyhemoglobin)

HbO, oondd 1 Inaiiy (Oxyhemoglobin)

MetHb i Iy Inatiu (Methemoglobin)

HCO, anududulumsuemalumwarait (mEqL)

Ca0, Usinaeendiouludeauns (0, Content)

FiCO, dadmvesmsvenlaoen e (Fraction of Inspired Carbon Dioxide)
FiO, dadnvesoonFuiisramoniolath 1yl (Fraction of Inspired Oxygen)
0, MAOBNFIAU (Oxygen)

co MamsueLNoUDDN l9d (Carbon Monoxide)

PyO, usenueendau ludioad

PvCO, usaumsvenlaoen lad luidoad

Sv0, fi1mm%;nﬁwm'§'TuTnaﬁu“lmﬁﬂﬂm (Mixed Venous Oxygen Saturation)
VO, Usmumsldeandiou (Oxygen Consumption)

0 USinasideniioona1miale (Perfusion Cardiac Output)

v, M358V INAVDI9Ia11/0A (Alveolar Ventilation)
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3.2.1 820,
A o a - Ao w a - A
Sa0, MU0 dadIu % vead IuInaduduisutuoondiouludenuas neoa
ANNENAveF Tu Inadudweendiouluidoauns sendouludentlszneudas 2 dou Ao
daunazarwluwarminilu pao, wazdnisusudlunaduie HbO, 108 Tu Inaiiuildey
= s o =1 J +. & o
eondoulifuradudaezi5ond1 “Deoxygenated Hemoglobin” (HbH') 330158114908 Sa0,

ansafmanldnn

__ Mo,
HbO, + HbH*

Sa0, 100 G.1)

Tanilnamanusudivesd Tulnaiiuludoauns (Sa0,) vxuAM5Z1I 95 - 99 % wazd)
anuBudvesd T Tnaduludend (s 0,) eiimlszanm 75%

$a0, 99% MuwANUN TudeauasiiaTuTnatu (Hb) 99 daulu 100 daufiawise
SuiuMaeendiau (0,) dau S70, 75% nieanwd ludead i TuTnady (i) 75 dou
Tu 100 daufierunsofuiufaoendioy (0,

$a0, Innudidrasvenlins i Pao, Taverfunnudiniuiuos Sa0, Uag
Pa0, A Oxyhemoglobin Dissociation Curve M3AMIM Ca0, uazlimmmsidoondiou
(Oxygen Consumption: V' O,)

3.2.2 CaO,

Ca0, Wofa Ysmmeendiouluidoauas (0, Content) Fa1lsznoudan 2 dau dau
3NN % 98 Yuiud Ty Tnatiuuagdauiimdednivudniosszazarelumaran

Ui o, luideauas = 5w o, lu b )+ WSina o, lunaraun )

Ca0,= (1.34 x Hb x Sa0) + (0.003 x Pa0,)

3.2.3 HbCO

Man1sueuneneen’lad (Catbon  Monoxide: CO) HuMaAANINAIT N NS,
ansavudvsTuInadudniieendiou 200 - 250 i vz 18 unsuends IuTnaiy
(Carboxyhemoglobin: HbCO)

HbCO Tunuln@fidnlszana 1 - 2 % udlugihofiquynise dafidnlssana 10 %
871 HbCO > 30 % v lddiheilomsthafsuzesiaguusa fuas seumas amsifuasé

HbCO > 70 % o1 W dThoidedia1d
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3.2.4 MetHb

iadeauassznouded Ty Tnadudsdngminiaud 2 (k') s TuTnadu 1
Tuanadunvesndiould 4 ezaou Gon “eenddiulnatiy” (Oxyhemoglobin: HbO,) iife
#luTnatiugneend lad (Oxidized) v IBiAnAToUTH IKInveenFiaduiiiutuez il Fe'2
Wi Fe* Fond umiiluTnaur (Methemoglobin: MetHb) 4 liau1s0usy
eondivu Idiaouas lunudndfidnlseum 2% Mettb 59luTdudelumsiesndion'ly

ar g y =g o \ - g.
Wiusaduaziiiobie drivSinageoihuaumgildgihinnzoondinudld

3.3 n3eailednmz i [19]

Tavih lWindesiioSinsemmazilseneudedauan (Anode) Hazdaay (Cathode)
FrensonsanTinailszy ih'1d Tasmsiadaufiazarelunarcn (P20,) 1Ay
Cathode ﬁl‘i’ﬂﬂ‘i‘l “Clark Electrode” 11351 PaCoO, 1‘1?1%?!1] '?il‘s‘un'h “Severinghaus Electrode™
uazlaTasionlooou (1) 311935 SanwsmreindInihiae sanz Electrode drutl3aa
Tumisuemaleseu (HCO, ) uaz3um Base Excess us1eme (BE) iluarii1donms

o 4 4 = a H
A Smnnsouaauniosiiodinszimasaumaslugii 3.2

T
U7 3.2 in5esiloTns i
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nTeadins e manegy daorniszneudininivadiolumsasavmasidnIns lav
(Electrolytes) ¥301A399 CO Oximeter 4194 M3 uas 1950 % msuendd Ty Tnatiu (% HbCO)

Tﬂum"l.ﬂmiemﬂ'mﬂmcmm'!ﬂsumsﬂsvmuummgﬂﬁm (Calibration) v 8
F2Tug mﬂmammaﬂﬂ"lﬂumnn 950 A10619 Aromail | in3estanas 83unsnsenen
AuamanusEndunoedaivaye

Pagiiu ﬁm?aﬁmswﬁﬁwmeiuﬁmmsnmaﬁmm“'ﬁuﬁnm3;1J?%umu]awm
ﬂﬁmmnw“lumaﬂ"lﬂﬂaﬂﬂnm (Continuous Blood Gas Monitoring) mm"lwwﬂw‘lummmu
idonlumianidsusazaiaung daldwamsasaasamumsildountasvesermamendin

v
¥041118934 9 (Real Time) Tuvmziudao

3.4 mauanfasumanleauazivad [19]
o o :E:l o 1 o Aa o o - Y
eondnu iiluMaiiianus ududomsgiseisa uyrwimelanieondgnud 1yl
1 ] ¥ s o o ] 4 = ar
ImemeaINwaNIuLazdumiveu laven lvagauiluve udvoenur devendousauiy
r o @ = acY -~ ' £ = o 1
wilvdiaglunmismnzimaluben ¥oven inswianzesndioulusunisaasay
= o A a P & a Y a & &
msuanlasunanilea Ysinaeengnuluideauazsuunis1deendiouveusas WIS
= o Py @ o
uanilasuiaioauazisadansouaasdagii 3.3
q_ ige 4 o da d 4 v & 4 o 4
na Inddglunmsuann/ouiaifaiui 2 sedu Ao nalnlunsuannldoudes
/oA (External Respiration) uaznalnlunis ammﬂﬁuuﬁ'wﬁwnﬁ (Internal Respiration)
a { L a 4 1 '
nalnlunsuani/doufiainlon (Extemal Respiration) 1AL ENI19A M MLANGS
V01 Partial Pressure of Inspired Oxygen (PiO,) 1 Partial Pressure of Oxygen in Alveoli (PAO,)

il

HAZIEHINg PAO, 11 Partial Pressure of Oxygen in Arterial Blood (Pa0,) ﬁ1°lﬁaan=§mun’f‘uq
geavteanazrin llgiwad 1dedas a5 Tumanduiiu Partial Pressure of Carbon Dioxide in
A = ar ' . . . . .
Arterial Blood (PaCO,) ¥aMUIIAUYINII Partial Pressure of Carbon Dioxide in Alveoli
(PACO,) a Partial Pressure of Expired Carbon Dioxide (PECO,) fiaunsaduruniiageay
onvenunluaumeliosnvesdileld
1 = 24 = d . . a J '
dauna lnlumsuanfoufiafiead (nternal respiration) INAYUTLHINNAIY
HANANYDY PaO, U Partial Pressure of Tissue Oxygen (PtO,) g TuTnaduause

asvoondaulitumad g
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HbH + HCO3+ O3 CO: + H:0 + HRhO:

317 3.3 msuannfasumaiideanazivad

3.4.1 matannlasufainlon

PiO, (Partial Pressure of Inspired Oxygen) innmdng lunisimusussdusandioy
mulugeauden (PAO,) udiesnnnwlugeainlendalsznouda PAH,0 11ag PACO, 47
14 pAo, linuansd1991n Pio, adhadainy

PAO, (Partial Pressure of Oxygen in Alveoli) dufludafmualSimeondiouiiay
rumiagaanlon Seliufdudmnuaiaomuniios 04 - 05 Tuaseu nmolunm
03 - 0.7 Sl Wuidunaiuuiunedmiunisuaniaoui ugtileannnasaiiond
Thebesian UAz Bronchial lsirulen uazmsuaniaouimaiatuludeadudig q Taimidu
399114 pao, Hsdn PAO,

ANUUANAIIYO WS IR UTIAA NN 19 PiO, N PAO, 1102581119 PAO, i1 PaO,
i lieendinummsadhggeandeauazim lgaad 1861959015 uenainil msdur

ar o J 1o = = o
misgeamleadsivegiuanuannsalumsazarsvoseendiouluidoadndodeaunts

PiO, — PAO, — Pa0O, (3.2)

o o 4 =] o '
Tumanduiu Paco, Fsiiusedugandt PACO, uag PECO, (Partial Pressure of
Expired Carbon Dioxide) A unsadurhwrmisgaanlensenunluaumisleeenvosdilo 1&g
auns
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PECO, « PACO, « PaCO, (3.3)

msuanlasuiaiiveamunsantisesnlilu 2 nsdl fio sondeudiuiazaniy
a 1 d‘.w LV - | -y d -y L c; -1 = 4:;
naamazoenFudIuNILALE I Inadu AeendeudiuiazarelunarauiiivS i
9 & = [ U d’.w or o4 = ] i o o o © o
wowinn Werivunuamiiudue Iunadu uailudmnianuddymsziduddmun
] Y A i 14 a 1 (= = ]
Pa0, 15U Dudenng lumsuzauas Lifloondnuegiay ﬂx"lwaﬂﬂmwazmuag“luwmﬁm
1 a Ag [ U ar =
uag 13l Pa0, AU ANUUARANIEH LT IRLBBNFIIUMLBNUAzNY luwadTaEen
uassgfiandugud JunaldsluTnaduliaunsasuivesndinulfias dewuiedy
=3 =Y =y ) 3 o ey -y
pndauatlunivug eondiauszazarwlunaranazil Pao, adu M1¥e T Tnaduy
fsovuiveondioula
1 = 1] Y o o = =1 = A -1
drueenduduniuduglulnaty Taodadeauasdsznoudl0d Ty Inatiudel
gmanaud 2 (Fe”) TaufidTunadu 1 Tuana Sudveendinuld 4 ozaou Gont
“0ondd luInaiiu” (Oxyhemoglobin: HbO,) §18 TuTnatiugneend'lad (Oxidized) Ao 18
a o a o A -3 o + 4 + 1 = a
dinasouti Iiavesndindumniu 2/ 1d Fe? wavwily Fe® Suni “aunn 1y Tnaiiu?
é ' o LY _ Ll -
(Methemoglobin: MetHb) 44 lijunsaduiueendinnldvuninnggniaad (Reduced) Ao 1fe
ianasewh lfiaveendinduanasdroion lasingm s Teil3fadine (Glutathione Reductase)
fio 10w laninnszdumsIandu (Reduction) TuidimdoauasTasmsnlaow Fe” ndu'luifiy
Fe+2 1‘}11]
3
a a [ 1 ' ° [ A
wni luTnatiu (Metdb) lifidmaolumsihesndnuldsumaduaziobonay
Wuaungih1ddievineendion1d o1lungu Amyl Nitwate 130 Nitroglycerin 1102
Nitroprusside 1ifuaumngi1ddiaofi Metb Tusumegeninind
M) ° ' a A W w a ' d A a a o °
01nAmnuIvesd Ty Inatusuiveendouediudui §lulnadu 1 nsy 9z1h
pondau lddszanm 139 wa. uAeannd luInaduuredaueglugzives Mettb nie
msuendd luTnadu (HbCo) SehlWe Ty Tnatnheondouldifios 1.31 - 1.34 wa. luauy
UnandiaTuTnatudszum 15 n¥uaden 100 wa. szannsasheondiou 1dus=um 20 wa.
@ ' = 3 o 4 g & 9 = =) = =t =
nasnndasveenduldiuiraaiioteud i3 TuInatueziianmuioendiouiua
A aa = = A & o
(Deoxygenated) H30 3A2%8 1uTnaiiu (Reduced Hemoglobin: HbH") @eiinnuaunsoluns

@

unueendiauldlny

T a

3 A 2 o [ ¥ .
moluraadiaideaunsys lifiiaundeadalsznoudin 2, 3 Diphosphoglycerate

a = =1 o
(DPG) Suilurannazuedduvesad smelusadifia@oaunsd 2, 3 DPG 1n sxvh 1
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= a W o a g 1 L] 1 a 9 o o .ef A i 1
g luInadudunveondiou 18 limiu Saldeveendoulifumwaduouiiododg 9 lusne
yad 4 e

188 Faudlumaddusane

o - o a ' § o

Wiadeauasil 2, 3 DPG gelun1iziis19n0v1a0enFioue 1913059 (Chronic

v ¥ ¥

Hypoxia) fonfftluiiganinszauimzinun (High Altitude) nnoasugihefiinnududuvos
g A ¥ a 5 1 - - | - =
HIABANAININNIIUNA (Polycythemia) druidliadoaunsninsuimsiionszil 2, 3 DPG an
mandios 1 Tu 3 meluna 1 §a uazasanliny 2, 3 DPG 1o TuideaiiEy Budy 2
s o
dlam

3.4.2 msnanlasumanmad

=) d' o Y A - o o - 1 [

teaiieannnialavesddorziiussdusendionludoauas (Pao,) FINIWIIAY

4 v
®0nH191 1UII010D (Partial Pressure of Tissue Oxygen: PtO,) Saarnnsadurmumiuad |duas
ldussdueondiouluidoaunsiiaanasison 9 NANIULANAINTZH T IR UOONTIIY
ar =y Qr J - -d
muludiaideauauazussdusondinuludoauauiniu Hunalds TuTnadusuiudes
' a L X oa b edgde a )
Yavgeondiaueenazarslunarauuiniudn 410534 8 1uTnaduszawirsaldon
eonFioulifumnd 18 wazduinnududivessendinuluifioauns (sa0,) anasen 99 %
& ' a o a ° N
maoszana 75 % Fuilusnnududrveseendiouluidend (Mixed Venous Oxygen
. Y = £ =) J r-'i ar 1 ) :; [
Saturation: SVO, ) M3 NNMUUANUABINTOONSBIUGIAY TaeNdaduvesoonFouns1eniy
a - ar ] { o o
wiwladl (Fio) uazilSuasideniioanniniale (Q) asit wadianusuiiudesss
pondaueeniang luInatiumnninied vldannududvesesngiouludeag i
anaald
= 1] :: Y ' 9 o dr d'l o =1 q' 1 4'!

eondiauundui hildgnidesldduilebezsamduideafiuinndiuau 4 vos
1ume adudigialamavasaidendr TaviluseduoonFiou(Partial Pressure of Mixed
Venous  Oxygen: PY0;) nazannududiveseendioulwdendr (Sv0,) TulSuai
Aoutsdrih Iieansodnnalsnams1¥eonduuveuradls

=] ' ” o [ S | Yy a
921MUN Partial  Pressure ¥99000 319U N0 IMANIOHAUTIgI19m0ud T3

wasuulasTaoliussduanauiludidy Gond1 “Oxygen Cascade”
PiO, - PAO, - PaO, — P10, - Pv0, (3.4)
3.5 YSinaeendinulaenuas [19]

Ysmueendouluiionnas (Arterial Oxygen Content: Ca0,) HANNIAUHATINYDY

Ysmnaeengiouniunud luTnadudvlSinaeendnuiiazatslunataun
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ﬂ?nmaamﬁwuﬁﬁ’uﬁnﬁiuinnﬁu%:i’fuag:ﬁ'waﬂmwﬁin‘lﬂaﬁu (Hb) N
Anuensovesd Tulnaduludwdisusuoendiou (i 1.34 §1ugh) uazAANNBNTIVeY
aaﬂc‘ﬁmuimﬁammqﬁmﬂ?mmaaﬂcﬁmuﬁﬁ:mﬂuLﬁaﬂ'ifua:jﬁwnﬂmwmsqﬁuaaﬂw‘?mu
(Pa0,) fududsz@nsvesnsazany (A10.003 Aua19)

Uinm 0,/1d0a 100 wa. = 51w 0, I Hb ) + 51 0, luiiien)

130 Ca0,  =(1.34x Hbx Sa0,) + (0.003 x Pa0,)
€1 Sa0, = 99 % Hb =15 nfwAdion 100 ua., Pa0, = 100 1. l5om
Und  Hb 103w fwo, 14 1.34 wa.
@oA 100 wa. 5 Hb 1503y v 0, 14 134x15  wa.

1119 Sa0, = 99 %
Uswa 0,1u Hb = (1.34x 15x99%) wa.Afe 100 wa.

v
o ar

nlsz@nsmsazaioves 0, Ain 0.003 ua. uusenadon 100 wa. §au § pa 0, = 100

De

. son

Uswm 0, luidien = 0.003 x 100) = 0.3 ua.4dea 100 ua.

3.6 MazeenFows [19]

3.6.1 Hypoxemia

Hypoxemia 310611 Msanndvosussdueendinuludonuns (Pa0,) MANWBNA
vosg IuTnatiuluidoanns (820, uaziSinumeondiouludoauas (Ca0,) Fsamnsouon
AU IRITY Mild, Moderate 1ag Severe Hypoxemia

Taoaunsautiaamg 14 dail
1. True Shunt (Absolute Shunt, VA / Q =0
2. Shunt Effect 30 ¥/ Q Mismatch (¥, / Q <0) ffucungimuiosiign
3. Hypoventilation
4. Diffusion Defect n3oAnuAnnalumsuann)aoufa

l.fl"ﬂﬁﬂ 172 Hypoxemia lﬁﬁ‘i{u ﬂznizﬁu Peripheral Chemoreceptor ﬁﬂﬁ&‘f’ﬂﬁﬂﬂ
Hyperventilation  1ng pH lucsF  finag Alkalosis c'i?nzﬂﬂmiﬁwwmm Central
Chemoreceptor #19116171192 Hypoxemia f4ntaguazidhgszozizoss Usznouiy pH Tu CSF
FulFudroglunaaindudaa Central unz Peripheral Chemoreceptor 9nnTzA1 Niow A
futuwa1#giliin1az Respiratory Alkalosis ;mmi’fu

1172 Hypoxemia ‘ﬁlﬁﬂ‘ﬁ’uﬁﬁ‘lﬂizﬁjuﬂ1§ﬂ§1€1ﬁﬂlﬁﬂﬂlkﬂ\1 (Secondary Polycythemia)

o @ o q Yes v d e a a & @ & o
ﬂ’]ﬁﬂ'N'lu‘Uﬂﬂn’l'Ji‘i]ﬂTiﬁTW“ilﬂulﬁ']“ﬁglﬁﬁ Wﬂ%zlwnﬂ5u1mlﬁﬂﬂﬂﬂﬂﬂ1ﬂﬂ31“!“31«”
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sondiouldiitoidle iWumsilosiuhildaadiiane Tissue Hypoxia 019na121491 1u
113% Mild 1Az Moderate Hypoxemia uazftlaefimsmanvesiloauaziialatng os hiny
N1 Tissue Hypoxla mﬂi’fumu ualuang Severe Hypoxemia mwmmﬂ'wumaw Tissue
Hypoxia i mazuanuasaiveanasialaszidudlvuazy fusaiss 12
arfu Ahufifin1z Hypoxemia S9o19iinie liflae Hypoxia i 18

Az Hypoxemia 1A holloimsjunouaznszdunszae Timunsonuqums
maau'lﬂwmmmu"lﬂ Insiduia anwduidengs waoadeadutaonad i,
A mammi;mxseﬁfu%wum N AU ‘!mi'fluwauawmmﬂumaﬂm‘la

Famsdsziiiuusaduoondiouludoauns (Pa0,) 1if0 9910 Pa0, 1Wavuuaniy
dadmvessendioudisrsnonolud Tyl (Fi0,) #igthe 185 uvaiiiu ifonnuazaonly

L

MU 9019197505200 (Predicted Pa0,) Tay

.

N Fi0,<0.6: Predicted PaO, = 500 x FiO,
u 4101450 Fio, =04 A23fl Pa0, =500x 0.4=200 w.alsom

fIF0,<06: Predicted PaO, =600 x FiO,
i 4iholA5Y Fio,=0.8: a3l PO, =600x 0.8=480 wulsam

#9n158119% Desaturated Hemoglobin Tuvasaifioauas A1n11ududIves
#luTnatuludenuns (Sa0,) w303 Tu Inaduduitsusuoendioy (HbO,) HA)szaar 98 -
99% uazﬁmﬁmi’]uﬁnTnaﬁuﬁauﬁ'lﬁ"lﬁ'%’uﬁuaanc?mm’%‘un:h “Desaturated Hb” 91
Uszanel 1 -2% wuiReaiu lunasadead manwududivess TuTnaiuludead: (5v0,)
fifAnlszann 75% wazitlu Desaturated Hb Sn1l5za1as 25% Tun1121/ni Desaturated Hb A5
AuRdvszing 2 nfunden 100 ua. nie 2 ndy % Taoaunsosman ldasil

AUVAD Sa0, = 99% &7y Desaturated Hb Tunasaidonuas = 1%

waz Sv0, =75% ﬁ'ﬂfu Desaturated Hb Turaoaidond = 25%

).y - 4 a o
AU Desaturated Hb o luiiion 100 wa. 9518 1uInatiy 15 nsy

(Hb x arterial%desat.Hb) + (Hb x venous%desat.Hb)
2

(15x0.01) + (15x 0.25) -
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U { = nl J
AU2071in19% Hypoxemia A2 Sa0, ATl Desaturated  Hb iftyauuALd]

v
=)

.3 e @ A :
Desaturated Hb maugain 5 a3y % sxvilddiheiidimiasiivind 14 (Cyanosis)
3.6.2 Hypoxia
I =] - 4 df d's = d'l a = o
Hypoxia H11909 N1IgNaaIlaievIn00ndiau tilea91nanuiadnilunisya
oondiou ligiadnionnzimad luaunsaeendion 11414
AUNAYDI Hypoxia szutisonn 1didly 4 wila Ao
¥
1. Hypoxemic hypoxia §J$W'1J1NF§1J’JU Hypoventilation H?Buwmﬁumﬂmﬂﬁu n3o
daduveseendinuiiumomeludhll (Fio,) < 0.21 niedeaiinnganin iy nazlen
S o 4 o d w4 .
v deadniay dedavemsuann/fouiaiimisgaauen
2. Anemic hypoxia 1118991nA e 1309098 TnTnatulunssuiusendinuanag
' a a4 A a o s o
1wy TsnTafianin quyns nieiunnmamiveuvouen o
) . a a = A o U] a Y o
3. Circulatory hypoxia A2 WARUNAY0IN 13 Inaoudeah ¥ deeondnuldsumwas
df 24 ] =1 [ o A o = =}
weie liworios 15w nazdon vielimagaduluszuums nadouiden
4. Histotoxic hypoxia INAINMINBUNFTA TAvIIMIMauveasadlumsle
00nF19U 19U W10 Tw011uA (Cyanide  Poisoning)  ¥A¥219n 15 R 1910910 Tas3
Cytochrome Oxidase
4 d df A . " . a 4’
LBLIFAAIUBIUDNNIIY Hypoxia (Tissue Hypoxia) INAYU WCIUNIUNTSUIUNG
Oxidative Phosphorylation 11 Mitochondria 11113 Anaerobic Metabolism Wa¥N17% Lactic
é 1 H =) J ar
Acidosis Famnsautsnnuguusiinatuld d 2 s2dv Ao
. = O' dl = J " T 1
L. Local tissue hypoxia un1zeondinumimaiummiedau wu ndwiioarsly
1 o o 4 o A & ﬂ £
senainumin ndmnilowly nieavesnaiden fudy
a s da 4 &, 1 o
2. Diffuse tissue hypoxia 1Hun1IeOAFIRUMITIRATUIIT 19N 15U n2ziale
duman (Congestive Heart Failure) Wi
ot19lsfiay GaoRT Tissue  Hypoxia 9103 nInafiud gy TsaTafineng
1 [~ ] 1o -
(Thalassemia) n3eszuums vadoudoadumal iy n1zen o1 inuhinizesndiou
2
fufady maNuaITavedd Iy Tnadulumssuiveendioudnalng (Sa0, =98 % - 99
%) muuwﬂw‘numaw Hypoxia 399193 150 11i5in172 Hypoxemia 32820818 S9n153nun
dAthons 185umsuSmsdveondouniseeniihi 2 szus do
1. TuszuziRoumau: Pao, < 60 uy. 1Jsm, Sa0, < 90%

¥
2. Tuszui5059: Pa0, < 55 wu. Usen
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3.7 gunsaimsu3mseendiou [19]
emsuTmseendwuliiudileldoduilszdngam fuiludeansougunselly
3/ o o 4 3 ar = ¢ A .ﬁ’ YV =
wioy Qunsaifand1lszneudan deeendiou gunsaliiin auFuuazninnesndioy
3.7.1 YorsrvesmsuImIeendion
1 ednywas oaiun1ag Tissue Hypoxia
A o Vv ag 1 Y1 P = = '
2. tieaamimnuvesnaiiosomsmielaludihoneaineFanm gy Yon
v - A S
oniy geaneaduuny wieteauaui
d'l o 3 a; o 9 ¥ d‘q - = =
3. moaamsmauvesnamito luludihenlinnufiadnfvesszuums Inacoy
=) ' ' e - a d
[@0R 19U A1IENIBIa1 ideidon nieden
' L4
4. fihoniinnudesmsesndinnnnninnd wu azAadeluidonnnzialelnd

Vv
HyAAY

M3190 3.1 SvendvunaaannuazlSinasdeusasunieluds

¥HA VUIAVDIN Vinasanmug | YSmasaeuseiu
@) (@n3) (@915/psi)
H 9x 56 6,907 3.14
G 8.5 x 55 5,299 2.41
M 7x47 3,028 1.38
E 425x29.75 625 0.28
D 4.25 x 20.75 359 0.16
B 3.75x16.5 151 0.07
A 3x10.75 75.7 0.03

3.7.2 D900nFIaY
[ = o oA o :i 9/ [+ = " s q’.: d'|
avoenduludegiuiidsnldlunsussyfasiadie 9 1nne suhuitenay
taeasvlumslduaziotlostunnuiianaia ldnssmuandninasivesad i
Y
unnzsiia Tasmsl¥duazszuuamunlasaselunsaads
o a.{ [ 1 =) oA 4' o -1 o -
NNUIIIMBIAazsuazimamziionulasasslunmsidonld nstmuadi
anuuanaeiulundazszme lullszmadangy oveengausziidaduuddwazunud

t:; " 1 s = A v ow = z
V1INTIUDU uﬁﬁluﬂszmﬁ"lmmaanmwwnmﬂuﬂuﬂwmmﬂuﬂ
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f9U33900NFOuna1wiia 11330 Carbon Steel, Manganese Steel #50 Aluminum
Alloy c‘ﬁwumuﬁausasznﬁﬂ'lﬁqa od1a 15w Sidsannszumnfuiuuds o DUIITULTIN
o1 Idszidald

deussgeendFnuiiuseiugegaludaszinm 2200 Yeudaon13194 (Pound Per
Square Inch: psi) foutinnld Sesuiludosrotituauitoanussgunasiy 50 psi

lunamisd daussgeondiouiinaoving 18un 610, E, 6 uaz BK dawaasly
919 3.1 uarAstavonFuLaan ULz UTINAsdous iUt LS 19U Sreendiouiile
lunamnduiluyiia E dawdieendiouildlunedihoi iiusiia g

fadazyadaiilTmnasdensesunioludaand 19y (Cylinder Factor:c) 8IM311)
ussAauoendauneluds (p) nazniwdasimslFom @) swausofuinna (T) 995

19oondon'ld

(W) (3.5)

~

deo T Ao nmwesmsideendiou (i)
=) o = o F
P 70 U59AUDDNYIUN Y TUDS (psi)
¢ Ao USnasaeussdumoluda (Lpsi)
r A0 9a31mM3 1997 (LPM)
3.7.3 MIAUANNTY
[ v v [
MIIANANUFY (Humidification) lauhigungil 37 esmusaifod onriousaday
: =1 ) i ar : " d’.‘ ° o A
Tovivsiiusadu 47 wu.dsen domeimelud liusesiulovdndoonig szihldioadie
= = °y & o Y = : Y 9 ar
Yy lumadumisleaei Faowminsamoegaydnildedratosuazdszinm 250 wa.
o L ¢’-§ = ) ~
uazih lianuausovewwadiweyi lumsduaumeide i

' ' a o & 7] 4 §
ms‘lf'wmtﬂilﬁﬂ’wﬁy’waaﬂmmumnmm;ﬂummﬁu'ﬁ'ﬁ ﬁwui‘lm’faamnmm%u

¥V
= r o

¥
- o L) o é L) o o
'Iﬁuﬁ‘lﬂ‘lﬁ’ﬂancmmnnm"lnamuﬂs:uaﬂmsmusxﬂnumgqqmﬁnms BONHIUITHAN)

:c; ' A a évd? o £ a o : ' ¥ 9 = Y
avead lovhiiegmiloAniwum wﬂmj1mﬂanmmﬂ"laumaumqmamuﬂwhmmrdﬂ'zu

a. y ' a o A = ' a a ey -
Tilszdrwdesiumadivoyia hivduiuluazfostumsgaydnihlumaiuniels

3.8 NHAINOONTIOU [19]

dufSvueenduduaiiou viiave Ae daduveesnFauis1anioniels

A o L =Y =y 1 1 o ﬂ’f s e
Wl (Fio,) Fududniswendalfinaeenduuiisrano 185y Taewa lusnfiosanld FiO,
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033131902 - 0.5 nionem Wild pao, Trgand 350 wualson iffessnnis¥eendioy
guniuaiutudunanm 9 Tlemaldmofaiveneendioy (Hyperoxemia)
1841 195u mazqeanﬂﬂﬂﬁuuwu (Absorption  Atelectasis), Retinopathy of Prematurity
E

(Retrolental Fibroplasias) 11azWa91n Oxygen Free Radicals #3114 n1sUSH1500nFou v
Y =3 n‘ a [ = = =) Y 0 o
p‘gﬂaummsmnmmszmsmm:wmmmawmﬁﬂmmmgﬂmﬂumﬂtg
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3.8.2 Ha910 Oxygen Free Radicals
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OH™ — e +2H' —» H,0 (3.6)
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3.9.1 Functional SpO,
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3.12 HanmIns0 v unseniateondimes [21]

ar o 4 o aa ar s A
HANN15ATI9IAUBAS 09N aTRNT A0S TAuoIfunaNN15vaaee (Blood) 493
a, = " 4 - lo o
o0n¥d 1y Tnaiiu (Oxyhemoglobin: HbO,) Fanmeda §TuTnadiuludiadoauasiisudy
PONFAIULAZADONTD 1u Inaiiu (Deoxyhemo Globin/Reduced Oxyhemoglobin: RHb)
& A a 4 A a a 9 a .
nunwde gluInatuludladoaunsildeveandinunds uazanizvesd u Inaiiuianiy
msasnialdlaverdoguanianisganaunasi lumidu dieldumeduasiitinnuen
4 P s 4 &
ARY 660 11 TuInAT azuasdurlsusanTineIAiY 940 W TUNAT FeaNsouEAILOL

nsganaunauumIdiRIazIaBuns I AGIIN 3.7

(Red) (Infarared)
660 nm 940 nm
0 _\
© HbO,
S —‘—-“\
c
Ne]
©
S -1
i
Hb
.2 I l I | I | |

600 700 800 900 1000
Wavelenght (nm)

30 3.7 woumsganduaduuasduaaunzuaeduns A

MInIAIANNBNAIveseendu luden wwansam ldnndadiufidusiuou
v 1 v
wesiFudsznineenddluTnaiiu (0,Hb) fus s TuTnadurmuaiinluden gail

0, Hb

8$a0, %= —————
O,Hb + RHb

x100 (3.11)

nnunumlnasuvesnsganaunasluanueinduduawazdsursuse @3 3.7)
¥ 1 4
aunsefinsandsdnyazmiganduuaaiiaesyinauveisoondd lulnaiu oHb uas

apendd luInadiu RHb AwnusIAduRdRYaef) Ao nufisinameT1enday 660

rz J - = acd = = Ast = IS
w Tumasiu Mmsganauuasduniveseonds Iu TnatiuuasAoendd Iy Tnadussiiams



44

ganaunmInianuuandiunnige Tavieendd uInadiuiawinnd uaziidnnuen
Aau 940 i Tumwas wuhoondd Tulnadusziimmsqanaunde ldiqega
s { =) 3 o { o n‘r’ l=, = g ar
dnvazmiganauumsiiiaiunelueuiziinsnniaiu (faile) azivadnumzms
1 ' " ' ¥
ganduuman Idmnmsgandunsiuazifinsn/aounlag (Static/Dynamic Absorption) Faif
¥ n
Femnsafinsanadiegiliaesvesmsganiunazmsdesiiuveuaaiagessenay 14
o A da gy a4 o X4 - & ,
Az 3.8 demsganauumenie lahiimnsezifaduiiosnnmsganduud iouasdes
E ¥ [ ]
AuFuvesrImile iiewe luiu nszgn WeaduazlSunadoauasiiassfusmizmanae
o o " " a oo o d aom A a & o
218311311 (Diastolic) wod 1udle Tudamazilweiiviuums naveudeauasnsii niediga
QA A o A a ad a a o a da
wimIganauumesuiiewnnlinuesnddluInativuazieondd T Inaduniieglu
" i 4 ]
woauaaiouinga il luimmaziisz 1S namasdesimmezqoonumnniiga Tusinos
a v 44 a [ - o = o o " 4 o q Yo |a A
wenuiidennsanludamazinialainisiiuda (Systolic) AveildTSuandoaunslva
L] s A A s s = = st -
Wupanunnieiisinaeendd lulnaiuuazAoondd uInadumnam i uasrzgn
b4
ganauludanaziinnam & sldiivSunannuduuasdesiume goonun 1ddesly
E ] ]
Tzl deinsandalsmadygruma Wi lasswildmnasedadSuanindy
= { 1 ' o o e c: =) é g
vouasduaazdulsusandomzgimndsiunes Hogdndunilsvesiiile Amwisn
& < a A Lo dad o 4 4 1odd e
unuimsnlasunlasvosmaganau nienmisdeiuuasiinieineinassreiidusimae

3 ] ] ] [}
118 TavdSinama nlihiilisaei (0C) nazifawdoumlaaiiusmag (Ac)

& ‘Ogit‘O’O %
GXRARKS
IHRRRRK

GXRXHHRRR
LS

(0
S 80009900,
RS

e S

31 3.8 suvuinesvesmsqandunazmsdesiuvesudadunsuazSumlsusa

o 1 d d 4 A w a 1 [
Tumsannumalesisuannududivesesndinuluidoauas iunsians
4 o g A = 4 ar J
ganaunauadiu aunsaidenldaduumaduasazSunsusaaosnnunniuganan iy

wan As NNNWE1MAUIAY 660 W Tuwasuazi 940 w1 Tuwns muuevdnadunis



45

- et - = =] a da 1 =) o 3 ar
Aanauuavesnendd luTnatiunazdoonddlu Inaduiitiegludoauns dnfudyarams
v v ' ’ ¥ ¥,
wasumlasvesnnuduvewasisansiinsnda ldn Idiunsgantu Taovsimis ileide
Tvifu nszqn idead idoauasuazSuandeauasii Inaifiugag  wieidluiad (Pulsatile)

S w @ o = o o {I ar A qyy & =1
awmsiiumvesinle Aunisiiaseia NMziudyapuninadesnnusinauiids Sass
¥ ' H ! ' ]
pwisiludyapansiuazgluiinldoundas msdmnamaanusuieey
o 1 & o o =y
MNNMINITANDIBATIFIUANUTURUS (Red/Infrared Absorbance Ratio) ¥93133mnnu

) o A e = & A o
Lﬂntlﬁ\?ﬂﬂqwuﬁzﬂnﬂ'ﬁlﬂaUu“ﬂﬁ\‘li]‘]ﬂ“\iﬁf’)\‘]ﬂ?‘]nﬂ-ljﬂﬁuuﬂ‘INﬁuﬂ'ﬁ

2 ACu ! DCsy

3.12
ACsyy / DCyyq 12

v b "
moas1au R Aiswosldiszgmi lnSoudioylunswlifious (Catibration Curve) 71145
-1 l o é a o aa o [ A's & U =1
manuer melumiisanuiweunieswiadoendimosidazinio IO 1NYVDONN
' ] 9
Wun % AUBUAIVBIRBNTFIIUUARE AN TOARdRIRY NS IIRsuR T vzl uns 1y
@ U " e 1 w o o Y " a w =
AnuFRUTIEnIemsandIuaudiug ®) fud % AUONAIVBIDONTIIY (Sa0, 14
nnTesiinnzimaluden) lugiii 39 usasnslifousianuduiugseniie
o ' o 1 d o o a o a P H
BRI Red/Infrared  AUANYDITIFUAAINDUADIDONTIIU FansTivg 18u1910ms
o s A = o o a et dd o
naaodliormaiinsifiguaing 519V IIe luemaeenduninl o5 dudniy

'
o 1 =Y

Vv
duduaie q fudr ludafasinnududiveseendion e ldmnuinmsdununngas

v o U

e s 4 i > =
adiamaaiiiomanudiusvesmdoyaminaduld Taonfoudoudiuisnsmzton

]

A o a 7Y a Py A
swau1'11hms1:ﬂmmmamﬂﬂwmﬂumm

100
90
80
70

o 60
o 50
? 40
30
20
10

0

Ll

i

| . |

0.400
0.600
0.800
1.000
1.200
1.400
1.600
1.800
2.000
2.200
2.400
2.600
2.800
3.000
3.200
3.400 -

T

U 3.9 nsnlfioumnnudniug ssninadandau Red/nfrared M % MAnwsuda

YDIDDNHIIY



46

A w Y o P - I 4 a w a -
dedam R Tammlanannsaiouilunlesidudnududivesendouluitoauns
18 1w din1da1 R v 1 dou 1dduiinnusudivessondionluideaun iy 85 % il
& ~ ' . . = =3 ' o 4
Au Fansifivual (Calibration  Curve) nlaszinuer Pmoluniivanuiweunies
@ o aa Jd é W q’: 24 o 9V 3 Y - | o e T Y]
NOBOONTUINDTUADZIAS D muumeuﬁwsunﬂmmmaﬂmi’flwumﬂmﬂumzmﬂmﬂu
A gy 1 O o Y1 A 1 o
N30t lAmmiudaez Ida il ud
1 34 o [ s 9 = oA = a3 a u’.: o Y ar
p019 1508 Aumismsiaszdosiiidon Tnadoud Tnziiueraiildiinisaslesa
¥ ¥
Aanaald minedviziuniaieauudes (Low Perfusion) 194 nasadendiulaionass
(Peripheral Vasoconstriction) é’ﬂwﬁqmﬁgﬁﬁw (Hypothermia) éﬂauaej’lum'sz%ﬂﬂ (Shock)
' b v
w30 nunadu Wudu uennimiu miinsaeialdersianainldnnnssuniumouen gy

' A 3 = ¥
iﬂﬂﬂ'l'iklﬂ’.l\?‘\li)\ﬂﬂi‘ll ﬁsﬂmxmsumumnﬂuiwsu HIoN3 mmumﬂﬂ% Lﬂ‘uﬁ‘u

33apl
daw a o o - A & a s 4 o J
Tuunitldesuodsmaludeauns wiesdeodnszime msuanilaouisiles
= - o :: o a = =
wazsaa Usuaeendinuluifoauas nizesndioud 9UnsaiMsUsIsRNFIOU Ay 9IN
PONFIU TLTAVAINNUDNAIVDIDDNTIIU 1L DAIAS 19T DINATDONTIMDS NANAISTIIIL

4 o as w @ | o o aa 4
maam?mwa%anmmmé’ llﬁz'ﬂﬁﬂﬂ'liiﬂi?ﬂ?ﬂ!ﬂ?ﬂﬁﬂﬂ"]ﬁﬂﬂﬂ"ﬁmﬂﬂﬁ



UNN 4
wr d‘ L . s
msdanaulvihilanazmanudusiveseendion

Taeauaamussuy LAN fivinaue

4.1 nah
mdanauIlihialdudoyaiiddgmedumsunnd Tasdoyaszuumsie
031219 ﬁa"lﬁ"iui‘luﬁq%ui‘,lumﬂumsﬁmwﬂsxnanmﬁﬁ'ﬂﬁ'ﬂuaz%’ﬂmwmmaﬁﬂw“lu
A o Y =Y L% r L] =y ~ =)
Tsanenuna [1)-[3] cm“lu’i]wuuﬁﬁﬁnnuuﬁnm”mpmﬂanﬁ"wﬁmqmﬁﬂmﬂuﬂt’fﬂaw
- ' =4 s 4 w ' A a &
3% [4]-[6] ﬂmq‘lsnmn“l'umnﬂﬂﬁu"lﬂﬂ'mﬂmmxmﬂ'Jm'aumﬂmqaaﬂﬁmuimﬁ'aﬂum a4
9 q’: = ar c.; F= | Y o s o ar =
mﬂmmiu‘lsewummuuiJ:::Jms'aﬂmmaaﬂu‘lmmmumsL#’Jﬁma@atymum%mwm
9 ' a o a &4 aq 9 A ' )\ a Ao
gphmmzmmmanmfvmaaﬂmmu“lmaaﬂumnim"l‘mﬂ:immuwwﬂlmsaxmﬁaﬁgmmﬂ"lﬁ
FIHIUTTUY LAN Y04 159001113 sﬁadqﬁmf?rgiymﬁi’ﬂ"!ﬁ"'lﬂﬂ'qﬁmﬂmqua:gutﬁsﬂﬁ'ﬂﬂ
dufamgmsaignidu wu Hisasimsiduveaialaniomanududiveseendiouluidon
9 o' " = L) l::n‘: 3 - Y A A 9 d A P
uasvosgihodnimiogeandimids Beimsudadon eudaliuwndvonennainos
v ¥ ¥
guanswensvesffihe MiiliermazainluthszSalumsinungiluitegluniizinga
aa o o 4 [
LazMIAINITIRBVEINNG weranazfiFuingdeld
[ n’: -::’ ' = [ d'l a U n' ar a -~
Aniuluuniinandimstasiu i lwazdnnusudivesesndiouluden
uAIna s ouaaInIsnsialdnaennnt Mumeszuntedis LAN Y049 159N
v "
uanmnﬁuEqﬁmsgﬂsumﬁunammmﬁ'ummnﬂmmzmmmﬁuﬁwmaanc"mu‘lmﬁaﬂ
c:i ar =R 9 ar | Ao Y Y o EY Y] " .:; @ - =
uasntunn lanuamndiual3 010ATIM AUV Az AINNUBUAIVEI00NTIUTIAn
ﬁavndm?amnnim?aiwwﬁ“li’f%ﬂ‘ms)s:m’;’ﬂfhﬂamﬁuﬁwmaﬂﬂv?quﬂ 9N
uaAsdRyaauAeY NonATeuaNss auEMIINUYeSITMsThinaus Suden1dszuy LAN
voa Tsanonnadssmilunsdifnu
Tasmiseenuuuszuumsianau i lowazdrnnududivesesndiouluibes
y 1 [ 1 1 I's [ -
unaluumil aansoauvisldeonituanadau Ao daniilusfauniiazdiusendind duf
= o 4 @ 4 ar =a ol
Wuasaursszneudionsnsildlumssanau Wi le [22] uazinTRaN a0 ONTIAD S
o L q‘ s = A ar ar Qs L A 1 4
T lumsasnnududivosnendiouludenunq e lumsiadygruding1d imsdeisoy
HIUNI9UD3A Data Acquisition 19119030 USB AnnonunauNuaesIHBLaaINa Ty
ot o
vosednas IdidenduerldunsiianniudoTsunsy LabvIEW 8.5 [23] Tun1suaana

0 . ¥
m3danau i lwazannududveseendisuludeauas uenomings1diins aoy



48

P=1 VoA F o o 5 @ & o A Y & ° 1

maum‘nmu"lﬂinnﬂuaﬂmmwwmmwuﬂmmmmamﬂau"lvlﬁm'ﬂmmzmsmmamm
:'\ o - =1 All A v A a o o q' 9

ﬂ'J"lﬁJElllﬂ?ﬂﬂ@ﬂﬂﬂ‘ﬂlﬂuiumﬂﬂllﬂé !.‘Wﬂlﬂuﬂ'l‘iU‘HUT—!ﬂﬁﬂ'jgﬁﬂﬁﬂ'mﬂ'lﬁ’ﬂﬁ']u‘lmﬁi$‘U‘U‘Vl'lﬂ

ueueludnoiinug

4.2 mIvenuuuszuumsianldinaue
= o = = o ¥ ] @ 4 LY
mseenuuuszuun Idirue luinerdnusi 18yaunissanan i louuy

1#h32 33 (Monitor Lead) [24] uazmsdanmnnudualveseendiou ludeauasuuuiild Insy

¥

iaileilundn TaviiTassadavosszuuii Idivauedauaaslugil 4.1 [25)

ar

=
an

Nﬂﬁ‘m‘l':glgmni’iu ..... N
lvhile (31]’?5 4.3) szuy LAN melulsangnna
2osIdyanandy § P newimeduonan [—
Wdhinle (i 4.3) NI USB-6900 Data
Acquisition
4 i » funan €
N3 veandnime Module
(304 4.5) >
_____ > guulsamale el
inFeainfoandiimod
G4 N i

3N 4.1 Tnssadsvesszuviiuaue

nngulit 4.1 madinlumseonuuuezldreeslumsasieSanaw i louazms 3
mnuBudIveseendionludeauns ﬁﬁﬂwt%"amiﬂﬁ'ﬂuqa Data Acquisition NI USB 6009
YDIUTHN National Instruments c'?w‘im%ﬁ'lumsmJmﬁ'ﬂgﬂpmuauznami‘luﬁ'tyapmﬁ%’maa
(Analog - to - Digital Converter) 1t NI USB 6009 ew1sosudgyanold 8 vosdaygo dail
Shnsgudndagaga 48 ks/s unzioudeniimesn USB funoufianedifteuanananas
ﬁ'qé’r’tytymﬁ’jﬂ"lé’f"lﬂﬁ'aﬁ'mﬂmmazquﬂhﬂﬁﬂﬁmuizumﬂ?miw LAN w04 15ang111a
Tudaumsuaasnasy 1dwordundiwanniuds Tsunsy LabVIEW 8.5 wonmimiuluns
danaiidnl8AusZUY LAN vzdoqldarondiindiaduvos LabVIEW 8.5.1 Runtime Engine Tag
19#ardun1s 191y Tool > Web Publishing Tool [M1ANUIN f.] B35 10azi80ad q 9%

Tdnanluidedaly



49

4.3 dwariamveamsianau e
dwsianrivesmsianau i leiduaueluinoiinugi Hunisuaasna
ﬂau'lﬂﬂ*mﬂmmmﬂﬁnmmmﬂswmmwmﬂﬂau"l*ﬂﬁmﬂﬂmmuwﬂau‘luwmﬂﬂmu
mf)@ns1ﬂua~a¢|s1ﬂ1imummﬁﬂmﬂuwan Taoia Tsanmsidiialvvesauilnioy zogii
60-100 AT naznsIanyue ﬂau"lvlﬁmq“lwm'ﬂuﬂﬂm zilsznovuldundu p

(P wave) nauﬂau QRS (QRS Complex) AAY T (T Wave) tazniy U (U Wave) dauanslugil
fi42

T

i

S ar
Interval

(el

3UN 4.2 nsmldyapanialevesnuingd

ECG out

314 4.3 20vsFaniu I lauuuthse 5



50

] ] 1 ¥
huzulit 43 uanesesfandu i lonuuthsz$eit oo nuun ludnoriinugs

[ ¥
= o Y

TaoSudganamaiiiialennddn Insamuao S iauduiinds Ty (¥al¥14ns
fv7) TaoAndianTnsa 3 9a vusremodadunsiauuy Bipolar Recording [12] #uSins
whoendis  (LA) wiheny RA) nazithde (LL) Tavfloudyaraordyasinusy
amn'Imﬂmmumnmwswwﬁmfgwmuwauﬂﬂsmum Taudonldlodiues AD620 il
A2mgNAeIgIVBINTEN ANALOG DEVICES uaz lofiuosived ADsaa fifiaandalums
19U GIVeIVTHN ANALOG DEVICES iifo G o 6a31n139610 (Gain) Tunsesnuuy'ld
@onld R, = R, = 249 ko uazdmuald R, = 10 kq, R, =1 MQ,C, = 0.1 uF uay

kY
dmuald G =349 9214 R, = 143 @ Tavmanudumu R, ansadnlddail [26]

R +R
R.=—31""3 4.1
“G-1 .

TawaavsFanau i wialeezderdoniuTuga Data Acquisition NI USB 6009 nimsiondo
o =) g d. GJ g
AUABUNUADI NIINDSTA USB sﬁﬂuﬂmnaiﬂu“l*r’f'cuﬂﬂﬁua%'wwmuwuﬁ'wiﬂ'suﬂsu

& = ' o
LabVIEW 8.5 ¥9510azdeavznan luiade 4.5

4.4 dMISANIVOUATOITAY DONTTIIND S
dmmriansveuniontadoondiinesilflums Sadanusuiveteendionly
A P = a g a . g v v dd a
teauAsoonuuY Ui vifuyila Transmittance [15] iuufildTnsuSaiiaie
4 aa o dv o ] :‘ = E{ @ a1 A o =
FeasmsfaiidhumsSauuyhigna s Tomflumsithsz Selasmanusudvessonsion
ludeaunsvaiziimsriia nielflunedihemin e ldaamuuasiussdusensionly
3t ldinToaenele Tﬂﬂﬁa"lﬂfhmm331‘umaaﬂc?fmﬂuaﬁaﬂuﬂwmﬂuﬂﬂﬁﬂzatjﬁ 95-
100% [27)  Tawerdundnmsgaduaduuasiuanmieiuvesd Ty Tnatuiiusuoondion
— ﬂl ' o o o 3 é
(Oxyhemoglobin: HbO,) uazd IuTnatiun lu'1dsuditusendion (Deoxyhemoglobin: Hb) %4
‘éiuTﬂaﬁuﬁiuﬁ'uaaﬂeﬁsau%z@ﬂnﬁuumﬁum'lﬁ'ﬁﬂ'hTﬂUQﬂﬁ’f’uﬂﬁ'uuﬁa‘ﬁ"aaﬂﬂna‘nﬂﬁu
600-750 w1 Tuwas (AAUuaIFUAT) Tuvaei #luTnaiuinhildfudafueendinuszganiy
nasdunsusalaani Tnvgadunduuaadieniueindu 8501000 wilumas (ady
ounsusA) AuauiAnsgadundunaIves Hb uaz HbO, [28] ansaudana lddsgUi 4.4
mumsmmmmuﬂmmmmo,ﬂummanmwmaanmmuimaamma (%Sp0,) [29] #1150

=

e ]



51

HbO
%SpOy = — 201 100% .
A e, w3

4 o d o d { v o4 a a a 4 y
inTosviageandinesuuui 1 Insuaiiiailed Tdeonuuuluinniinusignesnuuuiteld

lumsdamnnududiveseendiouludoauns Tnodouihiuden laezunsylddagui 4.5

Red LED Isobestic Infrared LED
A Wavelength Az
| Miso |
T 1000 + |
9
°
= 800+
5 w04
(%]
£
3 400 +
|
2
T 200 +
.=
= I
. 0 f } f } ==
600 650 700 800 900 1000
Wavelength A (nm)
31 4.4 quaniiEnigaduaduuasyos Hb uas Hbo,
T Ims SH|
owd LT1L_T1 ov L CD4066B (AC+DC)peg
ms Ln| 89C2051 - Sample and Hold (1) B .
e T Timing sy > utputy
P J 1 . Control ov— LT 4 Input
1
LI'R
H.
LED E LED LM2917 o
Red Infrared | F-to-V Converter Input, CD4066B (AC+DChnrarea
Sample and Hold (2)
Finger T v Outputir
ov— LI L
5V
TCS230 i X LF351
Photodetector Voltage Comparator
PD

o =] &4 v o a deiy ¥ a a iy
3" 4.5 vaenlaezunsuveanesiadeondinesi 1doonuunluinorinuii

91n31/# 4.5 2993 Timing Control 1A1don 1404 1 TnsneuTnsames wof 89C2051
waz lodivives wes 74HCs73 Aanaaslugiii 4.6 Tumsaddyapuniugunsia-duves

1a9A LED uaaiund (L,) nagnana LED dunlsusa (L) uozdganauniugunisiinuves



52

7995 Sample and Hold (1) ¥03uAIdUA (SH,) 11022995 Sample and Hold (2) Y®aua
F
ounlsusa (SHy) wennniudiadiudygnalumismuasiavesilamesves 1l id1aTon

@ o o u o o " )
(PD) TﬂUﬂ’J'liJﬂllWU'ﬁiﬁﬁ?’l\?ﬁiyﬂéﬂmm1ﬂ?!ﬂﬂlﬂ\3?ﬂ‘i]i Timing Control r1'11!‘lf'Nl'Jf“l‘W"l']\? A |

=

Y] & =] ' = ) = w @ a
annsauaas 1dasgUi 4.7 (masuan n.] Faeziu 18 msAe-duves LED wda-suasusuy

Y

+5V +5v
D.l’nF ot HI O.IFF
vee[ - ,_—El QE veepR 4 <
m”  ——— 2 @ O[T > 1Ep s
rsfd " —] o1 o TS 1en s
_T_r—c prs [ I I 4 {] m o jL-—@Ds.mplummm
m
i S xTAL1 R 5 o3 P @ (316 1 o[5> Sample and Hold
3] 41 @
6|: P32 E P13 3—'5 —SC D4 g ups [ PD__> Photodector
S «<
[33 pF | 33 pF "H s ] b LA i esp M
8] p3a rapg =11 s I
s'I: P35 PLo ] * 'iE D7 ol m R
- g [ 7" 10 M ewp LE [HI-
4'1 Y W ] -
3UN 4.6 2995m 55 19F YRy Timing Control
L 1 ms 2
|«
____0.3 mS_,i
5V
Ly 0.7 ms >
0v B
}*—0'3 ms_,l Time (ms)
5V
(L T VPP F— ",
0V o
le—0-3 ms__y| Time (ms)
5V
(snl) < 0.7 ms >
0V .
I‘—0'3 ms_,_i Time (ms)
5V
(SH)), PD «—— 0.5 ms ————» e——— 0.7ms ———»
2
ov ——— —1 1 — >
— ~ Lae ] b 4 wy o ~ 00 (=3 (=] - (o] o - vy O ~ -]
B & @ S 8 S S B S rm el e e e e o el = Time (ms)

w o
i WYIUDIANAVDIIIVT Timing Control

ot
-3
=b.
IS



53

Tumseonuvumes Insuluinoriinugi widenldrevsunasduiiaues (Light
Source) ¥04U3HN Ohmeda 11 3740 Harl52nOUAILMADA LED uaafiunsuaznass LED
aurlsusa daugunssisuuaanio M 1ddmames (Photodetector) 3z1don14 lod1ues TCS230
¥09U5HM TAOS fauanslugilii 4.8 Tavguianianisluves Ts230 wlszneudas g
TaTon 8x8 &1 FailnssABuaUUDINSE (Photodiode Array) Tao T 18l Toamariiozut)e
ooniilu 4 nqudauiu fie T 1A laToadilifames funs (Red) 1967 (Green) 11131 (Blue) uas

=

] 4 ° v & ' U 1 '
nuu liiiflames (Clear) S1uaugAaz 16§ Fusaznquizaouausidenuaiavesd

¥
=

uanaefu i uudyiiaveafame Sy q TavidentmuavesilawmesvoeTn1d 1aToadi
doamsiadygialdnnmsdmuadynin s2 uaz s3 Fuanalumseit 4.1 Taodgyaui
TannnguIn1dlaTenvzeglugivesnszua Iiihnzazgnds 12995 Current - to -
Frequency Converter Lﬁiaﬁ1ﬂﬁ1ﬁ1sﬂmnszua"lﬂ%117Li'luf?'iyty1mmm?ﬁmﬁum (fo) Tne
ﬁ'ﬂ‘;mgmmwﬁgmf':ﬂmﬂuﬁ'tyrgmgﬂﬁ'mﬁ;un (Square Wave) fivnausasu i s v uasfih
Duty Cycle 11U 50% Han1mudiordn fo sxinnuduniug Tasasafumanuahwsaas
flnannszny gy OF ﬁmfﬁﬁmnﬂnms Enable 1@ Disable YoIdQyny 104
11ANA fo Vfwmaﬂﬁﬂﬁﬁfyrgmaa%ﬂ «0” Taudl S0 uaz 1 iflundyanalumsdonszdu

o = £ o ow {
YOITYYIWANUDDIANA fo Feannsodon 14 4 sy Fwanluasied 4.2

I
a L*, T
Light I Photodiode |__|Current - to - Frequencyj I 0
Array Converter
— I
= _+_____F_J
sz S3 S0 S1 OE

UM 4.8 vienlaozunsuvealediues Tcs230

M3 4.1 Msdmuariiavesilameivea W14 laTeanideams Sadayaa

S2 S3 Photodiode Type
0 0 11A9 (Red)
0 1 Yhidy (Blue)
1 0 lififlames (Clear : No Filter)
1 1 oo (Green)




54

@ w

M9 4.2 MmadmuaseAUTyyImnuB TR (fo) Y89 TCS230

S0 S1 Output Frequency Scaling (fo)

0 0 Power down (liin@ndayamnaud)
0 1 2% (ﬂ’J‘IlJ?;@%"I)

1 0 20% (mmﬁlﬁ 20%)

1 I 100% (A A gagn)

'msTmuﬁ"l%”lums’iﬂﬁhmmﬁnﬁwmaanf’muimﬁaﬂummmsmmﬂa'lﬁ'ﬁ'a;ﬂﬁ
& i 6 = . a s
4.9 Fulszneudourassuiianag (Light Source) TAun15AA-AUYDIHADA LED funsuay
=3 s o o é s C:
sunsusaganIuAuAWTYIY L, uaz L, mwdidy Fuiudyapangnadianenies
o s Vet d - 4 °
Timing Control tag I TARMAMS (Photodetector) 14 lod 03 TCS230 WU
w y o o i 4 o 3 Y o
Taodyaa D iloaddygronerdyaiin 6 iwethldedhiuasesioufouus ey
" &4 { o" P o a w a
ae 11 alugiit 4.10 uanurues sl ¥ lums Samanududiveseendion luidonuns
- = = 4 a U o o 3/ A
neenuuuIuInniwus uazgUil 411 uaninmdwvessumed Insuiildlundeq

o aa § = = o
Wﬁéﬂﬂﬂ“ﬁnmE)i?ﬁf]ﬂﬂllﬁlﬂ”']ﬂﬂ']ﬂ?‘lﬂﬁ

[T S o e e "‘I___"-——____"—_—"'__—___'__—__—_'__'
I ) [

| Light Source I l' +5V Photodetector :
|

| I |'
- |

ll LED ffun4 | : ; p :

: 77 : ! 2 50 5 7 [

- Df— 1! s 8 up] |

: 75 ) T > ok g om : [cr >

[y > b | 4 Voltage |

: = ’ : | 2 g S Comparator |

| LED durlsisn | : o |

| |

: 1! I

I ' '

| Ll " !

| = ] - —— |

e s e B i o i, e | S TR U . Sy S J

(M) (W)

3N 4.9 (n) 29sumasiuiiauea (Ligth Soure)

() WIdamames (Photodetector)

mﬂué‘an’laa:umnﬂumms%ﬂﬂ'm:nnﬁuﬁwmaﬂﬂ%mmﬁ'amm‘lu;ﬂﬁ 4.5 1ijo
" 3
TCS230 Suuaagnganauruiiznnunasiuiiauasvesnasa LED umduauasnasn
- & Y ar “ o a - P Qs
LED dunsusa a9 lddyanunnudierdyadindon (Square Wave) fiunnauseduih s v

o s

e v
Tav%ia1 Duty Cycle 13y 50% nmivihdyanan 18dgreesnS vufiouns du (Voltage



55

Comparator) M NoNszAVNS I LYBIFYRIUAMNE 115281 0 V taz 5 v Tilusedy
v [ o 1 aa A'l 3 ar o [
W39 0V uaz 12 V uargauonnamanuiduiie Idygonedwamuse 1418903

urlasnamdiiuus sfu (Frequency - to - Voltage Converter) Taudenld lodeotueuiliuey

& =4 = s @ P
LF351 #9295ul5ouiiounsedu daaaslugilii 4.12

Photodetector \

\ _/

\ 6.2 “\
P Cm

3N 4.10 pues Twsuneenuuyluineriinug

§ ' : ;’ { § w - "q"" ’d' ‘ a =
i 411 nmdwveamues Tnsunl#lunTeaiadoendfinesioonuun i neriing

A s P o ar o
e lddyanunudiiiseduusady o v uaz 12 v 1ineesinfioudionns sgunda

szmlasnnmdvesdyau 181 uus iy Aereesilasnnuiifuus iy (Frequency - to
& { W 4 @ o -
- Voltage Converter) davimihiudasdyapannuiduusaduii 550 Hz/ v Taoden1dlos

woi LM2917 Tavaesudasmomiiiunssduamnsouaaslugyd 4.13



56

||'|—
+
¥}
<

6 1N4148

5 | LF3s1
I CP ' +/ Frequency - to - Voltage
Converter
1kQ NS
-12V
3N 4.12 35l vuiouus ad
+12v
a
8 i [ 5
|
E 2 cxé
) LM2917
I_g - __; g
T W
—{% >
v gl . Output
1 *$3> H—— G Voltage
Lo = £ == R] speiLg
TTTTTL

= L

30 4.3 2vslaseutituusedu

mntfuﬁvc?’q;immﬁ'lﬁinmwsuﬂmﬂ'Jm?ﬁﬂuusaﬁ'mi’hfjwm'rfmmszhﬁ'tytym
(Sample and Hold)ﬁmﬁ’wﬁ'ffmmsziwmﬁtytymuﬁmwnﬁmmm AC+DC YBIMaITUAY
wozdnygyinr AC+DC voaedunsusa 1aviia9es Timing Circuit iWhudimuadagimn
R Tavidenl¥lediues cD4066B samiuleFootluent wos LF3s3 $32993 Sample and
Hold (1) Y01 9@11A3 1az Sample and Hold (2) ¥oauaadunsusa mmmuﬁﬂﬂugﬂﬁ 4.14

innm':mﬂummmﬂwsum;ﬂn 4.9 maummmumummwwgﬂﬂﬂnauTﬂuw
nf‘i’mmammaammmswﬂn (30] Taudaanaumaiianuduuaaiias Roussnuiusnei

a2
Fond “dyan DC” dwmruduumiiinsiounlanfuzAatuiifududeauns Tay



57

o

o o 9 s = 1 ar o o o o
velidnwazdullammznsiduveaials Sendr “Fyanu Ac mssnanlefifud
szAuANUBNAIveseondiulwdeauas  (%Spo,) [30] Al lun1sdiuanludiuves

td 4 o 9
FoWALIS Fwsof LI 1890

(4C1DC),,,

4.
(4C/DO),,.. 3

%Sp0, = K x

Tavfiar K iifusned dam1dnnmsaeuiion (Calibration)

Lf}a"lﬁ’fz?r’miymtmﬁv!m AC+DC YD TUAMAZTYYINDIANA AC+DC YOI
dunlsusa mm‘fu%ﬁw‘ftynpmmwﬁvgﬂﬁt’qﬁmﬁaﬁauﬁ'ﬂu@a Data Acquisition NI USB 6009
ifhmanesa USB ﬁﬂdﬂﬁUﬂauﬁqxﬂa§sﬁﬂtnﬁﬂenams’;’ﬂfhSnﬁwﬂwaﬂﬁmu‘lmﬁaﬂ Taw

{ Qs 4:5 1 = 1]
Tderlaursniannudis Tsunsy LabVIEW 8.5 dausiwazidonludmvossendind oz

' o g
na1luide 4.5
+12y +5V
= HE
_
Ty =
A "
0.1 p=
Sample and Hold .._1[:1 SIGA LD vop [T} - I = 37— (ACHDC)y,,
(1) - 2 6
_2|: SIGA O CTRLA jl_aj E
S 3 12 .
EEE —{] smlmg cTRLD [7]
Sample(;;ld"old {,__ ‘E SIG B0 g siGovo 7] M
SH, sc CTRLB siGpo 7] 1 1 Outl vee :.‘L
g " 9 2 INI- ':; Oui2 :7
] cmec siccor [7] 3 a 6
§ , i N1+ B = {AC+DC)l_MM
- ] evo secwo: i) —Ln.lﬂF A ver 7 o :5—1
Output Voltage
—tee =&Y

3N 4.14 2995 quuaznamdana

J L
4.5 aorldsnylumsuanana
] o P a o o 4
damvessena i lFlunsuansmavuniiivenouiinnesuesnis fanau i
a 1 a [ o - 9/ o I o J 9
valwazamnuduaivesesndiouludoauns ez 19verdursivauidudlo Tusunsy

4 '
LabVIEW 8.5 %4 LabVIEW 811910 Laboratory Virtual Instrument Engineering Workbench



58

WhuTdsunsuaeuiamesHasodouoensudis q v Tsunsuldie muizdmiy
¥ v ¥
WinlelumsianaziniesiioSadmsvaunediuiainssy oA nimuITu Iao ¢
1 & y w
LabVIEW 92130171 “Virtual Instruent:VI” #IM31084 103 09170 Jataiou
° 4 L4 s o o Y o J s
Tumsinuvessevduasmmsanaasianisdamves Tsunsui 1 dwanniy &

uaaelugii 4.15

(AC+DC)geq

ECG —¢ l r(AC+DC)Infra:ed

ECG DAQ Assistant
Sampling =1kHz
s i 3 (AC+DC)req J (AC+DCinrarea
Frequency LPF LPF LPF
Measurement | | f¢c =30Hz fc=40Hz Jc=40Hz
I v OO 1, (O
Heart Rate MAmplltude HPF HPF
easurement fe=0.5Hz fe=0.5Hz
\ 4 4 (AC)Req (AC)nfrared
High/Low ECG X & A
Alarm Limits Waveform %Sp0, Level
y A A4
(AC)Req Low Alarm | (AC)ifrarea
Waveform Limit Waveform

Ui 415 damshauvesvending

nnfamahauvesrerans lugli 4.15 Al lunisuanswansianau Inimle
U Q’ ar = & Ai Y o -3 = 9 q’
uazmnNuBumveIandiou ludoauasi 1danndu mansoesuteldwail
DAQ Assistant #11m1h#l Sudayganau Iifinialauasdyaa Acrpe vemsd
uAY uazdyaIH ACHDC vouaIBuNsU5A 910 1A Data Acquisition NI USB 6009 g
ey ¢4 o Vo . 9t
ADUNWAADT BINHUANITHNAIDYN (Sampling) 139 1 KHz
-] dl. \ 4 ar & L]
Frequency Measurement 1111119 Usunanannudvesniu Winiale $392vhany
. 3 L]
mdanai iy Tddnnumsanmsduventale Tasinaudi 1dqud 60 02186091
v
mduveeiale (a59117) 130 Beats Per Minute: bpm

] v
Heart Rate 111 uananadsanmaduvesiale asavani)



59

¥ 1 .
a1 o A

High/Low Alarm Limit ¥ivifl dsargegasaaionSsuifoususasimsiduyes

9

o

w d'l ar 9 LY ; 1 - 1 d'g L1 | -~ o 9
#ale !.1.|El'f)ﬂ‘a"]ﬂ'l5mH‘llﬂxiﬂ’ﬂ%ﬂ1ﬂ’3'l1’!’iﬂilﬁﬂ‘:l"mﬂ\i"l’.l ﬂzmﬁtymgmmauw?annmamm

LPF f¢ = 30 Hz (ECG) il nsoenmudd i (Low Pass Filter) Taodaiiuuny
Buterworth Order 3 inuafnoeN () 7 30 Hz

Amplitude Hnr5i Jauazuaannugs vina veaniu i wiale

ECG Waveform yimthit uaaawansvesnanu Ifiniale

LPF fc = 40 Hz (AC+DC) Red ﬁ1ﬁﬁ’lﬁ nsmm‘mﬁ'ﬁm'm (Low Pass Filter) ¥84
doyay10 (AC+DC) Red Tnodariiuiiy Buterworth Order 3 finnuiidnoo (fe) 40 Hz

HPF fo = 0.5 Hz (AC+DC) Red Ynvhil nsesnnwiigaru (High Pass Filter) vo4
Ay (AC+DC) Red Tﬂwfesﬂmmn Buterworth Order 3 ﬁﬂ?iuﬁﬁﬂﬂﬂﬂ (ﬁ:)ﬁ 0.5 Hz

LPF fc = 40 Hz (AC+DC) Infrared ﬁ’mfﬁﬁ nsmmmﬁﬁ:w&m (Low Pass Filter) Y94
Y81 (AC+DC) Infrared Tavsaihuuy Buterworth Order 3 finuAfnael () 7 40 Hz

HPF fc = 0.5 Hz (AC+DC) Infrared ﬁ']ﬂ‘LT‘Iﬁ ﬂ‘iENﬂ‘J‘IlIﬁ’leN"lu (High Pass Filter) ¥94

o

£ ] " ¥
d9Ygy1m (AC+DC) Infrared Tnoduiluiuy Buterworth Order 3 inuadnee (fc) M 0.5 Hz

v o

%SpO, Level 11117 Audsiuazuaasfinnuaudivesendioulwdoauns o)
° { o o o Y
(AC) Red Waveform Hniii weraskans wlvesdyanauoanauasiuasiignganiu
2 -
DRTITR T
o H a o =Y -:i
(AC) Infrared Waveform #1111 uaasnans mvesdyapnauodyauasdumsusad
- o
QnaAnauNINIile
ST I I T ! a A o -
Low Alarm Limit n1ih dsmdmgamenSouifisuiumanudusiveseendion
1 ¥ ' . ¥
ifon iemanwduiveseendiouludeauasdnhiigs 13 davzdyanaufiou
TUsunsy LabVIEW wilszneudwdiudify 2 dau Ao nii1we Tusunsy (Front
: 2 '
Panel) a2 VI 1A9n 1ABZUNT (VI Block Diagram) [MAHLAN 4.] Fanee T sunsui 14y
@ d‘l as ' a s = =) d‘ L 3
msuaawanisianau Idinialouazdinaududiveseendiouludeauas ety
) 1 A ' M
aunsauanafsgii 4.16 FuilunsuanamivenldwesTsunsy (Front Panel) #141unns
EAAIHD
lumsuanwandu Tl lsazmnnududveseendiou luidoauasius sy
LAN v8al59ane11a Tﬂu‘IﬂNﬂ%’us:unﬁ“l%’“lu“i]vqﬂ'mzﬁﬂﬁi’ﬂﬁzﬁmﬁﬂwuazf'hﬁ'iytg'rtu
H o N d. U r s L E; & s Y o
ialaite lduaasnaufadouiidaunats dsdes1elugiit 417 damistandulniiiniale
uazmAuBNAIveIRENFIu IuAoAuAILIZYY LAN vo4Tsano1uia 7t 1doonuuyly
4 ¥
Innimuiisutudesl¥TUsunsmasy LabVIEW 85.1 Runtime Engine Tnodoud 11

flarFumsldanumny Tool >> Web Publishing Tool [M1AHYIN 7]



60

System Example
Hardwire Basic System For 4 Beds

ECG ECG ECG ECG SpO, SpO, SpO, Spo,

Network Cardx 8

Hub

LS-NET (Ethernet LAN)

(local purchase)
Network Laser Printer Central Monitor

3 417 dreinTnssaduszuy LAN 718 Tsewenwa

4.6 MINABOIMDTHAN TNADDS
o o H o A & 3 2
msnaaesiadygnaerdyai ldnnisesiandu lfiale Taedlounay Ifinials
[ E 4
11MA599910098A3 1015181 100u1A 60 AT/ (Beats per minute: bpm) lauld

voadnlaalaSadygouowina Tavez IRdyaadadaclugiii 4.8
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CH1=50mV : : : : :  B0Dmsidiv =Tracel=
% : : : f 3 : msidiv P-P 220.0!"\'
3 Fre q .000Hz
" — ....... ,,,,,,,,,,,, ......
Aol A adl A Al Ai Al A
Omectan oN o= A and Longth= oA
CH2: —- Zoom : 10K Eoeecm{
B
v . ¥
U0 418 dyanaueriynyesases Sandu i lswa 60 nsyanii

MINARBIIATYYIUNTNIIUYB92995 Sample and Hold (1) YouasduasuaL
Sample and Hold (2) veauasoumsusa Lﬁamwﬁaummgﬂﬁmm'sﬁwm‘umaws Tavld
ooadalaa Tl adygyin Tugiii 419 uansdyaeiialdnnnsmanuesies Sample
and Hold (1) vosuaaduas uazlugiii 420 uamsdyanaiisaldnnmsianuosses

Sample and Hold (2) ¥09ua3duns1sa

10-Aug-08 Recalibration Suggested (SYSTEM CONFIG Nenu) RUN ® LeCroy
19:36:07 Auto LS140
o2 iy R
5V UeCenter -10.1V
500us CHiIf~T—= S-S S TEEE S R S == = sm ook oo Lt@Center 2 sunn;
4.-[0.."‘ i B8 ’ ] | bbb Bl g}!z égg_??:”’:“:“
E!"li Contro sy Samble San{ple ng::t.:: 2 ggon.
500us CH2 EH3 10 Aug, 19:35:53
OV, | (Hold| | (HoW | || [ b e ‘?5'w
moutpu! N A e . LI 1B L g ey T L@eCenter 2 .500ms
ggUus CHGL 3V
(A4
;nart Pruhl on cp TRIGGER on CH1
CURSORS on cm _ 0.0V DC
CHL MEASUREMENTS
-= -10,0000v mean 2.38Y rise < 2.0us
--- 5.5200v sdeu 2.46Y rise < 2.0us
ay 15,5200V freq 1.002kHz rise < 2.0us

31 4.19 dRyaumsThaves993 Sample and Hold (1) vouaading



62
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\g’:OV ”“““Etlzéﬂfgs 5T an
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Ay 15,5200V freqm 1.002kHz rise < 2.0us
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9 d‘ s E7) A o ar U a w - - a e
afuadu s lwaz ldnseshassszdumanududveseondiu ludeaunsvesustm
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ﬁﬂmqﬂamqumumu1'11J“lﬁ1umﬂﬂmmnwmuwu wef I % Spo, iile1Akmsdu
¥y
AMAIY ¥y fez18d1 K Fmnzaanite I¥n1sd o % SpO, YoIONAL T ANAIL T
mmsmmmNanuﬂﬂummaﬂﬂﬂsaﬂumﬂﬂmmmfNmamﬂmamanﬁwmaﬂnfﬁmuiu
=1 & 9 e' s = - :id 9/ ar ]
1ADAIAY m*nz'lﬂmmmﬂnmmmﬂanmw‘lumammmummQnﬂaﬂumsuﬂ‘luma
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@Fannil) 1 2 3 4 5
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MsfIumManua e lumssauay (Repeatability) [33] tAav1nad1m 1y

IiueUINATF M 1AYT I (Combined Standard Uncertainty: U, ) 1 1§nneinis

Us=U, ? +U32 (4.4)

d U L] 1
e U, feannulimivenvesdoya
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U, fomnnwlimiveuveuniesile Standard

& u’q”

M U, (rnuhimivouveunioaile Standard #141u3neriinusi do ndei1ang

ar EJ

or ﬁ' o ' a o = = - -
ﬁﬂmpmm‘lmmxms i'Ni]1ﬁBQﬂ1ﬂ'l'111E)llﬂ‘)‘llﬁ]Qﬂﬂﬂ‘ﬁli}uiulﬁﬂﬂuﬂ\‘l) Hﬂ1uﬂﬂﬂ1ﬂﬂ@ﬂ531ﬂm

U]

Ifisumiu o (U, = 0)

Tagnannw limiveu U, w118 vinaums

o U, ik (4.5)

. " o
e SCx) fle AufloauulAT§IU (Standard Deviation) A3 ssont1dan
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' - 1

My himiveudilszina18dind1n Sarmnindede Ivuraniadediinny
minzahimanedivzi lU1Fluma {3 faiina Tiniveuvesns Safmns aug1d
lumadfiRnasiinnuidesiufisedv 95% vesmilsziiin1ddind1n Sedoaunduiiunsee
Tﬂumsmﬁaqmﬁmmzﬁw?mzﬁummﬁﬂﬁumﬂmﬁum Ue tiolW18iu Expanded
Uncertainty: U, Taouszanens1d k = 2.57 #31811910m1519 T - Distribution 489 M3003
[mAruIn 3.] 1ndoyalumss T - Distribution Y94 M3003 Arnm liutivoulunisSaesm

1d91n
U, = +k(U,) 4.8)

MIswuRansaeuiouIzswauegluglvesduniouazaini liuiuey
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faso i
y=x%U, (4.9)
o 1 o’ Y [T Y o A:i
MsMuIMmIMANLIINTa lumMIHr AN Tasas imsduveaialei1dein

m3aey Anaen 4.5 (Tudeyaninaiaei 43) uazmnnududvoseendion luideauas

nldvnmsaeu Aimsii 4.6 (Hudeyaninmsedi 4.4)
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[} b
M990 4.5 Annuansn lumsdruauresmiasamsiduveaiale

9M151M3 = S(x) U, U y

YD Aunde | Audimann | saanal Ml | maneanuwa
#lo (%) WMASHU | uHMeNVRY | miveuves | mIsaeuiiau

@%anni) Yoya M50 (+) y=%+U

120.0 120.0 0.000000 | 0.000000 | 0.000000 | 120.0+ 0.000000
100.0 100.0 0.707107 | 0.316228 0.812706 | 100.0+ 0.812706
90.0 90.0 0.000000 | 0.000000 | 0.000000 | 90.0 0.000000
80.0 79.6 0.547723 | 0244949 | 0.629519 | 79.6+0.629519
60.0 60.4 0.547723 | 0.244949 0.629519 | 60.4+0.629519
40.0 40.0 0.707107 | 0.316228 0.812706 | 40.0+ 0.812706

[l ¥ "
M3199 4.6 MANuTII0 lumssinuauvesmsiamanusudlveseendou ludeaua

GALPREY ¥ S(x) U, U y
Buives | Aunde | sudsawu | maondhi manyli | mIsnsauwa
ponduly | (%) WIATEIM | UMHRUVeY | wiueuves | msmeuiiioy
aen (%) Yoya Msia y=%+U
100.0 99.6 0547723 | 0244949 | 0.629519 | 99.6+0.629519
98.0 97.8 0.836660 | 0374166 | 0961607 | 97.8%0.961607
94.0 94.0 0.707107 0.316228 0.812706 94.0% 0.812706
90.0 90.6 1.140175 | 0.509902 1.310445 | 90.6+ 1.310445
84.0 84.2 0.836660 0.374166 0.961607 84.2+0.961607
80.0 80.2 0.836660 | 0374166 | 0.961607 | 80.2+0.961607

TauliszAuanudonu 95 % vie k=2.57
4.8 niuaaamsdszanamiszrnaavesnsia
nIuaaInIsdszuiua1szniegisvesnisda de msdsyanadr lududadu

(Linear Interpolation) [34] Tag 19 aumsidunssdsaums
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1. gosalaamumoauanaililumsadisdaye o Timing Control Yes31305m3Sasnai

Busveseendionliaonung

LEDi
LED2
LED3
LED4

LOCP:

.
r
.
r

BIT
BIT
BIT
BIT

ORG
MOV
MOV

SETB
SETB
CLR
CLR
CALL

CLR
CLR
CALL

SETB
SETB
CALL

CLR
CLR
CALL

P1.2
Pia
P14
P1s

0000H
P1, #00H
P3, #00H

LEDI
LED3
LED2
LED4
DELAY 300US

LED1
LED3
DELAY 200US

LED2
LED4
DELAY 3000S

LED2
LED4
DELAY 20008

LOOP

;Pin 1
FPin 2
;Pin 3
;Pin 4

; ON 13

; OFF 24

;delay 300 uS

; OFF 13

;delay 200 uS

; ON 24
r

;delay 300 uS

; OFF 24

;delay 200 us

*************‘k*********'A'**********************************************

DELAY

'-***************************************************‘k******************

DELAY s0US:

DELAY 200US:

PUSH
MOV
NOP

NOP
NOP

DJINZ
POP
RET

CALL

6H
Ré, #9

Ré, $-3
6H

DELAY sUS



CALL
CALL
CALL
RET

DELAY 300US: CALL
CALL
CALL
CALL
CALL
CALL
RET

DELAY s0US
DELAY s0US
DELAY s0US

DELAY soUS
DELAY_ s0US
DELAY s0US
DELAY_soUS
DELAY 50US
DELAY s0US
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;**********************************************************************

END
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o ) a A ' o —

Tupoulumsdednyanuitaldiouansmamuszuy LAN $uiludoaasTsunsuaty
LabVIEW 8.5.1 Runtime Engine inouiunasinsosiazdaviniy hisuiudosassunsyla 9
P a ¢ A o Ao ' @ = 2 woa
NADUNAADTINTDITY FaTunoUAI 9 FailsrwaziBundail

T day gl

1 Wagerindiianduuasdh Uifaidums 14y Tool >> web Publishing Tool
] o o ) - 7 3 ST
Saunsouaadalugli a1 vanemsd ldifladsums o Tool >> web Publishing
Tool

Find VIs on Disk....
Prepare Example VIs for NI Example Finder...
Remote Panel Connection Manager...

' 3 e 3 b c: . i L.
Wi a1 mad laieddums 1y Tool > Web Publishing Tool

J i\ ar A J
2. i udnsiumbidedagi a.2 urassenthinawes Tool >> Web Publishing Tool

Proview AL
_ ¥ Title of Web Page :
| Tastthat & gong 1o be dipliysd befo.

Emback the front panl of the V1 10 chents can vess and control e~
reek pael remotcly |

L3 Reauest &

[ Bsble 80 suppon:

Snapshot
of n test sl T
Displays & static image of the front panel in 3 browser g g

3UM A2 uana9en 113994 Tool >> Web Publishing Tool

i i ; 4.4 g = _ £
3. 1@ON¥RINIWOUI VI Name TR TovosvorinfAdatunuazdon View Mode Aan

#3591191 Monitor UANADN Displays a Snapshot That Updates Continuously T4 10 Second
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Between Updates Aaudaaslugii a.3 uaasmsasar Monitor (Favlumsasensssosniis1d
J L é = i ar ar = d I
Tegiunuiwesszuy LAN) dsneuiiamosindossuzuansramsSavinneuiiunodida

3 o
1 10 1117 Huuy Snapshot :1niulAGA Next

4 2 2 _ 3 o :
4. 1ioAAN Next A214AGN Save to Disk Tusunsuvziumiicedagild n.g namamihsaves
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Dearees of | Values of t{v) from the t-distribution for dearees of freedom v that define an interval
freedom | that encompasses specified fractions p of the corresponding distribution
v p=6827T% | p=90% p=95% | p=9545% | p=99% p=9973%
1 1.84 6.31 12.71 1397 63.66 235.80
2 1.32 2.92 4.30 453 9.92 19.21
3 1.20 2.35 3.18 33 5.84 922
4 1.14 213 2.78 2.87 460 6.62
5 1.11 2.02 257 2.65 403 5.51
6 1.09 1.94 245 252 311 450
7 1.08 1.89 2.36 243 3.50 453
8 1.07 1.86 2.31 2.37 336 428
9 1.06 1.83 2.26 2.32 3.25 409
10 1.05 1.81 2.23 2.28 3.17 3.96
11 1.05 1.80 2.20 2.25 311 3.85
12 1.04 1.78 2.18 2.23 3.05 3.76
13 1.04 1.7 2.16 221 3.01 369
14 1.04 1.76 2.14 2.20 298 364
15 1.03 1.756 2.13 2.18 2.95 359
16 1.03 1.75 2.12 2.17 292 3.54
17 1.03 1.74 2.11 2.16 290 3.51
18 1.03 1.73 2.10 2.15 2.88 3.48
19 1.03 1.73 2.09 2.14 2.86 3.45
20 1.03 1.72 2.09 213 2.85 3.42
25 1.02 171 2.06 2.1 279 333
30 1.01 1.70 2.04 2.09 2.75 32T
35 1.01 1.70 2.03 2.07 2.72 3.23
40 1.01 1.68 2.02 2.06 270 3.20
45 1.01 1.68 2.01 2.06 269 3.18
50 1.01 1.68 2.01 2.05 268 3.16
100 1.005 1.660 1.984 2.025 2.626 3.077
© 1.000 1.645 1.960 2.000 2576 3.000
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1. ¥osialnnveslisunsy MATLAB Tumsnannimsdsznamszniiegwesms

IMOAIIMSIAUYB 1D

a = [120 100 90 80 60 40]
b = [120 100 90 79.6 60.4 40]
£ = [120 100 90 80 60 40]
h_int = [40:0.01:120]

iidint = spline(a, f,h_int)
j_int = [40:0.01:120]
k_int = spline(b,f,j int)

pIot(a,f,'bo',h_int,i_int,'b',b,f,'k+',j_int,k_int,'k:','LineWidt

h',2);xlabel ('Measured Value (bpm) ') ;ylabel ('Heart Rate Value (bpm) ') :
title ('MEASURED RESULTS FOR SIX DIFFERENT VALUES OF HEART RATE")
h = legend('Input','', 'Output Average','',4);

2. wosalfnveslisunsu MATLAB Tumsnansimsdszanamsznadaveams

Tamanudnsveseendiouludeauas

H [100 98 94 90 84 80]

I =1099.6 97.8 94 90.6 84.2 80.2)
P = [100 98 94 90 84 80)
h

_int = [80:0.01:100]
p_int = spline(H,P,h_int)
b_int = [80.2:0.01:99.6]

a:int = spline(I,P,b int)

plot(H,P,'bo',hyint,p_int,'b',I,P,'k+',b_int,a~int,’k:','LineWidt
h',2) ;xlabel ('Measured Value (%) ');ylabel ('$SP0O2"') ;

title ("MEASURED RESULTS FOR SIX DIFFERENT VALUES OF $SP0O2')

h = legend('Input','','Output Average','',4);
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ABSTRACT

This paper presents a method for monitoring and recording
electrocardiogram (ECG) signals via local area network (LAN) system.
The design technique falls into two parts. The first part is employed to
sense the heartbeat and perform on measured signals. The second part
functions as the monitor and recorder, which is based on the use of the
developed software written in LabVIEW program. In addition, the
heartbeat has been compared with the suitable setting values. If the
heartbeat is lower or higher, the alarm signal will be displayed. To
verify the performances of the proposed method, the LAN system at
Siriraj Hospital was chosen as an illustrative case study. The system
allows to record the ECG signals in the General Department and send
them through the network to the Central Monitor and Heart Diseases
Center for diagnosis by experts later. Experimental results show that the

proposed technique functions correctly.

Keywords : Electrocardiogram, Central Monitor
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Continuous Measurements of ECG and SpO,
for Cardiology Information System

Anan Wongjan, Amphawan Julsereewong, and Prasit Julsereewong, Members, IAENG

Abstract— This paper presents a low-cost method to
continuously measure patient’s electrocardiogram (ECG)
signal and blood-oxygen saturation (Sp0,) level. Hardware
implementations of the designed ECG conditioning circuit and
pulse oximeter are based on the use of commercially available
devices. A user-friendly graphical user interface has been
developed by using LabVIEW program to display and record
incoming measurements. From the measured ECG curve and
the pulse oximeter data, the heart rate and %SpO; can be
determined, respectively. In addition, the adjustable high/low
heart rate and low %Sp0O; alarm limits are provided for users.
If the obtained heart rate exceeds the preset settings and
%Sp0; level falls below its alarm limit, the audible alarms will
be turn on. The probe-off alarm for measuring SpO, level is
also included. Resulting signals of all patients being
continuously monitored can be transferred to a Central
Monitoring Station and a Cardiac Center via local area
network (LAN) in a hospital for diagnosis by experts later. To
verify the performances of the proposed measurements,
experimental results from measuring reference ECG
waveforms and %SpO, levels are given.

Index Terms—Electrocardiogram, ECG, Pulse Oximeter,
Sp0,, Cardiology Information System.

I. INTRODUCTION

As an area of medical informatics, the aim of a
CARdiology Information System (CARIS) in a hospital is to
achieve the best possible support of cardiac patient care and
administration by electronic data processing [1]-[3]. An
electronic patient record has become an essential tool to
support paticnt care in recent years [4]-[6]. The ability to
access all information obtained in the cardiac function lab
such as electrocardiogram (ECG) signal and blood-oxygen
saturation (SpO;) level anywhere through the hospital
network has been shown to greatly enhance daily routine of
cardiologists.

In order to develop the low-cost biomedical instrument
providing the ability of record storage in digital format for
CARIS, the continuous measurements for monitoring and
recording ECG and SpO, data via LAN system have been
proposed in this paper. The design technique falls into two
parts: hardware and software. The hardware realizations of
ECG conditioning circuit and pulse oximeter have been
constructed on printed circuits. Measured signals by ECG
conditioning circuit and pulse oximeter are fed to a
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computer through a USB data acquisition module. The
software written in LabVIEW program has been developed
in close contact with the prospective users. The
performances of the proposed measurements were tested at
the Biomedical Instrument Calibration Unit, Siriraj
Hospital, Bangkok, Thailand. The BIO-TEK multiparameter
and SpO; simulators were employed to generate reference
ECG curves and %SpO, levels, respectively. Test results
demonstrating close agreement with reference signals are
also presented,

II. PROPOSED MEASUREMENT DESCRIPTION

A. Proposed Measurement Concept

ECG
Conditioning +—» Hospital LAN System
Circuit (Fig. 3)
Signal Processing
ECG Lyt 0%
Conditioning URAEA Compuier
Circuit (Fig 3 N1 USB-6900
reuit (Fig 3) Data Acquisiti Contral
Pulse Oximeter [~ Module M;rl::?rmg
: ion
(Fig. 4) —
Pulse Oximelcr_}“’ Femnd b Cimr
Fig4) L,

Fig. 1 Proposed measurement concept.

Fig. 1 shows the proposed measurement concept for
monitoring and recording ECG and SpO, data. The ECG
conditioning circuit is employed to perform on measured
ECG signal. The pulse oximeter using finger-type probe is
connected to indirectly measure the SpO; level. Acquired
signals by ECG conditioning circuit and pulse oximeter are
sent to the computer by using the NI USB-6009 data
acquisition module, which provides the maximum sampling
rate of about 48kS/s. Furthermore, the NI USB-6009
module supports 8§ analog-input channels, other ECG
conditioning circuits and/or pulse oximeters then can be
connected synchronously. The measured signals are
processed by the developed software written in LabVIEW
program. The heart rate and %SpO, level can be obtained.
Resulting data can be transferred to the Central Monitoring
Station and the Cardiac Center, where cardiologists want to
sec patient’s cardiology information, via hospital LAN
system.

B. Hardware Design of ECG Conditioning Circuit
Fig. 2 illustrates the normal ECG waveform [7], which



Qr
interval

Interval interval

Q

5
QRS
R mteral ST
sepmenl segment

Fig. 2 Composition of the ECG signal.

Fig. 3 Designed ECG conditioning circuit,

consists of a P wave, a QRS complex, and a T wave. These
various parameters are useful for diagnosis and health
monitoring, The designed ECG conditioning circuit as
shown in Fig. 3 is based on the use of the AD844 high-
speed opamp and AD620 high-accuracy instrumentation
amplifier to sense and amplify detected signals from
electrodes. The voltage gain of signal amplification G can
be given by

B BER 1)
R,

If the circuit parameters C, = 0.1pF, R, = 10kQ, R; = R, =
24.9kQ, Ry = IMQ, and R; = 143Q2 were chosen, then the
voltage gain G is about 349,

C. Hardware Design of Pulse Oximeter

Pulse oximetry is a simple non-invasive method of
monitoring the percentage concentration of haemoglobin
saturated with oxygen, termed oxyhaemoglobin, to the total
heamoglobin concentration. The percentage oxygen
saturation in the patient’s blood as measured by the pulse
oximeter, %Sp0,, can be stated as [8]

£y x100%

%SpO, = ——t_
“P% =y +mbo,

2

where HbO, and Hb denote oxyhaemoglobin and de-
oxyhaemoglobin, respectively.

The designed pulse oximeter using finger-type probe is
depicted in Fig. 4. The light emitter with red (with
wavelength of 600-750nm) and infrared (with wavelength
850-1000nm) LEDs and the TCS-230 photodetector are
opposite of each other with the measuring site in-between.
The timing control constructed by using 89C2051
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Fig. 4. Designed pulse oximeter using finger-type probe.
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Fig. 5. Absorbtion spectrum of Hb and HbO,.

microcontroller generates the 1kHz control pulse signals R,,
Ry, IR,, and IR;, where the signal R, is the complement of
IR; whereas the signal R; is the complement of IR;. The On
and Off states of the red and infrared LEDs are controlled
by the signals R, and IR,, respectively. The alternative burst
of red and infrared light can then pass through the site. .
Absorption at these wavelengths differs significantly
between HbO, and Hb as shown in Fig. 5 [9], therefore
from the ratio of the absorption of the red and infrared light,
the %Sp0; level can be expressed as [10]

(4C/DC), ;

%SpO, =K x ot i
P = ucyoo),,

(3)

where K is proportionality constant, which can be
considered by calibration results, and AC and DC are the
changing and static components of the transmitted red and
infrared signals that pass through the measuring site and are
received at the photodetector. The AC and DC components
of the received light are manipulated by operations of the
LF351 voltage comparator, LM2917 frequency-to-voltage
converter, 89C2051 timing control, and the CD4066B
sample and hold circuits for further processing,

D. Software Design

To continuously display and record the measured ECG
and SpO; data, the graphical user interface on the computer
screen has been developed by using LabVIEW program.

Fig. 6 shows™the block * diagram of measured data
processing. To cancel noise elements embedded in the
measured ECG and AC and DC components of the
transmitted red and infrared signals, the 30Hz and 40Hz
Butterworth-lowpass filters are employed, respectively. The
adjustable alarm limits for detecting high/low heart rate and
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TABLE 1
MEASURED RESULTS FOR SIX DIFFERENT VALUES OF HEART RATE
Heart Rate Measured Value (bpm) Average |Average
" (bpm) Ist [2nd | 3rd 4th Sth Error
120.0 120 1120 120 120 |[120 120.0 0%
100.0 100 | 99 100 | 101 100 100.0 0%
90.0 90 90 90 90 90 90.0 0%
30.0 79 80 80 79 80 79.6 0.50%
60.0 61 60 60 60 61 60.4 0.67%
40.0 40 40 39 40 41 40.0 0%

TABLEII
MEASURED RESULTS FOR SIX DIFFERENT VALUES OF %SPO,

Alarm ng] [ Waveform %3p0, Level %SPO, Measured Value (%) verage |Average
Ist 2nd 3rd 4th Sth Error

100.0 99 100 100 99 100 99.6 |0.40%

(AC)ey ’ Low Alam || (AC), pues 98.0 98 97 97 98 929 97.8 j0.204%
Waveform Limit Waveform 94.0 93 94 95 94 94 94.0 0%

90.0 89 91 90 91 92 90.6 10.67%

Fig. 6 Block diagram of measured data processing. 34.0 3 84 85 34 85 | 842 |023%

80.0 80 79 8] 80 81 802 10.25%

low %SpO; events are provided. The pulse oximeter probe-
off alarm is also included. From the frequency measurement
of the obtained ECG signal, the heart rate can be
determined. If the heart rate exceeds the preset limits, the
audible ECG alarm will be turn on to alert users. For pulse
oximeter data processing, the 4C and DC components of the
transmitted red and infrared signals can be separated by
using the 0.5Hz Butterworth-highpass filters. The %Sp0O,
level can be calculated by using (3) and then compared with
the appropriate setting value. The acceptable normal ranges
from 95% to 100%. If the %SpO, level falls below its low
limit, the SpO, alarm will be active. Based on the use of
Web Publishing Tool of the LabVIEW program, the
resulting data in digital format from the proposed
measurements can be easily transferred to the Central
Monitoring Station and the Cardiac Center via hospital LAN
system.

IIl. EXPERIMENTAL RESULTS

To verify the performances of the proposed measurement
system, the BIO-TEK multiparameter (Lionheart 3) and
Sp0O; (Index 2 Series) simulators were used to generate
reference ECG waveforms and %SpO; levels, respectively.
From calibration results, the constant X = 98.5 can be
obtained for calculating %SpO; level as shown in (3).

Fig. 7 Overall connections of the proposed system.

Fig. 8 Sample of developed LabVIEW window.

Title of Web Page
L T T A e —.

Figure 9. Transmitted data via LAN system.

Fig. 7 shows the overall hardware connections of the
proposed system for experiment setup. Measured results for
six different values of heart rate (i.c. 120 bpm, 100 bpm, 90
bpm, 80 bpm, 60 bpm, and 40 bpm) are summarized in
Table 1. To test the repeatability, the measurement $was
repeated five times for each heart rate value. From Table 1,
it is clearly seen that the maximum error of about 0.67% is
obtained. Table 2 summarizes the experimental results from
five repeat measurements for six different values of %Sp0,
level, i.e. 100%, 98%, 94%, 90%, 84%, and 80%. From
Table 2, it can be observed that the maximum error is about




Fig. 10. Probe-off alarm and warning message.

0.67%. Fig. 8 shows a sample of the developed LabVIEW
window for monitoring ECG signal, heart rate, %Sp0,
level, ECG alarm, SpO, alarm, probe-off alarm, and AC
components of received red and infrared signals.

To test the ability to access the measured data via the
network, Fig. 9 shows the transmitted data by using the
LabVIEW Web Publishing Tool. When the finger-probe for
measuring SpO, has dislodged, the probe-off alarm and
warnning message will be displayed as shown in Fig, 10.

IV. ConNcCLusION

In this paper, the low-cost biomedical measurement
system providing the ability of record storage in digital
format has been presented. The hardware implementations
using commercially available devices and the software
written in LabVIEW program for continuously monitoring
and recording ECG and SpO, data have been described. The
proposed measurement system has to provide the possibility
to access the measured data at different locations via LAN.
To demonstrate the accuracy and repeatability of the
proposed measurements, the experimental results are given.
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