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Abstract

A heart disease is a one of many very serious disease because it can’t to be cure now,
It just symptomatic treatment only. Who have been a heart disease they have to see doctor
in hospital with electrocardiogram only. some population in some place they are far away
from hospital or some hospital isn’t have the electrocardiogram if they have some accident

they can’t be cure by the doctor immediately

This project we developed device name “Electrocadiography Signal Monitoring With
LabVIEW”. It’s can be fixed that problem, we used electrode to be sensor for input signal from
human heart rate then we used module AD8232, Arduino Uno R3 and filter circuit for
processing and transform that signal from analog to digital before processing that signal again

and shown by LabVIEW. This solution can be used in hospital in rural areas.

From experimentation the electrocardiogram kit with LabVIEW can shown heart rate,

electrocardiograph, PR Interval, QRS complex

Keyword : ECG, LabVIEW , Arduino
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findu QRS (QRS Complex) iunduiluansisnsifnilnanlsiwdugionialaiesdns
feaoszsufinléedu QRS sufiluuriardn Tasafldazeguszanm 001 Fund

ne
a = % ~ ] v A
- AU Q KUY ﬁ!@ﬂaﬁiu@quaUWWUﬂiﬂLljﬂ‘waﬂﬂau p
P = 1% = g Y|
- AAU R AU ﬁ!ﬂﬁ]@ﬂiu@quuaﬂWWUﬂiﬂLLiﬂMaQQau P

- AR S MNETa IREEAlUAUAUTINUATILINYEIAAY R

=3

mytuiindygranaulniilaszifensmiuiinau QRS

(i) Adu T (T Wave) azuansdmasiunidliiivesnisiiailnanlsiwiures
sialaviesanaisanatios reufialatisansiosnzaaefarivuianounagnues
Fyoaszana 1/8 S 2/3 vewmdu R lngazanunsatuninlaiiounndn oniiu
aVR,aVLagV1

(i) PAU U (U Wave) aguansfianisuesnissinalsiadu (Repolarization)
Yaanailenifiaans (Papillary) M8nauiila Fanszuiunssinanlsiuguiiuiniu
dawadddndliihangluwadgoiliiianisiives K+ lvdndlnihaelueeyy

anaso1ivseluiiflaludn aVvF

(b) %2399Wn (Segment)

FEAULAUNUFIY
U QRS

(i) s¥8z P-R (P-R Segment) lupuunAt19sze2inI5AEe

()] M={ach

(Iscelectric Line) lngagisuinainuatgvesndu P Agasusuvesn

(i) s¥8g ST (ST Segment) svasdl awnsavenlananzainunfives

1%
¥ A

1% & o = a & | o c{' Y}
ﬂa”ll”,uaw{[f\] %Qﬂﬂmigﬂguﬂaif\]gaqsgﬁul, uwuﬂ’]u ?l’]@J’]ﬁﬂLUaEJuLLUaﬂvLéﬂ,ui%ﬂU



v [
a v v 1

0.5 Taawns 09 +2.0 Taawns lagrautazInfdngnUangvasrdn QRS f4

q

ASUAUYDIAAY T

(0) Fraarpau (Interval)

(i) 9219871 P-R (P-R Interval) azwaniszozianldlunisalnanlsiwdures
AUl U UNNER MR Bealtseeziatliiy 0.20 FJui neag 1Suinan

ASUAUYDIATY P JUTIALSUAUVBIATU QRS UNATISENIIYI 1381 P-Q

(i) 939387 QRS (QRS Interval) dwiSuinduAaSUALYRIRAY Q B9
nauanvendn S rsnaliliasiiu 0.10 3ud o1ade 0.11 Juiiludegiad V2

q q

ey V3

(i) 9291781 Q-T (Q-T Interval) azuanafiaszazatlunmsalnanlsis-Tunas
ms3wanlaedy lundunideviosdsiome Feazinnngaiduduessdu QRS
idugavesadu T Tnetasna QT Tumemelimaiiu 042 3unit wasiwamdld
AT 0.43 Jui

(iv) 939387 R-R (R-R Interval) @1315013nARum8nsInN1siugesiala
weaaslel dmbiedunsaiedundl lnearinaingaganvesniu R f9ngegnuenau
R gndnly

2.1.2 eaulnirluauund ( naws 1dvassi )
(@) A3 RR interval

S8ELAINIME R ksnwae R salunswuvesilatislnded 60

Y

19 100 bpm sgozlian 0.6 4 1.2 TN

(b) pAU P wave

sgrInMsasutivesnlaundviesuy Aduliimdnazisuain SA
node vuaNAnszsuly AV node wagnszangaInialariesuurntudvios

YUY waznaewumau P wave Tuszeziian 80 ms



(0 ﬂﬁl‘u PR interval

'
d 1

Tn91nInitegseninemau P wave lUgandu QRS complex fiaiu
PR interval azazvioulugasiusanssiulninldlunisdiunisanndiu SA
node 1w AV node lUlualaviesansvisdesdatiu PR interval tJun1sin

ANNAYDINTTYINIUVBY AV node Tuseagiian 120 89 200 ms

(d) Adu PR segment

PR segment Lumduiliounendu P 191U QRS complex ius

£y

n5¥duAean AV node U Bundle of His Aoluss bundle branches way

q

S @

nuUuAlUgs Purkinje fibers n1syinnulnidlalaasussdulnense uday
Wumsaslufihlaviesansisaes uazuansmasenuwduduiun ECG PR

interval

(e) QRS complex

QRS complex @zviauns depolarization va3lavesansviag
o8 1959057 Wlassandingunduiedulugdlafieuiuiilaveauy
A9t QRS complex Unfazdivwaiilvngninadu P Tuszeziian 80 89 120

ms

(f) J-point

Meegail QRS complex duanuay ST segment L3uauy siuldin

US10veusenNTTousINAves ST NUsINY

(g) ST segment

ST segment LWauR® QRS complex [AUAAY T ST segment Ly
FraTiiesasgn depolarized. iy isoelectric. Tuszawiian 80 fis
120 ms



(h) PAUT

AAU T UWUNT repolarization (W3n15AUM) VoIWIlavasas
FIUIA1INAFUAUVES QRS complex lUdwonvasmau T gniseninlu
Fnalineuauesauysalaimdwemdy T gnisendndutianaily

POUAUDIFUNUS (¥599%790a189Uwd) TusrarIal 160 ms

(i) ST interval

ST interval gninain J point fevanevesadu T luszewiian 320

(j) QT interval

QT interval gninaIngaiEuduYes QRS complex ldsaneves
Aau T QT interval emtudutlasoidosdmsunsiduvosilatesensls
adiaueLarnIIeSUNEY Suulsmusasnisiuresiilauazdmsudn
Aeadosdnundinfesnisns correction dwiudsi Feegluzu QTc

Sre313a1 galane 420 ms 18n51N1SAuTeeilan 60 bpm

(k) pAu U

adu U gnafadumimfgiininainnig repolarization vewis
wssgviwinlavesdn  UnAiduarlivuinvesndudnuazuessnniiazlsl
Usngiesn Suasmuedu T iasouasdvunedulufiemafoitusae &
fulsngdaaunn  asdeieadunmglvawadoludend A

= A =) 1 & o a
AR L“ZJEJ%JE;NIUL@@ﬂﬂi@ﬂ’n%@l@ﬂi%i@‘&]ﬂmﬂﬂ’mLﬂ‘u

(L ﬂﬁu J

Ad J, J-point %38 Osborn wave figeusinginduniu delta 7iu7
Hlngusngroan QRS viseidumdu R fidesvuiadn dugniinnsaindu
91msutlsavasansiisnetaamgianiulurienneideniivnaidey

4N



2.1.3 AUFUNUS eI lanuadulndn

aaulWihflegduilatuazgnudeseonuifiedlazddluridenis vl
ndundevesilafinsfudogauysallumsdadonluidesdiusnsnuasinniens
szdenidyanain adulntiinlandulyiiinflgaEuduain Sinoatrial node (SA
node) LU Atrioventricular node (AV node) wéluil His bundle wazludl bundle

branch u&alUi Purkinje fibers wdalUventricular myocardium

Sinoatrial node (SA node) Fonduiiiaidevainduniolauuuiiay Hudi
Udeenszualiinlunssduila dumiteguinamasadoniuinmvasaduion
sifurilatieswn lneiiveemden SA node artery snidssuaziivaneUsyamaum-
5in  Sympathetic wagssuuUsEamenlud®@ (Parasym-pathetic) agd1uausN
Atrioventricular node (AV node) agfluntisrilariosurimiloduilandulilwile
911 AV node U843 SA node 14itaa1 0.04 §i3 0.12 3u19l Bundle of His siaanan AV
node inlumfsiifussrinalnssauesudmenuaoaus fo svuunszualnihues
slvdneuaran dundaadesnimniududgssuniilnihiila sihliduns

MU0 IlaTzEza19e)

Sinoatrial (SA)

node Ventricular
myocardium
AV junction

AV node
HIS bundle

Left bundia
branch
Right bundle branch

Venricular saptum

JUN 2.2 shumbspdiuliiiiila

2.1.4 NQURNTANFALUUNINTFIU ( ¥AYsT e, 2015)

S¥UU 3 lead 98 RA, LA wag LL wia1u1sa monitor takited 3 lead @0
lead I, I, Il s¥uu 5 lead azdl RA, LA, LL, RL (ground 9138 reference) way V1
RnTivesdlasad 4 FANTEANVINBNNIIYI @13150 monitor Il 7 lead fip lead |,
II, Il, aVR, aVL, aVF, V1

lunsalfiedl cardiac arrhythmia @13ldsguu 3 lead 19 usiguneag
21N15LSANABALEDATARNEYSBRUAY AISITWUU 5 lead 9¥@1U150 monitor
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Funafitin ischemia 38 infarct ldAndndundsindianinsauuuninsgiu
(Electrode) muqnsinaqusmtiendail

o

(i) “@ﬁﬁ;ﬂ V1 v0sdlased 4 VIUVNVBINTEQNFUDN(Sternum)

(i) Fefign V2 Fesdlaseil 4 vouthevesnsegndusn(sternum)

(i) Fefign V3 Anogsenineianans V2 uag va

(v) Fnfign Va Yesdlasedl 5 wuafananenszgnlvaririnsdie(clavicle)
(v) fnfiga V5 sduiReaiu va uudududumiianterior-axillary line)
(Vi) amﬁqm V6 szauieniv Ve wwidudunsinanamid axillary line)
(vi)) Aaflga V3R ogfananssyning V1 uag VAR

(vii) fiafign VAR Yosdlasedl 5 uwifnannseanivlaiiidnan

Superior

Posterior

Right

) +
Right Left

JUT 2.3 shumiafiedidninsnmuninsgiu 12 &n
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(b) 12 Anu1ATFI

() Imanudedndluiisemdng 2 9avauvuwazv) (Bipolarlimp-
leads)

Leads 13annusnsdnslnsinfiuaudnawauea
Leads 2 Sanusmadngliidivndreuuuea
Leads 3¥anusnedngluiihfiandreuaudne
() Yaussdulwirvesuvuuazenfieututanansdsiidndlniinduaud
(Unipolar limb leads)
Leads aVR Jausssulaiinvesiouyi
Leads avVL dausenulninvesivugiy

Leads aVF Jaussnuluinvaaiyugne

(i) YansenuluAnluszuruwuiuau (Chest leads)

Lead V1-V6 Faussiuluiinfigasnend Vi-ve isufutainans

(c) Single leads
M Saanudrsdndlniludn 2 9o
Lead | Taanuatefnglufiisening wvwen () duwaudie (+)
Lead Il Fanusnedngluinsewing v () Auvedie (+)

Lead Il Yamnuanadnglninsening waudne (-) fuwgne (+)

2.2 Ua$n AD8232

AD8232 SparkFun Single Lead Heart Rate Monitor tuuesadmsuldinnanssumsluii
yo9ala Aanssumslidanunsavindu ECG vise Electrocardiogram wazdowinmdunuveuden
ECGs @9onaildyyausuniuiiaeudiaunn 1ng AD8232 Single Lead Heart Rate Monitor Hvinutinf

o

I op amp ietgluresnsSudygrandniauaingas PR uay QT lasegrsdiene
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AD8232 L‘TJum‘%@mﬁummﬂé’zyiyﬂmmuyimmi Fanngdmsunisnsninadu-lui
Wilauaz biopotential 3u 9 1é’§umsaaﬂLLUUML‘W@LL&JM&H&JLLasﬂiaaé’zyq;m biopo-tential YU
dnluanmefifduansuniugy nsndeuivsemutwetaliihszeslng AD8232 nratndng
maurilaszutadeuseain IC senduindy Jsaunsaseaefiuniofudousodu 9 16 lddae
i SDN, LO +, LO-, OUTPUT, 3.3V, GND Inglvniisnidudmiunsldauseniniiu Arduino vi3e
UesaaIunY 9 wenNTluUesaiil RA Wau), LA (Waudne) uazen RL (91977) wienuunasld
e i mualesueinaLed wonnidadilnluansdonus LED flavidumudonzvosnndures
#la wardndudedduusugestinmsunmduazaswuwaslunsiordyaiamsiiheenin e
WAAIYINADNTN

2.2.1 aauauliAuasa AD8232

(@) usewulndh 3.3 Tan
(b) LeANBLUVDUIABN

(c) NNIMII9@DU Leads-Off
(d) Rudmsudaedes

(e) LED wapsanuy

() WHAUIA 3.5 UL, AMTUNISERURDLAUTINITWINE (Electrode)

Ul 2.4 Uosa AD8232

2.3 BLannsm (Electrode) (3196 woduiin , 2013)

Siannsafedndeunsinfnglninaznsenalniivusianieg  Avhawaiisudunsiuden-

Wwos Fevintnmlasunseualosatindunseualni Tunisinaetuiinedulniilatuazdesiinig
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manuazeauIunzintlii daaliihdsnandlassasddusun 2.5 Jwanadnuaedalnih

R (Ag) - Faresmanlsn (AgCl)

2.3.1 sidlnsafivnanlsed

Siannsanunanlsgiiieenunsualuiigluazlidnszualwidununinves

a « a o ¢ -] A a s
dianinsa wagdidnlaslanagynauuieumuBines

2.3.2 BidnInsafildunanlss

Siaalnsanlivianladl  Welnszuwaniuazaunsoruiiunildeginas  Tagly
goydendaau dauddlaiiin Over Voltage usitsliianunsoasredidninsafivianlsduazlivn
anlsdlaoensauysal

Connecting Wire

e o VW
ide (AgCl) «

LI T R SRS S S A
A R g )

ver chlor

Double layer

Electrolyte with chloride ion

JUN 2.5 dnvastiliihRu - Banesnaslsd

2.3.3 pruanlifvesdianinsn

auanURnszuanazussiuvedidninsatulddudunsy  wszdidnivsniinaauds
Wz Ao anwlisenszuaiiiudianings ddenuduveanszuanin auauiRazeneein
WunazauanURGuiugUadulnih  dudulwidesuduanudsie nszidninsaiiany

fuvukaziuiulszedie Wethddninsafeiifania gsedinnsan AuauURnugI

=2

senaddnlnsaduddnlaslariuasindaneg  398nsldleelda3udidnlaslasiviuseneu
shenaslsilosaumneuiinzAndidninsadususzary Yadenieifnadenaaudinidlin
Yasfnils fis n33m Galvanic Skin Reflex (GSR) snzifisnfusiiouasviavesseuiofiay
flwdenlnunadeuuazaaslsdlosoundandoumie ﬁﬂﬁﬁmmmmqﬁﬂéﬁumgﬁaﬁwm‘%
fullenids  usduUszneuiinanunanunsadalulaiudidnlnsa il Tansiinensssuaill

WPINUNITIANIRINTL
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2.3.4 ¥inUaedaninge

a a « LY a a Aa = a = a a Ao v

yiavesdianinatunssudngluilmisinine ndend 2 sia Ae Sianinsaniviee
telavedyina wagdidninsavlaunuiiagin ditelansinfeiuimtdesnisduanes
= v a v a v | I aa a Ao v @ a 9 v v
faelavzazfndulantds  duunudianinsastdaunuivivelny  [Duddninsanldauls
Tndunazldniufeananiig MatlieUsendaIaIuasANNaEAINYBIUAIINTNIAIUL
dudninsnviaiusznoumenarafnivindulvy  ssfiuiudufnegdrvils  winduilon
wiousedanesaaslsd Tunsldnull dlddiewsvhanuazeraionis Wuvedidnivsnds
nszAuiilnegeenudinauwiudianinsafinasuuimvislaviug

(a) AuanBzLBIANTNIA
() awmdhanianiiiauauds Jadunsdusituvesveanal 43
wyutelunisssuigoMakarANTY ansafnegtiuulitesndn 5 Tu

(i) wdeusawandethlwihdivilfiAnenisuities  (hypoaller-
genic adhesive) wadoilwindurineamien dufawdodafnfnddlas
Fadethliihlafuinsicfusy  wansgUlilnaduuerlsi-fsnsuaalivu
Rovids antlgmnisiAeiasennia Saderhlutiwinlaldaanmn

(i) d@ruUsenauvenaa JUsuunaslsnei Yedeaiuniswives
FwiiagfUae
(iv) vaULNUBaNwUUlLLaUEWNBII8FRBNNSABNDAN

(v) n3gau (Stud and Eyelet) luaumuad uazdanies/danesnaslse
(Silver/Silver Chloride Eyelet)

(Vi) Fonan35UTBINUNIMANLLINTIIU ISO 13485 Uag ISO 9001



—Sangkok Infemalional Trade & Exhibiion Cenlre

JUN 2.7 Bidntnsavdaunuiivindnelny (sieldldnsaden)

2.4 TUsunsa NI LabVIEW @alwyad amiuges |, 2014)

LabVIEW &81197n Laboratory Virtual Instrument Engineering Workbench LTJW;@%WLL’J%
ieiauszuLAIINUSEnduLUaBuangiiitausneenuuuken A duLazaNSaaT e TEUUSR-

ludf@lunmsnaaeu uazaiuu FddumsideulusunsuaglinmulangunmyiliigrenisiSeusuagds

Ignalumsdeullsunsudesas awnsaimuienndiaduniuseaniamas wangdwsuianldly
nmyinuaziaeslleinniernuimnssy

16
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ni.com/labview

B LabVIEW 2017

NATIONAL
Version 17.0 (32-bit) - Finishing initialization INSTRUMENTS

Ui 2.8 Tusunsa NI LabVIEW

241  Hedufildlulusunsy LabVIEW

(@) VISA Configure Serial Port

Enable Termination Char (T
kerminakion char {0xa ="in...
timeauk (10s2c)

VISA resaurce name (e YISA resaurce name ouk

baud rate {35600} i

J—
data bits (5] I—' OO s ey ot

parity (0:none)

error in (o error)
stop bits (10: 1 bit)
Flows contral {0:none)

5UT 2.9 VISA Configure Serial Port

P I < N9 Yo W oo i a 51 s
U 29 asduvdeailddmSuimuanisiiiwesineguenasn
aunsumuigUlassyienld wetenlidmiudnsiadu serial port laganansaseyan

manugne niurzdueinavesdaya
VISA resource name: 584 resource ﬁ'ﬁa\m’li%lﬂm
buad rate: $ns7ilunsdesng asus f 9600
time out: fuanafildlunmsdeusazniseu Swhedu ad3und (ms)

data bit: Aeduiuinvestoyaviii dA1egsening 5-8



(b) VISA Set I/0 Buffer Size Function

¥ISA resource name
mask (18]

size (4096])

error in (no error)

[—

—

=

[ YISA resource name ouk
=] g
errar ouk

5Ufl 2.10 VISA Set I/O Buffer Size Function

18

9n3U7 2.10 azduvdenadilddmsunsanawinvesinimes | / O mindeinis

Nagldnuvtenlaezunsuidealisanldany VISA Configure Serial Port nauLase

(c) VISA Enable Event Function

¥ISA resource name
event bype

mechanism (1 WI_QUELE)
Error in (no error)

N |-

=

[ YISA resource name auk

error out

5Ul 2.1 VISA Enable Event Function

n3UT 2.11 anuvdenadionlilddwiudalanunsasudoyadiwla

(d) VISA Wait on Event Function

¥ISA resource name

Errar in {no error)

kimeaout (0} — ]

event bype (all enabled) .
event class (Genetic Event) H

[T YISA resource name ouk
. .. i.: event bype ouk
event

L:.. errar ouk

SUTl 2.12 VISA Wait on Event Function

Ul 212 Buvdenfidmiusedeyafivzdun  Taeazdinisimun

v A v = ° a al' %
igﬂgma’]l@'ﬂﬂ LWa‘lﬂﬂﬂﬂ’ﬁllﬂqﬁﬁaﬂquI’]Q’]ULﬂu53ﬂgL’Ja']migu‘l,a']‘/b
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(e) VISA Read Function

[

YISA resource name [EEEN VISA resource name ouk

byte count - ":' i~ read buffer
errar in (no error) = rekurn counk
error ouk

5U# 2.13 VISA Read Function

U 2,13 Wuvdenielimnuaniseiuaivesdeyafisuunan port
serial lngazihdoyanilaluiulindvines

(f) VISA Disable Event Function

YISA resource name [T VISA resource name auk
evert type (all enabled) - S
mecharism (1; ¥I_QUEUE) —l_E‘“" error out
errar in (no errar)

5UT 2.14 VISA Disable Event Function

U 214 WGuudeadienlilddmiudafvesdeyaniudiuiioliln

JayanFuduntusuiy

(g) VISA Close Function

YISA resource name (K]

error in (no error) [:_\ﬁ error ook

g‘d‘ﬁ 2.15 VISA Close Function

9In3UT 2.15 Wuvdeanlddmnsun1sUan1svinauyedssuy
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(h) Decimal String To Number Function

string
offset
default (0132}

offset past number
nurmnber

3‘1]171' 2.16 Decimal String To Number Function

NUT 216 Wuuderdilddmiuuasinavlududnuse  udddaui
SUHITULIWIUNADYULUIUIA Y mﬁfuazgﬂLL‘UaﬂﬁJLﬂu'«i’wmuLﬁmmm 64 UM

(i) Replace Array Subset Function

n-dimension amray @*@
index 0

e
indes r-1 —l_m%
new element/subarray

autput array

31]17; 2.17 Replace Array Subset Function

R 217 Wuudeadilddmiuihadeyansuinaninmesiiumuas
o738 e lUldluddaly

(j) property node

reference B/ class O reference auk
errar in {no error) = = o _Iiﬂerrcur ot
properky 2 P name 2 property 1
B I e
-

gﬂﬁ 2.18 property node

ngUN 218 Wunfeaiilddmsuimusamsenssuiunsiideansii
vhentallyinau wisanunsaldudeniiielianunsadfisdayasinela
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(k) Clear Errors VI

specific error code to clea... ‘, specific error cleared?
]
:

wa

error in (no error) error out

gﬂﬁ 2.19 Clear Errors VI

n3UT 2.19 Juvdeaiilddmsunisaziudeiianainsine lasauisoay
udoRanaIlUULaNIZlNz L6

() Biosignal Filtetring (Waveform Classical Filter)

filter type
initialize? (F) =
biosignal in e biosignal cut
freq specst" - E=filter out
ripple SPECSEJ b error out
errar in (no error)

samnpling rate
design metheod

gﬂﬁ 2.20 Biosignal Filtetring (Waveform Classical Filter)

3Tl 2.20 uvfeadlddmsunsesdyarasuniuresfeyaniudiun
ponluielilatoyaiiiussansnnuniu lnganunsammuaussianvewinnsosdey-

@1adld 19U Lowpass, Highpass, Bandpass Wwag Bandstop

filter type: AvuadINITBILUUAANEEN (Lowpass, Highpass, Bandpass and
Bandstop) flaziluléiiu Biosignal dune

a

biosignal in: dgygunaziiuingas
freq specs: AMNUARINDEINTUAINTOI

fpassl: AMuUUAANLD passband wsn ASUAUAD 0.2 Tnuledu
\F50e (Hz.)

fpass2: MUUARINNNYBY passband #ides azlufinisiviun fpass
2 d§w5Usinses LowPass uay HighPass AsuAuAe 0 dueidwdsnd (Hz.)
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fstopl: uuAANLD stopband wsnlu ALSuduAe 0.3 Inuaedy
S0 (Hz)

fstop2: AMuUAAUNYEU stopband Naes aglaifinisiivue fpass
2 §wm5usinses LowPass uay HighPass ASu@udAe 0 dveidudsad (Hz.)

ripple specs: MUUAAINITNTELNONVDIAINTOMUUAATAEN
passband: MuuaszaunIINsIaUlUY passband ASNAUAD 0.1
stopband: AMvuasEAunsnsienlu stopband ANSUAURD 0.1

Design method: fuuaisnazldduniudinies

(m) Build Waveform (Analog Waveform) Function

wavelform === fn.
n ge====a gyl orm

waveform component Wi

31]17; 2.21 Build Waveform (Analog Waveform) Function

n3UT 2.21 Wuvdeailddmivadnsmandeyafisudnu lngamise
Mvuatoyavatnu X wagwnu Y ¢

(n) ECG Feature Extractor (Waveform All)

rough highest heart rate
initialize? (F:] ...........................
ECG = ECG features

raw ECG f]j“gm‘j‘\er‘-ﬁ error out

RS detector parameters
error in (no error)
feature extractor pararneters

gﬂﬁ 2.22 ECG Feature Extractor (Waveform All)

n3UT 2.22 Wuvdesiilddmiunsiaduuazuenndu QRS senandayaio

o

paulnfwiala (ECG) wagsasldmdulnihidlanauysaliuuvhtufisazannsausn
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ASY QRS Banule Buednaiilaiuensazinnuartiaindyayrue i Juegiu
VUAYDIVBYATILII

(%

ECG: Amundygnal ECG vt Fsdyan ECG onadudyanaufunie

A

'
a

Soyeaunimssulianmn & Vi agld ECG dmsunisnsiaduadu QRS

o

raw ECG: Muunduened ECG AU @usunisienweeatuanuae ECG Ay

L] q

< [ a A o M vo g Yo = o
anunsadudya ECG Auvsedyanailasuninsesildfinges Lowpass §ua
TWsunsunanazld ECG Auauenuesanaudivaainasaaduaiu QRS

QRS detector parameters: MuuanIsImesNazldlun1snsradunau QRS

threshold factor: Amuadaden VI Tglunisimusnasiamsunisuen
peaks WarAaU QRS F99xApINAININATY O LazUaNIT 1 ATUALAD 0.1
freq band: MyuAAFUANATDIARUAYI QRS Ve 1dunNm ECG
low: MVUAYAIRIAAYBIRAUAIIND ANSUALAD 10

high: fivuAANgIaAveILaUAND ANSUsUAR 25

Feature extractor parameter: AMUUANITIIADSN AILUTLATUNANAINTA
Idieuenauaudi ECG

ECG features: a@snauantaninsranuludynio ECG 11015458 Fausazdu
UsznausmennauURvesdyya ECG viliyn

Ponset : dwniSuduvesnduPlnePBuiennmadudnySusu
P offset : duAIANTALLEVBIAG P

QRS onset : dsABuGuLaIAAY QRS

R - daanvesndy R

QRS offset : dervALTBLIAIBIAAL QRS

Tonset  :darusuduvesndu T

Toffset  : dsnduAiiavesndu T s T aneifunanduan
Amplitude : d@sAun1aveIAEY QRS

Iso level : @3AN5EAU isoelectric

ST level  : daszAu ST

Pwave?  :s¥yinimau P viseld

LA A

T wave?: syyindindu T wiseld



24

o o v a g a ¢
2.5 1A3997AANUAUBLANNTDUNE

winsinrusulaindidnnsatind (Electronic Blood Pressure Monitor) LHuwasaailadnsuin
AUAUAULIURUURINDE tansnatdudavintinaensauiudnsinisduresila

2.5.1 puandAlniasinanudulaiindidnusating
(a) wuanIanIadalialkuuAInea (Digital liquid crystal display)
(b) FBN1TiALUUDRATLAN (Oscillometric method)
(c) AWAU (Static pressure) : AMULIULET (Accuracy) : + 3 mmHg (+ 0.4 kPa)
(d) snsnswuresiila (Pulse) : Aelu (within) + 5%
(e) aumnil (Temperature) -10 ~ 55 aaALualdea (Degree Celsius)
M inszuanss (DC) 6V (mema%" AAA 1.5V §7UuU 4 No)
() ¥ 220 n3 (9 Tisununme3

[

NUNDLEANINATBNATDITAAUSULaARBIENNSoINATAz UsENaUMBANAINUN UG
YU (SYS), ANUAURIAS (DIA) kagdnIINISLALYBINM (PUL) azhanstanigly 40 3w
fAagun 2.23

“actro

4 ' o a o o W
ansINTAUVBIIle 9 danusuladinvuzialadudi

Arausulafinvuziialananedii

3UN 2.23 wsevinnnuduladindidnnsedng
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2.6 lulasaaulnsaiaas

lulaspaulnsaaes Ao gunsalniimheussinanauazanudvuadnnigludies amnsasu -
| v PR aa < Y o o o 9 ¥ oAa 1% ~ '
defoyalinuuidneauazewdentdndsnudesiilundeslunisldnulugduuuiiiend

Embedded wu wn5adlglniindaasesianane

Arduino f8 lulasaeulnsaaesviianis Faduuuuiisendt Open Hardware Ao \Jugunsaliidl
duusenouiUnmey aansavn@eladis fsagn Svendwistvldeuns wazanunsadrlldaumly

o~ a |y a8 1 a o £ = = v X o ] = 1
Vﬁ@LLUUﬁqﬁﬂﬂlmﬂﬂlﬂJmﬁNLaﬂﬂqamﬁmﬁ Gljx‘mmﬂﬁumuamlﬂﬂLLagﬁmTﬁﬂWﬁuuNw LWINTURNIDYI

wnuneuazansaldimdadeulsunsulavilowlsunsunuiduaaialy

JofivasuasnArduino @e fl¥nuausareisesdidnuseiindainnieusndeseordnund
21 1/0 993U030 WsoldonmeiuuaIalEsa (Shield) Uselnnangg @i Music Shield Relay
Shield Wireless Shield GPRS Shield SD Card Shield sndeuiiuuainiiveseguuuasa Arduino

¥ = [ 1 ¥
uddeulusunsuiauiseldias

2.6.1 Arduino Uno R3

Ui 2.24 lulasaoulnsaiaed Arduino Uno R3

Arduino  Uno R3 Juvesalulasreulnsamesiduwuy  Open-Source  143wniues
ATmega328P ilwasn USB Milddmiuiudadeyauarunseualnihiuiniasneuiinnesla vieaunse
Sunseualniduiindavuin 3.5 Sadunsle


http://www.thaieasyelec.com/Development-Tools/Arduino/Shields-Unofficial
http://www.thaieasyelec.com/Development-Tools/Arduino/Shields-Unofficial/Music-Shield-V2-0.html
http://www.thaieasyelec.com/Development-Tools/Arduino/Shields-Unofficial/Relay-shield-V2-0.html
http://www.thaieasyelec.com/Development-Tools/Arduino/Shields-Unofficial/Relay-shield-V2-0.html
http://www.thaieasyelec.com/Development-Tools/Arduino/Official-Shield-Made-in-Italy/Wireless-SD-Shield.html
http://www.thaieasyelec.com/Development-Tools/Arduino/Shields-Unofficial/GPRS-Shield-V20.html
http://en.wikipedia.org/wiki/Arduino

(%

VGGV EION!

- Tolalaspoulnsaiaesives ATmega328P

- aunussiulihvue 5 1aan

- anusonussaiulniligegn 20 Taav

- RAneadunn/e1vine 14 91 (6 V@1TaTIBeVINA PWM L4 )
= I3 a

- fioundondunm 6 U1

- §1 Flash Memory au1a 32 Alalus

- 1 SRAM aune 2 Alalud

- 3 EEPROM au1m 1 Alalusd
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uni 3

N1sRNLUULAZNTES9lATIY

3.1 nseanuuUlngsIu

Tulpssuilazwuansvitaueandu 2 @ fe druidusnsainswazdruimdu wasnwas
TudhresensauistuasiunisadneunsaitunniieUsulssdyaaiinesnuld andilugadn

o o =

paulwila (AD8232 ) Tneldiwuwesie Saalnse nasantuthdyunlsoonuntudaluds

L]

Arduino Uno R3 wiethdyaraduluulasdyaaeudenluiludyaunineaainiuazgnaaly

[ 7] )

USLUIANALALLANINANIUIDINLISNTDIN “NI LabVIEW” F93n1590nkUURINISnaIulngsIuyed

v o P

nseenwuuYRIndyyInsnTIvnaulniilalag LabVIEW dsil

g‘l.]ﬁ 3.1 ANFIUATTRRNLLUUNITNARDY



Patient

Electrode

A 4

AD8232 Module

Y

Low Pass Filter

Arduino Uno R3

LabView

v

v
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Heart Rate

PR Interval

QRS

ECG

5U# 3.2 Functional Diagram 984n15MAa89



Patient

wUehaudLANINIA

\ 4

AD8232 Sudtyayauann
WHUBLAAINIANY
£y 33
FIAVUIN 3.5 L.

Uszananadygaisuidnunuay
dedeyeyInueaN NIV IVING

\ 4

Low Pass Filter

o

NdIUTUNIUAINLIGA
AD8232 7illa3ufigandn 4 Hz een

Arduino Uno R3 Sudeygyia

o

NNTDILAITINVT AO

v ldlﬂl v
LLUmaz:gzywmmwmmam Low Pass

kg

Filter udauvasandeyeauounaen
Tuiudnunineanazdseantunia

g7}

Serial Port

LabVIEW $udyey1euann Serial Port Lo
huuseinana nsizidygy
aaulinlanniuiluuanwans
Aipszifiniiaslsunsy

g‘dﬁ 3.3 Data Flow Diagram U84n1370@94
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3.1.1 H9INISALIUIY

l SUAU I

A\ 4

Anwnannisvesraulniiila wazdsnisesiranduluiila

»l

\4

Anwgunsatlunisinedudyayialuih

A 4

AinwsasnTesdy

\4

AnwlUsknsuLabVIEW

)

DONLUUNATNTOIF Y ULAT NI TUANIHA
yualUsHASY LabVIEW

laid5e

Nanlaa1nNng
DONLUU

o ca v v oA g
wgunsainlaeanuuuinyszneusiuiuiiod
gainnsnsranaulniliiilalaeg LabvIEw

SUN 3.4 wHUEIN1TALDUY

u

[V

U 34 amsulddilulassnulderihtuiiessnuuuuazasan indyynnisnga

o

paulnilalaelanmauuntnereUfi e asHIuluswnsy  LabVIEW  fslufduiinisesnwuy
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oy 2 du Toun druveinisesntuuasasuazdiuniseanwuuludiugeniwisisioazidun

@

A9t

3.2 N1598NLUUEIUTISALIS
3.2.1 maasINsiiuiilagedn

TngunAuditiuauivessninsvuvewinlavesruilutulsiuetivey
lngvaluudiaziignsmuin Al

MHR = 220 = Age (3.1)

ngnsh 3.1 alerdnsnsiiuesinlagean s

MHR = 220 = Age
MHR = 220— 0
MHR = 220

311 MHR agldanudgaanvesdniniswiuvesiala A

220
FMHR — 60
Fore = 3.67Hz

3.2.2 N1598NLUVI935N589A1U0N ( Low Pass Filter )

R
| From ADS8232 AN L To Arduino >
1.5k
= = &
10uF
GND

UM 3.5 1993N389ANDA
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%

n3UT 3.5 anlusesiilddmiunisnsesauden Wedadyqinsuniuesn vl
Iasudygrunfundu

(@) NISPBALUUINDS
AUNITIUNITOBNWUUINITNTDIAUDANAB

1

fe = 2pRC (3.2)

(b) ANSAAUANIITLHDS

NAN Fypr = 3.67Hz v bianunsamenudffesnisaznsaseantuls lae
\iiaAn Frequency Cutoff FulUegfl 4Hz detiudsanansaunuaunislanadl

1
aHz = 2PpRC

Avualy R $an Wy dk ey

1

iHr = 20(4000)C
I

c — 20(4000)4

C = 9.94172° 10°°

donld C = 10uF wiszdupiTivngmuisnan

JUN 3.6 2993n30sdyay10uUTELAM Low Pass filter
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3.2.3 1519974 Arduino Uno R3

Wesnndyarandulnihilanesninainiuga AD8232 warH1UIATNTBAIND
° v & o I [ 13 [ ¥ . [ 13
aanudtudududygraeundensy 3914 Arduino Uno R3 snudasdiyayiaiainaunden
Judygranisea eihdyaaeduliiiilaluldlulusunsy LabviIEw siald

void setup() {
// put your setup code here, to run once:
Serial.begin(960@);
pinMode(1@, INPUT);
pinMode(11, INPUT);

}

void loop() {
1f((digitalRead(10) == 1)|I1(digitalRead(11l) == 1 ))

{
Serial.println('!");
1
else {
Serial.printlnCanalogRead(A@));
1

// put your main code here, to run repeatedly:
3UN 3.7 Waunsudunsulasdygaewdendudygufines

NNgUT 3.7 sndiuldlusunsuiiionun 2 dau Ae daumsneruazdaunis
Y9 duTesnsieAnie void setup Tngazimuadn baud rate vesnsaoansli
9600 TR TUARL10 a1l Judune Tudiuveanmsvihnuesdunisnsdey
fiu10 wazll MAN10 vie 1 Awifu 1 szuansmadaydnuel “1” fivdh serial

monitor AR LUAZLARINAAINBIULIINAUIUIEDN 0 LaLAIAINLINIaTAT 1 ms.



3.3 nM1seanuuuludlu software

(=D

A\ 4

g1uA ECG M15uan
910 Serial Port

\ 4

wlastayadnn String
Uy Integer

A\ 4

thendileluga 5/1024
WauUadliduds

'

\AUas Array

'

Array = 3000 ?

\4

l”lfzi

Biosignal Filter

'

ECG Feature Extraction

+ Calculate Feature Stats

!
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!

LANIHALALLILFADU

Stop

35U 3.8 WAMINISVINUYB AL UlUSWATY LabView

9n3UN 3.8 918U Flow Chart wanenisviauvesaduidulisunsy LabView 39
azifunisiim ECG Asudnunluussananannsgneufiazuansuaosnuidunsimadului
Wlauazasigeg

3.3.1 NM5PBALUUNHENAINSIEAINAYBILUSIATY LabVIEW

Tuduwoweiwasilddmunsuansmanmiaeiuasinsldeonduiidns
Wauntulaglsunsy LabVIEW Ssgewnann “Laboratory Virtual Instrument Engineering
Workbench” Tnelusunsy LabVIEW shudulusunsuvmspeuiiamesildnsdeulusunsy
menwlangunm  vhlidhedenisseuiuasldalunmsdeulusunsudevas  wazdadl
nuszasdLitelflunsairessuudaludlunmsiaveaounarauauivangaudmiuem
mesmAmnssy  ewerdudiauniulaensldiusunsy LabVIEW azidendn “Virtual
Instruent:VI” vianedia wdeslieaaiiow
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— TRATCSTOT [ECG Signal
VISA resource name stop. [ ploto ]
CE— s
d buff
=
E
i
Heart Rate Mean ORS Amplitude Mean E; 1
‘0bpm omy <
QRS Time Mean 3 Interval Mean
105 3
O B B e
QT Interval Mean ST Level Mean s L
e A
Time (s) & U e
Heart Rate Low Limit Amplitude (mV) | @ ¥ ree
I 4 Heart Rate Hight fimit

5U# 3.9 vth9ouanINg

13U 3.6 duniseuanmafioanuuulaglusunsy LabVIEW aguusesnidu 4
GRIEINY
gl 1 duvesnisuaninsmdyaruniulniila

[ Ag7}

@1 2 dre9ns Control and indicator

AT 3 dIUVBINITUARNAIAINY LU BRTINITEUYEMLA, QRS complex, PR -
interval

AU 4 drUTpINN5kILRaUlUNAINSRIINTAUVBIITATANINTIT 60 ATIRBUIT
Waggandn 120 aSsaun
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NN1INNADILLASHNEANTIINNAD

4.1 iadafivinisnaans
—  MWeaRINTIndyau ECG
—  AsVeeRIFwLaNsLUE @ INga
—  nsveaedlduisesnsesenud

—  ANSVNABINTHEASNANILNABLUSHNSY LabView

[

—  nsveaerindnsnisuveaiilalagldynindyainunisnsanduliiiilalay LabVIEW

—  nsveaetindnsnsiuvssialaisuiisuiuseninagaindygyinnisnsianauliin

lalng LabVIEW kagiA3a9inAnuau

4.2 YUABUNIINARDY
4.2.1 M3Indysysd ECG
- wlzuiuBdninsaifidydnual L nseqedundu

(% 4

L a g Aa o = o
- LLU%LLNU@LaﬂI‘W'ﬁ@WﬂJ tUaNYed R@i\‘ﬁ!ﬂﬁﬂ’]

o o ¢

- wlzunudidnivsniiidydnval F assgaduns




JUT 4.1 uansruvienisudezdidnivan

- AoUaeBianinsndniussgud 4.2 1Wiuluga AD8232

U7 4.2 Uanedidninsaiduiuda 3.5 uy.

[

- deeatalaglauiudyaaifiueminnainiuga AD8232 fagui 4.4

JUN 4.3 nMsdudyrainiuevinnainluga AD8232

38



39

Undo
Autoset

M S0.0ms CH1 .~ -8.00mY

19-N 10}

JUN 4.4 dyaauiilaanniiuevinaanluga AD8232

n3UT 4.4 snfudygraildannsiheeadaladlaulududygrunduliihmlaiisums
levinnvasliga AD8232

422  MSIIRIBALINITARLKUBIANINTA

msveassiilunmsmdumisiiudsuiudidninsaudlasuaiulniilanginan
1L NAaIRIl

60 83A"

30 89F

270 89A"

JUN 4.5 suvdsdmsuiindianingn
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n3UT 4.5 snfusumiafiwseulidmsuiaudiudianingg dWevndumianld
paulwiilanANge Tneuusdu 30 091 uay 60 091 LavuiasiduazuUYNe 5

WURLAT awseul dmsuRnLpudLANTNA

[

Tunsnnasatagiuuslnasdniiansd

(@) AU 1

U 4.6 M3fndiantnsasumiad 1

9N3UT 4.6 Andn L (Fndes iudrofiyy 30 e3m siaangaaudnans 5
lwuflns @a R (Auas Uiy 30 8sen MsIngaauanans 5 lwuALng uay
80 F (#1T07 )fusreyy 270 s Wsanqngudnans 10 wuiuns ldgundy
Fyanadlatitvinlagaguil 4.7
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&00.0 4

450.0 7

300.0 1

150.0 1

t t T t 1
lells 18718 163218 16418 16518 16618

JUN 4.7 guaduliihimlasinnisfieddninsnsuid 1

~ 2 Yy A P~ a a 4' 4'
NIFUN 4.7 diuladindudiu S InnuenfinUnfanAauunsgiu Aiu
du ST wely wavididygrasumuidntey

(b) Fuvisd 2

JUT 4.8 shumansAindidninsad 2

INUN 4.8 Fnda L ( @ndes Jaudrefiyu 30 891 ¥19angaudnans
10 WuAlRs 8n R (#uAd )Fueiiys 30 831 ¥1991n9aaudnans 10 luRlins

waedn F ( @@e7 )Auaies 270 891 ¥1199109nAUdnane 15 lwuduns lnguaiu
doyayradlniivialadagun 4.9
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750.0

£00.0

450.0

300.0

150.0 + t t t |
31302 31402 31502 31802 31702 31802

3UT 4.9 suadulilihimlaannsindidninsasumiai 2

N3UT 4.9 aziiuliinndu s TrnueRaunfianaiuinsgu uwiley

[

NIAUALT 1 wazdslldye usuniuuRefuALLe 1

o

(©) ALNUN 3

JUT 4.10 fuvisnsAndianinind 3

N3UT 4.10 Aindn L ( dwdes iudnefiyy 30 ss Wsngaguinany
15 wuflang @a R (Fund Fuvndiyy 30 89m siangagudnans 15 lwuflung
wazdn F ( @le7 Fudney 270 83 sheangngudnans 20 wuing lasunau
Fyaadlatitvinlagaguil 4.11
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750.0

£00.0 7

450.0

200.0

150.0 t + t t 1
78206 78306 78406 78506 78606 78706

UM 4.11 supduliihilannnnisindidninsasmunii 3

Y

[

NUN 4.11 lensmiilndiAesAnnnsgiu uidaldyarnsuniued

(d) Fuvsd 4

JUT 4.12 fuvsnisfndianinsnd 4

NFUT 4.12 fndn L ( Fwdos Whudrediya 30 ssen sheangaguinans
10 wufituss 8 R (Funq )FuTiys 30 837 1991NAFUINATT 10 LouRnS
wazdn F (A7 Juanagy 270 aeen vhaangngudnans 20 wuiins lasundy
Fyapadlatiiinlagegui 4.13
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750.0
£00.0
450.0

SN Vo

150.0 t t t t i
111615 111715 111815 111915 112015 11211t

JUN 4.13 supdulilililaannisfedidninsadumusn 4

9N3UT 4.13 aziiuliinmdu s Srnuduiinunfiainguinnsgiu wasd
ey QIUsUNIU

(e) AAUIN 5

U 4.14 FUINSARDLANINTAN 5

NFUN 4.14 fnda L ( @mdes Jaiudrefyu 60 83 ¥eangaaudnans
10 wuRwms 8a R (#UA9 AU 60 B3F1 YNINIAAUINAIN 10 LHUALIAT
= o A % ] \ ¢ a % =
wardn F ( @le7 )Audieu 270 91 ¥11991030AUONa14 10 leuduns laguaiu
doyayraulihialadagui 4.15
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200.0

£00.0 7

400.0

.0 + + + + !
138898 138998 133088 139198 139298 139398

JUT 4.15 supdulniialaninnishindidninsasiumiai 5

N3UT 4.15 azwiulddnndudin S finueninunfainAduuinsgiuen
paudu ST wiel wazdidyausuniuuin

o

) AU 6

JUT 4.16 FunisnsAndianinind 6

NN3UT 4.16 Aindn L (Emdes iudrefiyy 60 asen sangagudnany
10 iwufitues 8 R (Fund )Furiiss 60 83 11991NAFUINATS 10 LouRlnS
wazdn F (A7 Juanayy 270 aen vhaangnaudnans 15 wuiiuns lasundy
Fyanadlatitwinlageguil 4.17
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£00.0

450.0
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150.0 \ t y + d
150113 150213 150313 150413 150813 15081

JUT 4.17 sUpdulniialaninnisfndidninsaumiei 6

N3UT 4.17 aziulddnndudin S finueninUnfainAduunsgiuen
AAUAIY T YU IMNUNTNST hasildeygrusuniuinn

(9 Fuvisdl 7

UM 4.18 FUINSARBLaNINTAN 7

NNJUT 4.18 findin L (dwdies Jiudnefiyy 60 ase vsingaguinany
10 wufituss 3 R (Fund )Fuiiss 60 83 1991ngaguinans 10 lwufng
wazdn F ( @Fe7 Fudeyy 270 83 sheangngudnans 20 wuiwng lasunau
Fyanadlatitvinlagaguil 4.19
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U 4.19 supduliihilannnnisindidnivsaunisi 7

‘s' & Y @ 4' 1% =
Q']ﬂg‘l_h/] 4.19 QgLﬁu1ﬂ'3']aﬂ@m3ﬂau7’la']EJEU@J'W]?E']U AN ETEYEYEUTUNTU

AU 8

JU# 4.20 FUINSARDLANINTAN 8

NFUN 4.20 fnda L ( @mdes Jiudrefyu 60 a3 Meangaaudnans

15 wuilins 4n R (#uad )Fuedniiyy 60 83 ¥1991nAAUENaIN 15 uRlins
waedn F ( @le7 )Auaneu 270 91 ¥1991n3AUONA1N 15 louduns laguaiu
doyayraulnihialadagui 4.21
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JUT 4.21 sUpdulniialaninnisindianinsasiiumied 8

v

N3UT 4.21 aeiiuldidn 93emdu ST engatu
AFW QRS BeRlAUNRIINFUARULINTTIU

inmsnaaesniuristunsindidninsaiie Wladygundulnivilandiagn
WU 3 Afign Teaeadeudidninsalunisdie 5 wuRuns Wesnmumguiiileed
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0) ALNUN 9

g‘dﬁ 4.22 §uan1sAndLantnsen 9

NNFUT 4.22 AnBiantngnan duniansindianingad 3 @eulumdng
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AUNR way AaU T vduufin



49

750.0 4

&00.0 7

450.0 7

200.0

150.0
38,

i T t i 1
e 38866 38766 38886 38966 39066

U 4.23 supdulnilialaninnisndidninsasiiumiad 9

n3UT 4.23 suiiuliingudyaaeduliihilalidnvasiauysal uidaldoyam

Y

suMuegUn

INNINAADIMIAINUINITAALAUBIANINSATIINUA WUIRILAUST 9 dyaeudila
=

tuilanuanysal warlndifssivdyarundulnivilamespiusnnigs Isldiunisilunmeass
duamaly

Qe

423 N15NAABYIYIIUINRINTBIAIUD

PnmManaaediuiided 4.2.2 du avmulaindudyauedulniilanddfidygyusuniu

28 FRY I WIHIUIAINTIANUAUTEAN Low Pass Filter §1umud 4 Hz

JUN 4.24 dyaaufinIuIeasnsonuine

9N3UT 4.24 anBudgyaunduliihilafiiuasesnsesenuiiuszsnn Low Pass Filter 7

g1uANA 4 Hz udy awiiulid dygraildesnuniuldyaimsunivegilesun
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4.2.4 NSNNABINTISUEASNANIMTNRRTUSIATY LabVIEW

g

JUADUN

gﬂﬁ 4.25 msamudentaezunsulusunsy LabVIEW

N3UT 4.25 azuandiiiufanmsinuientnesunsumuavedlusunsy LabVIEW
azuvalurianun 3 Tuneu fidesunedelUil

o
[

- YURUN 1

Heyyeu ECG

L mi

[

e 2

Beplece Amay Subses

a
st

= B
b - == 7

imal Strig To Mue
oS

Enable Termination
Char (M)

VESA Canfigure Seral Port

e
|

stop bits (101 b

low control (Enane]

Biosignal Filter

U 4.26 Tupaun15u1TeLadn Arduino Uno R3 Wuniiasies

lutupewn 1 duasdunsihdunia ECG anendawisuidnlusunsy
LabVIEW Tngagld NI VISA lunisideyaiinlagru Serial Port 484 Arduino Uno
R3 Tagagisentudiurasnisindoyaidnlagagaidl baud rate 91 9600 1y baud
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rate ¥84 arduino warmsseAnauaniluAdeduvedusunsy LabVIEW ogudn B
Ffiiaazisanundu constant (AAsil) dauvas VISA resource name azfau
anug control Agldlusunsudanansaidon Port ¢ uandluguit 4.27 dlunns
thidhdeyaneiiniafldau For lunissetoyauareiu Tasfifinieks time out gl
100 ms dndeyailianduioyavssan char Fafeshmadeudusuay
dieftaganunsatiunid Waveformld Ssagssrnsiuiuguagi 3000 gu telvilégn
aduvansgnedy thinldluduvesmsdmnasioly dndditeuly If lunisuansdly

Waveform fauansluguil 4.28

timeout (1sec) Serial TermChar 7]

V{44 Configure Serial Port

VISA Set /0 Buffer Size | VISA Enable fvent
= e

stop bits (10: 1 bit)

flow control (O:none)

ol

3UN 4.27 nsideyaiinau Serial port

W[ True ~p|

Replace Array Subset

read buffer

3UN 4.28 wiaadeyafududeyainiiviedulads

n3U7 4.28 azlinsideyavesdyaalian 5/1024 ieulasdeyasiu
& v Aa I ¢ A o w o = v
Juleyaiiiviheiulign iverhveyavesdyyin ECG Mignaeunuanans v uaz
ilulglunsaumiiemaNfpIn1siansman1amiige fedna ECG NLaninig

wihaezludyaanddyaynsuniued
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- YURDUTN 2

ECG Feature Extraction

And Calculate, Alarm

Waveform _

o Classical Filter
I
o]

n\éh-(hehzs ev Window ]

5U# 4.29 nnuanansiideyauniin s

mﬂgﬂﬁ 4.29 lutumeud 2 ssfunsth Hoyeyia ECG 1019an309 Band
Pass Tnpaviinismann passband a@jﬁ 85 - 100 Hz. tagstopband 20 Hz. fiu 475
Hz#t Wieflazanunsansianundu QRS iiedu dmsunsihduana ECG Midhdh
N384 Low Pass faen passband E]EqJJ"ﬁI 33 Hz. wazstopband 71 350 Hz. \iterdn
Fuaasumuiiliddesniseen (m‘uL’Ja'manﬁ@mﬂmﬁﬁwuﬁaﬂiaﬂﬁgﬂaaaLLUUﬁulﬁ
msAsuLla) mﬂﬁy’uﬁﬁmummﬁshuﬁaﬂiaaﬁy’qamLL‘U‘U"L*UL%W ECG Feature
Extraction Wielagynisuendyaauazihlusunsely Tnedyaio ECG fivid
fhnsesiuaziinisan 5/1024 udniluaiadunsmBnadmils

A ° Y Y aaca
sLuﬂ']ﬁW']ﬂ']V]"\]zu'uJ']m\?@'gﬂﬁ@\?LL‘U‘U Band Pass Wag Low Pass UUiI5AA

De
=De

) RNV E
1: 2 % ;

4.30 paulniinsila

b

U

€aN
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NN3UT 4.30 sefinsuiadisdudu 3 93 Tagmnudgisil 1 azdmua
Y99HIN583 Low Pass wazaudlugiadl 2 fu 3 szruusludiuiingss Band Pass
TngasitsAnannisgdnudendnluuazdradiothumamuilugaeiug §33
ynaymangudyaunduliihaiaudihlugu 9.3 dieldifueilugiuludiuse
N304 e’i"iamﬁlé’azzﬁmmmmLﬂﬁlawwmg'ﬁmﬁwmwﬁaaLﬁﬂ‘LuLLm'aw’w’meUm 1oy
mwmmmLﬂﬁauﬁﬂzﬁau%WQMWﬂmezmi@ﬁwmmmﬁgu galuifimnuazidenunn
wo Wuieanisaanitusuiageaneaday

A15199 4.1 NsAuInAIALietunllusIns e

A9 mAMURNSYYIU ECG 939 WANUNIINAYYIMECG A 9.3

¥297 1: 1 1.2 Yo0dn x 0.1 = 0.12 s o
P3N 1: 8.3333 Hz. x 9.3 = 77.4997 Hz (Lowpass)
= 8.3333 Hz.

%2971 2: 1 0.8 YoUAN x 0.1 = 0.08 5 o
1 Y3V 2: 12.5 Hz. x 9.3 = 116.25 Hz (Bandpass)
=125 Hz.

9399 3: 8 1 ¥oén x 0.1 = 0.1 s o
39 3: 10 Hz. x 9.3 = 93 Hz (Bandpass)
=10 Hz.

%97 1: 8 1.5 99980 x 0.1 = 0.15 s oL
YN 1: 6.6667 Hz. x 9.3 = 62.0003 Hz (Lowpass)
= 6.6667 Hz.

93991 2: 31 0.6 oaLdn x 0.1 = 0.06 s o
2 PN 2: 16.667Hz. x 9.3 = 155.0003 Hz (Bandpass)
= 16.667 Hz.

9991 3: 1 0.9 Yaadn x 0.1 = 0.9 s o
PN 3: 11.1111Hz. x 9.3 = 103.3332 Hz (Bandpass)

=11.1111 Hz.
9297 1: § 1.5 gouéin x 0.1 = 0.15's Y19 1: 6.6667 Hz. x 9.3 = 62.0003 Hz (Lowpass)
= 6.6667 Hz.
3 9297 3: §1 0.9 WoUdN x 0.1 = 0.9 s %997 2: 11.1111Hz. x 9.3 = 103.3332 Hz (Bandpass)
=11.1111 Hz.
9297 3: 81 1 ¥99@n x 0.1 = 0.1 s = 10 Hz. %299 3: 10 Hz. x 9.3 = 93 Hz (Bandpass)

wanewn Tu 1 Yeadnvesdggnuedulnindladanyindu 0.1 3w
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A5199 4.2 N1SANUIIMNAIANLDINBLN Tl UFINTBY (AB)

20 Hz.

%971 3: 1 1 ¥998n x 0.1 = 0.1 s

=10 Hz.

AN nAMUAINT YN ECG 939 UAUDINAYYIMECG A 9.3
9297 1: 1 1.3 Fo0éin x 0.1 = 0.13 s L
Y2 1: Hz. x 9.3 = 71.5385 Hz (Lowpass)
= 7.6923 Hz.
93391 2: § 0.6 YoaLan x 0.1 = 0.06 s L
4 G391 2: 16.667Hz. x 9.3 = 155.0003 Hz (Bandpass)
= 16.667 Hz.
%2971 3: 1 0.9 Youdin x 0.1 = 0.9 s L
3399 3: 11.1111Hz. x 9.3 = 103.3332 Hz (Bandpass)
= 11.1111 Hz.
9297 1: 1 1.5 Fo0éin x 0.1 = 0.15's L
U397 1: 6.6667 Hz. x 9.3 = 62.0003 Hz (Lowpass)
= 6.6667 Hz.
9297 2: § 0.5 Fotdn x 0.1 = 0.0 s L
5 Y3 2: 20 Hz. x 9.3 = 186 Hz (Bandpass)

%297 3: 10 Hz. x 9.3 = 93 Hz (Bandpass)

e Ty 1 deadnvesdananduliiiiilaiinnwingu 0.1 Jund

9NN 4.1 Uazanse 4.2 arvAalaluisazdisastduiugiulunisusu

AUBIFINTOIRUY Lowpass wa Bandpass tnedislutiei 1 avfurlunisiivun
passband 183 Lowpass ludiuvainisimun Bandpass axldalugadi 2 undwun
passband2 uazYafi 3 urue passband2 TAEAAILIANANTIN 4.1 kag 4.2
thuasndueituglunmsususvessnses Tasaeiaildlunisdmun  passband
299 Lowpass fn 33 Hz wazaziiuua passbandl AU passband2 989 Bandpass
AD 85 AU 100 MILEIAU dIUAITAINUAAITEY stopband Tavos Lowpass Wag
Bandpass  tuasvhnsduiuauuny  dwsdiuinafldlunistmueaeiisine
funmideunnAruseiovIsinannsus et sldanenlu

mstiutewiivlifinnuaviBendiuinnedwhlvtinisuszunaevesiavlumumis
gomadien dsnavilyieniidunsazaliaseldanuisiiun Tnglunsuiuan
ANUDIRINTDILANITUTBUNBUTENINNT MUY Lowpass  AUNT D89
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Bandpass  ieflazanindygranciudinsesisasswuuliiaunanilnaifesiu

Y

a
WNNgn

fbolph-l:hebyshev Window vI

3UM 4.31 N13573A6INTY Lowpass Wae Bandpass

Low Pass

| 2.8+
|

r
o
i

 Amplitude

= o= I
B A S

=
=
=
o
=
[
=
=
=
in
=
o
=
=
=
B2
=
o
P
i
T
in
n
o

gﬂﬁ 4.32 nyifirinusnsedlow Pass 7l passband 33 Hz. waz stopband 350 Hz.

Band Pasc
[ 1.2
1-
0.8+
0.6+
0.4-
0.2+
0- I
41 = '
0.4-]

-0.6-, | ! | I ! ! | ! | I | I I | I | |
0 0.1 02 03 04 0.5 0.6 0.7 08 09 1 11 12 13 14 15 16 17
Time

Amplitude

g‘ﬂﬁ 4.33 N5NTINIUFINTD9 Band Pass 7 passbandl 85 Hz, stopbandl 20 Hz wag passband?
100 Hz, stopband2 475 Hz
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aa o

TnsmIwueh ieiaziluldlunsenuaznis ludivesnisasedinseuay

ANTLERINAN UL
=
£
7 e —— i ———— I I B B T B i
1004289:10:49.867 100428%:10:54
Time
JUN 4.34 dyaaunduliihiila
Waveform Flotw |/V
[ 3.2
=
2.8-
" 2.6-|
3 24-
Baa-
<
=
1.8-
e AALAALAAAAAALY,

14~ 1 1 1 1 1 1 I 1 1
0 02 04 0.6 0.8 1 1.2 14 1.6 18 1

ﬁnﬂg‘uﬁ 4.34 uaz 4.35 dyaaeduliihmlafiaunandilividd ol dagwsilien
Tifues Fsesmsuuihvessnunavierruiiietuldlunsiruaruazuansen Tngaziiu
Srunuveudnly 1 muviessdumstuinnugnadulunaiuansdyayaild duandumssi 4.3
fumsne 4.4 Tagdimsmitaesuuuivaiirueraineden mszinasiusiuudendnviesiuiy
gnAdudeaudiiesanBenlinnme  fduihumisenaiouviosuiugnaduilifiugn 3
Durritvinnsaeasiuintuy Feenfithunldlulsunsy LabVIEW wiieldlunnsimundanseauasmen

A9 M UNITLARIN U0
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% 4 g < . Aad ”mvmu']mﬂﬁ'u‘lw%ﬁ’ﬂaﬁﬁ'flﬂ F1UIUMNVDY
RN anundgyyaaulniigle Y o o
LUININIDY AN
1A T 7599080 x 0.1 =0.72s |1 AU 3 4 ¥998n x 0.02 = 0.08 s 12.5/1.333
1
= 1.333 Hz. =12.5 Hz. = 9.37
1A 7.6 90080 x 0.1 =0.76 s |1 AU 1l 3.8 ¥9aLdn x 0.02 = 0.076 s | 13.1597/1.3157
2
= 1.3157 Hz. = 13.1579 Hz. =10
11U 1l 8 ¥998n x 0.1 = 0.8 s 1 AU 1l 4.2 999480 x 0.02 = 0.084 s 11.9047/1.25
3
= 1.25 Hz. = 11.9047 Hz. =9.5238
1A1U 3 8 ¥998n x 0.1 = 0.8 s 1 AU 1l 4.1 999480 x 0.02 = 0.082 s 12.1951/1.25
4
= 1.25 Hz. = 12.1951 Hz. = 9.7560
1@ S 7 99980 x 0.1 = 0.7 s 1A & 4 99980 x 0.02 = 0.08 s 12.5/1.4286
5
- 1.42856 Hz. = 125 Hz. - 8.7498
3y = 9.48 1

wanewn Tu 1 deadnvesdyananaulniiiladauviinu 0.1 i way Tu 1 Jesdnves

foanaraulnihilandiludhdmnsesdiaumingu 0.02 3wl
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A15197 4.4 M3AmILILlagnsugnAGy

MU dy 4 Y auddgyrunauliiaidlaiinly | 3uduvinves
y ARy Iuaauliiiiala Y o a
A3 WAINTBs AR

, 1.65 Uil dUszanay 21 gnedu
53U Uszann 7 gnedu , 12.7272/1.4
1 , 1 gnAau: 1.65/21 = 0.0785 s

1 gnAdu: 5/7 = 0.7143 s = 1.4 Hz = 9.0909
= 12.7272 Hz

, 1.65 Ju1¥ HUszanay 20 gnedu
53U TUsznn 6.5 gnaau , 12.1212/1.3
2 , 1 gnAau: 1.65/20 = 0.0825 s

1 gnAaw: 5/6.5 = 0.7692 s = 1.3 Hz = 9.3240
= 12.1212 Hz

, 1.65 3w fiUszana 20.9 gnaau
573U TUsznm 6.5 gnaau , 12.6667/1.3
3 , 1 gnAdu: 1.65/20.9 = 0.0789 s
1 Qﬂﬂau: 5/6.5 =0.7692 s = 1.3 Hz =9.7435
= 12.6667 Hz

, 1.65 Junil dUszanay 19 gnedu
53U Uz 6 gnedu , 11.5151/1.2
4 , 1 gnAdiu: 1.65/19.5 = 0.0868 s
1 Qﬂﬂa‘u: 5/65=0.8333s=12Hz = 9.5959
= 115151 Hz

, 1.65 Jun¥l dUszanay 19 gnedu
53U TUszn 6.5 gnaau , 11.5151/1.3
5 , 1 gnAdu: 1.65/19.5 = 0.0868 s
1 Qﬂﬂa‘u: 5/6.5=0.7692s =13 Hz = 8.8578
= 115151 Hz

\ady = 9.32 11N
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Heart e Mesn

BT g

|

QRS Amplitude Mean

Biosignal Filter » e o s |

]

o » LAAINAV NN

ST Level Mean

JUT 4.36 nsudeyaluuaning

Tudumend 3 %Li‘]umiﬁwé’zgiy']mﬁmuﬁfmimﬁy’qLLUU Bandpass Wag Lowpass 11191 ECG
feature Extraction IﬂHﬁﬂﬁmﬁgﬂmﬁlﬁmﬂﬁ’mi@ﬁﬁ'\‘laaﬂLLUUN’ILﬂ%EJULﬁEJUﬁu Wievinisuendaao
Tudausnge Iﬂaﬁ]%ﬁmi%&ﬁ’] frequency bands 98¢ QRS detector parameters Ao low 85 Hz wag
high 100 Hz. titeldlunsmsiaduadu QRS wazihdeyaiiléann ECG feature Extraction 1l
Calculate ECG Feature stats wiovinisAiuiamadnsnisiuvesiila, QRS Time, PR interval
uwar QT interval wazihAfilduuanssasmenm Jsrvesdnsnisduvesiilassdinisilums
9.3 wazdrumTmhoduna@Gui : s) awiilugu 9.3 1#rd1 QRS Time, PR interval, QT interval
dielildaniignaes faguil 4.37

Heart Rate Mean

= [

Calculate ECG Feature Stats.vi P

QRS Time Mean

QRS Amplitude Mean |
¥3BL
[=

PR Interval Mea

El

QT Interval Mean
ean —L ¥OEL]

ST Level Mean

BDEL

g‘dﬁ 4.37 ECG feature Extraction And Calculate ECG Feature stats
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Heart Rate Low Limit
Bt
60

Alam text2

IHeart Rate is I

[7f e— 7]
»  Blinking
P Texct. TextColor|

Aean

120

U 4.38 Ufienlnezunsuvesnsuinfoululusunsy LabVIEW

903U 4.38 wdumsudadevludimvessnmnasiuvesiladloilaiimaduisniiai
fmunld Ao Fwsind 60 adileuntt uay Tugendn 120 adadeunit Tneddnsniaduresiladin
nimsegeninfitmunazimaudafoudutonnuiu Tnelunsdiisannmaduresila wusdnd
60 ASataun?t azfinsuansdiarnudn “Heart Rate is Low Limit” nsdifisasnisiuasialaiiugs
111 120 Afasiound aviinsuansdernuin “Heart Rate is High Limit” usignlunsaldnsnisiduiila
oej5¥Ing 60 — 120 ASwlaunTt xlinisuanstontnariy “Heart Rate is Normal”#egufl 4.39

——Control and indicator ———— _ECG Signal
VISA resource name stop [ pioto ~
S = sTop B ; L
read buffer
s
e
[ Statistics k-1
£ 2
Heart Rate Mean QRS Amplitude Mean B
0bpm OmV <
QRS Time Mean PR Interval Mean
0s 0s
1= T T T T L A A AT
QT Interval Mean ST Level Mean i 05.000
0s Omv Time (s) B ) )
o
s [Time @ | & Wy
Heart Rate Low Limit Amplitude (mv) | & 1Y v

Heart Rate Hight limit

5UN 4.39 thaauanua
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4.25 mmaaasindnsinswiuvauialalagldyadndygiunisasianduluiiiila
Ing LabVIEW

93U 4.40 azlugaindyarunsesanaulniiiilalag LabVIEW ndsaniidiunin
Frysyraumdulniiialaudanu aslanadsguseludl

—— Control and indicator

—ECG Signal
VISA resource name stop [ proto W
Llcoma j STOP -
2
read buffer
326
S 3|
g3
[ Statistics ™ 4 1
2 i
Heart Rate Mean QRS Amplitude Mean B E
70.59 bpm 0.144 mV < 2- L/\‘NM
QRS Time Mean PRInterval Mean
0165 023s
QT Interval Mean ST Level Mean Ly, o )
05225 004 mV T Ean
g
— ‘Tw\a(;} \ﬁ L g
Heart Rate Low Limit Amplitude (mV) | & LY v
Heart Rate is Normal

Heart Rate Hight limit
Heart Rate is Normal

=p.

UM 4.41 dyanarduliihilaniaanmsldyaiadyananisasiandulnivilalag LabviEw

NFUT 4.41 mqéﬁumwxLLamqiﬁLﬁuﬁqﬂﬁulw%ﬁﬂwaa;:Jﬁﬁﬂmimaaq ANUNNPULY

TLANIOATINITHAUVDNNILD, A1 QRS, A1 PR Interval, A1 QT wazA ST FIAIEATINITLAUYBIINHD
YUILWAAIATAUAINNTI9N 4.5
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A5199 4.5 HaN15NAaBIIAANDASINISAUVBINILA

vaa1 (3ui) Bpm
112 13.95
+15.33 19.05
+15.40 24.64
+15.48 44.09
+15.50 59.33
+14.35 1217
+18.02 70.24
+13.02 71.99
+18.81 76.54
+16.03 73.32
+15.74 74.46
+14.78 74.71
+14.26 73.85
+15.36 73.36
+16.50 74.44
+15.46 76.29
+15.28 73.10

AT 4.5 TWAASIALTININAIRTINISHUY T lut s N U Fallanilansaiuen
259 1199119INNTRARAIANTINENDIUSWATUYEY LabVIEW U 92iduAna89998n5In19i @ uuaiila
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Jefesselimuandluideny Ussna 8 ad Searldmiflndidoaiuanass Fsiinalumsuansdegd
Uszana 200 s vide 3.20 Wil leferldidfiinnugndes dauddednsininedoslidmiunisin
adulifinslafiazldinanlunsieneiegil 5 - 8 Wil niazldvieduiignieanldlunsiasei
wardatusgiuauduyemndiodnde

4.3 N1SNAADIINDATINTHAUVDIA LD

JUN 4.42 Mnuanadnsinisiiuveanlaninlagiaiesinninueiu

93Ut 4.42 Jumsiadasnissiureilalaenisldiesesinanuiu Ingaurn
Wuwrwreasesinauiy aluivsuasuugnIferenUssann 1 37 uagnauwudu

wuITUkUUaIiulAe ntunadulaesesiesuiuindnnisiiuresiila
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—— Control and indicator —— _FCG Signal
VISA resource name stop [ pioto [~ |
Lcoms =l sTOP l - - 7
4
read buffer
327
< 3.
e
Statistics ] 4 ]
Heart Rate Mean QRS Amplitude Mean EL
75.45 bpm 0125 mV < 24 L/\_AJJ |
RS Time Mean PR Interval Mean hJ L/\f._»/\
0157 01895
QT Interval Mean ST Level Mean e e
04165 0,104 mv Time (5) B
PERT
o [Time (s) | & e
Heart Rate Low Limit Amplitude (mv) | & 1 v
Heart Rate is Normal [~ ] g
Heart Rate Hight limit
Heart Rate is Nermal [+

(%

JUN 4.43 anuanadasinsiuvesiilalaeyaindyayiunisnsanaulniiilalay LabviEw

n3UT 4.43 Wugluansdnsniswiuresilalaeynindayarunisnsaeaiuli
wilalae LabVIEW &sldwuwesdianinsaduiSudyaranaulniila

[

43.1  WANMINAARINTINGATINSIUYaTIRlaWSBUTiBUAUITEIeYn dndaInTs
asranaulniiialaley LabVIEW Aua3asinaanuny

(%

A19197 4.6 NaVPABINENTINTRLYBIIIlITEUEUAUTENI YR Indaye 1N s sianduliin
Wilalay LabVIEW AulpIasinanuauaud 1

yaindyaansasenduluiilales | 4 vt
LA5893IAANNAULATR
LabVIEW e
aded = wastgunnu
ANTINTTLAY QRS PR . Y . o
- BNIINNSLAUVD IR NANGAIN
R RIS Complex | Interval
(bpm)
(bpm) (s) (s)
1 80.93 0.158 0.179 80 1.16%
2 85.17 0.166 0.159 81 5.15%
3 80.99 0.163 0.169 79 2.52%
4 83.38 0.168 0.169 82 1.68%
5 81.95 0.166 0.174 80 2.44%
6 84.42 0.163 0.169 83 1.71%
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A19197 4.7 NaNAaeInanIINSWUYe s uisuiuseniadndyyinnisnsiandulndi
lalae LabVIEW waziaiesinauduauil 1 (se)

[

YadndIunInsandulnitialaley

KASBIINANUAUTATIRA

LabVIEW
o . _ Weasidudau
e | Complex | ntarvat | SISOl | A
(bpm) (s) (s) (bpm)
7 83.34 0.164 0.159 83 0.41%
8 83.41 0.166 0.174 82 1.72%
9 88.83 0.164 0.159 85 4.51%
10 80.3 0.163 0.179 79 1.65%
11 83.09 0.165 0.169 80 3.86%
12 88.06 0.164 0.159 86 2.40%
13 84.47 0.164 0.164 82 3.01%
14 84.67 0.164 0.169 83 2.01%
15 81.85 0.161 0.174 82 0.18%
16 83.13 0.162 0.169 82 1.38%
17 84.79 0.166 0.164 83 2.16%
18 88.26 0.161 0.169 85 3.84%
30 85.38 0.161 0.169 85 0.45%
AAURANaRLREY 2.40%
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nsmSeuiisudnsnisiuresiiseninsaindyaunisasranauliiiile
InglabVIEW Waz 1A3093nA1U6

100

19 (ada/unih)

90

o

80

70

FMI1IN1TFUVDIT

60
1 2345 6 7 8 9 10111213141516 17 1819 2021 22 2324 2526 27 28 29 30
. AN .
——qaindyrnisnsinduliiiiialales LabvIEw —| A3 InAIINA

JUN 4.44 n9lUSpuliigugnsnsiuresinsenigaindyannsasianaulnihiilaleg
LabVIEW uay 1a3evina1usiy aum 1

NINLAAIAIAURANAINSHIINTIFUTRITRLATEN IR Tnd Y1039
paulWiilalay LabVIEW waz 1asesinausiu

10.00%
8.00%

6.00%

(%)

4.00%

2.00%

AURANATR

0.00%

1 234567 8 9101112131415161718192021222324252627282930
ATIN

JUN 4.45 n91luansAIAuRanaIn I euvesiilaseninn dndyaunisnsianiuliih
wlalaeLabVIEW wag 1p393inmusiu audn 1
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(%

A19197 4.8 NaVPRBINgNIINTHLYBRIlaIE g UAUTENI YR Inde 1N s sanduliin
lalag LabVIEW duaiasinanuduaun 2

yaindyrunisasvnaulndwialales | L v
: LA BVIEW 1savinAUAUlafin o
A3l ANIINTTLAY QRS PR . Y . ulajwjuﬂm'm

299712 Complex | Interval Ssnmsiiuveniale e

(bpm) (s) (s) (bpm)
1 89.16 0.169 0.154 88 1.32%
2 95.75 0.173 0.148 92 4.08%
3 88.49 0.177 0.159 90 1.68%
4 89.8 0.172 0.18 90 0.22%
5 85.9 0.178 0.164 84 2.26%
6 89.7 0.175 0.153 88 1.93%
7 89.16 0.171 0.165 87 2.48%
8 87.61 0.171 0.159 84 4.30%
9 96.72 0.171 0.135 88 9.91%
10 88.2 0.173 0.164 86 2.56%
11 93.37 0.172 0.169 89 4.91%
12 86.34 0.172 0.174 84 2.79%
13 89.26 0.174 0.153 86 3.79%
14 84.59 0.172 0.166 85 0.48%
15 80.66 0.171 0.184 84 3.98%
16 88.5 0.172 0.164 86 291%
17 85.45 0.176 0.159 84 1.73%
18 84.47 0.175 0.176 84 0.56%
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A19197 4.9 NaNARBIINBRIINSWUYRI IS sUTBUAusEnIn Indyynn1snTndulningle
1y LabVIEW AuLATasinauduaud 2 (ne)

yaindyraunnsanauluinialales | 4 .t
1A399InANNAULaTn
LabVIEW c e .
% 4 Wasigunna1u
AN BNTINTTLAU QRS PR . Y . a
. ANSINSIAUVR TR WNANATA
299712 Complex | Interval
(bpm)
(bpm) (s) (s)

19 85.97 0.176 0.159 87 1.18%
20 88.5 0.174 0.154 87 1.72%
21 84.41 0.176 0.174 82 2.94%
22 89.55 0.173 0.153 86 4.13%
23 90.59 0.171 0.153 85 6.58%
24 84.99 0.17 0.159 83 2.40%
25 88.86 0.172 0.159 85 4.54%
26 83.39 0.17 0.23 82 1.70%
27 81.19 0.175 0.174 79 2.177%
28 75.58 0.171 0.266 81 6.69%
29 83.03 0.181 0.175 80 3.79%
30 86.49 0.173 0.159 84 2.96%
AAuAANAIAREE 3.11%
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nsmSeuiieudnsnsiuresiiseninsgaindyaunisasianaulniiiilalag
LabVIEW W@z 1A3e3inmnueau

100

T (adahini)
O
(@)

oo
(@)

o

70

60

ﬂalﬁ’iWﬂﬁLﬁ}u‘Uﬂ\iﬁ’J

1 23 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
ﬂ%\i‘ﬁ

=g indaanisnsiandulniiley LabVIEW ===ia395inA2u6U
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A19197 4.10 HanaaesindnsnsvuresilaUisuiisuiuseninnindnaanisnsianaulniimila
18 LabVIEW AuLAsesinauduaud 3

yatadnyarunisnsranaulniivilalee LabviEw m‘%aag’ nn iy
Asq ™ wWasidudaau
T | Sasmdurosile QRS PR NIINTHUVRILR HaWan
(bpm) Complex (s) Int(esr)val (bpm)
1 84.67 0.158 0.166 83 2.01%
2 86.23 0.159 0.181 90 4.19%
3 83.4 0.159 0.169 86 3.02%
4 80.11 0.162 0.174 82 2.30%
5 81.56 0.162 0.164 81 0.69%
6 80.29 0.162 0.189 74 8.50%
7 75.57 0.161 0.184 76 0.57%
8 89.22 0.158 0.169 81 10.15%
9 85.62 0.157 0.175 81 5.70%
10 81.4 0.157 0.174 79 3.04%
11 84 0.157 0.169 87 3.45%
12 80.19 0.16 0.169 82 2.21%
13 84.22 0.156 0.164 83 1.47%
14 76.44 0.166 0.179 74 3.30%
15 79.22 0.157 0.174 7 2.88%
16 83.53 0.165 0.16 82 1.87%
17 81.64 0.159 0.174 79 3.34%
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A19197 4.11 HanaaesindnsiniswuresilaUiouiisuiuseninaindnyaianisnsianaulniimla
18 LabVIEW AuLAsesinamuduaud 3 (se)

yasndyaranismsavnaulniiilalae 1309 inAURY
. LabVIEW la#in L
A39 WastgunAay
dl Y v PR % 1% 5
7 DNIINTITLAUVDY QRS ANIINTIILAUVDY NANAIN

o Interval o

#ala(bpm) Complex (s) ) #ala(bpm)

S
18 72.92 0.16 0.194 73 0.11%
19 89.69 0.165 0.179 86 4.29%
20 80.61 0.157 0.179 78 3.35%
21 80.38 0.187 0.164 81 0.77%
22 84.93 0.156 0.175 84 1.11%
23 80.96 0.155 0.174 78 3.79%
24 82.77 0.157 0.169 82 0.94%
25 78.61 0.154 0.184 75 4.81%
26 86.36 0.157 0.174 86 0.42%
27 78.56 0.161 0.184 79 0.56%
28 78.73 0.16 0.184 77 2.25%
29 74.27 0.159 0.194 76 2.28%
30 73.73 0.16 0.194 73 1.00%
AANRANANALRAY 2.81%
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A19197 4.12 HannaesindnsiniswuresilaUisuiisuiuseninaindnaanisnsianaulniimila
18 LabVIEW AuLAsesinmuduau 4

yaindyrunsaaedulnidwiala | o v a
: LA399INAMUAULARRA
1ne LabVIEW e .
Y o ” Wastunna1
AT ARTINTT QRS PR a
Y . Y . Al GG
LAUVDY Complex | Interval | aasinsiiuvesiala
#ala(bpm) (s) (s) (bpm)

1 73.95 0.149 0.192 74 0.07%
2 73.56 0.161 0.192 73 0.77%
3 12.26 0.153 0.199 73 1.01%
q 80.09 0.158 0.189 80 0.11%
5 68.81 0.158 0.189 69 0.28%
6 16.27 0.155 0.19 75 1.69%
7 73.06 0.153 0.22 74 1.27%
8 67.92 0.152 0.21 67 1.37%
9 70.83 0.162 0.216 70 1.19%
10 73.34 0.161 0.189 74 0.89%
11 77.58 0.154 0.179 76 2.08%
12 72.62 0.155 0.184 72 0.86%
13 77.4 0.15 0.195 79 2.03%
14 75.19 0.159 0.189 73 3.00%
15 75.71 0.155 0.181 74 2.31%
16 75.51 0.159 0.198 76 0.64%
17 75.38 0.165 0.185 75 0.51%
18 76.04 0.157 0.185 75 1.39%
19 71.44 0.155 0.205 71 0.62%
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A19197 4.13 HannaesindnsniswuresilaUisuiisuiuseninnindnyaaniinsianaulniimla
18 LabVIEW AuLAsesinamuduaud 4 (se)

yaindyaaunmmmanauliiiala | 4 .o a
LAIBIINANUAUIATRN
1ne LabVIEW e .
P S WasLgunA1l
AFIN 2ASINIG QRS PR a
N . Y . A GG
LIUVDY Complex | Interval | 8asinsiAuveeiala
#ala(bpm) (s) (s) (bpm)

20 74.74 0.155 0.194 74 1.00%
21 69.79 0.157 0.21 69 1.14%
22 76.22 0.151 0.184 75 1.63%
23 75.65 0.159 0.184 74 2.23%
24 75.68 0.161 0.199 74 2.27%
25 78.82 0.162 0.181 78 1.05%
26 74.74 0.152 0.189 73 2.38%
27 76.13 0.157 0.185 7 1.13%
28 80.61 0.157 0.184 79 2.04%
29 74.86 0.149 0.159 75 0.19%
30 76.03 0.159 0.194 74 2.74%
AALRaNanLRae 1.33%
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A19197 4.14 HannaesindnsniswuresilaUisuiisuiuseninaindnaaniinsianaulniimila
18 LabVIEW AULATesinAuduaud 5

yaindyrunsaandulndwiala | L .o a
: LA389INAMUAULARRA
1ne LabVIEW e .
Y 4 ” Wastunna1
AT 2RNTIN3 QRS PR a
Y o Y .o NAWAA
LAUVDY Complex | Interval | 8asinsiAuveeiala
#ala(bpm) (s) (s) (bpm)

1 75.85 0.154 0.164 76 0.20%
2 73.45 0.158 0.162 72 2.01%
3 78.53 0.156 0.171 79 0.59%
q 69.51 0.156 0.178 70 0.70%
5 74.15 0.152 0.184 73 1.58%
6 79.53 0.161 0.184 79 0.67%
7 76.45 0.157 0.175 76 0.59%
8 78.56 0.154 0.172 79 0.56%
9 71.26 0.159 0.164 71 0.37%
10 74.65 0.153 0.165 75 0.47%
11 79.91 0.156 0.168 80 0.11%
12 78.52 0.151 0.166 79 0.61%
13 74.55 0.152 0.175 75 0.60%
14 68.23 0.161 0.171 69 1.12%
15 70.83 0.164 0.175 72 1.63%
16 74.11 0.164 0.176 73 1.52%
17 75.26 0.158 0.181 76 0.97%
18 75.49 0.154 0.179 74 2.01%
19 70.92 0.153 0.164 12 1.50%
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A19197 4.15 HannaesindnsiniswuresilaUisuiisuiuseninaindnaanisnsianaulniimil
18 LabVIEW AuLATesinauduaud 5 (Ae)

yaindyrunsaandulndwiala | L .o a
: LAIBIINANUAUIATRN
1ne LabVIEW e .
P S WasLgunA1l
AFIN 2ASINIG QRS PR a
N . Y . Nawann
LIUVDY Complex | Interval | 8asinsiAuveeiala
#ala(bpm) (s) (s) (bpm)

20 76.59 0.153 0.169 76 0.78%
21 80.19 0.158 0.168 80 0.24%
22 78.83 0.156 0.176 78 1.06%
23 77.63 0.162 0.175 76 2.14%
24 71.69 0.154 0.177 72 0.43%
25 68.63 0.157 0.169 69 0.54%
26 72.52 0.153 0.162 72 0.72%
27 78.73 0.152 0.161 78 0.94%
28 75.64 0.148 0.161 76 0.47%
29 79.64 0.151 0.179 80 0.45%
30 75.86 0.153 0.166 75 1.15%
AANAANAALRA 0.89%
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AANUIN U
TAalUsLASY Arduino

void setup() {
// initialize the serial communication:
Serial.begin(9600);
pinMode(10, INPUT); // Setup for leads off detection LO +
pinMode(11, INPUT); // Setup for leads off detection LO -
}
void loop() {
if((digitalRead(10) == 1)||(digitalRead(11) == 1)X
Serial.println('!");
}
else{
// send the value of analog input 0:
Serial.println(analogRead(A0));
}
//Wait for a bit to keep serial data from saturating

delay(1);



87

AANUIN A

TeazdenvasgunsalBiannsaling

ANALOG
DEVICES

Single-Lead, Heart-Rate Monitor
Analog Front End

AD8232

FEATURES

Single lead ECG

2 or 3 electrodes

2-pole adjustable high pass filter
with fast restore capability

3-pole adjustable low pass filter

Leads off detection: AC or DC options

Integrated right-leg drive (RLD) amplifier

Adjustable gain

Internal RFI filter

Shutdown Pin

20-lead 4x4mm LFCSP package

KEY SPECIFICATIONS

20puVp-p (typ) noise (0.5 Hz to 40 Hz)
CMRR: 80dB (DCto 60Hz)

Low supply current: 180 pA (typ)
+300 mV differential input range
Rail to rail output

2.0V to 3.5 supply voltage

APPLICATIONS

Fitness and Activity Heart Rate Monitoring
Portable ECG

Biopotential signal acquisition

GENERAL DESCRIPTION

The AD8232 is an integrated signal-conditioning block for ECG
and other biopotential measurement applications. It is designed
to convert the tiny, noisy signal from the electrodes into a large,
filtered signal that can be easily read by a low resolution ADC.

The AD8232 can implement a two-pole high pass filter for
eliminating motion artifacts and the electrode half-cell
potential. This filter is tightly coupled with the instrumentation
amplifier’s architecture to allow both large gain and high pass
filtering in a single stage, saving space and cost. Additionally, an
uncommitted operational amplifier enables the AD8232 to
create a three-pole low pass filter to remove line noise and other
interference signals. The user can select the frequency cutoff of
all filters to suit different types of applications.

Rev. PrD

Information furnished by Analog Devices is believed to be accurate and reliable. However, no
ibikty & i patents orother
! hapond

Analog D its use, norfor any i

rights of thi itsuse.

license is granted by implication or otherwise under any patent or patent rights of Analog Devices.

property of their respe

FUNCTIONAL BLOCK DIAGRAM

LEADS-OFF
DETECTION

Figure 1.

The AD8232 includes a fast restore function that reduces the
duration of otherwise long settling tails of the high-pass filters.
After an abrupt change that rails the amplifier (such as aleads-
off condition), the AD8232 automatically adjusts to higher filter
cutoff. This functionality allows the AD8232 to recover quickly,
and therefore take valid measurements soon after the leads are
connected to the subject.

The AD8232 is available in a 4 x4 mm 20 pin LFCSP package.
Performance is specified from 0°C to +70°C and is operational
from -40°C to 85°C.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax:781.461.3113 ©2012 Analog Devices, Inc. All rights reserved.
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AD8232

SPECIFICATIONS

+Vs =43V, =Vs = 0V, Vs = 1.5V, Vine=Ve=1.5V, Ta = 25°C, specifications referred to input, unless otherwise noted

Table 1.
Parameter Conditions Min Typ Max Unit
IN AMP
CMRR DC t0 60 Hz, Vou = 0.5 V'to 2.5V, Vorr =0V 80 dB
PSRR Vorr =0V 80 dB
Gain 100 VNV
Gain Error Vorr = -300mV to +300mV 3 %
Gain Drift Ta=0to +70°C 50 ppm/°C
Input Range Ta=0t0 +70°C
DC Differential Input Operating Voltage -300 300 mv
Input Operating Voltage (+IN, -IN) -Vi+0.2 +Ve v
Bias Current 100 pPA
Ta=0t0 +70°C
Offset Current 100 pA
Ta=0to +70°C
Input Impedance
Differential 100]|5 MQ||pF
Common Mode 100||5 MO||pF
Input Referred Voltage Noise f=0.1to 10 Hz wp-p
f=05t040 Hz 20 wpp
Output
Qutput Swing Ri= 50 kQ) to opposite supply rail, “Vs+0.1 +Vs—0.1 v
Ta=0to +70°C
Short Circuit Current mA
Bandwidth 2 kHz
Slew Rate 0.05 Vius
RFI Filter Cutoff 1 MHz
DCLEADS OFF COMPARATORS
DC Leads Off Comparators
Threshold Voltage +Vi-086 +Vs-0.4 v
Hysteresis 50 mV
Propagation Delay 5mV overdrive 10 us
ACLEADS OFF
Square Wave Frequency 50 100 175 kHz
Square Wave Amplitude 200 nA p-p
Impedance Threshold Between +IN and -IN pins at 60 kHz 0.5 1 2 MO
FAST RESTORE CIRCUIT
On Resistance Between RC and IA OUT,
Between REF and OP AMP+
Normal Operation 1 (cTe]
During Fast Recovery 8 10 13 kQ
Comparator Window (Fast Restore Off) =Vs+0.1 +Vs-01 v
Propagation Delay 5mV overdrive 10
RIGHT LEG DRIVE
Qutput Swing R.= 50 k) to opposite supply rail -Vs+0.1 +Vs-0.1 v
Short Circuit Current
Sourcing 100 pA
Sinking 100 WA
Integrator Resistor 80 100 120 kO
Gain Bandwidth Product 100 kHz
REFERENCE BUFFER
Input Bias Current 100 pA

Rev. PrD | Page 2 of 9



AD8232

ABSOLUTE MAXIMUM RATINGS

ESD CAUTION

Table 2.
Parameter Rating
Supply Voltage +3.6V
Output Short-Circuit Current Duration Indefinite
Maximum Voltage at any input' +Vs + 0.3V
Minimum Voltage at any input! -0.3V
Storage Temperature Range —40°C to +125°C
Max Junction Temperature +150°C
6,2 Thermal Impedance ? 47°C/W
Bic Thermal Impedance 4.4°C/W
ESD

Human Body Model TBD

Charge Device Model TBD

Machine Model TBD

A
A\

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality,

"I input voltages beyond the specified minimum or maximum voltages are
expected, place resistors in series with the inputs to limit the current to less

than 5 mA.

2@)ais specified for a device in free air on 4 layer JEDEC board.

Stresses above those listed under Absolute Maximum Ratings

may cause permanent damage to the device. This is a stress

rating only; functional operation of the device at these or any
other conditions above those indicated in the operational

section of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect

device reliability.

Rev. PrD | Page 4 of 9
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AD8232

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

F-4
™
W
©
e

17 4y
16 GND

TOP VIEW(Not to Scale)

Figure 2. Pin Configuration

Table 3. Pin Function Descriptions

Pin No. Mnemonic Description

1 HP DRIVE Connect to capacitor in first high pass filter. AD8232 drives this pin to keep HP SENSE at the same level
as the reference voltage.

2 +IN Positive input terminal of instrumentation amplifier. Connect electrode (typically left arm) to this pin.

3 =IN Negative input terminal of instrumentation amplifier. Connect electrode (typically right arm) to this pin.

4 RLDFB Feedback terminal for right leg drive circuit.

5 RLD Right leg drive output terminal. Connect driven electrode (typically right leg) to this pin,

6 SW Fast restore switch for second high pass filter. Connect this pin to output of second high pass filter.

7 OP AMP+ Non-inverting input terminal of signal conditioning op amp.

8 REF OUT Output of reference buffer. Connect to any pointin the circuit that needs a reference voltage.

9 OP AMP— Inverting terminal of signal conditioning op amp

10 out Output of signal conditioning op amp. This output should have the fully conditioned heart rate signal.
This terminal can be connected to the input of an analog to digital converter.

1 LO- Leads-off comparator output
In DC leads-off detection mode: high when electrode to <IN is disconnected. Low when connected.
In AC leads-off detection mode: always low,

12 LO+ Leads-off comparator output
In DC leads-off detection mode: high when +IN electrode is disconnected. Low when connected.
In AC leads-off detection mode: high when either -IN or +IN electrode is disconnected, Low when both
electrodes are connected.

13 SDN. Shutdown control pin. Drive this pin low to enter the low-power shut down mode,

14 AC/DC Leads-off mode control pin. Drive this pin low for DC leads off mode. Drive this pin high for AC leads off
mode.

15 FR Fast recovery control pin. Drive this pin high enable fast recovery mode, Otherwise, drive it low,

16 GND Ground

17 +Vs Supply voltage

18 REFIN Input to reference buffer.

19 IAQUT Instrumentation amplifier output terminal,

20 HP SENSE High pass sense terminal for instrumentation amplifier. Connect to junction of R and C that set AD8232's
first high pass filter.

Exposed Connect to GND or leave unconnected

Pad
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THEORY OF OPERATION

HIGH PASS
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[ P |
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Buffer .[: }—— FR
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Digital -
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Z Leg Driver s o
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|
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HIGH PASS 2 POLE LOW PASS AND GAIN
Figure 3. AD8232 Typical Application Schematic
ARCHITECTURE OVERVIEW The following sections describe in more detail the features of

The AD8232 consists of four amplifiers:

A custom instrumentation amplifier specifically
designed to amplify ECG signals. Unlike traditional
inamps, high pass filtering is built into the in amp’s
architecture, allowing it to apply a gain of 100 to the
ECG signal, while rejecting DC offsets from the
electrodes.

A general-purpose op-amp. This is typically used for
low pass filtering and additional gain

A right-leg drive amplifier. This amplifier injects a
small current into the patient to counteract common
mode voltage variations between the AD8232 and the
patient - improving common mode rejection.
Reference buffer. This buffer generates a virtual
ground at mid-supply, typically required by ac-
coupled, single-supply applications.

the AD8232.

Elocvodes

G=100

High Pass Fitering (with fast restore)

QpAmo Stage.
Variablo Gan
Low Paws Fitering

Right Leg Dcoe.
cancels common mode

L

AD8232 Reference Bulter

—F
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Figure 4. AD8232 Block Diagram
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HIGH PASS FILTERING

The instrumentation amplifier in the AD8232 is designed to
apply gain and high pass filtering simultaneously. This
capability allows it to amplify a small ECG signal by 100 while
rejecting electrode offsets as large as 300 mV. The AD8232
can implement a high pass filter with up to two poles. A higher
filter order will yield better artifact rejection at the cost of more
passive components on the PCB board.

Single-pole high pass filter
For applications where the subject will remain relatively

motionless during the ECG measurement, a signal pole filter
can be used to minimize component count.
The cutoff frequency of the filter is:

f=100/(2n R C))
Note that the filter cutoff is 100 times higher than would be
typically expected from a single pole filter. Because of the
feedback architecture of the instrumentation amplifier, the

typical filter cutoff equation is modified by the instrumentation
amplifier’s gain.

1 R1 fo
| » Op amp
! stage
1%
A
out
10 ki
2| *IN
o =IN
AD8232
Figure 5. Schematic for one pole high pass filter
100
2nR1C1
G=100
% 20 dB/decade
frequency

Figure 6. Frequency response of one pole filter

Two-pole high pass filter

A two-pole architecture can be implemented by adding a simple
ac coupling RC at the output of the instrumentation amplifier.
Keep in mind that if this passive network is not buffered, it will
exhibit higher output impedance at the input of a subsequent

low pass filter, such as a Sallen Key architecture. Careful
component selection can yield good results without a buffer.

Fast Restore

Because of the low cutoff frequency used in low-pass filters in
ECG applications, signals may require several seconds to settle,
This settling time can result in a frustrating delay for the user
after a step response: for example, when the leads are first
connected.

The AD8232 includes a “fast restore” functionality to prevent
these long delays. When the AD8232 detects a saturation
condition at the output of the instrumentation amplifier, it
switches in 10 k€} resistors in parallel with the filter resistors.
The lower resistance shifts the pole to a higher frequency,
resulting in a quicker settling time. Once the AD8232 senses
the instrumentation amplifier output is no longer saturated, it
opens the switches and the AD8232 returns to normal
operation. ‘To disable this functionality, drive the FR pin low or
tie it permanently to GND.

The fast restore settling time depends on how quickly the
AD8232% internal 10 k € resistors can drain the capacitors in
the high pass circuit. Smaller capacitor values will result in a
shorter settling time.

The ADB8232 contains two switch and resistor pairs for fast
restore, One pair is placed between HP SENSE and IA OU'T.
The second is connected between SW and REF OUT.

LOW PASS FILTERING AND GAIN

The AD8232 includes an uncommitted op amp that can be used
for extra gain and filtering. In most of the applications circuits
in this datasheet, it is used to build a two-pole low pass filter
with gain, using a Sallen-Key configuration.

For a two-pole low-pass filter, use the circuit in Figure 7 and the
following design equations:

fo = 1/(2mV(R4 C4 R5 C5))

Gain = 1 + R5/R6

cs
i op
‘“r:::" R4 RS + [ anape Ly o
stage ADC
Op Amp -
- RS
C4 —= oP
AMP- |8
\/REF é R7

Figure 7. Schematic for a two-pole low-pass filter
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1
2m (R4 C4 RS C5)

G=1 + R&/IRG

g 40 dB/decade

&

frequency

Figure 8. Frequency response for a twa-pole low-pass filter

DRIVEN ELECTRODE

The AD8232 includes a right-leg drive (RLD) amplifier. The
AD8232 senses the common mode voltage at its inputs and can
drive an opposing signal into the patient. This driven electrode
functionality maintains the voltage between the patient and the
ADB232 constant, greatly improving the common mode
rejection ratio.

As a safety measure, place a resistor between the RLD pinand
the electrode connected to the subject, to ensure that current
flow never exceeds 10pA. Calculate the value of this resistor
should be calculated equal to the supply voltage across the
AD8232 divided by 10pA,

The AD8232 uses an integrator formed by an internal 150k
resistor and an external capacitor to drive the reference
electrode. Choice of the integrator capacitor is a tradeoff
between line rejection capability and stability. The capacitor
should be small to maintain as much loop gain as possible
around 50 and 60 Hz, which are typical line frequencies. For
stability, the gain of the integrator should be less than unity at
the frequency of any other poles in the loop, such as those
formed by the patient’s capacitance and the safety resistor. The
application circuits use a InF capacitor, which results in a loop
gain of about 20 at line frequencies, with a crossover frequency
of about 1 kHz

Ina two-lead configuration, the RLD pin can be used to drive
the bias current resistors on the inputs. While not as effective
as a true driven electrode, this configuration can provide some
common mode rejection improvement if the sense electrode
impedance is small and well matched.

LEADS OFF DETECTION

The AD8232 includes leads off detection. It provides modes
optimized for either two or three-electrode configurations,

DC Leads-Off Detection

“To use this mode, connect the AC/DC pin to ground. This
mode works by sensing when either input goes high. This sets
two requirements on the circuit configuration:

1) The system must be a three-electrode configuration - RLD
output terminal must be connected to a driven electrode,

2) Each input must have a pull-up resistor connected to the
supply.

In DCleads-off mode, the AD8232 checks each input
individually, and is therefore able to indicate which electrode is
disconnected. The AD8232 indicates which electrode is
disconnected by setting the corresponding LO- or LO+ pin
high.

AC Leads-Off Detection

‘This mode is useful when using only two electrodes (no
separate driven electrode.) The AD8232 detects when an
electrode is disconnected by sourcing a small 100 kHz current
into the electrodes. As opposed to the DC detection mode, the
ADC8232 is only able to determine that an electrode has lost its
connection - not which one. During such event, the LO+ pin
goes high. In this mode, the LO- pin is not used.

To use this mode, tie the AC/DC pin to the positive supply rail.
‘To maintain the inputs inside the common-mode range of the
amplifier, provide a bias return path for each input with a
10M to REF OUT.

REFERENCE BUFFER

The AD8232 has been designed to operate from a single supply.
To simplify the design of single-supply applications, the
ADB232 includes a reference buffer to create a “virtual ground”
in between the two supplies. The AD8232 amplifies the signals
around this voltage. If there is zero differential input voltage,
the output voltage will be this reference voltage.

The reference voltage level is set at the REF IN pin. It can be set
with a voltage divider or by driving the REF IN pin from some
other point in the circuit (for example the ADC reference). The
voltage is available at the REF OUT pin for the filtering circuits
or for an ADC reference.
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OUTLINE DIMENSIONS
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Figure 9. 20-Lead Lead Frame Chip Scale Package [LFCSP_WQ]

4 x4 mm Body, Very Very Thin Quad (CP-20-10)
Dimensions shown in millimeters
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Parameter Conditions Min Typ Max Unit
Gain Error Ru>20kQ 0.5 %
Voltage Range Ri= 20 kQ) to opposite supply rail Vs + 0.1 +Vs - 0.7 \
OP AMP
Offset Voltage TBD uv
T=01t070°C TBD uv
Input Bias Current 100 pA
T=01t0 70°C pA
Input Offset Current 100 pA
T=0to 70°C
Input Voltage Range v
Common Mode Rejection Ratio 100 dB
Power Supply Rejection Ratio dB
Large Signal Voltage Gain dB
Output Voltage Range 50 k 0 to opposite supply rail -Vs+0.1 +Vs-0.1 v
Short Circuit Current Limit mA
Gain Bandwidth Product kHz
Slew Rate V/us
Input Referred Voltage Noise f=0.1 Hzto 10 Hz Hp-p
f=0.5 Hz to 40 Hz uvp-p
SYSTEM SPECIFICATIONS
Quiescent Supply Current
Standard Operation 180 HA
T=0to 70°C
Shutdown T=01to 70°C 1 HA
Supply Range 20 3.5 v
Specified Temperature Range 0 70 °C
Operational Temperature Range -40 85 °C

Rev. PrD | Page 3 of 9
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Arduino Uno R3
Ground and AREF : :
3 Digital Inputs/outputs Serial transmitter and
e receiver pins
ICSP for USB
interface

Reset button

tnst?

e DR beside a number
DIGITAL (PWM~ - of bin means it used for
e
USB Plug (5V) PWM output
U N O R3 M ON
ICSP for
ATMEGA16u2- mu Atmega328

microcontroller

ATMEGA328P-PU
microcontroller

External Power

Supply
T o ANALOG IN
AC _DC adaptor v — . 2.9 89 O i
Power pins Analog Inputs
INTRODUCTION

Arduino is used for building different types of electronic circuits easily using of both a physical
programmable circuit board usually microcontroller and piece of code running on computer with
USB connection between the computer and Arduino.

Programming language used in Arduino is just a simplified version of C++ that can easily replace
thousands of wires with words.



ARDUINO UNO-R3 PHYSICAL COMPONENTS
ATMEGA328P-PU microcontroller

The most important element in Arduino Uno R3 is ATMEGA328P-PU is an 8-bit Microcontroller
with flash memory reach to 32k bytes. It’s features as follow:

« High Performance, Low Power AVR
» Advanced RISC Architecture

o 131 Powerful Instructions — Most Single Clock Cycle Execution
o 32 x8General Purpose Working Registers

o Upto 20 MIPS Throughput at 20 MHz

o On-chip 2-cycle Multiplier

* High Endurance Non-volatile Memory Segments

4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
256/512/512/1K Bytes EEPROM

512/1K/1K/2K Bytes Internal SRAM

Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

Data retention: 20 years at 85°C/100 years at 25°C

Optional Boot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program

True Read-While-Write Operation

Programming Lock for Software Security

O O 0O OO0 O 0w o

o Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator

Six PWM Channels

8-channel 10-bit ADC in TQFP and QFN/MLF package

Temperature Measurement

6-channel 10-bit ADC in PDIP Package

Temperature Measurement

Programmable Serial USART

O 0O 0O 0O 0O O 0O o0 o
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Master/Slave SPI Serial Interface

Byte-oriented 2-wire Serial Interface (Philips 12 C compatible)
Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

O O O 0O O

* Special Microcontroller Features

Power-on Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and
Extended Standby

O O O O

* |/0 and Packages

o 23 Programmable I/O Lines
o 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF

* Operating Voltage:
@  1.8-5.5V
* Temperature Range:
o. -40°Cto 85°C
¢ Speed Grade:
o 0-4MHz@1.8-5.5V,0-10 MHz@2.7 -5.5.V, 0-20 MHz @ 4.5 - 5.5V
* Power Consumption at 1 MHz, 1.8V, 25°C

o Active Mode: 0.2 mA
o Power-down Mode: 0.1 pA
o Power-save Mode: 0.75 pA (Including 32 kHz RTC)



 EFEC

e Pin configuration

(PCINT14/RESET) PC6 [
(PCINT16/RXD) PDO [
(PCINT17/TXD) PD1 [
(PCINT18/INTO) PD2 []

(PCINT19/0C2B/INT1) PD3 []
(PCINT20/XCK/T0) PD4 []
vCC [

GND [
(PCINT6/XTAL1/TOSC1) PB6 [}
(PCINT7/XTAL2/TOSC?2) PB7 [
(PCINT21/0C0B/T1) PD5 [
(PCINT22/0OCOA/AINO) PD6 [
(PCINT23/AIN1) PD7 [}
(PCINTO/CLKO/ICP1) PBO [

O NOOODA WN =

©

10
11

13
14

28
27
26
25
24
23
22
21
20
19
18
17
16
15

] PC5 (ADC5/SCL/PCINT13)
1 PC4 (ADC4/SDA/PCINT12)
] PC3 (ADC3/PCINT11)

1 PC2 (ADC2/PCINT10)
1PC1 (ADC1/PCINT9)

1 PCO (ADCO/PCINTS)

1 GND

] AREF

] AVCC

] PB5 (SCK/PCINTS)

] PB4 (MISO/PCINT4)

] PB3 (MOSI/OC2A/PCINT3)
] PB2 (SS/OC1B/PCINT2)
1PB1 (OC1A/PCINT1)

ATMEGA16u2- mu microcontroller

Is a 8-bit microcontroller used as USB driver in Arduino uno R3 it’s features as follow:

» Advanced RISC Architecture

O O O O

High Performance, Low Power AVR

125 Powerful Instructions — Most Single Clock Cycle Execution

32 x 8 General Purpose Working Registers

Fully Static Operation

Up to 16 MIPS Throughput at 16 MHz

* Non-volatile Program and Data Memories

O O O O O

8K/16K/32K Bytes of In-System Self-Programmable Flash

512/512/1024 EEPROM
512/512/1024 Internal SRAM

Write/Erase Cycles: 10,000 Flash/ 100,000 EEPROM
Data retention: 20 years at 85°C/ 100 years at 25°C
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o
(e]
(e]

Optional Boot Code Section with Independent Lock Bits
In-System Programming by on-chip Boot Program hardware-activated after reset
Programming Lock for Software Security

» USB 2.0 Full-speed Device Module with Interrupt on Transfer Completion

O O O O O

Complies fully with Universal Serial Bus Specification REV 2.0
48 MHz PLL for Full-speed Bus Operation: data transfer rates at 12 Mbit/s
Fully independent 176 bytes USB DPRAM for endpoint memory allocation
Endpoint O for Control Transfers: from 8 up to 64-bytes
4 Programmable Endpoints:
— IN or Out Directions
— Bulk, Interrupt and Isochronous Transfers
— Programmable maximum packet size from 8.to 64 bytes
— Programmable single or double buffer
Suspend/Resume Interrupts
Microcontroller reset on USB Bus Reset without detach
USB Bus Disconnection on Microcontroller Request

e Peripheral Features

o

O O O O O

One 8-bit Timer/Counters with Separate Prescaler and Compare Mode (two 8-bit PWM
channels)

One 16-bit Timer/Counter with Separate Prescaler, Compare and Capture Mode(three 8-
bit PWM channels)

USART with SPI master only mode and hardware flow control (RTS/CTS)

Master/Slave SPI Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

* On Chip Debug Interface (debug WIRE)

* Special Microcontroller Features

O O O O

Power-On Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Five Sleep Modes: Idle, Power-save, Power-down, Standby, and Extended Standby

¢ 1/0 and Packages

o
(o]

22 Programmable 1/O Lines
QFN32 (5x5mm) / TQFP32 packages
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* Operating Voltages

o 2.7-55V
¢ Operating temperature

o Industrial (-40°C to +85°C)
¢ Maximum Frequency

o 8MHzat 2.7V - Industrial range -~
o 16 MHz at 4.5V - Industrial range

e Pin configuration

P ] ~
5 8
4 S5
Qa
Q 8 o [ S
o ™3
8. 583353
 OOOoOomnne
3231302928272625
& XTAL1[] 1@ 24[] Reset (PC1/dW)
(PCO) XTAL2[] 2 23[] PC6 (OC.1A/ PCINT8)
GND[] 3 22[] PC7 (INT4/ICP1 / CLKO)
vec ] 4 21[] PB7 (PCINT7/ OC.0A/ OC.1C)
(PCINT11/AIN2)PC2 [] 5 TQFP32 20[7] PB6 (PCINTS)
(OC.0B/INTO) PDO [] 6 19[] PB5 (PCINTS)
(AINO/INT1)PD1 [] 7 18[] PB4 (T1/PCINT4)
(RXD1/AIN1/INT2)PD2 [] 8 17[] PB3 (PDO / MISO / PCINT3)
9 10111213141516
[ S - - - = = -
w ~ - o™
2eEEREEd
MmO N o - N
SECEEZEL
- ®0wofac
gtEszr~ S=
ES3221B358
< |m I a2
% Eé 3
%
z |:|: o~
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OTHER ARDUINO UNO R3 PARTS
Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode (),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of
20-50 k Ohms. In addition, some pins have specialized functions:

o Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These
pins are connected to the correspondingpins of the ATmega8U2 USB-to-TTL Serial chip.

o External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a
low value, a rising or falling.edge, or a change in value.
PWM: 3,5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
SPI: 10 (SS), 11(M0QSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

o LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value,
the LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AO through AS, each of which provide 10 bits of resolution
(i.e.1024 different values). By default they measure from ground to 5 volts, though is it possible
to change the upper end of their range using the AREF pin and the analogReference() function.
Additionally, some pins have specialized functionality:
e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire
library.
There are a couple of other pins on the board:
e AREF: Reference voltage for the analog inputs. Used with analogReference().
e Reset: Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.
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ARDUINO UNO R3 SCHEMATIC DIAGRAM
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