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Abstract

Currently, cardiovascular diseases are one of the leading causes of death in Thailand,
particularly coronary artery diseases or heart blockages. Major risk factors include unhealthy dietary
habits, insufficient physical activity, stress, and genetic predisposition, all of which negatively affect
heart health. One of the most effective ways to reduce the risk and prevent fatalities from
cardiovascular diseases is electrocardiogram ( ECG) screening. An ECG can help detect heart
abnormalities at an early stage, allowing for the prevention of severe conditions and a reduction in
mortality rates. Additionally, it plays a crucial role in diagnosing other heart diseases, enabling timely
medical intervention and treatment. This research focuses on ECG screening using a single-board
computer. The ECG signals are recorded through the data acquisition module, and the data is
converted from analog to digital. The processing unit displays the signals in real-time through a
GUI screen. It also shows some information that is useful for preliminary ECG signal analysis. The
main advantage of this system is that it is affordable technology that incorporates modern
technology, capable of detecting and recording ECG results without the need for an expensive
ECG machine. This research project is used for heart rates in the range of 30- 180 BPM. It can
measure ECG signals accurately for the RR interval, QRS duration and PR interval for medical

heart disease diagnosis.
Keywords: Electrocardiogram, Cardiovascular Diseases, Processing Unit, GUI
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NuiTed 1 ECG Language processing (ELP): A new technique to analyze ECG signals Ju
msAnwnshnuvesiilawaridadunnsinUnfvansegns Ussneusedidiureseauiiunnsneiuan
Vi3eAndu Tiufisrdn P-wave, QRS complex , T-wave way U-wave doyanas ECG 019U52nouUsemauus
ALUUTIWANASAUMANBRUY W QRS complex mmsaﬁgﬂﬂﬁuﬁﬂwmzﬁwmﬂwma é”;mmﬁf R
ECG Fadudrduveanaduvesialafindrefulsslealuniwisssumd waznisduvesialaudazsu
UsznouseynvesAuiiisusaunnseiu
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A7 2: Real time ECG on intemet using Raspberry Pi [2] slunsiiausunanuieaiu
szuuMsAany ECG dadudyaraliivesiile Agndudinlaeldluga AD8232 dyaas £CG 1w
dyaueudenszgnulanlundialagld ADC wuveunsufle MCP3008 wazilsaslulusiwaiyes
Raspberry Pi Model 3 é’iyiywﬁwgﬂwﬁamu Plot.ly Faduedesdlenmiineoulat é’igigmﬁmmiaa
iaelasfldftsiadld szuuiignosnuuulasfimsumitmsfinunngiladuisdylummeagey
uazitadelsniiila

ECG AD8232 MCP3008 Raspberry
Surface - ECG ‘ Serial - Pi - Plot.ly
Electrodes Module ADC

Al 2 Block diagram ¥893¢UU Real time ECG on internet using Raspberry Pi

1143T87 3: IoT-based ECG Monitoring for Arrhythmia Classification using Coyote Grey
Wolf Optimization-based Deep Learning CNN Classifier [5] Wuunaaufeafussuufaniy ECG
NpFetneueslianeriowsetis loT Tnesyuuazyhnsnsiadumdmaa QRS nAdY PORST
emdaagia RR mﬂﬁ?uﬁaﬁ’mmﬁﬂwmzL‘ﬁaﬁwmmﬂszé’mzymﬁﬂﬁﬂmﬂﬂaﬁw Deep CNN

ECG signal QRS detection Detection of
from the loT ‘ using christov ‘ .
nodes method RR signal

| I —

Extraction of

statistical Arthvthmia
and HRV - Feature - Arrhythmia - y;r
features vector classification .
i non-arrhythmia

Proposed
Coyote Grey
Wolf
Optimization

Al 3 Block diagram ¥B438UU loT-based ECG Monitoring
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\JuRInta (Analog-to-Digital Converter %38 ADC) 1A uaztden 16 On Farneanuinduaunsal
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Joyatududuazazidunun I 4 Yesdygu Nanunsoldiietndygruouidenraiss unaslansou

Y
o |

Au dodriusiauesswe 4 luwa B (Raspberry Pi 4 Model B) @ailumauiinmesuainiien (Single-
board Computer) #38 AauRatAosvuIALan Ingazilounauilusunsusisatwlnseau (Python)
VUTEUBTINY Lilalansdyaunaulniniilanadstuuuminge GUI (Graphical User Interface)

MIanFREINTIne A anfuazinatulal unanendesainaean

15



ECG Signal ADS232 ADSI115 Raspberry pi
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ECG Surf: Raspberry pi 4
ace -‘ Module AD8232 ‘ ‘ ADS1115 ‘- ,
Flectrodes daumilasifaan Model B P
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LT GIETEN
2N 4 ANTIUNNTVINIUVBITEUY

msadeszuLkanIranIsnTadurdulndladiesauesinne (Raspberry Pi) FaaeSuduiu
drysyrnuengluga ECG AD8232 LwamammﬁﬂWWﬂuiUmemammmamaaﬂ mﬂuuammmum
LLﬂaaLﬂuammwmmamaamaa ADS1115 Jadeusaruuesn Raspberry Pi 4 Model B WioUszanana [3] way
uanwaru GUI Iagld Python, Tkinter, Matplotlib waz SciPy TunsAuimLaz Lansa1enIINIseuYes
#1la %99 HR (Heart Rate) 210 R peak, 924 RR interval, 129 QRS Duration wa24 PR interval U84
dryenad ECG Manaunsyuudmsunsiadulaziansdyana ECG wuuSealnl asuansliiiutsnisiiau
4 drunan lown d@ausudgyanad (Signal Acquisition) drunUasdgaad druussananadyaiu wavdiu
LARINAF YR

[V

drunsniiludnsudyanalddianlng (Electrodes) uazaunsaliudysy1as Module AD8232

A
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lumsindygnn ECG Fedypailaasdudayanalnivuindn Jsdesnsivensuaznsosdygrunou
nsdseen tnglunfidayain ECG a8ai19UuinINATes Prosim 4 91884 vital signs lavainvaieguwuy
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Sensor Jack |

2NN 5 NSTOURDTEUY

mdeilidonldandes (Lead Il) Mvinmsiiousesewinw e (LL) wazhauwan (RA) dyaaile
avdiamsvinuvesilaluuuimues fadunildumsiauuuauda Lime Lead Mduwuu Bipolar daly
Wuduudasdeyaya (Signal Conversion) 7t ADS1115 (Analog-to-Digital Converter - ADC) LiouUas
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funnzan Welanunsasiualdaseaty Tnsanautfves ADS1115 Ao ArwasiBealunisuag
FyananilitansnsasuimaasuiasiiaziBeainnia 16-bit resolution wazvesdnyauausailia 4
Fadliiden Feannsoliideurafu AD8232 ¢ 4 deuiieTadaana ECG Wdunnnimilsan Tngly
ATeilAnies 1 desduana

drufianundudiulszinanadaao (Sienal Processing) Immﬁa%’ué’iyiywﬁayja ECG udnazyin
mMsUsznanafions vy Ryear » Qpeat Speai 185 Ppeay Fllunseuins Heart Rate (HR) Tngldgns
Fuanai

60
HR =
average R — R Intervel

PNUWIINITAIWING M RR Interval 1dgns

RR Interval =

Distance between Ryeqk

Sampling rate

wainNsALIL QRS Duration §1wSU QRS Complex 14gns

QRS Duration = (Speak)=(Qpeak)
Sampling rate

AU P-R Interval I‘i’fqm
(Rpeak)_(Ppeak)

Sampling rate

PR Interval =

nsartnmauluiiila A nstufinrininisinaueesiila Feaunsaduinlanuwanaunis

= v CY

Judveuilallaudinisaansdivesilalunsiazase nsmainnstuinazifndudame Januawiniy
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IRINITHUVRIIN Fansedulniniilaasusenaumeniuges 3 AAUAININA 6 Feilseaviduneail
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- AU P (P Wave): masamaliiwesmsiiislnanlsiwduiilatesuwiaemios fainiutou
slavesuuisaesiossSui uenilesnadsnduiovlalivunnntndwilfedu P Souingdliiu
0.3 fadliad wagldalidiiu 0.11 il Tupulnd

« AAU ORS (QRS Complex): wamsismsinitnanlsiwduvesilafowsisaosios Suiaturou
wlavesnaiEesiensduin ﬁgﬂs"mLLmﬂemﬁ’u“luLwiagﬁmwgLfamﬁuamﬁu QST lalsiiu 0.1 3uf

« AAU T (T wave): nasamsliiwesnsiiesinanlswiurentilavesdssdesios neudivile
VaapsawAane SuunaUsvana 1/8 8 2/3 wihwesrdu R

wenanideidulsznouau q lurdulwiivila ddduendsmuiiaun lumsiauventiled

+ 4239 PR (PR Interval): faaniandausiBusiundu P sufedusiu QRS tasnanilsimaiu 0.2
RN

« 5vu¥ ST (ST Segment): Taaaadausdmaindlnailsaduvesialaosdisdugn auFudng
nszvaumsiwalsisduvesiilaviosdns aunsoldlunmsdieitedunnenguennisiiinanuasaiden
Wk visegadudeunauy

MIanFREINTIne A anfuazinatulal unanendesainaean

17



« 929a1 QT (QT Interval): szeziatunmsiiadlnanlsedulaysinanlswiulunanudionilaias
awiavnn Fenauluiilalumenelinisiung 0.44 3und waziwemdislaasiiu 0.46 il

QRS

iinyanallriinilly
Wlefioadn

ifyapaliihit /
ontlesosun |
[
ST u
4 N I

' J igpoliihiidann
PRinterval | | wiloHouhanawsty

nm‘r:mqa ’—’I |<— QRS interval
iyapeithen | |
! QT interval

walotioaun

A 6 adulniile (ECG: Electrocardiogram)

mié'?aﬁhé’mﬂms?jmﬁaaﬂwé’mmm (Sampling rate) Ty AeufintnesuasaLnes wie
Raspberry Pi aﬂmsaé’iu’qmﬁmnaﬂuﬂmﬁusﬁagalé’ 19U 100Hz, 200Hz, 500Hz Wiielimanzaufunns
ATIvindeyayns wavaavnegludiuuwansua (Display and User Interface) 14 Matplotlib wag Tkinter Tun1s
a$19 GUI Liteuanans vl ECG wuui3ealvsl Sy Start/Stop Recording iletiufindaya ECG aslulyld csv
wou Timestamp wazudadeudn HR figavenuiululngld Label duny/iTen

dmsuilaidunisieu nuiatedlivhnadeuldainautuifeifundndmaed 1 lumse
Arduananduiees AD8232 K1u ADC (ADS1115) wazviinisulasardiladuload wieudunis
Usmananadnynnadvioglusuiiansatluinseils Tnedduneudsd

« S1uAnNvesdnyaa: sty read_ece() ioguAdanuRiviaantesdynin A0

UU ADS1115 é‘z’iagﬂ&gﬂﬁﬁmmamﬁam 16 Un

- wasrnadvialuliad: Tieidu Convertvolts( ) Tumsuuasa@diaain ADS1115 Tieglugy
Thadt Tasnmspauendayanaseailvanzay uaznsisamtazBenues ADC Lislilamlianiiusiug,

« Smianewes ECG wuuideall: Tiilsrduignenldnelu update( ) iosmemewos ECG

- AIUIAMNETTINEN ECG: THlaridu detect ecg features( ) W msuiinseviandieuldann
ECG e Heart Rate (HR) = A1nsifiuvesiala (BPM), RR Interval = 1381581319 Rpeqr, QRS Duration
= A9 QRS Complex, PR Interval = AN Ppegr WA Rpeqr

« N Rypeqre MNERRNAL ECG: Wilarid find peaks() 990 ScPy ORI Ryyeqr MNERANAL ECG

« M Qpear 182 Speqr: 1 npargmin( ) TumsAuvnuunsml ECG %QLﬁuQm@?wqmﬁauLLawé’ﬂ
Rpeak

* M Ppeak: 14 np.argmax( ) TunsAumuunsm ECG sﬁaLﬂuqmqaqmau Qpeak

- Smannsan ECG: Tilaridu update) imthfiswmanns il ECG uazeuinien HR wuuidealm]
fi81uA" ECG Sensor NN Sampling rate (100 Hz) Lﬁmmmﬂumﬁqaﬂdnmmﬁqaqmﬁwﬂué’ﬁymgm
ECG (Uszanal 40 Hz) sihlienansaduiinuagiinnsvineaziBoavesndu £CG Ideeraiiveme Tnglsigayde
Toyadfay

- tufinAfilezuann ECG Sensor adlitd Csv: Tileridu save to_csv( ) Tnesuadelndaindos
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Uoudaya Juiindoya ECG \Hulnd CSV ATl Timestamp wazdinisudadiowsnu GUI dletuiindeyadusa
- muaNNMsUuiinteya ECG: Tilaidu start_record() wae stop_record( ) iivaisswazgaduiin
Uoya ECG

M15199 1 asumMsineuvessEuy

Warafy el
read_ecg( ) 87UA131N ECG Sensor H1u ADS1115
detect ecg features( ) AW HR, RR Interval, QRS Duration k@ PR Interval
find_peaks( ) Auvnqagsan (Peak) Tudnyanal ECG aszuan Ryear
np.argmin( ) AU Qpeak 8% Speak
np.argmax( ) AU Ppeqk
update( ) INPANTIMLAZAT ECG UU GUI
save to csv() Juiintoya ECG aslld CSV
start_record( ) Buduiindeya ECG
stop_record( ) neatunintoya ECG

svuvannsatuiindeya ECG adlwd CSV lalaefinsifiudn Timestamp wazA81ua1n ADC
Feanusarlumsgnenaala
« Wsunsuilvealvigldansnsonsgelnansenisduiin

« doyafituiinaslid Csv fMasairensiafivdeya fe atlumstiudin uasAndyaa ECG
Fanndi 7

« dlonaty "Stop Record" sruvartuiintoyaiamaadulnd Csv uasudaftoudlidn Huiin
foya ECG d39" fanmil 8

1 Timestamp ECG Value
2 | 1740468827 8367
3 1740468827 8402
4 | 1740468827 8428
5 1740468827 8449
6 | 1740468827 8421
7 | 1740468827 8479
8 | 1740468827 8470
9 | 1740468827 8542
0 1740468827 8580

=

AWA 7 uansinegadeyaniduiinasiig csv

msldeurldsunsusiy GUI fanmd 8 duanansassuiedlusunsuiadaaia ECG uaz
A1uanuAn HR (Heart Rate) Tésuniswaunliil Graphical User Interface (GUI) Tagld Tkinter wite 1w
dldanunsalaneuiuszuuldegisagain Tudruilavesueesddsznevvemiinge GUI Ussnausie 3
duvdneall
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1. nemilansdayeyial ECG wuutsealnl
- uanamarfie LN uLes ECG Tugunuuyes nywiéu (Line Graph)
o LAY X LAASLIAT
. LU Y LanaA1 ADC nifuiees ECG
- nidanedellem A1

ECG Monitoring v A X

ECG Signal
20000
15000
(7]
>
=
> 10000 -
Q
Q
<
5000 -
0 T T T T T
0 20 40 60 80 100 120

Time (samples)

Start Record Stop Record
iolili: [ECGO1

iinfingayad1i§a: ECGOL.csv
HR: 61.0 BPM
R-R Interval: 0.990 s
QRS Duration: 330.0 ms
P-R Interval: 480.0 ms

i 8 ihae GUI Tuvauzduiindeya ECG

2. Yumuaumsduiindeya
« 31 "Start Record" (Blde): Buduiindeya ECG amhaud
« U1 "Stop Record" (Fuav): vigan1sUuiindeyauaziuiinasing CSv
« dostioudolud Csv: fldannsnszudelvidnifeanistiudin
« U Tl Eind): ldmiutuiindeya ECG adlwd csv
3, @IUanaA1 HR (Heart Rate) wazAndu ¢
« wamedn HR LTusfalan BPM (Beats Per Minute) vidensssiounii
- Waguatoaunumieuls
- Ay AN
- Auns: A1 HR gevidosiaung
. fifernuudaiiouaniugmstuiin iedldnauiinlg

NANISAN®Y/HNaN1578 tazanUsiena

INNINAUTZUUEMTURTINT ULz IR ey nad ECG wuuisealvy anunsauansnsndayaia
ECG uuusiaiiosmuenitelddnmit 9 Tnefiswavdusvesszuuded

- Tsunsuanansneundayan ECG uasianwmalunsmlldesnoiios

« /1 ADC #igulsioglumag 0 - 20,000 Faduridululdinmunsiaen GAN wes ADS1115

« fimasarn wau X i Time (samples) uagunu Y ifiudn ADC ielsglFasnsadanmuuali
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vosdey ECG ladniau

» TsuNIuau50n 393U R peak uazAInAN HR IAdnLUTR 93898 Qpears Spears W
Pyeak ileuanna RR Interval, QRS Duration Wag PR Interval Tngldrn1sgasoeng (Sampling) 100 Hz
wazA window size = 120

« AN HR azuanskauY GUI N 9 1 3unfl uasiinswdsuddlofie HR egfivisinund

AT 9 FEUUAMTUATIITULAZLAAI QYA ECG NN99 GUI hanstanlnu ECG Am1Uni

Mnamd 9 uanedn HR lugaaund eviinsiadt 90 BPM Taevasun@ives HR azeefl 60-100
BPM Taenmisidelavinnisfinuvnadeumsnmiadunaziansuadyaiad ECG YoesEUURIlLuT T uaziE
niAUnAves HR 9:namdl 10 (a) Wunsuansdernudle ECG nldiiAgeninuni Tnglunwinsin
ECG #1 180 BPM faiurniigeninlutasun@flazeglusiag 60-100 BPM 91nnwil 10 (b) dle ECG Saléiien
inind Taeviinsfinunin ECG 7 30 BPM %’ﬁLﬂumﬁG?Wﬂdﬂuﬁzhmﬂaﬁ%agﬂumﬂ 60-100 BPM

(a) (b)
AN 10 S5UUAIMTUNTINFULAZUANIA YR ECG I3 GUI HUA1udundtiafioudls ECG dmn
HAUNRAY (@) gaiiunie (b) ALiu

seanldvhnmaaednuszuunTndunasansdaya ECG Tnevihnisusudn HR fiuansteiu
Tugasdaudean HR 7 30-180 BPM §1uau 7 A1 Usznou 30, 60, 80, 90, 120, 150, U@ 180 FIASH 2
TnerniivhmsanuUsenausae i HR fidernannieses Prosim 4 uavan HR fissuuinls, 929 RR Interval,
QRS Duration, tag PR Interval Feagvinmstufinuvieruedusiung 10 A1 wagyinmsmaadsuayen
ijmwummgm SD (Standard Deviation) %38 AMN135ns¥a18f1vesteya A SD isuansinnisudu
yoawilaroutsaiiaue
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et 2 MIVAGeIsEULT HR Awne 9 Tugag 30-180 BPM

HR (BPM) | Measured HR (BPM) | RRinterval (s) | QRS Duration (s) | PR interval (s)
30 30.0 [££0.0] 1.9989 [10.0088] | 0.0953 [0.0094] | 0.1760 [£0.0100]
60 60.3 [££0.5] 0.9947 [£0.0037] | 0.0880 [£0.0391] | 0.1650 [+0.0106]
80 80.3 [£0.5] 0.7462 [£0.0020] | 0.0806 [£0.0352] | 0.1609 [£0.0102]
90 90.9 [£0.3] 0.6619 [£0.0014] | 0.0709 [£0.0327] | 0.1506 [+0.0105]
120 121.0 [20.0] 0.4955 [£0.0013] | 0.0613 [£0.0151] | 0.1346 [£0.0068]
150 150.8 [10.4] 0.3981 [10.0008] | 0.0512 [£0.0185] | 0.1174 [0.0080]
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