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ABSTRACT

The Electrocardiogram (ECG) has been an area of interest for doctors, scientist, and other
medical personals who work closely with patients. Recent idea of human patient simulation
has been developed and represented for the medical students who want to study about how to
measure the ECG leads. The correct positions around the patient body are the key to monitor
the exact ECG leads. This thesis presents a development of patient simulation with the normal
12 leads ECG and PCG, model from the real ECG database using the Least-Square technique.
The structural body of human patient is built from resin plastic with the shape of portrait, and
sensing switches are placed throughout the surface of the body of the human model. The
microprocessor name PSoC (Programmable System on Chip) is used as the processing machine
and communicates with the computer to show the ECG leads, corresponds to the trainees who
place the electrodes on correct positions. The result of this work is satisfactory for the testers

who have had hand-on experience and trained with it.
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bl uiadanzmaidiniale Taodugaduilaldfhuozeaduduveandu nih
viale ouldun
22.1.1  Sino-Atrial Node (SA Node/Sinus Node/SAN) 1fugaisudussuuns
wiio i IFhiidumiaegasafidmv 19093 Superior Venacava iashluiduidoniemson

fda o

P o & d 9 d:’ u’r, ] [ 3 o
v uadnlanyaznasaddssamnasaanduniie Ategassdauuudienveaials
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2.2.2.1 Internodal Atrial Pathway UNNIUINIATMITATIYON ﬁﬂgmumﬂnu"lﬂﬂmﬂﬂ
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Y0912 19¥D9UUIAIE WL Internodal Pathway Hrianduiloutiaeenitly 3 dau deil
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v 3 o :1 ¥ 3 ' :]:j A & 5 o 3
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3. Posterior Internodal Track (Thorel) ﬁumnﬁ’mwﬁwm SA Node 93uU1A1Y

mivialavioauuvaang AV Node
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I. Right Bundle Branch 114aamavnvesmisiuialaiesdnouann
madn Taounsndudh egluidoyiiale
2. Left Bundle Branch Sutiadutiagmunnd) neaganmumissusialoges
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DEPOLARIZATION | REPOLARIZATION
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Teourziianududnudoiouiy TunaFonloseuniinnudugindt uanouenwad
vy A o a a ) P o a e ¥ ¥ .
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Left Ventricle
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Framudvesnan Wit lomari ududsdrdlumsesnuuuniesianau Wi
viale Wimnzaudeanudeants Taoia ludagaeanudadu i luiens it Tin
(Clinical ECG) 811924 0.05 - 100 Hz Tuvaziinau i luwemsithss 3 (Monitoring
ECG) oglu 923 0.5 - 50 Hz vaziinau Id i ludeTasasinmsiduinleeziidasnauuny

wazlveanaun 17 Hz asnuanalugili 2.6

Amplitude (dB)
&

Frequency (Hz)

4 4 » va 4

717 2.6 naasyrsnauanuBaau I leme I IRy
(n) 1NON531 R0 150 (Clinical)
(v) 1on151A152 39 (Monitoring)

(M) INONSIATNAS (Rate)
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. w 4 i : 4 a o &
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2.4.1 AAU P (P wave)
= @ o ¥ ¥ w ¥ 5 .
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A
2.4.2 NQuATM QRS (QRS Complex)
= Y o 9 ' ar ' .
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- ar =) 1 A!II :!I o J = 4 d‘l @ A o
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1 b [ v v
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o tﬁ' Id' d’l ar et o o ar d‘. A s
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¥
1 lead 1, aVL, aVF, V4, V5, V6, IINADINN15NIZAU Ventricular Septum
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243 ﬁg‘u T (T wave)
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dauszeziiduilnfvesndu It lsezidudsinaasluaisiei 2.1

H o A .
M9 2.1 uaasszezind luadu Iviiale

szuzmaq Tundhidhitale seozin@

¥
0.06 3117 94 0.11-0.12 FuH uaz Wadalunsal v4,vs,
P Wave Interval :

V6
P Wave Amplitude 10N 310.25 mV
PR Interval 0.12—-0.20 U
QRS Interval 0.06-0.10 I N
Q Wave Amplitude Tiifiv 0.1 mv w3 i % vesnnugeniu R
Q Wave Interval T3ifiu 0.04 Ju9

ﬁﬂﬂﬂ']l'l Va ﬂ!ﬂ\?ﬂﬁu R (‘I:I"Uﬁ]’lﬂ Isoelectric Level) ‘H?ﬂ
Q Wave Amplitude

=0.2mV
T3 0.1 mv iiofounudunInsT§Iu (Jsoelectric
(ST Segment Deviation) . m . 2 4
Level) & 0.08 3UMNA90dUgAnAL QRS
QT Interval Ao lifu 0.40 3undi gudjalaifiv 0.44 Juri

251 nwazidoaduliiniuamiliihile
swazBameItus s e 195 eaau T lafls wazBuadat
1. anundndu P iluszoznainsa Tnar lsadului led eI ouietiug
2. anugevesnau P FuduvinavesindTihii/desesninein SA Node Fa3ann
seAuduINATIIU (Isoelectric Level) Savoandu P
3. Anwndnau QRS Wuszoznamsa Iwar lsisului ledmnuasinad i i
ﬂﬁ’mséaﬁ"ﬂﬂfhunuﬂ?ﬁmﬁ'ﬂmsﬁuﬁmmzﬁumﬂqﬂﬁzuﬁ'wmaﬁu Rlunsdinialunse
sauAuvesndy Q unsdindndu Q wadugavesnay QRS ﬁ?ﬂéﬂﬁﬂﬂéu
4. awgavenau QRS Fuiluvavesdnd Ithilddeseenuiain AV Node 3970
MNszAUdUIIATIIN (Isoelectric Level) §900AAAL QRS
5. amwnendu T fuszeznainsiinalsmduluilvdmnuaiina dauilu
Frnmimladmnuadifanasda

A 4 o A A o ) a
6. ANUFIVEIAAU T “Hﬁﬁj‘u"lm’lﬂ“IJﬂﬁﬁ'ﬂfﬂﬂﬁ'mﬂﬁﬂElﬂf)ﬂij']"‘llmﬁ‘i"l‘}’l'ltlﬂﬂ’]unuF’l'i

-~ o aw v A o a . :
INANIAIN[NLNT ‘ﬂﬁ?ﬂﬂ'lﬂ?gﬂﬂlﬁuﬂ'lﬂij'lu (Isoelectric Level) ﬁﬂﬂﬂﬂﬂﬁu T
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7. 929 QT (QT Interval) F2anandauanduiiord lauasidafianisd Tnat lsivdu
< e a v 4 v 4 o aa 4 v 4w 4
dagadugamss Inan lsiduiinduniionalanuasiia Faesasetugaisuduveanau QRS

o 2 A A A 44 v & '
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' 4 o y ] QII 3 s

TAun AU QRS AU AAW T Az ST Segment Taua 1ud 5202 QT wVUADIZOE RR

MUAUNITUD Bazette 1UAUNTN 2.1

(2.1)

8. %79 RR (RR Interval) 74300 3Mavesiilaneanuasina 190e¥sas1nsiau
as 3 ' A ﬂ () L) o o
walavesanduiluonsimaaunilovan
¥
9. %339 PP (PP Interval) 2350UMsmiauvesrialaviouomsoa (alavosun) 19095
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= a = Y] Y ¥ ' v "y o J : S = 1 s
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] o ’ aa A o LY &4 = o : =
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o o ) Qr o a o o 4 J ] 4 ar
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oA ~
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d
2.5.2 mydauuudianlasmsalens (Electrocardiograph - ECG)
A o = o 1 » dd a J A A a
aomslamsilasuniasvinanamesnnuandnoninayulunuiunulan Wemeuny
& aa ar dy aAa Qs A Y o w L] 9 o
N F935msTanuuiduiitdouiunndiesninldiiaialimn msategunsalnldlums
Falugandudeunazamnsaidendyapaiamions i ldnaoduniundeanimiia
: o e o ad da [ ad
aau T la lufidezflunisfannudidnlasmialensl swazidoalumsauuudian
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Tasasalons v szuanalugain 2.9
s or 4 o o ] é o 4 o
mstuindyaruaau i nialuinezeglugilnszamnsmailissdumnai 1iouiy
wafiudasuuvenmoadda laa Iml1d nszaviimnadangin 1 ¥ealuajeziiviig s mm uaz
' < = @ ¢ & o 4 a o
1 yeudnsziivuig 1 mm Taond lunndezasszauanusilnalunmsuaainadygiu
aau i lsuunszamns 139 25 mmvsec agszavanadng i nAfsed Y 1 mm/em
(W30 10 mm/m) Asnuaaalugdi 2.8 ualunensdiflwumsinszes QT Wu Aesiinsdsy
awnaiilu 0.5 mViem (130 20 mm/mV) taganwEH UM suaaInai 50 mm/see 110991AM3

qy A — = o‘: o Y
wiyadugavesnau T Aanadnaiuii ldon

i 1 k. 1
| U=l
1 0.2sec 5 mm
R 0.5mV
) |11
f 1mm 0.04 sec . 1'mm 0.1 mv
(25 mmysec (1 ommmy)
P-R
Pl 571y A
segment
V. ment 9 / v
h o =
P-R Q
Interval
<+ S-T
s inlerval
4 QRS ¥ t
interval ’
<+ Q-T interval =
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1. Three standard (bipolar) limb leads (lead I, I, III)
o U = : q’: ] o’: = :: P :
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2. Three Augmented (Unipolar) Leads ( Lead aVR, aVL, aVF)
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3. Six Precordials (Unipolar) Leads (V1, V2, V3, V4, V5, V6)
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Leads VI to V6
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° 1 &
2.8 MIMUIUYINT PRD (Percent Root-Mean-Square Difference)
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3.33 %juﬁmmé’ﬂw (Human Patient Simulator)
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ECG Wireless

%

& ECG Wireless
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3.4 M9V Software
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Han1INaael

¥ "
Tuunilazgnaniams 14maiin Discrete Least Square lumisaisuvvitasnaulnih

‘ ¥
walavosnuin@uazfireTsaialelunuuaiag (htp:/www.physionetorg) [16] WianM4

uansgUramananssvesnau Ifniala93a (Curve Original), Curve Fitting 422 Curve Fitting
U:mﬁiyrgmsummi’h"lﬂw%’amfdﬁmsmﬂu’d’mﬂummﬁﬂsznaummﬁ wiouiinisa
waaamsiSouifivus PRD ERROR szvandu liinialavesan 19asaiuadn Tuiniale
#¥1M3 Curve Fitting ooMNFT

4.1 wermamsinosmsadiedaygruntuiiniale The MIT-BIH Normal Sinus
Rhythm Database

42 wansms$aeamsadredyraninIifinle The MIT-BIH Supraventricular
Arrhythmia Database

43 wermamsnissraeamsadedayanuaduifniale The MIT-BIH Malignant
Ventricular Arrhythmia Database

4.4 wansmsmsaesmsadradyginnaulnih The MIT-BIH Atrial Fibrillation
Database

4.5 uaaansmsnasamsadadaanunau Il 1ia1e MIT-BIH Arrhythmia Database
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712212 10AUAATIM 22 (Cardiac Arthythmia 139 Dysthythmia) [7, 8, 9] Hu10D4aA 1A

msautanszua I lanazmsinszua i leia ldonnza laduiln@ (Normal

=

a a J = a ar
Sinus Rhythm: NSR) anuAadnavenszua I udavuusnalan1d nalnmsiianiizia

b

Todufndinaz ienmdh lvannsoueeon 13 sl
1. anwiindnivesmssuiia T (tmpulse Formation) @auiseoniiu 2 wiia Ao
® 111U Automaticity #20879 I¥U Sinus Node ﬁﬁmuﬁanhﬂnﬁ (Sinus Tachycardia)
M30%1n031UNA (Sinus Bradycardia) @34 Premature Beat 91940 1A91N32ALIDIATIY A-V
Node M30IIUASIAD
® 11UV Reentry 819107 1A91052AU Sinus Node 019170 1A0In52AVIOIAT UM A-V Node
W30 Conducting  System UDI7IU A3IAD 1¥U NI Premature Ventricular Beat ,  Atrial
Tachycardia , Ventricular Tachycardia
2. anvAadnARoafunisiinszua 5y AV Block msinszua TiilHiuma
Anomalous Pathway
3. anvAndnavesnsiuiia liisudy anuAadndvesmsiinszua i wu nng
Atrial Flutter with 3:1 A-V Block
aziladuiaianazny I8ussnnmendiin maziion hiflensuiedomsi1d wy
lodtu wihila Wuaw 50 Sumthen niaidedian 185 aiunihiivesditurfosiidesiiesy
13 inse hifianwddymendin desmssnuiminzanediels
Tait2 1314 12 lead ECG Tnoinmizod1abag P wave avzdaioulu lead 1 uaz VI
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FEsuunnzialaduindimazmendininawituaitiazainuazieaemsitlefie
PuunmugumisanuianAitiu 3 iialdun
1. Supraventricular Arrhythmia
® Sinus arrhythmia
® Sinus tachycardia
® Sinus bradycardia
®  Sinus arrest
® Sinoatrial block
® Junctional rhythm
® Junctional escape
® Supraventricular ectopic beat
® Multifoca | atrial tachycardia
® Supraventricular tachycardia
®  Atrial fibrillation
® Atrial flutter
2. Ventricular Arrhythmia
® Ventricular ectopic beat
® Ventricular tachycardia
® Ventricular parasystote
® Ventricular flutter
® Ventricular asystole
® Ventricular fibrillation
® [dioventricular rhythm
3. A-V Conduction abnormalities and A-V block
® Right and left bundle branch block
® [ cft anterior and left posterior hemiblock
® First, second and third degree A-V block

®  Wolff-Parkinson — White syndro
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The MIT-BiH Normal Sinus Rhythm Database
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The MIT-BIH Normal Sinus Rhythm Database
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The MIT-BH Normal Sinus Rhythm Database
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The MIT-BH Normal Sinus Rhythm Database
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The MIT-BIH Normal Sinus Rhythm Database
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tl 1 == [ 1 4 w
MmN 4.1 udasdoyadilio uazaifni lunrazsasvesnanIiinialeves The MIT-BIH

Normal Sinus Rhythm Database (http://www.physionet.org/physiobank/database/nsrdb/) Tuuaas

3
URHG)
DEGREE

PRD
ECG | Age | Sex Interval | Interval | Interval | Interval | Interval | Interval | Interval

ERROR

1 2 3 4 5 6 7

16265 | 32 | M | 6.1568852 3 4 3 g 3 6 3
16272 | 20 | F | 7.8020687 3 4 3 7 3 6 3
16273 | 28 | F | 5.3325608 3 4 3 7 3 6 3
16420 | 38 | F | 11.0827247 3 4 3 7 3 6 3
16483 | 42 | M | 11.2939667 3 4 3 7 3 6 3
16539 | 35 | F | 11.4807490 3 4 3 8 3 6 3
16773 | 26 | M | 11.1271182 3 4 3 7 3 6 3
16786 | 32 | F | 5.4402438 3 4 3 7 3 3
16795 | 20 | F | 11.7520467 3 4 3 7 3 6 3
17052 | 45 | F | 8.8798730 3 4 3 7 3 6 3
17453 | 32 | F | 11.1434506 3 4 3 7 3 6 3
18177 | 26 | F | 5.2683095 3 4 3 7 3 6 3
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mnan 42 uaasdoyanau i lsihadawudiaesnaulidniale The MIT-BIH

Normal Sinus Rhythm Database (http://www.physionet.org/physiobank/database/nsrdb/) Tuuaas

Yoya
Start End
ECG Start time End Time Type
Sample# | Sample#
16265 10:45:00.007 10:45:08.320 1 1075 . N Signal 0
16272 10:45:00.007 | 10:45:08.320 1 1065 N Signal 0
16273 08:00:00.070 | 08:00:08.156 9 1044 N Signal 0
16420 09:55:00.531 | 09:55:08.281 68 1060 N Signal 0
16483 09:54:00.140 | 09:54:08.304 18 1063 N Signal 0
16539 08:40:00.562 | 08:40:08.304 72 1063 N Signal 0
16773 09:50:00.007 | 09:50:08.000 1 1024 N Signal 0
16786 11:48:00.125 11:48:08.218 16 1052 N Signal 0
16795 11:15:00.085 11:15:07.828 11 1002 N Signal 0
17052 11:06:00.273 11:06:08.296 35 1062 N Signal 0
17453 09:20:00.007 09:20:08.109 1 1038 N Signal 0
18177 11:30:00.421 11:30:07.882 54 1009 N Signal 0
Huoma*

N = Normal beat
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4.2 The MIT-BIH Supraventricular Arrhythmia Database

The MT-BIH Supraventricular Artythmia Database
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The MIT-BIH Supraventricular Arrtwthmia Database
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The MIT-BIH Supraventricular Arrhythmia Database
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The MIT-BIH Supraventricular Arhythmia Database
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The MIT-BIH Supraventricular Arrhythmia Database
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The MIT-BIH Supraventricular Arrhythmia Database
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The MIT-BIH Supraventricular Arhythmia Database
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MmN 43 uamsdeyadilronazmians luudazsisvesnau i laves The MIT-BIH

Supraventricular Arrhythmia Database (http://www.physionet.org/physiobank/database/svdb/) Tu

uAnzdoya
PRD DEGREE
ECG
ERROR | Intervall | Interval2 | Interval3 | Interval4 | Interval5 | Interval6 | Interval?

800 | 7.484989 4 4 4 6 4 5 4
802 | 8.511155 4 4 4 5 4 5 4
803 | 8.219747 3 4 3 4 3 4 3
804 | 9.754448 4 4 4 4 6 - 4
805 | 4.190672 3 3 7 5 5 3 3
806 | 9.158582 4 5 4 7 4 6 4
807 | 9.5042241 3 4 3 8 4 6 4
808 | 3.733204 4 4 6 3 4 4 4
809 | 11.1335463 3 4 3 8 3 6 3
810 | 2.701771 3 4 3 8 3 6 3
812 | 8.0974361 3 4 3 7 3 6 3
820 | 15.741285 3 4 3 7 3 6 3
821 | 12.408116 3 4 3 7 3 6 3
822 | 12.637047 3 = 3 7 3 6 3
823 | 16.43399 3 4 3 7 3 6 3
824. | 13.577727 3 4 3 7 3 6 3




MmN 4.4 ugasteyaniu i lvihadauwusassaduwinila The MIT-BIH

Supraventricular Arrhythmia Database (http://www.physionet.org/physiobank/database/svdb/)

Tuudazdeya
Start End
ECG Start time | End Time Type
Sample# | Sample#
800 0:46.093 0:55.632 5900 7121 S Signal 0
802 0:17.687 0:27.242 2264 3487 v Signal 0
803 0:24.796 0:33.296 3174 4262 v Signal 0
804 0:06.531 0:13.171 836 1686 v Signal 0
805 0:06.601 0:12.750 747 1632 ' Signal 0
806 2:07.898 2:13.906 16371 17140 S Signal 0
807 0:27.007 0:34.742 3457 4447 S Signal 0
808 13:49.234 13:58.328 106142 107306 v Signal 0
809 13:55.398 14:02.601 106931 107853 S Signal 0
810 0:32.750 0:39.843 4192 5100 v Signal 0
812 0:00.750 0:09.820 96 1257 A" Signal 0
820 0:00.382 0:05.843 49 748 S Signal 0
821 0:00.968 0:06.726 124 861 S Signal 0
822 0:00.367 0:07.312 47 936 S Signal 0
823 0:08.304 0:13.671 1063 1750 S Signal 0
824 0:00.460 0:07.281 59 932 S Signal 0
WOMR*

S = Supraventricular premature or ectopic beat (atrial or nodal)

V = Premature ventricular contraction
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4.3 The MIT-BIH Malignant Ventricular Arrhythmia Database

The MIT-BIH Malignant Ventricular Arthythmia Database
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The MIT-BIH Malignant Ventricular Arrhythmia Database
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The MIT-BIH Malignant Ventricular Arhythmia Database
T

1200
5 Curve Onginal Curve Fitting Curve Fitting+Noise
3 3
2 2 2
1 1 1
0 0 0 4
1 A 1
2 2 2
D 50 100 150 200 1] 50 100 150 200 1] 50 100 150 20
(n)
Curve Original
50 T T T T T
ot =
0k -
FalS .
10F B
] . L f
fr
% 100 20 20 a0 500 600 B?ﬁﬁ?w
Curve Fitting
m T T T T T
ol 4
aF )
" . . L )
0 100 200 300 200 200 0 I‘reqﬂL_xél;cy
Curve Fitting+Noise
60 T T T T T
W0 4
0+ =
e A L L L
0 100 200 00 20 500 ~2 ffB(:r;l;cy

(V)
117 435 () namsndn i 1eR 189 nuuu 1009983 The MIT-BIH Malignant
Ventricular Arrhythmia Database {l'ﬂlfnﬁ‘?‘l 422
~ (%) A9 Fast Fourier Transform ﬂjﬂdﬂgu"lﬂ‘mﬁ”ﬂwm The MIT-BIH Malignant

Ventricular Arrhythmia Database Y830#1 422



100

The MIT-BIH Malignant Ventricular Arythmia Database
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The MIT-BIH Malignant Ventricular Arthythmia Database
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The MIT-BIH Malignant Ventricular Arrhythmia Database
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MINN 45 uaasdeyadihonazaian luudazdrsvosnan Iifnialeves The MIT-BIH

Malignant Ventricular Arrhythmia Databas(http://www.physionet.org/physiobank/database/vfdb/)

Tuudazdoya
PRD DEGREE
ECG
ERROR | Intervall | Interval2 | Interval3 | Interval4 | Interval5 | Interval6 | Interval7

418.dat | 3.132220 6 6 6 6 6 6

419.dat | 8.1374136 6 6 6 6 6 6

420.dat | 12.609196 6 6 6 6 6 6

421.dat | 7.183294 6 6 6 6 6 6

422.dat | 10.676053 6 6 6 6 6 6

423.dat | 10.284851 6 6 6 6 6 6

424 .dat | 9.804890 4 4 4 7 7 4 4
425.dat | 10.284851 6 6 6 6 6 6

426.dat | 7.592192 6 6 6 6 6 6

429.dat | 1.6159887 6 6 6 6 6 6
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mINA 4.6 uanadeyanau lddnirleimhadauuusiaosnaulfiniale The MiT-BIH

Malignant Ventricular Arrhythmia Databas(http://www.physionet.org/physiobank/database/vfdb/)

Tunaazdoya
Start End
ECG Start time | End time | Sample# | Sample# Type
418.dat 6:38.496 = 99124 100124 VFL Signal 0
419.dat 0:40.804 - 9701 10701 VFL Signal 0
420.dat 23:50.152 - 356853 357853 VT Signal 0
421.dat 15:17.304 = 229926 230826 VT Signal 0
422 dat 22:12.844 - 332711 333711 VT Signal 0
423.dat 14:58.460 - 224115 225115 VT Signal 0
424.dat 24:35.844 = 398461 369461 VFL Signal 0
425.dat 15:29.612 - 231903 232903 VT Signal 0
426.dat 27:47.844 - 416461 417461 VT Signal 0
429.dat 6:42.536 - 100134 101134 VT Signal 0
WG

VT = Ventricular tachycardia

VFL = Ventricular flutter
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The MIT-BH Atrial Fibrillation Database
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The MIT-BH Atrial Fibnllation Database
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The MIT-BIH Atnial Fibrllation Database
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The MIT-BIH Atial Fibrillation Database
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The MIT-BH Normal Sinus Rhythm Database
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The MIT-BIH Normal Sinus Rhythm Database
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MmN 4.7 uansdeyadihionazaidns luusazyasvosniulfniale The MIT-BIH Atrial

Fibrillation Database (http://www.physionet.org/physiobank/database/afdb/) Tuuﬁiazil’agn

PRD DEGREE
ECG
ERROR | Intervall | Interval2 | Interval3 | Interval4 | IntervalS | Interval6 | Interval7

04015.dat | 9.394565 3 4 3 7 3 6 3
04043.dat | 9.026852 3 4 3 7 3 6 3
04908.dat | 6.529886 3 7 3 3 3 4 3
04936.dat | 9.2592047 4 -4 4 4 4 4 4
05121.dat | 4.1999401 3 -+ 3 7 3 6 3
06426.dat | 4.0040615 4 -+ 7 4 4

06453.dat | 7.1955889 3 4 3 7 3 6 3
06995.dat | 9.0676266 3 4 3 7 3 6 3
07910.dat | 1.0394021 3 3 3 8 3 3 3
08215.dat | 5.8767929 3 3 3 8 3 3 3
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i A o d' o o 4 ar
M3 48 uaasdoyaniuiiinialvihaduuuiaownduiidniale The MIT-BIH

Atrial Fibrillation Database (http://www.physionet.org/physiobank/database/afdb/) llumia:i’faga

Start End
ECG Start time Type
Sample# | Sample#

04015 09:06:50.336 102084 103084 AFIB Signal 0

04043 15:17:40.000 | 225998 | 226998 AFIB Signal 0

04908 16:21:43.000 | 1226717 | 1227717 AFIB Signal 0

04936 27:29.000 412591 413961 AFIB Signal 0

05121 18:02:48.000 | 1842991 | 1843991 AFIB Signal 0

06426 09:00:00.148 1 1000 AFIB Signal 0

06453 20:50:50.000 | 763437 | 764437 AFIB Signal 0

06995 13:32:01.000 | 1381607 | 1382607 AFL Signal 0

07910 13:53:40.000 | 805884 805984 AFIB Signal 0

08215 17:58:13.000 | 1774208 | 1775208 AFIB Signal 0

HUOHe*
AFIB = Atrial fibrillation

AFL = Atrial flutter



4.5 MIT-BIH Arrhythmia Database

MIT-BH Artythmia Database
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ﬂi 1 A A " ] v o 5
M3eN 4.9 uaasdeyauazmiani luuaazarvesndnlwiiale MIT-BIH  Arthythmia

Database (http://www.physionet.org/physiobank/database/mitdb/) almwiﬁza’fau‘a

PRD DEGREE
ECG | Age | Sex
ERROR Intervall | Interval2 | Interval3 | Intervald | Interval5 | Interval6é | Interval?

100 169 | M | 9.802793 4 6 4 7 4 6 4
101 |75 | F 9.8164147 4 6 4 ¥ 4 6 4
102 |84 | F 1.1300511 4 6 4 8 4 6 4
103 | - M | 6.597477 4 6 -+ 7 4 6 4
104 |66 |F 1.300511 5 6 6 6 4 6

105 |73 | F 4.247907 4 6 4 7 4 6 4
106 |24 | F 7.023103 4 6 4 7 4 6 4
107 | 63 | M | 7.2915608 5 5 7 6 5 6 4
109 |64 | M | 7.8506694 5 6 3 7 6 4

111 (47 |F 1.5554356 b7 6 5 7 6 4
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maei 410 uaasdeyandu i laihafanuuinesndn ifiniale MiT-BIH
Arrhythmia Database (http://www.physionet.org/physiobank/database/mitdb/) 1uu¢iaxi’fﬂga
Start End
ECG Start time End Time | Sample# | Sample# | Type
100 0:01.838 0:09.888 662 3560 A ML II
101 0:00.000 0:02.866 1 1000 N ML II
102 0:00.000 0:03.625 1 1305 p V5
103 0:00.000 0:03.277 1 1180 N ML II
104 0:00.000 0:03.300 1 1188 P V5
105 0:12.875 0:18.711 4635 6736 A% ML II
106 1:30.741 1:35.291 32667 34305 v ML II
107 0:00.000 0:03.350 1 1206 P MLIIO
109 0:00.000 0:02.911 1 1048 L ML 11
111 0:00.000 0:03.130 1 1127 L ML II
Hua*

A = Atrial premature beat

N = Normal sinus rhythm

P = Paced rhythm

V = Premature ventricular contraction

L = Left bundle branch block beat
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How to read ECG into MATLAB [15]

You find several ECG databases with different types of ECG’s at
http://www.physionet.org. All these files are stored the so-called MIT-format. For each
dataset, there are usually several files available (e.g. for a data-set called ‘ecg’, you might
find the files ecg.hea, ecg.dat, ecg.ann, etc.). The most important files are ecg.hea
(header file), and ecg.dat (data file). ecg.hea contains general information about the ECG,
ecg.dat contains the actual data. You can view the file ecg.hea with any text-viewer (e.g.
notepad).

Below you see a sample header file for a 2-lead ECG:

s20021 2 250 18975000 11:00:00 28/02/1984

s20021.dat 212 200/mV 1206 -10121 0 V4

$20021.dat 212 200/mV 12 0-2 -17799 0 MLIII

#Age: 55 Sex: M

#Comments:

# The patient demonstrates three salvos of ST elevation with

# T-wave peaking. Lead 1 demonstrates a U-wave, which inverts

In the header file you usually have some information about the patient from who the ECG
was acquired. Also, you find the sampling rate, and which channels were acquired. You
find these in the 2nd and 3rd line (for the 1st and 2nd lead):

s20021.dat 212 200/mV 12 0 6 -10121 0 V4

s20021.dat 212 200/mV 12 0 -2 -17799 0 MLIII

In this case, the sampling rate is 200 Hz, and the acquired leads are V4 and I1L.

To read a binary data file (e.g. ecg.dat) from within MATLAB, you can use the provided
program rdsign212 (use ‘rdsign212.m’ and ‘rdsign212.dI1" posted on the course
homepage, http://www.kmitl.ac.th/~ktsupan/prin_biomed). Copy these two files into your
MATLAB working directory. To read the first 10000 samples of a 2-lead ECG (file
ecg.dat) and assign the data to a variable ecg, type the following in the MATLAB
command window:

ecg = rdsign212('ecg.dat',2,1,1000)

You can get the syntax for the command rdsign212 by typing ‘help rdsign212”.
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Wan¥u polyfit[(XXX][17]

Twa Tuilioa Curve Fitting

Tasaadailandu

p = polyfit(x,y,n)

[p,s] = polyfit (x, y, n)

[p,S,mul= polyfit(x,y,n)

510021009

p = polifitGey,m) Wdm)szantvesauns Ina Tuidlva 1an3 » Tﬂui’fau”m?mm

[ o o ' o
p(x(,)) 1y, Iuguuy Least Square #adns p ag lugluuunnmesuuuun anuenn

— QJ

n+1 Usznovdodulszanivasauns Twa ludoaludnvuziaiaans
o o o a a = o @
[p.s] = polyfit (x, y, n) WAaNT p axiluduilsz@ntvesaums Ina lwlva uazdmsuy
ar o o 4 1 a U o
Tasaada s 1¥Puiandu polyval tinsumAanaiannmstszanum niemsinng
Tn59a319 s V559820 R df oz normr oo R Aoilefommwdinues x dmiu Qr

. a A a4 ad a A 1 A4
decomposition luA3nNY04 Vandermonde dfﬂﬂﬂﬂim'ﬂuﬁ)ﬂiz LA normr ADANUNAYVDY

i 2
R, x R, x normr

af

-~

o inv R ﬁE) inverse Y94 R

Y 1 a = o - a o Ay oa
MMHANMAYDY y Imsnldsunasnuunai nadanaInnInangu polyval sz limAaNaIA
UounI 50% 3NMsUTZIU

y =) = ot lﬂy
[p,S,mul= polyfit(x y,n) Mdulszdnsvesaums Ind ludlvadsaunisi

A A 1 4
e g o ANNaUU0N x
#ls fAp A1 std (x)

T mu sziumves g, uaz u, swoglugl [, 1, 1



139

Wan¥u polyval[XXX][18]
msdszanumieaums Ina luioa
Tnseadraflandu
y = polyval(p, x)
510021009
y = polyval (p, x) Wmenmsdszifiuaums Tnd Tudloadnd » 7 x p unniresanu

=§ r = A:\d = =1 c:::: o o o w Y
017 +1 Fuiudulszansvesanns na Tudivanisosnnmasn lusdales

-1
y=px"+p,x"" +..+px+p,,

¥

3 a =Y o
Taod x annsoiiuldnauasnnsonnnes

= n ¥ oA X —
y polyval (p, x,mu) unuf x Mnaumsi x =21

Hy

[y deltal= polyval(p x,S) U0 [y.deltal= polyval ( p.x,S,mu) Tnsaadiaves s a9n
ad1aTaoilandu polyfit tMo1lszummRaANIANIN yidela SrmAawaa ludunaR Wiy

o ar =~ - ) 4 '
Hangu polyfit msidouuilasuuunsii a1y + delta 912nIN0E19YT00 50%
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Vandermonde Metrix[9, 10]

o e ' ¢E!y
137NIEWY Vandermonde matrix 11!‘?_1‘&11”141@10916]'11]11
1. mmi"nwuumﬁmaﬂumn (polynomial interpolation)
2. flymaisudnvesaunsiBaoyRuT (differential equation initial value problem) LAz

o w ° v w da @ A .
3. m3adeddy TaodmuaninanuduiusDoutiuia (recursively defined sequences)
¥ b ]

4. lunilsznanduiiesyring 3 sduiina1n1Auds 13U LAZUNVIMYDS Vandermonde

5 4 ] = ar 9
matrix taziie hildifannuduau willou v unudie v(x,,x,,...,x,)

A = = = =y 9 3 ar [ e e 1 .
BT NTUUNYAALYUTU (linear algebra) LI IUNISWULDNANBUNLIYNI “lunsmm'lﬂ

& a da 5
THOUNSNFNIS 0N Vandermonde matrix 1174
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X X X Xy

V(X Xgpe o5, ) = ; ; ;
-1 -l -1 -1

X & X x,

1 1 1 1 1
X Xy X, Xg  Xen
2 2 2 2 2
x X, Xy Xy Xy
detv(x,,x,,...,x,) =det| . ; : ; : (1)
k-1 k-l k-l k-1 k-1
X o T Xk Xga
k k k k
| X X X, X Xpa
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1NTENUAUNANT 1 A0 det V(x,...xkxk+1) dzlumyuiuang k lu x uazd

[ =1 " U @ o . d a n“r‘ ] [N
UNU x A0 ITIHUI AIVDINININUA (determinant) ﬁ'luquu aniuanse Wouldn
det V(X oo Xy s Xgiy ) = A0 =3, WX =% ) i@ =2, Nx =24) (2)

' ¥ P ¥
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szilpuIBMsusnuuIeag (LU Decomposition)[9, 10]
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The MIT-BIH Atrial Fibrillation Database
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