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ABSTRACT

This paper proposed a hybrid method for an electrocardiogram (ECG) data compression. This
compression method is based on discrete wavelet transform (DWT), 2-D beat partition,
quantization and coding. In the first process, the discrete wavelet transform is applied to the
uncompress ECG signal. Then, both of ECG wavelet coefficients were fed period detection,
period normalization: In the second process, the 1-D sequence of normalized ECG beat is
transformed into 2-D format. Third process, the beat partition algorithm divides ECG beat into 5
sections, which is including P, QRS, T, U and detail section. The last process, the Approximation
coefficient was scalar quantization and the Detail coefficient was down samples, then Huffman
coding. The ECG beat different between the actual period and the normalized beat period for each
beat is initially transmitted to the decoder. At the decoder, original period of each beat are first
recovered before re-ordered the wavelet coefficients and then the inverse wavelet transform is
retrieved the reconstructed ECG signal. To evaluate the performance of the proposed method, the
factors such as compression ratio (CR) and percentage root mean square distortion (PRD) have

been considered with various types of MIT/BIH arrhythmia database.
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nisvesialadesununanng AV Node
- . < P 9/ J »
3. Atrioventicular Node (AV Node) uraanenannteouazszain egilaisuuves
ar 3 o 9 U L o 9 ’ Y ) = o
nianuialaiesarsegaeummaiiladesuuen wazeguihvoutlaveslalsuts laia
(Coronary Sinus)
4. Bundle of His 1TuauALonnoniain AV Node 1aoass 01152110 2 15ufiuns
3
PYNIAUUNUDINTINUTEN I
o 1 pe 4 Y o @ o v
5. Bundle Branch Wuauinenesnuioimiloweni Wi lui lalunvuedouas
L 9
YaAUEaNurerialaveas Agil
. o ar 3 g) ar £l 1 ]
5.1 Right Bundle Branch 714§38931M19¥91009M 9N U naria laviosarsnou
3 Qs 9 [ d'! @
WU Taounsnaudnned eyl
¥ ¥
r=14 ar 1 s o W o 9
5.2 Left Bundle Branch HU1100HUUASHUINTINOAA IWINIWNIIN LN 19V 99
A19ADULIMIATLGNE UAZIoNDDNIIY 2 LUL AD LAUIAIUHT HAZUYUIRTUHNES (Anterior
and Posterior Fascicle)
" £§ 3 ) 7}
5.3 Purkinje Fiber Wusumilafidouion Bundle Branch LANLUHILUNTNA

[ " ¥
Tamoyiale uazudnsznielinanuaiinaniaos

2.9 amilszneumaqvesnan Iih#ale

s -2'1 a 2 w R ) A:i o a A w =R
ﬂTSﬁi?%']ﬂﬂﬁu‘lT‘!ﬁ'lﬂ’ﬂ% 7o ﬂ?‘i’]J‘U‘ﬂﬂ“r’I‘L!11f}ﬂ’l'i1’l’l\1’m‘ll8\1ﬂ'ﬂil FITIWITOUUNN
¥

Y 1 s w @ =2 s @ 1 o’: @ R
“lﬂﬂﬁllﬂﬂ?JUﬂ15']J‘]Jﬂ']ﬁlﬂﬂﬂ']{1%1ﬂ%uﬂﬂﬂ’liﬂﬂ1ﬂﬂ'ﬂ]ﬂﬂﬂ?iﬂiu&mﬁﬁﬂﬁ\‘] ﬂ51w§]1ﬂﬂ1'§ﬂuﬂﬂ

b4
=&

winaruusanaz Danuamsudasnmsuueniale nsaan Iidialeezdsenoudae

A 4 o4
AAUYDY 3 ATU AU

2.9.1 AAY P (P Wave)
= a s v A w 9 3 v A @
ueraedanasaune Iihvesnisinad Iwan lsduni lafesuunisasaios ilosninmis
g ar v @ = 4 v Qs 1 a a a 4
aduiealeesuulivumin femugiaiu i Ligein Tdidu 03 Gad Thad uagldm
T 0.11 Furiiluaudnd iWerfusin 12 §a 1asg1u921d Positive Deflection 1uda 11,

- & o ad
AVL, AVF 1182 V — V IN512AN199997155 Inan 15 i dad1vidauInvodian Insa tuay
1 6

9
9 1UHn 1A Negative Dedlection 11 Lead III, V — v 2191fuiin I ludnuaziidamserngu
1 2
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A
2.9.2 AaH QRS (QRS Complex)

“ a a O A w ) - y A @ Aq Ya o
naaenInIsnad et lissyuialedesarasisaesioadanuiodwian 146 Inar ls i
1 ] 3/ dy L] 9 U 3 d; @ W 1) l ] L7 1 1 o
Humiana o lavesarsisaos uaziilosninmiianalaosatsuaaz voanun laminu
= o 9o 2 9 1 1 @ ] = v 4:;. ) 1 =y = =1
19 19 un 18 QRS Complex 51 1uanasiulundazda uanan e linasiiu 0.10 Jud

9 ¥ ]
I uNNHuTalnsYaveszudeiiniemriidynia L lddussuude
Usenoudiundu Q, R uag S
) 1 v 1
2.9.2.1 ATU Q NUIWD4 Negative Deflection ANUATIULTANDINAY P
[ [ ¥ 1
2.9.2.2 AAUR MUIBDA Positive Deflection NMWUASIUINNHIAIU Q
] ¥ 9 v
2.9.2.3 AAUS 111009 Negative Deflection AWUATULTANAINAU R

lunsiuinuieidaaziuiin 1AAus QR, R 138 RS uA12i50n3 70/ U 31 QRS Complex

A
2.9.3 AU T (T Wave)
= a A o',- r 9 U 3 ) U d' a
llﬁﬂﬂﬂﬂﬂﬁi?ﬂﬂ?\ﬂﬂﬁ’ﬁ]Bﬂﬂ’]'ﬁ!ﬂﬂﬂiﬂﬁ'l"hlcﬁ‘h’u‘ﬂﬂ@‘P‘i'ﬂ*ﬂ'ﬂ'El\‘lﬁ'lﬂﬂ\?ﬁ’EN“r‘i@ﬁﬂﬂuﬂ“r‘ﬂclil
9 [ u’j 9/ v = d‘i @ =R Y @ LY 3
NOIANNITDIN099EATIIAD VuTALlszun 1/8 -.2/3 MaaﬂauRmmn"lﬂTuaﬂym:mm

eunnia ondu AVR, AVL 1ag v

11 2.4 adulriivialeng

b4
- o

e 4 4 @ 2 a a
wenundieidiutsznevdug luadu ldfilvdelvventnnuiadnaluns

1 ¥
= ar @ A

Mauvesiala ldndansail
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A
2.9.4 AaUU (U Wave)
2 oA < S Y & . de & o o
LLﬁ@Nﬂﬂ“D"N?'I'Wﬁ']ll'ilch'“ﬁu(RepOIaI’IZahOD) VOINATWIUD Papillar NUIADUH '.]1"1] AV UN

ar = 9 " ar 1 =} : n’(: .
Huiinla ludanuuaziznoluanzhil Tnunadou losou lurihweniwadii(Hypokalemia)

2.9.5 ¥2917@1 P-R (PR Interval)
" ) ' ¥ ¥
JATUINAAUPIUDUSY QRS Complex UNATUTHNT P-Q Interval 5LULTNUIBD
v 0 3/ b4 v
szozh1Flunsd Inan lsidu ndmidowalatesuuisass uazganiiag (Delay) 7 AV Node

¥ v ¥
srozil Al 0.20 3119 minldainnhiaasnimsiaununavy

2.9.6 ¥2357a1 QRS (QRS Interval)
LY 3 ln‘ dfl = c? d'. ] cay 1 = = = = = =
FaRauaisundy Q Deduganay S $19a1H IUATIRAY 0.10 U1 91999 0.11 T
luda v uaz v

2 3

2.9.7 3282V.A.T (Ventricular Activation Time)

=< Aq 3 " 3 -4 9 ' b\ >
Elﬁﬂ\‘iﬂ\ﬁﬁfﬁl:nﬂ'mnl‘lﬂuﬂ']ﬁﬁﬂﬂiyﬂg']mﬁnﬂﬂﬁ‘lulu@ﬁ?1ﬂﬁﬂ§ﬂ1ﬂﬁluf’!ﬂﬂﬂﬂ)’uui’)ﬂfIﬂ

Jasunnaau Q audgagIgavaIndM R

2.9.8 %231221 Q-T(Q-T Interval)
» ¥ ) 1
TAIN52U245U QRS Complex auduganan T nuodessoznmlumsd Twan lsiwau
“ L o NSV 4 4 "
uaz3 Inan g lundwitealaiosmananee Feenaltouldauern e uazdns

molalureluadsiiu 0.42 3uh wazlundieliaasiin 043 Gui

2.9.9 ¥3317a1 R-P (R-P Interval)

FA9IN9AgIgArDe R Wave agon 11 anmnsatinndimasmionsivesialeviosans

2.9.10 331721 P-R (P-R Interval)
Y 9 = 1 Y o dy 4 “ 9 x:ayq' 3 1 A;
sEAVYUTUYNAIZBYIEAUIGUNUFIN (Soelectric Line) iautiisugaaudaunay P

IUDUTN QRS Complex

2.9.11 328z S-T (S-T Segment)
] " 3 3
3u3R91n9A QRS Complex (119H1500 Junction) DusuAdY T 1InAsgszanduiugiu

P v g 3 a a = a a 9/ :y v a 1 dy = v
wasuwlasldiandesain -0.5 Tafwas fe +2 Tatiwes d1svey Tegszaugandtil 15ond
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. . T 4 o

Elevated ST Segment L1a¢81aAA1890111150071 Depressed ST Segment FIUONDIAN1IZN
= o 9 dy o 3 " Yaor o . =] : Y da’
auAnUnAvesnd e lad e 18SUnduas e (Injury) M1ALGeA (Ischemia) LagAA1NLID

#18 (Infarction)

2.10 52UUMSANAA (Lead System)

E
@ A o @

szvumsanaatuindinsumsasinianau i lniuiianuddaun e
] o ' a d o @ = o { b4
nsuldoudmisesdian Insaeei W lddynia 837 Auinuldouudaslyddae
v & » s s H P 1 = =
adu Tl l5lumsidweTsanauyssidsznoude 12 Aa Taoudazdaiiaainnisng
aa & 3 3 ° v ' ' w a aa
siannsa  dailudruinuazdiavuudiumisinqguessianie  udlaowanigiaaina
¥
Amualiaig 12 e dail
o = =
aal, fn 11, Al
am aVR, A aVL, A aVF
aa V1, V2, V3,V4,V5, V6
a = S e A ' 3 LY ' A w
WA AAl, 1L 1T 1ag 89 aVR, aVL, aVE Wluaansegludunihuessienie uievals

i =) 1 ' ' a 1 [~ ad
a9 8a V1-V6 9z190g ludauniuunaneuvedsiniy ssuunisannauia laily 4 35 fe

2.10.1 35n13IAKVY Standard Limb Lead (Bipolar Limb Lead)

o 3 aag a ] -
dudunuumsandaoiin Inse Tavdadon lelslumea. 1860-1927 ) auily
L4 ~ A ] = @ d ] ' a 3
MAATINTONNATUAS 5IN0T BIUNIINGIAY Jasiiau 1innsnanod lo lsulunud nsands
a g 2 % ¥ = P ar :: a adg o 1 1
aian Insanvhldaau ldihlvnagaenziuin 1du wwdesansion Tnsaludumualnag

129} a @ 1 4 £ ' a’.: c:{y By =
121 Inade uazuSianszgnianmi Weaniduassiugansauiieg 18 lugammaoy
Sun Mumds Inuudiien NuazaInez ledmumisve sy uvawmu ndun uvudneouny

1 = as 1 Ya o = i 4 " =
Tnadne uazandnounuuinanszaniunii Taslddmn Tnsaaafvviniededumoau

51 2.5 SwumilsmsAadian InsALULIIATIIU (Standard Limb Lead)
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aau i iuiin 8andumsgialolududumiudsnsiuiinesniy

1. Lead 1 148180 InsasiofusIfhwmiomodavountosTnsdaaunafiuanaan
Fruanrefiurudie nazlSoufonfuaiodu (Ground) A

Lead I = M33annuaedindsennawudieduuauyn

LeadI=LA-RA

2. Lead 11 14880 Insasofuda IWfmiomedavounios Taotaaunefiuuna
Frnmeinds nisufsutuaeiufivin

Lead Il = M3 30ANUa9fndsennandnesunaua

Lead II=LL -RA

3. Lead Il Fnusadaiulddaaumefiiunde sauanefividre iiouidien Suae
Audivnumn

Lead 11l = M3IAANUMSANdseH N Id s ua gy

Lead Il = LL — RA
| fio RA = fnd I uaman

LA = finé I fuuudhe

"

' ¥ 8
LL = #nd ldhnuidhe azmiuandnd i Ta ldvinseeuaaiiuydSuiw fie T

@ G

= A o ALY = e’; 9 @ gy~
VIauaziam feriuenmeesind IWvhyessaaismmunaudnaloiv wmuIniugl

b
ar

- ] = 1 =1 [} AVA v o o A M
TIUHDBUATHINT 138NN ﬁ'lllmﬂtmv[ﬂiﬁLWH‘]NIJ'F]’J‘INEI’?JWH‘E AN D
Lead I=1Lead Il + Lead 111 {2:1)

o ::'c:‘:I o’)’ ' ] = =] 9 A’f o o
“rT'Iﬂu’]L'Jﬂm@'ﬁ“ﬂﬂﬁ"m&ﬂiﬂﬂﬂﬂﬁWJW'lu?ﬂﬂﬁﬂﬂ'lﬂlﬂﬂ'ﬁﬂuﬂfﬂﬁulﬂ?’] W\”l'ﬂ’]l]ﬁﬂﬂﬂﬂu

ar W é = 1
L‘ﬂuyu 60 BIF UDINULIDSNU ¥LT8NI Triaxial System

- LeadI £ e
Right Am Let Am =t \\\
' .
Lead I :
Lead I - Einthoven*s I, 1
Triangle "\_\\_/é 7
| 4% //' s+
~ 4 X
Left Foot + v \-'I-

gﬂﬁ 2.6 tumdey loTmmly (Einthoven’s Triangle) LaZLLY WAUVDINI 1

nlSsufouAIsmsiauuuei gy



diinnoasanaw nazsomndimnssaly £l

&l - ¥ a 9 y P 1 i
1NA152900 Insa Tun1mi 2-5 Sasanldnmes (Vector) MDATUUY UAAY
= It 1 e =y @ =1 P=3 @
AuvosE v asduunasiuflans s (Voltage Source) ¥038a 1, 8 11, fa 111 Aaueraelu
= kY 1 I o Y A = A 1w '
i 2-7 3z ldmasauvesnnuaiednd IMihonms Iadaeaa 1 uazda I Saumfua1uaIg

@ oo 9 = 1
fninldainda 1 wsamswduauns 1@ h

AAl-dAl—aalll=0 (2.2)

ﬂ' o ' o = o o g ar
7UN 2.7 wuudrasavass e sauuesms danau Wi lauwuinasgu

(Standard Limb Lead)

o o dar U o LY ar & o .
VInAMudNRusaInaf linmsdandu Wi lawuuunsgiu (Standard  Limb

u’:’ 1o Y a = A @ A = 3 o a A = kY
Lead) uuhluwﬂummmw’mnﬂﬂﬂ Iﬂﬁlﬁ’]ll']ﬁﬂlﬁ@ﬂ']ﬂﬂ‘lﬂ\? 249 Llﬁ']ﬂ’lu']ﬂlﬂ'lﬁﬂ'ﬂlﬂﬁ@vlﬂ

2.102 m3adauuy Unipolar Limb Lead (Augmented Lead)
a d 9 v @ 3 ° '
Lﬂuﬂ”l‘i’n&’r)mﬂTﬂﬁﬂﬂ”l‘ﬂ‘i'ﬂ‘uuﬁﬂ (Exploring Electrode, ¥3U7I0) UUAUK U
el ~t ar -4 4 o 3
YU NIouuNGs 130w e TnawlSvusunugud (Zero) #3118 Tasnisiiueia Trlvh
A A A & ) ™ ' 9 A oA
mdednaosdumiansiuiu wislaihy 3 fa e
ac a o 5 = = a o v =
I. Lead aVR 19@ianInsadanuda ihuinnefivvuan ulSeuivuiuaunie

fnd I vesvudesundgo
aVR =RA-% (LA + LL) (2.5

s d a w ::, 4 g Qs 1 i
2. Lead aVL l¥oianInsadasuad diuiniefinaudis aSeufsuduainie

fnd 1l vosuvuamsuge

906381
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aVL=LA - % (RA +LL) (2.4)

3 » ::l = = s 1 H ot
3. Lead aVF 198180 Insadanuda Idhuanfandne wSsuifsuiuauadosng lnih

YDIUVUU NNV LT
aVF =LL — % (LA + RA) (2.5)

w i P & ] . w b ° [YRprppnps = 3

OAYT “a” MU0 Augmented FIM3 1F52VVTUAD AnvIaveeni1ly danTunnld
= a dy =2 o o 4
Huewagagevuds 50 nlosidua

BNV “V” NUIUAY Vector UANITIHB1148UAG1I I “Voltage”

BAYT “R” HUODI LUV

as = )

BNHT “1.” NN HUUTE)

BAYT “F” NI0D 118

1 o ' a ad Z .
31 2.8 funiamsAadian Insauui Unipolar Limb Lead

v v
= =

a a ad Qs ' (Y @ a 1
1INNISARTABIAN INgALLURanad whiuiunsueaiale ldmudn 3 YUUDINAN
a Jda R . "o [<f o 3 9/ A
210 JuInaauiiaa (Bipolar Limb Lead) upganutunIsyeea ladunin (Frontal Plane) L®
¥
ar w = o
3IUMSTUANNS 6 @A (Bipolar Limb Lead a2 Unipolar Limb Lead) 92 11nmosniin
A @ ~ ' A, - o
(Frontal Plane Vector) 119114 6 yu 138091 Hexaxial 91hmnilszdiuunaunnyosrialeld

uuuaunalalnAszegsznane +110 H9 -30 asm
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3 2.9 wuannuvasialenSeufeuiuisnms Iaiiwn Unipolar Limb Lead

2.10.3 IEM3Tanun Unipolar Chest Lead (Unipolar Percordial Lead)

Wumstuinnisalaouuadlih 1asld8idn Tnsaiufin (Exploring Electrode,
u’: o [ q.: = = = ar n’é ° 9 o 0‘: ‘:;
I010) MUALHEINTIUTIUNS9en Taolfsufounugudsaiila Tamhaa Trihh
NI WNUIVUYT ByudsazEUTNNY TUTnlA 6 Saumile Ao V1, V2, V3, V4, V5

o

uaz v6 Tnudd3 Atudin 18ilunisgaladu Horizontal Plane

V3

71 2.10 AumiamsAaBIAn InsAULL Unipolar Chest Lead

o ¢ A a g as o L a Y

AunusnNadan Insarfuiinnaludwmiadigg dadl
a o ] ' — o P a LY ¥
A Vi ’J'NG}'ILL?Tuﬁﬁﬁﬁﬁ‘i%ﬂigﬂﬂGﬂIﬂSQﬂ 4UDEN 5 FANIEANHUIDNATUUN
a o [ 1 ot a - = o 3 9
aa v2 'J’Nﬂ’llLﬁﬂﬂ‘igﬂ?"lﬂﬂ‘iﬁiﬂﬂ“]ﬂﬂﬁﬁﬂI Uagn 5 FANISANHUIDNATULIY

49 V3 1198 MU V2 1ag V4
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a9 V4 130 MUIsENN9NIzana 1AT99 4 uazh 5 #3911 Medclavicalar Line
A9 V5 M98 MHUARLINUTEAD V4 LARTUUI Anterior Axillary Line

29 V6 19A N HAADINUTZAY V5 LAAT NI Midaxillary Line

2.10.4 Tuiiine3aA (Monitoring Lead)
THlunsaindssnmsuaasnisnsinianau i lanasanal (ECG Monitoring) Taw

¥

ar la ad I= n’: =1 ar = a o ar
1g42 Wi ndadEan InsatluduanuazaulSoufouduaisAu1adidn InsanAamil

l
= =

a A =1 da o=t [ q’.: 2 [ a
UILIUNTHNOAUNUNISAAN LUV U1 muau“lu"luiwmsammﬂ AU ﬂﬂlﬂuﬂﬁﬂiﬂlﬂﬁﬂu

]
=

Y a = & el Y
we iz aunums luiiwes Abeuldae
¥ Y
MCL 1 (M = Modified, C = Chest Position @1#35UY3U730, L = Left Arm §115U1728Y)
ad aa 5 Y =1 a T 1 -
neds M15eBan Insanaadauan Pidumdudoadu vi fesendis dAumanszqndTase

- :; = 9 9 ad - :," vYq Y Y o ]
1 4 uazi 5 Fanszgnuinenauwa dian Insanaadaanldlanszen Inadaiddne da

¥
[

ifiaameAuinneldnszanindartidne

MCR 5 Mioie ms1sdian Insafigasanin Banmiadoaty vs 19 idnTnsad
5'Jau"l"5’“1¢’1’ﬂszaﬂ'lﬂﬂa1§'1mw dauﬂi’:’aﬁﬁiﬂmﬂﬁuﬁ'm’lﬂﬁ’ﬂn@ﬂ"lwﬂm%’m’fm dalunsdii
1%1n509 Ambulatory ECG #ioldszuumalna (Telemetry) #9019z U5udumisv0s
%‘Lﬁﬂ‘lmﬂLﬁ"ﬂaﬂﬁ'mufgmﬁaﬂmsmmﬂﬁuwﬁmﬁﬁm&ﬂ EMG) TavasdiinInsa ina
ﬂ%’)ﬂ’aﬂﬁNiﬁ’t‘lﬂﬂﬂwﬂizﬂﬂﬂﬂ1ﬂﬂ (Xiphisternum) uazﬂf'mmmﬂixﬂﬂwﬁmnﬁauuu
(manubrium)
g1 anmduiudime ihitderulumsnedidnnsauuuman 14gsi
fn1=LA-RA
aAll = LL — RA
AT =LL-LA
an aVR =RA - % (LA + LL)
9n aVL =LA - % (RA + LL)
A aVF =LL - % (LA + RA)
V = 1/3(RA+LA+LL)—C ;iion=1,2,...,6

n n
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= lx Y Y ] LY
nERNUgIUMIanvinaveyadyanalihile

dy = a o =1 1 = a o CY= | @
Tuuniiazesuiadiacmansvoaviaa Taseznaidamsiinsigiuuuians lagdu
. . . & & a e & o T
(Multiresolution analysis: MRA) dailuiiugiuvesmssuiamnadsilendunazilibai i sy
=1 =1 1 . ar a
A15uUa I iaAL U VA UMY (Discrete Wavelet Transform: DWT) n1suilaanaunvi@eanyy
a3 ] a
IAUNUIY (Inverse Discrete Wavelet Transform: IDWT) 1@gagia15a) DWT tag IDWT b
g . 1 a @
ANYUUDY Filter Banks LAZNAINHAADUAUDIBNNAE (Impluse response) Vaan15uUaeIn
=~ o o = N 4
109A3¥NA0D 151UB51a (Orthonormal Wavelet) 52 M@ andnnsfiugiuvoimsanvuin

dgygn s le uazmesgmlumsiadsz@nsnmvesmsaarnadyaia IWiiiale

a d o
3.1 nqugnugiuvesmsnlasnvida
4 a o ar { = 1
adu (wave) gniowlhiluiladduninsesadamnlulamunaimiomls 1y
. S 9 1 3 dd A Vo a ¢ o A Y '
sinewave 11uau drunvideniduntwruny Tunisunmeidygunsofsnduirunis
a ¢ 1a o 4 = S A o & Jd @ o
Insedyisos Fadlumsdieneiaaulavnsznedayaianioflenduluinenvesanol
A d a & a 7 o 4 a o 3 4
wioon Tmuwdoa Fudumsinswddyanalulawuniud daumsimseindaniy
a o - [ o o
msunneidyyia luTamunaazanud lnseus iu e ausodiun 19lunis
ar o = o A a d as o
nsznveynInveIdy g nluanyuzifsanunldoynsuyGos lunisunudygraniuie

Frygamiailandu {0 dwnsaiionliugives Lincar Combination [1,2) 14 Tan
f([):zaf')”f([) (3.1)
1

! as ° =1
Taoh I dudsiiswauduveseynsi

[~ [ a
a Wudaulseansueansnizee

!
[~ do o =
v, (1) Wudaveilaiduimauass
= o @ = 1 & 9 2 “ a w a 3
LWﬂﬂJﬂQWQﬂ‘]ﬁugﬂﬁUﬂ’ﬂ Basis L8201 basis function UANHUSITIAININ (orthogonal)

¢ A

v . )
%llﬂwﬂﬂtumﬂiu (inner product) Lﬂuﬂuﬂuuﬂa

W D9, (O) = [w, (O, (0dt =0 k%l (3.2)
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wasdulszdnd a, s A laomsmimagunisludeaunish 3.3
 =(LOW )= [ 1wy (3.3)

A4 a 4 < 2 A o g4 A 0w & d
Wennsandauiae w, (1) wwvustsndudyaisangmivuizdmsuiludgn
) 2  da & . & . a :
basis function 04 function spaces Fuduniuiiiatuluirmnarduquaziiuoutagannasg

E a A 7 2 -
AUODE193IATIUND £ — Foo (local support 11 Taunurat) aegln 3.1(v) LAEWUNINTUD

[=s]
§ 1w 4 i a ~ o . . c{
gﬂﬂﬁmmﬂuﬁuw?a Jyz(t)dt~0 WHoNnsuulSvufeuny Fourier basis Ni/sznavuday

-0
T

A 4 2 [ = 2 v = J
AAY cosine WAL sine AI3UN 3.1(n) FIUAMAWIA local support Tu Tauuuauduaay 13l

§

e ] ar. at a L)
AMANA local support TulAuANUDNAZIIAT A UEaA VT ouN U FUNT

as A A w 3 ] P | S = 3
anyagueALMaNnalanYuITUYOY nonstationary 3 oinan1saimau launal dae

'
AA W

INDUUDY basis function NV

ar

1 ﬁé wa ar J
iy’QQﬁﬂUﬂ‘ﬂ Fourier basis WI9INANTUDAAINAITINIGTH

(9

1 I 1952 Tomnd lumsTudadayann (data compression) At eg197
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|

L
i L H
,f i

(N) Sine Wave (v)  Daubechies Wavelet

g'ﬂﬁ 31 Llﬂﬂﬂgﬂﬂﬁ‘u Sine 1182 Daubechies Wavelet 1/,

3 . ‘ g _— : ]
Tumsad1adm Wavelet basis aduMianIzgndaue1e (dilation) w3 e1ldouniud

:; A o A‘l = = 9/ A :vag
uaznduidafigniaveoiagnidou (ranslation) luununa1dndae Sequauiianaes
2 o o A @ . a o
9610 uA UM TH9V8INITUATIZHUVUNAAT 1¥gFU (multiresolution analysis) N153UATIEH
=1 ar ~ s ~ 1 A a [~ . A 9
Lmum’flumsmmwmgq;m‘lﬂwsmummamaﬂmmmawmmucﬁw wavelet basis 9 1%
unudygInudIvazBeavesdyyInzgnnszae ldinnuissquasdumisiegnlson
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o d Qs s % . .
3.1.1 MIUANSHUVUNAA31¥G ¥ (multiresolution analysis)
o a o L3 o w — 1 a =
5’1m‘14uﬂﬁmuaﬂym S, @) unudangy £(r) “ngﬂﬂszmﬂﬂﬁszmmmazmﬂﬂj
L, _ - 3 8 s
uazfiszdunnuaziden j+1 waziBonzgrunudan d, (1) Fulesauddy £ ) ew1d

Wardu f(r) Ngnnszawliisedunnuazien j+1 1Tufe
Lia®=f;0+d (@) (3.4)

4 7w i do Am ! s o
Fafanduluaunisi 34 szfluflsdsuninwazdoadhlng 7() vinndumuilefsud
TTAUATINOLIO0A j uazdaann (1) wwadundufuiesuswazideafiszaunuaziden

' 2 o o A . & Y
ﬂ’]\?"‘]]lll%uﬂﬂﬂuuﬂﬂﬁ'ﬂ J—> @ Gh'\ﬁ]giulﬂ

7= 1,0+ d, (1) (3:5)
k=]

o

= oy ar = =} 1 ar 9 ar
ATTWUATIEUUD SI“Ifﬂ‘]fu‘ﬂgﬂi@ﬂﬂf}hﬂ\‘lﬂﬁuﬁﬂﬂﬂ',]']11Z"Ixmﬂﬂ&luuﬂﬂ$§$ﬂﬁhlﬂW5'i}3J"]ﬂu

U

= o 1 o o [~ [ = l 1
INANMIN 3.5 IAUNWINTY £ (7) OANIZVIEBaNIY 2 §IUAB &Y background AL EIU
o as v o g
Yo931wazden luimeufeinussminsoganlavesilanduiunfe Square integral: L*(R)
é o s L] 1 {
Falsznou lildrsdduvesalaten (7, ) uaz v souldfimsdssuiumues () #

sgAuATNazioon j Ao () Tu ¥, uazswazidon d, () lu i,

s

= o @ = o w L]
msunszduuiads lsgiuvos L ()2 , 41 Tdinuddvvesanlsdes {7, }jez
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v

Tae#t z fudnvess il
(1) ... O, Mo — V. & ONFTRS
@) N, ¥, ={0h, 7, =} (R)
3) f(t)eV, = fneT,,
@ fHeV, e f(t-k)eV,
(5) ifleiFu (1) uag (s — k) Fuilu orthonormal basis oglu ¥,

=y = 1 =~ ar 1 o =
nniinwden (1) aulados ¥, ssidududnuvesdulades ¥, a1l 3.2 n3eih

o A

woalulamunm fdduiignlszanalu v, Aeaunisi 3.4
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g 32 uanamladen v, Ty 12(R) muiivwveamsinsieiuuniiads Tagdu

' o @ 24 1
uazANuuAnARvVeIsnsUszanuilandulu ¥, uay ¥, Aeswazdua d,(t) deeglu W,

¥
adauazld

K, =V, W, (3.6)

J+l J I

M 3
e @ uNuUNITUINITIAIRINLGL W, Qnisun 111093100 280AN3 0 Complementary
3 ar @ e 4 & 1 N
subspace LDZIZAININDY V, Toolddaydnysl VoAdK FanuenNuIHagun e e
o ' a1 oy o v P 1 kY
ag element 1u ¥/, fiuueing element ¥, aziantugud umilonssnasdos 7, wld

V=V, 8w, (3.7

WoUNUEYNITN 3.7 Iaunms 3.6 9218

V=V, @, =W &W, eV, (3.8)
wazidienszay V., Weneeld
Vo=V, ®@W, =W, 00, OW,_,®..0W, &V, (3.9)

Vinaunsdi 3.9 wunsouaaados W, Tu L(R) 14degdin 3.3
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Hewaein 2 Menduignilszmanszauanuasideanueuigenonszay j— —o
nlsvr ) o oA A a QA o a o o uly
wian limV, ={0} Tunisnaunuloing 10azIBuAINDINIEALAINAZIDEADNUADY 19
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FyaunauAuuiuAe lim > I’(R)
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a Yy ; 2 i P o = "
Howeh 3 muly V, graunansevnionnaly 7, illesnniissdunnnazioon j+1

o a ~ ) £ [ = L ow > = o s o
wINUUazRYn RgIniiszAuANazBes | Aaduanudvesilindule 7, wiiduilu 2

1 o ar 1 o w 1 9 1
wivesilandulu ¥, winsanudhdiiifeddu £ Tuansdes ¥, udaei £(20) oflu

Vj+l

=Y o v = o as o w a 4
newden 4 Menlsdon ¥, Tladsu f£() wdfensu f() hgnideude £t —k)
& A 9 ' b < < ' Y
FIVZAOUAWMIIUIAN k URIznUBgiu ¥, Ao
a = = 2 A ' a o . -
Hemh 5 1 basis function (1) FU30NNANAAININTY (scaling function) LAY
o o

a a i ' 1 o o v
sademnadefladduiignieudie o - &) aglu ¥, uazudazfeddussiiguanddiiy

orthonormal

3.1.2 The Scaling Function
a a I'd r s ) a o o
il]'lﬂilu'Jﬂ'J'Illﬂﬂ‘ll@%ﬂ’]i’)tﬂi']gﬁlllmMﬁﬁgic}f@‘ﬁu WAITDHOIUTNATININTU

=] A o a =Y tﬁ‘ A o & 3
@, (1) Lmmmmﬁmaaa‘ﬁaﬂ%ugﬂumuiumammmiLaﬂuﬂmamnamﬂanwm 1@
@, () =(t—k) kez el (3.10)

& i < o I3 ~ 1 2 o <
e z ugmyesdiudmay naunsi 3.10 vevesaladesly 22 gasivualasdm
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Vy = Span, i@, (1) (3.11)

' g H Y A a I3 o
IATOINUTY over bar inuFITavesanls snngdeh 3 uazngden 4 vesnslinseiuuia
an o a 2 J ) o = a
a3 lgiu azaninsatinunismnavesmnadeilensuriaiumsn/dounnudvesanads

Handulae
0, (0=2"p(2'1 k) (3.12)

a 3 1 o 3
aatiuvnvesaysos lueaunisn 3.11 aznanodlu

V, =Span, {gokil’tj}n pan, {guj,kiti} (3.13)

& f() eV, oz ke Z uwd vzmmserlssinailaddu £() I3Saerunsi 3.14
fO=>a,(2't-k) (3.14)
k

o ar VoA ) 4‘? ﬂ v =
dMTUNNAIN >0 YUIAVDI subspace 32N TNVY (Wma 14 @5 () 1AVBIAZY step Tuns
A =4 as u’: = ar g =t 13 o w Ay . kY
lasuLanal ﬂ\‘i‘Ll‘Llﬁ]\iﬂ?iﬂiﬂuﬂuﬂﬂﬁy’]m‘lﬂﬂm@ﬂﬂﬂ1ﬂﬁju TINIUNA <0 AITUNIIUD
A I - v 4 - & v & ‘f]
subspace 9ZUAVAY ANADININTU @, (1) HvuAnAULEEH step Tumsidoun AUty

maldaunsounudyana1d liaziden

Yy a 4 @ A o a d 1 o a
1NNYTB1 3 YBIMIATITRLLDNAAT lyghu anadsilensunszdunnuazidon

1

- ! a d 1 A S A o .o )
+1 azlanuau 2 mwmmnam*ﬂan%umzﬂummazﬁ)‘aﬂJ AIUUIZTIUITOUHYINTND

—

asflandu @) fieglu ¥, Tuzinunived lincar combination ¥89 o(2r) gnideulu ¥, 18

‘ne
1

()= hy ()N 202t ) (3.15)

' o ' -4
Taoh ki (n)iluduilse @n5aanTesnndwI9ns 95003 scaling  filter waz +2 15y
) 4 2 fo o o 3 ) s
normalize 1o l¥mnadsflenduignainadis 2 Sanuilu norm function auasiiendy
' o e
dilation equation 119990 { ¢, ()} 1314 orthonormal AsHFNYsEANT {Ay(n) } aunsom

Tannmstummagunely @uyai ¢ Wuilsidusuiunia) 118
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By (n) = {,,,0) =2 J: O(1)(21 —n)dt (3.16)

-:ly sy 1 at a | 9 = = c?:
nINFuNTHIzEIIIRuauIaUINes1vesTulszans { A, (n) ) 18 Tawnsouiinsang

Y o 9/ wa . . a:ddf Hq ¥ 1w 2
2 U9ueeaun1sh 3.15 lagldnmauliaved scaling  function  NUWNuUN1Ans NI DN

([;go(z)d: = 1) 2z 14

> hy(n)=+2 (3.17)
n
Tumeasstududguiisassthavesaunsi 3.15 470 o - /) udduiinin 14

[ ooe=1ydr =235 by (1 () [ p@i=n)pt 21~ n)di
=" hy(n)hy(n+21) (3.18)

9/ e - Y
190135 orthogonal vesanaaslanduaz 18

> By (mhy(n+21)=0 1#0
> hy(hy(n+2)=6 1#0
fude
D kg (n) =1 =1 (3.19)

"
=

Y 1 A do = . . 2 4 1 L
dretvesrndalendundofigafie Harr scaling function ¥uiluwaduuina 1 niiaeaagll

3.4 () WU o21) awnsoldlumsadeilandu o) 181ae

0(t) = hy (WN20(20) + hy (1202t 1) (3.20)

S50 b () lugumsii 3.20 szdpaiian By (0)=1/+12 woz k(1) =1/2 wazAa0d1af 2

as

fag1i 3.4(9) 1T triangle scaling function (first order spline) s (1) 1aTa0

U
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0(1) = Iy (0)3 920+ Iy (DV2p(21 1) + By (D)2 (21 ~2) G.21)

Aduilszdns ho(n)ﬁgﬂu"lﬂmufmms 321 fm hy(0)=1/22 , h()=1/2 uaz
hy(2)=1/22

r
|

| | : \
1 / \ b
» Y \
[ ; ; \
| 3 7 .
cosn N N SR SRR, | B o o Ll e KR .
4 i
| |

olt)= pQt)+ p0L=1) a(t) = ;w(26)+ w2t -1)+ 3 ol2t -2)

(1) Haar (same as @y, ) () Triangle (sameas @, )

31]‘?1 3.4 LiadA3 Harr 110¢ Triangle Scaling Function

3.1.3 The Wavelet functions
A a [ & 4 v, 1 cg A Nod @
LME]W%WS’LH'I’ETL‘]J“HEIE]U {WJ }Gli\fll.‘lJ‘Ll detail spaces uammazmﬂmﬁ]mmmmammzﬂu

NAUNTN 3.9

V:f+] 2] G_).{:—co Wk
waeld j > 0 14
L’(R)=®]__W, (3.22)

MNAuMs 322 avasanszan I (R) Tun1suinidenaninvesaiades W} uaz
uanlades P, fazussy basis function {7, (1)} Taofl y, (1) =27y (2/1-k) Farfu
I? 9%} orthonormal basis {y/ o (t)}j}: c??agnﬁﬂﬂﬁ wavelet basis 1tazia¥idn v ) Fanuave
gnadnnilediu w @) Taonisifeunasmsana Fusonilafdu w () 31 mother wavelet
139 basis function LAZINT1Z {w (1 - k)} oglu W, uaz W, cV, darty w(t) ansoiliou

& s . . Y
1y superposition U949 basis functions OEA
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W)= h(nN2p20 - n) (3.23)

¥ '

=1 = v . 9 wa = = ar 3
HUNITHYATONIT wavelet equation  1FAMUTUTAYDI {lg/ﬂ(f)} Milu orthonormal AN U

FurlszAng {h (m)} aunsont18laonsAnan inner product
() ={8,.v) =2 [ w(Op(t -n)di (3.24)

VNS 3.23 ansamnaauiauedsvesdulszdns (i (1)} 18 Tasmsdudinge

v
=

o Y ~ 9 wa . Aad Aq Y o '
N 2 VNVDITUNTITN 3.23 Llﬁzjsﬁﬂmﬁuﬂﬁmﬂq wavelet function ﬂuwuﬂqﬂﬂﬁqwlﬂqﬂﬂﬁuﬂ

W30 fw(t)dt: 0 ald

> h(n)=0 (3.25)

Taud hy(n) uag }ﬁ(n)ﬁmmﬁnﬁuﬁﬁuﬁmumsﬁ 3.26
B (n) = (=1)"h, (1~ n) (3.26)

Y] 1 < for Y { q ar \ a 1
A0813v03Ha NINFuNNeNgafo Har wavelet function A93119 3.5(n) 32HU (21)

awnsoldlumsadieilanady ) 1dne
v (t) = h(ON2p(20) + b, )N 20(21 ~1) (3.27)

Fariu & (n) Iuaumsii 3.27 wdesiian & (0)=1/42 unz h (1) =-1/2 uazdedei 2

i triangle wavelet function (a first order spline) ﬁ\‘lgﬂﬁ 3.5 (U) A4N304 (1) 18 Tag
1 1
w(t)= th (Me20) + I (D2 -1) + th 22t -2) (3.28)

ﬁwﬁuﬂszﬁm%"}ﬁ(n)ﬁxflullﬂmmmms 328 fie m(0)=1/242 , h(1)=-1/2 ua

h(2)=1/242
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| i 1 .
(") Haar (same as Y/ ,,) (V) Triangle (same as ¥/ g, )
j‘lj‘ﬁ 3.5 Harr 110i¢ Triangle Wavelet Function
3.1.4 maulaanvlidaduniiae OWT)

o a  d ' o A a ] o o
210 [6] ﬂ’]'jﬂqﬂ'ﬂquﬁuwuﬁigﬂ'}'mﬂuﬂSzﬁqfl'ﬁﬂ'ﬁﬂ'j3%16L')ﬂ18ﬂﬁ53ﬂ1]ﬁ!ﬂﬁﬂ7ﬁlu

monvesszavmnagd laoldauns Scaling function H30AUMSN 3.15 UUAD

o(10) = > hy (W 20(21 ~ )

¥ | @ ¥ v
mmﬂmmznﬁaumuﬂmm (Al k ’ﬂzllﬂ

P27t k)= Y hy (2022 1 ~k) ~ )

= hy (V20271 = 2k ~ n) (3.29)

diolaoudauils Tae 19 m=2k+n 9214

P27 1-k) = hy(m—2k)W20p(2"" 1~ m) (3.30)

£
At yaley v, vznanotiy

v, =Spkan{2”2go(2j 1-k)} (A1)
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o

udrdy /(0 eV, wnmuily
JW)= 2 c,, (0292021~ k) (3.32)
k

] o = ° ' @ = ¢ w
AszAuanuazidoadnd 1 szay uazldidailnduunuswazideanso 1V, =V, W,

218

=2

f@O=2c,(002"%p(2't k)1 Y d, ()22’ k) (3.33)
k k

v
=1

i 4 i @ 4 a & P ar = i

N¥q 272 1Wud normalize tile Idainansilanduiignanadie 27 §anuilu nom function
' a @ - i LY

MIANAAI) D @, (D UAZ ¥, (1) 111 orthonormal Fudlss@nTvesmsamnaiiszay j m1la

Tawnagunielu
&, () =10, 0,,O) = [£()2? (2t k) (3.34)
wnn Iuaunsi 3.30 adluaumsi 3,34 1214

¢, (k) = D0 hy(m = 2K) [ £ (02 (2"t ~ m)at (3.35)

m

A A e Gy > & g a .
dennsanlwmennduinsaluaunmsn 3.35 Fatluragunisly ved f(1)Ny scaling

Z ~ ar ; A
function NIEAUNTALND j+1 UUAD
cia(m)= [£(0)20D2 (27" 1 - m)d (3.36)
Aariuez 1d

c,(k) =" hy(m—2k)c,, (m) (3.37)

' = s a
wazduilszd@nsinian d, (k) midludnvaziRoaiuiy ¢, (k) 1218
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d, (k)= Zh] (m— Zk)cﬁ, (m) (3.38)

m

[

| = a a o
Taw# ¢, (k) luaunsn 337 Aeduiss@nianadas 4, (k) luaunsii 338 fe
ar a = o ] =} 1 =4 =]
duiszaniivian uaznisfuauma ¢ (k) uaz d,(k) Soannsudaanwidauuuif
' . 2 = ]
M3 (Discrete Wavelet Transform: DWT) @3 A, 1az A luaun1sf 3.37 uazaunish 3.38
<) a w d w 3 =] = 1 a = = @
Wukanovauesduiad aaiulumsudasviaaauviiennszauanuaziden j+1 1y
TEAUANNALIDOA | 92T INITODTUIWAIY Two-Band Analysis Filter Bank 18Aa31/#i 3.6 uaz
[~ [~ ] a a
msmlasidaaumiinmnnszauanuaziden j szaunsouaaslugiuss Octave Band

Analysis Filter Bank 18931171 3.7

|

h(n) 21> d;

Cj+l—“'

i

hy(n) ¢2 > C;

{ . . =3 @
71 3.6 11703 Octave Band Analysis Filter Bank vo3msuilaannidnainssduniuazidoa

i+1 llfsszruanuasidea j

Y

h(n) ;2 b= o

C,;—* = h(n) ———‘2—-—617-
By (n) = ,LZ e

Y

Y

hy(n) 4—‘2 -—djj,

Cr1

A\

Bo(n) P42 = €5-y

3UM 3.7 48R3 Two-Band Analysis Filter Bank ¥99m3uasnvidnanszauanuazidon j 11

faszAUANUAZIDYA j-]

Taof| L 2 [umu Down sampling #0 2 ud A, 13 lowpass filter wag A, 151U highpass
0 P gnp

@ 3 [~ - 9 ar dy
filter A91UILTNNITOUAAL Frequency Bands voamsutasanianlugi 3.8 Tagail
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31N 3.8 1AA4 Frequency Bands vosmsudasimidaninszdunuazidee j ludissauniy
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¥NWAUT Frequency Band 1131 3.8 band ¥0en21udd19zgnuiiaoeniilu2 bands Ao

[ i 9 ' H ¥
band ANUDAUAZANO G A91TY Frequency Band 11317 3.8 vzgnuldeudagili 3.9
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A
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Ci =3 [ ] . [ @
31 3.9 @A Frequency Bands voamsuaaidannszduanuaziden j ludiszauny
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ALIOUA j-2



34

3.2 maudasndunidadunie

A

Qs - el g A ' P
duilsgdnsiviaan 1annsudasaidaduminlugli 37 fe @, (0},
{d (0 Wb @, (0 uaz {e,_, (0} mwsminnathandudedraauysel (Perfect
é ar o o L ar ) Qn‘ ﬁ'
reconstruction) AN A3 NAYYIURFUANAINToR 1A Taomsswiuvesdullseanimnads

ar a g A 1Y = o o [ = 4 ¥ a
llﬁzﬁwﬂigﬁﬂﬁlﬁﬂkﬁﬁﬂixﬂﬂﬂﬁ'lllﬁzlaﬂﬂﬂ']ulﬂﬂﬂWﬁ$ﬂﬂﬂ3‘]ﬂﬁ$£@ﬂﬂ’gﬁ FIDNTWATTWUN

or = ar = a a o o
dyanangnunuluszauanuazidoe j+1 dyanuansatioulumeuvesmnasaianau 1a
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e

91

F@) = e, (m2YY2 (2%t —m) (3.39)

v o a 5 1 @ v 2 o Y = 9 ]
DIUDIVNIEAVANUDSIDYAN TN 1 SSQULLE}’J%L?ﬁi@uﬂ‘Uhlﬂi’JﬂJﬂﬂﬁmﬂﬂﬂIﬂﬂim’Mmﬁ

o o
Wandunso 1,

9
=V, @w, wla

J@=Y cj()2 @ t-k)+ Y d, (k)2 w2 1= k) (3.40)

¥ v
v o ar I Y =4 i Y a a
w512 3NN orthonormal AITUMIGUEANNMSN 3.40 A28 (2771 — m)uAIBUTINTA

vl
[7@29%92 o271 ~mydt = e, (0297217 (2 1~ m)p(2’ 1~ )t
: > d, (k)220 [p (2 t=myp (2’ t — k)t
z
wavugusTaold u =21 - koz'ld
[r@2" o - mydr = ¢, (kN2 [p(2 ~ (m - 2K)p(u)
p

+ 2 d (W2 [p2u - (m-2k)y (ydu (3.41)
k

21N TUNIS 3.16 ho(n)=(§01n,€9>=«/§f o(typ(2t —n)dt HAZIINAUAIS T 3.24

h(n) = (géln,y/) = \/Er w(1)p(2t — n)dt Sotumenynilovesaumsi 3.41 wnmuiiu
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V2 [ = (m — 2Kk)) ()t = By (m —2k)
V2 [o(2u — (m = 20\ (u)du = by (m ~2k)

LaTUNL UM 3.36 asluaumsi 3.41 228
¢ (m) =2 ¢ (kYhy(m—2k)+>"d (k)h (m-2k) (3.42)
k k
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INAUMIN 3.42 INI00eTA1131/¥99 Two-Band Synthesis Filter Bank 1A@31/71 3.10

U
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Cj=wib 2 t>l iy (1)

31U 3.10 uaAY Two-Band Synthesis Filter Bank ¥03n1silasndunwidaninseduniy
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A n s o @ - .
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azidoa j-1 lldeszaunnuazidea j
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N i
MSE=Y" [(x-1,)? p(x)dx (3.56)
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Original ECG record 202

1400 T T T T T
. JL\J JlJ\__J\/\_Jl W, LA _
1000 F ub—-—"--*’ U\_.rv] -
BGD 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
Reconstructed ECG Signal
1400 T T T T T
o ML-JLL—JMM _
1000 F o
BUD 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
Difference between Original and Reconstruct Signal
4 T T T T Y

0 500 1000 1500 2000 2500 3000

3N 5.11a uaasadwsIsnsiinaue MIT202 7 hiimsaou lad

v a

(V) FyanuauR iy, (nae) dygiunase il tag @19 anuAanmalumsasialuy

Original ECG record 202

1400 T T T T T
A\ JQA—JL w _
1000 f V¥ ot N e 4
BDD 1 1 1 L 1
0 500 1000 1500 2000 2500 3000
Reconstructed ECG Signal
1400 T T T T T
1200 :ﬂ N & * ‘ ! ﬁ -
1000 F 'A .
BDD 1 1 8} 1 1
0 500 1000 1500 2000 2500 3000
Difference between Original and Reconstruct Signal
50 T T T T T

1 1 1 1 1
0 500 1000 1500 2000 25600 3000

31U 5.11b uaaskadnsITMsiiiuaue MIT202 Aszdumsmoulad 8

= 9

[ N as ar 1] U =Y 1l ]
(vw) Fyamduniiy, (na1e) Fyanaiadiel uag @19) anuAananlumsadieln



71

Original ECG record 203
1400 T

1200

Tl I

8OO 8

EDD 1 1 || 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

Reconstructed ECG Signal

1400

e ] s

1 1 1 1 1 L 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

Difference between Original and Reconstruct Signal

_20 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

1
=

311 5.12a uananadWEITsInaNe MIT203 7 lufimsadou lad

[ Vv ar ar 4 ' v = i
() Fyrwaualiv, (ha19) Fyanaiadielui taz @) anuAanaalunisasialm

Original ECG record 203

1400

1200 |
1000 fk/ “”NJL JMJ\#MMW"MLW o L

800 1 B

600
0 200 400 600 BDG 1 DGD 1 200 1 4DU 1 EUU 1800

Recnnstructed ECG ngnal
1400 T T

1000 ﬂ"},’ HMAM\ Aﬁ“ﬂfv“’ i ‘ﬂw e _

800 |

EGD 1 1 1 1 ] 1 1 1
o 200 400 600 800 1000 1200 1400 1600 1800

Difference between Original ancl E‘econstruct Signal

100
U whisba oo
'SDD 2DU ADD GUD BCID 1 DUD 1 QDD 1 400 i 600 1800

U 5.12b wansraaWEIsMsMinaue MIT203 Hiszdunisaten lad 8

o Y @ a g

(V) dyanaduniiy, (na1e) dyananasieln uaz @19) anvaanaalumsadialm

o o



72

Original ECG record 222

1200 T T T T T
1100 AAJ .
1000 L\,J\J o “
900 1 1 1 1 1 1 1 1 1
0 200 400 BOO 8O0 1000 1200 1400 1600 1800 2000
Reconstructed ECG Signal
1200 T T T T T
1100 |
1000
BDD 1 1 1 1 1 1 1 1 1
0 200 400 ADO0 800 1000 1200 1400 1600 1800 2000
Difference between Original and Reconstruct Signal
10 T T T T T T T T
0
_1[] 1 1 1 L 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

5105132 uapswadws I M uaue MIT222 7 hifinasaieu lag

3 Y

o @ P 9 ! U = 1
(V) dynuauativ, (0a9) dyanaiadieln uag @19 Pnuranainlumsasielml

Original ECG record 222

1200

T

R AR

800

1 1 1 1 1 1 1 1 1
0 200 400 600  BOO 1000 1200 1400 1600 1800 2000
Reconstructed ECG Signal

1200 T T T T 7 T T r T
1100 | i
1000 ""n.n*-’r\ - L"-\/
900 . 4 ! L L ; L L L
0 200 400 BOO BOO 1000 1200 1400 1600 1800 2000
an Difference between Original and Reconstruct Signal
5 ] e
-20

1 1 1 1 1 ] 1 1 1
0 200 400 600 BOO 1000 1200 1400 1600 1800 2000

314 5.13b uaaImadWEITMIMINEID MIT222 Aszdumsnioulad 8

v

A 9

(V1) Fyuauntiv, (na19) dygnuiadielnl waz @19) anuAanaialumsadielm



73

Original ECG record 234
1400
1200

LU L

SDG 1 1 1 1 1 L 1 1 L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Reconstructed ECG Signal
1400 T T T T T T T T T
1200 -
1000 E
800 1

1 1 1 1 1 1 1 1
0 200 400 600 B00 1000 1200 1400 1600 1800 2000

Difference between Original and Reconstruct Signal
5 T T T T T T T T T

1 1 1 1 1 L 1 L .
0 200 400 600 800 1000 1200 1400 1600 1800 2000

U0 5.14a uemawadnIsmsiinaue MiT234 i lufimsaoou lad

(V) Fyanuauaiy, (a9) dygimiase g uag (@19) anudanmalunisasielm

Original ECG record 234

‘}400 T T T T
1200 .
1000 4
BDD 1 1 1 1 1 1 1 1 1
0 200 400 600  BOO 1000 1200 1400 1600 1800 - 2000
Reconstructed ECG Signal
1400 T T T T T T T— T T
1200 J .
1000 i .
BUD 1 1 R 1 1 1 1 1 1
0 200 400 600 BOD 1000 1200 1400 1600 1800 2000
Difference between Original and Reconstruct Signal
100 T T T T T T T T T
50 F * A
0 WMWWJ}WLMM WlewwA-w |
-50

1 1 1 1 1 1 1 1 -
0 200 400 BOO BOO 1000 1200 1400 1600 1800 2000

710 5.14b uaRswadWSIBMIMINAUD MIT234 Riszdunisateulad 8

(uw) dyanuauatiy, (na1e) dyanunaiielyl uag (@19) anuRanaalumsadeln



74

d
5.2 NTISHNANITNAADI
3
MnwansnaneslaolSoufouaidnsinsiudadeya (CR) uazAmnuAAiiou

@ ar 1 I~ J [ A 4
yoadayaa Ifila (PRD) awnsouiseen 1Ay 4 ngu Asuanslugalii 5.15 84 5.18 49

udeyandaeglungud 1 Tduiiu 4 3rudoya A 114,202, 222 nay 234 uaaslugiii 5.15

W

& o~ s oa = 1 9 A -:'s o 3 =l .;{é P =
GIN?Jﬂiﬁﬁﬂ‘ﬁﬂ?ﬂﬂﬂ’ﬂjﬂuﬁj@y‘ﬁﬂuﬂLiJEW]'!ﬂﬁﬂﬂﬂJ‘L!’]ﬂ‘l!ﬂyﬁ Taoiin PRD nammgans 0.07%

4 = o o a & o ' a
e lufimsaieu ladduilse@nF Approximation tagiiAn CR Uszanm 3.3:1 uaga CR fga

U

=

d.. \ dw 4 o a’ = ¢
ngalunguilfeyssainm 12:1 wag PRD dszanm 1.5% iiesiinmisaieuladduiszdns

Approximation N3zav 4

2 T T T T T T T T
18 n
5 —4&— databasel14
m T -
& 16k - database202 - |
T —W— database222
E database234
& 1.4F |
=
D I~ -
X o
© #* ———> Quantize level 4
= y
o 1+ Py A
o
5] AR
2 o8 o, i
*g /7/ 2
o i < > Quantize level 8 N
= SEVE
ts
S 04k 5D A i
(‘3’_’ 2 _’:/ > Quantize level 16
1 N > Quantize level 32 1
No Quantization =% > Quantize leve
<_M3 > Quantize level 64
a 1 | 1 | ] | | 1
0 2 4 B 8 10 12 14 16 18

Compression Ratio (CR)

o

30 5.15 uanailsy@nimmmsanvinadeyadaane Wi langui 1 d20A1CR LAz PRD

g o

[ 1

Pudeyaniaeglunguii 2 1 4 grudeya Ao 102, 103, 117 uag 118 wazg1udoyadn
ar ] U =i =1 9 A a o A:z?
daeglungui 31 3 g 1udeya Av 106, 113 uaz 200 uaaaluglh 5.16 uaz 5.17 Mudiay &

L]

£ ] [ 1 o
Naereenguiin1 PRD figad 0.1% e liimsaleouladduilse@ns Approximation taz CR

a4 i 4

td T
Yszuna 3:1 WA wazA1 CR Ngangavesisdoanguiife 12:1 FuMIAUNGUN 1 ueA1 PRD

L) a

1 l:: = ¥ ! ‘!. é = 1 | U t:; =
YoINqUH 2 ANNAGUN 3 Felif1szunal 2% udngui 3 UA1 PRD Useum 3%



75

3 T T T T T T T T T T T T T T T
28F ]
& 26F v ]
g 24 — B - databasel102 P o
2 @ databasel03 B —> Quantize level 4
é 221 —W— - databasel117 5 / o
& 2+ database118 ' V. o
£ P
O gl s
5 16} v o
g /
= 14 & "/ //' 7
é 121 P ™. > Quantize level 8
g i i —
x g8t W L
= ,’/I 1
S 06f A > Quantize level 16
0.) ’ -
o 04r I i > Quantize level 32 ]
02t - -y > Quantize level 64
0 ] 1 |- P 1 ! 1 L 1 ] 1 > Ng Quanfize
0 1 2 3 4 5 B 7 B9 1 1M 12 13 14 15 16
Compression Ratio {(CR)
ﬂi a o v as 7 9} ’
310 5.16 uaassyansnmnisanvinadeyadynia I lengui 2 Asemcr uaz PRD
< T T T T T T T T i} T T T T T T T T
5
=35 YR :
o —&— database106 S8 )
o ~4#* databasel13 7 ——> Quantize level 4
3 s3f —— database200 . .
5 ’ /
D
iz & /
= 25 .
o 7 > ¢
© /
s | v ol
3 2 % % i
= i ’
D < 2, > Quantize level 8
= 15f e g ]
8 / 2
o4 v
e 1Ir '/v s i
S /S & > Quantize level 16
[ #
% o5 o g : .
) No Quantize ‘@//Q > Quantize level 32
E ‘t”’ . > Quantize level 64
0 I | | | 1 1 | | | | 1 1 1 | | |

o 1 2 3 4 5 6 7 8 9 1w 1 12 13 14 15 16 17 18
Compression Ratio (CR)

31 517 uaassz@ninmnsanvinadeyadyau IWdnialengui 3 AeA1CR uag PRD

@



76

oo ' VoA A P 4
Tudeyaniaoglunguii 4 1 3 grudeya fe 116, 119 uaz 203 ueraalugili 5.18 ¥

duseaninmdnigindeyaduaiieinisaaviadeya Taelia1 PRD Nd1iqade 0.1%

4 1 o as a = . . a0 ' =
iWe'luiinsaionladduilse@nF Approximation uazila CR Uszuiot 2.5:1 uazaA1 CR Nga
td o

= A A o o @ a o a
ngalunguiifolszuim 91 uaz PRD dszanm 5% dieiimsatou lagdulsedns

q

Approximation N3zAY 4

7 T T T T T T T T T T
6.5 =
g B —@— database116 i ]
Qgel —#— database119 ; /’ _
g ¥ Saabams Quantize level 4 = <«——— %
& 5¢ : s N ]
@ 4 /
E 45+ 7 bl -1
O ~
@ 4f <Ly 7
Pt .
2 ael Ve "
) ’ o1 /’//’
& 3fF /’/ =
@ W .
—
= o5t L2 Z Quantize level 8 |
3 " 4
B 2F . / o -
= X |
- L . =
g8 Ty e > Quantize level 16
[ pr o’
o 1F e - =
B s > Quantize level 32
05 v > Quantize level 64 il
v ~ :
L Iq > No Quantize ‘
1] I [ Il | [ | |
1 2 3 4 5 6 7 8 9 10 11 12
Compression Ratio (CR)

51 5.18 uamalsz@nEnmmsaavuiadeyadaana W#1langud 4 A18A1CR LAz PRD

QU

= = =1 a a = o o o
NNTIN 5.2 uaaInIsARsIzineszdnsnimms Dudadygiu Iiiiale Tag

$199491MANMT (5.1) BazauNs (5.2) (M3aanzvar crR 1uldsaulUfannuuandraves

g & o i & aa | . o a a s 3
AMUTYYINTILIINMTAWINA1ININ) FeA5nsutediulu 2 97 uagitns sy

3
= '

a1w150U5uU59A1 PRD  1#@31N9135n150U 190 Set Partitioning in Hierarchical Tree
é act o Q‘: [-3 ar =Y ﬂlr o
(SPIHT) [9] %433 SPIHT 1évihmsudasvianannimbduysednsnsudasarianuiii

e SPIHT, Wavelet transform and Binary Run-Length coding (WBRC) [13] 7% WBRC

4 Ed
LY = a

Y o a a = Y o o o 9 Y
‘Llu"lﬂ ']ﬂ"l'illﬂﬁ\'iflﬂﬂﬁnﬂmﬁ 2 IEAUNNUDLIDYA LLﬁTLJ'lﬂJ'WI‘IﬂTEﬂ'J'E]uLIﬂGMLﬁSL‘lﬂﬁﬂﬁiu

< 2 Y A o oA =t o ) @ A as deyyn
AU "]5\11‘14‘?11 PRD Wﬂ']ﬂ')"]LﬂJﬂL‘]_I‘EUULﬂUUV]ﬂ'I CR Lmﬂummmmﬂuamaﬁmu'lﬂ 113



i)

wlasvhan udnihdudsyansn ldonmaudaawsvianuviinisudsaiulu 2 57 wazde
] 1 aa 9 9 o o w =y L4 . . & 2 w a &
wisaulu 2 dauda ldvnnimsanviie lneduise@ns Approximation Faludulsedns
R 3 V g
Tunauanuddniuuimsalen laguaazdinoniu tazinmsaavuiadulseans Detail

£ g a a =% P o
matﬂuﬁnﬂ‘:zawﬂmmummaqammmﬁ Down Samples

@139 5.2 Mooy CR waz PRD vesdismsninaueduitmsoue

CR

Method
Sy 6:1 9:1 12:1

Set Partitioning in Hierarchical Tree
- 1.12% 2.46% 3.57%

(SPIHT) MIT-BIH 117

PRD
Wavelet transform and Binary Run-
1.78% 3.39% 4.38% 5.47%
Length coding (WBRC) MIT-BIH 102
Proposed method MIT-BIH 117 0.12% 0.69% 1.78% 2.97%
Proposed method MIT-BIH 102 0.21% 0.56% 1.15% 2.87%
Tuanuiveil lavinsmeassdTowiisudss dntnimvesmsanvuiadaann v

=

v g 4 ' 4 o R PR g

vrlannwasdegmemnsaldndiaainmmzauduasnsIiel Semsaudainans
o = £ P =

nAned 1Adan3197 5.3 daldgudeyanin MIT-BIH 117 71 6000 samples 9109113197 5.3 92

=1 3 1 a " w : 1 P Y ar
mullmmnﬂmﬁmﬂﬂuuuclwm PRD 1t CR ﬂﬂfuﬂmﬂu

MmN 5.3 wWiouiendszaninmvesmsanvinadayana i leinviaauanaieiu

Wavelet families CR PRD (%)
Haar wavelets (haar) 11.5415 2.6368
Orthogonal Daubechies 1 (db1) 11.5415 2 6368
Orthogonal Daubechies 2 (db2) 11.4592 2.6231




78

Wavelet families CR PRD (%)
Orthogonal Daubechies 3 (db3) 10.6287 2.6782
Orthogonal Daubechiés 4 (db4) 11.3982 2.6022
Orthogonal Daubechies 5 (db3) 11.3138 2.7276
Orthogonal Daubechies 6 (db6) 11.2151 2.7517
Orthogonal Daubechies 7 (db7) 11.1296 2.7752
Orthogonal Daubechies 8 (db8) 10.9925 2.6222
Biorthogonal Splines 1.3 (biorl.3) 11.4022 2.6390
Biorthogonal Splines 1.5 (biorl.5) 11.3418 2.6587
Biorthogonal Splines 2.4 (bior2.4) 11.2702 2.4806
Biorthogonal Splines 3.1 (bior3.1) 11.3218 2.5579
Biorthogonal Splines 3.3 (bior3.3) 11.1994 2.5893
Biorthogonal Splines 4.4 (bior4.4) 11.3258 2.6179
Biorthogonal Splines 5.5 (bior5.5) 11.3298 2.8252
Symlets wavelets 2 (sym2) 11.4592 2.6231
Symlets wavelets 3 (sym3) 11.4387 2.6782
Symlets wavelets 5 (sym5) 11.3258 2.7356
Symlets wavelets 7 (sym7) 11.1838 2.6248
Coiflets wavelets 1 (coifl) 11.3860 2.5183
Coiflets wavelets 2 (coif2) 11.2662 2.6202
Coiflets wavelets 3 (coif3) 11.1027 2.6997
Coiflets wavelets 5 (coif5) | 11.1258 2.8275

53  msfSeuingudsz@niainvesmsanvinadyanaldivladien

d =Y A‘ :; [Y) T [v)
msmeulnadulszansnsudasnnaiszauunnseny

a

v & Y

nsnaasstiazihdulsednsnsudasaviaanadulse@ns Approximation uaz

ar a & . a v v A ar o o ° Y

duY 32T Detail  NHIUNSZTUIUNISIAG LT IUNIRINITA0U lad TagazdivualH
[ a : 1 W o w a . . o =

052805 Detail Tszaunmsniouladhn 4 uazduilsz@nT Approximation H1n151a0u

-4 o o o Y ¥ 2 I = @
msnou lad lusedu 64, 32, 16, 8 Az 4 MUAIAVLAINIAT CR a2 PRD iioilSouifiousy



79

' td ' b
e ldlFlunuddefinandluglii 5.9 ds521 lunsnaasafisgldgudoyasin MiT-

BIH 14 record 119,203 110z 234

~

T T T T T

—&— quantize Detail coefficient

a
&
% 8 | —w—down samples Detail coefficient tﬁ ~«——— quantize level 4 —t/v B
2 4 -
® / -
€ / 7 |
] 3
5 / -~
= AL Vi Vi -
© ‘ L
2 /
/ .
5} @< quantize level 8 —y
% 3} / |
o 7/ - i
= / S
g 21 i A =
o / Yo
= ‘—’ < A5 quanizé level 16
g_’_, 1+ o ¥ 5 quantize level 32 71
[ - — % :
o - * v > quantize level 64
. Ll ; —> No quaptize |
2 3 4 5 B 7 8

Compression Ratio (CR)

JUN 519 uapemisi/Sowfioy CR way PRD wpa MIT-BIH 119 30335msnieulag

QJ ad Q = qﬂ‘ L
1132 AN Detail 4ay 15115 down samples T2 GNT Detail

B T T T T T T T
o 4
o 551
% il —8— quantize Detail coefficient "
[x] —w¥— down samples Detail coefficient
= 7
@ 45+ / <
o
= ; P i
= e quantize level 4/ .
o i
S 35- / -
=
L2 E o il
%) s
- L -
G 25F ®< quantize level 8 =¥ -
@
oA v

= 2 ’ & ;
g d g

15 =
& & /v/——> quantize level 16
s gL A ol 8
=} & ¥ < s quantizelevel 32
Qo5 & g > quantize level 64 -
o * V= > No quantize

] 1 | 1 1 1 1 I 1
1 2 3 4 5 6 7 8 9 10

Compression Ratio (CR}

A = =) ad
71 520 uapansifSewifion CR uaz PRD wea MIT-BIH 203 vea3imsndeuladg

o 4
du1/52 AT Detail 1ag 35015 down samples W52 ANT Detail



80

2 T T T T T T T T T T
a @-<— quantize level4 ——>
x 18 k 4 7l
o —&— quantize Detail coefficient £ P
S 16L | —w— down samples Detail coefficient / / -
= N
o /
D 14+ / / -
= / #
[ /
o 12F /.' / -
m i
> ; 4
(= i 7 i
[75) @< quantize level 8 %
= ;
& o8 / = -

; 7

= /
5 06k ' - -
o 0 / -
o . ,
o } ¥—— quantize level 16
= 04 pa ’ k- =
g . | ‘ ‘./_Q' /‘»/ quantize level 32
e S ./’ v/V/ > quantize level 64

i} | | 1 [ | | 1 | | 1

0 1 2 3 4 5 6 7 8 9 10 1

Compression Ratio (CR)

JUN 521 wansmaSowdiou CR waz PRD w99 MIT-BIH 234 v8935nsneulad

AusgdnT Detail ag 75715 down samples U3z dNE Detail

G a’: a0 ~ o @ 1 a
ﬁ]TﬂNﬂﬂjﬁﬂﬂaﬂQﬂxlﬁu]’lqﬂﬂﬁﬂﬂ'J%JJ'F]'] PRD ﬂﬂﬁlmﬂx‘lﬂmmm CR ‘UEN'J::E‘ﬂ’Iﬁ Down

a a & a0 P 1 d ar 2 e @ 3
samples dU132@N5 Detail A1PRD N11AAI175715020U Inddud 5205 Detail fariulu

£y
a =l t:\i éll

113981199 1935015 Down saples §u1/52TNF Detail 1090 TW158TNT Detail Hinanonu

b
Aseuvoadyaa I ladesn

dyan I lefrunszuaumsaavinateyaduaa Wi i leda033ms

o YU

s =) Q{ % = 1 é
areuladduss @03 Dewil  1ANINAnvandaglR 522 Mg 524 Fudums
wSeuiiouszrindymiu IWdnia ledumisody g i laiidiuaszuiunisan

yuradoyadaynin Wil



Orginal ECG record 118

81

1500

Al _L-LeL

i

500
0

500

1000

1500

2000

Reconstructed ECG Signal

1
2500

3000

1500

T

i

500
0

500

1000

1500

2000

1
2500

Difference between Original and Reconstruct Signal

3000

T

T

500

1
1000

1
1500

L
2000

2500

3000

::. o daa d o A\ B 2 AN 1A L4
JUN 5.22a uaasradn I mMInleu Tadduilizdns Detail MIT119 71 lifnsaooulnd

£y

(U) dyanamuRiy,

s

Original ECG record 119

(N9 dyanmiadialn uag @) anuAanaialumsaselni

1500

1000

s

1

T

500
0

500

1000

1500

2000

Reconstructed ECG Signal

1
2500

3000

1500

1000 -

bbbl

500
0

500

1000

1500

2000

1
2500

Difference between Original and Reconstruct Signal

3000

100

50

oM

S

-50

500

1
1000

1
1500

1
2000

1
2500

3000

310 5.22b uanswadns 3t maneu ladduisenF Detail MIT119 AiszAumsaon lad 8

at y @ 3 : 1 1 = 1
(V1) Fyanaduniiy, (na19) dygrehiade il uaz (@19) anudawaalumsadial



82

Onginal ECG record 203

1500 T T

N

500

1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
Reconstructed ECG Signal

T ﬂw “WMJXJ‘”JLNAM/ Lm.«,JL ‘,UWJL“"W T

500

1 1 1 1 1 1 1 1
0 200 400 600 ann 00N 1700 1400 1600 1800

Difference between Original and Reconstruct Signal
10 T T T T T T T T

1 1 _ 1 L 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

d' o dao o as a & > ? = 1 o
31U 5.23a ugnanadnsIsmsnen laddinlsedng Detail MIT203 71 lulinsaaeu lnd

(Uu) Fyraduniiy, (hane) dyaaiasalul uag @19) pnuAanainlunisasialn

Original ECG record 203

1500

1000 fﬁwmﬁj\,ﬂwwhwbﬂhmm :

500

1 1 1 1 e 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
Reconstructed ECG Signal

NS NI

500

1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

Difference between Original and Reconstruct Signal

1 1 1 1 1 ] 1 1
8] 200 400 600 800 1000 1200 1400 1600 1800

100

[6a]
o

o

-50

31U 5.23b uaasmadnismMsnlen lndduisz An3 Detail MIT203 Nszdumsnleulad 8

g} a

(uw) dyanuduatiy, (nas) dyanunaiiluy uaz @19) anvieanaialunisasialva



83

Original ECG record 234

1400 T T T T T T T
1200 JL\}L/\J i
1000 ¢ A -

800

1 1 1 1 1 1 1 1 1
0 200 400 600 B0O0O 1000 1200 1400 1600 1800 2000

Reconstructed ECG Signal
1400 T T y T r T T T T

1200 - A

1000 ¢ -

BDD 1 1 E | 1 1 ] 3. 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Difference between Original and Reconstruct Signal

1 1 1 1 1 1 1 1 1
0 200 400 B00 ~ 800 1000 1200 1400 1600 1800 2000

JUN 5.24a ugnanadnsIsmaneu laddulseans Detail MIT234 7 liifimsaaou lad

Y ar

(VW) Tyaawinniiy, (M) dyanafasialuw wag @) anurawais lumsadaln

Original ECG record 234

1400 T T T T T T T T T
\ Luﬂ\L/LU ’_/‘L _
1000 ¢ o 4
BDD 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1800 1800 2000
Reconstructed ECG Signal
1400 T T v T v T T - T
1200 - i
1000 -
BUG 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Difference between Original and Reconstruct Signal
60 T T T T T T T T T
40 B
. »)L "
D g -
_20 1 1

1 1 1 1 1 1 1
0 200 400 600 600 1000 1200 1400 1600 1800 2000

3 = ar = aﬂ‘ A:i'. ar
31 5.24b uananadnsIsnsAeU Ind T ANT Detail MIT234 Rszfumsnionlad 8

(v dyanaduntiy, (na19) dyapuiadely uaz @) anufAenanalumsadialm]



84

UNN 6

a w 9/
's’r‘gﬂmmﬂﬂmmwmaummz

¥
Inetinutatuil Idiuauenisanvuiatoyadayana il Tasldnisudas

U o

] 1 aa & aa 9 o o
nylleauazmsudsanlu 2 98 $335ms1sznevdie msasndumudyana, msudaaw
o o o as a an Y- ar
e, nsuesiialadamudyas, msusdwdyginluilu 2 G8, nsdaSoedyia,
o 9 v o &L aa B
N19A294 1A%, 115 Down  samples  wazmadisiaduuu F335nsanvuiadoya
i e

wow i leiiindansfvanuuedeyavssdutsz@ninsuasivian lassimsan
U o a =% T i ’ p o o &2
YRy aTuYsEINF luuauAuDAT (Approximation coefficient) Taaiinisntou lad &

-4 o & 1 1 ar 4 @ dy [ o Ll
°lum‘imau‘lmcﬁﬂ:mmsm@uTmmimmazmmwﬂnu ma‘lummrmﬂuu%zﬁwam‘lﬁmm

=

b
AAINOUUDIET m"lﬂﬁm'ﬂwaﬂm mmmn‘lmma YAIUVOIH 1tu"lwﬁ"mﬂ%mmu

v
o

= A o @ @ o as o E = = a Y 3
ﬂagﬂﬂmcﬂumﬂ muu“lumsﬂ’mu"lwmwﬂﬂmwﬂﬂmuwmmuﬂagﬂmuu YR REY
7 '

3
HatNouvasdga1n1iooas u.azaﬂwm%gmmﬁnﬂsxﬁwﬂuLmummﬁqa (Detail
.. ol ok )/ At LYE, D,
coeflicient) 1AM Down sampling FIIFAITUAIWITONNDAITINITAAUUIAVDY iyapm‘lﬂ%
vala (Cr) 14

y 9 [
Lﬁﬂ\‘ﬁ]']ﬂﬂ'i$ﬂ'Juﬂ’l'iﬁﬂ‘ﬂu']ﬂ‘t]f]llﬂﬁ "Iﬂ-!ulﬂﬂ'lﬂﬂﬁlﬂllﬂﬁﬂﬂﬂ']ﬂ')']ﬂJNﬂLWU‘L!‘iJ?JQ

[
v

Y] L) ) o = =Y o AR
sy Inlilwiale (PRD) wazAidnsimsanumiadoya (CR) snhlbninutinda

e

NAaeIiINIsalou lasduilszdns msudasiiaanseauarsnnidliiundssuisuan
' @ aoa = =Y L' [ { 2 dy o
PRD uazf1 CR U357 14 Iunonfinusuaasasgiii 5.19 & 5.24b Falunisnaasail 1d

at ' 3 adaA zﬁ‘ = s 45
msnanosdyanaIiniale 119, 203 uaz 234 sxfudwieanadsia PRD AlndiRueiugs
b

s a 1o A g) a = A w ¥ = v &
Un1 PRD Mg 0.07% llﬂ?ﬁﬂiﬁlﬂuﬁﬂﬂ’luwu'ﬁ N@Wﬁ1ﬂ1§aﬂmu'IﬂleT’JiJﬁVliJ'lﬂﬂT]“]Nﬂ'l CR

Qa‘

Qﬁ qn 12:1 muumﬂwamsmamgmmﬂlﬁmu’iwﬁuﬂﬁzﬁm Detail IiHaABA1 PRD ‘N’EJEIILI']ﬂ

b-

@ a o =30 i = a o {
F9u152 N5 Detail 2z iinndon1 PRD Asailloiiueuiagnvesdyanuiiqe

g



[1]

(2]

(3]

[4]

(6]

(8]

[9]

VIFIUIYUNTN

P. S. Hamilton and W. J. Tompkins, “Quantitative investigation of QRS detection rules
using the MIT/BIH arrhythmia database” IEEE Trans. Biomed. Eng., vo. BME-33, pp.

1157-1165, 1986.
Yanyan Hao, PinaMarziliano, “An Efficient Wavelet based Pattern Matching Scheme for

ECG data compression” Biomedical Circuits and Systems, 2004 IEEE International
Workshop, 2004.

A. G. Ramakrishnam and S. Saha, “ECG coding by wavelet-based linear prediction”
IEEE Trans. Biomed. Eng., vol. 44, no. 12, pp. 12531261, Dec. 1997.

S. Pathoumvanh, S.Airphaiboon, “ECG data compression based wavelet based Average
signal subtraction (WBAS)” The fourth annual international conference (ECTI-CON 2007),
vol. 1, Maj Fah Luang University, Chiang-Rai, Thailand. May 9-12, 2007

S. Claydokjan, K. Chitsakul, M. Sangworasil, S. Kondo. “Realtime Electrocardiogram
Compression Technique Using Wavelet Transform on MCS-51" 16th Biennial
International EURASIP Conference Bio-Signal 2002 Proceeding. Czech Republic. Pp. 177-
179.

wilad 1HesAdnees,  “miaannateyadyanalvhilelaelymsulasnvian”
INNTNUTIAINI TURaasETMRa 1 Irnsse Wi dudaninede, a1t
wnlulatwszeemndusunmsmanszais, nunw

B. Madhukar and I. S. N. Murthy, “ECG data compression by modeling” Comput. Biomed.
Res., vol. 26, pp. 310-317, 1993.

J. L. Cardenas-Barrera and J. V. Lorenzo-Ginori, “Mean-shape vector quantizer for ECG
signal compression” IEEE Trans. Biomed. Eng., vol. 46, pp. 62-70, Jan. 1999.

Zhitao Lu, Dong Youn Kim, William A. Pearlman, *“ Wavelet Compression of ECG by the
Set Partitioning in Hierarchical Tree (SPIHT) algorithm” IEEE Trans. Biomed. Eng., no.

12, Jan, 2000

[10] Khanh Nguyen-Phi and Hans Weinrichter, “ECG signal coding using wavelet transform

and binary arithmetic coder” International Conference on Information, Communication and

Signal Processing, Singapore, 9-12 September, 1997, pp. 1344-1348



86

[11] R. Nigel Horspool and Warren J. Windels, “An LZ Approach to ECG Compression”
Seventh Annual IEEE Symposium on Computer Based Medical Systems, 1994, pp. 71-76
[12] reference source of MIT-BIH Arrhythmia Database. From |

http://www.physionet.org/physiobank/database/mitdb/ 77 Massachusetts Avenue Cambridge,

MA 02139 USA. Updated Version on Wednesday, 01 November 2006.
[13]gun suuasiunana, “mstudanaulivhilelaslymsmlaaneasasmadhiia
o or J A a = I a a a
nuvluuniFuauaumeniide”  Inndinusirnssumaasuritudia a19139
= a d =Y ¢ ar a a @ ] =)
FRnssudlannselnd Tudiadneids, an1iuma luTadwszaeunauiinunns

MANTEIN, NTUNN



HIANHIN N

eazpeavesdyanalithileilflumsnaaes

Record 102 (V5, V2; female, age 84)

Medications : Digoxin

Beats Before 5:00 After 5:00 Total
Normal 98 1 99
PVC 1 3 4
Paced 243 1785 2028
Pacemaker fusion 24 32 56
Total 366 1821 2187

Ventricular ectopy

4 jsolated beats

Rhythm Rate  Episodes  Duration
Normal sinus thythm  72-78 2 |27
Paced rhythm 68-78 3 28:44

Signal quality Episodes Duration

Both clean 1 30:06

Notes:

The rhythm is paced with a demand pacemaker. The PVCs are multiform.
Points of interest:

0:55  Paced rhythm

1:12  Transition from paced to normal sinus rhythm

1:28 PVC

2:30  Normal sinus rhythm
4:51  Pacemaker fusion beats
9:35 PVC

16:12  Paced rhythm



Record 103 (MLII, V2; male, age not recorded)

Medications : Diapres, Xyloprim

Beats Before 5:00 After 5:00 Total
Normal 355 1727 2082
APC - 2 2

Total 355 1729 2084

Supraventricular ectopy
2 isolated beats
Rhythm Rate  Episodes Duration

Normal sinus thythm ~ 62-92 1 30:06

Signal quality Episodes Duration

Both clean 4 22:01
Upper noisy 1 0:09
Lower noisy 2 7:56

Points of interest:
1:09  Normal sinus rhythm

17:21  Normal sinus rhythm

19:15 APC, noise in lower signal
22:13 Noise in lower signal
23:33 Noise in lower signal
28:58 Noise in lower signal



Record 106 (MLII, V1; female, age 24)

Medications : Inderal
Beats

Normal

PVC

Total

Ventricular ectopy
327 isolated beats

95 couplets

I run of 3 beats
Rhythm

Normal sinus rhythm
Ventricular bigeminy
Ventricular trigeminy

Ventricular tachycardia

Before 5:00 After 5:00 Total

271 1236 1507
60 460 520
331 1696 2027
Rate  Episodes  Duration
49-87 21 22:36
55-103 18 7:15
57:90 1 0:13

121 1 0:02

Signal quality Episodes Dulation

Both clean 15
Lower noisy 15

Notes:

The PVCs are multiform

Points of interest:

0:19 Normal sinus rhythm, noise in lower signal ~  10:

1:37 Ventricular couplets

o
n

pPVvC

NN
R
L8]

~J
n
~J

3 Ventricular tachycardia, 3 beats

Noise in lower signal

16:25

13:41

|Ne]
h

Noise in lower signal

Ventricular bigeminy (two types)

Multiform PVCs, ventricular couplet

Ventricular couplets

25:52 Ventricular couplets



Record 113 (MLII, V1; female, age 24)

Medications : None

Beats Before 5:00 After 5:00 Total
Normal 288 1501 1789
Aberrated APC 1 5 6

Total 289 1506 1795

Supraventricular ectopy
6 isolated beats
Rhythm Rate  Episodes Duration

Normal sinus rhythm  48-87 1 30:06

Signal quality Episodes Duration

Bothclean 1 30:06

Notes:

The variation in the rate of normal sinus rhythm is possibly due to a wandering atrial pacemaker.
Points of interest:

4:20  Moderate baseline wander

8:22 Aberrated APC

[—

1:48 Sinus arrhythmia with variation in P-wave morphology

12:27  Sinus arrhythmia
22:10 Aberrated APC
29:01 Sinus arrhythmia



Record 114 (V5, MLII; female, age 72)

Medications : Digoxin

Beats Before 5:00 After 5:00 Total
Normal 261 1559 1820
APC - 10 10
Junctional premature 1 1 2
PVC 13 30 43
Fusion PVC - 4 4
Total 275 1604 1879

Supraventricular ectopy
7 isolated beats

1 run of' 5 beats
Ventricular ectopy

45 isolated beats

1 couplet

Rhythm Rate Episodes Duration
Normal sinus rhythm 51-82 2 30:01
SVTA 102-122 " 1 0:05

Signal quality Episodes Duration

Bothclean 4 29:18
Upper noisy 4 0:47
Notes:

The PVCs are uniform.

Points of interest:

0:00  Normal sinus rhythm 5:36  Ventricular couplet

1:20 PVC 8:31 PVCs

3:39 PVC 9:26  PVC, muscle noise

3:56  Late-cycle PVC 11:37 SVTA, PVC, junctional premature beat
4:35  Late-cycle PVC 20:02 Noise



Record 116 (MLIL, V1; male, age 68)

Medications : None

Beats Before 5:00 After 5:00 Total
Normal 384 1918

APC = 1

PVC 11 98

Total 395 2017

Ventricular ectopy

105 isolated beats

2 couplets

Rhythm Rate  Episodes
Normal sinus thythm ~ 74-86 1

Signal quality Episodes Duration

Bothclean 5 29:41
Upper noisy 4 0:25
Notes:

There are two PVC forms.
Points of interest:

0:44  Normal sinus rhythm
I:31 PVCs

10:00 Ventricular couplet

12:32 PYVC

16:37 Noise, saturation in upper signal
23:08 Noise, saturation in upper signal
25:47 Ventricular couplet



Record 117 (MLIL, V2; male, age 69)

Medications : None

Beats Before 5:00 After 5:00 Total
Normal 251 1283 1534
APC = 1 1
Total 251 1284 1535
Rhythm Rate Episodes  Duration
Normal sinus thythm  48-66 1 30:06

Signal quality Episodes Duration

Bothclean 2 29:55
Upper noisy 1 0:01
Both noisy 1 0:09

Points of interest:

3:56  Normal sinus rhythm

—

1:58 Noise, APC

22:27 Normal sinus rhythm



Record 118 (MLII, V1; male, age 69)

Medications : Digoxin, Norpace

Beats Before 5:00 After 5:00 Total
Right BBB 349 1817 2166
APC 10 86 96
PVC 3 13 16
Blocked APC 3 7 10
Total 365 1923 2288

Supraventricular ectopy

94 isolated beats

1 couplets

Ventricular ectopy

16 isolated beats

Rhythm Rate Episodes  Duration

Normal sinus thythm =~ 54-91 1 30:06

Signal quality Episedes Duration

Both clean 7 292
Upper noisy 2 0:07
Lower noisy 2 0:10
Both noisy 2 0:18
Notes:

The PVCs are multiform.

Points of interest:

3:39 PVC 22:32 APC, blocked APC, PVC 29:53 APCs
8:31 Noise 23:25 APCs 26:48 Noise
9:23 PVC 25:41 PVC, APC 28:58 Atrial couplet

13:47 Blocked APC 26:23 PVCs



Record 119 (MLII, V1; female, age 51)

Medications : Pronestyl

Beats Betore 5:00 After 5:00 Total
Normal 246 1297 1543
PVC 80 364 444

Total 326 1661 1987

Ventricular ectopy

444 isolated beats

Rhythm Rate Episodes  Duration
Normal sinus thythm  61-84 49 22:36
Ventricular bigeminy ~ 52-91 37 3:83
Ventricular trigeminy ~ 56-77 17 3:34

Signal quality Episodes Duration

Both clean 3 29:35
Lower noisy 2 0:30
Notes:

The PVCs are uniform.

Points of interest:

1:55  PVC

2:38 Ventricular trigeminy
4:51  Ventricular bigeminy
8:42  Normal sinus rhythm
20:05 Noise

25:33 Noise



Record 200 (MLII, V1; male, age 64)

Medications : Digoxin, Quinidine

Beats Before 5:00 After 5:00 Total

Normal 305 1438 1743
APC 2 28 30
PVC 126 700 826
Fusion PVC - 2 2
Total 365 1923 2288

Supraventricular ectopy

28 isolated beats

1 couplets

Ventricular ectopy

721 isolated beats

42 couplets

5 runs of 3 beats

2 runs of 4 beats

Rhythm Rate  Episodes
Normal sinus rhythm 69-111 70
Ventricular bigeminy  60-108 71

Ventricular tachycardia 90-141 7

Signal quality Episodes Duration

Bothclean 14 21:44
Upper noisy 6 0:44
Lower noisy 16 6:36

Bothnoisy 8 1:02

Duration
22:36
I3:82
0:15



Notes:

The PVCs are multiform. There are occasional bursts of high-frequency noise in the upper
channel, and severe noise and artifact in the lower channel.

Points of interest:

1:42  Ventricular tachycardia, 3 beats
5:38  Noise

18:14 Ventricular tachycardia, 4 beats
20:52 Noise

24:49 Ventricular tachycardia, 3 beats
26:12  Ventricular couplets

28:31 Ventricular couplet

29:01 APC, ventricular bigeminy
29:18 APC,PVC

29:51 PVCs

Record 202 (MLII, V1; male, age 68)

Medications : Digoxin, Hydrochlorthiazide, Inderal, KCL

Beats Before 5:00 After 5:00 Total
Normal 261 1800 2061
APC 5 36 36
Aberrated APC % 19 19
PVC 4 15 19
Fusion PVC = 1 1
Total 265 1871 2136

Supraventricular ectopy
26 isolated beats

13 couplets

1 runs of 3 beats
Ventricular ectopy

20 isolated beats



Rhythm Rate Episodes  Duration

Normal sinus rhythm 49-69 2 19:31
Atrial flutter 101-143 1 13:52
Atrial fibrillation 60-148 4 9:46

Signal quality Episodes Duration

Bothelean 1 30:06

Notes:

The PVCs are uniform and late-cycle. This record was taken from the same analog tape as record
201.

Points of interest:

10:16 Normal sinus rhythm, PVCs

12:24 APCs, PVC

12:41 Aberrated APCs
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18:22 Normal sinus rhythm, bradycardia

Aberrated APCs
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Onset of atrial fibrillation with aberrated beats
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Atrial fibrillation, PVC

End of atrial fibrillation
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Atrial fibrillation, aberrated beats

Atrial flutter with 2:1 conduction
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n
[e20]
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Atrial fibrillation, aberrated beats

Atrial fibrillation
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Record 203 (MLII, V1; male, age 43)

Medications : Coumadin, Digoxin, Heparin, Hygroton, Lasix

Beats Before 5:00 After 5:00 Total
Normal 426 2103 2529
Aberrated APC 2 1 2
PVC 71 373 444
Fusion PVC - 1 1
Unclassifiable - 4 4
Total 499 2481 2980
Supraventricular ectopy

2 isolated beats

Ventricular ectopy

238 isolated beats

64 couplets

13 runs of 3 beats

6 runs of 4 beats

1 runs of 7 beats

1 runs of 9 beats

Rhythm Rate Episodes  Duration
Normal sinus rhythm  63-173 1 2:43
Atrial flutter 61-180 2 5:14
Atrial fibrillation 54-180 20 21:32
Ventricular trigeminy ~ 100-116 1 0:04

Ventricular tachycardia 124-189 21 0:33



Signal quality Episodes Duration

Bothclean 21 24:28
Upper noisy 20 3:17
Lower noisy 7 1:49
Both noisy 8 0:30
Unreadable | 0:02
Notes:

The PVCs are multiform. There are QRS morphology changes in the upper channel due to axis
shifts. There is considerable noise in both channels, including muscle artifact and baseline shifts.
This is a very difficult record, even for humans!

Points of interest:

5:00  Ventricular tachycardia, 4 beats and 9 beats

13:14  Atrial fibrillation, ventricular couplets

15:02 Noise

22:02 Ventricular couplet, PVCs
23:25 Noise

24:04 PVCs

24:46 Noise

26:39 Ventricular tachycardia, 7 beats
26:51 Ventricular couplet, PVCs
27:15 Ventricular tachycardia, 3 beats



Record 222 (MLII, V1; female, age 84)

Medications : Digoxin, Quinidine

Beats Before 5:00 After 5:00 Total
Normal 367 1695 2062
APC - 208 208
Junctional premature - 1 1
Junctional escape - 212 212
Total 367 2116 2483

Supraventricular ectopy
147 isolated beats

21 couplets

4 runs of 3 beats

2 runs of 4 beats

Rhythm Rate Episodes
Normal sinus rhythm 49-84 = 32
Atrial bigeminy D-/=08U 1\

STVA 121-148 4

Atrial flutter 123-148 42
Atrial fibrillation 69-163 24

Nodal (junctional) thythm = 47-122 31

Signal quality Episodes Duration

Bothclean 8 29:10
Upper noisy 3 0:08
Lower noisy 1 0:05

Both noisy 4 0:42

Duration
1 518
1:28
0:08
7:03
1:44
3:45



Notes:

The episodes of paroxysmal atrial flutter/fibrillation are usually followed by nodal escape beats.
There are several itervals of high-frequency noise/artifact in both channels.
Points of interest:

6:45  Normal sinus thythm

17:32  Atrial fibrillation

19:48  Atrial couplet

20:07  Atrial bigeminy

23:32  Paroxysmal atrial flutter, nodal rhythm

24:43 Noise

25:43 End of atrial flutter, nodal rhythm, normal sinus rhythm
26:09 Paroxysmal atrial flutter, nodal rhythm

Record 234 (MLII, V1; female, age 56)

Medications : None

Beats Before 5:00 After 5:00 Total
Normal 462 2238 2700
Junctional premature - 50 50
PVC = 3 3
Total 462 2291 2753

Supraventricular ectopy
1 runs of 50 beats
Ventricular ectopy

3 isolated beats

Rhythm Rate Episodes  Duration
Normal sinus rhythm 84-99 2 15:57
STVA 91-147 1 0:26

Signal quality Episodes Duration
Both clean 4 28:40
Lower noisy 4 1:18
Both noisy 1 0:07



Notes:
The PVCs are uniform.

Points of interest:

0:16  Normal sinus rhythm

6:37 Noise

14:01 Onset of junctional tachycardia
14:26  End of junctional tachycardia
17:02 PVC

21:26 PVC

23:17 Noise
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