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Abhstract

A eomputer aided system is presentcd for the diaghosis of arrhylkmiy heart diseases. An anaiog-(a-digial
copverter (ALY method s applied with the aid of a digital imape scanncr. Lhe following stepes were
sppoested To proesss the inpul (scanued) signals: (13 Grid line filter was implemunted W saneel the grid lines.
(1] Scaling method by using cubic ntetpolation was used to senle the signal ko standard senle. (T Tran
tinoing mothoeds the top-bottom and mid-point metheds were used 1o chooss the portion of the line
thickness (o b laken as the nstnntanecus value of e signal.  (TV) Baseling correction muthod was also
applisd in our work w reconsiruct the comected signals ol the ECG, (V) Limiting these leatures wilkin a
seriea of templates carrice vut puttern recognition. Thes: tminglates ropesent an ideal pattern. 194 templales
were implemented ip var dispuosis system and 6§ cases were Lo sted, A Fast Fourier Transiormidtion (FFLT
was applied to the ECG sigmal. An extracted featuras are obtained Iront this transformation representing the
power spectrum. The over all accuracy ol the elaszification scheme ol the test set s 85.4%

Introduction

The ftuctuativns in polential that represent the
almehmiic sum  of (he action potentials of
myacardial fibers can be recorded from the
surlace of the huoman bedy, The record of hese
putential flucloatons duging the cardiac cycle is
called the cleetrocardiogram (FEG) [1]. The BCG
15 of parlicular valoe tn the followimy clinecal
vondilions: 13 Alrial aod Veotrieular Hypertrophy.
2y Myocardial Tschemia and Infarction. 33
Atrrhyvthmias [2].

Severa]l research proups are  invelved in
carrying pul different types of work 0 computer
alded interpretation of RCG wave since the work
done by ¥ Admioistration in 1337 [3]. Various
directions of work ame publishcd with the sim of
accuratz  and reliable interprotation of FCO
signals, for research and diagnesiic purposes
[4-8].

In arrhythmia diseases, ihe clectrocardiogram
given nenperindic signals; theretors; Fast Fouricr
transformation vsed in this research to convert 1he
siznals from time domaim w frequency domain.
FFT nsed in this field due to its abilily o analyzc
the complex signals withoul being affecied by the
amplitude of the signal [¥]. This process staris
from digitizinp the sigmel from graph paper wind
crans{orm il e dipgital imape usinge oplicyd seenner.

Cross-Conselation  Coeffisient (G0 s a
pargmmeler uscd fo compariznn between {wo sels of
viluee, The value of CC is ranped Itom (-1 1o 1),
where (-1 or 1} indicates a perfect relalivuship
berween the valuey ol the adopted signals. A
carrelation of zera suppests that there s no

relationship belwesn the twa variables af the data.
Cross-Correlativn Cocilicicot used to measure the
dagree of comelalion is given by,
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wlerz A is the number of points, x; 1= the Dirst sel
of valee, o s the scoond sct of value, u, is the
respechive mean valus of & po 15 the respective
iean value of ¥, @, 15 the standard deviation of x,
and oy 15 The standard deviation ol p [10].

Statisticn] anadysis, allowed camparison of anr
nelinge with pravions siodies, wioploying the
cungepls ofy sensitivity which is Lhe abibty to
rezognize wall molivn aboermality when i1
[Iresent.

Sensitivite =TT Ty R 77,

Specificihe 1z the abilily Be exchide wall metion
gbneeranlity when 1t is absent,

Bpoecificiy = Tp{ T+ Tl eeen-[3)
Predictive value of positive ws - Ted{Tpttp)
...... {4

Trediviive value of negative test =TuiTi Fy)
...... (3

where TS — 'Lrae positive, Ty = True negative,

Te = False pugitive, and Fy —False negative [11]
The objective ol this work s ta huld a

commputer program for diapnesis the EOCC sigmals.

The anatysiz of e Fi0 signals pazses through

the flluswisp peocesses:

I-Lobancing the ECG siprals using naisa remeval

and thinnioe teehuiques.

B Dislracting the diagnostic feature from the signal

uriny Fasl Fowricr Transtormation (FET ).
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Hi-Generafing medical report Tor Jiggnosing the
patient casc by cowmparing the exteacted fenmercs
with thie stored standad features,

Analeg te Dipital Converter

The Analeg to THeiral eenversr is very uscful
tmetluad in the development of advansed programs
for  cordise  arrlostlunia, and  ather  diseases
anglysis, for which standardized sowees ol dula
have beon dilficull o develop. This methgd
pormite paper tracings to be digiliced for use by
compurer, and fhus provides a useful method to
obitain Jigilal data in the [aborstory sclting. An
uplical szanner Jot [CX with resolution of (.001
inch 7100 dots per inch) i3 uvsed o the present
work. It processes siugle sheets of A type papers.
1he signal assumed (o be ploued in Cartesian
coddinylis, arul fhey are dos’t overiap cach other,

The signel in the image form is converted ot A

gerics of numbers like those produced by am
electronic  anwlog-to-digita]l  converer, A
rectanpulsr rogion oo the image which eontains
the sigaal loes vl interest is selected by the nser o
specily the lacations of the bardiers of the megion
an an ioteractive display of the scanned imege.
The lollnwing stepe are noccssary for line
idoitification in i imapes:

1. An appropriate {iler must be applied for free
grid line Lnages.

2. [he signal fing must be af lnite thickness.

3. Tha signal musd be normalized W standard
seile,

4. Detzrnoe number of points describiog the
signal.

The identification of the signal lines in the
imame §z less complex i no grid Jines are
presented e scanner outpul A prid lines filrer
is used L cancel the grid fines from the sisnal, a
threshald with gray valuz 6 is used as a hller Tor
the arid lwes in the image (e, each pivel valpes
greater than 6 is removed). Fipure (1) shows the
scanning image belire and nfrer applying the color
filter.
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Figure (£} Signul With Grid Lines And Afer Grnl
Lines Kilter

Twpically, rhe scannsd lines arc scvoral piaels
wide cven through jt represents a single =ignal
value al every instant. Two methods sugzested o
utireome this prohlem. The first technique is
tzrmed  the nudpoint mgthed. o which  (he
midpoint of sach line segmenl is nsed as the troe
valug of the sipnal o that seement This methed
has the pdvantape of filtedng hiph-flequency
artifacts niroduced by the recording instruments,
N has ithe disadvasags of disloning rapidhy
changping wignady, Figure (23 shows the original
signal while figure {3 represent the thinning of
the origing! sipnal bv using oud-point methed in
arrhyLlbmia dizprose systam, The secoaul methad
stunl by linding the 1irst liL pisel in fiest time slice
iy the signal. The origing] paint fmom {op lefr of
the raanitor was transtonoed Lo i 11 pise] by
subiraeting all the pixels coordinate of the siznals
from firat lit pixsl. Figwe (4) represent the
vriginal signals after thinming hy nsine Top-
botiom method io arrbyibiniia diagnose svatem.
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Fipure () The Oreginal Signal OF The Arriythmia
Diagnasc 4yshcm
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Tirure |13) 'Fhe Creginad Sipoal AHer 'Ihionicg By Using
Mfid-Foint Method
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Figure (4} The Dheginal Signal After Thinning By
Lsing Top-Bettom Methwl

Bucaw.c ol ouloul signals arz represented i
tiree standardized scale (0.5, 1, and 2 myidiv)
acceording 1o the tvpe of the TOG device, so, It 15
sunitnhle to rescale the signal W oa standard scale
bofore we start to process the signal. [moour
presept wark the Tmwidiv s chosen as the
standard scale. Lo achicve thiz purpose the cubic
interpolation method i= implemeoisd o owr
work. To illusirate the iolerpolation metheds Lot
X and ¥ be che real conedinaes ol a poinl L
(.Y} o be inlerpelatzd, ¥ or L) is the gray
level of a pixel coordinates  in the lesl Lage
where .=l ({X) amd d=X-L
The folliwing relation defines the mathematical
doseription of cubie mrarpolation [11,12].

1

K

whore K s the normalizstion s As shown
in  firures (3) apd (01 a medium smuothoess
imawe is a reseld ol the cobic imerpolation mathod.
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Figure (5} The Uriginal Image
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Higure (1) Hescal Tmage By WFsing Cwbic

Interpolation
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If the FOG signal oot on steaight lins then
ralabon or base line correclion meusl be wsed, T
climinate this praohlem withous allesting, the 2O
recorded  signal b follrewing  algenithm s
applicd;

1- Netect the (1) posilion and amplitnde.

2- Dtcrmine the aumber of guinls in cacl
signal.

3- Chise two pudols o cach signal, the first poinr
al slarting sigoal while the seeond puing a1 B
sipnal.

- Firnl the dilference between the amplitudes ol
oo bwe powits. F = Ve Fron

where Fis the differance voltage betwero end al
grart povines, F o the voliges of last point o signal,
and Faws the valtags of first point in signal.

5 Find the correction rulic o cach point Do the
signal by dividing the inerval T3 time of ench
point relative o the tdal perind (P) 10 the signat,
then muttiphied e result by the diffcronce
wnplimide valwe (voltage] between end aml start
poinl. The curreclion ratio O can be ealculared by
the fallewina relotion 2, = [t

a-Add the comeclion matie to the original signal to
viald the real shupe of the signal. Fipures (7)
deseribes fan ECG sipnal #irst belore correetlion
and second after corraction.

Fipore {77 Erg Signel Er Arrhylbwia Bisguose
Swatem Defore and Afrer Correctivn

Analysis Andd Resolis

The BECG mignal ean be classificd into many
refrions, each tegiun gontaing many praks and
valleys, The ECG analysis starls by deterrmsing
the rnsc imporlanl and significant peaks (P, QL B,
8, and ‘1) in the signal. Many ol segnent regicos
van be derived fram these peaks soch oas QRS
widrh, YE =emmear, snd 51 sepnmel which can
help in the anaiyel: of the ECO sipnal. The
fodlrwing  staps are fellowed o analyzing he
ECG 5ignui="13-15]:




1- Determune the first derivative thre cach
sipnal paints.

Z- Deteimeime the slope for cach signal
points.

13- Determing the angls belween esch mwo
neiphburing points in the siseal.

4 Duterming the positian of the relecting
printz i the sizpal and choose a thresheld
value to detsrming the number of rellecling
puints

To check the validalion of this techoique. we
Lesl Hoazningt standard cases. The rest population
congisls of glestrocardingrams  from  pedianis
ralients zeen at Medicine Colloge of Saddam
University and Bin-s1-Wafiz hoepital of licar
discases. Wimber of cases sicred o Lemplate cases
(standard} was applivd for this purpose. Tn the
presen] pesearcil, pattern seeogmition is eamried out
by limiting semg of statistical propecliss { featres)
with in o secics ol templates {sases). Infeet eacl
of teraplates represent an ileal pattern,

The follawing can summarize the pracedures
mvodved 0 our classifieation: we first divids the
obscrved tases into B spoeilie  discriminahle
dizeasz and scoonuly consitocting the classifier o
ientily the extracled measurements of each casc
i vector as 1o belong W a piven decision cascs.

The data sct are 191 cases were implemente
i the arvhythimia diagnosis system are shown in
table (1} and 6% cases tested with our svstem are
shown in table (2).The contingsncy table lur
classifying the cases in the rest sct are show o
table (3], Niatistical analvsis is employed the
conceprs of sensilivily, specificiny, predicrive
value of a pesftive test and prediclive value of a
negative teel. The over oll acouracy of the
classification scheme wis B 4%,

Friun tlase wables gur BT analysis prosoams,
which  analyme  ench  elesuocardiveram  in
accordnnee with a set of siandurd dingrostic
crileria, are of considerable clinical waloe, there
are several addifional and bopurtant lacls providad
by a programs which <omparss the pationt’s
previous EOG with the owment rccording, A
medivy] reports can be given here do demanatrare
the dimgmastic copability. Each report soulains
gome porsomal inlormatinn ahont the patizm and
molods the diagoosis of e patiem vase. Tha
cross=torrelation cocfficicnt is also oblaiued in th
reparl fo estimate the accuracy of the diagnoszs,
Tug aevuracy of e classtfivuliom schemz of 1ha
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wwsfem desl sel o was B64%. The correlstion
alporithms have the aelvintnze of baing veailected
hy some physiological noise accampuanying che
LU signal such as base e ol

Table {1} The Tempinte Cases In Arrhythmiz
hagnose System

Case e Mool
| cAsEs
. Lseape beats in atrial librilation 1

- Arrial fibwillyion, junctional thytin and © |
coupled venmricuing cxrasystoles

Atrial fabrillation and cxtrasystoles [

Adrial fabrillation  and  coupled | 3
vohiricnlar extrasysooles

Arrial fhutter with 211 atrioventicular | 1
| block

Atrial flutter witl 11 response l

Arrial flutler with higher ratias of partial | 3
atrigventricular block
Arrinl flutter
_ittrinventeicn lar
Atrial fulter. 2:1 and 411 atriovencricuar © |
block producing paired hzars i
Atrial [tulter with 231 atrioventriznlar | |

willi ireEubar |

_black
Atrial flutler with 2:1 ateioventrioudar | 2
Elock B .
Atrial Tluter, marphelogy of flormer | 2
waves 4
Atvial Tluler o 1
Atrial fabrillation, ultra show ventricular § 3
rosponse _

Atrtal  fakrillation, slow  ventricular |1

response nwing to heavy digitalization
Arrial fabrillation 1

Artial flotter with abeoant venduclion

ot | —

Atrial flutter, effecl of candid sinus
TERSANS

Coardbae armst
Dust-mariem glectrical activity
Cardide e ssa e
Agnnal chythme
| Wentricular fabwillntion

3

g
1
i_
i
Trrepular  aceclerated 1

rhrihm )
Accalerared idinveniriculur rlyibn 2

idicventricular

Ventrieuiar tachveardia and fabrillalion | |
Plollowing & Ventricnlar extrasystola

Markad junctinnal bradyeardia _ 1

Contrul nf reciprocating taclyeardia by | 3
fpacing i, ;

Heciprooating 1acky cardia N
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Vonlrivular taclivoardin l 3 Coupling with atrial extrasystoles i _
Weontricular tachwcardin witli | L Ducked atrial cxreasystoles Flumu;klllﬂ i
indcpendemt atrin] aclivity and c.ﬂ.pture:; sicatrial Block
Leats : i Blocked atrial extrasysioles 1
S ontricnlar tachveardia with | Vatiation in the contour of the QRS | 2
independemd urial aclivily . complex i’ alrial exlizsysioles
ventrienlar tnehveardia, chunging QRS 2 Bidirestional ventricular cutrasvatoles T
| Sinus bradycardia 2 sdultifocal venlricular extiasvatolss of | 1
l:,scape beats in nmial fubnllatun L similar eentcur
Leregailar parmumm alrial La-.,lncardm 3 i Unifvoal vodtricular extrasysteles with | 1
Nidirectional tachycardia i yarying conlour ol
Paroxysmul supraveatricnlar tachyeardin 1 Multilogul venlsicular carrasystoles 1
- wilh aberrant conduction ; Thnifocal venlricular cxtrasxstqi"s L
. Mutifneal atrial l.-.‘LLh'r'LHJdIH 2 occuring regulurly shier every secomd
* Parnxysmal supraveniricular tachyeardia | 1 sinies heat : e
" im # haby ] Coupling  with  unifoeal  sentricular | 1
A breif pacocysm of amial tachycardia | 1 extrasyvatoles
Afrial tachyveardia with atriuventricular | 1 Marmal LLCG _ 6
back, dipialis intoxicaliva ) Vontricolar extrasvnioles, effoct of sinus 1
Parexysmal  atdpl  chyeardia  with | 1 atrhythmia on compensaToey use
cownplete atrioventricular biack " Lrrepalar vontricular thythm inocomplele | 1
: Varosysomal juncticnal tachycardin with | 1 - hart block _
© part Lal | retroprade Block Ucasionat comducled beats o complete | 1
I’amuam&l airial tachyeardia wilh type | 1 _heart hlack _ )
2 grade 2 ateioventricular block _ | Retreprade  eonduction with  atrizl | 2
P‘ﬂroxusmal atrial tachycardia with 2:1 [ | . capiure in vontplete haart Block _ ]
i ablioventricubar block Slokes-adams asack (-
| Taro xvsmal atrial tachycardia with 2:1 | 2 Partia! bzaat block aml exlrasystoles 1
| areioventriculas block . Parrial heart bleck and escape heals =l
Varcwysmal atrial tw:]wcardm with prade | 1 Grade 2 hean hiock, wpe 2 ; 221 |2
lbleck canducliou
Faroxysmal supravenirien]ar lachyveardia | 1 Grade 2 leari block, 201 hlock 1
Paroxysmal atrial lachveardia 1 Grade 2 heartt Block, type 25 3L 3
Rinns tachy cirdia ' _ 2 conduction B _ y
Tachveardin nrrhythmias in U wolff- 13 Grade 2 heant klock, typs 2, 4L ]
parkinsoi-while svodeome conductivi
Inlemuilienl wolff-ﬁarkinsl:m-‘ﬂ.'hﬂe z Fartial hearl block, influcoce ol atriaé | 3
sy droma Al
Wolff-parkinson-whils w‘ndrumt 1 Grade 2 heart block, lvpe 2, sifect of | ]
Atrial parngystole 3 : vega] stimulalion
Ventriculary  parssvstole  in atrial | 3 Fffect of respiration on © waves in lead | 1]
{ahrillatiom I . ]
Parasylole 1 Shilling pacemaker in Lhe sinus node ]
Mulipke and rmudifoeal wentricular and | 2 Sinus arthythmia i &
supraveanonlar extrasystoles | | The sick sinus syndrome J__
Eciprocal beat following a juncliomal * 2 Carotid sinns hypersemsitivity 4
GXRILAEYsiels ] Sinn-alrisl Beck with vendricolar escape | |
Intzrpolated janctional exirasyslole B i | bcats _ )
Conpted junctional extrusysioles ) I D Sinns  armesl with  atriovencricular | 1
Mulifocal junctional extrasystoles N junctional cacape bear :

Jonctioral exlragysiole,
extrasvilolic T wave chanpe

past-

Coupled supravenrriznlar kents

Atrioventricular juoetions] extrosystoles

1

SIS Arncst

Purial sioc-amial hlock, wenckebanch

pefiods
Sitwn-atrial hiock
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f'-trit'n-'-:nlriu_llar_iuu-crin:nulul rhxihm 3 | Alrial [arasvsrole 2
- Heciprocal beats with parlial retroormd: | 2 | Stokes-Adams arack [
block 3 Uinifoeal ventricular extrasysloles with | |
Reciprocal beals . 1 , waring cantaur
Adeioventricular dissociation and capmrz | 1 i (irads 7 heatt black, 21 black 1
leats wilh partial heanl block _Nima-ateinl black ' K
Alrivenrizular dizsociation with paried | 2 " Atdovenuicular jpunctional rhiyikm 1
capiure beats | Simus arhvthmia ..._ I
Adroventricular junctioral rhythm with 1 Arrial fibrillation, ullra slow ventricular | |
: 20 retrograde black L [ TENpRInsG _
Fscarie capluce bigeming 2 Grade 1 hcart block, changuyg PR | 1
Wandering paceinaker belween the simas | 1 int=rval
nude and atrioveauiculir junction | Coupled supraventricular beaty RE
The seek sinus symilroma 1 Atrial fiutter witle 3:1 atrioventricular | 7
[ Sinus rhyihin o | block |
| Sinws rhvibun wilk complets left handle | 1 Adrinl Fluter with L:6 rCSFEIIﬁE :
branch block Chunging grades of purtial heard block | 1
Simuts pcthen wilh w single amial escape | § “Agono] rhytlues = 12
ectopic beat o _ _ hultilfocal alrial wehycardia 1
Atrial lutter with 1:1 ntrioventricnlar | 1 Control of recipocating tachsonrdia by | |
comdustion o2t pacing
Gradz | boarl bleck, changing PR | 3 | Maltifogal venricular exirasystales 1
intarval _Binwi arrest . 1
{rrad 2 heart block, ivne 1; wenckebach | 1 Reciprocal beats with partial reteograde | 2
pericds _ block - !
(rrade 2 hean black, eype B3 27 |3 .-".::::elera're::{-{.'r.lc.i—if-i-x'entrim'.l-:'.;-rhythm__ [ 1
cunduction Cardiae arrest . 1
Grade 2 heart  block, prolonped | 2 MWeormal T 22
wenckehich periods “Ventricular parasystols i ateial | |
Chanping grades ol partial heart block 1 fikwillation
TABLE {1) THE APPLIED CASES IN
ARKHYTHMIA DIAGNOSE SYSTEM TABLE i3) THE SENSITIVITY AND
- SPECIFICITY OF ARRHYTHMIA
Case LA MWO.nf
i DIAGNOSE SYSTEM
I .—‘m[a_l flumzr  with 41 atrioventricular L 'ﬁﬁ_ﬁm' T
block _ I
Adrial flurter 2 | Mumiber ol true pesitive (1F} 15
Adtrial fibrelation L : e ;
Al Flulier wily B dmsavedbioniar | 1 Mumber of true negative (1) __‘"_‘7
block MNumber of false positive (1) &
fentrica : : z =
| :’unLrimlll:: i&?iﬁ::ﬂli]a t Mtz BL MseArnrva R *
i Wentricular rachveardia with | [ Sensitivity U EnAY
independent alrial activily —
':h'uuz brudyrcardin L Snesificity i 3‘}1%
Hinus tachyeardia . Accuracy for positive prediction F7.20N,
Dliirestinng] mch}mrd_'a . 2 The prediviive value ol a posdive 1t
Maroxysmal supraverdricudar tackyeardia | |
Mullifbeal junctinnal extensystoles l Accuraey [or ncgative prediclion HI.0
Paraviystoles 2 The predictive valuc of a nopative tost
Croaplzd junctional exteasvstales 1
Lidirectional ventricular cxtragysioles | 2
Afrion Eﬁculﬂ Juncticnal cxtrasystoles | | L

111




Joursal of ARNahmin Paiversity

Conclusion

The Analog to Digital is vory sseful in the
developmenl ol advanced programs v detzel the
ECG signal, lo peeszot work weo ntraduced 8
syvslem used for arhythmia detection, This systein
wits implement. an algorithm  besed oo eress-
correlation function and FFT o perform an
soconaly  diagnese o the BCG cipoal The
accuracy of the clazsificntion scheme of the
swvalent lesl sel was B6A%. Lhe correlation
algonthmes have Lhe advantags of being unaffected
by some physiologieal ooise accompanving the

ECG zignal such as haseline drifl. This selling

have the following threo mean advantagas:

a} Many conseculive dala poinls can he
acquired rapidly without the random
error associated with hand manipulation
of a cursor.

b) There is no necessity for immediate
electronic capture of the signal as it
occurs (low the cost),

¢} The investigator can edit the data visually
and select for data analvsis only those
signals, which are most likely to be
useful.
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