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Abstract

The use of artificial intelligence in the process of diagnosing heart disease has been considered by
researchers for many years. In this paper, an efficient method for selecting appropriate features
extracted from electrocardiogram (ECG) signals, based on a genetic algorithm for use in an ensemble
multi-kernel support vector machine classifiers, each of which is based on an optimized genetic
algorithm is proposed. It has already been shown that due to its features (feature space mapping and
decision boundary maximization), support vector machine classification is one of the classification
methods that are suitable for any type of environment. This paper uses a number of multi-kernel
support vector machine classifiers as an ensemble classifier. ensemble diversity is created by teaching
each multi-kernel support vector machine classifier on a subspace (ie, a subset of features). In this
method, the majority vote method is used to combine the output of the categories. On the other hand, in
the classification of ECG signals, signals are usually used as their characteristics; As a result, since the
methods of classifying signals are faced with a large number of features, and not removing these features
creates a problem of high dimensions and also increases the computational for the intended application,
the step of selecting the feature is inevitable. The extracted features include temporal properties, AR,
and wavelet coefficients, the number of which will be optimized using a genetic algorithm. The
evaluation of this set of features selected by the genetic algorithm is examined by applying it to a
multivariate SVM. A genetic algorithm is used to optimize the parameters of each of the SVMs.
Indicates the desired method. With the help of computer simulation, the overall accuracy of the system
for identifying 6 types of heart rhythms is 99.15%, which in comparison with the accuracy obtained with
previous research, shows the optimal performance of the proposed method.

Keywords: ElectroCardioGram Signals, Feature Selection, Multiple Support Vector Machine, Esemble
classification, Genetic Algorithm.

Sl lon 353 (255 Sy 4 Wi o0 solST00ls alise doddo —)
ol el i Bk gl WS S By 5
A cwl (Ses Jle sl a5 sl Sl slaas o
aalys wgdso sbul (b bgrpel slagiulejl 5925
Al @S i 5 parnis slas 225 )0 Grizras b
> r Bl aslym g s Sleds CualS g 0,105

Ohlew loosls 51 ol o Al sloass Job o
3adle plle slecsls oL o Bge g 8
ol Saslenz 4 (sSLsS aolin b (S 35150 o

Gy oledbl (o dapylozle cpl adlg s taisley oo bosls
4 (San sbesls sly a5 gglSesls sla g, 5l

. \ . ‘ Ol 9y LiRgh it uils aris aS s wsloads
6"“&“")‘5 o omal loasll :)'| J..Q)L..c Dgun o0 Al

sl 5 cal IS o] 5l ol oS0 5 ool
I 1wl ez 0gdoe 4y JB @S 4 o,
&lgye 0,5 colaiwl cenlie gou 4 aosls g0

Orile (S waSd T ezl 98 28l Teaa
g Ygamadgs &l o

Ol )5 g9 4 (St oty cnl 5l plas o

eyl K Ll eslinul Lol sogy ainlsd aiesges

5 il slaglilo S ol 4 el sslSesls
9 ).,..w..u L:ooolo W as )J.D).m w‘ oby WBL»

Ml & o yiwd 3L Foduzy 5 il e Ll
o, 5 S sl i, oSl 5l can ol lgds o8

Sl 3l oS 5 5l & K Lol catinn (6,550 5 e
u=_3‘|)l5 30 Gt bl oS oolawl Loy oS =

G nlple el oo S i laosly (9,0 atig
2 il alS glaghy, 5l (S plpiear gglSesls
s o (255 i ) osd 5 Ceodles I Codl e Cirio
2 ks Jelse o wie by, ojgleassa
5 B sl len Bkl 0sbiee St s len
P ey S gladde il Gl (S S
S ol [1] ol drwg Jyo sla,gis

Ol ewor & 5 Ghegn (nl o L oS Culs pealys
S sglesls gy 95 (e plen U maslon e
a5 Sy g a8 (er gla o)l Ll

oS (Byre Al poa po gl (065 i 50

1 Artificial Neural Network Al el glagbew ples ol 5 (IS Aol
2 Decision Trees . 5 . -
3 Association Rules 5955 Gl )8 0 3b b8 (g5, it Julge

4 support vector machine
5 clustering

6 accuracy

7 sensitivity

Slashy, Wsd go Cgmme (S9ye 5 (8 sloslen

OF 2l Vo kel VP Jl


http://dx.doi.org/10.52547/jsdp.19.3.65
http://jsdp.rcisp.ac.ir/article-1-1128-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/jsdp.19.3.65 ]

213 53 Bla uible jl reze 5 I8 )& LECG JUSaw )3 15 Sein)T (i

®)

A ‘slm.).i___;

%

Sllee G LG ocal a3 cplplo wudl adgs
5l adgs BA> (gly el Bl adel ccwlio i3l s
)‘ oolawl b 5 0 oolaul db6 d.vl.' (:nl.‘ Lcdag o
Bi> wdg e YA B FO a5 YL sl 5,8 QT
loods

oads ool lis alie slo iagh 5w 4o
Jos ool o Joe 3l gy adien glox| a5 ol
Sy eile glbaasds 51 g, !y [10-4] &S e
oolaiwl b anaal  lged glaweas Gl
o S5y 5 oo 51 eslaiul &b 5l ga5 5 09d o
2 Dedise Bo)P geze 0 balus glile sla il
o9y 5l anaib >95 cuS S Gl Ghsy o
o8 S ey ol 5 el ol ool 5 sl
ooliiwl b (o8 slo o] auseis Cux e g dyo
5 cslmaninr olaidy oy edle meme oS5l
el 0als &1 1 S oy oS!

oy el o (gmw GRegh ol o
U J:Ls kglox.ﬂ Ie aS ool ‘;J.B LSLQLs)L“.'.‘f
L lon padeis jo gludl clblosl Bl o
Folos (B e oo i LB e g
5 4 3 2 .
Ps , APC® , PVC* ; LBBB® RBBB? lo uls)l
Jle s JL&Kw ISKo 50 saloloul Ol poss Judow 51 o]
5 ol el 5l il pais ln Ol ECG
@ Wiy 0 ECG JUKs 05 oolizwl L8 slos,lows
oS b a8 358 e (55UsS Sloj Jols 9 oo
oS Jloyps sbaglys daidu ul sl osgaoe
Es 9 o] JSod a>95 L ECG sla Ll igis oolo
Elgl igh oo pumds Cilite sloeg,S A o el
5 MIT-BIH ools oL 4 axgs b LB slagyl,s
[12-11] wloas eols ylas (V) Jgo

@lisee S0 il gamaads 4y ek opl o
€10y i Cawedl o i gllo a5 ECG LS
112] 3l o )le ooyl o ool il ouls

&

2 Right bundle branch block
3 Left bundle branch block
4 Ventricular premature beat
5 Atrial premature beat

® Pace beat

OF 2l Vo, VP4 Jlo

BLPSC 6“;5"33’.)1 Bgedy g Cawyd (paadedd
le.a:ob )1 ‘;_v
P l@so.u)—‘ U"‘ 639.044 ua...?h..u 61)4 RNV E
LngJl;i:.w )'I oolawl L cd8 L;UJ.SJ\ sleddles
Sl el ECG Jlazlay L 81,540,155 2SI
Lol slaglbye 5 ohlem s Jbsle 5 s)ls ne
o [1] s R A J)ls LQJLS......; u-" )’\ oolawl
ECG LngJL:i:.w )l5.>5>' RSN ‘).:.51 Jl.w o=

el 00,5 Ll vgpay 1) Sy Gleaige oL 4z
ko SMbl L8 paxie S b LS () aavlsa
U1 plplo scsls valgs I8 o Slhae g o, o,b)0
glsl ploys 5 lolid sl Fge ol Sy satmoglas ()]
[2] el (B slas Lo

patis Mebgr Akl S olb o Glp
sl p3¥ ECG slo JLXws (59, 5l o8 sl o)
gl bl Gl ss; 5l el sla Sy I
Sl w0l Soge culpo SOl @ azg b oogd
3 o5 S st ol sl |y Jiis S ol
ECG JiXw S 5l Sis ghoewl lp ol
£9 5 43 zohw olawi Wb Luly (pl )0 09 wale>
8 s iash mll (rizmen Wgh atie Soge
6LBJL&~.¢ )‘ ‘;])9 C‘J‘M‘ 6‘;» aS Cewl ools UL“'")
L Soge plo b awslie ;o )l ¢ jzuls colgils ECG
S3) p Sge Jodow DByl 25 a5 Sy .ol ECG
9 Cod S ol ol olesa 8 Gl b
30 39z ldazin Ko 5l eolaiul Lo ends
B sl ganaib glp LB sla S
ECG sl JiSew jelS cirogi ln ool (5)9,5
oSy sl Sl Szee sl SRy nedle
[3] 09 g0 oslazul

Jop Sl 5 meme 5l iagsy ol o
(W ) ALAJ) M)ﬁi” o‘).o..bdg UL\.».MM.:
et 3gd (b @Vb 2B0 b (b8 la e
o9l s Sldes (gglSesls Jao SO ()b jo pad
SIS ECG slo JuKw cenl (Son a5 ol 51 el

8 specificity


http://dx.doi.org/10.52547/jsdp.19.3.65
http://jsdp.rcisp.ac.ir/article-1-1128-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/jsdp.19.3.65 ]

5 Golom L codlus Joud BB B b lidle 5 oS el
ol ooles e pasas |y (Bl g8 (S
O conlie sla S5y (JuSm cdlyo 5l Lo l53le 5
£5 Latuid Ay (g el 00,5 Skl g gl Zaul )
slagbsy cadle J>le 51 e p2 )0 35lsn o0 s be
Sgiagy 4 A Gl ;0 45 o)l 952y S95UsS
el 485 18 colaiul 550 A Jigy g Cpeten
L b e Olegoge laol ide cpl )0 .0l ol aisls
9 48,5 JI8 w)p g Cou 090 dlie golpiics b,

g 0 03,9 Hidgh b o e addS sla IS aslsl yo

(5 329 S G ] Y-

S8 bl Shy o5 cul ganlp (S ol
plxl sl oolsslaasgorme 5, 5550 5 SYL (arseis
WIS e sl gglSeols Jlac

Wwd dw @ 5 psbar (Shy bl Glaen,sSl
(239 'y sladse ks laoe wish oo pomndt
clakie ) yld sloos [15] oSy sloJoe s
ooliiwl oolssladcgeme slo Shy bl L S
O Sl (6 T3k o o8l g5 e 5l g wiS
Sy e RSl el Jels pleays,
gl o Slgdig g 099 e YU olul L slaoslsac gazo
oslail x50k slagedle Sl n) Gae blis s
@bl e el 2 1yl Sg acgemen g 008
5 oboj eyl by, bayils b duglie yo S o ol
slr s e YL Slulbre sleane
ol Core o cenlin YU ol L sloosloac gases
ol ol Loyl ot YL Cds o by,
Shy degemon) o O lp by e
Bl gl sl 0 55 Wyrld 5l VL Ly
CEld Wl g wuld Lol W woss (S
slahy, el [15] wsl aigbl e 5 f3e sla Sy
5 o Sy s, S bytld sl 9 S (oS S
sobas oS oo eolatul 03l sla Sy slasy ialS
=5 sbay, bl oS5 e (b5
Jyereyglbods Css al>po )0 aiiS 0 5 glal> g0
Ao sl S5 0500 sla Sy slaw oyl ulal
acgerme 3l oolalul b g il oo ialS pgo
SLl Cuz pes al ey n) ay, Sooadl tels
29 se Jlosl gllas (sla (T

L Wrapper

L L) o glaws asls Soby (N) Jbog
«(RBBB L R) cwl, slatws asls S4b (LBBB
o995 Obye «(PVC L V) sy uy0g; oLl
.(Pace beat) 3 i 5 (A) gidno
Oletiy oy il gazme 5l (oS5
SVMs $99,9 dLm).’;.o‘)L; uo;w 9 LS‘M“\-;-?
BB la o)l i Gl S sl Lawgs
Ls‘)" U.HM U"j) U"‘ )b w‘ R ) 45‘)‘ JL‘>=\J Lu
2,85 g (Ko oo oS5 3l (Shy bl
oads oolatwl oles gumaib cds il gl (S
(5‘)“) qu.B Lg)lf 0)90 ).m J}‘a )0 ECGJL&M W‘

Sl (V) S5 & g0y Glaascine poue

R-R interval

J13] ECG JUSww 31 S S :(V- JSCi)
(Figure-1): A cycle of the ECG signal [13].

Bl 8 slo oy :(0-Jgu)
(Table-1): Heart Rate [3]

Label Beat type
N Normal beat
L Left bundle branch block
R Right bundle branch block
A Atrial premature beat
A Abberated atrial premature beat
J Nodal(junctional) premature beat
S Supraventricular premature beat
\Y Ventricular premature beat
F Fusion of ventricular and normal beat
borl Ventricular flutter beat
J Nodal(junctional) escape beat
E Ventricular escape beat
F Fusion of paced and normal beat
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(Figure-3): Breathing noise elimination in two ECG signals
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(Figure-10): Average beats from the MIT-BIH database grouped by the four AAMI class (N, SVEB, VEB, and F) (a) 180 window
centered on R-
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(Table-5): Comparison of different methods with the proposed method on the MIT-BIH dataset

Method Feature set Classifier Effectiveness
= 0/ = 0" = 05"
de Chazal et al. [45] ECG-Intervals, Morphological Weighted LD Aee =83%; +P§: 882?%? o= To
RR-Intervals. VCG Acc = 90%; PP =92%, SP =88%,
Soria and Marti 46 ) ' ’ i +P = 93%;
oria and Martinez] 46( morphological + FFS Weighted LD 0
Llamedo and Martinez 147( Wavelet; + SFFS Weighted LD Ace= 93%;13;_::7%;@ SP=11%;
= 87%;
800/ PP = 8004 OP — 8304
Mar et al. 148[ Temporal Features,; + SFFS Weighted LD Acc = 89%; EPP: 7%%/0/0 SP=83%;
; . SVM, IWKLR Acc = 97% (DS1);
Lin,C.-C. & Y 49 ! ! ’
in ang 149[ Morphological, Wavelet DTSVM Act = 92% (DS?)
; SVM, ANN Acc = 84%; PP = 87%; SP = 80%;
Huang, et al.] 50 features proposed in, 151 N y ' ! '
uang, etal.] 501 ures proposed in, I51 Bayesian, OPF +P= 77%;
Morphological, Wavelet, PCA Acc = 86.4%; PP = 88%; SP = 97%;
Yeetal 151 h
15l ICA, RR interval SVM +P = 63%,;
ECG-Intervals,HOS . Acc = 83%; PP = 80%; SP = 88%;
de Lannoy et al. 52 B ' ' ' '
y 1521 morphological HBF,coeficients weighted SVM +P = 79%;
= 85%: =86%: =82%:
Park et al. 153 HOS, HBF Hierarchical SVM Ace = 85%; EE - ggoﬁgt SP =82%;
RR-intervals, morphological — QROA- DD — Q00 OD — 7004
Zhang and Luo]54] features, ECG-intervals and Combined SVM Acc = 86/"'135_‘982%//“_’ SP=79%;
segments -
Combined Optimal Acc =98%; PP =97%; SP = 97%,
Prposed method DWT+HOS Multi-kernel SVM +P = 96%:

ANN, Artificial Neural Network; PCA, Principal Component Analysis; FFS, Floating Feature Selection; ICA, Independent Component
Analysis; BPNN, Back Propagation Neural Network; HBF, Hermite Basis Function; HOSC, high order statistics cummulants; LD, Linear
Discriminants; SFFS, Sequential forward floating search; IWKLR, Importance Weighted Kernel Logistic Regression; CRF, Conditional
Random Fields; RC, Reservoir Computing; $ Authors optimize their result for 3 classes (N,SVEB,VEB); # Where confusion matrix was
not given, some values could not be computed.
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(Table-6): Accuracy of classification using 5 classification methods by selecting 40 attributes on the MIT-BIH dataset

9 A L N P R v cdo
SVMs-PCA 95.98 | 96.44 93.58 92.56 90.46 91.35 93.42
SVMs-NMI 96.12 | 96.75 95.90 94.12 96.27 97.62 96.13
SVMs- GA 96.24 | 97.56 98.91 99.56 99.82 99.53 98.60

SVMs-NMI-GA | 98.86 | 99.12 99.54 99.80 100 99.90 99.53
Proposed 100 100 99.91 100 100 100 99.98

2l gloj s 51 aliso gla gy dumn o (V- Jgu)

(Table-7): Comparison of different methods in terms of run time

[EISIRYSS] Wosld acgosxo
MIT-BIH INCART SvDB
de Chazal et al.] 45| 2,635 3.660 3.660
Soria and Martinez] 46[ 4.449 5.468 5.468
Llamedo and Martinez ]46[ 4.020 4,635 4635
Mar et al. ]48[ 4.447 4.904 2.904
Lin, C.-C. & Yang 149[ 5.707 6.368 6.368
Huang, et al.] 50[ 2.332 5.856 5.856
Yeetal. ] 51[ 4.425 4.990 4.990
de Lannoy et al. ]52[ 3.038 3.076 3.076
Park et al. |53[ 4.450 4.137 4.137
Zhang and Luo]54[ 3123 3.442 3.442
Prposed method 4.106 4.441 4.441

MIT-BIH c.b'.)d.c,.oqu $9) Lz ‘;).»3 ol b 6&&5) L ‘5.>LQ...“...: ov9) CB0 duwo Lo (A= Jgu)

(Table-8): Comparison of the accuracy of the proposed method with different feature selection methods on the MIT-BIH dataset

b9, S Ry oLl Gy, s
Proposed DWT+HOS 99.98

SVM( nu -S VC) 155[ DWT 94
SVM (DT) I55] DCT 96.5
SVM ( epsilon -SVR) |55[ Amplitude value 94.2
SVM (nu - SVC) I55[ Genetic Algorithm 93.46
SVM (nu -SVC) 155[ PCA 80.00
RNN |55[ Lyapunov exponents 94.72
DAGSVM |55[ SVD 97.71
SIMCA ]55[ PCA 98.33
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