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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.
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(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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(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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