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Preface

The 4th International Conference on Advances in Emerging Trends and Technologies
(ICAETT) was held on the main campus of the Escuela Superior Politécnica de Chimb-
orazo, in Riobamba—-Ecuador, from October 26 to 28, 2028, and it was proudly orga-
nized by Facultad de Informatica y Electrénica (FIE) at Escuela Superior Politécnica
de Chimborazo and supported by GDEON. The ICAETT series aims to bring together
top researchers and practitioners working in different domains in the field of computer
science to exchange their expertise and to discuss the perspectives of development and
collaboration [1, 2]. The content of this volume is related to the following subjects:

Artificial Intelligence
Communications

e-Learning

AT for Engineering Applications
Security

Technology Trends.

ICAETT 2022 received 234 submissions written in English by 940 authors coming
from 15 different countries. All these papers were peer-reviewed by the ICAETT 2022
Program Committee consisting of 162 high-quality researchers. To assure a high-quality
and thoughtful review process, we assigned each paper at least three reviewers. Based
on the peer reviews, 54 full papers were accepted, resulting in a 23% acceptance rate,
which was within our goal of less than 40%.

We would like to express our sincere gratitude to the invited speakers for their
inspirational talks, to the authors for submitting their work to this conference and the
reviewers for sharing their experience during the selection process.

October 2022 Miguel Botto-Tobar
Omar S. Gémez

Rail Rosero Miranda

Angela Diaz Cadena

Washington Luna-Encalada
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Abstract. Cardiac arrhythmias are heart rhythm problems that usu-
ally occur when the electrical impulses coordinated with the heartbeat
do not work correctly. For this reason, detecting abnormalities in an
electrocardiogram (ECG) plays a vital role in patient follow-up. Due to
the presence of noise, the irregularity of the heartbeat, and the non-
stationary nature of ECG signals, their interpretation can be difficult,
requiring the use of advanced computer systems to support the diagnosis
of cardiac disorders. Therefore, the development of assisted ECG anal-
ysis systems is a current topic of study, and the main challenge is to
achieve adequate accuracy for application in the clinical setting. There-
fore, this article describes a software tool for classifying ECG samples
into the main classes of cardiac arrhythmias by removing noise from
the ECG signal at the preprocessing stage using conventional digital
filters; the location of the QRS complex is essential for the identifica-
tion of the ECG signal. Therefore, the position and amplitude of the
R peaks are determined in the segmentation stage. Then the selection
of the most relevant features of the ECG signal is performed using the
discrete wavelet transform (DWT). The ability of the extracted features
to differentiate between different classes of data is tested using machine
learning techniques such as k-Nearest Neighbors, Neural Networks, and
Decision Trees with 10-fold cross-validation. These methods are evalu-
ated and tested with the MIT-BIH arrhythmia database, achieving the
best accuracy of 98.54% using the k-Nearest Neighbors classifier.

Keywords: Electrocardiogram (ECG) - Cardiac arrhythmia + Feature
extraction + Machine learning - Performance measures
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1 Introduction

Cardiovascular diseases are the leading cause of death in the world; around 17.5
million people die from these heart disorders, which represents 31% of deaths
worldwide [2]. In general, the increase in the mortality rate from cardiovascu-
lar disease is related to unhealthy lifestyles, such as lack of physical activity,
poor diet, and smoking. The main factors in these cardiovascular conditions are
cardiac arrhythmias, which are disturbances or disorders that alter the normal
functioning of the heart’s electrical activity [10]. Electrical activity monitoring
is performed through the electrocardiogram (ECG), a non-invasive method in
which the propagation of the electromagnetic wave propagating in the heart can
be recorded through a series of electrodes placed on the body’s surface. From
these recordings, it is possible to study, analyze and identify irregular patterns
in the ECG signal. Because the recorded data is so extensive, it is necessary to
classify or categorize the different types of signal beats using advanced computer
diagnostic tools. Hence, in recent years, the development of computational sys-
tems and the adoption of artificial intelligence techniques to support the detec-
tion and diagnosis of cardiovascular diseases have increased. Not to mention that,
at times, cardiologists must perform analyses on extensive records of different
patients, which can lead to erroneous diagnoses.

Some researchers have proposed different studies with efficient methods for
classifying cardiac arrhythmias in the scientific literature. Briefly, Malik et al. [12]
proposes an optimized classification model for automated cardiac arrhythmia
recognition. First, it uses the discrete wavelet transform (DWT) to extract the
most significant features from the ECG signal. It then evaluates the multido-
main features using machine learning techniques such as support vector machine
(SVM) and the Grasshopper optimization algorithm to identify five classes of
cardiac arrhythmias. Similarly, Madan et al. [11] uses a hybrid approach based on
deep learning for cardiovascular disease detection and classification, using vari-
ous configurations; in a first step, they use 2D Scalogram images to reduce signal
noise and extract features. The second step uses a combination of deep learning
models, such as convolutional neural networks (CNN) and short-term memory
networks (LSTM), to identify abnormal heartbeats. On the other hand, statisti-
cal analysis techniques and hybrid feature-based techniques are used for feature
selection and extraction. These features can be classified using machine learning
techniques, such as Decision Trees [19], k-Nearest Neighbor (KNN) classifica-
tion techniques [7], Support Vector Machines (SVM) [20], and Neural Networks
(NN) [4], among others.

In arrhythmia classification techniques using machine learning approaches,
achieving acceptable accuracy with efficient features is desirable. In this regard,
this paper presents a novel technique that uses discrete wavelet transform (DWT)
based ECG beat features and efficiently classifies five classes of abnormal ECG
beats using machine learning techniques such as K-Nearest Neighbors, neural
networks, and decision trees. These techniques are fundamental in this field as
they are becoming an essential method for reliable decision-making by analyzing
large data sets and events. Likewise, it is used to study and analyze the cardiac
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rhythm problems that the heart presents, identify the type of arrhythmia that
the person may manifest, as well as to implement prevention strategies adopted
by different types of processing and characterization of ECG signals.

This paper is structured as follows: Sect. 2 specifies the methodological design
and the stages of database selection, data processing, segmentation, feature
extraction, and classification. Section 3 describes the results and discussions and
Sect. 4 concludes future work. One of the significant contributions of this study
is the development of a methodology based on conventional methods.

2 Methodology

The methodological scheme of the proposed method for detecting and classifying
cardiac arrhythmias is presented in Fig. 1. The following subsections specify the
database to be used, the stages of preprocessing, segmentation, feature extrac-
tion, and classification.

| MIT-BIH Arrhythmia Database > | Preprocessing >
1 4 Original Signal Filtered Signal
|
H “ » | | | | |
[ | N Il
b A -
%
Classification | Feature Extraction| < ECG Beat Segmentation |

Beat Segment Peak Detection

Decision tree

-

Fig. 1. Methodological scheme for the detection of cardiac arrhythmias.

2.1 MIT-BIH Arrhythmia Database

The dataset selected for this study corresponds to the MIT-BIH cardiac arrhyth-
mia database [6]. The database contains two-channel ambulatory ECG records
from 47 individuals analyzed by the BIH Arrhythmia Laboratory between 1975
and 1979. Forty-eight half-hour recordings were collected using analog Holter
equipment with a sampling rate of 360 Hz and 11-bit resolution over a range of
10 mV. The database includes about 110.000 records, with five classes of arrhyth-
mias: Nonectopic beats (N), Fusion beats (F'), Supraventricular ectopic beats (S),
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Ventricular ectopic beats (V), and Unknown beats (U). Cardiologists performed
the classification and annotation of the recordings of each heartbeat. Table 1
shows the specifications of the different beats from the MIT-BIH database and
summarizes the five types of ECG beat samples used in this study.

Table 1. MIT-BIH arrhythmia beat classification according to the ANSI/AAMI
EC57:1998 standard database.

AAMI classes MIT-BIH Type No. of beats
annotation

Non-ectopic beat (N) N Normal beat 90.604
L Left bundle branch block
R Right bundle branch block

Nodal (junctional) escape

Atrial escape beat

Supra-ventricular ectopic
beat (S)

Aberrated atrial premature 2.781
Atrial premature
Supraventricular premature

Nodal (junctional) premature

Ventricular ectopic beat (V) Ventricular escape 7.235

Premature ventricular contraction

Fusion beat (F) Fusion of ventricular and normal | 802

T oallmE <ls e o=

Unknown beat (U) Unclassifiable 8.041
Paced
Fusion of paced and normal

Total number of beats 109.463

2.2 Preprocessing

ECG signals obtained from the MIT-BIH arrhythmia database are affected by
different types of noise classified as network disturbances (60 Hz), deviation from
baseline, muscle artifacts, and disturbances generated by various electrical equip-
ment. In a stage of identification and selection of the most relevant parameters
found in the signal, the elimination of these types of noise is fundamental. If the
ECG signal being analyzed contains a high noise level, the identification task
becomes even more difficult.

According to these criteria, the ECG signal preprocessing stage has the initial
phase, eliminating the baseline noise and filtering the ECG signal. For these
purposes, a digital Butterworth filter configured as a third-order high-pass filter
with a cutoff frequency of 1 Hz has been implemented to remove low-frequency
noise from baseline deviation. In the next phase, the ECG signal is filtered
using the Savitzky-Golay (SG) polynomial order digital filter with a window
dimension between 5 and 21 according to [9] to reduce the low and high-frequency
interferences present in the whole signal. Figure 2 shows the original ECG signal
in the presence of noise and the result of the filtered signal.
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Fig. 2. Removal of noise from ECG signal (Non-ectopic beat).

2.3 ECG Beat Segmentation

In this stage, the location of the QRS complex and landmarks are essential to
perform beat segmentation of the ECG signal. Specifically, the QRS complex
describes the depolarization originating from the ventricles’ contraction [10].
One aspect to consider is that the QRS complex is a fundamental part of the
ECG signal that must be analyzed and evaluated.

In this regard, the annotations provided by the MIT-BIH dataset are used
for QRS complex localization. The developed algorithm detects the positions
of each R peak of the ECG signal (called the midpoint of the QRS complex),
whereby a fixed-width window of 200 data is generated with 99 data from the left
side and 100 from the right side. The aim is to divide the ECG signal into beat-
like fragments with a regular width. The segmentation step results are shown in
Fig. 3.

2.4 Feature Extraction

At this stage, the most crucial step is appropriately selecting the most rele-
vant features of the beat segments created in the previous stage to obtain an
acceptable classification performance [15,18]. Based on the above, the discrete
wavelet transform (DWT) is used for feature extraction. This technique usually
decomposes a signal using approximate versions of several families of wavelets,
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ECG Signal Segment
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Fig. 3. 200-sample segment of the ECG signal (Non-ectopic beat).

such as Haar, Daubechies, and Symlet [3]. One aspect to consider is that the
selection of a wavelet type is made according to the kind of signal to be studied
and the information to be obtained from it. For this purpose, signal features
are extracted using the Daubechies wavelet family of order 6 (db6) because it
has a morphological structure similar to the signal of an electrocardiogram [17].
The signal decomposition is performed up to eight levels obtaining a series of
coefficients from which a feature space of the different types of families is gen-
erated. The decomposed signal is made up of a series of detail coefficients (D1
to D8) and an approximation coefficient (A8). From each subband of the detail
coefficients, three statistical characteristics are calculated: Maximum, Minimum,
and variance, collecting a total of 24 features extracted from each beat and will
be fed into the supervised machine learning classifiers.

2.5 Classification

The features extracted in the previous step are evaluated by supervised machine
learning algorithms to check which classifier is the most suitable for the task at
hand. For comparative purposes, three different classification algorithms were
tested:

K-Nearest Neighbor Classifier (KNN). It is considered one of the nonpara-
metric instance-based classification algorithms due to its simplicity and versatil-
ity. Classification is performed based on the information provided at the training
time to determine that an element x belongs to a class C [22]. The algorithm
selects the closest data in the learning dataset to perform classification: its “near-
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est neighbors”. The nearest neighbors are those that show several similarities to
the new case. The value of the nearest neighbors to be analyzed is specified by k.

Neural Network Classifier (NN). Neural networks are widely used in various
applications, such as parameter identification and classification tasks. In the
structure of a neural network model, each neuron performs the balanced sum
of its inputs and superimposes the result of the sum on a nonlinear activation
function [5]. Similarly, the performance of this type of classifier depends on the
parameters set on the number of input neurons, the number of hidden layers,
the number of output neurons, and the activation function.

Decision Tree Classifier. Decision trees are the most widely used methods for
techniques such as classification and regression. In general, they consist of tracing
all possible paths taking into account the importance of each attribute using
recursive partitioning to classify the data [14]. When constructing a decision
tree, it is crucial to determine which attribute is the best or most predictive
for splitting the data based on the feature. Decision trees are constructed by
dividing the training set into different nodes, where a node contains most of a
data category.

In this study, a search for the best parameters for each of the classifiers was
performed using the hyperparameter optimization method. Table2 shows the
parameters that gave the best results for the evaluation metrics used, which are
presented later in the experimental design.

Table 2. Parameters used in each classifier.

Classifier Parameters

K-nearest neighbor | Number of neighbors = 4

Distance metric = Mahalanobis
Distance weight = ‘Squared inverse’
Standardize data = No

Neural network Number of fully connected layers = 1

First layer size = 80
Activation = ‘Relu’
Iteration limit = 1000
Regularization strength = 0
Standardize data = Yes
Decision tree SplitCriterion = ‘deviance’
MaxNumSplits = 794

Surrogate = off
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2.6 Experimental Design

This section describes the design of experiments and metrics to evaluate the
performance of the developed algorithms. The MIT-BIH database contains a
total of 110.000 records with 5 types of arrhythmias (N, S, V, F, U). A total of 3
experiments, including a filtering technique (SG), a feature extraction technique
(DWT), and three machine learning algorithms (KNN, NN, TREE), were applied
for irregular beat recognition.

The evaluation of the classification models is performed using 10-fold random
cross-validation and performance metrics such as Accuracy, Precision, Sensitiv-
ity, and F1 Score of four parameters as shown in Egs. (1), (2), (3) and (4).

N B TP+ TN M
Y = TP Y TN+ FP+ FN
TP
Precision — — E

recision = &m s (2)

. TP
Sensitivity = TPLFN (3)

TP
F1— Score = (4)

TP +05(FP+FN)

where TP corresponds to correctly classified beats, FN to unclassified beats, TN
to correctly unclassified beats, and FP to incorrectly classified beats.

3 Results

Table 3 shows the results of the 3 experiments, considering the stages of filtering,
feature extraction, and classification techniques.

Table 3. Classification results with three different classifiers.

Diagnostic system Performance metrics

Filtering | Features | Classifier | Accuracy | Precision | Sensitivity | F1-Score
SG DWT KNN 98.54% |98.64% |99.59% 99.12%
NN 98.34% |98.72% |99.30% 99.01%
TREE 97.09% |97.52% |98.96% 98.23%

To contrast the classification results obtained in Table 3, Fig.4 shows the
box plots of the accuracies of the three classifiers used in this study with 10-fold
cross-validation.

As seen in Fig. 4, the KNN classifier is the best performer in terms of the
accuracy metric represented with an average of 98.54%, a precision of 98.64%, a



