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Abstract - Currently the introduction and detection of
heart abnormalities using electrocardiogram (ECG) is
very much. ECG conducted many research approaches in
various methods, one of which is wavelet. This article aims
to explain the trends of ECG research using wavelet
approach in the last ten years. We reviewed journals with
the keyword title "ecg wavelet" and published from 2011
to 2020. Articles classified by the most frequently discussed
topics include: datasets, case studies, pre-processing,
feature extraction and classification/identification
methods. The increase in the number of ECG-related
articles in recent years is still growing in new ways and
methods. This study is very interesting because only a few
researchers focus on researching about it. Several
approaches from many researchers are used to obtain the
best results, both by using machine learning and deep
learning. This article will provide further explanation of
the most widely used algorithms against ECG research
with wavelet approaches. At the end of this article, the
critical aspects of ECG research can be done in the future,
namely the use of data in the form of signals and images,
as well as the use of deep learning to be a very large
opportunity for researchers.

Keywords: ECG, wavelet, dataset, pre-processing, feature
extraction

I. INTRODUCTION

Humans have several very important organs, one of
which is the heart. Maintenance of human heart
conditions is highly recommended, because this organ
has a very vital role. Maintaining the condition and
maintaining the heart early on is something very good.
Because heart malfunction can result in sudden death. In
recent years heart defects have still topped the list of
deaths worldwide. Worldwide deaths are caused by heart
defects [1]. Heart defects in 2019 are the cause of one-
third of all deaths in the world, as well as the ever-
increasing number of deaths. Some of the countries with
the highest number of deaths from heart disease in 2019
were China, followed by India, Russia, the United States,
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and Indonesia [2]. Therefore, we are expected to
maintain the condition of the body, especially the heart
in order to stay healthy.

World Health Organization (WHO) data in 2015
shows 17.7 million people worldwide die from
cardiovascular disease (heart) or 45% of the 39.5 million
deaths worldwide [3]. According to the AHA (America
Heart Association) nearly one in three people die from
heart disease. According to the Ministry of Health (2020)
heart disease (especially coronary) is the highest cause of
death, followed by cancer, diabetes mellitus with
complications, tuberculosis, then chronic obstructive
pulmonary disease (COPD).

To maintain the heart condition we are expected to
always do a heart check. Heart condition checks are
performed using aids such as: electrocardiogram (ECG),
blood test, nuclear heart scanning, cardiac
catheterization, cardiac training test, echocardiography
and coronary angiography [4]. A frequent and common
tool used to check for heart abnormalities is with an
electrocardiogram (ECG) (Fig. 1).

Fig. 1 Electrocardiogram [5]
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Because of the importance of keeping the heart
condition healthy and controlled, there are many studies
whose case studies use the heart. Many approaches are
used to obtain good performance. So with the correct
method of detecting this disease it is possible to apply a
more directed treatment [1]. One approach that is often
used is to use the wavelet method. Wavelet method is
widely utilized in the pre-processing stage as well as
feature extraction. This study tried to study literature
related to ECG using wavelet approach within ten years
(2011-2020). With the conduct of literature review is

expected to obtain a road map related to future researches.

II. METHOD

Research related to electrocardiogram (ECG) has
been widely done by many researchers. From the
researcher's research, ECG research has been conducted
by Pan and Tompkins [6]. Furthermore, many
researchers who conducted ECG research also such as
[7] whose research related to heart abnormalities
arrhythmia using fuzzy logic method. Various method
approaches are used to obtain a good end result, such as
fuzzy, wavelet, machine learning or statistical methods
[8]. There are even those who use tools (CSA) on Linux
[9]. In this study, researchers tried to conduct research in
terms of literature studies related to electrocardiograms
(ECG).

Researchers began tracing literature studies related to
journals that discussed ECG and used wavelet methods.
ECG research using wavelets is spread in the journals of
several disciplines such as computer science, electrical
engineering, applied sciences, and others. Searches were
conducted on several publication database sites
published from 2011 to 2020 with the keyword "ECG
Wavelet", and restricted to the field of Computer
Science.

In this study, we looked at several related journals
("ecg wavelets") whose data was retrieved using data
from Physionet and SID Medical Technology Co. Ltd.

A. Physionet

Physionet is one of the research resources for
Physiological Signals established in 1999 under the
auspices of the National Institutes of Health (NIH) as in
Fig. 2. Physionet primary and ongoing mission is to
catalyze research and education in the field of
biomedical, by offering free access to physiological and
clinical databases. So Physionet provides free data-
related access for research and educational purposes.
Physionet also held a Computing in Cardiology
conference, as well as an annual series of challenges,
which focused its research on unsolved problems in the

field of basic and clinical sciences. Members of the
Physionet team are actively engaged in innovative work
on physiological signal analysis, both from a basic and
translation perspective. The Physionet platform is
managed by members of the MIT Laboratory for
Computational Physiology. Other core laboratories of
Physionet Resources are Margaret and H.A. Rey Institute
for Nonlinear Dynamics at Beth Israel Deaconess
Medical Center. Some of the databases provided include
MIT-BIH, Europe ST-Database, Fantasia Database, St-
Petersburg, Creighton University database (CUDB),
PTB diagnostic ECG database, and others.

B. SID Medical Technology Co. Ltd.

Looking at its website SID Medical was founded in
2003, which is a medical technology company located in
Shanghai (China) [11]. In December 2015, SID medical
began offering a cloud-based ECG Application Program.
With our PC and/or Mobile software installed in the
Cloud. Each patient can upload ECG data and get an
analysis report. Meanwhile, ECG specialists working
with SID Medical can download and consult with
patients

In the first stage of the document search results collected
as many as 97 that researchers obtained. The second
stage of 97 documents that match the criteria sought
(ECG with wavelet method) there are 38 documents. The
distribution of the appropriate article search results (38
articles) can be seen in Fig.3. So at this last stage,
researchers analyzed the contents of each document
based on a predetermined classification scheme.

PhysioNet
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Fig. 2 Physionet website [10]
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From several case studies that are often examined in
research in the case of ECG and wavelets mostly based
on the paper obtained that is related to Arrhythmia. From
studies using arrhythmia case studies in general there are
10 studies [12-13], [16-17], [21],[25-26],[28],[38],[43].
Atrial fibrilation mentioned specifically there are four
studies [27] [36],[46],[48]. Using normal data there are
three studies [16],[39],[42]. Ventricular Tachyarrhytmia
there are two studies [16],[37]. Other researches include
Peak Detection R [15], Intracardiac Atrial Fibrillation
(IAF) and Myaocard Infarct [16], Ischemia [18],
Atherosclerosis [24], Atrial Fibrillation-Ventricular
Fibrillation-Ventricular Contraction [32], Coronary
Artery Disease [33], Premature Ventricular Contraction
and Trial Premature Contraction [42], and ECG signal
denoising [45].

II. RESULTS AND DISCUSSION

Systematically this study focused on 38 journals
starting from 2011 to 2020 related to ECG using
wavelets from both pre-processing, feature extraction
and classification.

A. Pre-Processing

ECG related research mostly goes through several
stages, namely pre-processing, character extraction and
classification/identification. While the use of wavelets
can be used at the pre-processing stage and most are also
used at the stage of feature extraction. Some even do not
go through the pre-processing stage and go directly to the
characteristic extract. Wavelet methods used in the pre-
processing phase based on the journals used are Wavelet
Transform [12],[42],[47], Wavelet Decomposition [14],
Discrete Wavelet Transform-DWT [19],[22],[34-37],
[43-44], [1], Transform-WPT Package Wavelet [46]. As

for pre-processing that does not use wavelets and uses
other methods (Table I).

B. Feature Extraction

The extraction phase of this feature is one of the
stages that is often used in research related to Artificial
Intelligence. Related literature review of this study
almost 67 % paper used all using wavelet at the
extraction stage of its feature. With the use of Discrete
Wavelet Transform-DWT method consists of 50%
journals used using such methods include: [15], [18],
[20], [24-25], [28-32], [35], [38], and [41]. Continuous
Wavelet Transform (CWT) include: [17], [21], [23], and
[39-40]. Wavelet Packet Decomposition (WPD): [33],
[43], and [48]. Wavelet Packet Transform (WPT): [26],
and Wavelet Reconstruction [41]. Some researchers are
using methods other than Wavelet at the extraction stage
of the feature as seen in Table II.

TABLEI
USE OF PRE-PROCESSING OTHER THAN WAVELETS

Pre-Processing Years  Author
Baseline Wander Removal 2011 [13]
QRS Complex Detection 2012 [15]
Spectral Analysis, Baseline Wander
Removing 2012 [16]
Segmentation 2012 [17]
QRS Subtraction 2013 [18]
Hidden Markov Model 2013 [20]
Pattern Identification (Local & Global
Pattern) 2013 [21]
PCA 2013 [24]
Filtering raw signal and extraction of
beats 2014 [25]
P & R peak detection 2015 [27]
Denoising using notch filter 2015 [29]
Noise Repair 2015 [30]
Denoising 2016 [31]
Key Features and Frequencies 2016 [32]
Denoising 2018 [38]
Baseline Drift Removal and Denoising,
Noise Removal 2018 [39]
Data Denoising and Data Segmentation 2018 [40]
Noise Identification 2018 [41]
Mean 2019 [41]
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TABLE II
FEATURE EXTRACTION METHODS
Feature Extraction Years  Author

Beat Normalitation 2013 [19]
Peak R & Interval RR 2013 [22]
Thresholding and Run-Length

Encoding 2017 [34]
Recurrence quantification analysis

(RQA) 2017 [36]
Segmentation 2018 [37]
Statistic (mean, standard deviation,

kurtosis and skewness) 2018 [42]
P,Q,R,S,T Peak 2019 [43]
Histogram 2020 [44]

C. Classification & Performance

At this stage it is mostly related to classification or
identification. This identification stage is used many
methods include: Artificial Neural Network, Support
Vector Machine, Probabilistic Neural Network, and
Convolution Neural Network. The selection of applied
methods is usually based on the use of data. The use of
the data used will affect the selection of methods at this
stage. Classification or identification stage in addition to
being able to identify or classify data there are usually
some researchers looking for performance. Performance
that is often used include accuracy, sensitivity and
specificity. In finding the level of accuracy, sensitivity
and specificity by using confusion matrix [49]. The use
of Matrix Confusion is one of the methods used to obtain
evaluation results based on matrix tables [50].

TABLE III
MODEL CONFUSION MATRIX [50]
Correct Classification n Classified N
+ TP FN
- FP TN

Accuracy using (1), sensitivity to (2), and specificity
with (3) [49]:

Accuracy = % x 100% )
e TP

Sensitivity = e 100% 2)
o TN

Specificity = verp ¥ 100% 3)

where:
TP = True Positive,
TN = True Negative,
FP = False Positive, and
FN = False Negative.

From the above exposure can be presented overall
research related to ECG with wavelet approach, and the
methods used and some of them list the results of
performance can be seen in Table IV.

IV. CONCLUSION

ECG case studies are very varied to be raised in
research. The use of data used by some researchers uses
data available from Physionet with its various data banks.
In addition, many researchers are taking data directly
from patients. Data processing in pre-processing is very
diverse from each researcher, which surely the output of
the data presented will be very useful on the extract of
features. From the paper used in this literature review
almost 79.5% use wavelets at the extracting stage of its
characteristics, as well as wavelet methods used are also
diverse. Variations in the use of machine learning
algorithms can be used in the classification or
identification stage such as Artificial Neural Network,
Support Vector Machine, Probabilistic Neural Network,
and Convolution Neural Network. Future Work research
is very wide open related to electrocardiogram (ECG),
both the use of data in the form of signals and images.
ECG research using Deep Learning is still very little, so
this is a very big opportunity for researchers in
researching ECG using such methods.
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TABLE IV

ECG RESEARCH WITH WAVELETS APPROACH

Years Approach The Highest Performance

2011 Wavelet Transform[12], Baseline Wander Removal; Fuzzy Wavelet Sensitivity from MIT-BIH: 99,77
Learning Vector Quantization (FWLVQ) [13], Wavelet %; Sensitivity from Europe: 99,81
Decomposition; Thresholding & Wavelet Reconstruction [14] %; Accuracy: 90,20 %

2012 QRS Complex Detection; DWT [15], Spectral Analysis, Baseline Accuracy: 87,42 %; Sensitivity:
Wander Removing; 6-level Wavelet Transformation Decomposition; 87 %; Specificity: 95 %

ANN Backpropagation [16], Segmentation; Continuous Wavelet
Transform (CWT); ANN Backpropagation [17]

2013 QRS Subtraction; DWT & Morpology Feature Calculation; SVM Accuracy: 93,63 %; Sensitivity:
[18], DWT; Beat Normalization; SVM [19], Hidden Markov Model; 95,20 %; Specificity: 93,29 %;
Discrete Wavelet Transform (DWT) [20], Pattern Identification Accuracy Local Pattern 1: 73,3
(Local & Global Pattern); Continuous Wavelet Transform (CWT) %; Accuracy Local Pattern 2:
[21], Discrete Denoised Wavelet; R Peak & Interval RR [22], 75,0 %,;

Coefficient Wavelet Transform (CWT) — Morlet [23], PCA; Discrete  Accuracy Global Pattern: 86,6 %;
Wavelet Transform (DWT); SVM [24]
2014 Filtering raw signal and extraction of beats; Discrete Wavelet Accuracy : 97,92 %
Transform (DWT); Multi-Level Perceptron NN [25], Wavelet Packet
Transform (WPT); Probabilistic Neural Network (PNN) [26]

2015 P & R peak detection; Stationary Wavelet Transformation; SVM Sensitivity: 97,00 %; Specificity :
[27], Discrete Wavelet Transform (DWT) & Dual Tree 97,10 %; Sensitivity DWT: 91,23
Complex Wavelet Transform (DTCWT); Multi- %; Sensitivity DTCWT: 91,23 %
layer Backpropagation Neural Network [28], Denoising using notch
filter; Discrete Wavelet Transform (DWT); Statistic (mean, variance,
standard deviation, entropy) [29], Noise Repair; DWT-Daubechies
[30]

2016 Denoising; Discrete Wavelet Transform (DWT) [31], Key Features Accuracy : 96,89 %
and Frequencies; Discrete Wavelet Transformation; SVM [32]

2017 Wavelet Packet Decomposition (WPD) Level 4; K-Nearest Accuracy: 100%; Sensitivity :
Neighbors (KNN) [33], Discrete Wavelet Transformation (DWT); 99,64 %; Specificity : 99,70 %
Thresholding and Run-Length Encoding [34], DWT (Sym8 &

Coeiflet4); Thresholding - Invers DWT [35], Discrete Wavelet
Transform (DWT); Recurrence quantification analysis (RQA);
Probabilistic Neural Network (PNN) [36]

2018 Daubechies wavelet 6 (db6); Segmentation; Eleven Layers Of Accuracy: 99,23 %; Sensitivity:
Convolutional Neural Network (CNN) [37], Denoising; Discrete 99,41 %; Specificity: 98,91 %;
Wavelet Transform; Wavelet Network Classifier [38], Baseline Drift ~ Accuracy Normal: 84 %;
Removal and Denoising, Noise Removal; Continuous Wavelet Accuracy PVC: 98 %; Accuracy
Transform (CWT) and Wavelet Analysis [39], Data Denoising and APC: 86 %

Data Segmentation; CWT; CNN [40], Noise Identification; Inverse
Discrete Wavelet Transform (IDWT) - SymS8 [41], Transformasi
Wavelet — Haar; Statistic (mean, standard deviation, kurtosis and
skewness); Random Forest and information gain analysis [42]
2019 DWT db8 Decomposition Level 8; P,Q,R,S,T Peak; Intelligence Sensitivity : 99,58%
Decision Rule [43], Wavelet Decomposition; Coefficient Processing;
Wavelet Reconstruction [44], Mean; Wavelet Decomposition - Haar
& Symlet [45]
2020 (DWT) Wavelet Based on Atomic Function & Z-Score; Decision Accuracy: 98, 90 %; Sensitivity:

Fine Tree [45], Wavelet Packet Transform (WPT); Histogram; ANN
[46], Wavelet Transform (Comparison 14 Wavelet) [47]; Wavelet
Decomposition — daubechies; Convolution Neural Network [48]

98,70 %; Specificity: 98,90 %

[11 A. Hernandez-matamoros and H. Fujita, “ScienceDirect
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