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Machine Learning Classification and Feature
Extraction of Arrhythmic ECG Data
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Abstract: Electrocardiogram (ECG) is the analysis of the
electrical movement of the heart over a period of time. The
detailed information about the condition of the heart is measured
by analyzing the ECG signal. Wavelet transform, fast Fourier
transform are the different methods to disorganize cardiac
disease. The paper elaborates the survey on ECG signal analysis
and related study on arrhythmic and non arrhythmic data. Here
we discuss the efficient feature extraction process for
electrocardiogram, where based on position and priority six best
P-QRS-T fragments are studied. This survey examines the the
outcome of the system by using various Machine learning
classification algorithms for feature extraction and analysis of
ECG Signals. Support Vector Machine (SVM), K-Nearest
Neighbor (KNN), Artificial Neural Network (ANN) are the most
important algorithms used here for this purpose. There are several
publicly available data sets which are used for arrhythmia
analysis and among them MIT-BIH ECG-ID database is mostly
used. The drawbacks and limitations are also discussed here and
from there future challenges and concluding remarks can be
done.

Keywords : Electrocardiogram, Machine learning , Classification
, Arrhythmia Database ,Physionet.

I. INTRODUCTION

In today’s world automation in healthcare domain is the
business reality. The biometric recognition is obviously an
important and mandatory idea in the field of information and
security. The physiological and behavioral characteristics of
the of healthcare data will give the support to the medical
practitioners for the treatment of the patients. In this paper
we studied raw Electrocardiogram (ECG) signal and various
technique to determine a variety of heart disease, which is
called heart arrhythmia in the medical term. There are
different types of arrhythmias, like morphological which is
generated by single irregular heartbeat and the other category
consists set of irregular heartbeats which is called rhythmic
arrhythmia, where each type of arrhythmia is related with
certain pattern. Identifying and classifying the pattern, the
nature of arrhythmia is identified and based on that the
physician can initiate the treatment. In this survey the
classification and analysis of heartbeats, study of wave
frequency of the ECG signal and the process of identifying as
well as classifying arrhythmias are discussed. Today a lot of
work and research is going on machine learning and feature
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extraction, and from there intelligent decision making is also
a goal[1] [2]. The structure of the paper contains different
sections. Section Il describes the ECG signal and the basic
characteristics of the signal for feature extraction, Section 11l
describes the details of MIT-BIH database and its
characteristics, Section IV describes methodologies for ECG
data acquisition , Section V describes different techniques
and algorithms used for signal classification and feature
extraction and last two section contains conclusion and
references.

Il. ECGSIGNAL

This survey work is based on ECG signal extraction and
classification. Here we have described the nature of the raw
signal through wavelet transform and also described the
Arrhythmic ECG data which diagnose the heart disease.

2.1 Depolarization

ECG Signal is an important component to check the
cardiovascular status of human beings. The recording of the
heart’s electrical movement is expressed by ECG. Different
cardiac disorders is indicated by the differences of usual
electrical pattern displayed in the electrocardiogram.
Normally cardiac cells are electrically polarized, whose
inside portions are negatively charged with compare to the
outside portion. The primary activity of heart is
depolarization, it is a process by which cardiac cells drop
their standard negativity[3].

2.2 Elementary waveforms

For the treatment of advanced cardiac disease, ECG signal
analysis is very important because from there the physician
can detect and diagnose the heart condition. The modern
treatment is supported by ambulatory electrocardiography
(known as AECG) and it affords accurate and strong
information for clinical diagnosis. Automatic analysis is an
important criteria for AECG and it helped the physician to
analyze the data during short span of time, i.e between 24
and 48 hours[4].

2.3. Description of the ECG signal

The Figure 1. demonstrate the details of heartbeat and its
concern waveform which describes the electrical activity of
the heart relax and contract. The waveform patterns and
amplitudes are the key factor for the analysis of ECG signal.
As the figure (Fig. 1) shows the waveform of ECG has some
properties in its shape. The frequency range of a standard
ECG signal lies between 0.05 HZ to 100 HZ. It contains five
different peak names, they are P,Q,R,S,T. Apart from that T
wave, P wave and QRS complex wave are there [5]. The P
wave signifies the electrical signature of the passed current
in atria for re-polarization, and T wave signifies
re-polarization of ventricles.
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For the left and right ventricles QRS wave are created.
RR-interval is the time distance among two successive
QRS-complex. In the horizontal axis the width of the wave
determines the time, depth and height of wave quantify the
voltage [6][7].
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Figure 1. : Detailed ECG diagram [4]

2.4. Arrhythmic ECG Data

Heart arrhythmia is the problem related to rhythm of the
heart and it feels when electrical impulses malfunction to our
heart. The electrical impulses are responsible to coordinate
our heartbeats and it diagnose the condition of the heart
whether it is too slow, too fast or irregular. So cardiac
Arrhythmia describes the heart related disease where by
analyzing the ECG signal physicians perform treatment to the
patients[8]. The goal of the study is to discuss the different
techniques which will help to develop an efficient algorithm
for the automation of arrhythmia detection. Patients having
the problem with ventricular premature contraction (PVC)
and atrial premature contraction (APC) both will be treated
arrhythmia detection [9].

I11. MIT-BIH DATABASE & AAMI STANDARD

From 1975 Beth Israel Hospital of Boston started work on
ECG arrhythmia analysis and related subjects in
collaboration with MIT. The MIT-BIH Arrhythmia Database
was the first key product from that initiative and in 1980 it
was completed. Later the database was generally accessible a
set of standard experiment material for estimation of
arrhythmia detection. The collaboration between American
Heart Association database and MIT-BIH Arrhythmia
database plays an important role to analyze arrhythmia and its
characteristics and it becomes the standard database for heart
treatment and medical research[10].

3.1. Characteristics

The various abnormalities of cardiac pulse and related
problems are described in arrhythmia and a standard record
set is required to analyze the problem for future treatment is
MIT-BIH Database. Since 1970 the research work is going
on to automate the ECG arrhythmia data. The signal is
recorded such that it takes large variability of ECG beats and
the detail facts of waveform are available there. This
database supports different algorithms of automated
arrhythmia which was developed between 1960 to 1970.
Performance of arrhythmia detection algorithm depends
upon the data and strong database gives the most effective
and smart result for decision making on the concern medical
area[11]. The modern standard of the database support most
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of different types of arrhythmia analysis and it takes almost
five years long time duration to complete the database. Here
Del Mar Avionics model 445 were used for ECG data
recording, it also uses double channel Holter records for data
recording and the playback unit of Del Mar Avionics model
660 generates the analog signal for the purpose of
digitization[12].

3.2. Database Analysis

The study of MIT-BIH Database proceeds episode-by
episode and beat-by-beat and the algorithms used to analyze
the database uses some basic method which works to assess
the performance of ventricular arrhythmia detectors .This
was sponsored by Association for the Advancement of
Medical Instrumentation (AAMI), an well known medical
device manufacturer during the years between 1984 and
1987. The data added from ambulatory electrocardiographs
marked with American National Standards and it is used for
the classification of arrhythmia and ST segment
measurement[4][13]. At the time of processing and testing
the data for the comparison with different case studies the
testing algorithm procedures reference annotation files for
that purpose. The performance measurements and the
comparison between different case studies are done by
analyzing the annotated files where it uses standard
comparison software are used. The concern agencies and the
technicians of arrhythmia analyzers examine and verify the
test results by using the comparison software, test data and
accessory hardware devices which produces the required
annotation files[14].

3.3. Database

The MIT-BIH database is created between 1975 to 1979
and with proper editing and modification the final version
comes in late 1980. During the time period between 1981 and
1989, a CD-ROM is created and it contains huge amount of
supplementary recording used for various research and
development projects. The CD ROM has the approximate
data of 600 MB which is totally in digitized form. The total
duration of recording is more than 200 hours and the
important criteria is that it has bear-by-beat annotations with
the collected data. This data is an important raw data for data
analytics as well as big data analytics[15]. The CD-ROM
contains bulk amount of ECG data for arrhythmia which
checks variety of waveforms morphology, with accurate
cardiac pulses, with external noise and artifact. The modern
version of CD ROM contains High Sierra format standard
and it is commercially available with standard price and the
database works mainly with format in addition with other
format also[16].

IV. METHODOLOGY

The acquired ECG data is processed with certain techniques
and methodologies which helps proper signal classification
and feature extraction.

4.1. ECG data Acquisition

The data acquisition from the raw ECG signal uses the
baseline noise reduction technique. The original raw ECG
data describes the exact heart condition of a patient. So it
contains irregular, uneven peak form unequal distance
between peaks.

Due to abnormal partial
breathing it generates different
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low frequency components. The particular low frequency
component should be removed to minimize the influence of
those features. The method of fast Fourier transform is used
to minimize the low frequency and by using inverse fast
Fourier transform the original ECG data is restored.
Segmentation of ECG beat was created to analyze the data
and to reduce the baseline noise[17]. The important concept
about ECG signal is Wavelet transform, where it is
concurrently observed at three different stages of focus to
operate. Here the classification of beat and its characteristics
described as premature ventricular contraction (V) and
normal(N). According to the research on ECG signal the
most frequent class used for supra-ventricular arrhythmia (S)
are atrial flutter (AFL), normal rhythm (N) and atrial
fibrillation (AF). The rigorous study and analysis are going
on MIT-BIH Arrhythmia database which is publicly
available database for arrhythmia detection. Apart from that
several data acquisition system on minimum cost, The
American Heart Association (AHA), The European Society
of cardiology database (EDB), The Noise Street Test
database (NST) and the Arrhythmia database of Creighton
University (CU) are the popular and publicly available
Arrhythmia database for research and analysis. The databases
are created with the help of standard data acquisition system
which consists of different modules like power supply,
amplifiers, analog to digital converter (ADC), filters,
isolators and interfacing circuits. The frequency range
between 0.05 Hz and 113 Hz is the ideal range to analyze the
ECG signal to collect the data accordingly. Important clinical
application such as detection of cardiovascular disease
(CVD), SCA prediction is done through the support of the
frequency information of ECG signal. There are several
ways of data acquisition and maintenance, one of the
significant process is to use the N16008 data acquisition card
which is used save the acquired data. The conversion of ECG
analog signal to digital signal is done through data
acquisition interface and it is then saved for further use of
medical investigation[18].

4.1.1. Train Set

The training data set is extracted from the central data
repository and analyzing the dataset decision algorithm can
be made. The references of different set works with
different annotations and the training set is used accordingly.
By the help of the annotated data the location and
characteristics of the observed QRS complex data for the
ECG signal is decided. Apart from the train data set for
analyzing the ECG Signal a separate hidden data set is also
available which determines the ranking or priority of the
problem to solve the arrhythmia challenges. From the
MIT-BIH arrhythmia database where Physionet provides
train and test classification model for comparing the results
from there we can make some new classification model[19].
Through the training set data and its analytical result gives
the opportunity to the physicians to bring the necessary and
accurate arrhythmia treatment[20].
4.1.2 Test Set

The Test set with reference to
database, AAMI suggested that the five different
classifications are there, and according to AAMI
102,104,107,217 are the records with paced beats which are
not considered for classification. The characteristic of the
database says that it is highly imbalance (around 90%) if it
belongs to class N, where as it is just 3% for SVEB, 6% for
VER, and 1% for F classes respectively. So in the test set the

MIT-BIH arrhythmia

Retrieval Number: B3548079220/2020©BEIESP
DOI:10.35940/ijrte.B3548.079220

ISSN: 2277-3878, Volume-9 Issue-2, July 2020

work with different samples and its classifications is
important.  With compare to train set the test set includes
wide variety of signals and test set signal sampling rate
belongs between 120 and 1000 sample/second [21].

4.2. Data Preprocessing

The ECG is the video footage of the electrical characteristics
of the heart over a certain period. The importance of the
signal is that, analyzing and drawing the interface from signal
the medical practitioners diagnose some disease. The
obtained ECG signal usually effected by various types of
artifacts and noise which resides within the frequency band of
the generated ECG signal. This often changes the attributes
of the ECG signal and for that reason extracting useful and
correct information become difficult. Baseline wander noise,
Electromyographic Noise , Power line Interference are the
three major noise which are responsible for the corrupt and
incorrect ECG signal. The data processing technique will
lead the removal of noise from ECG signal by applying
cascaded FIR filters. Figure 2 describes the configuration of
a cascaded digital filter where Raw ECG data is inserted as an
input, data then filtered and in the output De-Noise ECG
signal will come. The three major noises that effects the ECG
signal can be removed by cascaded digital filtering. The
Kaiser window based filters are the important issues for the
De-Notice ECG filters [22] [23].

RawECGH FIRHFF FIR BSF FRLEF De-Noised ECG
» (KAISERWINDOW) |——» (KAISERWINDOW) |——»{ (KAISERWINDOW) »
Tl Fe=303H; Fel0 B
Fef03H;

CASCADED DIGITAL FILTERS CONFIGURATION

Figure 2 : Configuration of digital filter [23]

4.3. Segmentation

Detection of the QRS complex or R peak is the key issue for
heart beat segmentation. The heartbeat segmentation
accuracy made it easy for the researcher to classify the status
of the heart signal. The accuracy of the heart beat
segmentation depends upon two significant measure, positive
predictivity and sensitivity, denoted as Positive Predictivity
sec) = TP/(TP+FP) and Sensitivity sec) = TP/(TP+FN).
False Negative(FN), False Positive(FP) and True
Positive(TP) defines the heart beat number and the correct
segmentation of the number[24]. This model can be defined
and explained with the outcome of some standard medical
diagnostic tests done on heart disease [25]. The accuracy of
the result can be resolute from specificity and sensitivity. The
concept describes the specificity, sensitivity and accuracy of
the standard test result.

Standard of Truth
Outcome of
diagnostic | Positive Negative Row Total
Test
Positive TP FP
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Negative FN TN
Column TP+FN FP+TN N=
Total (Total (Total TP+TN+FP+FN
number of | number of | (Total number of
subjects subjects subjects in study)
with given | without
condition given
condition)

Table-1: Terms used to define sensitivity, specificity and
accuracy[26]

Here the table data describes total number of subjects with
given condition and without given condition. For arrhythmia
analysis which focuses on heart beat segmentation where the
comparison of methods uses MIT-BIH database which is
publicly available and it uses AAMI standards. Several
sophisticated procedure is used to implement the
segmentation such as wavelet transform, genetic algorithms,
Quad Level vector , filter banks etc. Apart from these
algorithms several other algorithms are also there to
recognize different waves related to heartbeat, such as T
wave and P wave. Detection of QRS complex and R peak is
the important issue for the heart beat segmentation, and the
database is the key repository to supply the information
related to that. Here automation of the arrhythmia
classification is done by using different segmentation
algorithms. So segmentation has the direct impact on
automation and for feature extraction the this impact works
with exact result[26].

4.4. Feature Extracion

Feature extraction starts from calculating heartbeat interval
or cardiac rhythm. Here RR interval works an important role
as it reflects the variations in width at the time of
classification. Analyzing the feature the pacemakers are
allotted to the concern patients, where proper measure of RR
interval is studied and this data indicates arrhythmia. RR
interval have the huge competence to differentiate the types
of heartbeat and feature extraction and reduction of noise
interference. It has great impact on heart arrhythmia when we
are calculating the RR interval average against certain time
interval for a particular patient. Different experiment result
shows that the classification results are significantly
improved by normalized RR interval[27]. For feature
extraction QRS interval and the QRS complex duration is
utilized maximum times to extract high quality selective
features. Determination of fiducial points are also important
and several algorithms are available to identify it. Now if we
analyze the samples of the curve we understand that it
produces the vector and the feature of which expresses the
high dimensions. Performance will improve if the dimension
of feature vector is reduced and to do that several techniques
is used upon the samples generated from the heartbeat pulses
such as Independent component analysis (ICA) and Principal
component analysis (PCA). Analyzing the signal new
coefficient are generated which will represent the heartbeat
signal. The aforesaid two techniques PCA and LDA study
reveals that, to extract features ICA is better and for ECG
signal to decrease the noise and related artifacts PCA is more
productive. To enable statistically disconnected mixed
signal, ICA technique is used and it mainly works with the
signal of different arrhythmia class which is the combination
of different action potentials[28]. The energy input to the
signal depends on separate sources and this classification is
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done by PCA technique. For feature extraction on ECG
classification the combined effect for ICA and PCA is wide
and apart from that another technique Kernel Principal
Component Analysis (KPCA) is more powerful than PCA
because of its nonlinear structure[29].

4.5. Selecting Feature

Feature selection is important part after feature extraction.
The significant method used for feature selection is floating
sequential search and it is widely used in arrhythmia
classification. Using the technique of backward and forward
search most of the useful characteristics are obtained and it
obtained better results by using eight selected feature of ECG
signal. The number of features and its accuracy is important
when analyzing the different options for feature selection. To
bring various advantages in classification method different
feature selection techniques and algorithms are used which
reduce the computational cost and whose target is to use less
number of features to built final structure[30]. For feature
selection, filter feature selection method and wrapper feature
selection method are used which analyzes around 200
different dimensions for ECG data classification. Weighted
LD model supports the wrapper feature selection method and
this procedure works closely with forward and backward
searching method. Here support vector machine has an
important role related to filter technique as it fetches mutual
information related to combination with the help of ranking
approach. For feature selection the study of R-R interval and
for T wave, length and amplitude are analyzed. Here the
characteristics of mutual information is the leading
implementation of feature selection. The ultimate goal of
feature selection is to analyze the heart disease and the
proper diagnosis of the disease by using machine learning
approaches. Several modern state-of-art procedures such as
particle  swarm  optimization  (PSO), Genetic
Algorithms(GA) makes the classification result accurate
which trend to detect heart arrhythmia and gives the
promising results[31].

V. TECHNIQUES USED

Several algorithms and procedures are used to create the
mathematical model of the classification technique, from
there the automated systems can be developed.

5.1 Artificial Neural networks (ANN)

For arrhythmia classification Artificial Nural Network(ANN)
is an important tool. Probabilistic Neural Network (PNN)
and Multilayer Perceptron are the key features for the said
classification. Using PNN multi-classification is done and
with the support of that the set of data points which will
create the data samples from the given set data points. If we
analyze PNN we will realize that the basic building block of
the structure of PNN consists of sub-networks, and it splits
the ECG signal data with other layers of sub-networks. Input
layer, hidden layer and output layer are the three layers of
PNN, This measures the gap between the training input
vector and generates the vector which identifies the vector
and it measures how close the input and training input vector
works[32].

5.2 Classifier Models
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There are several techniques used to classify the input data
generated by ECG signal.

5.2.1. Linear discriminants (LD)

It is a statistic method where different discriminant functions
are used. The training set of data is used to estimate the
functions and it is linearly divide the feature vector where
bias and weight vector are the two components which adjust
feature vector. These are the classifiers used the methods and
schema and for ECG arrhythmia detection it follows the
standard of Association for the Advancement of Medical
Instrumentation(AAMI).  For a arrhythmia analysis
imbalance of training set may arise problem which is difficult
to solve by SVM and by using linear discriminant we can
overcome it. The Support vector machine(SVM) and
Multilayer perceptron (MLP) directly support the LD
classifier[33]. LD divide the feature space into separate class
and categories which uses different set of hyper planes.
5.2.2. Neural networks (NN)

Neural network implement logistic discriminants where by
applying few conditions upon feature space, it extracts
feature data for class distribution which has direct relation
with exponential distribution. This features includes many of
common distributions such as binomial, Gaussion, Poissan
and Bernoulli. This model uses the optimization technique
based on iterative numerical and here no direct optimization
model is possible. Gradient-Descent algorithm helps
optimization of parameter and adaptive learning rate upon the
training sample, and the training ends when consecutive
iteration has no longer effect on it. With several
classifications the concluding classification is attained by
selecting the class with maximum probability gained [34].
5.3. Support vector machine (SVM)

In the field of machine learning, classification and feature
extraction, Support Vector Machine(SVMs) are very
powerful and well known tool. It has the power of high
reservoir computing with the support of logistic regression of
dimensional data. Different data mining applications and
pattern recognition like image classification, text
categorization, 3D object detection, phoneme recognition,
bioinformatics are supported by SVMs and for arrhythmia
classification these properties are useful. The SVM uses
different classification problems like binary (two-class),
multi-class etc. The multiclass problem is neither unique or
straightforward and several methods are there to support
SVM classifier for multiclass classification [35]. SVM works
with the ECG classifier training data set and it checks it is not
linearly separable, the desired classifier many not perform
well and the generalization ability may not touch at pick. The
performance depends on linear separability where the unique
input space is collaborated with dot product space which is
often called feature space[36].

5.4 Reservoir computing (RC)

The reservoir computing models works dynamically and its
aim is to produce the time series signals. It works into two
parts, in first phase it represents the signal through a
non-adaptable active reservoir and the second phase it makes
a active readout through the reservoir. For heartbeat
classification it uses a straightforward nonlinear active
element which delivers to a delayed feedback where using a
binary random mask every peak of ECG signal is sampled
and the sampled data is held during the delay times. The
logistic regression is accomplished by learning process of the
ECG signal classification. This technique uses a huge dataset
to classify the model and at the same time the computational
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cost of this process is low, so the hardware implementation of
is system is profitable[37].

5.5 Supportive Techniques

In the previous section several impotent techniques are
discussed for ECG signal processing and based on that the
arrhythmia classifications are done. Several another
important techniques are used to make the classification more
logical and accurate.

5.5.1. Clustering

In data classification and analysis the clustering analysis
technique is widely used and several clustering techniques
are EM algorithms, hierarchical, k-means, Self organization
Maps. Among the clustering algorithms k-means is mostly
used and it works in two stages iterative algorithms where in
the first stage it reduces the sum point-to-centroid length and
in the second phase it sums all k clusters. In the clustering
first the cluster batches are updated and in each iteration it
reads the nearest cluster centroid and from there it
recalculates the another cluster centroid. The second part is
the automatic update where the clustering points are
independently reassigned to decrease the sum of distances
and the cluster centroids are recompiled after each
reassignment. Using k-means clustering the ECG signal
classification is done, and the popular Euclidean method is
used under k-means method[38].

5.5.2. Decision Trees

For arrhythmia heart beat recognition and classification,
decision tree has an important role as the analysis based on
MIT-BIH Arrhythmia database shows that, There is a
decision support system works and implements a tree like
model or graph which take the decision of certain
classification and their probable consequences. The Bagged
Decision Tree (BDT) is a special type of classifier which is
used for group learning for the recognition of arrhythmia
heart beat. Here the decision tree contains three different
types of nodes which are decision nodes, chance nodes and
end nodes respectively. For operation management and
operation research decision trees are commonly used and
from there decision on classification can be taken[39].

5.5.3. Hidden Markov models

Hidden Markov modeling (HMM) is an unique approach to
describe and analyze ECG arrhythmia. This technique is
followed for arrhythmia analysis since middle of 1970 and it
is mainly used to convert routine speech recognition to model
speech waveform. Different classifications of ventricular
arrhythmias are classified by analyzing and detecting the
QRS complex and the RR intervals (as mentioned in Fig. 2).
It combines statistical & structural knowledge where using
training data model parameters are predicted from training
data which uses iterative re-estimated algorithms. These
algorithms suggests to implement supra ventricular ECG
arrhythmia analysis [40].

5.5.4. Rules-based models

In rules based modeling approach the model condition is brief
and it implements the implicit model specifications where
specific and specialized rule based models use powerful
software to implement ECG arrhythmia analysis and
classification.
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The rule based model includes a set of rules that can be
executed by general purpose replication and examination of
ECG training set data. The set of rules supported by Rules
based models contributes the power for feature extraction and
classification[41].

5.5.5. Optimum-path forest

Optimum-—path Forest is a graph based technique for pattern
recognition. The analytical power of Optimum—path
Forest(OPF) is more than traditional technique of supervised
pattern recognition like SVM, Multilayer Perceptrons, ANN
etc., when the execution time and accuracy is considered. The
patterns of the classification generally described by feature
vectors which is obtained from samples of the available data
set. The pattern recognition of OPF has two different
fundamental problems, the first one is unsupervised
classification where the natural groups or the clusters are
compiled by samples and by homogeneous pattern. The
second one is supervised one, where each sample is classified
in one of the available classes and that class is implemented
with specific labels. Here the approach of supervised learning
is used[42].

5.5.6. Conditional random fields

This framework builds probabilistic models to create the
segment and also label the sequence of data. It also avoids the
primary restrictions of utmost entropy Markov models and
also other distinct Markov models which are basically
directed graph model. The basic limitations of different
Markov models like Hidden Markov models (HMMs),
maximum entropy Markov models (MEMMS) are overcome
by using directed graph models and iterative parameter
estimation algorithms which  supports  synthetic and
natural-language data. Information extraction, syntactic
disambiguation, topic segmentation and the tagging of part
of speech(POS) are the important criteria supported by
conditional random fields for the computational linguistics
which support the classification and feature extraction of the
ECG data[43].

5.5.7. Nearest neighbors

Classification and feature extraction needs data extraction
from nearest neighbors and various algorithms are used to
deal this approach. k-Nearest Neighbor is the popular and
well known algorithm used for non-parametric classification
where no former information is necessary to predict the class
label. The weight nearest neighbor, fuzzy nearest neighbor,
feature selection methods, different genetic algorithm based
nearest neighbor and classifier algorithms etc., are the
various techniques used in nearest neighbor applications and
these classification techniques are the organized initiatives
for various classifications for feature extraction[44].

VI. CONCLUSION

This paper describes the feature extraction and classification
of ECG signal. Most of the researchers use publicly available
MIT-BIH database for the ECG arrhythmia classification.
The MIT-BIH database has certain limitations as the
database is very unbalanced and the extracted features from
the database sometimes produce erroneous results. So
updated version of the database is always required to produce
correct classifications. Continuous research is going on and
the effort is there to reduce the diversity and complexity
where the size of the database will increase and this will give
more classifications patterns which will maintain typical
evaluation protocols . Several popular machine learning
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techniques and algorithms such as PCA, LDA ,ICA are used
to create the classification framework. The goal of the
research work is to make fully automated heartbeat
classification and from there the physicians can detect
arrhythmia more accurately.
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