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Abstract—Heart diseases are one of the most dangerous
diseases that lead to the cause of illness among the humans
worldwide. According to the survey conducted, it was
found that, heart disease are one of major cause of the
death among the humans and it is growing at fast pace.
Due to the change in daily unhealthy routine, several
peoples face the problem of cardiovascular disease. It can
be cured only by the earlier detection or by making change
from unhealthy routine to healthy one. In order to keep
your heart healthy and away from various diseases, ECG
was developed. ECG is an electrocardiography system
which is used for monitoring the functionality of the heart.
ECG is done for the purpose of detecting various heart
related diseases. ECG observes the movements in the heart
by sensing the electrical variations in the human skin by
using small sensors which are implanted on the chest of the
patients. In traditional work many algorithms have been
developed for detecting heart disease. It is concluded from
the literature study that most of the work in biomedical
ECG analysis for the prediction or detection was done only
up-to the feature extraction, no further decision system
development field was highlighted. This study provides an
overview to the various feature extraction techniques that
were used to extract the feature of P,Q,R,S and T peaks
from the ECG signals.
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I INTRODUCTION

ECG stands for Electrocardiography. This word is derived
from Greek letters which refers the word Kardia to Heart.
ECG is a process which is done for the purpose of monitoring
the functionality of electrical motions of heart over the
variations of time. ECG is done by plotting or employing the
electrodes on the body of the patient. The main function of
these electrodes is to perceive the electrical variations in the
skin of the patient which is because of depolarizing of heart
muscles with respect to each heartbeat.

In Early days 10 electrodes along with the 12 number of lead
ECG were employed on the chest of the patient. These 12
different leads are used to monitor the magnitude of the heart
from various 12 angles with respect to the continuous interval
of time. Hence the variation done by electrical rays. Then on
the basis of these changes a graph is generated which is known
as ECG. The ECG signals are gathered by using
variouselectrodes. The recording of ECG signals can consist
of some noisy content and the amplitude of the heart beat also
can differ from person to person. Hence it becomes mandatory

to pre-process the signals so that the noisy content can
removed from the signals and only informative content can be
utilized for further processing.

The P, g, R, S and T waves from the ECG signals are
consisted of the most informative content which is referred as
features also. Following figurel shows the sample of ECG
signals which highlights the P, Q, R, S and T waves of the
signals. The information extracted from these waves is utilized
for detecting the arrhythmia disease. The ECG signals are
divided into various parts but the most informative content
exists in P wave, QRS complex and T wave of the signals.The
location of interval and segments of the P and R waves,
intervals and segments of ST wave and QRS
intervaldiagnosesthe disease.

Fig 1 A sample ECG signal with P, Q, R, Sand T marked. [1]

The heartbeats are classified into six types as

e Normal beats (N)
Premature Ventricular Contractions (PVC)
Paced beats (PB)
Atrial Premature Beat (APB)
Left Bundle Branch Block beats (LBBB)
Right Bundle Branch Block beats (RBBB)

Electrocardiogram (ECG) is used to assess the heart
arrhythmia. Accurate detection of beats helps determining
different types of arrhythmia which are relevant to diagnose
heart disease. Automatic assessment of arrhythmia for patients
was widely studied.

Arrhythmia is mainly determined by the QRS complex wave.
ECG signal analysis includes QRS waveform detection,
feature selection and heartbeat classification. There are
various studies analyzing the ECG signal for cardiac
arrhythmia. Studies based on QRS pattern [4, 5], automatic
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detection of discerning arrhythmia using Hidden Markov
models [6], wavelet transform [7], Hermite function [8] and
Neural networks [9,10]. Feature selection is become crucial
for efficient automatic classification of ECG. The features are
either selected from the time domain or the frequency domain.
The wavelet transform methods are widely used for
diagnosingthe ECG signal [2]. The wavelet transforms
decompose the ECG signal into various components of
different scales. The phase information is maintained due to
the linear operation of the transforms. Wavelet functions
support symmetry and compactness and have shown to
achieve high accuracy for ECG signals. [1]

Il. ECG SIGNALS

For the purpose of monitoring ECG a special kind of device is
used. This machine is used for recording the various changes
which occurs in the human body over the continuous time
interval. The ECG is done for detecting the various heart
related diseases. The disease detection is done on the basis of
electrical variations received from the human body. The ECG
test is harmless on the human body. It does not affect
negatively on human body because it is a myth that it leaves
any electrical current on the patient’s body. The sensors which
are plotted on the human body are responsible for detecting
the electrical variations in the skin or area on which it is
employed. ECG also defines the structure of the heart along
with its functionality. ECG also gauges the heartbeat rate and
rhythm of the heart. Some other parameters can also be
calculated such as size and location of various heart elements
condition of heart elements such as whether any damage is
occurred or not.
Main purpose of ECG is listed as below:

e  For detecting the coronary heart disease such as if the

flow of the blood to the heart muscles is low.

e For detecting the arrhythmia for detecting the speed
or rate of the heartbeat.
For detecting the heart failure.
For detecting the cardiomyopathy.
For detecting the Congenital heart defects.
For detecting the heart valve disease.

Some other purpose of electrocardiography is to monitor the
various electrical activities such as what is the speed of
Heartbeat whether it is low, medium or fast etc. It is also used
for detecting the causes of various heart diseases such as pain
in chest, heart attacks, swelling in the surrounding areas of the
heart, Shortness in the breathing process, wooziness,
palpilation. It can also detect the hypertrophied. To check and
monitor the working of the artificial devices that is placed
inside the heart such as pacemaker. It also detects the
condition of the heart in the presence of other disease such as
high BP, Diabetes etc.

Types of Heart diseases are:

1. Coronary heart disease

Another term used for coronary heart disease is coronary
artery disease i.e. CAD. In this type of disease plaque blocks
coronary blood vessels which reduced supply of blood and
oxygen to the heart. This is the most common type of heart
disease in humans.

2. Angina pectoris

This term has been used in medical field for chest pain. In this
process supply of blood to the heart is inadequate for the
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working of the body. Pain occurs at intervals ranges from
seconds to minutes. Or it is a warning signal for the heart
attack.

3. Congestive heart failure

It occurs when supply of blood to rest of the body is not pump
enough usually known as heart failure.

4. Cardiomyopathy

In case of insufficient heart pumping, heart muscle or structure
change or become weak which causes this disease. It happens
due to hypertension, alcohol consumption and genetic defects.
5. Congenital heart disease

Due to the imperfection in structure or formation of a heart
may cause congenital heart defect disease. This will not allow
heart to perform thoroughly. Basically it is a type with which
children born.

6. Arrhythmias

This has happen with irregular heartbeats or when rhythmic
movement of the heartbeat disturbs. In such situation heartbeat
can be slow, fast or unbalanced. Reason behind irregular
heartbeat is the short circuit in the electrical system of the
heart.

7. Myocarditis

In this type of disease, swelling occurs in the heart muscle
caused by viral, fungal or other bacterial infections. Joint pain,
swelling in leg or fever is common symptoms leads to an
uncommon disease.

Continuous ECG monitoring is used to monitor critically ill
patients, patients undergoing general anesthesia, and patients
who have an infrequently occurring cardiac dysrhythmia that
would be unlikely be seen on a conventional ten second ECG.

I1. QRS SLOPE DETECTION

In order to detect the QRS complexity various algorithm has
been developed. The process of detection starts with the
reorganization of QRS waves. In this process the slope or
curve of the ECGis considered as the feature of the ECG
signals. The reason behind the implementing the feature
extraction process is to preserve the important information
from getting lost. The QRS slope detection is done by mining
the diagnostic information from ECG wave.

To evaluate the peak from the signals, first step is to apply
feature extraction method then the peak signal with the largest
amplitude value is compared with other leading peak signals.
The QRS slope detection involves determining peak signals
of the ECG signals which refers to the condition at where the
heartbeat rate has the greater amplitude values. Basically most
of the algorithms focus on two concepts like QRS
enhancements and QRS detection. Here QRS refers to the
improve the QRS slope with respect to other QRS slope and
other one is to QRS detection which refers to the detecting or
extracting the relevant features from the signals.

V. FEATURE EXTRACTION TECHNIQUES

Some of the feature extraction techniques or methods are as
follows:

1. SVM (Support Vector Machine)

2. Wave Detector using Discrete Wavelet Detection

3. LDA
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» Support Vector Machine

QibinZhao [11] gives a proposal foe feature extraction from

ECG signals which was based on discrete wavelet

transformation and support vector machine algorithm as well.

The SVM was implemented for the purpose of classification

of the ESG waves. The steps of the procedure were as

follows:

1. Data Processing:Data processing was the top most
procedure to implement. In this step firstly, the data is
selected from the database and then pre-processing is
applied in order to remove the consistency from the
signals.

2. Feature Extraction: After data pre-processing, feature
extraction technique was applied to the data in order to
extract the features from the signals. For this purpose
discrete wavelet transform technique was applied to the
signals.

3. Classification of the Signals: Then the signal
classification was performed with the help of support
vector machine and Gaussian kernel.

» Wave Detector Using the Wavelets

It is a kind of frequency based feature extraction technique.
This method divides the signal into two sections on the basis
of frequency. The signal with highest frequency value is kept
under one section and the signal with the low frequency value
id kept under other section. The low frequency signals are
further divided in the sections on the basis of frequency values
until and unless the desired level is reached. Then in this each
level the signal is decayed into 4 parts. The advantage of this
technique is that it requires less computational time. It is a loss
less data transformation technique.

Awadhesh and Manabendra [12] developed a robust R wave
detector by utilizing the discrete wave detector mechanism
which was based on 7the concept of threshold. Daubechies
and symmetric wavelets were used for wave detection. The
proposed technique was simulated by considering the real
world database which was gathered from MIT-BIH arrhythmia
database and then analyzed under this study. The d4 was the
coefficient which was selected by considering the following
parameters which are essentials of ECG signals
decomposition:

1. Energy
2. Frequency
3. Cross-correlation Analysis

For the purpose of deriving the results 42 records from the
database was tested corresponding to the R peaks. This study
also presents the importance of the discrete wavelet wave
detection technique by filtering the noisy content from the
signals at each levelof the decomposition hence proved that
there is no need to pre process the data. Some more
confirmations was also analyzed in order to prove the
robustness of the mechanism. And at last, from the results it
had been concluded that there is no need to apply the zero
padding to the signals due to which the algorithm became
simpler and less time consuming.
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» LDA

LDA is a linear discriminant analysis method used for feature
extraction. It is considered as the most proficient method for
feature extraction as it is a application specific algorithm. But
it has been observed that whenever the LDA is employed for
feature extraction, it is employed along with PCA (Principle
Component Analysis). As PCA feature extraction technique
faces the low power issue and LDA enhances the power.

V. RELATED WORK

This section of the study gives n overview to the work that
had been done in this related field by various researchers.

R. Ganesh Kumar et al [1],developed a classification based
technique for detecting the arrhythmic disease by using RR
interval. For the purpose of feature extraction discrete cosine
transform (DCT) method was employed. The RR interval
from the heartbeat was dig out from ECG waves and then
consider this as a feature. Then DCT conversion was
implemented to RR interval which classified the beats on the
basis of random tree. For the purpose of experiments, MIT-
BIH arrhythmia database was considered.

DCT conversion of RR interval was applied and the beats are
classified using random tree. Experiments were conducted
using MIT-BIH arrhythmia database.

S.T.Sanamdikar et al [2]discussedvarious feature extraction
methods which are based on transformation. The literature
study of this work represented various researches regarding
the feature extraction for detecting the arrhythmia and
elucidated the ECG wave signals. A comparative study to the
various techniques was also presented by this paper.

Sufi et al [22]developed a new mechanism for ECG
obfuscation for extracting features form the signals. The
technique was based on template matching approach which
applied the cross correlation by adding the noise to the
signals. Recreation of the features is quite difficult in case
when the information regarding the template is missing.
Hence three templates and three various noises were chosen
for the P waves of the ECG signals. With the introduction of
the model the noisy ECG signals seemed like original signals
without any encryption, noise can be introduced in the various
combinations owing unmatched security and the distribution
of the key was effective because of small size.

S. C. Saxena et al[23]described a effective method for
extracting the feature from ECG signals. The method follows
a hybrid mechanism which was included the following:

a) Compressing the data

b) Retrieving the signals

c) Feature Extraction

Data compression refers to compressing or reducing the size
of data without affecting its informative content. The study
showed that the when the signals are retrieved from
compressed data, it did not only effects the size of the data but
also have a positive impact on the quality of the data since it
eliminated peaks with the high frequency from the signals.
The database of the Military Hospital was used for the purpose
of simulation. The topology of the proposed work was
consisted of two layers which were hidden and each layer
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further consists of four elements for the purpose of ECG data
compression. The higher compression rate was achieved in
this work by implementing the artificial neural network as
compare to those compression methods which implements
large number of cycles for compressing the data. And another
aspect of this study was that the features were extracted on the
basis of amplitude of the signals. The result section proved
that the composite method for feature extraction from the ECG
signals is more efficient and consistent and most suitable for
real time based applications.

Alan Jovic et al [26]proposed a mechanism by utilizing the
chaos theory corresponding to feature extraction from ECG
signals. Various chaos mechanism as well as phase, attractors,
space , central tendency evaluation, correlation parameters and
entropy approximation was also represented. The method
proposed in this study was named as ECG chaos extractor to
implement the defined chaos methods.The new semi-
automated method was established

VI. PROPOSED METHODOLOGY

After having a review to the previous work that had been done
in this field we have observed that many algorithms have been
developed till now for detecting heart disease but these
algorithms are still suffering from various issues that are
resolved by giving a proposal which introduced wavelet
transformation for feature extraction and ANN classifiers for
to develop an intelligent disease detection system. The flow
chart given in figure 2 depicts a framework of proposal
mechanism.

The Methodology of proposed work is as follows:

1. Read the dataset from database using MATLAB.

2. Apply wavelet transformation on the input in order to
extract the features.

3. Next step is to train the Artificial Neural Network for
detecting the disease. The features that will be used
in proposed work will be the wavelet output that will
be given to ANN directly, not the mean or max
because mean or max of multiple signals can be
same.

4. Last step is to perform testing of extracting dataset by
using the ANN.
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Figure 2 Block Diagram of the proposed technique
VII. CONCLUSION

Because of the variations in daily routine, adopting the
unhealthy routine, lot of people have to face the various heart
related issues such as heart attacks, cardiac arrests, arrhythmia
disease etc. The heart disease can only be cured if it is
detected at early stages otherwise it can leads to the death of
the effected person. ECG is a technology which is specifically
developed for detecting the heart related disease. ECG is a
machine which senses the heartbeat of the person and
generates the signals corresponding to the observations. Then
these signals are used and further processed in order to
diagnose the disease. The study depicts different basic
concepts related to the heart disease, ECG signals, Feature
extraction from ECG signals, P, Q, R, S and T waveforms.

In future further implementation can be done on the basis of
proposal that is given in this work to overcome the
disadvantages of traditional work.
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