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Abstract - Electrocardiography (ECG) is a non-invasive diagnostic tool for diagnosing cardiovascular disease such as
coronary artery disease. ECG is a recording of electrical activity of heart lying in mV range so the process of manual
detection of heart disease is challenging, consumes time and liable to human errors. Thus an automatic detection of
Myocardial Infarction (MI) is done by using single lead (V3) with variable length beat for classifying all eleven classes of
MI. In this paper, the Discrete Wavelet Transform (DWT) coefficient’s are computed for each heartbeat and after that
Principal Component Analysis (PCA) technique is deployed for minimizing the number of coefficients. DWT coefficient’s
along with PCA is deployed for optimum feature extraction, further Support Vector Machine (SVM) with Radial Basis
Function (RBF) kernel is utilized for classification of 11 types of MI and healthy control. The experiment are carried
out in MATLAB using PTB ECG diagnostic database. The proposed method gave best accuracy as compared with
existing work of 99.02% for classifying 12 classes.

Index Terms—Electrocardiography (ECG), Myocardial Infarction (MI), Discrete Wavelet Transform (DWT), Principal
Component Analysis (PCA), Support Vector Machine (SVM).

L. INTRODUCTION

According to the report of World Health Organization [1] around 17.9 million folk died all around the world in the
year 2016 because of cardiovascular disease (CVD) that is31% of all deaths. Cardiovascular diseases such as MI and
stroke are main reason of death, as it covers 85% of all death that occurred due to CVD. The disease which occurs
due to problem in the blood vessels, which give blood supply to the muscle of the heart is termed as coronary artery
disease. In coronary artery disease the flow of blood in the artery stops or is blocked due to cholesterol and fatty
deposit in the artery. The main cause of artery blockage is atherosclerosis (plaque buildup) because of this, there is
restriction in the blood flow to the heart and without sufficient amount of blood the heart starts starving for oxygen
this condition is called ischemia. Under this comes Acute coronary Syndrome: This is a syndrome related to
coronary artery disease which are: First is Non ST Elevation MI (NSTEMI), In this case there is no major change
occurring in the ECG signal but there is change in the cardiac marker. This condition is initial stage when blocking
of artery starts. And second one is ST Elevation MI (STEMI), this can be detected both by blood test as well as by
ECG signal. There is variation in ST segment becomes elevated this is clearly visible in patients suffering from
MI. Electrocardiography (ECG or EKG) is the method through which the electrical activity of the heart is recorded
with respect to time by using electrodes placed over the skin.Fig.1 showing one beat of ECG signal. By ECG we
can detect as well as localize MI.
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Fig. 1. The ECG signal

There is variation in ST-segment, Q wave appearance and T-wave [2] due to MI therefore, these were used for
classification of MI. Acharya et al.[3] in this worked on automated MI detection and localization using all 12-lead
ECG by decomposing the ECG signals with discrete wavelet transform up to four level, 12 nonlinear features were
extracted from these coefficient and classification was done with k- nearest neighbor (KNN). Arif et al. [4][5]
applied KNN and also BPNN classifier forthe diagnosis of MI. For detection of MI, Sharma et al. [6] utilized the
concept of MEES (multi-scale energy and Eigen space) on ECG leads for identifying and localizing MI by using
SVM with RBF kernel. Jayachandran et al. [7] used discrete wavelet transform for MI classification. Principal
Component Analysis (PCA) and Optimization algorithms helps to improve the performance [8] with Support Vector
Machine classifier. Acharya et al.[11] applied CNN (convolutional neural network) for automatically identifying the
MI using ECG signals. Sadhu khan et al.[12] used harmonic phase distributed pattern obtained using Discrete
Fourier Transform as input for the classifier which is based on threshold and logistic regression for
classification of MI. The remaining paper is arranged as follows: the feature extraction and classification methods
which are used are discussed in Section II. In Section III the proposed steps of work done is discussed and in
Section IV the discussion of results are done. Finally Section V leads to conclusion of the paper

1L FEATURE EXTRACTION ANDCLASSIFICATION ALGORITHM
A. Discrete Wavelet Transform (DWT)
In wavelet transform the signal is decomposed by means of scaling and shifting of a mother wavelet. Thus, the WT
of a signalis obtained by
PROPOSED METHOD AND STEPS
Data Preparation
The ECG database used is from PTB diagnostic available onlineon Physionet. It is a digitized data of 15-leads.
Thus, the time resolution is higher at high frequencies than as compared to that of low frequencies. Three level
decomposition of DWT is shown in Fig. 2.
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Fig. 2. Three level decomposition of DWT
Principal Component Analysis (PCA)

PCA is an unsupervised learning method used in filtering, compression, feature extraction and dimension reduction.
Principal component analysis is a mathematical method whose task is to convert the data of correlated variables
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into a fewvariables that are uncorrelated i.e. (principal components). The ECG. The data consist of recording from
healthy person as well as the patients suffering from various cardiac diseases at the Department of Cardiology,
Germany. Sampling frequency of the data is 1000 Hz. Total recording used is 448 among them 79 are Healthy
Control records from 52 cases and that of MI are 369 records from 148 cases of MI. MI record is categorized on the
basis of heart’s specific area damaged, so various type of MI and their total beat is given in Table I.

By using the twelve lead placed over different regions of body the hearts electrical activity are recorded from
different angles. Myocardial Infarction produces changes in the morphology of leads according to the blockage
occurred in the particular region of heart and opposite variation takes place in connecting lead. Normally in
hospitals, all the 12-lead ECG data is being used for detecting and localizing MI. For example, lead III is derived
from lead I and II so it is unwanted. However, for a mobile device recording from all the twelve leads will lead to
high cost of instrument and it also obstruct the movement of patient. Acharya et al. [3] have achieved

PTB database ) :% e | R-peal;perecrlon .| Featureextraction | _| Feature Reduction | Classification | | Typesof MI
ECG Signal —| Pre-processing & Cardiac E," ent using DWT i using PCA using SVM | | Detected
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Fig. 3. Proposed Block Diagram for automated detection of Myocardial Infarction

The proposed flow for automated detection of MI is dis- playedin Fig. 3. Block diagram mainly comprises of pre-
processing block for removing noise, followed by R-peak detection and segmentation block where R peak is
detected in order to segment the beat of different classes having different pattern. Third step is Feature extraction
where time-frequency domain features are extracted using DWT and then optimum feature are selected by using
PCA and finally followed by SVM classifier for classifying type of MI. The detailed of each subsections are
described as follows.

Pre-processing

The first step is pre-processing in which the signal is pre-processed in order to eliminate artifacts from the signal as
the rawECG signal is in mV range the noise can distort the signal.

Artifacts for example baseline wander, electrode movement, power-line interference etc. should be removed. The
baseline wander is separated using a low pass Butter worth filter and for dndig from power-line interference
notch filter of 50 Hz isused. Thus Pan Tompkins algorithm [14] is applied on the outputECG signal from filter
which is having high signal to noise ratiofor finding R-peak.

R-peak Detection and Cardiac Event Segmentation

The segmentation of prepossessed noise free ECG signal intobeats is done by using Pan Tompkins R-peak

detection algorithm. The segmentation of prepossessed noise free ECG
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Fig. 5. Lead 9(V3) Beats pattern for Healthy Control andsome classes of MI
Feature Extraction using Discrete Wavelet Transform (DWT)
After segmentation each beat containing PQRST pattern of ECG signal is obtained as displayed in Fig. 5. But as
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1024 samples are taken the complexity for training the classifier is very high therefore feature extraction is done.
Ten level Discrete Wavelet Decomposition of each ECG beat is done by using Daubechies db4 wavelet. The ECG
beat pattern is similar to Daubechies db4 wavelet therefore it is being used here. Thus, resulted in 20 sub band that is
10 for detail coefficients and 10 for approximation coefficients. The sampling frequency of data is 1000 Hz therefore
after decomposing [0.5 to 31.5 Hz] band coefficient i.e. six sub-bands (5,6,7,8,9,10) details coefficient are taken for
further classification task. The coefficients D5, D6, D7, D8, D9 and D10 are concatenated to determine the final
feature vector of length 99.
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Fig. 6. The variation of accuracy with principle components

Represent the attribute of waveform morphology, are further optimized by applying PCA. In PCA the variance is
calculated and arranged in descending order, larger the variance more uncorrelated they are and thus good for
classification. Thus time frequency features dimension is minimized as well as the complexity for the classifier is
optimized. For selecting the number of principal components (PCs) to be considered, the accuracy for varied
number of the PCs for DWT coefficient is calculated. The PC’s are varied as shown in Fig. 6 and final no of PC’s
selected are those, which give maximum accuracy for DWT coefficient. So final feature length input to the classifier
which gave maximum accuracy is 14.

Classification using Support Vector machine (SVM)

The SVM with RBF kernel is utilized for classifying twelve classes. Cross validation of tenfold is used which
shuffles and splits the data set in 10 groups for overcoming the over-fitting problem. The regularization parameter of
the classifier i.e. C is selected by varying the value of C in the scale of [.1, 10], kernel function parameter is kept
constant and final C value kept is one. For the multi class classification one against one technique is used for
classifying the ECG signals, therefore total 66 classifier are used in this technique as there are twelve classes. SVM
with RBF kernel produces good result than poly kernel.

III. EXPERIMENT RESULTS AND ANALYSIS

Performance Evaluation parameter

The performance evaluation is done by calculating following performance parameters for example for Healthy case
true positive (TP) denotes the correct classification of the Healthy. True negative (TN) denotes the correct
classification of the MI ECG signals, false positive (FP) denotes the misclassification of the MI beats into Healthy
signals and false negative (FN) represents the misclassification of Healthy as MI signals. These parameters are
utilized for calculating the performance metrics for each type of MI and healthy signal namely,
sensitivity(Se),Positive predictive Value(Pp), specificity (Sp) and accuracy where sensitivity shows that in all
events, how much percentage is correctly classified, whereas specificity is related to nonevents that are correctly

V. CONCLUSION
The classification is based on support vector machine (RBF kernel) with the DWT coefficient as features in time-
frequency domain which are further reduced by applying PCA for getting optimum feature. Eleven classes of
myocardial infarction beats are detected. The selection of final feature length after apply- in PCA is done on the
basis of no of principle component which gave maximum accuracy for DWT coefficients. Simulation is done by
using single lead with variable length beat and highest accuracy achieved is 99.02% with 14 coefficients for MI
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localization.
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