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Abstract 
An electrocardiogram (ECG) is a bioelectrical signal which 

records the heart's electrical activity versus time. It is an 

important diagnostic tool for assessing heart functions. The early 

detection of arrhythmia is very important for the cardiac patients. 

ECG is a test that measures the electrical activity of the heart. 

The signals that make the heart's muscle fibers contract come 

from the sinoatrial node, which is the natural pacemaker of the 

heart. In an ECG test, the electrical impulses made while the 

heart is beating are recorded and usually shown on  paper, and 

records any problems with the heart's rhythm. This provides the 

conduction of the heart beat through the heart which may be 

affected by  heart disease. This paper aims in detecting and 

classifying different types of arrhythmias which is done by 

analyzing the electrocardiogram (ECG) signals and extracting 

some features from them. In this paper five diffent classes are 

classified which are Supraventricular arrhythmias(svdb), 

Maligant ventricular Ectopy database (vfdb), Congestive heart 

failure(afdb), Post-Ictal heart rate oscillations in partial Epilepsy 

(szdb) and Normal sinus rhythm(nsrdb).Three different 

algorithms: FFT, AR and PCA are used for features extraction. 

The used classifier ANN. The proposed techniques deal with the 

whole 3 second intervals of the training and testing data. The 

processed signal source came from the Massachusetts Institute of 

Technology Beth Israel Hospital (MIT-BIH) arrhythmia database 

[1]  
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1. Introduction 

In the hospital and health community, there are 

considerable commercial interest in the classification of the 

ECG signals. This paper is aimed at developing a system 

that categorizes the ECG signals. Signal processing 

techniques and ANN will be used to implement a real time 

processing, intelligent, cost effective, and easy-to-use 

ECG diagnostic system.  

The rhythm of the heart is normally generated and 

regulated by pacemaker cells within the sinoatrial (SA) 

node, which is located within the wall of the right 

atrium.  SA nodal pacemaker activity normally governs the 

rhythm of the atria and ventricles.  Normal rhythm is very 

regular, with minimal cyclical fluctuation.  Furthermore, 

atrial contraction is always followed by ventricular 

contraction in the normal heart. When this rhythm becomes 

irregular, too fast (tachycardia) or too slow (bradycardia), 

or the frequency of the atrial and ventricular beats are 

different, this is called an arrhythmia. Thus arrhythmias are 

problems that affect the electrical system of the heart 

muscle, producing abnormal heart rhythms. In an 

arrhythmia the heartbeats may be too slow, too rapid, too 

irregular, or too early. Rapid arrhythmias (greater than 100 

beats per minute) are called tachycardias. Slow 

arrhythmias (slower than 60 beats per minute) are called 

bradycardias. Irregular heart rhythms are called 

fibrillations (as in atrial fibrillation and ventricular 

fibrillation).  

The aim of this paper is to build a computer aided 

diagnosis system to detect the arrhythmias by analyzing the 

ECG signals. This system consists of two stages. The first 

stage is features extraction, and the second stage is 

classification of these features. In this project whole 3 

second intervals of the training and testing data is used. As 

we are classifying five different classes we have used 64 

samples (each sample of 3 sec) for each class thus 

altogether 320 samples (64 x 5 =320) for training purpose. 

2. Feature Extraction 

There are three different techniques used for 

feature extraction which are Fast Fourier Transform (FFT), 

Autoregressive (AR) Modeling and Principal Component 

Analysis (PCA).Before feature extraction all the sample 

signals are re-sampled at a sampling frequency of 128Hz. 

For e.g. the following sample signal which is at 250Hz has 

been re-sampled to 128Hz. 
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Fig. 1 Sample signal of 3sec at frequency of 250Hz 

 

 
  Fig. 2 Sample signal of 3sec, re-sampled at frequency of 128Hz 

 

2.1 FFT 

Each signal is Fourier transformed but before 

computing the Fourier transform, Hamming window is 

used with Fourier Transform because of their better side 

lobe suppression characteristics [7]. The length of the 

window will be taken as the number of samples within the 

selected 3 second interval which is equal to 384. 

 
Fig.3 Signal before applying hamming window 

 

 
Fig.4 Signal after applying hamming window 

 

 

The selection of the FFT coefficients that used in 

the classification is a critical subject. So we determine the 

best number of FFT coefficients by trial and error. We 

have chosen first 80 coefficients of the FFT for each 

sample of signal. These coefficients act as an input to 

ANN, but as we are classifying five different classes the no 

of input coefficients (i.e. input feature vector) for the ANN 

by using FFT method will be of size 80 X 320. 

2.2 AR 

In statistics and signal processing, an 

autoregressive (AR) model is a type of random process 

which is often used to model and predict various types of 

natural phenomena. The autoregressive model is one of a 

group of linear prediction formulas that attempt to predict 

an output of a system based on the previous outputs. 

Autoregressive modeling is a mathematical modeling of a 

time series based on the assumption that each value of the 

series depends only on a weighted sum of the previous 

values of the same series plus noise [13]. 

The definition used is as follows : 

 

where ai are the autoregression coefficients, xt is the series 

under investigation, and N is the order (length) of the filter 

and ϵt  is the noise. 

The current term of the series can be estimated by 

a linear weighted sum of previous terms in the series. The 

weights are the autoregression coefficients. There exist 

different methods used to extract the Autoregressive 

coefficients (ai) but we used Burg‟s method in this project, 

which minimize the sum-squared of both the forward and 

the backward prediction error. The selection of the AR 

order that used in the classification is a critical subject. So 

we determine the best number of AR coefficients by trial 

and error. Thus we have used the coefficients of order 5. 

These coefficients will act as an input to ANN, but as we 
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are classifying five different classes the no of input 

coefficients (i.e. input feature vector) for the ANN by 

using AR method will be of size 5 X 320. 

 

2.3 PCA 

It is a way of identifying patterns in data, and 

expressing the data in such a way as to highlight their 

similarities and differences. Since patterns in data can be 

hard to find in data of high dimension, where the luxury of 

graphical representation is not available, PCA is a 

powerful tool for analyzing data. The other main advantage 

of PCA is that once you have found these patterns in the 

data, you can compress the data, i.e. by reducing the 

number of dimensions, without much loss of information. 

Principle Component Analysis (PCA) is commonly used 

techniques for data classification and dimensionality 

reduction.  

So PCA is used in this project to compute the 

basic components of the ECG signals, but before using it 

the ECG signals were preprocessed to obtain the 

magnitude of their Fourier transformation, to reduce the 

number of components resulting from different shifts of the 

same signal. Hamming window is used with Fourier 

Transform because of their better side lobe suppression 

characteristics [7]. The principal components are 

calculated as the eigenvectors of the covariance matrix of 

the data [14]. The selection of the number of PCA 

coefficients that used in the classification is a critical 

subject. So we determine the best number of PCA 

coefficients by trial and error. Thus we have used the first 

15 components. These coefficients will act as an input to 

ANN, but as we are classifying five different classes the no 

of input coefficients (i.e. input feature vector) for the ANN 

by using PCA method will be of size 15 X 320. 

3. Classification 

An artificial neural network (ANN), usually 

called neural network (NN), is a mathematical model or 

computational model that is inspired by the structure 

and/or functional aspects of biological neural networks. A 

neural network consists of an interconnected group of 

artificial neurons, and it processes information using a 

connectionist approach to computation. In most cases an 

ANN is an adaptive system that changes its structure based 

on external or internal information that flows through the 

network during the learning phase. ANN is usually used to 

model complex relationships between inputs and outputs or 

to find patterns in data. 

 
              Fig.5 Neural Network Training 

 

In this project we have performed classification 

by using neural network toolbox in Matlab. There are 

different types of artificial neural networks, the one which 

is used in this project for training purpose is Gradient 

Descent Backpropagation with Adaptive Learning Rate 

which is shown in figure 5. The number of input neurons is 

fixed by the number of elements in the input feature vector. 

Therefore the input layer had 80 X 320 neurons for the 

first ANN, 5 X 320 neurons for the second ANN, and 15 X 

320 neurons for the third ANN classifier using respectively 

Fourier transform, AR, and PCA methods. The output 

layer will be 5 neurons for all methods which determine 

the number of classes desired (vfdb, svdb, afdb, szdb and 

nsrdb). The data set used for training the network equal 

320 samples (64 for each type of ECG signals). 

 

 
 

4. Graphic User Interface (GUI) 

Figure 6 shows the main GUI window constructed 

for this system. On the top there are three radio buttons used 

for selecting the different methods used in the project. Five 

different popup menus are provided on left hand side for 

selecting the different files for training purpose. Once you 

have selected the files for training purpose, press the push 

button on which „Train‟ is written. On pressing this button an 

ANN training window will be open which will start the 

training of ANN as shown in figure 5. 
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Fig.6 Main GUI window 

 

After selecting the files for testing enter the no of 

samples (i.e. value of X) that we have to test. For e.g. if we 

enter the value of X=10 it will test the first 10 sample signals 

(each sample of 3 sec) of each file so altogether we will be 

testing 50 sample signals (10*5=50). After entering the value 

of X press the push button on which “Test(X) samples” is 

written. Once you press this button the following window 

shown in figure 7 will be displayed showing the test results. 

 

 
Fig.7 Testing multiple sample window. 

Thus from the above figure we can get the 

percentage of correct sample signals recognized. Hence we 

can see on the top of the window the percentage of 

recognized samples which in this case is 100%. Along with 

this window shown in fig.7 one more window will be 

displayed showing the bar graph which is shown in figure 8. 

 

 
Fig.8  Bar graph showing percentage of detection of each class. 

On the extreme right had side of the main GUI 

window we have provided an option to test any one 

particular sample signal at a time. We have to just select the 

file from the popup menu which is labeled as “test file”, after 

selecting the file press the push button on which “Test” is 

written. After pressing this button we get the output in the 

edit box labeled as “Detected As”.  For e.g. in the figure 8 

we selected the test file as “chfdb\chf01” and when we press 

the “Test” button we get the output in the edit box as 

“chfdb”  which indicates that the input sample signal has 

been recognized as “chfdb” which was same as the input 

sample signal given for testing. 

 

 
Fig.8  Main GUI window showing testing result of individual    selected 

sample 
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5. Results 

5.1 Results for Mixed classes 

In this testing we selected five different classes 

for classification purpose and the results obtain are as 

follows: 

Class 
% Accuracy using different method 

PCA FFT AR 

Chfdb 89 71 64 

Nsrdb 74 64 44 

Szdb 99 99 18 

Svdb 65 52 39 

Vfdb 76 59 79 
 

5.2 Results for Individual class 

In this testing we gave one particular class sample 

signal to all the different classes for classification purpose 

and the results obtain are as follows:  

 

Method % Accuracy 

PCA 94 

FFT 98 

AR 80 
 

5. Conclusion 

Thus by using this system it will be beneficial to the 

doctors in early detection of Arrhythmias and from above 

percentage of accuracy we can conclude that PCA and FFT give 

quite satisfactory results as compared to AR. 
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