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Abstract - Electrocardiogram (ECG) signals are widely used for detecting & diagnosing the abnormalities related to heart 
(CVDs). ECG signal has number of cardiac cycles & each cardiac cycle has PQRST wave. Cardiovascular diseases are 
widely classified as hypertensive, rheumatic, congenital etc. One of the abnormalities related to heart is cardiac arrhythmia. 
In this paper, the ECG signals were taken from MITBIH arrhythmia database. To extract the features from the filtered signal, 
discrete wavelet transform was used. Finally, all the features calculated were given to classifiers such as K Nearest Neighbor 
& Support Vector Machine to classify the signals into normal & abnormal signal class. 
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I. INTRODUCTION 
 
Electrocardiogram is the record of activity of heart & 
it can be easily recorded with the help of surface 
electrodes in contact with human chest or limbs. 
When the heart rate suddenly rises or falls, this 
condition is known as Cardiac Arrhythmia. The 
normal heart rate is about 60 to 100 bpm where as the 
heart rate in cardiac arrhythmia is greater than 120 
bpm. It may lead to stroke development or heart 
failure if it is not treated on time. There are no 
specific symptoms to identify this abnormality as it 
differs from patient to patient according to their 
physical condition. In 2013, about 1,12,000 people 
across the globe lost their lives due to cardiac 
arrhythmia. 

 
Figure 1: Normal ECG Signal 

 
ECG Signal Processing has 4 basic steps: 
 
Input: any biomedical signal can be given as input to 
the system. The input signal can be clinical, MITBIH 
or direct recordings obtained from humans. 
Pre-Processing: ECG signal has different types of 
noise which reduces the quality of signal providing 
interruption in further processing. Hence, it becomes 

necessary to remove these unwanted signals in order 
to increase the overall accuracy. 
 
Feature Extraction: to obtain the desired 
information, features are extracted from the filtered 
signals. These features act as input to the classifiers. 
Classification: the main goal of any classifier is to 
categorize the signals into groups & finally reach the 
decision stage. 

 
Figure 2: ECG Signal Processing System 

 
II. INPUT ECG SIGNALS 
 
In this application, ECG signals were taken              
from MITBIH arrhythmia database. At the time of 
signal acquisition, these signals were in .qrs & .dat 
format. To load the signals in MATLAB, they were 
converted to .mat format. 24 ECG signals were taken 
out of which 12 were normal signals & remaining 12 
were abnormal signals. The time duration of all the 
signals was 1 minute & sampling rate of about 360 
Hz respectively. 
 

 
Figure 3: Original ECG Signal (Input) 
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III. METHODOLOGY 
 
To implement this application, the following flow 
chart was followed; 

 
Figure 4: Proposed flow chart   

       
IV. PRE-PROCESSING 
 
ECG signal comprises of different types of noise such 
as baseline noise, power line noise, high frequency 
noise, instrumentation noise, muscle noise etc. ECG 
is mostly affected by power line & baseline noise. 
Frequency of baseline noise is about 0.5 Hz. Presence 
of such type of noise degrades the overall quality & 
accuracy. So, to improve the accuracy this unwanted 
noise must be removed. In this paper, zero phase low 
pass filter was used for the removal of baseline noise. 
 
To obtain the filtered signal, following steps were 
implemented; 

1) Zero phase signal was passed to the original 
signal 

2) The obtained signal (from step 1) was then 
subtracted from original signal 

3) The signal obtained after step 2 is the 
filtered ECG signal 

 

 
Figure 5: Zero Phase Signal passed to input ECG 

 

 
Figure 6: Filtered ECG Signal 

V. ZERO PHASE LOW PASS FILTER 
 
A zero phase low pass filter allows low frequency 
signals & blocks high frequency signals. This type of 
filters can be used to preserve the features from the 
filtered signals. It can also reduce the effect of noise 
of the original signal & preserves the QRS complex. 
 
Zero phase low pass filter do not minimize the signal 
amplitude but rather it removes the unwanted signals. 
This type of filter performs forward & backward 
filtering. It filters the signals in forward direction then 
it reverses & again filters the signal. In order to get 
phase distortion equal to zero this type of filtering is 
performed on the original signal. 
 
VI. FEATURE EXTRACTION 
 
To obtain the desired information from the filtered 
signal, features are extracted. Here the 1st order 
statistical features of ECG are mean, median & 
standard deviation where as higher order statistical 
features are kurtosis, skewness & variance 
respectively. 
In this paper, the following features were calculated; 

1) Mean: it is defined as the average of total 
number of signals 

2) Variance: it is defined as the ratio of sum of 
square of each term from mean to the 
number of terms in distribution 

3) Standard Deviation: it is defined as the 
amount of deviation 

4) Skewness: it is defined as the asymmetry or 
deviation distribution compared to normal 
distribution 

5) Kurtosis: it is defined as the highest (peak) 
value of ECG signal 

6) Maximum Frequency: it is defined as the 
highest value of frequency of ECG signal 

7) Maximum Amplitude: it is defined as the 
highest value of amplitude of ECG signal 
 

VII. DISCRETE WAVELET TRANSFORM 
 
Most of the biomedical signals are non stationary in 
nature. So to analyze such type of signals, DWT can 
be used. This method uses 2 types of filters such as 
low pass filter & high pass filter to decompose the 
signals in different frequency scales. Output 
coefficients of low pass filter are called as 
Approximation (cA). High pass filter output 
coefficients are called as Details (cD).  
In this paper, DWT was used to extract the features 
from the filtered signal. 
 
VIII. WAVELET SELECTION 
 
The selection of proper wavelet & number of 
decomposition levels is one of the important tasks 
while performing DWT. The selection of proper type 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-8, Aug.-2018, http://iraj.in 

Cardiac Arrhythmia Detection through ECG Signals 
 

63 

of wavelet is depended on the nature of signal. The 
wavelets such as Haar, Daubechies, Symlets, Coiflets, 
Morlet, Mexican Hat etc can be used to analyze the 
signals. In this paper, Db4 wavelet was used to 
decompose the signals. 
The features such as mean, variance, standard 
deviation, skewness, kurtosis, maximum frequency & 
maximum amplitude were calculated. The set of 
features calculated were given as input to KNN & 
SVM for the classification of signals. 
 

 
Figure 7: Daubechies 4 Wavelet 

 

 
Figure 8: Daubechies Wavelet 4 

 
IX. CLASSIFICATION 
 
Classifiers in ECG signal processing are used to 
classify the signals in appropriate group. Classifiers 
such as Artificial Neural Network, Support Vector 
Machine, K Nearest Neighbor, Fuzzy Logic System, 
Linear Discriminant Analysis etc are widely used to 
classify the signals.  
In this paper, the classifiers such as K Nearest 
Neighbor & Support Vector Machine were used to 
classify the signals in normal & abnormal signal 
group.  
 
X. K NEAREST NEIGHBOR 
 
KNN is one of the simplest types of algorithm which 
is used for classification. This type of classification is 
performed by finding the minimum distance. 

Basically, to perform the discriminant analysis, KNN 
classifier was developed. The distance equation is 
given by; 
Distance d(x,y) =∑ √ (xi – yi)2 

 
In KNN algorithm, comparison is carried out between 
training set & testing set samples. Here the value of 
“K” (the total number of nearest neighbor) should be 
a small integer. If we select a large value of K, it may 
create misclassification for the signals. In this paper, 
the value of K was equal to 1. 
 
XI. APPLICATIONS OF KNN 
 

1) KNN can be used in motor imagery 
classification for EEG signals 

2) To classify the lymph node metastasis in 
gastric cancer, KNN algorithm can be 
implemented 

3) In brain image retrieval system 
4) To detect & classify the lung cancer through 

MRI images 
5) In brain balancing classification via 

spectrogram image 
 

XII. SUPPORT VECTOR MACHINE 
 
SVM is learning algorithm which is widely used for 
classification & regression. It can solve both binary 
classification & multiclass problems. 
Let the training set be (xi, yi)i = 1, .........................I 
 
Where, 
 
xi £ Rd and yi £ (-1 , 1) are separated by hyperplane 
defined as (w. x + b = 0) 
where, 
 w = orthonormal weight vector related to hyper plane 
and b = any constant term 
Separation of data using hyper plane (w,b) is 
performed by using the function;  
f(x) = sgn (w. x + b) 
If the hyper plane maximises the margin, then the 
following equation is used for the input data; 
yi (w. x + b) ≥ 1 for all values of I 
The distance between hyper plane and data point is 
calculated using the following equation; 
d ((w . b), xi) = [(yi (xi . w + b)) / ||w||] ≥ (1 / ||w||) 
 
XIII. APPLICATIONS OF SVM 

 
1) Support vector machine can be used to classify 

the cancer by using micro array data 
2) It is widely used to classify the RR interval & 

blood pressure signals for different postures 
3) SVM is used to analyze the biological data 

(protein & DNA sequence) 
4) SVM can be used in emotion recognition 

system using short term monitoring of 
physiological signals 
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XIV. DIAGNOSTIC MEASURES 
 
The overall performance of any system is termed as 
Accuracy. Mathematically, the accuracy is given as; 
Acc = [(TP + TN) / (TP + TN + FP + FN)] * 100 
 
Sensitivity is defined as the ratio of total number of 
correctly defined events to the total count of events. 
Mathematically, sensitivity is given as; 
Se = [TP / (TP + FN)] * 100 
 
Specificity is defined as the ratio of number of non 
events which are rejected correctly to the total non 
events count. Mathematically, specificity is given as; 
Sp = [TN / (TN + FP)] * 100 
 
Where, 
TP = true positive (if normal ECG signals are 
classified as normal signals) 
TN = true negative (if abnormal ECG signals are 
classified as abnormal signals) 
FP = false positive (if normal ECG signals are 
classified as abnormal signals) 
FN = false negative (if abnormal ECG signals are 
classified as normal signals) 
 
EXPERIMENTAL RESULTS 
 
In this paper, features were extracted by using 
discrete wavelet transform. To classify the signals 
into normal & abnormal class, classifiers such as 
SVM & KNN were used. Accuracy, sensitivity & 
specificity were calculated for both the classifiers. 
The accuracy of KNN was better for classification of 
signals as compared to SVM.  
Hence, we conclude that although KNN is one of the 
simplest types of algorithm, it can be widely for the 
classification purposes in biomedical field. 

The table given below shows the percentage of 
accuracy, sensitivity & specificity for both KNN & 
SVM classifiers; 
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