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Abstract—The most common way to diagnose cardiac 

arrhythmia is the ECG signal analysis, usually starting with 

the assessment as the most significant waves in the 

electrocardiogram. Hence ECG feature extraction plays 

significant role in diagnosing cardiac diseases. These 

features decides the functioning of heart of every human. 

All these techniques and algorithms have their advantages 

and limitations. This paper discusses various 

transformations and classification techniques proposed 

earlier in literature for extracting feature from an ECG 

signal. 

Key words: Classification of Heartbeat, Feature Extraction 

I. INTRODUCTION 

The electrocardiogram signal contains an important amount 

of information that can be exploited in different manners.  

 The Electro-cardiogram is composed of the wave 

and complexes. Waves and complexes in the normal sinus 

rhythm are the P-wave, PR-interval, PR segment, QRS 

complex, ST segment, QT interval and T wave [1]. 

 
Fig. 1: Normal ECG waveform 

 Cardiac arrhythmia refers to large group of 

conditions in which abnormal activity or behavior in heart. 

Detection of arrhythmia has been investigated. For 

diagnosing many cardiac diseases, automatic analysis of 

ECG signal has been used [1].  Each heartbeat in cardiac 

cycle of ECG waveform shows electrical activity of heart 

[2].  The detection of cardiac arrhythmias in the ECG signal 

consists of following stages: Detecting features in ECG 

signal, feature extraction from detected features, 

classification of beats using extracted feature set.  In this 

study, the detection of arrhythmias, which might not be 

critically life threatening but still need attention and therapy 

to avoid deterioration. 

 
Fig. 2: General Processing Block Diagram 

 General procedure used for the classification of 

ECG signal includes the feature extraction on input as ECG 

signal, after that features are classified by classifier and 

finally diagnosed. 

II. LITERATURE REVIEW 

Daamouche et al. in [3] described a novel approach for 

generating the wavelet that best represents the ECG beats in 

terms of discrimination capability is proposed. It makes use 

of the poly-phase representation of the wavelet filter bank 

and formulates the design problem within a particle swarm 

optimization (PSO) framework. Experimental results 

conducted on the benchmark MIT/BIH arrhythmia database 

with the state-of-the-art support vector machine (SVM) 

classifier confirm the superiority in terms of classification 

accuracy and stability of the proposed method over standard 

wavelets. 

 Tsipouras and Fotiadis in [4] described the RR 

interval duration signal is extracted from ECG recordings 

and segmented into small intervals. The analysis is based on 

both time and time—frequency (t—f) features. Time domain 

measurements are extracted and several combinations 

between the obtained features are used for the training of a 

set of neural networks. Short time Fourier transform and 

several time—frequency distributions (TFD) are used in the 

t—f analysis. The features obtained are used for the training 

of a set of neural networks, one for each distribution. 

 Martis et al. in [5] described the Discrete Wavelet 

Transform (DWT) can provide good time and frequency 

resolutions and is able to decipher the hidden complexities 

in the ECG. Three dimensionality reduction algorithms; 

Principal Component Analysis (PCA), Linear Discriminant 

Analysis (LDA) and Independent Component Analysis 

(ICA) were independently applied on DWT sub bands for 

dimensionality reduction. These dimensionality reduced 

features were fed to the Support Vector Machine (SVM), 

neural network (NN) and probabilistic neural network 

(PNN) classifiers for automated diagnosis. Three 

dimensionality reduction algorithms; Principal Component 

Analysis (PCA), Linear Discriminant Analysis (LDA) and 

Independent Component Analysis (ICA) were independently 

applied on DWT sub bands for dimensionality reduction. 

These dimensionality reduced features were fed to the 

Support Vector Machine (SVM), neural network (NN) and 

probabilistic neural network (PNN) classifiers for automated 

diagnosis. 

 Yu and Chen in [6] described an electrocardiogram 

(ECG) beat classification system based on wavelet 

transformation and probabilistic neural network (PNN) is 

proposed to discriminate six ECG beat types. The ECG beat 

signals are first decomposed into components in different 

sub-bands using discrete wavelet transformation. Three sets 

of statistical features of the decomposed signals as well as 

the AC power and the instantaneous RR interval of the 

original signal are exploited to characterize the ECG signals. 

A PNN follows to classify the feature vectors. The result 

shows a promising accuracy of 99.65%, with equally well 
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recognition rates of over 99% throughout all type of ECG 

beats. 

 Asl et al. in [7] described the proposed algorithm is 

based on the generalized discriminant analysis (GDA) 

feature reduction scheme and the support vector machine 

(SVM) classifier. These features are then reduced to only 

five features by the GDA technique. This not only reduces 

the number of the input features but also increases the 

classification accuracy by selecting most discriminating 

features. Finally, the SVM combined with the one-against-

all strategy is used to classify the HRV signals. The 

proposed GDA- and SVM-based cardiac arrhythmia 

classification algorithm is applied to input HRV signals, 

obtained from the MIT-BIH arrhythmia database, to 

discriminate six different types of cardiac arrhythmia. 

 Braojos et al. in [8] described these low power 

Smart Wireless Body Sensor Nodes (WBSNs) designs, 

while able to perform advanced signal processing to extract 

information on hearth conditions of subjects, are usually 

constrained in terms of computational power and 

transmission bandwidth. In this paper, they introduce and 

study the performance of a real-time optimized neuro-fuzzy 

classifier based on random projections, which is able to 

discern normal and pathological heartbeats on an embedded 

WBSN. Moreover, it exposes high confidence and low 

computational and memory requirements. 

 Yang and Shen in [9] described an automatic 

heartbeat Classification method based on discrete wavelet 

transform (DWT) and kernel principal component analysis 

(KPCA) is proposed. DWT is employed to extract time-

frequency characteristics of heartbeats, and KPCA is 

utilized to extract a more complete nonlinear representation 

of the principal components. In addition, RR interval 

features are also adopted. A three-layer multilayer 

perceptron neural network (MLPNN) is used as a classifier. 

 Ye et al. in [10] described a new approach for 

heartbeat classification based on a combination of 

morphological and dynamic features. Wavelet transform and 

independent component analysis (ICA) are applied 

separately to each heartbeat to extract morphological 

features. In addition, RR interval information is computed to 

provide dynamic features. These two different types of 

features are concatenated and a support vector machine 

classifier is utilized for the classification of heartbeats into 

one of 16 classes. 

 Alvarado et al. in [11 proposed a methodology that 

combines compression and analysis of heartbeats in order to 

provide continuous monitoring of cardiac functions for real-

time diagnostics. The signal encoding scheme is the time-

based integrate and fire sampler. The diagnostics can be 

performed directly on the samples avoiding reconstruction 

required by the competing finite rate of innovation and 

compressed sensing. This scheme provides an efficient 

hardware implementation and a compressed representation 

for the ECG recordings, while still preserving discriminative 

features.   They demonstrated the performance of approach 

through a heartbeat classification application consisting of 

normal and irregular heartbeats known as arrhythmia. 

 Ozbay et  al. in [12] presented a comparative study 

of the classification accuracy of ECG signals using a well-

known neural network architecture named multi-layered 

perceptron (MLP) with  back-propagation training 

algorithm, and a new fuzzy clustering NN architecture 

(FCNN) for early diagnosis. The ECG signals are taken 

from MIT-BIH ECG database, which are used to classify 10 

different arrhythmias for training. For testing, the proposed 

structures were trained by back-propagation algorithm. The 

test results suggest that a new proposed FCNN architecture 

can generalize better than ordinary MLP architecture and 

also learn better and faster. The advantage of proposed 

structure is a result of decreasing the number of segments by 

grouping similar segments in training data with fuzzy c-

means clustering. 

 Loukh et al. in [13] showed a method to accurately 

classify ECG arrhythmias through a combination of slantlet 

transform and artificial neural network (ANN).  The ability 

of the slantlet transform to decompose signal at various 

resolutions allows accurate extraction of features from non-

stationary signals like ECG.  The low frequency 

coefficients, which contain the maximum information about 

the arrhythmia, were selected from the slantlet 

decomposition.  These coefficients are fed to a Multi-Layer 

Perceptron (MLP) artificial neural network which classifies 

the arrhythmias.  In the present work the ECG data is taken 

from standard MIT-BIH database.  The proposed system is 

capable of distinguishing the normal sinus rhythm and nine 

different arrhythmias.  The overall accuracy of classification 

of the proposed approach is 98.40 %. 

 Sarkaleh and A. Shahbahrami in [14] described an 

expert system for Electrocardiogram (ECG) arrhythmia 

classification is proposed. Discrete wavelet transform is 

used for processing ECG recordings, and extracting some 

features, and the Multi-Layer Perceptron (MLP) neural 

network performs the classification task. Two types of 

arrhythmias can be detected by the proposed system. Some 

recordings of the MIT-BIH arrhythmias database have been 

used for training and testing our neural network based 

classifier. The simulation results show that the classification 

accuracy of our algorithm is 96.5% using 10 files. 

 Several methods have been proposed for extracting 

features of one cardiac cycle.  In which transformation 

techniques are widely used. There are various techniques are 

proposed to extract features from ECG signal and to classify 

by researchers.   

III. FUTURE ENHANCEMENT 

The classification of cardiac arrhythmias can be achieve 

after extracting the features of each heart beat in the ECG 

signal. A good feature extraction methodology can 

accurately classify cardiac abnormalities.  In the recent past, 

numerous works reported on automatic heartbeat 

classification.  These works explored the characterization of 

heartbeats using a variety of features, including Hermite 

coefficients, high-order statistics features, wavelet features, 

waveform shape features, etc.  

 A number of algorithms have been proposed for 

classification, such as self-organizing map (SOM), linear 

discriminants (LDs), decision tree, support vector machine 

(SVM), artificial neural network (ANN), dynamic Bayesian 

network (DBN), conditional random field (CRF),etc. 

 An ECG is a recording of electrical activity on the 

body surface generated by heart. The ECG detection which 

shows the information of heart and cardiovascular condition 
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to enhance the patient living quality and proper treatment.  

The future enhancement is to design an evaluation method 

which helps us to know the accuracy in the value of 

parameters extracted from any of the methodology. 

IV. CONCLUSION 

Analysis of ECG signals has been used for diagnosing many 

cardiac diseases. Various transformation and classification 

techniques have been used earlier for examination of ECG 

signals. This proposed paper provides an over view of 

various ECG feature extraction techniques and classification 

methods proposed in literature. The feature extraction 

technique or algorithm and classifiers developed for ECG 

must be highly accurate and should ensure fast extraction of 

features from the ECG signal improving the accuracy of 

diagnosing the cardiac disease at the earliest is necessary in 

the case of patient monitoring system. 
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