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Introduction 

In today’s world death rate due to heart diseases is a 
major threat to human beings. ECG (Eco-cardiogram) is 
one of the main tool used for recording the heart beat 
pattern. Cyclical contractions and relaxation of human 
heart muscles produce bio electrical signal and this 
signal represent ECG. Accurate detection of ECG signal 
helps in detecting and diagnosing of heart diseases. 

Cardio vascular diseases are increasing rapidly and 
major deaths in cardiac patients are due to arrhythmia. 
An arrhythmia is any disorder in heart beat rate. The 
time interval between successive heart beats is called as 
rhythm and when the rhythm is not regular it is known 
as arrhythmia[22]. Symptoms of arrhythmia are fast or 
slow heartbeat, skipping beats, chest pain  and so on 
that can be seen in the early stage.  

 
Fig 1. Principle causes of death worldwide [15]  

ECG consist of three basic components P wave QRS 
complex and T wave. 

 
Fig2. The Normal ECG waveform  

Here P -wave is generated during atrium depolarization 
and QRS complex is generated during ventricular 
depolarization the T-Wave is produced during ventricle 
recovery period. 

The Heart rate (HR) is known by the interval between 
the two consecutive R peaks i.e R-R interval in ECG 
signal. Tachycardia indicate greater heart rate than the 
normal heart rate. While Bradycardia indicate lower 
heart rate than normal heart rate. 

ECG is recorded from different people under different 
environments and is easily affected by the noise due to 
the various conditions and hence it is necessary to 
preprocess the signal before extracting the different 
features. 

The different types of noise that affect ECG signal are 
motion artifacts, contact noise, motion artifacts, Baseline 
wandering and so on. 
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Data mining[22] is the process of analyzing data from 
different perspectives and summarizing it into useful 
information. It allows users to analyze data from many 
different dimensions or angles, categorize it, and 
summarize the relationships identified. Technically, it is 
the process of finding correlations or patterns among 
large number of collected data. It is the technique which 
learns from behavior of data. Data mining is playing vital 
role in many applications especially in healthcare. The 
data generated in healthcare system is vast and 
complex, so it becomes very difficult to process it. With 
the help of data mining one can transform this 
enormous amount of data into useful information for 
decision making. As arrhythmia is caused due to 
abnormal heart rate it can be easily diagnosed with the 
help of ECG signals.  

ECG Signal Analysis 

The ECG signal analysis consists of following steps 

1. Signal Preprocessing-The first step in ECG signal 
analysis before feature extraction is removing of 
noises. The different types of noises generated from 
equipment and environment are power line 
interference,high frequency noise and baseline 
wandering are removed here. 

2. Feature Extraction-Extraction of befitting features 
from the E CG signal for further analysis. 

3. Classifier-This step is very important for 
classification of feature after extraction. Since 
different diseases have different features that 
represent a specific disease. 

4. Output-This is the final step which provides the 
complete analysis of ECG signal and give information 
regarding arrhythmia. 

There are several methods for automatic detection and 
classification of cardiac arrhythmia like Artificial Immune 
Recognition system, Neural Network, Fuzzy Neural 
Network, Data Mining etc.  

 Artificial Immune Recognition system is a technique 
which uses 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. A 
fuzzy neural network was implemented using a 
multithreading approach for detection of atrial 
fibrillation, bigeminy, and normal sinus rhythm in the 
MIT-BIH Arrhythmia Database. This paper discusses 
different Data Mining techniques which consist of 
different algorithms for classifying different arrhythmias. 

Initially it was K-means algorithm used for stream data 
clustering which use single phase model but this 
algorithm was not able to detect the priority of data and 
it gave same priority to recent and historic data. In 
addition to this, K-mean algorithm was incapable of 
identifying arbitrary shapes of cluster and noise in 
signals. This algorithm also requires prior knowledge of 
number of clusters determined by K. In order to 
overcome these drawbacks Aggarwal et al. proposed 2-
phase scheme which processes the raw data in micro-
clusters in online mode and gives summary which is 
used by offline components. Another basic clustering 
algorithm called Density based clustering algorithm 
which is more general as it can identify arbitrary shapes 
clusters, handle noise and scan data only once so it can 
be applied to large volume of data stream. In this paper, 
various time domain feature are extracted from ECG and 
HRV signals then obtained data is clustered with help of 
Data Mining algorithm. 

Signal Preprocessing  

The aim of preprocessing steps is to improve the  
quality of the ECG for more accurate analysis and 
measurement. The presence of noises disturb the ECG 
to such an extent that measurements from the original 
signals are unreliable. The main categories of noise are: 
low frequency base line wander (BW) caused by 
respiration and body movements, high frequency 
random noises caused by mains interference (50 or 
60Hz) and muscular activity and random shifts of the 
ECG signal amplitude caused by poor electrode contact 
and body movements.  

ECG Feature extraction 

In ECG signal extracting P, Q ,R,S and T wave and QRS 
complex gives a lot of information about the 
condition of heart which helps in diagnosing the 
cardio vascular diseases. 

The most common method is to use non-linear 
filtering [3] method which is less complex and hence 
require less time. 

Author [2] in his paper proposed cubic spline wavelet 
and interpolation for detecting QRS accurately. 

Some researcher [6], [12], [13] and [14] suggested 
wavelet transform based denoising techniques for 
ECG signal. In this method, the ECG signal is first 
decomposed in to different frequency component 
and then extract the QRS complex. This method is 
good at preserving the phase information of the ECG 
signal. 

Author [1] in their paper found out the highest square 
slope during high spectral energy of ECG wave and 
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they found out the fiducial points. This scheme is able 
to finding out more fiducial points along with the 
actual QRS complex. They also computed two 
thresholds adaptively and then selected highest 
between the two extract out QRS complex from the 
ECG signal. They also used search back algorithm if 
QRS complex is absent in certain time limit. Their 
algorithm gives a very good result about 99.325% 
accuracy for MIT-BIH database [14]. The QRS complex 
later is used to extract out the feature of ECG signal 
which is used for St segment and finding out the 
statistical nature of the ECG signal. 

Another robust method [15] which was based on the 
wavelet transform liked by many researchers due to 
its accuracy. This method is used to extract the 
feature which is used for arrhythmia classification. 
They computed six features which are basically 
energy descriptor computed from wavelet 
coefficients for a single beat interval of ECG signal.  
They also used different discrete  wavelet transform. 
They achieved about 98% 

The author [16] presented a wavelet transform and 
support vector machine based feature extraction 
method. This is a new approach of extracting the 
feature for recognizing heart rhythm reliably. This 
method consists of three steps i.e. pre- processing, 
Feature  extraction and  classification. The feature of 
each ECG segment is extracted out by taking the 
wavelet transform and then extracting the 
coefficients. Auto regressive modeling is then used to 
get the temporal structure of the ECG. At the last step 
support vector machine is used with Gaussian kernel 
for classifying different ECG heart rhythm. The   
method  achieved accuracy of 99.60%. 

Author [17] in his paper proposed another wavelet 
based approach to extract the feature from the ECG 
signal. In his approach he first de-noised the ECG 
signal by a hard and soft thresholding then he 
decomposed the PQRST cycle into coefficients vector 
with the help of wavelet function. The approximated 
coefficients of the last scale level are then used for 
analyzing the ECG pattern. 

 Daubechies Wavelets based ECG feature extraction 
method was presented by author [18]. In his 
approach they have used multi-resolution wavelet 
transform. He concluded that wavelet filter whose 
scaling function similar to the shape of ECG signal 
gives better detection result. In his method he first 
de-noised the ECG signal then find out the peaks of 
the individual wave in one cardiac cycle. He claimed 
to achieve sensitivity of 99%. 

A mathematical morphology based ECG feature 
extraction approach was presented by author [19]. 
The main aim of his work is to evaluate the 
performance of different automatic classifier of ECG 
signal for detecting the abnormality in beats by 
introducing the new feature extraction stage. In his 
approach he used SOM (Self organizing map) and 
LVQ (Learning Vector quantization) for classification. 
In this method mathematical morphology is used for 
pre-processing the ECG signal. 

Author [20] suggested a new and efficient feature 
extraction of ECG signal by compressing the ECG 
signal. He concluded that after compressing the ECG 
data when we retrieved or uncompress the ECG data 
then it was found that the quality of ECG signal has 
improved a lot because of suppression of high 
frequency component of ECG signal. He used ANN 
(Artificial Neural Network) to improve the 
compression ratio. 

Discrete Wavelet Transform (DWT) based feature 
extraction of ECG was presented by author [21]. In his 
work he extracted important feature of ECG signal to 
perform classification task. With the help of mother 
wavelet, dialation and translation, he extracted the 
important feature of ECG signal. 

Author [3] explains about correlation it is the process 
used further identify arrhythmias reduce it reduces 
the computation and hardware required. 

The Fuzzy C- Means clustering and Wavelet transform 
based classification of cardiac arrhythmia is explained 
by Author[19].This paper represents new method for 
classification of ECG arrhythmia signal using Fuzzy C 
means algorithm. 

The Author [20] uses fuzzy C means algorithm to 
mark out QRS complexes in ECG Signal. The 
proposed method is used to classify five arrhythmia 
beat type like Normal, Premature Ventricular 
Contraction, Paced beats, Left Bundle Branch Block, 
Right Bundle Brach Block. 

The Author [11] suggest Correlation coefficient in 
ECG waveform for arrhythmia detection. The results 
are represented in the terms of performance, positive 
prediction and sensitivity. High overall performance 
(99.3%) for the classification of different categories of 
arrhythmic beats was achieved. 

Overview of Clustering Methods 

Clusters are formally seen as subsets of dataset, one 
possible classification of clustering methods can be 
according to whether the subsets are fuzzy or crisp. 
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Hard clustering methods are based on one classical 
set theory, and require that an object either does or 
does not belong to a cluster. Hard clustering requires 
portioning the data into a specified number of 
mutually exclusive subsets. 

Fuzzy clustering methods, allows the objects to 
belong to several clusters simultaneously, with 
different degree of membership. Objects on the 
boundaries between several classes are not forced to 
fully belong to one class; rather they are assigned 
membership degrees between 0 and 1 indicating 
their partial membership. 

Comparative Study of Clustering Algorithms  

1. Centroid-based clustering: In centroid-based 
clustering, clusters are represented by a central vector, 
which may not necessarily be a member of the data set. 
When the number of clusters is fixed to k, k-means 
clustering gives a formal definition as an optimization 
problem: find the k cluster centers and assign the 
objects to the nearest cluster center, such that the 
squared distances from the cluster are minimized. Most 
k-means-type algorithms require the number of clusters 
- k- to be specified in advance, which is considered to 
be one of the biggest drawbacks of these algorithms. 
Furthermore, the algorithms prefer clusters of 
approximately similar size, as they will always assign an 
object to the nearest centroid. This often leads to 
incorrectly cut borders in between of clusters.[23] 

   2. Connectivity based clustering (hierarchical 
clustering): Connectivity based clustering, also known as 
hierarchical clustering, is based on the core idea of 
objects being more related to nearby objects than to 
objects farther away. As such, these algorithms connect 
"objects" to form "clusters" based on their distance. A 
cluster can be described largely by the maximum 
distance needed to connect parts of the cluster. At 
different distances, different clusters will form, which can 
be represented using a dendrogram, which explains 
where the common name "hierarchical clustering" 
comes from: these algorithms do not provide a single 
partitioning of the data set, but instead provide an 
extensive hierarchy of clusters that merge with each 
other at certain distances. In a dendrogram, the y-axis 
marks the distance at which the clusters merge, while 
the objects are placed along the x-axis such that the 
clusters don't mix. While these methods are fairly easy 
to understand, the results are not always easy to use, as 
they will not produce a unique partitioning of the data 
set, but a hierarchy the user still needs to choose 
appropriate clusters from. The methods are not very 
robust towards outliers, which will either show up as 
additional clusters or even cause other clusters to 
merge. 

   3. Density Based Clustering:  Density-based clustering 
has been long proposed as another major clustering 
algorithm [5,6]. It is found [1] that the density based 
method a natural and attractive basic clustering 
algorithm for data streams, because it can find arbitrarily 
shaped clusters, it can handle noises and is an one-scan 
algorithm that needs to examine the raw data only 
once. Further, it does not demand a prior knowledge of 
the number of clusters k as the k-means algorithm does.  

VII. Conclusion 

ECG signal carries many vital information about heart 
and it is one of the tool used by doctors for 
diagnosing heart related diseases. The analysis of 
ECG signal depends upon accurate detection of 
various features of ECG signal. In this review paper 
some of the important algorithms implemented for 
ECG feature extraction and feature classification is 
discussed. 
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