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Abstract— Electrocardiograph signal also known as ECG
Signal is randomly variable signal recorded by cardiac
experts to acquire information regarding cardiac state of
patient. This information can be permanent or may vary
randomly according to the health of person. An approach
is used in which cardiac signals are compared to find
disorders. This paper develops an approach with the
amalgamation of GLCM, SVM and K-NN. The proposed
technique extract features from cardiac signals using
GLCM and categorize them using machine learning
algorithm. SVM has further kernel functions; which
make classes of different ECG signals. Categorization is
made on the basis of Mean, Skewness, Kurtosis, Energy
and Correlation. After categorization; it has been
observed that SVM gives 100% accuracy as compared to
K-NN. Software used is MATLAB2011a.

II.

The proposed method uses the following machine
learning algorithms: Grey-Level Co-occurrence matrix
(GLCM), K- Nearest neighbor (K-NN) and Support Vector
Machine (SVM). It works in two phases: Feature Extraction
and its categorization. Researchers have used cardiac signal
as database having total 60 signals as training data. Out of
these; 17 are normal and 43 are abnormal cardiac signals of
different patients. Similarly to test the learning algorithm data
set used consists of total 18 signals, out of these; 4 are normal
and 14 are abnormal cardiac signals. First phase is to extract
valuable features from cardiac signals using GLCM and
second phase is to categorize cardiac signals based on those
features using K-NN classifier and different kernel functions
of SVM classifier into normal and abnormal.

Index Terms-: Cardiac, SVM, K-NN, Kernel, GLCM.
I.

INTRODUCTION

ECG signal is studied to analyze the cardiac diseases. It is
used to measure regularity of heart rate. They are periodic
and oscillatory in nature which is produced by polarization
and depolarization of atria and ventricles. Each beat of ECG
signal has distinct and characteristic shape. But ECG signal
gets altered from different types of noises and artifacts. These
noises or artifacts are required to be removed before further
processing.

III.

Fig 2: Block Diagram for Proposed methodology

IV.
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FEATURE EXTRACTION

In research; feature is such important part of any data which
can easily describe the whole dataset if extracted carefully. It
is supposed to be a relevant part which can be used to solve
any computational task for any desired application. Feature
extraction is a process used to simplify the amount of
resources required to describe a large set of data perfectly.
Basically it is a process of successful extraction of useful
information from signal by discarding redundant
information. Features extracted for this research are: Mean,
energy, correlation, Skewness and Kurtosis.

Over the past few decades several techniques have been
proposed for categorizing such as SVM, K-NN, Fuzzy logic,
genetic algorithm and neural networks are some popular
classification methods[11]. Each approach has its own
advantages and disadvantages. Automatic categorization of
cardiac signals has gained importance over few decades.
Automatic ECG signal categorization is essential for long
recordings.

Fig 1: One Cycle of ECG Signal

PROPOSED APPROACH

CATEGORIZATION OF FEATURES

Categorization refers the analysis of the properties of an
image. Depending upon the analysis; the dataset is further
referred into different groups. Input features are categorized
as 0 and 1.The process of categorization is divided into two
phases: training phase and testing phase. In training phase;
known data is given and in testing phase; unknown data is
given. Categorization is done by using learning algorithm
after training. Algorithms used are K-NN and SVM with
different kernel functions.
A. Support Vector Machine(SVM)
For the classification of linear and non-linear data, Support
Vector Machine (SVM) classifier is used. SVM uses
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anon-linear mapping to transform the original training data
into a higher dimension:
1. With the new dimensions, it searches for the linear optimal
separating hyperplane i.e. decision boundary.
2. Data between two classes always separated by hyperplane.
3. SVM finds hyperplane using support vectors and margin
defined by support vectors.
Classifiers are used to differentiate or distinguish between
two or more classes by drawing a line or plane between train
data points. There are number of classifiers like Perceptron,
KNN, SVM etc. used to classify linear and non-linear data.

Fig 4: Optimal hyperplane with margin linear classification
NON LINEAR SVM:
But datasets or data points are always not separated by
drawing a straight line between two classes.
For example the data points in the following figure can‟t be
separable by using both SVM‟s discussed cases.

Fig 3: Possible Hyperplanes
Any one hyperplane or decision boundary from H1, H2, H3
or H4 can choose, but question arises here; which would be
the best? To find the best hyperplane, find the margin of
every possible hyperplane. Best margin is selected based on
maximum margin width.
The dotted lines drawn parallel to the separating line or
decision boundary; mark the distance between the dividing
line and the closest vectors to the line. The distance between
the dashed lines is called margin (M). The vectors or points
those constraints the width of margin are called Support
Vectors.
The classification of unknown instances „𝑥‟ is calculated as a
sum over all similarities „𝑥‟ having support vectors (𝑥𝑖 ). This
similarity measure is the dot-product between 𝑥 and𝑥𝑖 . In
equation (1), check how the support vector coefficients (𝛂)
regulate the contribution of a particular support vector. The
summed combination of similarity (𝑥𝑖 . 𝑥) and support vectors
strength (𝛼𝑖 𝑦𝑖 ) will determine the output for a single support
vector.
𝑓 𝑥 =

𝑙
𝑖=1 𝛼𝑖 𝑦𝑖 (𝑥𝑖 . 𝑥)

+𝑏

(1)

where „l‟ being the number of support vectors and 𝑦𝑖 the label
or class of the corresponding support vector.

Fig.5: Data points non-linear separable
The Solution for this type of problem is to map the input or
gene space data or data points to the feature space and then
use classifier in feature space to draw hyperplane between
two datasets to differentiate them from each other.
To solve the above given problems, kernel functions have
been introduced:
 Solve the computational problem of working with many
dimensions.
 Can make it possible to use infinite dimensionsefficiently in time and space.
 Enforcing largest margin permits good generalization.
It can be shown that generalization in SVM is a function of
the margin, independent of the dimensionality.
KERNEL FUNCTIONS
Kernel functions are used in many applications as they
provide a bridge from linearity to non-linearity for algorithms
which can be expressed in terms of dot products.
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most frequent among the k training samples nearest to that
query point.
It is a type of instance based and also simplest of all machine
learning algorithms. In K-NN; function is locally
approximated. An object is classified by majority vote of its
neighbors, with the object being assigned to class most
common among its K nearest neighbor. Euclidean Distance
method is used by researchers to calculate the approximate
distance between Query points and the value considered for
k=1.
Fig 6: XOR gate data points in 2D
Consider an example of XOR gate whose data points are
non-linear and cannot be classified using Simple SVM or by
drawing a straight line. The figure 6.14 draw XOR gate for 2
bits, from figure we easily observe data points are not
separable. So here is need for kernel function to map these
two dimensional data points on three dimensional feature
spaces. So after using kernels a cube like three dimensional
feature space has been drawn where data points are now
linearly separable.

B. RESULT
After categorization; it has been accomplished that for Mean
and Kurtosis, K-NN gives accuracy of 95.83 %, on the other
hand; SVM gives 100% accuracy for the same. Execution
time is more compared with other features. while using SVM
with other kernel functions, when signals are categorized
with Skewness and Kurtosis, Energy and Correlation;
accuracy is less compared to Mean and Kurtosis.
On the other hand; while comparing the performance of
K-NN and SVM for same features it has been observed that
SVM gives better performance than K-NN.
Below table gives the combined result for extracted features
with their performance by learning algorithms in terms of
accuracy and execution time.
Table1: Overall result for feature categorization with K-NN
and SVM

Fig 7: XOR data points in 3D (actual 3D)
By using kernel function, map the two-dimensional input
space data points which have only two co-ordinates (A, B)
now shows in figure 6.15 the same data points in three
dimensional feature space and now having three co-ordinates
(A, B, C) and clearly classified.
XOR problem solved by using MATLAB 2011a software
and we display result figures below with and without use of
kernels. Note: as image is only of two dimensions so here
classified image shown only in two dimensions but on
background or in actual it is three dimensional.
B. K-Nearest Neighbor (K-NN)
K nearest neighbors is an algorithm which records all
the available features and classifies new features based on
distance functions. The purpose of the k Nearest Neighbor
(K-NN) algorithm is to use a database in which the data
points are separated into several separate classes to predict
the classification of a new sample point. In this training
feature are stored as vectors in multi dimensional space along
with class labels where; k is a user-defined constant, and an
unlabeled vector is classified by assigning the label which is

Graphical representation of classification results for different
features with different kernel functions of SVM classifier.

1755
All Rights Reserved © 2015 IJARECE

ISSN: 2278 – 909X
International Journal of Advanced Research in Electronics and Communication Engineering (IJARECE)
Volume 4, Issue 6, June 2015

Fig 8: Graph shows the hyperplane constructed between
normal and abnormal test points using SVM- linear for
Skewness and Kurtosis

Fig 10: Graph shows the hyperplane constructed between
normal and abnormal test points using SVM- Quadratic for
Mean and Kurtosis
Conclusion
In this paper; an automatic classification approach has been
developed to categorize between normal and abnormal
Cardiac signals. It helps the medical practioners to
discriminate normal and abnormal cardiac state of any patient
for further treatment by experts.
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