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Abstract—In this paper, an ECG signal classification method
is presented to classify multi-lead ECG signals into normal and
abnormal classes using Common Spatial Pattern (CSP) as the
feature extraction algorithm. The method consists of two main
stages: CSP-based feature extraction and classification. After
segmenting the signal into non-overlapping segments, each
segment is projected onto a CSP projection matrix to extract the
training and testing feature vectors. These vectors are used in the
classification stage. In this study, three -classifiers—linear
discriminant analysis (LDA), naive Bayes (NB), and support
vector machine (SVM)—were used. The proposed approach was
evaluated using 104 subjects’ recordings (52 normal and 52
abnormal) from the Physikalisch-Technische Bundesanstalt
(PTB) dataset. The three classifiers achieved accuracy rates of
80.65%, 84%, and 100%, respectively.

1. INTRODUCTION

Cardiovascular disease is the leading cause of death
globally. It accounts for 17.3 million deaths/year, and by 2030,
this is expected to rise to 23.6 million [1]. Electrocardiogram
(ECG) signals are an important source of information to the
cardiologist for cardiovascular disease diagnosis. However,
analyzing or processing these signal records manually to
discover heart diseases is time-consuming and sensitive to
human errors. To solve this issue, an automatic diagnostic
classification system is required, and many studies have been
proposed. Chen et al. employed the sequential probability ratio
test (SPRT) algorithm with blanking variability to classify 70
episodes of ventricular fibrillation (VF) and 30 episodes of
ventricular tachycardia (VT) obtained from the MIT
arrhythmia database [2]. They achieved an accuracy rate of
95% [3]. Christov and Bortolan [4] presented a classification
method for classifying normal QRS complexes and premature
ventricular contractions (PVC) using a neural network (NN).
They extracted 26 parameters; 23 heartbeat interval-related and
3 vectorcardiogram (VCG) parameters. They evaluated their
method using 48 ECG recordings from the MIT-BIH
arrhythmia database and achieved an accuracy rate of 99%.
Bortolan et al. [5] investigated hyperbox classifiers for
classifying two types of ECG heartbeats—normal and PVC—
using 26 morphological features. They evaluated their method
with a set of 22 ECG records in the MIT-BIH ECG arrhythmia
database and achieved an accuracy rate of 99%. Arif et al.
employed the back-propagation neural network (BPNN)
classifier, which aims to classify both healthy and unhealthy
subjects with myocardial infarction (MI) using time-domain
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ECG features. They evaluated their method using a
Physikalisch-Technische Bundesanstalt (PTB) dataset and
achieved an accuracy rate of 93.7% [6]. Kumar and
Kumaraswamy [7] proposed a classification method using the
ECG time-domain feature (RR intervals) and the Feed Forward
Neural Network (FF-NN) as a classifier. Their method
achieved an accuracy rate of 92.8% using the MIT-BIT
arrhythmia database. Khazaee [8] proposed a classification
method to classify three types of ECG beats (normal, PVC, and
others) using morphological amplitudes and heartbeat interval
features. He used a support vector machine (SVM) as a
classifier and the particle swarm optimization algorithm as an
optimizer using a total of 12 records from the MIT-BIH
Arrhythmia database. His method achieved an accuracy rate of
97%. Kaveh and Chung [9] developed a classification method
to classify ECG signals as healthy and unhealthy using time
and frequency domain features. They evaluated their method
using 89 records (46 healthy and 43 unhealthy) from the
MIMIC II database [10]. Half of these records were randomly
selected to train the SVM classifier, and the unused half was
used for testing and achieved an accuracy rate of 88.4%.
Harkat and Saidi proposed a method for classifying normal and
abnormal arrhythmia beats using time-frequency domain
features and the radial basis function network (RBF) as a
classifier. The RBF is optimized by the cuckoo search
algorithm via Levy flight. They tested their method using 300
beats from each class in the training phase and 800 beats from
the normal class and 4100 beats from the abnormal class in the
testing phase. Their method achieved an accuracy rate of 98.32
% [11]. Heidarnejad et al. [12] presented a classification
method for classifying normal and abnormal (MI) ECG signals
based on features extracted from the time and frequency
domains and a linear classifier. They reported an accuracy rate
0f 91% using 100 recording (50 normal and 50 abnormal) from
the PTB dataset. Keshtkar et al. [13] employed a probabilistic
neural network to classify the ECG signals as normal and
abnormal (MI) using six features extracted from signal-
averaged electrocardiograms (SAECGs) and their wavelet
coefficient. They achieved 93.0% sensitivity, 86.0%
specificity, and 89.5% accuracy using the PTB dataset [14].
Bhaskar proposed a method to classify ECG signals as normal
and abnormal (MI) using time-frequency features and two
classifiers: SVM and a neural network. Their method achieved
an accuracy rate of 91% with SVM using 82 healthy controls
and 367 myocardial infarction subjects from the PTB dataset
[15].



In this paper, we propose a classification approach to
classify multi-lead ECG signals into normal and abnormal
classes based on features extracted using the Common Spatial
Pattern (CSP) algorithm. This approach is composed of two
main stages: CSP-based feature extraction and classification.
The results show that the proposed method with the SVM
classifier could be of potential value for cardiologists in the
early diagnosis stage of cardiovascular disease. The remainder
of the paper is organized as follows. Section II explains the
common spatial pattern. Section III presents the methodology.
Experimental results are presented in Section IV. Finally,
Section V gives concluding remarks.

II. COMMON SPATIAL PATTERN

CSP is a statistical method that has been proven to be an
effective feature extraction method [16—19] to discriminate
between two classes. The aim of using CSP in this work is to
distinguish between normal and abnormal ECG signals. The

objective of CSP is to construct a project matrix W that
minimizes the variance for one class and maximizes it for
another class. The mathematical formulation of CSP is as
follows:

1. The normalized covariance matrix for each segment

Se R™ is calculated.

Ss’
C=——"— (1)
trace(SS")

Where N is the number of leads, L is the number of
samples, and T is the transpose.

2. An averaging process is performed on the covariance
matrices of each class to find two discriminated
covariance matrices, C, (normal ECG) and C,
(abnormal ECG), and obtain composite covariance
matrix C, .

C =C+C, @)

3. Singular value decomposition (SVD) is performed on
the matrix C, to obtain the matrix of Eigenvalues

and the normalized Eigenvectors matrix £, as follows:
C.=Fyr/ 3)

4. A whitening transform is performed on both covariance
matrices C, and C, with a whitening matrix given by

[16,17]:
P=y 'F' (4)
Such that:

D, = PCCPT and D, = PCCPT (5)

D, and D, share common eigenvectors. Hence, the sum of

the corresponding Eigenvalues of the two matrices is always
1.

5. D,and D, have the decomposition:

D, =UAU"and D, =UAU" (6)

with A, + A, =1, where I is the identity matrix. U and A

represent the matrix of Eigenvectors and the diagonal matrix of
Eigenvalues, respectively.

The Eigenvalues are then sorted in descending order;
hence, the projection matrix is formulated as W =U" P of
the size NxN. Each row of W represents a spatial filter, and

each column of W™ represents a spatial pattern.

I11. METHODOLOGY

The proposed ECG signal classification is composed of two
main stages: CSP-based feature extraction and classification.

A. CSP-based feature extraction

The feature extraction stage is the most important stage in
the ECG signal classification process. In this step, the multi-
lead ECG signals are de-trended by removing the mean value
from each lead. Then, for feature extraction with the CSP
algorithm, the multi-lead ECG signals need to be segmented
into non-overlapping segments. A moving window of three
seconds is used for signal framing.

For extracting the CSP features, the transpose of each
segment of 15x3000 in size (number of leads x number of
samples) is projected onto the projection matrix W of 15x15 in
size. The features are extracted by taking the log of the
variance of the projected matrix.

B. Classification

The classification stage consists of two phases: training
and testing. In the training phase, the classifier(s) are trained
on the feature vectors of both normal and abnormal ECG
signals. In the testing phase, the classifier(s) are used to
classify a new feature vector as a normal or abnormal subject.

C. Data

The dataset used in this study is from a publically available
database, PTB; the National Metrology Institute of Germany
provided this combination of digitized ECGs for research to
the visitors of PhysioNet. It contains normal and abnormal
subjects’ recordings. All recordings have 15 leads. All signals
are sampled at 1000 samples/second with 16-bit resolution. In
this research, 52 healthy (normal) subjects, 39 myocardial
infarction (MI) patients, and 13 dysrhythmia (DY) patients
were recruited. Table 2 represents a summary of the used data.



TABLE I: NUMBER OF TRAINING AND TESTING SEGMENTS

Class Diagnosis Training Testing | Number of
segments segments subjects
1 Abnormal 919 920 52
0 Healthy controls (normal) 1017 1018 52
Total 1936 1938 104

V. EXPERIMENTAL RESULTS

The performance of the proposed method was evaluated
using the most widely used metrics: sensitivity (Sen),
specificity (Spe), and accuracy (Acc), which are defined as
follows:

Sen = TP/(TP+FN) 7
Spe = TN/(TN+FP) ®)
Acc = (TP+TN)/(TP+TN+FN+FP) 9

where TP is the number of true positive cases, FN is the
number of false negative cases, TN is the number of true
negative cases, and FP is the number of false positive cases.

The data (Table I) are divided into training and testing
segments with 1936 segments for training and 1938 for testing.
In the classification stage, three classifiers were used: linear
discriminant analysis (LDA), naive Bayes (NB), and SVM.
Table II shows the test data results for normal and abnormal
classes. As can be seen, the proposed method can achieve an
accuracy of 80.65% with LDA, 84% with NB, and 100% with
SVM. SVM’s results demonstrate the effectiveness of the
proposed ECG classification algorithm in discriminating
between normal and abnormal ECG segments.

TABLE Il : SUMMARY OF THE RESULTS

Classifier Sen. Spe. Acc.
LDA 80.94 80.33 80.65
NB 85.17 82.72 84
SVM 100 100 100

V. CONCLUSION

In this paper, we present an automated method for the
classification of multi-lead ECG signals as either normal or
abnormal using CSP as the feature extractor. The proposed
approach consists of two main stages: CSP-based feature
extraction and classification. After de-trending and segmenting
the ECG signal, each segment is projected onto a projection
matrix to obtain the feature vectors. Three classifiers were
employed in the classification stage: LDA, NB, and SVM. This
method achieved an accuracy rate of 100% using SVM. These
results indicate that the proposed approach has the potential to
help cardiologists analyze ECG signals.
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