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Abstract

Any heart activity disorder may lead an irregularity in is rhythm, or cardiac arrhythmia. An ECG
signal is one of the major tools for classifying different types of cardiac arrhythmias. ECG signals
usually contain various noises. To have a better signal processing, it is essential to remove noises in a
way that a signal structure never becomes subject to distortion. After the step of noise removal, selection
of an appropriate method is of paramount importance for feature extraction. Optimal features can be
selected to improve efficiency and reduce calculations. This article used the ensemble empirical mode
decomposition (EEMD) in which any intrinsic mode function (IMF) contains only a single frequency
component for noise removal. The noise removal operation with the least distortion is possible using an
appropriate windowing on a QRS complex containing sum of the first three IMFs. Later, the remaining
noises can be removed using discrete wavelet transform (DWT). The results of using the EEMD-DWT
combined method were compared with EMD and DWT combination. After the noise removal step,
feature extraction was performed through a wavelet packet decomposition. It is capable of signal
decomposition at all frequencies. Multiple objective binary particle swarm optimization (MOBPSO)
method was used to select optimal features and the effect of this method on the results was examined.
Finally, the back propagation neural network (BPNN) and a support vector machine based on particle
swarm optimization were used for classification. This article used 17 signals received from the MIT-BIH
database. The acquired data belong to 6 different types of classes. After pre-processing, feature
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extraction, feature selection, and classification on the input data, it is observed that the proposed
technique of EEMD-DWT is an appropriate method for noise removal and MOBPSO is a suitable
method for the selection of best features. The BPNN classifier managed to classify cardiac arrhythmias
with a higher accuracy and the values for accuracy, sensitivity, specificity, and positive predictive value
were 99.12%, 97.08%, 99.38%0, and 97.12%, respectively.

Keywords: Back Propagation Neural Network; Discrete Wavelet Transform; Electrocardiogram;
Ensemble Empirical Mode Decomposition; Multiple Objective Binary Particle Swarm Optimization.
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(Figure-1): The proposed algorithm for the classification of
cardiac arrhythmia
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(Figure-4): Statistical indices of BPNN classifier with MOBPSO feature selection technique
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(Table-2): Values for Acc, Sens, Spec, PPV and FM indices on MIT-BIH arrhythmia data
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(Table-3): Comparison of the accuracy of this article with other studies on MIT-BIH arrhythmia data
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