W STATISTICAL MECHANICS
AND ITS APPLICATIONS

Accepted Manuscript

Multiscale permutation entropy analysis of electrocardiogram

Tiebing Liu, Wenpo Yao, Min Wu, Zhaorong Shi, Jun Wang,

Xinbao Ning
PIL: S0378-4371(16)30907-4 T
DOI: http://dx.doi.org/10.1016/j.physa.2016.11.102

Reference: PHYSA 17758
To appear in: ~ Physica A

Received date: 2 December 2013
Revised date: 20 February 2015

Please cite this article as: T. Liu, W. Yao, M. Wu, Z. Shi, J. Wang, X. Ning, Multiscale
permutation entropy analysis of electrocardiogram, Physica A (2016),
http://dx.doi.org/10.1016/j.physa.2016.11.102

This is a PDF file of an unedited manuscript that has been accepted for publication. As a
service to our customers we are providing this early version of the manuscript. The manuscript
will undergo copyediting, typesetting, and review of the resulting proof before it is published in
its final form. Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.physa.2016.11.102

going with the changes of scale factor were discussed. Finally, we summarized the results of multiscale
permutation entropy analysis of the three types of ECG and made relevant conclusions.
2. Multiscale permutation entropy
2.1. Permutation entropy

Permutation entropy is a simple and fast nonlinear method analyzing sequences' complexity. It can detect
series’ real-time dynamic characteristics, and has strong resistance to noise. Permutation entropy analysis includes
four procedures, which are sequence reconstruction, sorting, probability and entropy calculation.

Assuming the time series X ={X,X,,...,X } , sequence reconstruction is to convert X, into
multi-dimensional vector X, . The conversion of the new vector is shown as equation 1:

X, ={x,x X } 1)
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M is embedding dimension, and 7 is delay factor whose value is usually 1.
And then, each sequence in the reconstructed vector is rearranged in ascending order, which create a new
vector composed by the position coordinates of the original elements in vector.
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Next, we need to count the type of the position orders and the number of their occurrences, and then calculate
the probability of various permutations, calculate information entropy of all types' probability.

H,=-> PInP @)
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The normalized Permutation entropyis usually used in other studies. In this paper, H_ is applied rather the

normalized form because H, will has big contrast comparing to multiscale entropy.

2.2. Multiscale permutation entropy
Through coarse-grained process to the sequence, multiscale permutation entropy has optimization to original
single-scale permutation entropy [10,11]. Coarse-grained process is to truncate the original sequence into several
small sequences with same length.
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Equation 5 shows series' coarse-grained procedure, where Sis scale factor. When the scale factor is 1, y? is

still the original signal, and sequence's complexity analysis is single-scale permutation entropy analysis. After
coarse-grained processing, permutation entropy is applied to the new sequence.
2.3. Multiscale entropy

Traditional approaches may yield contradictory results in real-world datasets. Costa takes inherent multiple
time scales into consideration, and makes contribution of sample entropy to propose a new entropy analysis
algorithm, multiscale entropy. So multiscale entropy is a method to have coarse-grained process to time series, and
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