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multivariate time series; (b) schematic diagram of VG algorithm. From topsto;bettom are original
time series, VG algorithm procedure for fragment contained in the red circle and\the constructed
network; (c) multiplex visibility graph of series in dotted box in figure (&) constructed by VG
algorithm, where layers 1, 2 and 3 correspond to time series Xi4 x3,and Xs.ré€spectively.
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Fig.3. Average’weighted distribution entropy of healthy people and patients with MI under

different scale factor s. Age of four groups are (a) 60-69 years old; (b) 50-59 years old; (c) 40-49
years old; (d) 30-39 years old respectively. The solid green line is the difference of average
weighted distribution entropy of two groups after scaling, and asterisk represents the maximum
difference.
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Fig.6. (a) Average weighted degree and (b) average weighted clustering coefficients of healthy and
myocardial infarction patients under optimal thresholds. Subjects in groups 1€0*4 \correspond to
ages of 60-69 years old, 50-59 years old, 40-49 years old and 30 to 39 years old respectively.
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Table 3. The comparison between proposed method and other existing methods
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Abstraet
The Visibility Graph algorithm has been proved. to be a simple and efficient method to
transform time series into complex network and has been widely used in time series
analysis because it can inherit_the dymamic characteristics of original time series in
topological structure. Now, wisibility graph analysis of univariate time series has
driven to mature, howeyer, most complex systems in real world are multi-dimensional,
it is difficult for univariateanalysis to describe the global characteristics when applied
to multi-dimensional seri¢s. In this paper, a novel method for multivariate time series
analysis is proposed. For patients with myocardial infarction and healthy subjects, the
12-lead electrocatdiogram signals of each individual are considered as a multivariate
time series, which is transformed into a multiplex visibility graph through visibility
graph algorithm and then mapped to fully connected complex network. Each node of
the network corresponds to a lead and the inter-layer mutual information between
visibility graph of two leads represents the weight of edges. Due to the fully connected
network of different groups show identical topological structure, the dynamic

characteristics of different individuals cannot be uniquely represented. Therefore, we



reconstruct the fully connected network according to inter-layer mutual information,
when the value of inter-layer mutual information is less than the threshold we set, edge
corresponding to the inter-layer mutual information is deleted. We extract average
weighted degree and average weighted clustering coefficient of reconstructed
networks so as to recognize the 12-lead ECG signals of healthy subjects and
myocardial infarction patients. Moreover, multiscale weighted distribution entropy is
also introduced to analyze relationship between the length of original time series and
final recognition results. Due to higher average weighted degree and average weighted
clustering coefficient of healthy subjects, their reconstructed networks show a more
regular structure, higher complexity and connectivity, and could<be” distinguished from
patients with myocardial infarction, whose reconstructed networks are sparser.
Experiment results show that the identification accuracy of both’parameters, average
weighted degree and average weighted clustering coefficientsreach 93.3%, which can
distinguish the 12-lead ECG signals of healthy people and patients with myocardial
infarction, and realize the automatic detection-of myoeardial infarction.

Keywords: Myocardial Infarction, multivariate tim€_series, multiplex visibility graph, complex

network
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