University of
< Reading

Collective almost synchronization-based
model to extract and predict features of
EEG signals

Article
Supplemental Material

Creative Commons: Attribution 4.0 (CC-BY)

Nguyen, P. T. M., Hayashi, Y. ORCID: https://orcid.org/0000-
0002-9207-6322, Baptista, M. D. S. and Kondo, T. (2020)
Collective almost synchronization-based model to extract and
predict features of EEG signals. Scientific Reports, 10 (1).
16342. ISSN 2045-2322 doi: 10.1038/s41598-020-73346-z
Available at
https://reading-pure-test.eprints-hosting.org/93179/

It is advisable to refer to the publisher’s version if you intend to cite from the
work. See Guidance on citing.

To link to this article DOI: http://dx.doi.org/10.1038/s41598-020-73346-z

Publisher: Nature Publishing Group UK

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur



http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

University of
< Reading
CentAUR

Central Archive at the University of Reading

Reading’s research outputs online



Supplementary materials for: Collective Almost
Synchronization-based model to extract and predict
features of EEG signals

Phuong Thi Mai Nguyen!, Yoshikatsu Hayashi?, Murilo Da Silva Baptista®, and Toshiyuki
Kondo'”*

'Department of Computer and Information Sciences, Tokyo University of Agriculture and Technology, Tokyo,
184-8588, Japan.

2Biomedical Science/Engineering, School of Biological Sciences, University of Reading, Reading, RG6 6UR, United
Kingdom.

3Institute for Complex System and Mathematical Biology, University of Aberdeen AB24 3UE, United Kingdom.
“Corresponding author: t_kondo@cc.tuat.ac.jp



Supplementary Figures

Supplementary Figure A

Figures 1, 2, 3, and 4 show the total errors between EEG signals and generated EEG signals for each network model and
different coupling strengths. Small ¢ values that produce CAS can lead to the smaller errors i.e., better prediction of the EEG
signals after the training session.
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Supplementary Figure 1. Total error of prediction from channel 4 of five subjects in dataset B. (a) Results from the

random HR network model. (b) Results from the small-world HR network model. (¢) Results from the random Kuramoto
network model. (d) Results from the small-world Kuramoto model. The colors represent the results obtained for different
coupling strength values o.
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Supplementary Figure 2. Total error of prediction from channel 4 of five subjects in dataset C. (a) Results from the

random HR network model. (b) Results from the small-world HR network model. (¢) Results from the random Kuramoto
network model. (d) Results from the small-world Kuramoto model. The colors represent the results obtained for different
coupling strength values o.

217



3
o
]
g+
5 sigma = 0.0001
o — sigma = 0.0005
2- — sigma = 0.001
— sigma = 0.01
— sigma=1
1-
2000 2250 2500 2750 3000
time
(a)
5-
~~ 47
8
o
gs
= )
S sigma = 0.0001
o — sigma = 0.0005
2- — sigma = 0.001
— sigma = 0.01
— sigma=1
1-
2000 2250 2500 2750 3000
time
(c)

|Og (TOtalel'V'Ol')

sigma = 0.0001
— sigma = 0.0005
— sigma = 0.001

— sigma = 0.01
— sigma=1
2000 2250 2500 2750 3000
time
(b)
—
sigma = 0.0001
— sigma = 0.0005
— sigma = 0.001
— sigma =0.01
— sigma=1
2000 2250 2500 2750 3000
time
(d)

Supplementary Figure 3. Total error of prediction from channel 4 of five subjects in dataset D. (a) Results from the

random HR network model. (b) Results from the small-world HR network model. (¢) Results from the random Kuramoto
network model. (d) Results from the small-world Kuramoto model. The colors represent the results obtained for different

coupling strength values o.
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Supplementary Figure 4. Total error of prediction from channel 4 of five subjects in dataset E. (a) Results from the

random HR network model. (b) Results from the small-world HR network model. (¢) Results from the random Kuramoto
network model. (d) Results from the small-world Kuramoto model. The colors represent the results obtained for different

coupling strength values ©.
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Supplementary Figure B

Figures 5, 6, 7, and 8 show the spectrum calculated directly from the EEG signals and the predicted EEG signals of channel
Fp1 for each network model and different coupling strengths. The rows of this figure represent the power spectra ("actual" and
"prediction") for several values of ¢ increased from up to down.
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Supplementary Figure 5. Experimental and predicted power spectrum for dataset B. The columns show the results
for the random HR, small-world HR, random Kuramoto, and small-world Kuramoto models. The rows show the results for

different values of coupling strength, ©.
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Supplementary Figure 6. Experimental and predicted power spectrum for dataset C. The columns show the results
for the random HR, small-world HR, random Kuramoto, and small-world Kuramoto models. The rows show the results for

different values of coupling strength, ©.
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Supplementary Figure 7. Experimental and predicted power spectrum for dataset D. The columns show the results
for the random HR, small-world HR, random Kuramoto, and small-world Kuramoto models. The rows show the results for
different values of coupling strength, ©.
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Supplementary Figure 8. Experimental and predicted power spectrum for dataset E. The columns show the results
for the random HR, small-world HR, random Kuramoto, and small-world Kuramoto models. The rows show the results for
different values of coupling strength, ©.
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