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Spontaneous human EEG during the resting state is mod-
ulating with long lasting high amplitude synchronization
and very brief low amplitude de-synchronization states [1].
For the dynamic characterization of modulating alpha
rhythm in the resting state EEG, we introduce a method
of spontaneous-event related potential (SERP) analysis.
Our method consists of three steps: At first, ensemble
phase patterns of alpha rhythm at the moment of alpha
de-synchronization state are classified using the K-mean
clustering algorithm; Secondly, short time evolution of the
phase pattern around each de-synchronization event is
analyzed using the symbolic sequence dynamics; Finally, a
global map of dynamic organization is constructed by inte-
grating the temporal motifs representing the recurrent
phase patterns around de-synchronization state.
Using the EEG data from seven subjects, very large

number of de-synchronization event is collected from
spike-like events in the time plot of inverse of alpha
amplitude. The classification of the phase patterns of the
de-synchronization state produces four different kinds of
traveling waves, two propagating from posterior to ante-
rior (PAL and PAR) and two in reverse directions (APL and
APR) for C = 8 classification. The presence of two spiral
waves, one rotating in clockwise (CS) and the other in
count clockwise (CCS), are also observed in addition to
two standing waves (STA and STP).
For the symbolic sequence analysis, we construct a triad

symbol for each de-synchronization event. It is composed
of a present pattern and its previous and next patterns, as
a sequence of pre-present-post patterns. Then the occur-
rence rates of all possible triad symbols are compared with
those of surrogate data where the sequence of all phase
patterns is completely randomized. The triad symbols with
very large normalized Z-score could be identified as domi-
nant temporal motifs [2], which include the triad symbols,

STP-CCS-STA, STP-CS-STA, CCS-STA-APL, and so on.
We could also identify temporal anti-motifs as the triad
symbols with very large negative Z-score. The anti-motifs
include the triad symbols where strongly inhibited transi-
tions like the transitions between CS and CCS, between
STP and two PA patterns, and between SPA and two AP
patterns are included.
Integrating the information on the temporal motifs and

anti-motifs, we could construct a global map of recurrent
transition dynamic during the resting state. The global
map contains the information on how the transitions
among four traveling waves PAL, PAR, APL and APR

occur. It is very interesting to notice the role played by
the two spiral waves CS and CCS. As the motion of a
spiral wave is recorded by tracing the phase singular
point of a spiral wave, we observed that a traveling wave
could switch its propagation as the spiral wave crosses
the traveling wave in a transverse direction. This result
indicates that the role of two spiral waves is to switch the
propagation of traveling waves systematically.
In conclusion, using the SERP analysis of the sponta-

neous human EEG, we identified the recurrent phase pat-
terns that involve the switching of traveling waves. Very
interestingly, it is shown that the propagation of a travel-
ing wave is systematically controlled by a spiral wave
which drifts across the traveling wave. It is to be investi-
gated on the function roles of the traveling waves and
spiral waves, and also on the neural mechanisms of
switching the propagation of the traveling waves [3] and
the formation of spiral waves [4].

Published: 8 July 2013

References
1. Ito J, Nokolav AR, van Leeuwen C: Dynamics of spontaneous transition

between global brain states. Human Brain Mapp. 2007, 28:904-913.
2. Milo R, Shen-Orr S, Itzkovitz S, Kashtan N, Chklovskii D, Alon U: Network motifs:

simple building blocks of complex networks. Science 2002, 298:824-827.
Department of Physics, Chungbuk National University, Cheongju, Chungbuk
361-763, Korea

Kim and Han BMC Neuroscience 2013, 14(Suppl 1):P157
http://www.biomedcentral.com/1471-2202/14/S1/P157

© 2013 Kim and Han; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/12399590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12399590?dopt=Abstract
http://creativecommons.org/licenses/by/2.0


3. Ermentrout GB, Kleinfeld D: Traveling electrical waves in cortex: insights
from phase dynamics and speculation on a computational role. Neuron
2001, 29:33-44.

4. Huang X, Xu W, Liang J, Takagaki K, Gao X, Wu JY: Spiral wave dynamics
in neocortex. Neuron 2010, 68:978.

doi:10.1186/1471-2202-14-S1-P157
Cite this article as: Kim and Han: Dynamic analysis of recurrent phase
patterns in spontaneous human EEG. BMC Neuroscience 2013 14(Suppl 1):
P157.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kim and Han BMC Neuroscience 2013, 14(Suppl 1):P157
http://www.biomedcentral.com/1471-2202/14/S1/P157

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/11182079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11182079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21145009?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21145009?dopt=Abstract

	References

