o] 3ar3 A - A 154, A 3 E, 1994
I. of KOSOMBE : Vol. 15, No. 3

AT = ¥
94—-15—-3-01

D& 55T WA A2 TFol) Whget
AAAN T Fhos BA

=Abstract=

Chaotic Dynamics in EEG Signal Responding to Auditory Stimulus
with Various Sound-Cutting Frequencies.

J. M. Choi, B. H. Bae, S. Y. Kim

We investigated the qualitive and quantitative properties in EEG signal which responds to auditory
stimulus with increaing the sound-cutting frequency from 2 Hz to 20 Hz by 2 Hz step units, by chaotic
dynamics. To bigin with, general chaotic properties such as fractal mechanism, 1/f frequency spectrum
and positive Lyapunov exponent are discussed in EEG signal. For evoked potential with given audi-
tory stimulus, the route to chaos by bifurcation diagram and the changes in geometrical property of
Poincare sections of 2-dimensional psedo-phase space is observed. For that containing spontaneous
potential, seen as the random background signal, the chaotic attractors in 3-dimensional phase space
are found containing the same infomation as the above mentioned evoked potential. Finally the chan-
ges of Lyapunov exponent by various sound-cutting frequencieé of stimulus and by the various spatial
positions (occipital region) in a brain surface to be measured, are illustrated meaningfully.
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Fig. 1. The graph of self-similar fluctuations on multiple scal-
es of time in EEG signal. (a) the time scale is 6000 msec. (b)
the time scale is 3000msec. (c) the time scale is 1000 msec.
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Fig. 2. The graph of the frequency spectrum in EEG signal.
(a) a 1/f-like (inverse power law) distribution, (b) The spectral
data replotted on double log axes.
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Fig. 3. The graph of a finite capacity dimension and Lyap-
unov exponents. (a) a finite capacity dimension versus n value.
(b) maximum Lyapunov exponent versus frequency.
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Fig. 4. The graph of the evoked potential with stimulus increasing sound-cutting auditdry frequency from 2Hz to
20Hz by 2Hz step size. Each figure has characteristic geometric shape. (&) forms of time series, (b) Poincare sec-
tions in pseudo-phase space portraits of evoked potentials at each sound-cutting frequency.
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Fig. 5. The graph of the bifurcation diagram versus sound-cut-
ting frequency;The route to chaos from period doubling to
chaotic state via period 3 is observed.
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Fig. 6. The graph of the evoked potential containing the spontaneous potential. (a) forms of time series, (b)
the trajectory of brain potential with given three orthogonal basis. The noticeable chaotic attractors, compared with
others, in 8Hz and 16Hz is shown. 4] —
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Fig. 7 (a) The graph of each channel which is situated symmet-
ﬁcally in occipital region(chl:01 ch2:02 ch3:T5 ch4:T6). The

- total number of channel used to measure simultaneously the brain
potential is 4. (b) The graph of Lyapunov exponent versus the
finite number of data with fixed 3kHz carrier frequency. Lyap-
unov exponent value has an arbitrary unit in this figure.
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Fig. 8. The graph of Lyapunov exponent versus sound-cutting

frequency. Lyapunov exponent value has arbitrary unit and is cal-
culated when the finite number of data is 6000.
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