
5(/$7,216+,3�%(7:((1�$112<$1&(�$1'�%5$,1�$&7,9,7,(6
Y. Soeta1, S. Nakagawa1, M. Tonoike1, and Y. Ando2

1 National Institute of Advanced Industrial Science and Technology (AIST), Japan, 2 Graduate
School of Science and Technology, Kobe University, Japan

,QWURGXFWLRQ To obtain a basic knowledge of the temporal aspect of the human brain and the
environment, studies have been carried out using magnetoencephalography (MEG) [1, 2].
MEG is a noninvasive technique for investigating neuronal activity in the living human brain.
In MEG studies, the weak magnetic fields produced by electric currents flowing in neurons are
measured with multichannel SQUID (superconducting quantum interference device)
gradiometers with which many interesting properties of the working human brain can be
studied [3]. To investigate human brain responses that correspond to annoyance for bandpass
noise, MEG measurements and analysis by autocorrelation function (ACF) were carried.

0HWKRGV The scale values of
annoyance were obtained by the
paired-comparison. Six subjects
participated in the experiment. Each
trial consisted of pure tone (1000 Hz)
and bandpass noise. The center
frequency of the bandpass noise was
1000 Hz and the bandwidth was varied
at five levels (0, 40, 80, 160, and 320
Hz) using a 2000 dB/octave sharp
filter. All stimuli were fixed at the
same sound pressure level. The
duration of the stimulus was 2.0 s. The
stimulus was presented binaurally via
silicon tubes and earpieces. The
subjects were requested to judge which
stimulus they perceived to be more
annoying. The scale values of
annoyance obtained from the six
subjects are shown in Fig. 1. Different symbols indicate scale values obtained with different
subjects. In MEG measurements, combinations of a reference stimulus (pure tone) and test
stimuli (bandpass noise) were presented alternately 30 times at a constant 2 s interstimulus
interval. The magnetic responses induced by the stimuli were recorded and analyzed by the
ACF. The ACF provides the same information as the power spectral density of a signal. We
calculated the effective duration of the normalized ACF, τe, defined by the time taken for the
ACF envelope to reduce to ten percent of its original value, representing repetitive features
within the signal itself. Eighteen channels in each hemisphere were selected for the ACF
analyses.



5HVXOWV� The results from the channel that
signify the highest correlations between the
scale values of annoyance and averaged τe
values in 36 channels were discussed here.
Relationship between the difference of scale
values [SV(bandpass noise) to SV(pure
tone)] and the ratio of τe values at bandpass
noise to τe values at pure tone is shown in
Fig. 2. Different symbols indicate different
subjects. The ratio of τe in alpha-waves range
(8-13 Hz) decreased with increasing the
difference of scale value of annoyance. It
indicates that the value of τe becomes shorter
during presentations of annoying stimulus.

'LVFXVVLRQ� Our previous studies show that
the τe in alpha-waves range becomes longer
under preferred sound fields [1]. It indicates
that the brain is repeating a similar rhythm under the preferred conditions. Then the shorter
values of τe that appear for alpha waves indicate that the brain is unstable under annoying
conditions.

.H\ZRUGV� annoyance, magnetoencephalography (MEG), autocorrelation function (ACF)

5HIHUHQFHV
[1] Soeta, Y., Nakagawa, S., Tonoike, M., and Ando, Y. (2002). Magnetoencephalographic
responses corresponding to individual subjective preference of sound fields. J. Sound and Vib.
258, 419-428.
[2] Soeta, Y., Okamoto, Y, Nakagawa, S., Tonoike, M., and Ando, Y. (2002). Autocorrelation
analyses of MEG alpha waves in relation to subjective preference of a flickering light.
NeuroReport, 13, 527-533.
[3] Hämäläinen, M. S., Hari, R., Ilmoniemi, R. J., Knuutila, J., and Lounasmaa, O. V. (1993).
Magnetoencephalography–theory, instrumentation, and applications to noninvasive studies of
the working human brain.�Rev. Mod. Phys., 65, 413-497.


