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INTRODUCTION
Multichannel EEG data can be regarded as a realisation
process. Spectral analysis,
which quantifies the properties of the data in the frequency
domain, has often been applied to analyss single channel
activity and relationships between different channels.
Classically, spectral analysis has been applied to segments
of EEG data of several minutes, recorded during some
"constant" psychophysiological state (e.g. repetitive fist
clenching). In most cases, the analysis has concentrated on
the second-order properties of the data (i.e. auto-spectra
and cross-specra). Mostly, bivariate properties of pairs of
channels are investigated, but in a few cases, the
multivariate information available is utilised to eliminate
correlation between the channels of interest and other EEG

of a multivariate stochastic

channels, and the partial spectra thus obtained often better
reflect the underlying cortical activity and the intrinsic
relationship between the two specific channels of interest.
A few papers have appeared in which the higher-order
spectral properties of EEG data, such as the bispectrum
and cross-bispectrum, are investigated.

One of the distinct advantages of EEG over other
functional brain imaging methods such as PET, SPECT
and fMRI, is its superior temporal resolution. However,
spectral analysis of segments of several minutes results in a
severe loss of temporal information. Thus there has been a
move towards the analysis of event-related EEG data, in
which the time evolution of spectral paraneters during a
specific event or task (e.g. discrete finger movement) are
investigated. In this case, the event-related multichannel
EEG can be regarded as a realisation of a nonstationary
multivariate stochastic process.
Event-related desynchronisation (ERD), introduced by
Pfurtscheller [1], is a univariate method which quantifies

the temporal evolution of power in different frequency
bands during an event or task. ERD analysis has been
applied extensively to study changes in the rhythmic
activity of the sensorimotor areas during discrete finger
movements. This paper presents results from multivariate
and multi-order spectral analysis of the rhythmic activity
recorded from the scalp overlying the sensorimotor a.reas,
during discrete finger movements. Specifically, time-

varying normal and partial auto-spectra,

bispectra,

coherence spectra and cross-bispectra were analysed for
both common reference data (CR) and for data transformed
using Hjorth's source derivation (LAP) or local average
reference (LAR).

METHOD
Subjects were instructed to make voluntary, controlled,
symmetric extension and flexion of the right or left index

finger, with a total movement time of between 1.3 to 2.1
seconds. EEG were recorded for some seconds prior to and
after the movement-onset, making up a single trial of data.
The movement was repeated a number of times with an

inter-trial interval of about 10 seconds, resulting
ensemble

in

an

of event-related trials being recorded for

both
right and left finger movements. Multichannel EEG data
were recorded with all electrodes referred to a common
reference (CR) placed on the tip of the nose.

For estimation of parameters, two assumption arc
made: frstly, that the event-related trials are all
realisations of the same nonstationary process and
secondly, that this nonstationary stochastic process is
assumed to be of a specific type, namely, a locally
stationary process. The second assumption implies that
within short segments of time, the process exhibits
stationarity, even though the global characteristics vary
through the trial. Thus parzrmeters can be estimated for
consecutive, overlapping segments, provided the segments
are chosen to be short enough. Typically, where only one

realisation

of the stochastic

process

is

available for

analysis, estimation of parameters with acceptable levels of
variance from such short segments presents a problem.
However, by our first assumption, we have at our disposal
an ensemble of realisations of the process and parameters

can therefore be estimated from averages across this
ensemble, with the variance of estimates being controlled
by the number of trials over which averaging is performed.
For estimation of time courses of second-order specra,

both nonparametric and parametric methods were used.
The nonparametric method was based on the periodogram
estimator [2J, [3] and the parametric method was based on
the AR spectral estimator, generalised from the bivariate
case reported in Florian and Pfurtscheller [4] to the n-

variate case. For estimation

of third-order spectra, a

nonparilmetric method was used [5].

RESI]LTS

Figure

I

shows a time course of autospectra, estimated

with the nonparametric method, for LAR data from
electrode C4 during right finger movement. Movement
onset occurs

at 5

seconds. Desynchronisation

of the

sensorimotor or mu rhythm at 11 Hz is clearly seen,
starting at 5 seconds. A second component at 9 Hz is also
reactive to movement, but the time courses of ttrese two
components differs, with the upper component remaining
desynchronised throughout the trial, while the lower
component shows a faster recovery with a synchronisation
occuring after movement onset. A third component can
also be seen at l0 Hz, the power of this component
remaining fairly constant throughout the trial. The time
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course of autospectra for electrode C3 also showed 3
components, but the time course of the upper mu
component showed earlier desynchronision than on C4,
occuring some 1.5 seconds prior to the movement onset.
Porrr

recorded at electrode Pz being used for the partialisation.
One observes that partialisation results in the removal of
the 10 Hz component from the autospectra of C4, and that
the resulting partial coherence spectra is flat, showing a

lack of bilateral coherence between C3 and C4

C,l

iN

compared to Figure 2 where no partialisation was applied.
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Figure 1 : Time course of power spectral density of activity
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recorded at electrode C4.
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Figure 4
Figure 2 shows the time course of coherence spectra
between electrodes C3 and C4. An increase of coherence at

: Time course of

coherence spectrum between

activity recorded at electrode C3 and C4 with partialisation
of activity recorded from electrodePz.

10 Hz is observed occuring after movement-onset.

CONCLUSION
Cohcrcrrcc

The results suggest the possibility that more than one
type of sensorimotor rhythm exist, and that mutivariate
spectml analysis can help to distinguish rhythms which are
intrinsic to the sensorimotor area from other rhythmic
activity recorded on the scalp overlying this area. Further
results of higher-order spectral analysis will be presented
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and results discussed.
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Figure 2 : Time course of coherence spectrum between
activity recorded at electrodes C3 and C4.
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