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Supplementary Material

Detecting Mu Rhythm with PARAFAC Decomposition

In surface EEG the mu rhythm is represented by oscillations typically in the upper AR
range best recorded from the central and neighboring electrodes at rest **. Since the mu
rhythm originates from the sensorimotor cortex and is attenuated by voluntary movements
and somatosensory stimulation, it is classically considered as a sensorimotor analogue of the
visual AR °°.

In our sample of 29 subjects, we could visually distinguish the mu rhythm in 8 subjects
(28%) based on its frequency, location, and reactivity (Fig. S1). However, PARAFAC
analysis applied to the whole-head EEG from 62 electrodes failed to detect an ARC with the
central or pericentral location in any subject. This result is consistent with previous
publications on AR decomposition "®. Both studies did not detect mu rhythm among their AR
components. Moreover, in a recent electrocorticographic study, Groppe and colleagues (2013)
found two widespread posterior clusters of spontaneous oscillations in the AR range similar to
our ARC1 and ARC2, but failed to distinguish the mu thythm in the group analysis, although
individual mu peaks were visible over the pre- and postcentral gyri °.

To understand the reasons for this failure, we selected for further analysis the EEGs
from 4 subjects with the best-pronounced mu rhythm. In all of them the mu peak had its
spatial maximum at the C3 and C4 locations, a higher frequency, and much lower amplitude
than those of the posterior AR. Therefore, the likely reasons of the mu rhythm “invisibility”
for decomposition techniques could be its local character, and/or its relatively small
amplitude, and/or partial overlap with the posterior AR. To counterbalance for the limited
spatial extent of the mu activity, the data from only 15 central and pericentral electrodes (FCL1,

FC2, FC3, FC4, FCz, C1, C2, C3, C4, Cz, CP1, CP2, CP3, CP4, CPz) were submitted to



PARAFAC. The method failed to extract the mu rhythm as a separate component even with

this subset of channels corresponding to the scalp area of mu activity.

In an attempt to compensate for the low amplitude of the mu rhythm, we whitened EEG
spectra by dividing the ASD at each frequency by its mean over all the electrodes, thus
reducing the amplitude of the widespread posterior AR relative to the amplitude of the more
local mu rhythm. The application of PARAFAC to all 62 whitened EEG channels provided
wide-band noise components, but still did not reveal an ARC with the mu-rhythm properties.
Finally, with the subset of whitened EEG spectra from the 15 central and pericentral channels,

the PARAFAC detected the mu rhythm as a separate component in these 4 preselected

subjects (Fig. S2).
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Figure S1. Amplitude spectrum density (ASD) for common-average reference EEG in subject 21
On the left, the ASD from 8 electrodes (10/20 International system) are shown for the resting state
with eyes closed (REC), resting state with eyes open (REO), and during a hand movement task (HMT)



performed with closed eyes. On the right, the magnified ASD from the two central electrodes is
presented. The mu rhythm with a peak at about 12 Hz is seen in the REC and REO conditions, while
being suppressed during the HMT.
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Figure S2. PARAFAC analysis for subject 21 on 62 electrodes (A), 15 electrodes (B), and 15
electrodes with whitened spectra (C)

In the top row, the frequency loadings of ARC1 (green), ARC2 (red), and the mu rhythm (blue) are
presented. In the bottom row, the spatial loadings of PARAFAC models are shown in the sensor-space

EEG. Other designations are as in Figure 2.

Therefore, in the analyses, tuned to the decomposition of the posterior AR, the mu
rhythm remains untraceable due to its local appearance, relatively small amplitude, and,
possibly, its frequency overlapping with the posterior AR, which obscures the weaker mu
rhythm. Apparently, its detection requires special adjustments of decomposition techniques
and targeted optimizations of experimental designs, e.g., using open-eyes conditions, which

reduce the high-amplitude posterior AR overshadowing the mu activity *° (see Fig. S1).
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