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Abstract.

Objective: Magnetoencephalography (MEG) based Brain-Computer Interface
(BCI) involves a large number of sensors allowing better spatiotemporal resolution
for assessing brain activity patterns. There have been many efforts to develop
BCI using MEG with high accuracy, though an increase in the number of
channels means an increase in computational complexity. However, not all sensors
necessarily contribute significantly to an increase in classification accuracy and
specifically in the case of MEG-based BCI no channel selection methodology has
been performed. Therefore, this study investigates the effect of channel selection
on the performance of MEG-based BCI.

Approach: MEG data were recorded for two sessions from 15 healthy participants
performing motor imagery, cognitive imagery and a mixed imagery task pair
using a unique paradigm. Performance of four state-of-the-art channel selection
methods (i.e. Class-Correlation (CC), ReliefF (RF), Random Forest (RandF),
and Infinite Latent Feature Selection (ILFS) were applied across six binary tasks
in three different frequency bands) was evaluated in this study on two state-of-
the-art features i.e. bandpower and CSP.

Main results: All four methods provided a statistically significant increase in
classification accuracy (CA) compared to a baseline method using all gradiometer
sensors, i.e. 204 channels with band-power features from alpha (8-12Hz), beta
(13-30Hz), or broadband (a+/3) (8-30Hz). It is also observed that the alpha
frequency band performed better than the beta and broadband frequency bands.
The performance of the beta band gave the lowest CA compared with the other
two bands. Channel selection improved accuracy irrespective of feature types.
Moreover, all the methods reduced the number of channels significantly, from
204 to a range of 1-25, using bandpower as a feature and from 15-105 for CSP.
The optimal channel number also varied not only in each session but also for
each participant. Reducing the number of channels will help to decrease the
computation cost and maintain numerical stability in cases of low trial numbers.
Significance: The study showed significant improvement in performance of
MEG-BCI with channel selection irrespective of feature type and hence can be
successfully applied for BCI applications.
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1. Introduction

Motor disabilities and severe neurological injury re-
quire an extra measure in rehabilitation for active and
effective environmental interaction. Motor Imagery
(MI) practice through brain-computer interface (BCI)
has been found to be useful as a therapeutic sub-
stitute for standard rehabilitation practices for post-
stroke patients [1, 2], and an alternative approach for
interaction with the environment [3, 4, 5, 6, 7] for
people with severe movement disability. For post-
stroke rehabilitation, the patient is required to vol-
untarily practice activities of daily living (ADL) with
very high focus [2, 8, 9, 10]. Advancements in BCI
based technologies have shown promising results in
terms of focused interaction for stroke patients [11].
Current BCI systems may use magnetoencephalog-
raphy (MEG), electroencephalography (EEG), func-
tional magnetic resonance imaging (fMRI) or electro-
corticography (ECoG) approaches for mapping brain
responses [7, 12, 13, 14, 15, 16, 17]. Although the ma-
jority of the available BCI research is focused on EEG,
MEG may provide better performance due to its higher
signal-to-noise (SNR) ratio and spatio-temporal resolu-
tion compared to EEG. Moreover, unlike EEG, MEG
sensors are placed in a dedicated helmet rather than
physically placed on subjects’ scalp resulting in signif-
icant signal attenuation [18].

One of the key challenges of MEG-based BCI
systems is their low accuracy [19, 20, 21]. Previous
studies have focused on either development of novel
feature extraction methods or improvement of current
classification methods. Signal processing methods such
as channel selection have been completely ignored in
the case of MEG. It has been observed that signal
pre-processing methods can improve the performance
of an EEG based BCI system [22]. There is a
substantial literature supporting the effectiveness of
channel selection methods with EEG-based BCIs and
it is thus intuitive to explore their effectiveness with
MEG-based systems.

MEG systems typically have a large number
of channels for very high spatial resolutions e.g.
306 for Elekta Neuromag Triux system. It is
known that classification performance of a BCI
system is dependent upon data pre-processing, feature
extraction, and the use of an appropriate classifier
but by selecting optimum channels, classification
performance can be improved further. Provided with
a large number of MEG channels, the extracted
features can outnumber the trials resulting in an over-
parameterised classification scenario. Dimensionality
reduction can help to select the most important
features without affecting performance [18]. It is
however observed that the use of a large number of
channels can affect the performance in a negative way,

as those channels that are not contributing to feature
separability can make the feature set noisier.

Prasad et al. [2] presented promising results
with 5 stroke patients in their neuro-feedback based
BCI which facilitated motor recovery with moderate
BCI accuracy. Neurorehabilitation, using MEG-based
BCI by extraction of relevant information from brain
activity, is a challenge. Selecting 204 gradiometers
provides a higher signal-to-noise ratio (SNR) as
compared to 102 magnetometers, as gradiometers are
more sensitive to rate of change in cortical activations
nearer to scalp. Hence, it would be more appropriate
in this instance to choose gradiometers instead of
magnetometers for an MI-BCI application. This still
leaves a huge number of channels which will result
in higher computation irrespective of their positive
or negative contribution to the performance of a BCI
system.

Common spatial pattern (CSP) and its extended
algorithms like Sparse CSP, have been used for di-
mensionality reduction and show that the channels
can be selected based on large CSP vector coeffi-
cients [23, 24, 25] whilst maintaining a sufficient level
of accuracy. Further, different CSP methods have
been implemented in an attempt to increase the ac-
curacy [19]. A channel selection method was presented
by He et al. [26] based on the Bhattacharya bound
CSP for classification of Ml-related signals. It con-
siders the Bhattacharyya bound as an index and pro-
gressively searches for optimized channel combinations.
A 95% classification accuracy was later claimed with
an average of 33 channels, which was a higher accu-
racy than that of any other channel selection method.
Zhang et al. [27] used ReliefF method for EEG sen-
sor selection for emotion classification and reported
approx 9% improvement by using 30 EEG channels.
Roy et al. [18] presented promising results using corre-
lation and ReleifF based channel selection in MEG. A
maximum increase of 24.22% was observed for cross-
validation performance. For a review of other methods
implemented in the field of EEG motor imagery, read-
ers can refer to Alotaiby et. al and Lotte et al. [28, 29)].

In this study, our previous work [18] has
been extended, by implementing four state-of-the-art
feature selection methods i.e. class correlation [30],
ReliefF [31, 32], random forest feature ranking [33],
and infinite latent feature selection [34] and evaluating
their performances using a four-class MEG MI BCI
dataset. These methods have been used widely for
image and time-series datasets. To the best of authors’
knowledge, this is the first attempt to evaluate the
effect of channel selection process on performance of
MEG-based MI-BCI system.

The remainder of this paper proceeds as follows:
Section 2 provides details of the acquired data sets,






