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Abstract — Experimental design for recording of EEG and
fNIRS during performance of real and imaginary movement
was proposed. Set of experiments was conducted in accordance
with this design and obtained EEG and fNIRS dataset was
analyzed. Analysis allowed to introduce certain features in time-
frequency domain that can be used to separate real motor
activity from imaginary.
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1. INTRODUCTION

Motor activity and related mental tasks are widely used in
development of brain-computer interfaces (BCls). BCI
performs an online detection of various features of electrical
signals, such as electroencephalograms (EEGs), including a
transformation of certain patterns into control commands for
the mechanical part, to provide special actions in the
surrounding world without the use of muscles [1]. Instead of
electrical processes, other sources of information about brain
can also be used, for instance, functional near-infrared
spectroscopy (fNIRS) [2,3].

The ultimate goal of BCI is possibility to generate control
commands without any muscular activity. In this case motor
imagery tasks (or imaginary movements without real
neuromuscular activity) become good candidates. Motor
imagery, sometimes is considered to be a conscious use of
unconscious preparation for an actualmovement [4]. Previous
studies outlining the similarities between real motor activity
and motor imagery [5-7]. In terms of application in BCI the
main question is whether motor imagery follows the same
cortical layout as motor execution in the primary motor cortex
(M1).
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II. MATERIALS AND METHODS

A. Experiments

Twenty conditionally healthy volunteers (20-40 years,
men and women both), right-handed, amateur practitioners of
physical exercises, and non-smokers participated at the
experiment. All of them were asked to maintain a healthy life
regime with an 8-hrs night rest during 48 hrs prior the
experiment. Each participant provided informed written
consent before participating in the experiment. The
experimental procedure was performed in accordance with the
Helsinki's Declaration.

In the first part of the study we recorded
electroencephalogram (EEG) - sum of electrical currents
generated by a small group of neurons in brain network [8].
For EEG signal recording we used electroencephalograph
“Encephalan-EEG-19/26” (Medicom MTD company,
Taganrog, Russian Federation). To obtain EEG signals we
used “10-10” scheme for EEG electrode placement with 31
EEG channels. Before EEG recording scalp was treated with
the abrasive “NuPrep” gel in order to increase skin
conductivity, then cup adhesive Ag/AgCl electrodes were
noninvasively placed on scalp with help of “Ten20” paste. The
impedance of electrodes was monitored during the
experimental procedure with typical values of 2-5 kQ. The
ground electrode N was located above the forehead near the
Fpz electrode location and two referent electrodes were
located on the earlobes. The EEG signals were filtered by
band-pass filter (high-pass at 0.016 Hz and low-pass at 100-
Hz) and by 50-Hz notch filter. Time resolution of the recorded
EEG signals was 250 Hz.

In the second part we used functional near-infrared
spectroscopy (fNIRS) - a noninvasive, relatively low-cost,
portable optical brain-imaging technique [9]. It uses near-
infrared light to measure changes in oxygenated (HbO) and
deoxygenated (HbR) hemoglobin levels due to the



hemodynamic response, the rapid delivery of oxygenated
blood to active cortical areas through neurovascular coupling
[10]. Despite lower temporal resolution and time delay of the
hemodynamic response compared to EEG signals, fNIRS
represents another approach to obtain information about brain
activity, which can complementary to information provided
by EEG analysis.

In the common configuration for fNIRS recording, light
sources and detectors are placed on the scalp and two
wavelengths of light are transmitted through skin, skull and
top layer of the cerebral cortex. fNIRS uses light with two
wavelengths: ~ 700 and ~900 nm, that can pass through skin,
bone, and water, but are highly absorbed by HbO and HbR
correspondingly [11]. Because HbO and HbR have different
light absorption properties, the relative changes in HbO and
HbR, and therefore the change in oxygenation of the tissue,
can be calculated from changes in the reflected dual-
wavelength light using the modified Beer-Lambert law [12].
Obtained distributions of HbO and HbR are analyzed for
different cortex areas to find ones that are activated during
particular real or imaginary movement. We used NIRScout
device by NIRx company (Germany) with 8 sources and 8
detectors and time resolution of ~7.8 Hz.

Basic experimental design was the same for EEG and
fNIRS parts: subject was sitting in a chair with hands on
armrests and feee flat on the ground. The screen before subject
demonstrated text command. Each experiment consisted of
two parts: first, subject was asked to perform real movement
with left and right hand according to the commands, then after
a short rest he/she was asked to imagine the same movements
after corresponding commands on the screen. In EEG
experiment subject was given ~4 s to perform one real
movement after text command with 4-6 s breaks between
consecutive command. Time interval for imaginary
movement was ~7 s with 6-8 s breaks. In fNIRS experiment
subject performed or imagined movement for the same time
intervals of 15 s with 15 s breaks between them. Hand
movement consisted of curling the fingers towards the palm
as if squeezing an imaginary ball. In both experiments subject
performed 20 real and 20 imaginary movement for each hand.

B. Data analysis

For time-frequency analysis of EEG signals we used
continuous wavelet transform (CWT), which has recently
become a very popular technique for studying dynamics of
neurophysiological brain activity [13-15]. CWT is a
convolution of EEG signal x(t) with basic function (1) as

Wo(f, ) = F 10 m@ W (F0de, (D)
where n = 1,2 ... N is the number of EEG channel (N = 31)
and “*’ stands for complex conjugation. As mother wavelet
of CWT we used the complex Morlet wavelet

Y = %eiwone—nz/z )
where n = f(t —ty) and wy = 2w is the wavelet central
frequency.

Wavelet energy spectrum (E™(f,t) = /W,2(f,t) where
n is number of EEG channels) provides information about
time-frequency structure of the signal. We also analyzed
wavelet energy in alpha frequency range (8-13 Hz) For this
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particular frequency band averaged wavelet energy was
calculated as:

L) = - Jye, E"(F OAS 3)

III. RESULTS

We processed EEG signals with CWT and computed
wavelet energy spectra E™(f, t) along with wavelet energy
averaged over alpha frequency range EZ(t) . Fig. 1
demonstrate results for real movements of left and right hands
on EEG channel C3.
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Fig. 1. Wavelet spectra for left (a) and right (c) hand movement,
distributions of averaged wavelet energy for left (b) and right (d) hand
movement

As one can see from Fig. 1 left and right hand movements
are accompanied by pronounced decrease of wavelet energy
level in alpha frequency band. This can be used to distinguish
movement from background activity, however, there is no
essential difference in such dynamics for left and right hand
movement.

Results from fNIRS experiment are illustrated on Fig. 2
and 3. As one can see, increase in level of HbO with
corresponding decrease of HbR mark each movement, real or
imaginary. Moreover, this dynamics is more pronounced in
right hemisphere for left hand and in left hemisphere for right
hand, which opens opportunity to distinguish different types
of movement. These results can be used in further research
with synchronous recording of EEG and fNIRS in one
experiment.
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