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Abstract

Since noninvasive electroencephalogram (EEG) was discovered, started ifs widv
use for medical diagnostics. Soon after that, attempts for using the EEG for devices control
were made. In both cases, electrooculographic (EQG) artefacts. especiafly subjects eye-
hlinks. noticeahly contaminate EEG power spectrum and impede the analvsis and
clussification of the signal. Artefacts are noises introduced 1o the EEG signal by not ceniral
aervons svsfem (CNS) sowrces of electric fields inside and outside subjects bodv. In this
paper, an analvsis of the power spectrum of eve-blinking artefacts is described with u
conneciion of using EEG for pattern recognition during mental tasks performance based
bratm-compuer imerface (BCH), working with a- and g=-rhythms ( 8-13 11z} brain potentials.
The goal of the study is to determine the influence of eve-biinks ' power specirum on EEG
and choose a method for their handling.

Introduction

The ability to communicate is a typical and determinated characteristic of
human beings and plays a vital role in their relationship. This communication is richer
and more sophisticated than any other form of communication, Verbal and written
messages are usually sent by the mouth or hands and received by the eyes or ears
with the mediation of the brain. While the communication between humans has been
extensively developed and studied, the communication between humans and machines
IS in s initial phase. The progress of neurclogy and computer science give the
possibility to establish an immediatc connection between human brain and the
computer -Brain computer interface (BCI).
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BCT will raise the quality of life of disabled people. offering a new
communication channel. Brain control could be used by healthy people too. as
additional possibility for control.

The Alternative Control Technology (ACT) program of’ the LS Air Force
Research | .aboratory, Dayton, Ohio, among the varicty of hands-frec controls. using
input from eyes, head, speech and electromyographic (EMG) includes the use of
electroencephalographic (EEG) systems that allow communication with computers
while the pilots” hands remain engaped in other activities [ 1].

Most of BCI studies use EEG, recorded trom the human scalp. LEG isa
noninvasive and easy to perform method, which does not require expensive and
heavy equipment [2}.

During EEG recording the subject moves and glances about, as it is expected
of anyone asked to sit in a chair for a long time and engage in repetitive tasks.
requiring mental effort. The movements introduce periods of electrical noise (artefacts)
that are difhicult to discriminate from neural actrvity.

Frontal muscles EMG can dominate the - or p-brain rhythms frequency
range at frontal locations. Eye-blinks (known as electrooculographic (FOG) artefacts)
can affect the 8- or even -rhythm range at frontal and central scalp locations 3. 4].
Thus, as it is possible the user to contro! output device by raising his cycbrows or
blinking his eyes the mentioned EMG activity might obscure the user’s actual ERG
control. '

Artefacts can dramatically alter the EEG recorded at the scalp [5]. to bring
to false results and conclusions during the investigation of EEG-based BCl. Studics.
pretending neuroprosthesis control [6], show this risk. Later study | 7] proves frontal
muscles EMG mfluence over the control.

There are, however. other sources [8, 9], where the authors pretend increased
data transter rate and specially state that the investigations are done without any
artefact removal. *.. No (!) trials were rejected due to artifacts™ [8].

As aresultof this conflicting information, a4 decision was taken 1o study the
subjects eye-blinks power spectrum in the context of particular usc of EEG and
afier that choose a method for their handling,

In this paper an investigation of eye-blinks’ influence over the EEG intended
for pattern recognition technique based BCI. using o- and p-rhythms in 8-13 Hz
range 1s described. BCI uses the patterns issued during various tasks. evoked
ncreasing brain activity, like visual prescntation of four images, imaginary image
rotation, imaginary human body limbs rotation. mathematical tasks, hyperventilation
cie,
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EOG artefacts analysis

[ the study, an EEG database, recorded in the Technical University of Delft.
the Netherlands, where in 2004 started a pro;ect on building an EEG-based BCL is
used.
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Fig. 1. Taskssuccession. The vertical lines mark every tasks start. Eye-blinks
stand at every lasks end out by their five times higher amplitude

To find out EOG artefacts influence over the working range power spectrumnt.
an analysis of the planned blinks at every tasks end during the visual presentation
tasks - having numbers 30, 32, 34, 36 - including visual presentation on the monitor
screen respectively of yellow triangle, green dot, red cross and blue lines inone
sesston, Fig. 1, is done. Every task runs 5 times in one session. The tasks follow
each other in a pseudorandom order, to avoid the subjects learning. According to
the experiment schedule, the first 5-seconds EEG are free from blinks. The next 3-
seconds contain a planned blink. A model for the analysis is synthesized as (1).{2):

1 .
1y PMR = g XX o)

m=I
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1 R b -
2) Panvh (k)= 'N Z[XHR (k)X (k)], where

m=|

P’ (k). PI¥ (k)are the average powers for | frequency respectively for segments
with blinks and without blinks.
f, is the sampling rate, 256 Hz.

N 1s the number of input discretes for the analysis. The ratio N/ f, defines the
frequency resolution.

X", X ™ are arrays which contain the frequency components, calculated after the
Fourier analysis of the input segment which contains, y?, and which does not contain

ablink, ¥ . A N -point Hamming window H(N), according to (3) is applied in
advance:

N-I o
3) X(k) = Zx(n)e"'z“k“' “H(n) where

n=

X" X™ are the corresponding complex conjugate arrays.

As a result of a preliminary study [10]. the length of the eye-blinks is
determinated as approximately 3 s (they depend on the particular subject and his
psycho-physiological condition). The spontaneous and planned blinks” study [11]
stated, that they have equal duration. The result allows to study the planned blinks
during tasks™ 3X performance. They are in predefined time segments and could be
processed automaticaily. Averaging the power spectrum of blinks during different

mental tasks” performance is possible, as a base for the comparison parts of EEG
without blinks. recorded just before the blinks during the same tasks’ performance

are taken. A result of other preliminary study of mental tasks characteristics [14],
states that tasks 3X have similar patterns.

Every blink is selected in three-second interval (768 discretes), enveloped
parts from EEG before and after the visible maximum, Fig. 2. Other three-second
segments just before the blinks are selected from the same tasks. The white noise

level (neighbor neurons” activity {12]) in the averaged power spectrum is /20
times lower {13] in comparison with the white noise of a single segment.
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Fig. 2. EEG segments from one session selected for the analysis

Every blink is selected in three-second interval (768 discretes), enveloped
parts from EEG before and after the visible maximum, Fig. 2. Other three-second
scgments just before the blinks are selected from the same tasks. The white notse
level (neighbor neurons” activity [12)) in the averaged power spectrum is /20
times lower [ 1 3] in comparnison with the white noise of a single segment.

Graphs of the averaged power spectra envelopes of the segments with and
without blinks in ajl EEG channels are shown in Fig. 3.

The EEG amplitude without blinks is different for every channel. It is the
lowest in frontal placed Fpl and Fp2. Fig. 1. Channels Fpl and Fp2 are the most
suitable to discover eye-blinks by controlting the EEG amplitude in the time domain.
When the threshold is properly set, errors probability could be minimal.

The blinks’ power spectrum 1s concentrated in the 2-3 Hz frequency band.
The blinks could be discovered by controtling the powers of 2-3 Hz frequency
components after the Fourier analysis is done.
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Fig. 3. Averaged power spectra in all channels

From the averaged power spectra man can see that the blinks influence is
different in particular channels. In the segments with blinks,, in frontal placed electrodes
Fpl, Fp2, F7, F3, F4 and F8, averaged powers of working range frequency
components dominate over the averaged powers of the scgments without blinks.
This obviously 1s a result of the eye-lids activation EMG potentials. in the rest of the
channels C3, C4, P3, P4 etc there are frequencies with lower power in segments
with blinks. Unlike sources., where EOG artefacts are defined as “no CNS artefacts™,
the author's suggestion is that the work range frequencies power reduction in segments
with blinks is a result of brain activity. Consequently, it is wrong to define eye-
blinks’ influence in every channel as a result only of EMG artefacts’ diffusion along
and/or across the scalp accordingly to particular rules [15}].
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Besides low frequencies, powers of segments with blinks differ from blinks-
clean segments more than 50% for frequencies in the range 8-13 Hz. This difference
1s commensurable and in some channels higher than the expected power changes as
aresult of mental tasks performance. Blinks presence definitely iowers the the prob-
ability for right mental tasks classification. Consequently, it is inadmissible to analyze
segments that contain blinks without any preprocessing.

To have blinks free EEG segments for the study, a decision is taken, to
reject the segments which contain subjects eye-blinks. Unlike EEGs used in the
medical practice, where a short lasting part could contain very important information
(for epilepsy diagnosis) and it is not allowed to loose it, mental tasks last a long
time. The database is big enough and rejecting parts with eye-blinks will not lower
the matter of the study.

Conclusions and future work

EOG artefacts identification, determination of their influence on the working
range and its elimination from real data are necessary steps in EEG processing,
They are inevitable when the data are intended to train the BCl classificator.

The power spectrum of the subject’s eye blinks is concentrated in the range
between (,5-3 Hz. The power of the low frequency components is many times
higher than the power of the EEG without blinks.

In the range 8-13 Hz, in part of the electrodes (T35, T6, O1, Q2 et¢), the
power introduced by the blinks, is in times higher than the energy of the signal without
blinks and much higher than the power difference, that is a result of the mental task’s
performance (which is 10-20% [14]). This correlation can bring considerable errors
during the classification. In the study of BCI, working with brain rhythms in the
range 8-13 Hz, eye-blinking artefacts should be eliminated.

The results of the study will be used to prepare the input vector for training
the BC] classificator.
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AHAJIN3 HAYECTOTHUSA CIHEKTBP
HA EJIEKTPOOKYTOI' PAGCKHU APTEGAKTH
B EJIEKTPOEHUE®AJTOI' PAMU

IIa. Manounos

Pezome

C oTKpUBaHETO HA HEHHBA3MBHATa eeKTpocHuehanorpama (EEIL).
3ar104Ba HEHHOTO UMPOKO NpHIaraHe B MEAHUHHCKATA auarHoctuka. Ckopo
CAeA TOBa CC M3BBPIIBAT EKCNIEPUMEHTH 10 npHarane Ha EEI 3a ynpapierve
Ha ycTpoiicTsa. U B xBara ciny4as enexrpooxynorpadgickurte (EOI) apredaxry.
11O-TOYHO TPEMUIBAHMATA HA 0YMTE Ha cyDeKTa, 3abenewuMo MoBRAUABAT
cHepruiHua cnekTsp Ha EEI, ¢ koeto saTpyaHsBar aHaiuza o
K1acH(UIHPAHETO HA CUTHANA. ApredaxiuTe ca nymose, Buecenu B LEI ot
HENpHHAAICKAIUN KbM LeHTpanHata Hepsra cuctema (LLHC) na cybekra
M3TOYHUIH Ha eJICKTPUYECKH [OJIETE B H M3BBH HOBELIKOTO TS/10. B cTatnara
Ce ONHCBA AHANM3 HA EHEPTHiiHUS CNIEKTHP Ha NPEMUTBAHUS, BLB BPL3KA C
npvnarane Ha EEL B Mo3bK-koMnioThp HETepeic (MKH), 6asupan na merona
pa3no3HaBane Ha 06pa3LiK, TONYYEHH TPH H3MhAHEHHE Ha MHCAOBHH 3a7auu.
padoTery ¢ a- © M-MO3bLYHM PUTMH B Ananasora 8-13 Hz. Mscneapancrto nma
33 1eJT Aa ONIpe/IeN BNMSAHUETO Ha eHEPTHWHMA CIEKTBD Ha [TPEMNTBaHUATA
Bbpxy EET, 3a na ce n3bepe noaxoasu Meto 3a TaxHaTa 00paboTka.
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