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Abstract 

EEG records arl: often contaminated with extracerebral sig- 
nals called artefacts and one of the main disturbances is due to eye 

movements which generate an electrical activity called EOG. In 

this paper, we use an adaptive noise cancellation scheme in a novel 
way for the minimization of the EOG artefacts from corrupted 
EEG signals. This method is based on the fact that the transfer 

’ function of the biologcal neuron can be modelled as a sigmoidal 

nonlinearity. Comparison of the time plots as also the smoothed 

linear prediction spect -a show that the proposed method effectively 

minimize!: the EOG artefacts from corrupted EEG signals. 
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1 
Electroencephalogram (EEG) is the electrical activity of 

the brain and it contains diagnostic information on various neuro- 
logical conditions. These signals reflect the a c t d i e s  in underlying 

brain structure and particularly in the cerebral cortex below the 

scalp surface. EEG sie,nals are measured from electrodes placed on 

the scalp, and are often very small in amplitude. EEG has become 
an indispensable tool In clinical neurophysiology and related fields. 

EEG signals mainly clmtain four frequency related activities. The 
most obvious activity is a rhythmic activity called the alpha activ- 
ity, and is by definition within the frequency range of 8 - 13 Hr. 
The rhythmic activity in the higher frequency range of 14 - 30 H z  

is called beta activity and its spatial distribution is different from 

that of alpha activity Lower frequency activities are called delta 
activity in the frequency range of 0.5 - 3 Hz and theta activity in 

the frequency range of 4 - 7 H z .  In addition to these activities, 
EEG also contains trmsients like spikes, spindles etc 111. 

It i s  wen kmwn that EEG signals are often seriously con- 
taminated with extratxrebral signals called artefoct .  Artefacts are 
caused by sources bath internal and external to the body. Arte- 
facts reduce the clinical usefulness of EEG signals and make both 

manual and automatic analysis difficult or, in some cases, impos- 

sible because of the similarity between artefacts and the signals of 

interest. In electroencephalography, the presence of ocular arte- 
facts which results from eye movements and blinks are constant 
source of difficulty in distinguishing normal activities from abnor- 
mal ones. Blinking or moving the eyes produces large electrical 

potentials (in mV range) around the eyes called the electrooculo- 

gram (EOG). The sources of these potentials is the corneo-retinal 
dipole and short circuiting of it by the eyelids [2][3]. EOG spreads 
across the head or scalp to contaminate the EEG signals and this 

artefact severely affects the performance of the automated EEG 

processing systems. Eifedive elimination of EOG artefacts from 

the collected EEG data is an essential step in preparing EEG data 

for further analysis. Hence the removal of EOG signals forms an 

important part of the computer processing of EEG signals. 

Several methods have been proposed for removing or con- 
trolling ocular artefacts from Gontaminated EEG signals. Rejection 

method is the simplest method in which the ocrilar artefact is con- 

trolled by discarding the EEG segments that have artefacts due to 

eye movements [4]. This can result in the loss of considerable and 

sometimes significant portions of the data and rejection of these 

sections could make the data even unrepresentative [5][6]. Rejec- 
tion has also been achieved in the frequency domain [71. To reduce 
the amount of data lost by the rejection method, the subjects are 
often asked to follow the eye fixation method [8]. EOG subtraction 
method has been reported by various authors. A method suggested 

by Girton and Kamiya [9] subtracts a percentage of the horizon- 

tal and vertical EOG’s from the time domain EEG signals. Corhy 
and Kopell [lo] and Hillyard and Galambos [ll] have suggested off- 
line methods where eye movements and eye blinks are individually 
separated and removed with different fractions of the EOC’s. Ver- 
leger et  al. [5] computed the eye movement artefact by applying 
the method of least squares to one EOG channel and subsequently 
subtracted it from the corrupted EEG signal to get EOG free EEG 
signal. Fortgens and De Bruin 1121 also applieu the method of least 

squares with EOG recorded from four locations. Later Jervis et 

al. reported that these two methods are identical [13] and they 
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result in distortion of EEG responses [14]. Whitton et aE. [15] 

and Woestenburg et al. [16] have described spectral methods for 

removing ocular artefacts. Barlow and Remond [17] described a 

more sophisticated on-line correction technique. Quill er et  al. 118) 

have described an off-line ocular artefact removal procedure which 

involves cross- correlating the EOG chancels w:th the EEG chan- 

nels. The technique by Quilter e t  al. has been extended by Jervis 

e t  al. [13] [19] to three and four parameter models. McCallum and 

Walter [20] had suggested an analog on-line correction technique 

€or EOG artefact minimization from corrupted EEG signals. 

In order to remove the EOG artefact from corrupted EEG 

signals, filters which are either fixed or adaptive may be used. An 

adaptive filter has the advantage that it can adjust its own pa- 

rameters automatically. Adaptive noise cancellation (ANC) [21] i s  

a technique which uses an adaptive filter to process the reference 

noise in order to estimate the noise that has corrupted some signal. 

The corrupted signal is the primary input to the ANC scheme. The 

estimated noise is then subtracted from the primary signal, reduc- 

ing or cancelling the noise from the corrupted signal. Adaptive 

filters are self optimizing in that they adjust their parameters so 

as to cancel out the maximum amount of noise even as the statis- 

tics of the reference noise or the primary signal change. Jervis 

e t  al. [22] have developed a microprocessor based ocular artefact 

remover based on these ideas. Ifeacher et al. [23] have suggested 

a recursive least squares (RLS) algorithm with exponential data 

weighting for the on-line removal of ocular artefact from corrupted 

EEG signals. A knowledge based enhancement of human EEG sig- 

nals has also been reported by Ifeacher e t  al. 1241. Reduction of 

eye movement artefact from corrupted EEG signals has also been 

achieved by adaptive filters with fast RLS algorithm [25]. 

In this paper, we are using an ANC technique in a novel 

way car the minimization of EOG artefact from corrupted EEG 

signals. This method is based on the knowledge of the transfer 

function of the biological neuron, which has been modelled as a 

sigmoidal nonlinearity. In the ANC technique that we have used 

here, the corrupted EEG signal recorded from E'pl position on the 

scdp forms the primary input and the two channels of EOG signals 

f r m  ieft and right. eye positions form the two reference inputs on 

which the nonlinear estimation scheme bas been applied to get an 

estimate of EOG artefact. The parameters involved in the estima- 

tion are updated sample by sample using Widrow-Hoff least mean 

sqLares algorithm [21]. A comparison of the time plots as also the 

smoothed LP spectra show that the proposed algorithm effectively 

'minimizes the EOG artefacts from corrupted EEG signals. 

N 

Fig.l BIOdr diagram of the bropused AlgoTifhRI. 

Let z (n )  be the primary input and yl(n), ys(n) . . . yw(n) 

The estimated value of the nth sample of the ith reference 
be the M reference inputs to the ANC. 

input is given by, 

d,(n) = V?(n)A,(n) (2.1) 

(2.2) 

where 

Y,(n) = [y;(n) y,(n - 1) . . y,(n - N)IT 

is the it" reference input vector of size ( N  J; I )  x 1 

is the ith filter coefficient vector of size ( N  -+ 1) x i ,  and N is the 

number of delay units used in each reference input 'TDE structure. 

The input to the sigmoidal nonlinearity, u(n)  is given by 

M 
u(n) = G&(n) (2.4) 

t = l  

The filtered output y(n) is obtained by passing u (n j  thniu$ 

sigmoidal nonlinearity and is given by 

i" 

252 



where 

(2.7) e ( n )  = z (n )  - y(n) 

is the estimation error and E[.] is the expectation operator. 

Applying Widrow-Boff least mean squares technique for 

updating the parameters involved in the algorithm, we get the 

fdowing update equations. 

1. The sigmoidal nonlir earity coefficient: 

which results in 

which results in 

where p is a positi1.e constant which controls the convergence 

rate of the algorithm. 

Summarising, the different steps in the algorithm are 

I. Calculate i ( n ) .  

2. Calculate the error, e(n). 

3. Update the parameters. 

3 Results and Discussion 

The ANC based artefact minimization scheme, formu- 

lated in the previous section, has been studied using computer 

simulations. The two derivations of the EOG signals, EQG1 and 

EOGz from left and right eye positions were recorded on sepa- 

rate channels simultaneously with the EOG corrupted EEG signal 

from Fpl position on the scalp using a Nihonkhoden EEG ma- 

chine. The& signals were digitized at 100 H z  and then low pass 

filtered at 35 H z  using a linear phase finite impulse response digi- 

tal filter. The corrupted EEG signal has been used as the primary 

input to the ANC and the two derivations of the EOG signals as 

the reference inputs. Fig.2a shows the EOG corrupted EEG signal 
in which the low frec,uencg high anipiitude activity i s  tPve to the 

eye movement,s. Fig.2b is t,he plot of the correcbed EEG signal 

from which the EOG has been effectively minimized with the pro- 

posed algorithm. It may be observed from Fig.2b that the E 8 6  
artefact reduction is not that good in the beginning portion but 

improves considerably with time. This is because of the time that 

the adaptive algorithm takes to reach the near-optimum values of 

the parameters. 

In order to make an assessment of the effectiveness in re- 

moving the EOG artefact irom corrupted EEG signals using the 

proposed algorithm, we have calculated the smoothed power spec- 

trum of these signals using linear prediction [26] technique. Fig.3a 

shows the smoothed spectrum of the corrupted EEG signal which 

shows a peaky response at about 2.5 f I z  implying the presence 

of low frequency eye movement artefact. In Fig.3b (which is the 

smoothed LP spectrum of the corrected EEG signal) the peaky 

response at low frequency is being effectively reduced which im- 

plies that the proposed algorithm is very effective in minimizing 

the EOG artefart from corrupted EEG signals. 

4 Conclusions 

We have used the ANC scheme in a novel way for the 

minimization of EOG artefacts from corrupted EEG signals. The 

nonlinearity in the noise estimation is introduced using a sig- 

moidal function, which is the transfer function of the biological 

neuron. Widrow-Hoff least mean square technique is used for up- 

dating the parameters involved in the algorithm. Comparison of 

the time plots and the smoothed LP spectrum show that the pro- 

posed method works well in minimizing EOG artefacts from cor- 

rupted EEG signals. 
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