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Abstract 

The objectíve of tbis work is to improve Evoked Potentíal (EP) es tirnation trough the use of an 
adaptive noise canceller with an enhanced refer n ce slgnal. Averaging several EPs is a common m ethod: it 
produces better results when the s ignal has been 'period-lo-period' aligned by the m aximization of Its 
cross-correlation with a pattem signal. A dlsadvantage of the averaging metbod is the large num ber of 
stimuli need d to geL a good vis u alizaUon ofa u seful EP. We use a tWO channel adaptive canceller to obtain 
single stimulus evoked poten Uals . The canceller reference slgnal is the quasl-periodic extension of an 
average EP over a few periods, aligned by cross-correlating It with the prim ary signal. The Widrow-Hoff 
LMS algorithm is used to determine tbe fil ter weights by the nolsy steepest descenL melh od. The describcd 
lechnique was applied to slmula ted signals based on actual registers obtained [rom visually stim ulated 
subjects. The proposed adapUve cancellation techniqu e provides, with fewer s Uro lí, better ind ividual 
estimates. pennitting the analysis of the EPs variabiHty between stimuli. 

Key words: Adaptive cancelling. evoked potential, LMS algorithm, electroencephalography, 
averaging. 

Estimación de potenciales evocados individuales 

usando cancelación adaptiva de ruido 


con referencia alineada 


Resumen 

El objeUvo de es te trabajo es m ejorar la estimación de potenciales evocados (PE) a través de u n 
cancelador a daptivo con señal de referencia alineada. La promediación es el método comúnmente 
empleado para la obtención de PE: esta técnica p roduce mejores resultados cuando la señal se alinea 
periodo a periodo mediante la búsqueda de los máximos de su correlación cruzada con una senal pa trón . 
Una desventaja de la promediación es la <1ran cantidad de estímulos n ecesarios para obten er una buena 
vísualización de u n PE útil. Es este trabajO se usa un cancelador adaptivo de dos canales para obtener 
potenciales evocados únicos. La señal de referencia del cancela dor es la extensión cuas -periódica de un 
PE promediado sobre unos pocos periodos. alineado mediante correlación cruzada con la señal primaria. 
Para determinar los coeficien tes del filtro cancelador se u sa el algoritmo LMS de Wid row-Hoff. El método 
descrito fue aplicado a señales simuladas basadas en registros reales. obtenidos de sujetos estimu lados 
vísualmente. La técnica de cancelación adaptiva propues ta permite obten er. con pocos estím ulos. un 
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125 Single stimuJus evoked potential estimation 

mejor es timado individu al del potencial evocado, permitiendo el análisis de la vartabilidad de los mism os 
entre estímu los. 

Palabras clave: Cancelación adaptiva, potenciales evocados, algoritmo LMS, electroencefalografía , 
p romediación. 

lntroduction 

Evoked Potentials (EPs) are fue electrical 
res ponses o[ fue brain lo controlled sensory 
sUm ulalion. They have a 10t of clinical a pplica ­
Líon s [] 1, such as crttical care and operating room 
monitoring, and are very useful signals for d1ag­
nosing neurological disorders and carryi.ng out 
psycho physical and pharmacolOgical research. 

EPs, which are buried in the ongoing Elec­
troencephalogram (EEG) at very low S ignal to 
Noise Ratio (SNR) , are obtained through the ap­
plication of some processing melhod lo extract 
them from the scalp -recorded brain response lo a 
controlled stimulus. Averagtng is the method 
commonly used to improve SNR [2.3] . bu t a large 
n u mber of s timu li are reqUired to get jusl one 
use[ul average EP. whose sh a pe is blurred by the 
a veragmg process due to the existence of sto­
chastic asynchronicities between the s limuli and 
the real EPs . To obtain the response lo a Single 
slhn ulus 1 Important for two reas ons: 
al whenever lile average is n ot a valld es tlmate 

of lile brain response [4); and 

b) to study variations tha t may constitute a 
parameter of n europhysiological or psycho­
logical significance. 

Since. recently , [rom the medical research­
ers viewpoint. it is very a ttractive to obtain the re­
sponse to a single stimulus [5, 6 , 7 , 8] a great 
n u m ber of methods, wh ose goal Is to extract a 
Single (maximum SNR) EP sign a l wllh a mini ­

m um oC stim uli r epeUtlon, have appeared re ­
cenl.ly: Adaptive Fourier Estimation of Tim e­
Varying Evoked Poten tials [9), Modified Adaptive 
Line Enhancement [101, adaptive canceilation 
[11, 12 . 13, 14 . 15], and Wavelets and Time­
Frequen cy distrtbutions [16 ]. 

We present here a technique for obtaining 
single EP es Umat s u sing a two channel adaptive 
canceller [1 7 , 13, 14, 15 J. The primary signa! has 
EP + EEG. The reference signa! is the quasi­
periodic extension of an average EP, over a few 
s timuli [12J , which has been 'period-to-period' 

a!igned with the primary signa! by th maxiI1liza­
tion o[ its cross-correlation. This signal is red to 
an adapUve transversal fil ler . wh ose coefficients 
are adj u sted by the Widrow-Ho[f adapUve algo­
rithm [17, 14J. This proced u re. Imown as Nolsy 
Gra dienL or Least Mean Squares algori thm, s eeks 
to minimize the mean square error between the 
filter output and the primary chann el. Due to trus 
process, the fil ter outpul becomes a very good ap­
proximation to the EP p resent in fue primary 
channel. The fil ter order and convergence fa ctor 
were determined em pirica lly. 

Experiments were perfonned with slmu­
lated signals. bas d on actua l regls ter s ob tained 
from visually stirnulated subjects , at various SNR 
values. Results are com pared with those ob­
tained with tbe averaglng and cross-correlation 
averaging methods. 

Section 2 contains the discussion of the 
adaptive canceller scheme. Section 3 presen ts 
the methodology and experiments . Conclusions 
are presented in section 4. 

Adaptive Noise Cancelling Filter 

Figure 1 sh ows a sch ema tic of a two­
channel adaptive n oise canceller. Th signal So is 
contain ed in the primary channel, and the sign a! 
s I ' high1y correlated with so' in the reference 
channel. These signals are corrupted by additive 
n oise no and n 1, assumed to be uncorrela ted with 
each other and with both Signa!s. respectively. 

The error signal e is defined as the differ­
ence bet:ween the prima ry signal and Ule fil ter 
oulputy. When E[e2

) is minimal, the filter output 
wiil be the best square mínima! estimation of the 
signal so. The mínimum power results wh en 
y = so; In that case y will be completely noise free. 
The condition y = So is imposslble to obtain d u e to 
the infl uence of noise n l . 

The Donnalízed Estlmation Error Spectrum 
(NEES) defined as the ratio of tbe output noise 
power spectrum dlvided by the signa! power 
spectrum result in [18]: 
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PRIMAR)" INPUT 
----------~.~ DELAY 

So + no 
ERROR 1'+ 

REFERENCE 

NEES = 1 / (l + SNR1(z)) 	 (1) 

where S NRl (z) 1s the SNR densily function of the 
r eference inpul. Then . the NEES dim inishes as 
SNRofthe reference input increases. Based upon 
th is premises. we need : 

a) 1 reialed t.o So 

b) no uncorrelated with the filler input. 

c) High SNR of the reference signal. 

W1tb this conditions in mind. we will con ­
struct a good reference signal. 

Adaptive transversal fil ter coefficients are 
adju sted by th e Widrow-Hoff LMS algOrithm [17. 
14): 

(2) 

were: a 1s the coefficient veclor; J.l is the conver­
gence factor; and Xj 1s the input slgnal vector 

The filter order. the arbitrary m itial values 
of the filter welghts. and tbe convergence factor p 
are required by the algorithm. A delay. equal to 
one-hall the order of Ule adaptive filter. is in ­
c1uded in th e primary channel to achieve the per­
fonnance lb l would be obtained If the optimum 
filter were non-causal [1 8 1. 

Methodology 

The described techniques were a ppli d to 
sim ulated s ignals . based on actual reg1sters ob­

INPUT r--------------/~.~/--~ Ü 

. ADAPTIVE-~ I LTER 
y . 

-"......... 

./,••< 

OUTPUT 
.......... 

.~..,/., 

".' 


Figure 1. A two-channel AdapUve Noise Canceller . 

// _____e__--I() 
-

tained from subjects stimuiated by visual check­
erboard inversion partems. These Signals were 
fed lo a 12-bit Analog to Digital converter. opera t ­
mg a l 250 Samples/ Sec. 

The simulated s ignals were con strucled as 
follows: 

l . 	 The pattem signal is the average of re­
corded responses lo 100 s timulL 

2. 	 The primary signa! is the quasl-periodic ex­
tension of the pattem. randomly displaced 
(0-9 samples). This periodic extension of 
the pattern 1s the s ign al to estímale. This 
Signal. corrupted by a spon taneous EEG 
record scaled to provide various signal to 
n oise ratios (S R) will be the primary sig­
nal. 

3. 	 The construction of the reference s ignal will 
be expla ined in the experimen ts . 

To assess the performance of the sch em e. 
the Normalized Mean Square Error (NMSE) over 
N samples 1s used. 

Experiments 

First . the fil ter order and convergence fac ­
tor were determined empirically based on the 
minimal NMSE obtained, for perlod N2 3 5. in ex­
periments with various values of SNR of the in ­
put , filter length and convergence factor . A fil ter 
length of 12 and a convergence factor of 0.00 1 
were selecled for alJ lhe experimen ts . 
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Figure 2. Comparison of the Pattem and conventional average EP over 100 peliods (SNR=-6.9 dBl 
and cross-correlatlon allgned average EP over 100 peliods (SNR=-6.9 dB) . 

The waveform obtained by averaging 100 
peliods of ilie variable latency plimary sign al 
wiili SNR=-6 .9 dE, ls shown in Figure 2 . The oul­
put ls a smeared version of the pattem also 
shown for comparison . A way to obtain better re­
sults could be to align lhe s egmenls plior to com­
puting the average , taking as synchronizat ion 
markers th e maximum oC the cross-correlation 
[14J between the plimary signal and an average 
EP over 100 periods of lhe p rirnary signal. The 
new average EP ob tained with this alignment 
process wiil be ca iled the cross -correlation 
aligned average also shown in Figure 2. The com ­
parison with the pattern a llows us to concIude 
that the alignment process improves the average. 

In the expeliment 1 the reference signal Is a 
peliodic extension of a cross -correlatlon align ed 
average over 35 perlods. This signal will be 
named cross-correla tion reCerence . In the experi­
ment 2, to improve the tracking oC tbe !ateney 
variations, the reCerence slgnal 1s generated as 
the quasl-period lc extenslon of the average 
cross-correlatlon aligned EP enhanced by 
'pectod -to-period' alignment by the maximization 
of its cros s -cOITela tion with the prtmary s ignal . 
This signal will be named cross-correlation 
a1Jgned reference. 

Results and Discussion 

Figure 3 compares the NMSE of the esti­
mate EP Cor differents S NR oC the primary Signal, 
obtaíned by: 

al eonven tiona! average; 

bl adaptive cancelling u s lng a r eCerence sign a! 
generated as the periodic extension of the 
eross-eorrelation aligned average (EP 
N" 35); 

el a daptive cancelling wlth a cross -correlation 
allgned Referenee (EP N" 35); and 

dl cross-correlatJon a ligned average . 

Bolh canceUing techniques show better re­
sults tban the conventlon al average EP. Th e 
NMS E of the PE estlmated by Adaptive Cancelling 
with a Reference signa! based on the cross­
correlation aligned average Is half the NMSE of 
tbe conven tionaI average . The NMSE ofthe Adap­
tive Caneelling with a cross-correlalion align ed 
Reference \s still better. The NMSE of the cross­
eorrela tion allgned average EP Is the lowest. 
However. averaglng technlques are unable to 
provide a single EP. 
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Figure 3. NMSE vs SNR of the Variable Lateney Primary S ignal for: a l ConventlonaJ average, 

bl Adaptive Caneelling with a Referenee signaJ based on the cross -eorrelatlon aligned average (EP Nº 35), 


e) Adaptive Caneellíng with a eross-eorrelation a ligned Referenee (EP Nº35), d) Cros s-eorrelation 

aligned average , 
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Figure 4, Lateney variations vs, Penad number, 

The eomparison of Figure 3b and 3e aJlows lower, This ean be explained by n otlng that when 
to eon clude that the 'period-to-penod' alignment the noise level inereases. the positioning infor­
used to improve fue traeking of the primary sig­ mation p roduced by the crosscorrelation Is less 
na] lateney varla tions. inereases the eorrelation reliable. 
between primary and reference inputs (sO and si ) Figures 4 shows the latency variation oC the 
produeing b etter EP in dividual estimates, Figure primary inpu t with SNR=-9.1 dB (pertods # 30 to 

b and 3c also shows that when the prirnary sig­ # 60). and the la tency variatlon of lhe estimated 
nal SNR deeresases. the NMSE improvement is s ign al using the adaptive eaneeliing techníques 
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with botl1 a eross-eorrelation referenee and a 
eross-eorrelat ion aligned reference. A constant 
lateney offset, observed in figure 4 , was kep t for 
visuaJizalion purposes. 

The latency changes are closely traeked us­
ing the alignment in the reference because the 
correlation between the signals in the prtrnary 
and in lhe referenee input is inereased . In the 
segm ents where noise obseures lhe signa!. la­

teney ehanges aren'l traeked and lhe noise peaks 
produce saturation of the, very stmplified, seareh 
algorithm, h owever th e lateney traeking is I"e ­
markably good with an aligned reference. Fig­
ures 3 and 4 deplcts tbe superior perform ance 
blalned using the cross-correlation aligned ref ­
erence. 

Conclusions 

Averaging and adaptive canceling , produ ce 
better results when the signaJ has been 'period ­
-to-period' aligned by the maximiZation of its 
cross -correlation ,"vith a pattern signal. The 
NMSE for the EP obtaJned by averaging ls lower 
than the obtalned for tbe estimated EP Nº 35 us ­
ing adaptlve canceling. However, this technique 
produces lhe EP for each single stimulus, even 
with random independent laten cy ehanges , and 
reduces the number of s timuli needed Lo extract 
an useful es limated signal. This allows the obser­
vatíon of EPs valiability between s timuli and, 
therefore , to track tbe la ten cy variation s, in op ­
position to the averaging teehn ique, that, after 
many sUmuli, gives ju st one esUmate of the EP, 
losing all the information about EP ehanges. 

When the reference signal is allgned with 
the p rim.ary signal, through the correlation, tbe 
NMSE of the estimated signa] (EP Nº 35) de ­
ereased, allowmg the tracking of lateney varia­
tions for p rim.ary signa! SNRas poor as -9. 1 dB. 

The filler order, the eonvergenee factor. and 
the number of periods averaged to generate lhe 
referenee sign a!, were empirieally chosen. How­
ever, due to valiatíons between subJects and 
stimula tion conditions, these values could be 
changed. In the near future. we will perform a 
statlslica1 study to take these aspects into ac ­
eou nt. 

The objective of this paper was to propose, 
and evaluate, a modified adaptive cancellation 
technique, based u pon the construction ofa good 
reference s ign< L in order to obtain better individ­
ual EP estimates. This techn ique , enhaneed with 
referenee alignment, p roduces a better estímate 
of lhe EP for each s ingle s 1muIus, even with ran­
dom independen t lateney ehanges and reduces 
fue number of stimuli needed to extracl a usefu l 
estimated signal. Using a similar number of stim­
uli as in iraditional averaging, a beUer quality es­
timated EP ls aeh ieved, alIowing lo analyze the 
variabillty between stimuli. Th e application of the 
results of th is work in clinical s itua tions, will be a 
subject of future researeh. 
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