Sheffield
Hallam
University

S S S%HE()'H

+ , % $ + " $+ 3 , +
$ $ +

. S S SUHE()H S S S%#
$ $ "+ 8"



http://shura.shu.ac.uk/information.html

.



" # # $$ %&''&

- () o+ -

) ) ) ). -
) 1 2 / 1 + ) ) )
) 2 -) /
$$345 6/ 3 ,* + 7 ) . %

/
) ) . ) 8 -, x .. # 1 %. &)
"+ ' 9 $$3/
$$3/
) 2 ) 02)*
[l ;<



! L% S wl& IS # #

(& ")& 'S % $% $$ " 1% &* & " %I&

t& 1% & 1%, $11)

LR s e O £y %t (O + 8 ), " % %I
$ ), " ., $1#E D))" T#
)++ ) - 0 1 1),"!

0 %we& "% #$ %& (! * ) %" () o+ )2" # %
, )Y 1 3"))- (. 3) -
4 % | 1( 2"
) + )2" 1 #1 5
1, % "1/ 1% 4% %( ' "

4 % / Vt++ ) -

6 " 788






ANALYSIS OF THE CNV WAVEFORM IN THE TIME AND FREQUENCY
DOMAINS

M. COELHO
ABSTRACT

The Contingent Negative Variation (CNV} response of the
Electroencephalogram (REEG) is often obscured by the
background RBEG and/or ocular artefacts (OAs). These
necessitate the application of =a variety of signal
processing techniques to reduce the influence of such
rhenomena on the measured signal. The methods discussed in
this thesis are: ocular artefact removal (OAR) in the time
domain and the use of data tapering and Fourier Transforms
to give frequency domain amplitude and phase spectra.

Two OAR methods were compared: a non-recursive method using
ordinary least saquares parameter estimation developed by
Nichols and a recursive least squares technique developed by
Ifeachor. Recursive OAR was observed to distort the CNV
response. This was discovered to be due to omission of the
response from the algorithm being used, an omission ocurring
in both techniques. To correct this the inclusion of a
model of the response in the algdorithm was proposed. A
number of data sets were devised in order to investigate
this effect and the successfulness of including the response
model. It was shown that response modelling gave more
efficient DAR and reduced response distortion. Similar
investigations were performed on recorded response data
which showed that modelling was essential for recursive 0AR
but that non-recursive OAR was relatively insensitive to the
inclusion or omission of response modelling.

The use of data tapering was included in order +to help
improve the spectral analysis of short epochs of EREG data.

A comparison of statistical properties of the harmonics of
the amplitude and phase spectra of the CNVs of normal,
ratient and at risk subjects was made using Predictive
Statistical Diagnosis (PrSD) and Discriminant Analysis (DA)}.
The investidation compared results between Pr8D and DA and
between 1 and 4 second inter-stimulus interval CNVs and
suggested that the 1 second data gave better discrimination.
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1.1 THE ELECTROENCEPHALOGRAM AND THE CONTINGENT NEGATIVE
VARIATION AND AUDITORY EVOKED POTENTIAL RESPONSES
1.1.1 ORIGINS OF THE ELECTROENCEPHALOGRAM

The first reported observation of the
electroenceprhalogram was by CATON (1875) who discovered that
incessant current oscillations could be displayed by a
galvanometer connected to two electrodes placed on the
exposed cerebral cortex of an animael. BERGER (1928) was the
first to report on the EEG of man, showing that it could be
recorded through the skull. DAWSON (1947) reported a means
of making scalp recordings of stimulated cerebral action
protentials in man by displaying individual EEG traces on a
cathode-ray oscilloscope and superimposing them on a single
photograph. This was necessary due to the small magnitude
of such evoked potentials when compared +o the background

EEG.

1.1.2 DESCRIPTION OF THE ELECTROENCEPHALOGRAM

An introduction to the physical structure and
electrical activity of the brain is given in COOPER et al
(1980). The ongoing background rhythmical EEG can be
described in terms of four frequency ranges or bands (COOPER
et al, op. cit.): delta (<4Hz), theta (4 to < 8Hz), alpha (8
to 13 Hz) and beta (>13 Hz). GEVINS (1984) considers any
activity at > 30 Hz as a separate, gamma, band. In addition
potentials due to endogenous or exogenous events can be
observed in the EEG. In this thesis such phenomena will be
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referred to collectively as responses. This is to avoid
any conflict of terminology arising out of the use of one of
the commonly applied descriptions since a variety of names
have been given to such EEG responses. Common references
are to evoked potentials (EPs), event-related potentials
(ERPs) and stimulus-related potentials (SRPs) even though
the same specific response may be classed under any one of

these three headings by different authors.
1.1.3 THE CONTINGENT NEGATIVE VARIATION

One of +the numerous responses of +the EEG 1is the
Contingent Negative Variation (CNV) first described by
WALTER et al (1964). The CNV is elicited by a constant
foreperiod reaction time task. The standard experimental
paradigm is to give a warning stimulus (Sl) which is
followed after a time (known as the Inter-Stimulus Interval
(ISI)) by a second (imperative) stimulus (SZ) at which some
action is required on the subject’s behalf (this is often a
motor-response (MR) caused by pressing a button to terminate
SZ). S1 and SZ are often either audio or visual stimuli;
The CNV proper is the negative shift of the EEG baseline

which occurs between the two stimuli.

The CNV is considered to comprise several components
(e.g., see TECCE and CATTANACH, 1982 and ROHRBAUGH et al,
1976 and 1986). LOVELESS and SANFORD (1974) conclude that
the CNV comprises +two components which are an orientating
response subsequent to Sl (the "0" wave) and an expectancy

-3



response in anticipation of S2 (the "E" wave). Using a 4
second ISI they found the "0" wave to pesk no later than 850
msec after S1 and that the "E" wave commenced about halfway
through the foreperiod.

1.1.4 THE AUDITORY EVOKED POTENTIAL

Although this thesis is concerned with the CNV the
Auditory Evoked Potential (AEP) 1is introduced here because
of its presence in the experimental paradigm (described in
the previous section)} when S1 and 82 are auditory stimuli.
It is also considered to be a multi-component response (see

e.g., COOPER et al, 1980 or SHAGASS, 1872).

1.1.5 OCULAR ARTEFACTS

Ocular artefact (OA) is the collective reference to a
number of eye-related artefacts: eye-movements (EMs) and
eyelid and blink artefacts. OAs often obscure responses,
especially the CNV. It has been noted that CNV changes at
the vertex can be reproduced by voluntary downward eye
movement (STRAUMANIS et al, 1969). HILLYARD and GALAMBOS
(1970} concluded that on average 23% of the CNV was composed
of Eye Artefact Potential (EAP). A discussion of the types

and causes of QA is given in JERVIS et al (1988}).
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depend upon the data of the whole record, while RLS provides
values (based on weighted data) - which are being updated
point-by-point and hence use only some of the data (i.e.,
the latter part since the weighting discards the early data)
and thus provide parameter estimates which can vary with

time.
1.2.2 SPECTRAL ANALYSIS

The signal proceésing methods of NICHOLS (1982) applied
a Tukey window (Chapter 3) in the time domain to data prior
to transformation +to frequency domain amplitude and phase
spectra. The harmonics of these spectra were then subject
to a number of statistical +tests (see next section). This
windowing also involved transformation of the windowed data
due to the introduction of a spurious d.c. level even though

the mean level of the data had already been removed.
1.2.3 STATISTICAL METHODS

Statistical tests were applied by NICHOLS (1982) to
allow a quantitative comparison of the spectral properties
of the CNVs of two subject groups (normal and Huntington’s
Chorea (HC)). An attempt was also made to classify subjects
at risk (AR} of developing HC. This work was extended to a
logic algorithm (LA) olassifioation procedure (JERVIS et al,
1984). These tests are concerned with detecting additivity

and phase ordering effects on responses in the EEG.



1.2.4 THE APPLICATION OF THE CONTINGENT NEGATIVE VARIATION
TO HUNTINGTON®S CHOREA FOR DIAGNOSTIC PURPOSES

One possible application of the CNV in attempting to
diagnose subjects at risk of developing HC was introduced in
the preceding section. HC 1is commonly first detected
betweenn the ages of 30 and 50 (mean age 44 years), 1is
invariably fatal and of duration of approximately 15 years
from onset. NICHOLS (1982) end JERVIS et al (1984)
considered that since HC affects the same regions of the
brain responsible for generating the CNV, study of the
latter could 1lead to an ability to discriminate between
normal and HC subjects with application to pre-symptomatic
diagnosis of HC in at risk subjects (the offsprings of HC

sufferers).
1.3 EXPERIMENTAL DATA RECORDINGS

The data wused in this thesis had been recorded in
earlier work (NICHOLS, 1982). Both CNV and AEP responses
are referred to. The CNV data had been recorded using
plastic cup Ag/AgCl dc electrodes using vertex to linked
earlobe electrodes. The EOG recordings used nasal, outer
canthi, infra- and supraorbital electrodes. The acquisition
system -3dB passband was 0.016 - 30 H=z. The warning
stimulus S1 was a 70 dB GPL click and the imperative
stimulus 82 was a 1 kHz tone of 90 dB SPL (A-weighting). At
82 the subject was asked to press a handheld pushbutton to
terminate it. Thirty-two such trials were obtained per

-8-
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2. OCULAR ARTEFACT REMOVAL
2.1 CHAPTER OUTLINE

The need to perform Ocular Artefact Removal (OAR} is
discussed in this chapter. OAR by proportional subtraction
of the electro-occulogram (ROG) from the electroencephalbgram
(EEG} by means of the least squares method of parameter
estimation is discussed in section 2.2. Details of the two
types of QAR investidated, viz. non-recursive OAR (NR-0AR)}
and recursive QAR (R-DAR) are also given. Section 2.3 is a
discusion of OAR when a response is present and how such a
situation causes erroneocus parameter estimetion and hence
incorrect OAR. The means of fectifying ‘this error by
modelling the response in the least squares method iz  then
deseribed. Section 2.4 shows the need to investigate the
effect on parameter estimation when d.c. (mean} level
removal is and is not applied to the data. Section 2.5 is a
description of a set of test data created to investidate the
above points along with the results obtained, discussion and

.
conclusions. Section 2.6 gives the resulls obtained when
the methods of Section 2.5 were aprlied to two EEG response
(a CHV and an ARP). Section 2.7 gives the recommended

processing sequence to  be used based on the results of

sections 2.5 and 2.86.
2.2 THE BASIS OF THE ELECTRO-OCULOGRAM SUBTRACTION METHOD

OAR by proportional EOG subtraction assumes that the
measured EEG is a linear combination of the true EEG and
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ocular artefact (0OA) and that the OA is a linear combination
of selected EOGs. The EOG is that electrical potential
measured between two electrodes (which may be placed in a
variety of configurations) adjacent to the eye. Then for
the i th point, in discrete form, of an n point sequence,

the general model is:

y(i) = lel(i}v+ 02x2(i) + ... + prp(i} + e(i)
- p 3 - -
v(i) = jzzle'jx'j(l) + e(i) i=1,2,...,n - (2.1)

where the y(i)} are sampled values of the measured EEG
containing QA, the xj(i) are the sampled values of the
measured EOGs (or a function of them}, e(i) is the true
(background) EEG which is regarded as an error term and the
Qj are proportionality values known as model parameter$ or
transmission coefficients. Assuming that the Qj can be
estimated (by éj) then the true EEG can be estimated as ;(i)
(the circumflex denotes +the estimate of a given wvalue)

where:

~ P -
e(i) = y(i) -5_0.x.(i) i=1,2,...,n - (2.2)

FEquation (2.1) can be written more compactly in matrix

form for all n samples as:

Xn = gngn + En - (2.3)
-18-
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Figures 2.1, 2.2 and 2.3 show the no-0OAR, NR-OAR and
R-OAR corrected EEGs from the same subject. Each waveform
is a 32 trial average. For Figures 2.2 and 2.3 OAR was

applied to each +trial prior to inclusion in the averaging

process,
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Figure 2.1

The averaged 1 s ISI CNV of a co-operative subject
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Figure 2.2
The averaged 1s ISI CNV of the same subject as Fig. 2.1
subsequent to implementation of NR-0AR: (dc = 0)
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Figure 2.3
The averaged 1s CNV of the same subject as Fig. 2.1
subsequent to implementation of R-OAR (de = 0)
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n n
_ o~ . 2 _ ) _ ~ ] 2 _
J -izzl [EEG,_(i)] -i%l [EEG_(i) - ©.EOG_(i)] (2.21)

from which the expression for the estimated wvalue of 6, 0

is:
n - -
) izzlEOGm( i).EEG (i)
0 = _(222)
L 2
D> [E0G_(i)]
i=1

If now d.c. 1levels are removed from both EEGm(i) and
EOGm(i), i.e. the means of the data are reﬁbved from the

data, equation (2.22) becomes:

n
1z:1[EOG (1) Pgogl [EEG (1) uppa]
®lge=0 = ~ (2.23)
& ) 2
% [EOGm(”‘}*EoG]
n
> EOG_(i).EEG (i) n}AEOG.]uEE(.
i=1 A
= - (2.24)
S 2
2> L[EOG_ ()12 - Drog
i=1
Thus, in general é 7 6 de=0 and hence the need to

investigate the effects of d.c. level removal arises,
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Figure 2.4

Simulated measured EEG which contains an OA and a response

x1g!

YT

VL EOG AMPLITUDE (UV)
&Q—'f\)w-h(ﬂm\]m(ﬂa

T 2 3 45 6 7 89
TIME (SEC)

Figure 2.5

The simulated EOG corresponding to the OA of Figure 2.4

The single component response model (dc # 0) is shown in

Figure 2.6.
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Figure 2.6

Linearly modelled response

Figure 2.7 (dc = 0) shows the EEG corrected for ©OA
non-recursively and without modelling (NR-OCAR-NM).
DATA_POINTS
499 128 296 3ga 512 648 78S egs 122t
-485 I ’ T T 1 T T M T T T T v ¥ T T M M 7T T 1 T A T T T ¥ M T M i g
2 1 2 5 6 7 €

4 S
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Figure 2.7
The NR-OAR-NM (dec = 0) corrected EEG
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The estimated CNV differs from the known one only in that
there is a small (1uV) but constant level shift. The shape,
slope and meximum amplitude (relative to the baseline) are
unchanged and there is ean OA remnant (in the form of
overcorrection of the measured EEG) of 1uV (5% of the
original OA). The correction, with d.c. level removal, gave
rise to the 6 (the estimated v&lue) of 0.20884 , compared

with the known value of 0.2, i.e., 4.92% in error.

Figure 2.8 (dc = 0) shows the NR-OAR corrected EEG when

modelling of the CNV was included (NR-OAR-WM).
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e 1?8 r1I2 ;

296 384 g 66 785 B9 122+
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ﬁ

Figure 2.8
The NR-OAR-WM (de = 0) corrected EEG

There are no visual traces of the OA and the CNV shape is
unaltered. The value of 6 with d.c. 1level removal is
0.20047 differing from the known value of 0.2 by 0.24%.
Hence it has been established for these simplified data that
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successful OAR can be achievéd non-recursively provided <the

response is modelled.
Figure 2.9 (dc = 0) shows the corrected EEG obtained

using the recursive method, but with no modelling

(R-OAR-NM).
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Figure 2.9
The R-OAR-NM (dec = 0) corrected EEG

A vestige of OA remains varying from +2.8uV to -0.7uV,
relative to the EEG baseline. It can also be observed that
there exists a small difference in pre- and post-0OA EEG
baseline of 70.5uV. It appears that the CNV is unaltered.
Scrutiny of the recursively corrected EEG when modelling is
applied (R-OAR-WM) and the d.c. level is removed (dc = 0)
show that the CNV shape is unaltered and no OA remnant is

discernible, i.e., the EEG is the same as in Figure 2.8. In
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addition the pre- and post-OA baseline difference of Figure

2.9 has been eliminated.

Figure 2.10 (de = 0) 1is a plot of © against sample
number for the R-OAR-NM case showing a variation of é value
during the record which accounts for the pre- and post-0A

EEG baseline difference observed in Figure 2.9.

35_ 11072
w20 CNVNCT1
® 25
£ s THETA 1 .1917
<
T 1P
o 5.
=
z 0.
LU -.5 MLEEES PR § SEEE RS & N un T T T

2 1 2 3 4 5 6 7

TIME (SEC)

Figure 2.10

Variation of 5 with sample number for R-OAR-NM (dec = 0)

-35-



The following observations can be made: the abrupt change in
5 at t = 2 corresponds to the onset of QOA; the more gradual
increase in 5 commences in the vicinity of the start of the
CNV (there being a slight delay 70.2s); the change in sign
of the slope of 5 occurs at CNV termination. Figure 2.11
(de = 0) shows the R-OAR-WM case in which the second trace
(labelled "THETA 2") is the estimate for the CNV  model

component parameter, the 92 of equation (2.25).

35 1072
30 CNVNCT!

BATCH @

TRETA 2 .2085
THETA 1 . 2001

ESTMTED PARAMETERS

TIME (SEC)

Figure 2.11

Variation of © with sample number for R-OAR-WM (dc = 0)

This figure shows immediately the very good estimate of ©
obtained when modelling is introduced and the elimination of
the fluctuating © values noted 1in Figure 2.10. The only

discernible variation is for 92 during the CNV presence.
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V-Aro<omnO—3I

Figure 2.12 (dec # 0) shows the NR-OAR-NM corrected EEG,

derived from data from which the d.c. level has not been

removed.
DATA_PGCINTS
40? 126 296 3g4 . S512 @ 765 296 meﬁaz
e \\\\\\\\J %
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Figure 2.12

The NR-OAR-NM (dc # 0) corrected EEG

This is seen to exhibit neither OA remnant nor CNV shape
modification. This was found to be the case for all
processing options (NR-OAR-NM, NR-OAR-WM, R-OAR-NM and
R-OAR-WM). The value of 5 obtained by NR-OAR-NM eand
NR-OAR-WM was identical and equalled 0.20034, i.e., 0.17% in
error. Figure 2.13 (dc # 0) shows the plot of 5 ‘variation
when R-OAR-NM was performed. An identical plot was obtained
when modelling was applied (except, of course, for the

addition of the estimate of 92, the model component).
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Figure 2.13

Variation of 6 with sample number for R-OAR-NM (dc # 0)

For these simple data, the conclusions are that the
response must be modelled if the d.c. levels 6f the data
have been removed, and that response modelling gives good

results in all cases.

For simplicity no EEG or EOG background noise was
simuleted. This condition can be Jjustified by noting that
hthe worst case error in estimating the O values will be when
there is no noise. Consider an N point sequence, where for
simplicity N is an odd integer next in sequence after a
multiple of 4. Denote the background EEG as s(i) and 1let
this be constant at a voltage Vg Furthermore 1let the

. + .
’noise’ be a voltage waveform of value v, relative to Vg

Then:
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v -V i=2,6,10,...,N-7,N-3 i.e. —— terms
s n _ 4
N+1
s(i) = Ve i=1,3,5,...,N-2,N i.e. — terms
2
N-1
v + v i=4,8,12,...,N-5,N-1 i.e. — terms
s n 4
- (2.27)
or for no ’noise’:
s(i) = Ve i=1,2,3,...,N -(2.28)

The above are depicted in Figure 2.14.

Figure 2.14

Illustration of effect of noise on sum of squares, J

Then for no ’noise’:
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