Chapter 5

Software: EEG tool

5.1 Introduction

We developed a user friendly software named "EEG tool” allowing to use all the
methods presented in the previous chapters. This software is a graphical user interface
(GUI) with point-and-click features developed using GUIDE, the MATLAB Graphical

User Interface Development Environment.

5.2 How to run EEG tool

To use the EEG tool, you must first save in a single directory the files from the
CD provided with this text and follow instructions in file "readme.txt”. This is a
standalone C version of the Matlab GUI. Consequently, you don’t need to install
Maltab. To run the application, you simply launch the file: eegtool.exe. The main
window will then appear (Figure 5.1). The main window allow the user to access 3

different menus. These menus will be detailed in the following sections.
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Figure 5.1: Main window of the EEG tool.
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Figure 5.2: Main window of the EEG tool.

5.3 File menu

This menu enables to manage data by importing and exporting data files, opening
Matlab >.MAT’ datasets and saving the current workspace (Figure 5.2).

The Open "MAT’ action allows to open a Matlab dataset (Figure 5.3). The
button ”Open file” opens a browse window to select the file (Figure 5.4). Moreover, a
previsualization of the available variables allows to extract only the needed variables.
By clicking on the button ”Export selected variables to workspace”, you can either

select all variables (button ”Select all variables”) or only some of them.
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The ’Save workspace’ action enables to select variables from the workspace to
save into a .MAT" file (Figure 5.5). The "Update listbox’ button refresh the list of
available variables in the workspace. The ’Save selected variables’ button opens a

browse window to save the file in the appropriate folder.

The 'Import data’ action allow to import a ’CNT’ EEG file and create a Matlab
dataset . MAT" file (Figure 5.6) saved in the same directory. The name of this dataset

is the same as the name of the ".CNT’ file plus the extension 'donnees.mat’.

The "Export data’ action creates an ASCII text ’.txt’ file from a Matlab dataset
" MAT" file containing a matrix (Figure 5.7). The limitation of this item is that we

can only export one matrix and not several variables.
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5.4 Basic Operations menu

This menu enables basic computations on EEG data like ERP’s computation and
visualization, computation and visualisation of ICA components with a topographic
map named topoplot as explained in Chapter 4 (Figure 5.8).

The "ERPs computation’ item averages EEG signals to compute the ERP curves
as explained in Chapter 2 (Figure 5.9). The 'Update list’ button refresh the list of
available variables. You can choose the matrix of data by clicking on the variable. The
‘Select data’ button confirm the selection of the matrix of EEG data. The ’Select
stimuli file’ button opens a browse window to select a ".EV2’ file which contains
definition of the auditory stimuli. This file is normally provided with the ".CNT’ data
files. You can change parameters in the input windows "Matrix of results name’ and
'Interval length’.

The ’ERPs visualization’ item generates a plot of the ERP curves (Figure 5.10).
The ’'Rows to plot’ input box enables to choose the rows of the ERP matrix to drawn.
Click ’All’ in the input box if you want all the ERP curves. Type the number of the
rows to plot separated by a comma if you want to select only some ERP curves. Each
ERP curve will be plotted into a separated figure window (Figure 5.11).

The ’Independent Component Analysis’ item computes independent components
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Figure 5.10: "ERPs visualization’ dialog window.

using the JADE algorithm as used in Chapter 4 (Figure 5.12). This algorithm is
explained in Appendix A. You can choose the parameters by filling The 'Number of
independent components’ input box. You can change the name of the mixing and
unmixing matrix in the corresponding input boxes. You have to check or uncheck
the check boxes to select if you want to export the mixing and unmixing matrix to
the workspace. Note that you only need the unmixing matrix to compute the ICA
components in the workspace but you need the mixing matrix to use the topoplot

item.

The "Topoplot’ action plots the contribution of ICA components with a topo-
graphic map named topoplot as explained in Chapter 4 (Figure 5.13). Figure 5.14

shows an example of topoplot.
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5.5 Analyses menu

This menu can be used to run the analyses presented in this thesis: the cleaning of
EEG data presented in Chapter 4, the functional ANOVA presented in Chapter 5
and the registration by fractional polynomials presented in Chapter 3 (Figure 5.15).

The 'Cleaning’ item enables to clean EEG data using the 2-steps methodology
explained in Chapter 3 (Figure 5.16). Check boxes allow to use artifactual electrodes
or not and to use the 2-steps method or one of these steps. Note that if you check the
check box ’2nd step’ but not the check box "Use artifactual electrodes (1st step)’, only
the second step of cleaning will be used. You can define the number of the artifactual
electrodes, the thresholds for the correlation and for the kurtosis in input boxes. You
have to fill in a input box to define the name of the matrix with cleaned data.

The ’Functional ANOVA’ item computes the functional ANOVA modelling with
P-splines as explained in Chapter 5 (Figure 5.17). You can define if the time scale is

the same for each curve (’Same time scale for each curve’ check box) or use a time
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matrix defining the time scale for each curve separately ('Time matrix’ input box).
When the time scale is the same for each curve, you can change the values of the input
boxes 'Start point’, ’End point’ and 'number of points’ to define another time scale.
You can create the design matrix of your model by selecting fixed and/or random
variables in the workspace and finally clicking the Create design matrix’ button. A
check box allow to plot the effect curves with the confidence bands (an example is
presented in Figure 5.19). You can change the parameters of the P-spline basis in
the input boxes 'Number of knots’, 'Degree’, Penalty order’. When you push the
‘Compute model’ button, a dialog box opens to choose the smoothing parameter for
each effect curve. You can directly enter the value in the input box, or use the slider
(Figure 5.18).

The ’Registration’ item aligns curves using the fractional polynomial registration
presented in Chapter 3 (Figure 5.20). You can align the curves on their mean (check
box ’Target function is the mean of the curves to register’) or on a selected target

from the workspace.
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Conclusion and future research

In this thesis, we have proposed several techniques specifically dedicated to the analy-
sis of electroencephalograms. These techniques, presented in the EEG analysis frame-
work, are also relevant whenever functional data are obtained. The application of
these techniques to other applications could be an interesting future work'. More-
over, it could also be interesting for other application to integrate the different tools.
For example, functional ANOVA of independent component could improve results
compared with functional ANOVA of signals from electrodes.

The first topic presented was the use of ICA for EEG analysis. Our main contri-
butions in this topic are to make the cleaning process of EEG completely automatic,
a proposition of an efficient method for dimensionality reduction and an important
insight in the understanding of treatment effect on the brain thanks to the identifica-
tion and analysis of 2 interesting ICA components. Moreover, we proposed a method
allowing to compare independent sources computed from several datasets. In the
future, it could be interesting to test other ICA algorithm than the JADE algorithm.
Methods of ICA dealing with autocorrelation and non stationary variance exist. How-
ever, the different criteria make different assumption on the data, and, hence, the
choice of the criterion is problem specific. When the data have no time structure,

the basic ICA method can be used. If the data have clear time-dependencies, these

'We already applied functional ANOVA in bioengineering for the analysis of microarray data.
See joint work with L. Eyers, Functional ANOVA with P-splines: an application to the analysis of

melting curves of nucleic acids (submitted).
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usually imply nonzero (positive) autocorrelation functions, and the methods based
on autocorrelations can be used. However, such methods work only if the autocorre-
lations are different for each independent component (because the algorithm need to
find distinct eigenvalues of the covariance matrix, see e.g. Tong et al., 1991). When
some of the autocorrelations are identical, one could try to use the method based
on non stationarity (see e.g. Matsuaka et al., 1995), since these methods utilize the
time structure but do not require the time structure of each independent component
to be different. On the other hand, the basic ICA method often works well even if
the target independent components have time-dependencies. The basic methods do
not use the time structure, but this does not mean that they would be disturbed by
such a structure (Hyvérinen, Karhunen and Oja, 2001, chapter 18). Consequently,
we decided to use the basic ICA method in this thesis. However, comparison with
methods using autocorrelation could be very interesting for future work.

The second approach presented was a new parametric method of curve alignment
using fractional polynomials. This method of registration has the main advantage
to be very simple to compute and to be very flexible for the range of applications of
EEG analysis. Although the fractional polynomial technique is very flexible, it could
be interesting to find another parametric model with neurophysiological meaningful
parameters to align placebo and treatment ERP curves. This task would imply the
identification of relevant biologic parameter. Another interesting extension would
be the computation of confidence bands for the warping function which would allow
to identify significant changes between placebo and treatment curves. Bootstrap or
Bayesian methods could be used. Regarding the huge quantity of data, it would be
time consuming for our application.

The last topic we contributed was the implementation of a functional ANOVA
method using P-splines (Bugli and Lambert, 2006). Functional ANOVA with P-
splines is a powerful tool to model curves. Indeed, the model can be easily and
clearly stated. In the field of EEG analysis, it allows to bring information about the

modification of shape of the peak and not only about some specific characteristics like
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amplitude or latency of one particular peak that are difficult to identify from noisy
EEG signals. Functional ANOVA using splines is already used to model curves with
individual behaviour. For example, Durban et al. (2005) suggested individual curves
modelled as penalized splines with random intercept. The originality of our work is
that the random effect is a curve instead of a random intercept. Future work could
be the improvement of selection of the smoothing parameters. A Bayesian setup is a
possible solution to take into account efficiently the large uncertainty of smoothing
parameters in the computation of the confidence intervals (see e.g. Lambert and
Eilers, 2005).

All procedures presented in this thesis have been implemented in Matlab. We
provide a friendly user interface to use all our contributions.

Consequently, we have a tool that can give, at the early stage of clinical testing,
indications of treatment effect usually observed in the long run. The derived biomark-
ers can help to gain time during the development of a new treatment with impact
on the cognitive functions while, at the time, giving a better understanding of the

mechanisms involved by cerebral activity.
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Appendix

Appendix A: Jade algorithm

The JADE algorithm was presented in Cardoso and Souloumiac (1993). This algo-
rithm uses an approximation of the mutual information based on the joint diagonal-
ization of cross-cumulants.

We first introduce the concepts of cumulants and cumulant matrix. Next, we
explain the use of the cumulant matrix in the JADE algorithm.

Assume that X is a random variable with probability density function f(x). Let
¢(t) be the characteristic function of X"

o= [ sy

[e.e]

The cumulants kj, are defined as the coefficients of the expansion of In(¢(t)):

‘t)k
1 .

In(o(1) = 3

In terms of moments, the cumulant of order k£ are defined by:

k-1
R = Mg — E HiKEg—1
i=0
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where p; is ith moment of X'. For example,

k1= = B[X],
is the mean of the random variable X,
Ko = g — Ky = E[X? — E[X]E[X] = o2,

is the variance of the random variable X and

ki = E[X'] = 3(B[X?)’ - 4E[A%E[X]
F12E[X2) (B[X)? — 6 (E[X)*

is the kurtosis of X'. Suppose that we want to compute the cumulantof of the fourth
order for 4 random variables X;, X}, X, ;. A more practical notation of x4 is then
Cum[‘)c’za Xja Xk; ‘X'l]

More practically, if we define €[.] as
e[X] =X — E[X]
for a random variable X', we can write the cumulants of the fourth order as:

Cum[X;, X;, X, X)) = Ele(X;)e(X))e(Xy)e(X))]
—E[e(X:)e( X)) Ele( Xy )e(X))]
—Ele(X;)e(X) | Ee(X))e(X1)]

—Ele(X;)e( X)) Ele( X)) e( X))
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for the random variables &;, X;, X}, .
Now, we shall introduce the notion of cumulant matrix. The cumulant matrix as-
sociated to a random n x 1 vector X and any arbitrary n x n matrix M is defined

component-wise by:

QY (M)];; = Y Cum[X;, Xj, X, X My
k=1

We shall now use these notions to explain the JADE algorithm.
In the ICA problem, we have

z(t) = As(t)

for t € T. Thus,

Tij = E ik Skj

k

and so
T Z T
.’l?i == aiksk,
k

where z;7 is the ith line of the matrix X and s’ is the kth line of the matrix S. One

can see that

Cumlz;", 27, ;" 1" ] = Cuml[d aipsp”, D0, ajg8q" s o, AkrSs” 5 D5 1685 ]

_ T «T «T «T
- qurs QipQjqrraisCum[sy’ ,8q" ,Sr" , 85" |

using the additive properties of cumulants (see Cardoso and Souloumiac, 1993). More-
over, by definition, different sources 8,7, 8,7, ,7,8,7 are statistically independent.

Therefore,

Cum[spT, qu, s,-T, SsT] = 5(]0, q,T, 3)"54(3pT)
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where 4 is the Kroenecker symbol and r4(s,”) is the kurtosis (defined above) of
sources 8y’ , 8,7 ,8,1,85" for p=¢q =r =s. Hence,

n
Cuml|z;",z;", 2", 2" ] = Z Airn Qi U W K (S )
m=1
The goal of the JADE algorithm is, therefore, to find signals s,” which verify
the above relation. We shall now show that, to obtain this result, we must use eigen
value decomposition as preprocessing step. We transform the observed random vector
z(t) linearly so that we obtain a new random vector z(¢) which is white, i.e. such
that its components are uncorrelated with their variances equal to unity. Let V' be a

whitening and
z(t) = V(t)

the sphered vector. The whitening transformation is always possible. Because whiten-
ing is essentially decorrelation followed by scaling, the technique of PCA can be used.
The method consists in using the eigenvalue decomposition (EVD) of the covariance
matrix: E[z(t)z”(t)] = EDET, where F is the orthogonal matrix of eigenvectors of
Elz(t)zT (t)] and D is the diagonal matrix of eigenvalues. Note that E[z(t)zT (t)] can
be estimated in a standard way from the available sample. Whitening can now be
done through 2(t) = ED/2E"x(t).

Next, we define the matrix

such that
z2(t) =Vaz(t) = VAs(t) = Us(t).
Since 2(t) is white, the matrix U = V' A must be orthonormal:

U =1T1.
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If we suppose that S is a matrix of independent sources, we know from equation (5.1)

that the cumulant matrix Q*(M) associated to a matrix M must be:

[Q*(M))i; =35 =y Cumlz”, 2", 2", 2" | My,

- ZZ,Z:I Zzlzl Wi Wi Uim Uim K4 (smT)Mkl.
Therefore, the ICA problem reduces to finding matrices U (orthonormal) and A such

[Q*(M)] = UAU"

where A = diag(k4(817 )uy Muy, . . ., k4(8n)un” Muy,) for any matrix M and u; is the
1th column of U.

If U is an estimate of U, one can estimate A by : A = V-1U. A is diagonal if
and only if the sum of the square of the non diagonal elements of /A equals zero. So,
we can compute U , the estimate of U as the orthonormal matrix which minimizes :

Z[A]?j = Z[UTQZ(M)U]ZQj

i i
for any arbitrary p x p matrix M. In practice, we minimize the above relation for
a set of p x p matrices: M = {M;, Ms,...}. This kind of minimization can be
performed using a Jacobi optimisation. The Jacobi method is an iterative technique
of optimisation over a set of orthonormal matrices. The orthonormal transform is
obtained as a sequence of plane rotations. Each plane rotation is a rotation applied
to a pair of coordinates. The (i, j)th plane rotation by an angle ¢;; changes the

coordinates i and j of 2(t) according to :

2T cos ¢j;  sin ¢y 2z’
%
ZjT — sin ¢ij CcOoS d)ij ZjT ,

while leaving the other coordinates unchanged. The Jacobi method can be sum-

marized as :
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1. Preprocessing step. Compute a whitening matrix V' and set z(t) = Vx(t).

2. One sweep. For 1 <i< j<p,do:
e Compute the angle ¢;;, minimizing },, j[U TQ*UJ?, when the pair (%7, z;7)

is rotated.

o If ¢ij < dmin, do rotate the pair (z7,2;7). Gmin is a small angle, which
controls the accuracy of the optimisation. Typically, we take ¢, =

1072 /47T

3. If no pair has been rotated in previous sweep, end. Otherwise go to step 2 for

another sweep.

Finally, the JADE algorithm can be summarized as:
1. Preprocessing step. Estimate a whitening matrix V' and set z(t) = Va(¢).

2. Form Statistics. Estimate a set {Qf } of cumulants matrices defined as
{Q*(M;)|M; € M}, where

M is any basis for the p?-dimensional linear space of p x p matrices. A canonical
basis for this space is {ekelT|1 <k<l< n} where e, is a column vector with a

1 in kth position and 0’s elsewhere. So, we have

[Q% (exe] )ij = Cumlz”, 237, 2", 2" ).
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() —» x

) »  Estimate Q¢
'y

. .
Mixing Withening . N
process diagonal

» z(t

®

Figure 5.21: JADE algorithm.

3. Optimise an orthogonal contrast. Find the rotation matrix U such that the

cumulant matrices are as diagonal as possible, that is solve

U = argmin Z[(?TQz(]]?J
iF]

(We use the Jacobi method.)

4. Separate. Estimate A as

and estimate the sources as

The JADE methodology is summarized in figure 5.21.
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Appendix B: Variance of the fixed and random ef-

fects

A~

var(Xb) = Xvar(b) X"

~

Substituting the inverse Fisher information matrix to var(b), one gets:

var(Xb) ~ X (XTV X + (A;® D"D) + kD)TIXT

Using similar arguments,

var(Za) = Zvar(a)Z”

~Z(Z"R'Z + (A, ® D"D) + kI + G~1)"' 27,

Finally,
Xb
et ~A) ~C(CTR™'C + Bg+ (A®D"D) +xI)~'CT.
var(Zu)
where €' = [)?7 Z]a A= diag()‘Oa )‘17 R )\p7 )\(T), R )\(1")) and
§ elements
Ospry 0
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Appendix C: Computation of the correction factors

in F-test

Hastie and Tibshirani (1991) showed using bootstrap that one can estimate trace(H H”)
by 0.75trace(H) + 0.5 for a symmetric matrix H. Thus, we have:

61 = N — 2 trace(Hs) + trace(HyHYI)

do = N — 4 trace(Hy) + 6 trace(HyHY)
—4 trace(HoHI Hy) + trace(HoHY HyHYT)

vy = N —2 trace(H;) + trace(H,HY ) — 4,
vy = 0.75 11 + 0.5,
where
trace(H; HI') = 0.75 trace(H;) + 0.5
trace(H; HI H;H!) = 0.75 trace(H;HI') + 0.5
Using bootstrap, we obtained the following additional approximation:

trace(H;HI H;) ~ —0.0043 trace(H;H])?
+0.9157 trace(H; HI') — 0.0002

thereby showing that only trace(H;) must be calculated to obtain the correcting

factors.
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Appendix D: Construction of the design matrices

for the ERP example

We shall now show how to construct the design matrices X and Z. Consider, for
example, only 2 subjects (0 = 2 instead of § = 15), 2 treatments (placebo, as reference,
and Lorazepam) and 3 levels of concentration of the Lorazepam (instead of 10).

We get for Equation (4.42) in matrix notation:

(1010 0] (1 0|
10010 10
1000 1 10
11100 10
11010 10
T L1 ood ® ® | vec(BT) + Lo ® P | vec(UT)
10100 0 1
10010 0 1
1000 1 0 1
11100 0 1
11010 0 1
1100 1] |0 1|
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® 0 & 0 O o 0
® 0 0 @ 0 ® 0
® 0 0 0 @ ® 0
® & & 0 O - - o 0
IB(mean)
® & 0 ¢ 0 o 0
B(Lorazepam) ‘
_ u -
B d & 0 0 P ﬂ(level_l) N ® 0 (subject=1)
o B ulsu ject=
20000 iy 0 @ (subject=2)
® 0 0 @ 0 _ 0 @
IB(level_3)
® 0 0 0 @ |~ - 0 @
® & ¢ 0 0 0 @
® & 0 @ 0 0 @
| @& 0 0 O | |0 @
:)Z'b+2u,

where each block ® denotes the matrix of B-spline bases with (N = 128 rows and

S = 24 columns):

o1(t1)  d2(tr) ... @aa(ty)
& — o1(t2)  @alta) ... oaalta)
i G1(ti28) Poltios) ... B3a(tios) |
and
[ B(mean)T T [ Bfmean) ?()Tean)
T L L
B(Lorazepam) 6§ orazepam) o §4 orazepam)
B = ﬁ(levelzl)T _ ﬁflevelzl) . Béievelzl) ’
B(level:Q)T ﬁyevel:Q) o Béievel:ﬂ
i B(level:3)T | i B§level:3) ﬁégevel:?)) |
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(subject=1)T (subject=1) (subject=1)
U _ u _ U1 ... u34
subject=2)T (subject=2) (subject=2)
ylsubject=2) Uy Coe Uy

Consequently, in the matrix X , each column is in fact a block of columns because
each element ® is a matrix. The first block of columns describe the mean curve. The
second block of columns correspond to Lorazepam effect. The blocks of columns 3, 4
and 5 correspond to the 3 levels of concentration of Lorazepam. The blocks of rows
1,2, 3,7, 8 and 9 correspond to curves under placebo and the others blocks of rows
to curves under Lorazepam. The blocks of rows 1, 4, 7 and 10 correspond to curves
under the first level of concentration of Lorazepam, the blocks of rows 2, 5, 8 and 11
correspond to curves under the second level of concentration of Lorazepam and the
others blocks of rows to curves under the third level of concentration of Lorazepam.

Matrix Z allows specific subject pattern.
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