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Abstract: A new method for visualization of electroencephalogram process is developed, using factorial
analysis. This method permits data compression and visualization in a form adequate for humans to
trace continuous change patterns, compare data from brain hemispheres and delete apparent artifacts
using combined man-computer mode for achieving additional reliability. Accordingly, this method is
realized in software that allows an operator to select various modes of representation of results and
speed of visualization.
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INTRODUCTION

The analysis of time-continuous relations of fluctuations
in biopotential concurrently in many points of a brain pro-
vides a great volume of the computing operations con-
nected to the correlation or coherent analysis of electroen-
cephalogram signals. This next led to development of both
hardware and software systems for research automation.
An effective methodical example for similarity analysis
of electroencephalogram signals appeared representation
of correlation matrix EEG in three-dimensional factorial
space (Tsitseroshin 1986; Tsitseroshin et al. 2000). How-
ever, static representation of results of factorial analysis
EEG limits opportunities of the analysis and ordering of
the observable dynamic phenomena accompanying because
of fast reorganization of structure of a biopotential field of
a brain which by itself suggests dynamic representation.

In the following work we develop an appropriate pro-
gram and adequate means for visualization of results of
factorial analysis EEG which allow the researcher to vi-
sually trace dynamics of system bioelectric processes of a
brain in real time and in convenient forms, thus partially
solving the problem.
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DEVELOPMENT

First we provide the basic theoretical preconditions and
concepts of multivariate statistics which are used in par-
ticular, in the analysis of multiple channel EEG signals.
An effective way of a compression of the information con-
tained in correlation matrixes EEG, it is a factorial analysis
(FA) of the initial data (Blagush 1989; Ajvazjan et al. 1989).

The other methods of EEG representations are net-
work architecture for classifying feature vectors symboliz-
ing portions of an electroencephalogram (EEG) trace of
a human subject (Felzer and Freisleben 2003) and the
spectral decomposition of source EEG signals (Burger and
Hoppe 2007; Akin and Kiymik 2000). Evidently, that the
visual analysis of positional relationship of dozens vec-
tors in multivariate space is to the utmost inconvenient.
These vectors, if statistically dependent, can be approxi-
mately transformed into space of some dimension m, with
m possibly considerably less than number of parameters
n. Coordinate axles of such reduced space are some gen-
eral factors Fm and initial parameters ×i can be linearly
expressed through them:

×i = ai1 F1 + ai2 F2 + · · · + aim Fm + di Ui

(i = 1, 2, 3, . . . , n). (1)

It is the basic model of the classical FA. Here ×i and Fm
are random variables, as well as the characteristic factor Ui .
The classical model of the factorial analysis, in our case,
gives the following form:

×1(t) = a11 F1(t) + a12 F2(t) + · · · + a1 j Fj (t) + · · ·
+ a1m Fm (t) + d1U1(t)
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×2(t) = a21 F1(t) + a22 F2(t) + · · · + a2 j Fj (t) + · · ·
+ a2m Fm (t) + d2U2(t)

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
×i (t) = ai1 F1(t) + ai2 F2(t) + · · · + ai j Fj (t) + · · ·

+ aim Fm (t) + di Ui (t)

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
×n (t) = an1 F1(t) + an2 F2(t) + · · · + an j Fj (t) . . .

+ anm Fm (t) + dnUn (t).

(m � n) (2)

Here n of EEG processes are linearly connected with m,
the common for all constituent factors Fj (t) which in this
model represent mutually orthogonal processes. The num-
ber m provided by adequately chosen algorithm of FA is
usually significantly less then number n of outputs of EEG.
Each of the EEG processes also depends linearly on one
local, not interconnected statistically with other processes,
the so-called characteristic factor Uj (t). Its value deter-
mines the contribution of local component EEG in the
given lead.

During EEG representation in separate brains on the
CRT screen by radiuses – vectors as projections on the
plane from multivariate factorial space – it was found that
angles between vectors are inversely proportional to cor-
relation between corresponding EEG leads (Tsitseroshin
and Pogosjan 1993). Thus, the closer the vectors in facto-
rial space EEG, the larger is the above correlation between
these processes. And inversely, at angles approaching to
90 degrees, correlation coefficients are close to zero.

In consecutive periods of EEG analysis (duration of each
of 4 seconds), after their transformation to the digital form,
degree of statistical affinity of signals between each pair of
the leads (1–2, 1–3, 1–4 . . . 1–n, 2–3, 2–4, 2–5 . . . 2–
n, 3–4, 3–5, 3–6, . . . n–n) is calculated. On the basis of
these calculations correlation matrices are created. After
FA EEG is carried out by centroid method, the weight
of first three factors contains usually more than 80% of
the information about structure of a correlation matrix
(Blagush 1989; Ajvazjan et al 1989).

As a result, FA values of three factors for all EEG leads
(from 12 up to 20) and consecutive periods of analysis EEG
turn out. The received data can be displayed on the screen
as radiuses-vectors and are used for the visual analysis.
However, such an approach does not provide an oppor-
tunity of animation that can be essentially important, if
necessary investigate dynamics of process. For the solu-
tion of this problem it is expedient to keep results of FA
in a databank from where one can take them in a sequence
and then it will be possible to take, compare and analyze
them.

EEG is most commonly recorded according to the in-
ternational 10–20 electrode placement system shown in
Figure 1.

Figure 1 Distribution of electrodes.

Figure 2 The graphical user interface of the program for
EEG representation.

The 10–20 system (Bogacz et al. 1999) was developed
to standardize the collection of EEG data and facilitate the
comparison of studies performed at different laboratories.
When only a few channels of EEG are collected the elec-
trodes are placed at a subset of the sites. The recorded
signal is obtained by subtracting a signal measured below
the eye from one measured above the eye.

On further data processing (for example, for studying
dynamics of factors values changes) it is possible to use spe-
cialized software developed by us. It is written in Microsoft
Visual Studio 6.0 (Swart 2005; Holzner 2000). The graph-
ical user interface of developed software is represented in
the Figure 2.

The program allows the operator to choose for research:
a plane of factors, a period of the analysis, a dynamic or
static mode of display, various modes of representation of
results and speed of visualization.

Let’s review in detail an algorithm of the program which
allows us to carry out the following operations in particular:
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1. Display of factorial analysis EEG results in static (tradi-
tional) and dynamic mode of displaying. Depending on
one’s desire, it is possible to use various modes of dis-
play.

For realization of animation the value of factors on
an interval between the next period for both displayed
factors and for all leads are calculated by consecutive ap-
proach of value of the factor from last by the subsequent
period of the analysis. These values of factors on all pe-
riods of the analysis are known from a file with the data
of FA.

In the analysis of the data it is convenient to use the
accelerated viewing, as it is possible to find out easily
and quickly sharp changes, in particular biological and
technical artifacts which frequently deform the EEG-
SIGNAL.

2. Display of the processes occurring in bilateral symmetric
areas of the left and right hemisphere of a brain.

Display lead number I in factorial space is designated
by one of figures 1–16 which corresponds to the number
of an electrode – for the left hemisphere – even for the
right odd figures (Figures 3(a) and (b)).

With a traditional mode of display the center of coor-
dinates of factorial space incorporates a display of each
lead in factorial space. Thus the color of lines of the
connection going to display of electrodes located on left
hemisphere, becomes green, and color of the lines going
to display of electrodes located on right hemisphere be-
comes blue. At a mode offered by us the display of leads
located above different hemispheres is united in facto-
rial space in two groups. Displays of electrodes of the
left hemisphere incorporate the order of increase 1–16,
display of last electrode 16 (that corresponds to occipital
lead) incorporates to display 1 (frontal lead). The similar
picture is under construction for the right hemisphere.

In a case when on axes are chosen II-d and III-rd factors
additional shaped lines are drawn: they connect displays
of symmetric electrodes located in different hemispheres.

3. Viewing autocorrelation function. Value of the factor on
an axis of x-coordinate remains same, as well as at tra-
ditional representation of results FA EEG and value on
an axis of ordinates will correspond to value of the factor
for a period of the analysis earlier. Autocorrelation func-
tion allows us to fix occurrence of changes of FA results
effectively.

4. Display of the contribution of value of each factor in
color of the image of brains contours. The structure of a
biopotential field of a brain can be submitted as a color
ellipse (corresponding to a brain contour) in which color
of pixel is calculated under the normal law depending
on size of each of three factors and distance from pixel
to display of corresponding lead EEG. Thus red color
corresponds to the first factor, green color to the second,
blue color to the third. A combination of factors (i.e.,
different combinations of intensities of red, green and
blue colors) determines color of pixel.

Thus, the algorithm developed by us allows one to carry
out dynamic display of results of the factorial analysis of the

Figure 3 Representation of results FA EEG in a plane formed
by axes 2nd and 3rd factors for 16 leads. (a) traditional form
of representation, (b) the mode offered by us.

Table 1 The result of using FA software

Result of analysis

Number of Coincidence False alarm
Diseases Realization with expert (%) (%)

Schizophrenia 36 89.1 10.9
Brain stress 33 91 9
Brain damage 29 90.2 9.8

fluctuations of brain bioelectric activity. For the researcher
most of the information is provided by changes in mutual
disposition of vectors, by changes in weights of orthogonal
1, 2, 3 factors and also by appearance or strengthening of
4, 5, 6 factors.

RESULTS

For practical implementation of the developed method we
chose three types of diseases: schizophrenia, brain stress
and brain damage. For classification of diseases EEGs of
98 patients were used. The result of the classification using
specialized software of factorial analysis (FA) developed by
us is represented in Table 1:

The results represented in Table 1 show that the pro-
posed method of factorial analysis much more sensitive
in the field of schizophrenia and brain stress diagnosis as
compare with traditional methods. As we can see, measure-
ment of 98 patients’ records shows approximately a 90%
of successful diagnosis. Also, very favorable results were
acquired by applications of the algorithm to diagnostics of
brain stress and brain damage in new born children.

The diagnosis significance of the suggested method is
illustrated in Figure 4.

Top panel, projections of electroencephalography radial
vectors on the plane of factors I–II; bottom panel, on the
plane of factors II–III. Numbers of EEG radial vectors (1–
12), which correspond to EEG leads as shown on the left.
A healthy person in a state of rest has a steady distribution
of EEG radial vectors, which reproduce the location of
corresponding EEG leads in abstract three-dimensional
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Figure 4 The EEG vectors representation of brain activity in
normal (a) and pathological (b) states.

space. In case of pathology (e.g., a patient with concussion
of the brain) this order is disrupted.

DISCUSSION

It can be easily seen, that this algorithm is to be especially
effective when there is not local, but system damage to the
brain. Algorithm provides essential advantages in compari-
son to the traditional way of static representation of results,
as additional opportunities to use potential advantages of
system “man–machine” are created. Due to mobility of
the image the researcher can estimate a condition of the
examinee not only on displays of leads in factorial space,
but also on the dynamics of their moving. As the spatial ar-
rangement of radius-vectors with a high degree of affinity
reflects an arrangement of electrodes in a surface of a head,
the opportunity to estimate dynamics of brain processes is
created, and it is of paramount value for studying laws of
neurological-and-mental activity.

The accelerated animation provides more effective
search of rough changes EEG, that is, allocation of artifacts
that allows to approach to the decision important, actual
and still far from the decision the problem of automatic
exclusion of artifacts on EEG.

Autocorrelation function is expedient for using for re-
vealing those electrodes, the potential under which changes
to the greatest degree and as when change of values only
one of factors takes place.

Usage of the mode of display of results FA for division
of electrodes of different hemispheres allows us to present
more evidently functional interaction of symmetric depart-
ments of the left and right hemisphere (for example, 1–2,
3–4). Especially it is appreciable, when on factorial axes
are chosen IInd and IIIrd factors as in this mode addi-
tional shaped lines which connect displays of symmetric
electrodes are drawn. Parallelism of these straight lines
concerning an axis of IInd factor is shown as far as similar
to the organization of processes in a right and left hemi-
sphere.

CONCLUSION

It is necessary to note that the described program can be
used not only for analysis EEG, but also for the analysis of
any other types of three factorial data for which the average
size of values of factors differs less than on the order.

Here we should mention that the formidable task of
finding and deleting artifacts in EEG and similar biomed-
ical data is now proceeding with attempts to use differ-
ent methods. There are, for example, attempts to use
neural network systems for finding and deleting artifacts
(Tsitseroshin and Pogosjan 1993; Swart 2005; Holzner
2000). Gibson and James (Clochon et al. 1992) use indepen-
dent constraind analysis for seizure onset analysis of EEG.
Al-Kasasbeh, Al-Kasasbeh and Lvov (Bogacz et al. 1999;
Gibson and James in press; Jasper 1958) also used factor
analysis wavelet and fractal analysis technologies for find-
ing artifacts. However, as one could have expected, these
approaches are in the experiment phase and do not provide
general solutions.

We expect that visualization ideas from our software can
be different from FA for such methods. Also combined
methods can be effective.
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