NATIONAL AVIATION UNIVERSITY
INSTITUTE OF AERONAVIGATION

RADIO-ELECTRONIC COMPLEXES DEPARTMENT

RADIO-ELECTRONICS DEPARTMENT

IEEE UKRAINE SECTION JOINT SP/
AES CHAPTER (KIEV)

STATISTICAL METHODS
OF SIGNAL AND DATA

PROCESSING
(SMSDP-2010)

PROCEEDINGS
OCTOBER 13-14, 2010 KIEV, UKRAINE

Publishing of National Aviation University « NAU-Druk»
Kiev 2010



UDC 621.391: 519.2 (063)

Marepianmu koHepeHNii CKIagalOThCH 13 TE3 JOomoBixed HaykoBLIiB
3 Icnanii, Mexcuky, [Toasmi, Ykpainu, Pocii Ta iH.

Marepianu MOXyTh OyTH KOPUCHHMH JJIsi HAyKOBI(iB Ta BUKJIaNadiB i THX,
XTO IIPALIOE y i ramys3i.

Statistical Methods of Signal and Data Processing (SMSDP-2010):
Proceedings. Kiev, Ukraine, October 13-14, 2010 / General Chairman I. Pro-
kopenko. — Kiev: National Aviation University “NAU-Druk” Publishing House,

2010.—-180 p.

ISBN 978-966-598-662-1

The book of materials of International Conference “Statistical Methods of
Signal and Data Processing (SMSDP-2010)” contains articles contributed by
researchers from Spain, Libya, Mexico, Poland, Ukraine, Russian etc.

The materials presented can be used in further scientific and academic
process at universities and colleges, are of interest both for the general reader and

professionals.

General Chairman of SMSDP-2010 Prof. Igor Prokopenko

ISBN 978-966-598-662-1 © Authors of Papers, 2010



International Conference on

STATISTICAL METHODS OF SIGNAL AND DATA PROCESSING
(SMSDP-2010)

October 13-14, 2010 Kiev, Ukraine

ORGANIZED
by IEEE Ukraine Section Joint SP/AES Chapter (Kiev) and National Aviation University —
Radio-electronic Complexes Department and Radio-Electronics Department

OBJECTIVES AND GROUNDS

The Conference is planned to be a forum of ideas exchange and results discussion in the field of
methods, algorithms and means of data and signal processing. Submissions that contain novel
results is signal detection, parameter estimation, and other kind of statistical processing of
signals and data in telecommunication, remote sensing and information systems are welcome.

SESSIONS
1. Statistical models of signals and fields.
2. Detection of signals. Signal and interference parameters estimation.
3. Signal and data processing in remote sensing.
4. Discrete signals processing in telecommunication systems.
5. Data and signal processing in information systems.

Technical program committee Co-Chairs:
Krzysztof Kulpa  Warsaw University of Technology, Poland
Igor Prokopenko  National Aviation University, Ukraine
Felix Yanovsky National Aviation University, Ukraine

Chairman of SMSDP-2010 Co-Chair
Prof. Igor Prokopenko, IEEE Member Prof. Felix Yanovsky, IEEE Fellow
prokop-igor@yandex.ru felix.yanovsky@ieee.org

SMSDP-2010 Coordinator
Dr. Rustem Sinitsyn, IEEE Member
comandor@i.com.ua


mailto:yanovsk:y@ieee.org
mailto:prokop-igor@yandex.ru

Comparison of statistical parameters of real and
simulated electroencephalographic signals

Anton Popov, Oleg Panichev
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National Technical University of Ukraine “Kyiv Polytechnic Institute”
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Abstract — Statistical parameters of real and simulated
electroencephalogram (EEG) are important for testing the
statistical methods of signal analysis. The better is the model the
more it satisfies the requirements not only in time-frequency
domain, but the requirements of proximity to the statistical
parameters of real EEG signal. Evaluation of adequacy and
applicability of one of the existing EEG model using statistical
parameters Is realized. Preferable statistical parameters of EEG
which are preserved by the model under consideration are
selected. The test results proving the parameter selection are
presented.

Keywords - EEG processing; FEG simulating; Statistical
properties of EEG

1L INTRODUCTION

Electroencephalography is one of the most widespread
techniques for evaluating the state of human brain. It represents
the electrical activity of neurons in the brain and gives
outstanding possibility to visualize the functioning of the brain
in real time. During the electroencephalographic test the
mitltichannel signal of voltage differences from the surface of
the head — electroencephalogram (EEG) is recorded and further
analyzed. The amplitude, time, frequency, statistical and scale
parameters of EEG signal are examined by the physician. They
are useful for diagnostics of epilepsy and other brain diseases
as well as for determining the parameters of normal brain
functioning (1, 2].

Today modern computerized EEG recording devices allow
to use versatile powerful mathematical techniques for obtaining
various parameters of EEG to derive new information about
brain functioning. Thus many new sophisticated methods of
EEG analysis are being developing to enhance the possibilities
of diagnostics. The final stage for evaluating the performance
of any new signal processing technique before using it in the
real-life applications is its testing with EEG signals with
different properties. Often there is absence of real EEG signals
with all needed properties for comprehensive assessment of
newly developed techniques. In this case the use of simulated
EEG signals could be of great advantage {3].

The crucial problem in using the simulated signals instead
of real ones is the assurance that degree of conformity between
real and simulated signal is sufficiently high. In opposite case
the use of simulated signal for testing the method’s
performance is meaningless. Thus for each signal model a
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comparison of similarity between real and simulated signdsf
should be done beforehand There are still no genedf
recommendations in the literature for using some particuls§
parameters for such analysis of signal model. ‘

It is known that the EEG signal could be considered af
stochastic process, so it makes sense to define its statisticd
parameters. In this paper the task of comparison of real mif
simulated EEG signals using statistical parameters i
considered. EEG model used in this work is based on (¢}
inverse Fourier transform and predefined averaged powal
spectral density for the rhythms [3]. The paper is organized a§
follows. First, brief information about the EEG model is givee f
Second, the possible set of parameters for comparison ¥
selected and validated. In the last section the experimentsd
results are presented and conclusions about the considerd
EEG model are given.

II. MoDEL oF EEG SiGNAL

There are many ways of simulating EEG signals, sucha
generating an EEG signal by modeling activity of neurons ors
random signal with the desired statistical characteristics etc. b§
the previous work [3] the method of simulation of EEG signl f
using a superposition of harmonic oscillations was proposed §
using which simulated EEG signal could be obtained as: '

M
y{()=2 4,sin(27f,+0,),

=1
where A,— amplitudes, f, — frequencies, ¢, ~ phase shif ;
for each sinusoidal curve; Af — number of harmonic oscillatiom
used and length of vectors 4, and £, . By manipulating th
vector of amplitudes the desired signal spectrum can b
obtained and the challenge is to calculate the amplitude of eachf
sinusoid of a certain frequency. The new technique fof
selecting the averaged power spectral density for each EEG|
rhythm in the simulated signal was also presented.

This methed allows prescribing the power density spectn
of simulated signal and it is capable to reflect time-frequency §
parameters of real EEG for different states of brain in tef
simulated signals. '
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III.  STATISTICAL PARAMETERS OF
ELECTROENCEPHALOGRAM

It is widely known that signals could be analyzed with

dfferent mathematical approaches: deterministic and

R aatistical. Each of them has its own merits and demerits, and

mveals different properties of the signal under consideration.

The choice of particular methods depends on the current needs
dfresearcher and current task.’

The proposed model of EEG signal, briefly described in
evious section implies that simulated signal has no random
prameters except phase of harmonics. Thus the deterministic
prameters of obtained signal’s model are in general already
fown. On the other hand, many researchers emphasized that
imin electrical activity has considerable amount of
nndomness, representing the stochastic way of information
pocessing in the brain structures [1, 2], Thus evaluation of
gatistical parameters for simulated EEG signal and comparing
tese parameters with such of real EEG is useful for evaluating
fie quality of proposed model.

In this work we consider EEG signals as discrete stationary
nndom functions of time. Let we have the sample of EEG

mgna] of length N: X (t)=x,, i=LN . As measures of

gmilarity between real and simulated EEG signals the
!R}H{}wing parameters were selected [4-6]:

1. Averaged standard deviation for signals.

2. Central and ordinary moments of EEG realizations.
3. Normalized histogram.

4. Skewness.

5. Kurtosis.

Sample estimate of ordinary moments of k -th order is

N

m=a2 () M

=1

Central moments of different order completely describe the
nndom process. The sample central moment of order & is
defined as

=—Z(x m) @

t=l

N

where m, =%Z x, — estimate of first order ordinary
=1

moment (sample mean).

Histogram is the sample estimate of probability density
finction of random process. First we divide real axes into
K=1+3.32-1gN vparts with equally spaced limits:
o<V, <V, <...<V, <+oo and count the number A of
amples of signal X(#,) which occurred in particular j-th

interval, j= 1,X . Then step function is called histogram:

H(x,)=h, xe(v,.v,],
j= le-lN

&)

Normalized histogram which is the estimation of sample
probability density function, is defined as

h
H(x‘j)= NAjv/ % G( f—l’VJ]’

) @

Jj=LK, i=LN
where Av! =V -V,

Skewness is the measure of asymmetry of random samples
scattering around the mean value, which is the estimate of
asymmetry of probability distribution function. If skewness is
negative the data are more distributed to the left from the mean
value, and in opposite case the data are spread out more to the
right side from the mean value. Skewness is defined as

=5
S g ©)

where 4, is third order sample central moment and o is

sample standard deviation. For discrete random function,
skewness is defined as

S= = . 6

Skewness 1s extremely useful in the cases when the data
considered normally distributed are in real life differently
deviated around the mean value. Thus employing skewness can
give additional important information about the random signal
properties.

Kurtosis is the estimate of sharpness of the probability
distribution’s peak; it shows how plain the distribution is and
thus could be indirect measure of the value of variance. Sample
kurtosis is defined as

IN

_Z(x: ’m1)4

yz%q: lNNf=1 —-3. D
4 2
(Ezl(xi_ml) )
f

The term -3 is included to assure the kurtosis of normal
distribution equal to zero.

IV. EXPERIMENTS

During the experiments the abovementioned parameters
were calculated for real and simulated EEG. Real EEG signal
were recorded in the Department of Neurophysiology of
Institute of Neurosurgery of Ukraine using the Galileo Planet
200 computerized EEG recorder. All calculations were
performed in the Department of Physical and Biomedical
Electronics of National Technical University of Ukraine “Kyiv
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Polytechnic Institute” in Matlab environment. To calculate the
statistical parameters 19 EEG signals were used for each case.
Real and simulated EEG signals for healthy person were
calculated using model described in Section II. Comesponding
normalized histograms are presented on Fig. 1, 2. Also the real
and simulated EEG signals for person suffering from epilepsy
were used; corresponding normalized histograms are presented
on Fig. 3, 4. For the cases of EEG of healthy person and person
suffering from epilepsy the following parameters were
calculated (1-7): averaged standard deviation, ordinary and
central moments of order 1 to 5, skewness and kurtosis. Results
are given in Tables I, IL

i
%)

sw

Figure 1.

Figure 2.

FX] S —

Normalized histogram of real EEG signal of person suffering from
epilepsy

Figure 3.
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Figure 4. Normalized histogram of simulated EEG signal of person suffering f

from epilepsy
TABLE L PARAMETERS OF REAL AND SIMULATED SIGNALS OF
HEALTHY PERSON
Parameter, signal from Stmulated
healthy person Real EEG EEG
Averaged Standard 1037+
Deviation 9.88+ 1.44 5.63¢-014
. 1482015 +
Ist Ordinary Moment 0.52+032 5.046-015
) 107.60 =
Znd Ordinary Moment 100.14 +27.82 1166012
3rd Ordinary Moment | 169.11 % 639.51 -15.90 + S1.47
4th Ordinary Moment | 47410.76  $9810.93 2333514'39 *
) 1346607.58 21790.84 +
5th Ordinary Moment | o9, 10 08 65412.05
1st Central Moment G+0 00
167.60
2nd Central Moment 99.77 + 27.82 1.16e-012
3rd Central Moment 16.07 £ 648.23 -15.90 + 51.47
4th Central Moment 47292.39 + 58836.42 2333514‘39 *
1224500.76 + 2179084 +
Sth Central Moment 6161195.26 65412.05
Kurtosis 419+4.13 3.01+0.07
Skewness -0,003 + 0.53 -0.01 + 0.04

V. DISCUSSION

As can be seen from Tables I and II, some values are qui
diverse for same parameters for real and simutated EEG signd §
for healthy and sick person and others are very close. Thus the f
precise analysis of each parameter’s applicability for using n§
signal analysis is needed as well as comparison of values fo §
real and simulated signals. '

Averaged standard deviation for real and simulated signals
for both cases is the same, but for EEG of healthy person i
equals nearly 10, while for the case of EEG of sick person itis}
approximately twice larger and equals nearly 20. Thus
considered EEG model preserves the standard deviation of red
EEG in simulated signal and can be used in the cases when this f
is meaningful characteristic of signal. Averaged standad
deviation could be useful characteristic for classifying EEG
signals.
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TABLE II. PARAMETERS OF REAL AND SIMULATED SIGNALS OF SICK

PERSON

fr(l:r:ll::llle;:cdl;?:on Real EEG Sﬁ;‘;;ged
8:::5;2 Standard 19.55£2.72 (2)%541 + 1.14e-
1* Ordinary Moment | 0.58 + 0.49 }:Ezg}i *
2™ Ordinary Moment | 390.14 + 10435 3‘1’3'35 * 3.06e-
3" Ordinary Moment | 255.23 £ 2167.16 '51715‘_5;5932 *
o ||
e
1* Central Moment 00 0+0
2™ Central Moment 389.57 + 1043 2?121'2_5011'2
3 Central Moment 43328+ 188623 | LO92*
T b b
e i Sl Feg
Kurtosis 335+ 036 301£0.11
Skewness -0.05+0.22 -0.01 £ 0.05

The values of EEG moments of all orders except 2™ differ
for real and simulated EEG for both cases. Moreover, the study
showed that standard deviation of ordinary and central
moments is often much larger then mean values. To investigate
this fact and find an explanation further research is needed, for
now we can conclude that EEG moments should be utilized
with discretion for EEG analysis.

From visual analysis of histograms obtained for all signals
it can be concluded that the model of EEG signal does not
dlow to completely resemble all properties of signal’s
probability density function (PDF). It is confirmed by
comparison of skewness for real and simulated signal. For
healthy person mean skewness for simulated EEG 1s four times
less than for real signal (0.003 vs. 0.01). For EEG of sick
person the real signal’s mean skewness is five times larger than
for simulated signal (0.05 vs. 0.01). Such difference is high but
more important is the fact that differences for different signal
types are opposite. Thus we can conclude that EEG model does
not preserve the skewness and it is needed to use simulated
EEGs carefully in the cases when distribution of signal’s
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values around the mean is important. For example this could be
the case of investigation of exceeding of brain activity over the
isoline or over averaged value of brain electrical activity when
EEG is registered by the weighted reference scheme.

On the other hand the values of kurtosis for all signals
could be considered as almost the same, which proves the
applicability of the EEG model for the cases when the
sharpness of PDF is substantial. For example kurtosis can be
useful measure for investigation of small-magnitude brain
waves distribution.

Also it can be seen that the obvious way to improve the
simulation quality is to include the possibility to set the mean
value of desired EEG signal into model as constant to add to
the sum of sinusoidal waves (1).

VI. CONCLUSIONS

The recently developed model of EEG signal is analyzed
for capability to represent statistical properties of real signal for
the cases of EEG of healthy and sick person. Averaged
standard deviation, central and ordinary moments up to 5%
order, skewness and kurtosis was utilized as possible
characteristics of EEG. In the result two of signal’s parameters
could be recommended as reflected by the model adequately,
such as standard deviation and kurtosis. These parameters were
the same for real and simulated EEG signals.

To additionally prove similarity of signals and adequacy of
the model subsequent work will be devoted to further
evaluation of EEG simulation quality and in particular to
estimation of possible nonstationarity of obtained EEGs. It is
also of great interest to add more flexibility to existing model
to represent different brain states in EEG signals.
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