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The paper describes the method for electroencephalogram (EEG) analysis based on the stochastic resonance
(SR) effect. The numerical computation has provided the separation of low frequency components that fall within
the d-rhythm band. This is currently central in the neuropathology diagnostics, because the presence of low frequen-

cies in the EEG is abnormal and bears witness to the dise
SR effect have been compared with the computations bas
comparison has shown their good agreement.

PACS: 05.45

INTRODUCTION

The present-day disease diagnostics is to a large ex-
tent based on the data of numerous instrumental meth-
ods of examination. In neurology, extensive use is made
of the EEG-based diagnostics [1, 2].

Electroencephalography is the encephaloscopy diag-
nostic technique, which is based on registration of brain
electric potentials. Between two brain regions, and also,
between the brain regions and somatic tissues, distant
from the brain, there arise varying potential differences,
the registration and analysis of which is the main objec-

Classification of

ase. For verification, the data obtained with the use of the
ed on the autocorrelation function (ACF) processing. The

tive of electroencephalography. The EEG presents a
complex oscillatory process, which can be registered
with electrode arrangement on the brain or the scalp
surface. The EEG is the result of electric summation and
filtration of elementary processes taking place in brain
neurons.

In the contemporary neurology the EEGs are classi-
fied according to some basebands designated as
“rhythms” [1, 2]. The basic EEG rhythms are listed in
Table.

EEG rhythms [2]

EEG rhythms of a wakeful adult

Rhythm Frequency, Hz Amplitude, pV

o 8...13 Up to 100

B 14...40 Upto 15

normally 3...7
Types of activities pathological for the wakeful adult
) 0.5...3 Exceeds 40 uV, amounting at some pathological states
to 300 uV and more
0 4...6 —(—

It can be seen from Table that of particular interest is
the separation of low-frequency components, namely, the
frequencies lying in the regions of &- and O-rhythms,
since they are pathological for the wakeful adult. The
lower is their frequency and the higher is the amplitude,
the more clearly defined is the pathological process [1, 2].

1. METHOD OF EEG RHYTHM
SEPARATION BASED ON THE SR EFFECT

Since the mathematical model of EEG is still non-
existent at present, and its creating appears very prob-
lematic, the need for a strict quantitative estimation of
the EEG has led to a regular question about its statistical
nature. As early as in the fifties Norbert Wiener had
proposed that the EEG should be considered as a sto-
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chastic signal by analogy with the output characteristics
of any complex system [3].

Nowadays the EEG is considered as an additive sum
of the stationary random function obtained at the output
of the linear filter, at the input of which the “white
noise” entered, and the harmonic functions [4 - 6].

The paradoxical method, developed by physicists for
signal extraction against the high-noise background, has
come to be known as the stochastic resonance (SR) ef-
fect [7, 8]. One of the basic features of the method is its
capability of separating low-frequency components [7,
8]. So, it appeared natural that by applying the SR
method to the patient’s EEG implementation one could
try to separate low frequencies, which are pathological
for the wakeful adult.
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Fig. 1 shows the EEG implementation for the pa-
tient. The given implementation spectrum and the spec-
trum of the output signal of the stochastic resonator are
presented in Fig. 2. Fig. 2,b shows the 0 to 5 Hz band in
greater detail.

A

15+
10+
5 ' I. .
ol

10+

15l | i L s L L s . 1
0 1 2 3 4 5 6 7 8 t, ¢

Fig. 1. EEG implementation for the patient
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Fig. 2. The EEG implementation spectrum for the pa-
tient (green line-1) and the spectrum of the output

signal from the stochastic resonator (black line-2)

From Fig. 2 it can be seen that there are two peaks in
the low frequency region. These peaks are found at the
frequencies /= 0.7 and 1.5 Hz. The given frequencies
fall within the 6-rhythm band. The 6-rhythm band ex-
hibits no clear cut peaks.

It appears of interest to compare the present results
with the data of the other method, which also permits
separation of the harmonic components from the addi-
tive mixture with the noise.

2. METHOD OF EEG RHYTHM SEPARATION
BASED ON THE TREATMENT OF THE ACF

The given method is based on the use of the differ-
ences in the ACFs contributed by the white noise and by
the process composed of a discrete set of harmonic com-
ponents (assumed here as the sum of EEG rhythms) [9].
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With this method, it is possible to determine the
power spectral density of the process cleared of the
white noise.

Let us write down the EEG signal {(t) as a sum

s(1)=&(0)+n(1),
where E() is the linear combination of the harmonic
components; 7 (t) is the noise component. Then the
ACEF of the total process will be defined as
Rg(z'):Rcf (‘L')+R,7(z')+R§T7 (1) +R,7§ ()
h th lati lati
where Rf’? (T)’RU§ (r) are the relative correlation

process densities £(¢) and (7).
By neglecting the components Rf (r) and
n

RT75 (r)> we obtain [7]
R.(r)= R‘? (7) + Ry (1)

where according to ref. [8], we have
Woo (r
Ry (r)=—0"> @,
2
W, is the white noise power, o () is the root-mean-

square deviation.
Since the }317 (r) value rapidly decreases with the

increasing 7, and hence, the noise ACF is found near
zero, then, at sufficiently high 7 values, the ACF of the
process will be determined by the harmonic components
of the £(t) signal.

Fig. 3 shows the plotted ACF of the EEG implemen-
tation presented in Fig. 1.

R

08

0.6

0.4

0.2 |

0

-0.2 ¢

Ve e 9 2 0 1 s 6 e

Fig. 3. ACF of the EEG implementation presented

in Fig. 1

Using the Wiener-Khintchine theorem [9, 10] and
taking the EEG fragment over a distance of 50 counts
from the origin of coordinates, we find the spectral
components of the EEG (Fig. 4). The spectrum in the
range of 0 to 5 Hz is given in greater detail in Fig. 4,b.

Fig. 4 exhibits two peaks in the 6-rhythm band, their
frequencies being f = 0.7 and 1.5 Hz. The 6-rhythm
band shows no strongly pronounced peaks.

The comparison between the curves shown in Fig. 4
and Fig. 2 has shown good agreement of the peaks in
the 6-rhythm band. This result is the confirmation of the
obtained numerical SR-based calculations. The low fre-
quencies of the EEG are of vital importance in the diag-
nostics of nervous diseases; therefore, the present results
may find wide application in medical practice.
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Fig 4. EEG power spectral denszty (black curve-1)
and the EEG power spectral density resulting
from the processing of the ACF (green curve-2)

As can be seen from the above, the use of the SR ef-
fect in the EEG implementations will make it possible
to carry out a higher-quality medical diagnosing and to
detect pathological changes.

CONCLUSIONS

The EEG processing problem consists in detecting
the harmonics (frequencies, rhythms) caused by the
brain activity. This detection is carried out against the
background of intense noises generated by the activity
of neurons.

The pathological changes make themselves evident
in the EEG by the occurrence of slow rhythms 6 and 6.
Therefore, their detection is of vital importance in clini-
cal practice.

The SR effect has made it possible to separate the
low-frequency components, which fall within the 3-
rhythm band, and this is currently central in the neuro-
pathology diagnostics.

For verification, the data obtained with the use of the
SR effect have been compared with the results of the

EEG rhythm separation on the basis of the ACF process-
ing. The comparison has shown their good agreement.
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BBIAEJEHUE HU3KOYACTOTHBIX COCTABJIAIOIUX SJEKTPOSHIUE®AJTOTI PAMM
HA OCHOBE 3®®EKTA CTOXACTHYECKOI'O PE3OHAHCA
O.U. Xapuenko, 10.®D. Jlonun, JIII. 3a6poouna, B.M. Kapmauios

[MpuBenen Meron ananmza snexTpodHuedanorpamm (O3I) Ha ocHOBe 3(QeKkTa CTOXaCTHYECKOTO pe30HaHCa.
UucneHHBIH pacyeT MO3BOIMI BBIICIUTh HU3KOUACTOTHBIEC COCTABJISIONINE, KOTOPHIE MOMAIai0T B MOJIOCY O-PUTMA,
YTO SABJISETCS aKTyaJbHBIM B JUATHOCTHKE HEPBHBIX OOJIE3HEH, MMOCKOIBKY HU3KKE YacTOThl B DI ABIISIOTCSA maTo-
JIOTHYHBIMU U CBHUJCTENILCTBYIOT O 3a0ojeBaHuu. [ BepuUKAIMKM MONTYYCHHBIX PE3YIbTAaTOB OBUT IPOBEICH
CPaBHHTENBHBIA aHAIN3 YHCIEHHBIX PacyeTOB Ha OCHOBE () (eKTa CTOXaCTUIECKOro Pe30HaHCa M pacueToB Ha OcC-
HOBE aBTOKOPPEIIAIIUOHHON (PYHKITUHU, KOTOPBIH IMOKa3ajl X XOpOIIee COBMaICHHE.

BUAIVIEHHSA HU3bKOYACTOTHUX CKJIAJOBUX EJEKTPOEHIE®AJIOT' PAM
HA OCHOBI E®EKTY CTOXACTUYHOI'O PEBOHAHCY
O.1. Xapuenxo, 10.®. Jlonin, JLI1. 3a6podina, B.M. Kapmawos
Hageneno meron ananmizy enekrpoeniedanorpaM (EET) Ha ocHOBI eekTy CTOXaCTHYHOTO pe3oHaHCy. Yucens-
HUH PO3PaxyHOK JIO3BOJIUB BUIUINTA HU3bKOYACTOTHI CKJIAJIOBI, SIKi HOTPAILISIIOTh Y CMYTY O-PHTMY, L0 € aKTyallb-
HHUM Y JIilarHOCTHIII HEPBOBHUX XBOPOO, OCKiIbKKM HU3bKI yacToTd B EEI" € maTomorivyHUMU i CBig4aTh Nmpo 3aXBOpPIO-
BaHHA. J[ns Bepudikauii oTpuMaHuX pe3ynbTaTiB OyJ0 NPOBEICHO MOPIBHIBHUNA aHaJi3 YUCICHHUX PO3PaxyHKIiB
Ha OCHOBI e€()eKTy CTOXaCTUYHOI'O PE30HAHCY Ta PO3PaxXyHKIB Ha OCHOBI aBTOKOPEJALIHHOI QyHKIIT, SKHil TIOKa3aB
X rapHui 30ir.
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