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OLEHKA ®A30BOU CUHXPOHU3ALIUU
AJIEKTPO3HUE®AJIOFPAMMbI B CUMMETPUYHbBIX OTBEOEHUAX

Monos A. A.*, Kanaiikun A. M.2, Yyryn A. M.t
'Kagpedpa gpusuyeckoli u 6uoMedUUUHCKOL 31eKMPOHUKU,
HauuoHanbHbIl mexHudeckul yHueepcumem YkpauHbi «Kuesckul lNonumexHuyeckut MHcmumym»
yn. lNonumexHuyeckasi, 16, ogh. 423, 03056, Kues, YkpauHa
men.; +38-050-231-6448, e-mail: anton.popov@ieee.org
2OmadeneHue yHKYUOHaIbHOU OuagHOCMUKU,
UHecmumym Hedpoxupypauu um. akad. A.ll. PomodaHosa AMH YkpauHbl,

yn. 1. Maibopoosi, 32, 04050, Kues, YkpauHa

AHHOmMayus — PaccmoTpeHa 3agada onpefeneHuns cum-
METPUYHOCTW 3MEKTPUYECKON aKTUBHOCTM Mo3ra Yenoseka. B
KayecTBe YMCNEHHON XapakTepucTuku konebaHnn B cUMMeT-
PUYHBIX OTBEAEHUSX 3MEeKTPodHUedanorpaMmel npeasioxeHo
MCnonb3oBaTh OTHOLLIEHWE Pa3HOCTU CPefHMX 3HaveHun daso-
BOW CMHXPOHM3aLMW ANsi pearnbHbIX Y CypporaTHbIX SMeKTPOIH-
uedpanorpamm K ux cpegHekBagpaTUYHOMY OTKIOHeHuto. [lo-
nyYeHbl YUCTEHHbIE 3HAaYeHUA Mepbl CUHXPOHHOCTU ANs CUrHa-
NOB 3MneKTpo3HLedanorpamMmmsl 340pOBOrO YerioBeka u cogep-
Xawmx anunenTUOPMHYI0 aKTUBHOCTb, @ TakkKe roKasaHbl
pasnuyns, KOoTopble BbIABNSET NPEAJIoXKEeHHas XapaKkTepucTuka
AN akTUBHOCTW MO3ra ABYX TUMOB.

|. BBegeHue

OpHO 13 OypHO pasBMBAKOLLMXCH HanpaBneHuin
aHanuMsa curHanoB anekTposHuedanorpammbl (330N —
HennHenHbIn aHann3 A3IT, KOTOpbIN NO3BONSET CyauUTb
O CBOMCTBaxX CUrHana, He OTpaXaloLMxcs B ero Crek-
Tpe no dypbe M B KOPPENALMOHHBIX XapaKTepucTukax,
N KOTOPbIN MOXET ObiTb MONE3HBbIM B U3Y4EHUU CBS3HO-
CTU PasnU4HbIX MNPOLIECCOB M CUCTEM OpraHuM3ma 4erno-
Beka [1-3].

C/YMMETPUYHOCTE U CXOXECTb 3NEKTPUYECKOW ak-
TMBHOCTM 0benx nonyLapui ABnseTca OgHON U3 xapak-
TepucTuk paboTel Mosra. B paboTax, NOCBALWEHHbIX He-
nuHenHomy aHanudy O3, 6bino obHapyxeHo cyle-
CTBEHHOE pasnuyne B (Pa3oBON CUMHXPOHM3ALUWN Kone-
GaHun B pa3nmyHbIX YaCTOTHbIX Auana3oHax Aris 300po-
BOro mo3sra u npwu anunencum [4-5]. OgHako Bonpoc 06
onpegeneHnn CUHXPOHHOCTU Y CUMMETPUYHOCTU CUrHa-
NOB, perucTpupyemMbix OT ABYX MOMNyLlapuin Mo3ra, He
cTaBuncs.

Llenbto paHHOM paboTbl sBNsieTCA uccnegoBaHve
$asoBON CMHXPOHM3aLMM aKTMBHOCTU MO3ra B OTBefe-
Huax Q3I, CMMMETPUYHO pacnonOXeHHbIX Ha MOBEpPX-
HocTu ronosbl. B paboTte Takke npeanoxeHa HoBas
UYMCMEHHas XapakTepucTuka Ans onpedeneHns CuH-
XPOHHOCTWN WU3MEHEHWA B CUMMETPUYHBIX N HECUMMET-
PUYHBIX OTBEAEHMAX OT pasHbIX MONyLapuin mosra.

Il. Pa3oBass CUHXpPOHM3aALMA
aneKkTpoaHuedanorpamm

dasoBasi CMHXPOHM3aUUs onpedensdeTca B obwem
Ccly4yae KakK NOoCTOAHCTBO 3Ha4YeHUA pa3HOCTU MIHOBEH-

HbIX (ha3 ABYX curHanos S, (t) u s, (t) Ha npoTsikeHUn

Hekoero nHTepeana [5, 6]:
0(t)=ke, (t)—me, (t)=const

rae k,m — uenble yvcna, nokasbiBaloLiMe COOTHO-
LUEHNE CUMHXPOHHOCTWU has, M KoTopble ANs NPOCTOThI
4acTo NpuHMMatloTcs pasBHbiMM 1. ABTopamu [4] npea-
NOXEH YCTOM4YMBBLIA NokasaTtenb (Pa3oBOW CUHXPOHU3a-
UMM — «BenuuuHa asoBon cuHxpoHu3auuuy (BPC)
(phase-locking value, PLV):

PLV (t Ze'g "0
roe N— Homep napbl CUrHaNoB, KOTOPbIE UCMOMb3YHTCA
ONs ycpeaHeHus.

OnpegenexHve nokasatensa BPC HeobGxogumo npo-
M3BOOMTb HA HEKOTOPLIX 3apaHee BblOpaHHbIX YacToTax,
BbIOOp KOTOPbLIX [OOIMKEH MNPOM3BOAUTLCA Ha OCHOBE
npeaBapuUTeNbHOro CrnekTpanbHO-BPEMEHHOIO aHanusa
Q3T [5]. B paHHow paboTe ana nonyveHns nHhopmaumm
0 BENMYMHE MIHOBEHHbLIX (a3 YacTOTHbIX COCTaBIsito-
lWMX MPUMMEHEH MeTo4 Ha OcHoBe npeobpasoBaHus
MnbbepTa [6, 7], B KOTOPOM Afsi KaXO0ro curHana Bbl-

s(t)+ js(t),

roe §(t) — npeo6pasosanue MnbGepta curHana s(t):

MCTIsieTCs aHanUTYeckui curkan s, (t) =

~(t)=—v P. j )

Ona OByx curHanos, MMEILIMX OAMHAKOBYK AnU-
TenbHOCTb (N —1)Ts , B®OC paccuuntbiBaeTcs kak

1 fej(«amnmmm)

n=0

PLV = , )

rae T, — war guckpeTnsauum, c;
5(t)
s(t)

ckoro curHana s, (t).

¢, (t)=arctan - MrHOBeHHas asa aHanuTude-

B kayecTBe Mepbl CUHXPOHHOCTU CUTHanNoOB OTBede-
HU Q3 Ha ocHoBe ha30BON CUHXPOHU3ALUMU B AaHHOWN
paboTe npegnaraeTcs UCMNoNb30BaTb BENTUYMHY

PLVreaI - PLVsurrogate (2)
Osurrogate ’

roe PLV

Ons peanbHbIX U cypporaTtHbix curHanos O3[ [2, 4], co-

OTBETCTBEHHO, Oy - CPEAHEKBAZpaTMYECKOe OT-

n PLV,

surrogate

- cpegHue 3HadeHus BPC

real

KrnoHeHue ans BOC cypporaTHbIX cUrHasos.

lll. Pe3ynbTaThl 3KCNepuUMeHTOB

B xope akcnepumeHTOB Oblny MCNonb3oBaHbl Mo 19
curHanoB HopmanbeHon 331 1 B3I ¢ anunenTudopMHON
aKTUBHOCTbLIO, 3apPErnmcTpUpOBaHHbIX MO CTaHO4ApPTHON
cucteme permctpaumm «10-20». [na chopMmnpoBaHHbIX
nap curHanos 3HaveHns BOC 1 mepbl CUMMETPUYHOCTH
Ha ocHoBe (ha3oBOW CUHXPOHWM3ALMK paccyUTLIBANoCh
Mo OMMCaHHbLIM Bbile anroputMam. [ns kaxpgow napbl
curHanoB Obina MonyyeHa 3aBMCMMOCTb MrHOBEHHOM
dasbl OT BpeMeHn Anga ydactka anuHonm 10 cekyHa u
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onpegeneHo 3HaveHne BPC no (1), a 3atem paccuntaHa
Mepa cuHxpoHHocTu B3I no (2). Ee BennunHa ana 330
3gopoBoro 4enoeeka coctaBuna 0,5054 u 0,1061 B
CUMMETPUYHBIX U HECUMMETPUYHBLIX OTBELAEHUSX COOT-
BETCTBEHHO, a ana O3l ¢ anunenTMdOPMHON aKTUBHO-
cTtbio — 0,3304 n 0,0321.

0.6 T T T T T
e
5 —=—
— 0.9
94 — =
— 0.8
13.7
N
T —_—
a: 18.1 ——] 0.7
=4
[
§ 225
i —| 0.6
26.9 —
31.2 0.5
35.6E —_—
e 0.4
g e ——
1 2 3 4 5 6 7 8 9 10
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Puc. 1. 3asucumocmb eenuyuHbl ¢ha3oeoll
CUHXPOHU3ayuu om epemeHu 0115 pa3Hbix 4acmom (33l
300p08020 Yesioeeka).

Fig. 1. Frequency dependence of phase locking values
for different time shifts (EEG of a healthy person)

Mpumep rpadmyeckon 3asucumoctn BPC gnsa co-
CTaBMAIOLWMX pasHbIX YacTOT OT BPEMeHW NpvBedeH Ha
pucyHke 1 ans cnyyas 33 340poBOro Yenoseka.

V. BbiBOAbI

daszoBas CUHXPOHM3ALUS SBMSIETCA WHCTPYMEHTOM,
MO3BOMSAOLLMM OLEeHNBaTb CUHXPOHHOCTb U CUMMETPUY-
HOCTb aKTMBHOCTM MO3ra YerioBeka B pasHbIX MonyLia-
pusx. Ha ocHoBe npeanoxeHHow B paboTe HOBOW Mepbl
CUHXPOHHOCTM 6bINO MOKa3aHO pasnuyne B CUHXPOHHO-
CTU ANEKTPUYECKON akTUBHOCTM Mo3ra ansa 33 sgopo-
BOrO YenoBeka M Mpu Hanmuunm anuMnenTuOopMHON ak-
TUBHOCTW AN CUMMETPUYHBIX U HECUMMETPUYHBIX OT-
BEEHWIN, YTO MOXET B NepcnekTMBe ObiTb BaXKHbIM KNn-
HWYECKUM nokasaTtenem.
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ESTIMATION OF PHASE
SYNCHRONIZATION
IN SYMMETRIC EEG CHANNELS

Popov® A., Kanaikin? O., Chugui* O.
lDepartment of Physical and Biomedical Electronics,
National Technical University of Ukraine
“Kyiv Polytechnic Institute”
office 423, 16, Politekhnichna Str. 03056, Kyiv, Ukraine
Ph.: +38-050-231-6448, e-mail: anton.popov@ieee.org
Department of Functional Diagnostics,
Institute of Neurosurgery of Ukraine, Kyiv, Ukraine

Abstract — The problem of determining the symmetry of the
brain electrical activity is considered. The new quantitative
measure of symmetry in brain electrical activity for two hemi-
spheres is proposed on the basis of mean values of phase syn-
chronization for real and surrogate EEG. Experimental results
of measuring symmetry of electroencephalographic signals
from healthy and epileptic persons are presented, showing sub-
stantial differences in synchronicity revealed for two cases.

|. Introduction

The symmetry and similarity of the electrical activity of hem-
ispheres are among important characteristics of brain function-
ing [1-3]. In papers concerning non-linear analysis of EEG sig-
nificant difference in the phase synchronization of oscillations in
different frequency ranges for healthy brain and during epilepsy
was found [4-5]. The purpose of this paper is to study the phase
synchronization of brain activity in EEG leads which are sym-
metrically arranged on the head surface. This paper also pro-
poses the new numerical characteristic for determining changes
in the synchronicity of symmetrical and asymmetrical deriva-
tions for different hemispheres of the brain.

II. Symmetry Estimation by Phase Synchronization

Phase synchronization is defined as the stability of phase dif-
ference between two signals over some time interval. We used
Phase Locking Value (PLV) as a measure of phase synchroniza-
tion [5-7] between two EEG signals from different leads:

PLV = , N

L
N

where go(nTs) is an instant phase of an analytic signal, ob-

Ni ei(alm)-e(0m)
n=0

tained by Hilbert transform, calculated for EEG signal sampled
with time step T, s.

To estimate synchronicity and symmetry in EEG signals us-
ing phase synchronization, the following equation is proposed in
this paper:

P LVreaI - PLVsurrogate

Q= ; @

O-surrogate

n PLV,

Where PLV surrogate
for real and surrogate [2, 4] EEG signals respectively, and

Oqurrogate 1S PLV standard deviation for surrogate signals.

The value of proposed equation for a healthy human EEG
was 0.5054 and 0.1061 in the symmetric and asymmetric leads,
respectively, and for the EEG containing epileptiform activity -
0.3304 (symmetric leads) and 0.0321 (asymmetric leads). Thus
this measure allows distinguishing between brain states.

real are the average values of PLV

I1l. Conclusion

Phase synchronization is proven to be a useful tool for evalu-
ating the synchronicity of the human brain activity in different
hemispheres. New measure of synchrony in EEG using real sig-
nals and surrogated data with broken nonlinearities is proposed.
Its application to evaluation of a degree of symmetry between two
hemispheres in EEG of healthy people and in the presence of
epileptiform activity showed significant difference and thus it
could potentially be an important clinical diagnostic tool.
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