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CTPYKTYPA CUCTEMH BIIBOPY BIOCUT'HAJIIB JUUISA 3AJTAYI
BITHOBJIEHHSA KOMYHIKATUBHOI ®YHKIII JTIOJJUHHU

[IposedeHo  06rpyHmyeaHHss cmpykmypu ma cnocobie anapamuoi peasaizayii cucmemu  8i06opy
esnekmpoeHyegasozpadiuHux ma esekmpomiozpagdiyHux cueHaie 045 3a0a4i 8i0H081eHHS KOMYHIKamugHoi yHKYii Mosu
JIO0UHU i3 3aCMOCy8aHHAM MeJUYHO20 eekmpoeHyedasozpaga ma 640ka nidcusieHHs 6ionomeHyiais.
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THE STRUCTURE OF BIOSIGNALS SELECTION SYSTEM FOR THE TASK
OF HUMAN COMMUNICATIVE FUNCTION RESTORING

In the world, there is an increase in number of people with limited or lost communicative function. Therefore, it is important to
develop effective technical means of compensation or restoration of this function using indirect methods, based on the selection and
processing the biosignals, that arise during the implementation of the communicative function. In this case, the quality, informative nature of
such biosignals depends on the qualitative and quantitative parameters of the selection system. The work is devoted to the justification the
structure of the selection system and the parameters of its elements in order to ensure homogeneity of the statistical material, which is the
selected biosignals, produced during the communicative function implementation. In order to restore the communicative function, it is
proposed to use a method, based on the synchronous selection and processing of two groups of biosignals: electromyographic (EMG) signals,
selected from the neck surface near the vocal folds; electroencephalographic (EEG) signals, selected from the surface of the patient's head
near the linguistic centers. Taking into account the similarity of EEG and EMG signals, the possibility of selecting of such signals using one
multichannel electroencephalograph, has been analysed. It is established, that such a selection is possible only in the case of expansion the
frequency band of input signals, since the upper limit frequency of electroencephalographs usually does not exceed 100 Hz, but this is not
enough for the selection of EMG signals, since their structure contains signs of the main tone, whose frequency values may be in the frequency
range of 80-450 Hz. The structure of the selection system and preliminary processing of such biosignals is proposed, which includes two
independent channels of biopotentials amplification with an extended bandwidth. Additionally, in the structure of the system for conducting
experimental research and obtaining a reference signal, the signs of which are manifested in the structure of EEG and EMG signals, a parallel
selection of voice signals using a microphone, was performed. On the basis of these vocal signals, the informative features of individual vowel
and consonant vocalized sounds in the structure of EEG and EMG signals were performed. Using the proposed structure of the selection
system, it is possible to implement technical means for the indirect restoration of the human communicative function.

Keywords: biosignal, selection system, communicative function.

IMocranoBka npodJaemu

KomynikaruBHa (yHKIISI € HAWBXIIMBIIINM 3ac000M 00MiHY iHQOpPMAIIi€l0 MIXK JIFOJABMH Ta B TOBHIN Mipi
MoOxe OyTH peasli3oBaHa MPU MOBHOLIHHOMY (YHKI[IOHYBaHHI MOBHHX BIUIUIIB LEHTPalIbHOI HEPBOBOI CHUCTEMH,
JIMXaIIbHOT CUCTEMH 1 OpraHiB rojocoBoro amapaty [1]. OmHak crocTepira€thCsi 3pOCTaHHs KiJIbKOCTI JIIOed i3
00MeXeHOI ab0 BTPayeHOI KOMYHIKaTHMBHOMO (YHKIIIE€I0, 30KpeMa uepe3 MOpYIIEHHS pOOOTH IIMX TPbOX CHUCTEM
abo tpaBmu. Tomy, 3a7a4a MOIIYKY CIIOCOOIB BiZIHOBJIEHHSI KOMYHIKaTUBHOT (pyHKLIi SIK HAHBa)KJIMBIIIOTO 3aC00y
CHiﬂKyBaHHﬂ J'IIOI[CI\/II € aKTyaJIbHOIO IJIs1 MEAUIIUHU.

VY BUMaakax, KOJM KJIACHMYHI METOAW pealumitamii, 110 I'PYHTYIOThCS Ha BiJHOBJIEHHI (pyHKIIOHYBaHHS
OpTaHiB, L0 Peai3yloTh KOMYHIKaTUBHY (DYHKIIIO, HE JAIOTh HAJEKHOTO PE3YJbTaTy, aKTyalbHUM € PO3pOOICHHS
e(eKTUBHHUX TEXHIYHUX 3ac00iB KOMIIEHCAIl Y BiIHOBIEHHS i€l QyHKLIi i3 BUKOPUCTAHHSIM OIOCEPEIKOBAHUX
METOMIB, sKi TPYHTYIOTbCA Ha BimOOpi Ta OMpaIfoBaHHI OIOCHTHANIIB, II0 BHHUKAIOTH B IMpOIeci peamizarii
KoMyHikaTuBHOI (yHKmil. Taki TexHiUHI 3aco0M IMaxyTh MOXIHUBICTH MpPOBENEHHS e(QEeKTHBHOI peadimiTarii
KOMYHIKaTUBHOI (YHKLIi i B THX BHIIagKaX, KOJW BINHOBUTH (YHKUIOHYBaHHA OKPEMHX OpraHiB, 30Kpema
rOJIOCOBOTO amnapary, HeMOXJIHBO. IIpu 1bOMY, SIKICTh, iIHQOPMATHBHICTh TAKMX OlOCHUTHAJIB, ONPALIOBAHHS SKHUX
MPOBOJIMTHCS 3 METOI0 BIJIIYKAHHS O3HAK peaji3aiii KOMYHIKAaTUBHOI (DYyHKLIT Ui KOMIIEHCAIl MOpYIIeHb Il
pO06OTH, 3aJICKHUTH BiJl SIKICHUX Ta KUIbKICHUX [TApaMeTpPiB CUCTEMH BiI0ODY.

AHAJII3 0CTAHHIX JOCTiTKEHb

B obnacri GioMenuuHOI iHXKeHepil iCHye psJ] OMOCEePEeAKOBAaHHUX CIIOCO0IB, IO MOXYTh OyTH BHUKOPUCTaHI
JUIsl 3a/a4i BiJIHOBJIGHHS KOMYyHIKaTuBHOI (yHkuii MoBu. OCHOBOIO LMX CIOCODIB € Bif0ip Ta ONpaIOBaHHS
enekrpoennedanorpadpiuanx (EEI) [2], enexTpomiorpadiuaux (EMI') curnaimis, mo 3apeecTpoBaHi 3 MIMIYHUX
M’s3iB o0mmuust [3], Ta EMI curnaimi, mo 3apeecTpoBaHi 3 moBepxHi mui mamienrta [4]. OnHak, UM crocodam
MpUTAMaHHI HENONIKH, IOB’S3aHI 3 HENOCTaTHBHOIO IXHBOK IH(QOPMATHUBHICTIO, OCKUTEKH B cTpykTypi EMI
CUTHANIB, BIimiOpaHWX 3 MIMIYHHX M’s3iB oOmmyus, Oyme MicTUTHCh iHGOpMAIls JHUIIe Tpo poboTy
apTUKYILIiIHOTO amapary; y cTpykTypi EMI curnaniB, BimiOpaHux 3 moBepxHi mui, Oyae MICTHTUCH iH(pOpMAIis
JHIIEe PO poOOTY TONOCOBHX CKIanok; ompamtoBanHs EEI curHamiB nependavae ycyHeHHs ycix apredakris,
MOB’SI3aHUX 13 POOOTOIO IHINMX BiJJIUTIB TOJIOBHOTO MO3KYy (30KpeMa 30py, CIyXy TOIO), BPaxyBaHHsS CIIOCOOIB
KOJIyBaHHs 1 TIepeHeceHHs] MOBHOT iH(popMallii B MOTOKaX HEPBOBUX IMITYJIbCIB B HEHPOHHUX CTPYKTYpax MOBHHX
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LIEHTPIB TOJIOBHOTO MO3KY Ta 0COOIMBOCTEH BiHOOpaskeHHS KX MIPOIIECiB HA IIOBEPXHI TOJIOBH MAIi€HTA.

[epcriekTUBHUM € CrIOCiO BiHOBJICHHS KOMYHIKATHMBHOI (DYHKIIT JIFOMMHHU, SIKMH IPYHTYETHCS Ha BigOOpi
Ta OIpPAIfOBaHHI AOCTATHBOI 3 TOYKH 30pY IH(OPMATHBHOCTI KINBKOCTI Ta THIB OlOCHrHANIB JUis 3a0e3NeYeHHs
MOXJIMBOCTI TPOBEACHHS ifeHTH(IKalil Ta po3Mi3HaBaHHS OKpeMHX rosiocoBux (onem um cmiB. [Ipu 1pomy,
BOXJIMBUM € 3a0€3Me4YeHHs] MOXKJIMBOCTI CHHXPOHHOI peecTpauii Takux OIOCHTHAJIB 3 BUKOPHUCTAHHSIM €IMHOL
CHCTEMH BiIOODY.

®opMyTI0BaHHSA 1ineil cTaTTi

B po6oti mpoBoauThCs  OOIPYHTYBaHHsI CTPYKTYpH CHUCTEMH BinOopy OiocHrHaiiB Ta mapamerpiB ii
CKJIaJIOBHX €JIEMEHTIB 3 METOI0 3a0e3le4eHHs OJHOPIJHOCTI CTaTHCTHYHOTO MaTepialy, 0 HUM € BimiOpaHi
OiocurHaiM, MPOAYKOBaHI B MpoIleci peai3alii KOMyHIKaTHBHOI (DyHKIIIi.

Pe3yabTaTi 1ocaimKkeHHs

B mpamsx [5, 6] ommcano cyTh METOAY BimOOpY Ta OMpAIfOBaHHS OIOCHTHANIB AJIST PO3B’SI3aHHS 3a4adi
BiZTHOBJIEHHS KOMYHIKaTUBHOI (pyHKII{, IO IPYHTY€ThCS Ha MOJOXKEHHSIX aKyCTHYHOI Teopii TOJIOCOTBOPEHHS Ta
HelpoxpoHakcn4Hoi Teopii onarii [7] — B moroui BuanxyBaHoro mnositps (1) mkepeno curHany (JiereHi, rojxocosi
CKIamkn) (opMye 3ByKOBHH CHTHAJN 3 XapaKTEPHOIO MOBTOPIOBAHICTIO — OCHOBHUM TOHOM (3), IO TE€HEPYETHCS
TOJIOCOBHMHU CKJIaJIKaMH, KOTPi 30y IDKYIOTHCS MTOCIJOBHICTIO HEPBOBUX IMITYJIbCIB (2) (puc. 1).

BinmoBimHO HEPBOBI IMITYJILCH, SKi B TPOIECI BUMOBH CIiB Yd (pa3 KEPyHOTh POOOTOIO TOJIOCOBOTO
armapary B ITiJ] 4ac peajizauii KoMyHiKaTHBHOI (DyHKIIT, (POPMYIOTHCSI B OKPEMUX MOBHHX LIEHTPAX T'OJIOBHOTO MO3KY
1 MoBHHHI nposiBisATHCh Yy cTpyKTypi EEI" curnanis, mo BiniOpaHi 3 moBepxHi rojioBu B Oe3nocepeHii OIn3bKoCTi
JI0 IMX MOBHHX IIeHTpiB. OfHAK, HiJl Yac NPOBEAEHHS EKCIIEPUMEHTAIBHUX JOCITIIDKEHb [5, 6] Oyi0 BCTaHOBIIEHO,
LI0 BHKOPHCTOBYIOUM KiacuuHi Meronu EEI' nocmimkeHp MO)XKHA JIMIIE BCTAaHOBHTH (DAKT HASIBHOCTI MpoLeCcy
MOBIICHHSI, aJIe PO3II3HATH OKpPEeMi CIIOBa UM (Ppa3u MPaKTUIHO HEMOKIIMBO Yepe3 0OMEXEHI MOKIMBOCTI CydacHUX
enekrpoennedanorpadis (mpmnanis ams Bigdbopy EEI curnanis) Ta camoro meroxy EEI" mocmimkens [35, 6].

Jdnsi edeKTUBHOTO pPO3Mi3HABAHHS TOJOCOBUX CUTHAIIB 1 BiJHOBICHHS (YHKIIi MOBH IPONOHYETHCS
BUKOPHCTAaTH METOJ, LIO I'PYHTYEThCS HA CHHXPOHHOMY BiJOOpI Ta OMpAIfOBaHHI JBOX TPYI CHTHATIB: MEpII €
CHTHaJaM|, IO BiAiOpaHi 3 OKpeMuX OpraHiB rojocoBoro amapary — EMI' curnamu, BigiOpaHi 3 moOBepXHi mIui
no0JIM3y TOJOCOBUX CKIIAIOK; iHma rpymna — e EEI" curnaimu, okaiizoBaHO BifiOpaHi 3 AIISTHOK MOBEPXHI TOJIOBH
Hami€eHra, MmO pPO3TallOBaHi IOOJIM3y MOBHUX LEHTPIB. B CTpyKTypi OCTaHHBOI TpynH CHUrHajiB OyIyTh
BioOpa)kaTucs elneKTpu4Hi 00pa3u HEPBOBUX IMITYJIBCIB, SIKi Il LIEHTPH OyIyTh MOCHJIATH JI0 BIANOBIAHUX OpraHiB
TOJIOCOBOTO arapary sk HiOH ITiji 4ac BUMOBJICHHSI KOHKPETHOTO CJIOBA YH (hpasu.
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Puc. 1. Ilpouec TBOpPEeHHsI r0/10COBUX CUTHAJIIB NPH peaJi3anii KOMyHikaTUBHOT QyHKLiT

Bepyun no yBaru moxi6Hicte EEI" Ta EMI' curHamiB 3a CTpyKTYpOIO Ta IMapaMeTpaMu i MPUITYIICHHS, 10
O3HAKH pearizamii KOMyHIKaTHBHOI QyHKII OyIyTh HAWKpalIuM YHHOM TMPOSBIATACH B cTpykTypi EEI" curHais,
KOTpi OyJu BigiOpaHi 3 HMOBEpXHI TOJIOBU MallieHTa 1MOOJIM3y MOBHUX LEHTPIB T'OJIOBHOIO MO3KY, MOXIIUBHM CTa€
BimOip EEI' ta EMI' curHamiB 3 IOIMOMOIOI OJHOrO OaraTOKaHAIBHOTO ejekTpoeHiedamorpada. Ha puc. 2
MO3HAYEHO BIJBEJICHHS Ui BUIAAKy 3acTOCyBaHHs 16-kaHajbpHOTO ejekrpoeHuedanorpada Heiipokom (XAl
Menika).
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Puc. 2. Cnoci6 Binoopy EEI" Ta EMI curnajis 3a 10noMoro oiHoro ejexkrpoetuedainorpagpa
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Opnnak, 3acrocyBanHs mnst Bigbopy EEI' Tta EMI curnaniB onHoro enexrpoeHuedanorpada (B
JIOCIIIIKEHHSIX 3acTOCOBYBaBcsl enekrpoeHuedanorpad Heiipokom, XAl Menika) MOXIMBE JHIIE y BHUNAAKY
PO3LIMPEHHS YacTOTHOT CMYTH NIPOITyCKaHHS BX1THUX CUTHAJIIB, OCKIJIbKM BEPXHS I'PaHUYHA YacToTa CTaHoBUTH 100
I'u [8]. Lporo HemocratHbo npu Bigbopi EMI' curnaniB, OCKiJIbKM B IX CTPYKTYpi MICTATBCS O3HAaKH OCHOBHOTO
TOHY IPH BHUMOBICHHI T'OJIOCHHX YH IPUTOJOCHHX BOKAJi30BaHUX 3BYKIB (3HAUCHHS YacTOTH OCHOBHOIO TOHY
MOXXYTh 3HAXOIUTHCH B dacToTHOMY niama3oHi 80450 I'm [9, 10]). Po3mmpeHHss cMyru 4acToT, B CBOIO 4epry,
Mpu3BeAe A0 HEOOXiMHOCTI IMIBUIICHHS YaCTOTH IMCKpPETH3alii BXINHMX CHUTHANIIB. Y BHIAQJAKY 3aCTOCYBaHHS
CTAaHJApTHOTO eneKTpoeHnedanorpada, 3aBHaHHS PO3MIMPEHHS CMYTH YacTOT INPONMYCKaHHS Ta IiABUILEHHS
YacTOTH JUCKPETH3alii CTae TEeXHIYHO CKJIaJHMM. TOMy 3ampOlOHOBAHO CTPYKTYpYy CHUCTEMH Bifbopy Ta
MONIEPEIHHOTO ONPAIFOBAHHS TaKUX OIOCHTHAMIB, [0 HaBeaeHa Ha puc. 3. Jlirepamu A, B Ta C mo3HaYeHO MIISTHKH
HakJIaJaHHs enektpoaiB s Binbopy EEIT curHanmiB mo0nm3y MoOBHUX wLeHTpiB, Jitepamu D, E — obnacts
HaKJIaJJaHHs eJIEKTPOiB [yt Binoopy EMI" curnasis.

OOuzBi Tpynu CHTHAJIIB HAAXOAATh HA HE3aIEXKHI OJIOKM IONEpeAHBOTO MiJCHIEHHS, PEXEKTOPHOL
¢dinpTpamii ckimamoBux curHaimiB Ha dactori 50 I'm ta Omoku micwieHHs. Ilicns omudpyBaHHS I CHUTHAIH
Ha/IXOATh Ha 00YMCITIOBAIBHUN TIPUCTPIH, SIKWI BIacHe 1 BUKOHY€E IXHE OTpanioBaHHS.

JonaTkoBo B CTPYKTYpi CHCTEMH JUIS HOYATKOBHX €TalliB «HABYAHHS» MPOIPAMHOTO 3a0e3ledeHHs Ta
OTPUMAaHHS €TAJIOHHOTO CHTHAJY, O3HAKH SKOTO NPOSBILTIOTECS y cTpykTypi EET Ta EMI curnamnis, 3xificHrOBaBCs
TapajeNbHIid BiOip TOJOCOBHUX CHUTHANIB 3 J0OmOMOror Mikpodona M. Ha OCHOBI HWX CHTHAaNIB MPOBOAMIOCH
BU/IIJICHHsI 1HQOPMATUBHHUX O3HAK OKPEMHX TOJIOCHHMX Ta MPHUTOJOCHUX BOKANI30BaHUX 3BYKIB B cTpykTypi EEI" Ta
EMI curnaimis.

LBok nonepedHuo20 onpariosanna GiocuzHanis
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Puc. 3. CTpykTypa cucteMu Bii0opy Ta onpauioBaHHs 6i0CHrHAJIB U151 BiIHOBJIEHHSI KOMYHIKATUBHOI yHKIII MOBH

B xo0i ekcriepuMeHTaIbHUX JAOCIIPKEHb OYJIO IPAKTUYHO PEali30BaHO Yy BUIJISII OKPEMOI'0 MOIYJIs OJI0K
MiJICUJICHHS O10MOTEHIialiB, 0 npuaatHui i Binoopy sk EET Tak i EMI' curHamiB Ta sBisie COO00 OJTUH KaHAJ
MiJICWIIeHHsT enekTpoeHnedanorpada. BrukoHanuii BiH Ha OCHOBI IHCTpyMEHTaJNbHHX mifcwimoBadiB AD620 i3
THUTIOBOIO CXEMOI0 iXHBOTO BKJIFOUEHHs. Ha puc. 4 HaBeneHO (yHKIIOHATBHY CXEMY MPOIIeCy BiIOOPY TOIOCOBUX Ta
EMI curHamiB i3 BUKOPUCTaHHIM TAaKOTO OJIOKA IMiJCHICHHS O10MOTEHITIaMiB.
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Puc. 4. ®ynkuionaabHa cxema 0,10ky Bindip EMI Ta rosiocopux curnajis

3 Buxoay OJIOKY MiJCHIIEHHS OiOMOTEHINialliB KOPHCHUI CUTHAI TOAAaBAaBCS HA OIWH i3 BXOIIB 3BYKOBOT
KapTKH TEPCOHANIBHOTO KOoMIT'foTepa. Ha iHmmH BXiA mojaBaBcs CHTHAN i3 MikpodoHa, KOTpHH BHOMpaBCH,
BHUXOJSYM 3 pEKOMeHnaliii, mo HaBemeHi B mpami [11]. [ms BmacHe 3amucy 3a3HaueHHX OlOCHTHANIB OyIo
3acTocoBaHo mporpaMHuii maker Adobe Audition, mo Mae MOXIUBICTP CHHXPOHHOTO 3aIUCy 0araThOX CHTHANIB.
3HaueHHs 4YacToTH jauckperu3anii ta pospsaHocti ALl 3BykoBOi KapTKM TakoX BHOHMpaIMCh Ha OCHOBI
pexomenmanii [11].

[Micns 3aBepleHHs Mpoliecy HaBYaHHS MpOrpamMHoOro 3abesrnedyeHHs npu ompaioBanHi EMIT curnanis 3
METOIO IOIIYKY B IXHIH CTPYKTYpi 03HaK OCHOBHOT'O TOHY I'OJIOCOBOTO CHI'HAIY, 3aMiCTh MIKpO()OHa IIPONIOHYETHCS
BUKOPHUCTATH 1ICHTHYHMIA OJIOK MiJCHJICHHS 010MOTEHINaIiB A1 cuaxpoHHoro Bigodopy EEI" curnasis.

BucHoBku

3arpornoHoBaHO cTpyKTypy cucremu Binbopy EEI ta EMI' curnainis, o IpyHTYETbCS Ha BUKOPHCTAaHHI
iIeHTHYHUX OJIOKIB MiJCHIICHHS 010MOTEHIMIaNiB i3 PO3MIMPEHOI0 CMYTOI0 HPOITYCKAaHHS B IOPIBHSHHI 3 BY3JIaMH
migcuiieHHs1 OioNoTeHNialiB MEAWYHUX eneKTpoeHnedanorpadis. BukopucToByoun 3arpornoHOBaHy CTPYKTYPY
CHCTEMH BiIOOpY, MOKHA peajli3yBaTh TEXHIUHI 3acO0M IS OMOCEPEAKOBAHOTO BiJHOBJICHHS KOMYHIKaTHBHOL
(GyHKIIT TFOAUHA.
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