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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA NiABUILEHHIO (PYHKLIOHAIbHOI €()eKTUBHOCTI MAIIMHHOTO HAaBYaHHS CUCTEMU
pos3nizHaBaHHS esleKTpomiorpadiunux 6iocurnanis (EMI'-6iocurHaiB) 11 CTBOPEHHS iHTEJIEKTYyalbHOTO [IPOTE3Y
IJISIXOM MOOYZ0BY B paMKax (PYHKIIIOHATIBHOTO MiAXO0LY 10 MOJEJI0OBAHHS KOTHITUBHUX IIPOLECIB TPUPOSHBOTO
iHTeJIEeKTy BUCOKO JOCTOBIPHUX i ONlepaTUBHUX BUPIilIyBaJbHUX NpaBuil. O6’'€KTOM JOCIiIKEHHS €
csab0(popMaizoBaHui NPOLEC MALIMHHOTO HABYAHHS CUCTEMHU PO3Ni3HaBaHHs EMI'-6iocuruanis Aj1s1 KEpyBaHHS
IIPOTE30M KiCTi PyKM 3 HEiHBa3UBHOK CUCTEMOIO 3YUTYBAHHS OiOCUTHAJIB 32 YMOBU HEIIOBHOI BUBHAYEHOCTI JaHUX.
[IpegMeToM mocifisKeHb € Moaesi i MeTonu iHpopmalliiitHoi TexHoorii iHpopMaliitHO-eKCTPEeMalIbHOTO
MaIIMHHOTO HaBYaHHS CUCTEMU po3Mi3HaBaHHsI EMI'-curnasiB 17151 KepyBaHHS IPOTE30M KiCTi PyKU 3
HEeiHBa3MBHOIO CUCTEMOIO 3YMTYBaHHSI 6iocurHaziB. O6paHi MeTOnY HOCIiIpKeHHs 6a3yI0ThCs Ha IPUHIMUIIAX i

MeTogax iHpopMaLiliHO-eKCTpeMasIbHOI IHTeJIeKTYaJIbHOI TeXHOJIOTI MalIMHHOTO HaBYaHHS [J1s1 TOOYZOBU BUCOKO



IOCTOBIPHUX i OIIEpAaTUBHUX BUPilyBaJIbHUX MTPABUJI; METOAX TEOPil MIMOBIPHOCTEN | MATEMATUYHOI CTATUCTUKY
ILJ1S1 OLIiHKU BUIIAAKOBUX BEJIMYMH i IEPEBIPKU CTATUCTUYHUX TIIOTE3; METONIaX Ta XapaKTEPUCTUKAaX Teopii
iHpopMaliii 151 OLIiHKM TOYHOCTiI MAlIMHHOTO HaBYaHHS CUCTeMU po3midHaBaHHs EMI'-6iocurHaris, sKi
XapaKTEePU3YIOTh PeaKLielo M's13iB NIepeAIliyysl Ha KOTHITMBHI KOMAaHIY BifTIOBiIHUX KECTiB KiCTi Ta NaJblLiB PYKU;
00’€KTHO-Opi€HTOBAHINl METO0JIOTii TPOEKTYBAHHS CKJIAJHUX CUCTEM JJIs1 PO3PO6KM iH(POpMaLiITHOTO
aJITOPUTMIYHOrO Ta IPOTPaMHOrO 3a06€3MeYeHHsI CUCTEMU pO3IizHaBaHHs EMI-curnaznis, o HaBYaeThCsl.
OO6rpyHTOBaHO aKTyaJbHICTh TEMU JUCEPTALlii, 32a3HaY€HO 3B’130K pOOOTHU 3 HAYKOBUMU TeMaMu, CPOPMYIbOBAHO
MeTy Ta 3a[a4i JOCTIiIKEeHHS, BU3HAYEHO 00'€KT, IpeIMET Ta METOAU JOCIiI)KEHHS, I0Ka3aHO HAyKOBY HOBU3HY Ta
[IpaKTUYHe 3HaYeHHs OTPUMAaHUX pe3ysbTaTiB, HaBeJeHo iHpopmaliiio Mpo pakTUYHe BUKOPHUCTaHHS, allpobaliiio
Pe3yJbTaTiB Ta iX BUCBITJIEHHS y ITy6JliKallisix. 3a pe3ysibTaTaMy aHajli3y Cy4yaCHOIO CTaHy Ta TeHJIEeHIIiil pO3BUTKY
[IPOTE3yBaHHS KiHIiBOK JIIOIWHY 3 0OMEXeHUMU (QYHKIIOHAJIBHUMU MOKJIMBOCTSIMU [TOKA3aHO, 110
NEPCIEKTUBHUM HANpPSIMOM MiJBUIIEHHS (PYHKLIOHAIBbHOI €(PEeKTUBHOCTI MPOTE3Y KiCTi pyKU 3 HEIHBa3MBHOIO
crucTeMoro 3uuTyBaHHsl EMI'-curnasis e ix iHTeseKTyasi3alisg Ha OCHOBI MAlIMHHOIO HaBYaHHA. He3Bakarouu Ha
3HAYHY KiJIbKICTb JOCJIiIPKEHb i3 BIOCKOHAJIEHHS B3aeMOJii 0co0M 3 iHBasiIHICTIO 3 IPOTE30M KiHIIiBKY, 3pYy4YHICTb,
(PYHKLiOHAJIBHICTb Ta OMMPEHICTh AKTUBHUX NPOTE3iB B MOOYTI BCE 1€ 3aJIMIIAETHCSI HA HEBUCOKOMY PiBHi. SIKII0
17151 POPMYBaHHSA BXiJHOTO MAaTEMATUYHOTO OIKCY PO3POO6JIEHO MIUPOKY HOMEHKIIATYPY KOMITIOTEPHO-
interpoBanux EMI'-ceHcopiB 3 ¢inbpTpatieio i Hopmanizanieio EMI'-6iocurnasis, To po3po6JeHHsI METOIiB
MAaIIMHHOTO HaBYaHHS 3 BUCOKOIO TOYHICTIO i ONIepaTUBHICTIO NPUNHATTS KiaacudikaliliHUX pillleHb BCe 11e
3QJIMMIAETHCS TPO6IEMAaTUYHUM. 3aCTOCYBaHHS TPAOULIIHUX METO/IiB iHTEJIeKTyaJIbHOTO aHali3y gaHux Data
Mining, Bkitoyaiouy WTy4Hi HelpoHHi mepexi (LLTHM), s indopmauifiHOro CUHTe3y iHTeJIeKTyaJIbHOTO IPOTe3y
He 3aBX[JU 3a0e3eyvye BUCOKY (PYHKIIOHANbHY €(EeKTUBHICTb MAIHHOTO HaBYaHHS 4Y€PE3 BUCOKUM CTYIIiHb
IIEPETUHY B IIPOCTOPI O3HAK KJIACIB pO3Mi3HaBaHHS. [I0Ka3aHO NEePCIEKTUBHICTE BUKOPUCTAHHS B IUCEPTALIIMHUX
IOCJTiIKeHHSIX ifeil i MeToniB po3po6seHoi B CyMCbKOMY JIep>KaBHOMY YHIBEpCUTETiI HAyKOBOIO IIIKOJIO0
npodecopa Jlosbumia A. C. Tak 3BaHOi iHpopMaliliHO-eKCTpeMabHOI iHTeleKTyanbHoi TexHosorii (IEI-TexHoiorii)
aHasli3y JaHUX, sIKa IPYHTYETbCSI HA MaKcuMisalii iHpopmaniiiHOI CIPOMOXKHOCTI CUCTEMU B IIPOLECi MAIIMHHOIO
HaBYaHHS. Ajle OCHOBHA IlepeBara MeToziB iHpopMaLiiHO-eKCTPEMalIbHOTO MAMIMHHOTO HAaBYaHHSI [10JISITA€ B TOMY,
1110 BOHU Ha BiIMiHY BiJj, HEPONOiOHUX CTPYKTYP PO3POOJISIOTHCS B paMKax (PYHKIIIOHAJIBHOTO MiTX04y 10
MOJI€JIIOBaHHS KOTHITUBHMX NPOLIECIB JIIOAMHY IPU (OPMYBaHHI Ta NPUMHSTTI Kjacu@ikaliiiHuX pillleHb, TOOTO
6e3rocepelHbO MOJEIOITh IPUPOIHUI MEXAHI3M IIPUMHSTTS pilmenb. Taknii MiAxin Ha BiIMiHY Bif CTPYKTYPHUX
METO/IiB 103BOJIsSIE MeTOIaM iH(pOopMaLiTHO-E€KCTPEMaJIbHOTO MAIIMHHOIO HAaBYaHHS HAlaTy FHYYKICTh IIPU
IepeHaByaHHi CUCTEMU Yepe3 pO3LIMPEHHS abeTKH KiaciB po3nisHaBaHHS. Kpim Toro, nobymosa B pamKax
r€OMETPUYHOTO MiIX0Ny BUPIllyBaIbHUX IIPABUJI POOUTH iX IPAKTUYHO iHBAPiaHTHUMMU JIO 6araTOBUMipPHOCTI
CJIOBHMKA O3HAK PO3Mi3HABAHHS i CYTTEBO MifBUIyE ONEPATUBHICTb NPUIHATTA KlacuikaliliHUX pillleHb, 10
0CO0JIMBO BaKJIMBO MPY K€PYBAHHI iHTEIEKTyaJlIbHUMU TPOTE3aMu. BogHOYaC BapTO MiIKPECINUTH, 10 METOLU
iHpopmMaLifiHO-EeKCTPEMAJIPHOTO MAIIMHHOTO HaBUYaHHS 37i/ICHIOIOTHCSI HE B iHTEPaKTUBHOMY PEXKUMI, SIK 11€
BiZOYBa€TLCS B ITYYHUX HEMPOHHUX MEPEXKAX, a B aBBTOMAaTUYHOMY i BOJHOYAC NNOTPEOYIOTh 1151 GOPMYBaHHS
HaBYaJIbHOI MaTPULi MeHIIe HK Ha TIOPSIOK 3pa3kiB EMI'-curnanis. ¥ gucepraniiiHiil po60Ti po3B'sI3aHO BaKJIMBE
HayKOBO-IIpPaKTMYHE 3aBJJaHHS pOo3p00JieHHs iHPpopMalliliHO] iHTesIeKTyalbHOI TEXHOJIOTI] MAIIMHHOTO HaBYaHHS
crCTeMU po3nizHaBaHHs EMI-6iocurHartis 11 KepyBaHHs IIPOTE30M KiCTi pyKU 3 HEIHBAa3UBHOIO CUCTEMOIO

3YMTYBaHHS 6i0CUTHAIB.

2. The dissertation research is devoted to improving the functional efficiency of machine learning for
electromyographic biosignal (EMG biosignal) recognition systems to create intelligent prostheses by constructing
highly reliable and operational decision rules within the framework of a functional approach to modeling cognitive
processes of natural intelligence. The object of research is the weakly formalized process of machine learning for
EMG biosignal recognition systems for controlling hand prostheses with non-invasive biosignal reading systems
under conditions of incomplete data certainty. The subject of research comprises models and methods of
information technology for information-extreme machine learning of EMG biosignal recognition systems for
controlling hand prostheses with non-invasive biosignal reading systems. The selected research methods are



based on principles and methods of information-extreme intelligent technology for machine learning to construct
highly reliable and operational decision rules; methods of probability theory and mathematical statistics for
evaluating random variables and testing statistical hypotheses; methods and characteristics of information theory
for assessing the functional efficiency of machine learning systems for recognizing EMG biosignals that
characterize forearm muscle reactions to cognitive commands for corresponding hand and finger gestures; object-
oriented methodology for designing complex systems to develop information algorithmic and software support for
learning EMG biosignal recognition systems. The relevance of the dissertation topic is substantiated, the
connection of the work with scientific themes is indicated, the purpose and objectives of the research are
formulated, the object, subject, and research methods are defined, the scientific novelty and practical significance
of the obtained results are demonstrated, and information about practical use, approbation of results, and their
coverage in publications is provided. Based on the analysis of the current state and development trends of
prosthetics for people with limited functional capabilities, it is shown that a promising direction for improving
functional efficiency of hand prostheses with non-invasive electromyographic signal (EMG biosignal) reading
systems is their intellectualization based on machine learning. Despite a significant number of studies on
improving the interaction between disabled individuals and limb prostheses, the convenience, functionality, and
prevalence of active prostheses in everyday life still remain at a low level. While a wide range of computer-
integrated EMG sensors with filtering and normalization of EMG signals has been developed for forming input
mathematical descriptions, the development of machine learning methods with high accuracy and operational
speed for classification decisions remains problematic. The application of traditional intelligent data analysis
methods, including artificial neural networks (ANNs), for information synthesis of intelligent prostheses does not
always ensure high functional efficiency of machine learning due to the aforementioned scientific-methodological
limitations. The research demonstrates the prospects of using ideas and methods of the so-called information-
extreme intelligent technology (IEI-technology) for data analysis, developed at Sumy State University by the
scientific school of Professor Dovbysh A. S., which is based on maximizing the information capacity of the system
during machine learning. However, the main advantage of information-extreme machine learning methods is that,
unlike neural-like structures, they are developed within the framework of a functional approach to modeling
human cognitive processes in forming and making classification decisions, directly modeling the natural decision-
making mechanism. This approach, unlike structural methods, allows information-extreme machine learning
methods to provide flexibility when retraining the system through expansion of the recognition class alphabet.
Furthermore, constructing decision rules within the geometric approach makes them practically invariant to the
multidimensionality of the recognition feature vocabulary and significantly increases the operational speed of
classification decisions, which is especially important for controling prosthetic devices. It should be emphasized
that information-extreme machine learning methods are implemented not in interactive mode, as occurs in ANNs,
but automatically and simultaneously require an order of magnitude fewer EMG signal samples for forming the
training matrix. The dissertation solves an important scientific-practical problem of developing information
intelligent technology for machine learning of EMG biosignal recognition systems for controlling hand prostheses
with non-invasive biosignal reading systems.
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