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1. Mogeni i MmeToau iHGOpMaLiliHOI TEXHOJIOTIi MAIIMHHOTO HaBYaHHS CUCTEMHU PO3Ni3HABaHHSA
esiekTpoMiorpadiuyHux 6i0CUIrHaliB Y IPOTe3yBaHHi
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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHA MiABUILEHHIO (PYHKLIOHATIBbHOI eeKTUBHOCTI MAIIMHHOTO HAaBYaHHS CUCTEMU
po3Ii3HaBaHHS esiekTpoMiorpadiunux 6iocurnanis (EMI'-6iocuruais) 1jist CTBOPEHHS iHTE€JIEKTYaIbHOTO IIPOTE3Y
IIJIIXOM [TOOYJOBYU B paMKax (PyHKIIOHaJIbHOTO MiIXOAY [0 MOJEJIOBAHHS KOTHITUBHUX MIPOLECIB IPUPOJHBOTO
iHTeJIeKTy BUCOKO JJOCTOBIPHUX i ON€paTUBHUX BUPIlyBaJIbHUX MTpaBuil. O6'€KTOM JOCIIIPKEHHS €
cyabodopmanizoBaHul NPOLEeC MALIMHHOTO HAaBYaHHS CUCTEeMH po3MizHaBaHHsl EMI'-6iocurnanis 1151 KEpyBaHHS
IIPOTE30M KiCTi pyKU 3 HEIHBAa3UBHOIO CUCTEMOIO 3UUTYBaHHS 6i0CUTHAJIIB 32 yMOBU HEIIOBHOI BU3HAUYEHOCTI JaHUX.

[IpegMeTOM IOCTIIKEHb € MOAesi i MeTony iHpopMmaliiiHOi TexHOIOri] iHPOopMaliiiHO-eKCTPEMAIBHOTO



MAaIIMHHOTO HaBYaHHY CUCTEMH PO3Mi3HaBaHHsI EMI'-curHaiiB 1151 KepyBaHHS IPOTE30M KiCTi DyKH 3
HEiHBa3MBHOIO CUCTEMOIO 3YMTYBaHHSI 6iocurHamiB. O6paHi MeTOY HOCIIpKeHHs 06a3yI0ThCsl Ha IPUHIMIIAX i
MeTojax iHpopMalifHO-eKCTpeMasbHOi iHTeIeKTyalbHOI TEXHOJIOTi MAaIlIMHHOIO HaBYaHHSI [1J1s1 OOy JOBY BUCOKO
IOCTOBIPHUX 1 OIIEPAaTUBHUX BUPilIYBaJIbHUX MTPABUJI; METOAX TEOPil MIMOBIPHOCTEN i MATEMATUYHOI CTATUCTUKY
171 OLLiHKY BUIIaJIKOBUX BEJIMYMH i IEPEBIPKY CTAaTUCTUYHUX TIIIOTE3; METOLAX Ta XapaKTEPUCTUKAX TEOPii
iHpopMaliii 151 OLIiHKM TOYHOCTiI MAIIMHHOTO HaBYaHHS CUCTEeMU po3midHaBaHHs EMI'-6iocurHaris, siki
XapaKTePU3yIoTh PeaKlielo M's13iB IepeAIliyysl Ha KOTHITMBHI KOMaHIM BiflIOBiIHUX JKE€CTIB KiCTi Ta NajblLiiB PYKY;
00’€eKTHO-Opi€HTOBAHINl METO0JIOTii TPOEKTYBAHHS CKJIAJHUX CUCTEM [JIs1 PO3pOOKY iH(pOpMaLilTHOTO
aJITOPUTMIYHOrO Ta IPOTPaMHOrO 3a0€3MeYeHHsI CUCTEMU pO3Mi3HaBaHHs EMI-curnasnis, o HaBYaeThCsl.
OO6rpyHTOBaHO aKTyaJIbHICTh TEMU JHCEPTallii, 3a3HaY€HO 3B’130K pOOOTH 3 HAYKOBUMU TeMaMu, CPOPMYIbOBAHO
MeTy Ta 3aa4i JOCTiIKeHHs, BU3HAYEHO 00'€KT, IIpeIMeT Ta METOAU JOCIiI)KEHHS, I0Ka3aHO HAYyKOBY HOBU3HY Ta
IIPAKTUYHE 3HAYE€HHS OTPUMAHUX Pe3yJIbTaTiB, HaBe[eHO iH(popMallilo MPO NPAKTUYHE BUKOPUCTAHHS, allpoOallito
Pe3yJbTaTiB Ta iX BUCBITJIEHHS y [Ty6J1iKallisix. 3a pe3ysbTaTaMy aHajli3y Cy4YaCHOTO CTaHy Ta TeH[IEeHI1iil pO3BUTKY
[IPOTE3yBAaHHS KiHIiBOK JIIOIUHYU 3 0OMEXXeHUMU (QYHKIIOHaJIbBHUMU MOKJIMBOCTSIMU [TOKA3aHo, 110
NEPCIEKTUBHUAM HAIPSIMOM MifBUIIEHHS QYHKLIiOHANBHOI €(DEKTUBHOCTI IPOTE3Y KiCTi PYKU 3 HEiHBa3UBHOIO
crucrteMoro 3uuTyBaHHsl EMI'-curnasis e ix iHTeseKTyasi3alis Ha OCHOBI MalIMHHOTO HaBYaHHA. He3Bakarouu Ha
3HAYHY KiJIbKICTb [OCJIiI)KEeHb i3 BIOCKOHAJIEHHS B3aeMOJii 0coOY 3 iHBasiIHICTIO 3 IPOTE30M KiHIIiBKH, 3pYy4YHICTb,
(OYHKLiOHAJBHICTb Ta NOMNPEHICTh AKTUBHUX NPOTE3iB B MOOYTI BCE 1€ 3aJIMIIAETHCSI HA HEBUCOKOMY PiBHi. SIKII0o
17151 pOPMYBAHHS BXiITHOTO MAaTEMATUYHOTO OIKCY PO3POO6JIEHO MIUPOKY HOMEHKIIATYPY KOMITIOTEPHO-
interpoBanux EMI'-ceHcopiB 3 ¢inpTpatieto i Hopmarizaiieto EMI'-6iocuraasis, To po3po6JeHHsI METOIiB
MAaIIMHHOTO HaBYaHHS 3 BUCOKOIO TOYHICTIO i ONepaTUBHICTIO NPUMHATTS KiaacudikaliliHuX pillleHb BCe 11e
3aJIMIIAETHCS MPOOIEMATUYHMM. 3aCTOCYBaHHS TPAAULIIHUX METO/IB iHTEJIEKTyaJIbHOTO aHali3y faHux Data
Mining, Bkitouarouu mWTy4Hi HelpoHHi mepexi (LIHM), nis indopmaniiHOro CUHTe3y iHTeIeKTyaJbHOTO IPOTe3y
He 3aBX[U 3a6e31e4ye BUCOKY QYHKIiOHAIbHY €(DEKTUBHICTh MAIMHHOTO HABYaHHS Y€pe3 BUCOKUI CTYIIiHb
IIepeTHHY B IPOCTOPi O3HAK KJIACiB po3mi3HaBaHHs. [I0Ka3aHO ePCHEKTUBHICTb BUKOPHUCTAHHS B JUCEPTALIMHNX
IOCJIIPKEHHSX ifiell i MeToziB po3po6sieHoi B CyMCbKOMY I€P>KaBHOMY YHIBEPCUTETI HAYKOBOIO MIKOJIOK
npodecopa JJosoumia A. C. Tak 3BaHOi iHPopMalliliHO-eKCTpeMasbHOI iHTelekTyanbHoi TexHosorii (IEI-TexHoiorii)
aHasli3y JaHUX, sIKa IPYHTYeThCSI HA MakcuMisallii iHpopmaniiiHoI CIPOMOXKHOCTI CUCTEMU B ITPOLECi MAIIMHHOTO
HaBYaHHS. Ajle OCHOBHA IlepeBara MeToiB iHpopMalillHO-eKCTPEMaIbHOTO MAIMHHOTO HaBYaHHS MOJISITA€ B TOMY,
110 BOHU Ha BiAMiHY BiJ, HEHPONOAiOHUX CTPYKTYP PO3POOJISIOTHCS B paMKax (PYHKLIOHAJIBHOTO MiTXOAY 10
MOJ€JIIOBaHHSI KOTHITUBHMX NPOLIECIB JIIOAMHY IPU POPMYBaHHI Ta NPUMHATTI Kjacu@ikaliiiHuX pillieHb, TOOTO
6e3rocepeiHbO MOJEIOITh IPUPOIHUNM MEXAHI3M IIPUMHSTTS pimenb. Takuil MiAxin Ha BiIMiHY Bif CTPYKTYPHUX
METO/IB J103BOJIsIE METOAAM iH(OPMaLiTHO-E€KCTPEMaJIbHOIO MAIIMHHOTO HaBYaHHS HAJIaTU THYYKICTb MPU
IepeHaByaHHi CUCTEMU Yepe3 pOo3LIMPEHHS abeTKu KiaciB po3nisHaBaHHs. Kpim Toro, nobymosa B pamKax
reOMETPUYHOTO MiIX0y BUPillyBaIbHUX IIPaBUJI POOUTSH iX IPAKTUYHO iHBaPiaHTHUMMU JI0 6araTOBUMIipPHOCTI
CJIOBHUKA O3HAK PO3Ii3HaBaHHS i CYyTTEBO MiABUILY€E ONE€PATUBHICTb IPUMHSTTS KIaCUPiKaLiiHMX PillleHb, M0
0CO0JIMBO BaKJIMBO NPU K€PYBAHHI iHTeIeKTyalbHUMU TPOTE3aMu. BogHOUaC BapTO MiIKPECINUTH, IO METOLU
iH(popmallifiHO-eKCTPEMAJIbHOTO MAIIMHHOTO HaBYaHHSI 37i/ICHIOIOTHCS] HE B iHTEPaKTUBHOMY PEXKUMI, SIK 11e
BiZIOYBa€TLCS B ITYYHUX HEMPOHHUX MEPEXKAX, a B aBBTOMAaTUYHOMY i BOJIHOYAC NOTPEOYIOTh 1151 GOPMYBaHHS
HaByYaJIbHOI MaTpULi MEHIIIe HXK Ha NOPsAOK 3pa3kiB EMI'-curnanis. ¥ nuceprauiiiniii po60Ti po3B’sI3aHO BaXKJIMBE
HAyKOBO-TIpaKTHUYHE 3aBJJaHHS po3p00JieHHs iHPpopMaliliHOi iHTesIeKTyalbHOI TEXHOJIOTi] MAaIlIMHHOTO HaBYaHHS
crucTemu posnizHaBaHHs EMI-6iocurHasnis 11 KepyBaHHs IIPOTE30M KiCTi pyKU 3 HEIHBa3UBHOIO CUCTEMOIO

34NTYBAHHS OGiOCUTHAJIIB.

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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