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Pedepar:

1. Inceprauifina po60Ta NpUCBAYEHA MiABUILIEHHIO TOYHOCTI BUKOHAHHSI IIPOTE€30M KiHIIiBKM PYKU KOTHITUBHUX
KOMaH/|, MIJIIXOM CTBOPEHHSI iHpOpMaLiliHOi TEXHOJIOTII MAaIIMHHOTO HaBYAHHS CUCTEMHU K€PYBAaHHS IPOTE30M
KiHLIiBKYU PYKU [J1s1 pO3Ili3HaBaHHs ejieKTpomiorpadiuHux 6iocurHasiB B paMKax QYHKLiIOHAJIbHOTO MiTX0AY IO
MOJI€JIIOBaHHS KOTHITUBHUX IPOLIECIB IPUPOAHOrO iHTeIeKTy Tpu (OPMYBaHHI Ta NPUMHATTI KiacugikalilHux
pimens. 3a pesysbTaTamMy aHajli3y Cy4aCHOIrO CTaHy Ta TEHAEHIII PO3BUTKY IHTEJIEKTYaIHUX [IPOTE3iB KiHIIIBOK
[I0OKa3aHo, L0 MPOTe3U 3 iHBa3UBHOIO CUCTEMOIO 3YUTYBaHHS ejleKTpoMiorpadiyHux 6iocuraanis
XapaKTepU3yIThCsl Gi/IbIIOK TOYHICTIO BUKOHAHHS KOTHITUBHUX KOMaH] Y IIOPiBHSHHI 3 HEiHBa3MBHOIO CUCTEMOIO.
Ase iHBa3MBHA CcHCTeMa 34UTyBaHHS 6i0CUTHAJIIB IOTpebye XipypriyHOro BTPyYaHHs, CTBOPIOE 171 OCOOU 3
iHBasigHiCTIO HEKOM(DOPTHI YMOBH i He 3a6e3Medye Yepe3 HeJOCKaHAJIICTh iCHYI0UMX iHPOPMAaLIITHUX TEXHOJIOTIN

PO3IIi3HaBaHHS eJleKTpoMiorpadiyHrX CUrHAIB BifHOBJIEHHS BTpaueHUX QYHKIiH pyku. Y NIOPiBHSHHI 3 IPOTE3aMU



PYKU 3 iHBa3MBHOIO CUCTEMOIO 3YMTYBaHHSI 610CUTHAJIB TPOTE3U 3 HEIHBAa3UBHOK CUCTEMOIO 3YUTYBAHHS € CYTTEBO
IeUeBIIMMY Ta 3pYYHIIIMMU IIPU iX BUKOPUCTaHHI. Ajle Yepe3 BUCOKY 3allyMJIeHICTb 6i0CHUTHAIIB,
6araTOBUMIipHiCTb IPOCTOPY O3HAK PO3Ili3HaBaHHS i CyTTEBUI IEPETUH B IPOCTOPi 0O3HAK PO3Ii3HABaHHS KJIACiB
PO3Ii3HaBaHHS, SIKi XapaKTE€PU3YIOTb OCHOBHI PyxU NIPOTE3y, PO3POOKA iHTEJIEKTYaIbHUX [TPOTE3iB BUMAarae
[IOJI0JIaHH YCKJIaAHEHb HAYKOBO-METOMNOJIOTIYHOrO XapaKTepy, Ha sIKi BIJIMBAIOTh TaKi (paKTOPU:OBI/IbHI
[I0YaTKOBi yMOBU GOPMYBaHHs ejleKTpomiorpadiuHux 6iocurHanisB, 06yMOBJIEHUX MTOIKOIPKEHHSIM KOTHITHBHO-
HEPBOBOTO TPAKTy MIPOXO/’KEHHsI 6i0CUTHAaY; IEPETUH KJAaciB po3Ii3HaBaHH4, 10 YTBOPIOE Y IIPOCTOPi 03HAK
arpiopHO HeyviTKe ix po30UTTSI; 6araTOBUMIipHICTh CJIOBHMKA O3HAK i asiaBiTy Ki1aciB po3i3sHaBaHHS; BILUIUB
HEKOHTPOJIbOBAaHUX (HDAKTOPIB, OB’ SI3aHUX, HAMIPUKJIA], i3 MIJIbHICTIO MPUJISITAaHHS eJIeKTpoMiorpadiyHUX AaTYUKIB,
ix Micue3Haxo[ KeHHsIM, 3MiHaM1 NTapaMeTpiB >KUBJIEHHS, eMOLIIHO-TICUXIYHOTO CTaHy 0Cco0HU 3 iHBaJIiAHICTIO TOLIO,
110 OOYMOBJIIOE 3AIIYMJIEHICTb Ta CIIOTBOPEHHS eJleKTpomiorpadidHux 6i0cUrHasiB BifgOBiIHUX KOTHITUBHUX
koMang. CaMe yepes Taki IPUYMHY JITOPUTMU MALIMHHOTO HABYaHHS CUCTEMU K€PYBaHHS IIPOTE30M PYKU 3
BHUKOPHCTaHHSIM BiloMUX MeTO[iB TexHoslorii Data Mining, Bkjtoyarouu HeHpoIoibHi CTPyKTypH, He 3a6e311e4yioTh
BHCOKY TOYHICTh BUKOHAHHS KOTHITUBHUX KOMaH[, ToMy aucepraliiina po60Ta, SKa BUKOHaHa Y HayKOBil
npo6JieMHil s1abopaTopii kadeapu KoOMII'IOTEPHUX HayK CyMCBKOTO J€P>KaBHOTO YHIBEPCUTETY, € aKTyaJIbHOIO,
OCKIJIbKY CIIPSIMOBaHa Ha PO3B’$I3aHHSI BRKJIMBOI HAYKOBO-TIPaKTUYHOI 33/a4i NifiBuleHHS PYyHKLiOHATbHOI
eeKTUBHOCTI IPOTE3iB PyKH 3 HEIHBAa3UBHOIO CUCTEMOIO 3UUTYyBaHHS 6iOCUTHAJIIB i HAOIMIKEHHS iX 10
(PYHKLiOHAJIBHUX MOKJIMBOCTE! iHBa3UBHUX IIPU 30€PE>KEHHI BiTHOCHO HEBUCOKOI COOIBAPTOCTI € aKTyaJIbHOK. Y
IycepTaliiiHill pobOoTi JOCTiIKEHHS! BUKOHYBAJIMCS Y PaMKax CTBOPeHOi B CyMCbKOMY [1€P>KaBHOMY YHiBEpCUTETi
TaK 3BaHOi iHpopMaLiliHO-eKCTpeMasbHOI iHTeJIeKTyalIbHOI TEXHOJIOTII aHai3y JaHuX, siIka IPYHTYETbCS Ha
MakcuMisalii iHpopMaLiliHOI CIPOMOXKHOCTI CHUCTEMU KEPYBAHHS B IIPOLIECi MAIIMHHOIO HaBYaHHSL. [nes
PO3pO6JIeHUX METO/iB iHPOPMALIIITHO-€KCTPEMAIbHOTO MAIIMHHOTO HAaBYAHHS CUCTEMHU K€PYBAaHHS IIPOTE30M
KUCTi PyKHY JJ1s1 pO3Ii3HaBaHHSI eJleKTpoMiorpadiuHux 6i0CUrHaIB 5K i B IITYyYHUX HEMPOHHUX MepeXkax I10JIsrae B
ajanrarnii B Ipoueci MallMHHOTO HaBYaHH BXiJHOTO MaTEMATUYHOIO OIMCY O MAaKCUMaJIbHOI IOBHOI IMOBIPHOCTI
IIPUMHATTS [IPAaBUJIBHUX [iaTHOCTUYHUX pillleHb. AJle OCHOBHA [lepeBara MeToiB iH(popMaliiiHO-eKCTPEMAJIBHOTO
MAaIIMHHOTO HAaBYaHHS Nepe] HeMPONnoaiOHUMHU CTPYKTypaMu TOJISITa€ B TOMY, 10 BOHM pO3p06JIeHi y paMKax
(dYHKLiOHATIBHOTO MiAXOMY 1O MOJEJII0BaHHS KOTHITUBHUX IPOLIECiB, IPUTaMaHHUX JIIOAMHI 1py GOpMyBaHHi Ta
IPUMHATTI Knacu@ikaniiiHux pimens. Takuil 0igxig Ha BiAMiHY Bif, IITYYHUX HEPOHHUX MEPEX [I03BOJISIE METOIAM
iH(popMaLiIHO-€KCTPEMAJIBHOTO MAIIMHHOIO HaBYaHHS HAIATY FHYUYKiCTh IIPU IEPEHABYaHHI CUCTEMHU YEPE3
posmupeHHs andagiTy KJlaciB po3nizHaBaHHs. BogHovyac 1o6ynoBaHi B paMKax reOMEeTPUYHOTO MiIX0y BUPilIaibHi
MpaBuJjia NPaKTUYHO € iHBapiaHTHUMU [0 6araTOBUMIPHOCTI CJIOBHMKA O3HAaK poanizHaBaHHs. Kpim Toro, as
(opMyBaHHS HaBYaJIbLHOI MaTPULi MOTPIGHO HA NOPSAOK MEHIIE 3Pa3KiB, 10 € BAKJIMBOIO IEPEBArOI0 NEepe],
HEeMpOomnoAi6bHUMHU CTPYKTypaMu. Y IucepTauiiiHiil po60Ti PO3B’sI3aHO BayKJIMBE HAYKOBO-TIPAKTUYHE 3aBIAHHS
po3pobiieHHs iHPpopMaliliHoi iHTesIeKTyabHOI TeXHOJIOTi MAalIMHHOTO HaBYaHHSI CUCTEMU KEPYBaHHS [IPOTE30M
KiHLIiBKY PYKU 3 HEIHBAa3MBHOIO CUCTEMOIO 3UMTYBaHHS 6i0CUTHAJIB B paMKax (PYHKLiIOHAJIBHOTO MiTX04y [0
MOJIE€JIIOBaHHS KOTHITUBHYX IpoLeciB. Ha OCHOBI 3aNIpONOHOBAaHMX MOJEJIEN, METOIB Ta aJITOPUTMIB Peali30BaHO
3acobu iHpopMaIifiHOI TEXHOJIOTI MAIIMHHOTO HAaBYaHHS CUCTEMU KePyBaHHS IIPOTE30M KiHI[iBKY PYKH, SKi
BKJIIOYAIOTh MOZYJIi (POpMyBaHHS BXiJHOTO MaTEMaTUYHOTrO OIIMCY, MAIIMHHOTO HaBYaHHsI, IOOYJOBY BUPillaJIbHUX

IIpaBunJI Ta (leYHKI_LiOHyBaHHH CUCTEMU B PEKMIMaAX CIJYHKLUOHBJ'[I:HOFO TECTYBaHHA Td €K3aMEHY.

2. The dissertation is devoted to increasing the accuracy of the execution of cognitive commands by prosthetic
limbs by creating an information technology of machine learning of the hand prosthesis control system for
recognition of EMG biosignals within framework of a functional approach to modeling cognitive processes of
natural intelligence in forming and making classification decisions. According to the results of analysis of the
current state and trends in development of intelligent limb prostheses, it is shown that prostheses with an invasive
system for recording EMG biosignals are characterized by greater accuracy in the execution of cognitive
commands in comparison with a non-invasive system. In contrast invasive biosignal recording system requires
surgical intervention, creates uncomfortable conditions for a person with a disability, and does not ensure the
restoration of lost hand functions due to the imperfection of existing information technologies for recognizing



EMG signals. Prostheses with a non-invasive recording system are significantly cheaper and more convenient to
use compared to hand prostheses with an invasive biosignal recording system. Due to high noise of biosignals, the
multidimensionality of recognition features space and the significant intersection in the features space of
recognition classes that characterize main movements of the prosthesis, the development of intelligent prostheses
requires overcoming scientific and methodological complications, which are influenced by the following factors:
arbitrary initial conditions for the formation of EMG biosignals caused by damage to cognitive-nerve path of
biosignal transmission; recognition classes intersection, which creates an a priori unclear division of the feature
space; multidimensionality of the feature dictionary and the alphabet of recognition classes; the influence of
uncontrollable factors related to density of attachment of EMG sensors, their position, changes in power
parameters, the emotional and mental state of a person with a disability, etc., which causes noise, artifacts and
distortion of EMG biosignals of the corresponding cognitive commands. It is for these reasons that the machine
learning algorithms of the hand prosthesis control system within known methods of Data Mining technology,
including neuro-like structures, do not ensure high accuracy of cognitive command execution. Therefore, the
dissertation, which was carried out in the scientific laboratory of the Department of Computer Sciences of Sumy
State University, is relevant, as it is aimed at solving an important scientific and practical task of increasing the
functional efficiency of hand prostheses with a non-invasive biosignal recording system and bringing them closer
to the functional capabilities of invasive while maintaining a relatively low cost is relevant. In the dissertation, the
research was carried out within the framework of the information-extreme intelligent technology of data analysis
created at Sumy State University, which is based on maximizing the information capacity of control system in the
process of machine learning. The idea of the developed methods of information-extreme machine learning of the
hand prosthesis control system for recognition of EMG biosignals, as well as in artificial neural networks approach,
is to adapt the input mathematical description to the maximum full probability of making correct diagnostic
decisions in the process of machine learning. Despite this the main advantage of information-extreme machine
learning methods over neuro-like structures is that they are developed within the framework of a functional
approach to modeling cognitive processes inherent in humans when forming and making classification decisions.
This approach, unlike artificial neural networks, allows the methods of IEIT machine learning to provide flexibility
in retraining the system through the expansion of the alphabet of recognition classes. At the same time, decisive
rules constructed within the framework of geometric approach are practically invariant to multidimensionality of
the dictionary of recognition features. In addition, the formation of the training matrix requires an far fewer
samples, which is an important advantage over neuro-like structures. In the dissertation work, an important
scientific and practical task of developing the information intelligent technology of machine learning of the hand
prosthesis control system with a non-invasive system for recording biosignals within the framework of a
functional approach to modeling cognitive processes is solved. On the basis of proposed models, methods and
algorithms, the means of information technology of machine learning of the hand prosthesis control system have
been implemented, which include modules for the formation of input mathematical description, machine learning,

construction of decisive rules and functioning systems in the modes of functional testing and examination.
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