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REZUMAT

Lucrarea cuprinde: 3 capitole, 28 figuri, 2 tabele, 38 surse bibliografice si 1 anexa.

Cuvinte-cheie: potential bioelectric, control bioelectric, electrozi, machine learning, proteza.

Scopul lucrarii: scopul acestei lucrdri este dezvoltarea metodei de prelucrare si recunoastere a
gesturilor mainii folosind invatarea automata si contractia muschilor.

Obiectivele generale — Analiza bibliografica in domeniul cercetat, analiza tehnologiilor de invatare
automatd, analiza mijloacelor si metodelor de achizitie si procesare a semnalelor bioelectrice, dezvoltarea
metodei de prelucrare si recunoastere a gesturilor mainii folosind invéatarea automata si contractia
muschilor.

Domeniul de cercetare - este utilizarea invatarii automate si a contractiilor musculare pentru
recunoasterea gesturilor mainii i, in special, pentru a controla o proteza electronica multifunctionala.

Originalitate stiintifica - prelucrareasi recunoasterea gesturilor mainii folosind invatarea automata
si contractia muschilor, utilizarea a 8 senzori pentru a citi contractiile musculare si a controla sistemul,
utilizarea algoritmilor de invatare automata, dezvoltarea unei componente software pentru functionarea
sistemului.

Teza cuprinde Tn sine introducere, trei capitole, concluzii si bibliografie.

Capitolul I descrie analiza tehnologiilor de invatare automata.

Capitolul Il descrie analiza mijloacelor si metodelor de achizitie si procesare a semnalelor
bioelectrice.
Capitolul 111 descrie dezvoltarea metodei de prelucrare si recunoastere a gesturilor mainii folosind

invatarea automata si contractia muschilor, descrie dispozitivele si tehnologiile necesare pentru dezvoltare
si modul de functionare a sistemului.
Tn concluzie se notificd ca scopul principal al proiectului a fost atins, se remarca gradul de realizare,

valoarea si semnificatia proiectului, sarcinile executate.



ANNOTATION

The thesis includes: 3 chapters, 28 figures, 2 tables, 38 bibliographic sources and 1 annexe.

Keywords: bioelectric potential, bioelectric control, electrodes, machine learning, prosthesis.

Purpose: the goal of thisthesis is to develop the method of processing and recognizing hand gestures
using machine learning and muscle contraction.

General objectives: bibliographic analysis in the researched field, analysis of machine learning
technologies, analysis of methods and techniques for collecting and processing bioelectrical signals,
development of a method for processing and recognizing hand gestures using machine learning and muscle
contraction.

Research field: is the use of machine learning and muscle contractions of the hand to recognize hand
gestures and, in particular, to control an electric prosthesis.

Scientific originality: development of a method for processing and recognizing hand gestures using
machine learning and muscle contractions, use of 8 sensors for data reading and system control, use of
machine learning algorithms, development of a software component for system operation.

Thesis contains an introduction, three chapters, conclusion and a bibliography list.

Chapter one describes methods and techniques for developing multifunctional prostheses for limbs.

The second chapter presents analysis of methods and techniques for collecting and processing
bioelectrical signals.

The third chapter describes the development of a method for processing and recognizing hand
gestures using machine learning and muscle contractions, describes the devices and technologies required
for development, and also describes how the system works.

In conclusion it is stated that the main purpose of the project was attained, the complete description
of the competency and the readiness of the real-life realization of the project is given, as well as the value

and significance of it are stated along with the project’s achieved objectives.



AHHOTALIUSA

PaGora Bkiwuyaer B ceds: 3 rmiaBel, 28 pucyHKoB, 2 Tabmmubl, 38 OubOIHMOrpaduvYecKux

HCTOYHHKOB H 1 IMPHJIOKCHUC.

KutroueBble-ci10Ba: OMO3IEKTPUUECKUIA TOTSHITNA, OMOAIEKTPUUECKOE YIIPaBIEHUE, JICKTPOIbL,
MaIlIMHHOE O0yYEHHE, TPOTE3.

Leab padoTshl: 11e1bI0 JAHHOU pabOTHI sBNIAETCA pa3paboTKa MeToa 00pabOTKHU U paclio3HABAHMS
KECTOB PYKH C UCIOJIb30BAHUEM MAIIMHHOTO OOYYCHUS U COKPAIECHU S MBI PYKH .

Ob6mue 3axaum: OuOIMOTpadUUCCKUN aHAIU3 B HCCICAYEeMOHM OOJACTH, aHAIU3 TEXHOJOTHIA
MaIIMHHOTO O0yUYeHHs, aHAIN3 METOJIOB B CIIOCOO0B cOopa M 00padOTKH OMOIIEKTPUUYECKUX CUTHAIOB,
pa3paboTka MeTo/1a 00pabOTKH U PaCIIO3HABAHUS )KECTOB PYKH C MCIIOJIb30BAHNEM MAIITHHOTO 00 yUeHUs
Y COKpAILEHU S MBIIIILI.

IIpeaMer wuccjieqOBaHUSA: TPEIMETOM  HCCICJIOBAHUS JTUIUIOMHOH pabOTBI  SBISETCS
WCIIOJIb30BAHME MAIIMHHOTO 00YUEHHUS ¥ MBIIICYHBIX COKPAIICHUH PYKH JJIsl pacTIO3HABaHUS KECTOB PYKU
Y B YaCTHOCTH JUTSI YIIPABICHUS dJIEKTPUICCKUM ITPOTE30M.

Hayuynasi opurnHajabHOCTh: pa3paboTka MeTona 0OpabOTKM M pacro3HaBaHUs KECTOB PYKHU C
WCIIOJIb30BAHUEM MAIIMHHOTO OOyYeHHsI M COKpAILEHUS MBI, HCIOJIb30BAHUE & MaTYUKOB IS
CUHMTHIBAHUS MBIIICYHBIX COKPAIICHHUI U YIIPABICHUS CHCTEMOM, MCITOJIb30BAHHE aJITOPUTMOB MAITIUHHOTO
o0ydeHwus1, pazpaboTKa MpOrpaMMHOM COCTABIISIFOIICH 1151 YHKIIMOHUPOBAHUS CUCTEMBI.

Juniomuas paboTa COCTOUT U3 BBEICHUS, TPEX IJIaB, 3aKJII0OUEHUsS U Oubnuorpaduu.

I'naBa I onuceiBaeT aHaIM3 TEXHOJIOTHI MAIIMHHOTO O0Y4YEHHUS.

I'nasa Il onuceIBaeT aHaIM3 METOIOB U CITOCOOOB cOOpa 1 00PabOTKH OMOD IEKTPUIESCKHUX CUTHAJIOB.

I'maBa Ill omuceBaeT pa3paboTky Meroga oOpaOOTKM M pPACTO3HABAHHUS KECTOB PYKH C
WCIIOJIb30BAHMEM MAIIMHHOTO OOYUYEHHUS U COKPAIICHUS MBIIII, OMHCHIBAET YCTPOMCTBA U TEXHOJIOTHH
HEO0OX0IMMBIE JUTS pa3pabOTKH, a TAK)KE OMMCHIBACT MPUHITUAT PA0OTH CHCTEMBI.

B 3ak/0ueHun oTMeYaeTcs, YTO OCHOBHAS 1IeJb MPOEKTa ObLIa JOCTUTHYTA, OTMEYAeTCs CTENEHb

TOTOBHOCTH pa6OTBI, €€ LIGHHOCTh U 3HAYUMOCTD, a4 TAKKC PCAJIM30BAHHBIC 3aa1U.
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BBEJIEHUWE

AKTYaJIbHOCTb TeMbl. AKTYaJbHOCTb TEMbI HCCJIEIOBAHMS 00YCIIOBIEHA CIEAYIOIMMH (PaKTOpaMHu:

[Tepserit (hakTop: Mcnonb3oBanue JaHHON TEXHOJIIOTUH B CUCTEMAaX BUPTYaIbHON PEallbHOCTH, YTO
MO3BOJIUT OTKA3aThCs OT JP)KOMCTUKOB U MOBBICUTH PEATTMCTUYHOCTbD.

Bropoit ¢aktop: Hcmonb3oBaHue MaHHOW TEXHOJOTUM MJIA YIPABICHUS MOOWIHLHBIMU
YCTPOHCTBaAMH.

Tpetuii paxtop: U, mo MoeMy MHEHUIO, IBIISFOIIUICS CaMbIM BaKHBIM M BHICOKO3((PEKTUBHBIM —
3TO WCHOJB30BAHHWE MJAHHOM TEXHOJNOTHH JUIS peabuINTaluM JIIOJCH MOTEepSABIIMX KOHEYHOCTH
(ammyTaHTOB) M JIOACH C OedeKTOM, MOJYYSHHBIM MPH POKICHUU W B YAaCTHOCTH JI YIPaBICHUS
3JIEKTPOHHBIMU MHOTO(GYHKIIMOHATIBHBIMU MPOTE3aMHU, MO3BOJISIIOIIMMU K TMPUMEPY, BOCCTAHOBUTH BCE
GyHKIMM pyKH, TO €CTh BOCCTAHOBHUT CIIOCOOHOCTbH IIOJIB30BATENsl K CaMOOOCTY>KHBAaHUIO
(camocTosTenbHOMU AesTebHOCTH ). [Io Hey e TeIbHOM CTaTUCTHUKE BO BCEM MUPE, O0JIBIIIOE KOJTUYECTBO
JIOAICH TEPSIFOT YacTh WM JaKe BCIO KOHEYHOCTH TeJla IO Pa3HBIM MPUYMHAM: B PE3YJIbTaTe MH(EKITHIA,
HECYACTHBIX CIIy4yaeB, NMAa0EeTHYEeCKOW HEBpPONATUU WIM Jake paka. M Bce 3TH JIOAM HYXIAIOTCS B
npotesax. [To moacyeram Bpauei, nuiis B Monaose okosio 300 mroaeit HyK1aloTcs B TAKOBBIX.

W nago moHumartse, 4To A CO3AaHMS 00Jiee COBEPIIEHHBIX CHCTEM TAaKOTrO THUIa, OCHOBHOW mperpaoit
SBJISIETCS HE CIIOKHOCTB JIEKTPOHHBIX MIIM MEXaHHYECKUX KOMITOHEHTOB, a YTEHUE U 00pab0oTKa CUTHAJIOB
(buonoTeHIMaNOB) 4YeloBe4YecKoro Tena. Tak, Hampumep, HpU MOAHATHH JIMLIbL PYKH, B MO3TY
AKTUBUPYETCS 110 MEHbILeH Mepe 0K0J10 400 MUIITHOHOB HEUPOHOB.

Henau u 3aga4n padoTsI

Lenpio manHOM paboTHI ABISAETCS pazpad0TKa MeTo1a 00PaOOTKH M pacIiO3HABAHMS )KECTOB PYKH C
WCIIOJIb30BAHMEM MAIIMHHOTO O0YYEHUS U COKPAIIEHUS MBI PYKH.

JUis JOCTH)KEHUS TOCTABICHHOH 1IeTTH He00X0AMMO PEIIUTH CIEAYIONINE 3aJauu:

- MPOW3BECTH aHAJIM3 TEXHOJIOTUI MAIIMHHOTO O0YYCHHUS;

- TIPOM3BECTH aHAJU3 METOJIOB U CITOCOO0B cOOpa U 00pabOTKKU OMOITIEKTPHUIECKUX CUTHAJIOB;

- pazpaboTka MeToaa oOpabOTKU M pacro3HaBAHUS KECTOB PYKH C HCIOJIb30BAHWEM MAIIMHHOTO
00yuYeHUs ¥ COKPAIICHUSI MBIIIIIT;

- pa3paboTKa METO/a YIPABICHUS HHTEIJICKTYaIbHBIM IPOTE30M.

OO0beKT HCcIe0BaHUSA AUILIOMHOI padoThl
OOBEKTOM HCCIICOBAHUS JUINIOMHOW Pa0OTHI SIBISIETCS METOJ OOpabOTKM W pacro3HaBaHUS

JKCCTOB PYKH C UCIIOJIb30BAHHUEM COKPAIICHU A MBIIII U aJITOPUTMOB MAIIMHHOT'O O6yLIeHI/I${.



IIpeamert uccie10BaHM S AUNJIOMHOM Pad0OThHI
Hpe)IMCTOM HCCIICIOBAHUA JlHHJ'IOMHOfI pa6OTLI ABJISICTCS UCITOJIB30BAHUC MAITMHHOI'O O6y‘I€HI/I$I nu
MBIITICYHBIX COKpaHIeHI/Iﬁ pYKI/I JUJISA paCHO3HaBaHI/I$I JKCCTOB pYKI/I U B YaCTHOCTH IS ynpaBneHI/m

QJICKTPUYCCKUM ITPOTEC30M.
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