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OBIIAA XAPAKTEPUCTUKA PABOTDI

CBsI3p MarucTrepckoil JUCCEPTALMH C HAYYHO-HCCJIeI0BATEIbCKUMH
padoramu Kageapsl U pakyJabTeTa

Marucrepckass ~ auccepranus — BBIIOJHEHA B paMKax  Hay4Ho-
HCCIIEIOBATENIbCKOrO HampaBiieHus: Kadenpsl «HTeNIeKTyaabHbIX CUCTEM» U
dakynprera «Pamnodusukun m KommbioTepubix TexHoONmOTHit», CBSI3aHHOTO C
pa3paboTKOM M TPHUMEHEHHEM YelIOBEKO-MAllIMHHBIX WHTEp(EicoB, a Takxke
TEXHOJIOTUH yIIPAaBJIEHUS B CHCTEMAX BUPTYaJIbHOU U JOIOJIHEHHON PEANIbHOCTH.
Tematuka pabOTBI COOTBETCTBYET CTpATETMYECKUM 3ajadyaM HU(POBHU3AIUH
B3aMMOJICUCTBUSI YEJOBEKAa C KOMIBIOTEPHBIMM CHUCTEMaMU W OTpa)aer
MIPUOPUTETHBIE HAMPABIICHUS HAYYHOU IEATEIbHOCTH Kadeaphl.

eab uccaenoBaHus

[lenpt0o  HACTOSANIETO  WCCICNOBAHWS  SIBISICTCS — pa3paboTka |
IKCIICPUMEHTAJIbHAS OIIEHKA CHCTEMBI YIIPABICHHSI BUPTYAIbHBIM O0BEKTOM Ha
OCHOBE PacIiO3HABAHUS )KECTOB PYKH C HCIIOJIb30BaHKeM Oudimoreku MediaPipe
u rpaduueckoro arkka Panda3D.

3axayu ucciie10BaHUA
JInst  [OCTMKEHHWs TMOCTaBIEHHOM 1enu Obuid  c(hOpMyJIMPOBaHbI
CJIeIyIOIIHUE 3a/1auu:

1. M3yuuTh CyHIECTBYIOLIME METOJbI U TEXHOJIOTUU PACIIO3HABAHUS JKECTOB
PYKH.

2. PazpaboraTh cucTeMy yOpaBlieHHS BHPTyaJdbHBIM OOBEKTOM Ha 0aze
pacno3HaBaHUs )KECTOB.

3. PeaimzoBaTh nHTEpdelic mpuiIokeHHs ¢ Bu3yanu3anuei 3D-ciieHsl n okHa
00pabOTKH BUACOMOTOKA.

4. TlpoBecTH HKCIMEPUMEHTAIBHYIO OLEHKY TOYHOCTH pPACIO3HABaHUS
KECTOB, BPEMEHH OTKJIMKA CUCTEMBI U yI00CTBA B3AUMOICHCTBHUS.

5. Ilpoananu3upoBaTh  pe3yJbTaThl  AKCIIEPUMEHTa U  0OOCHOBATh
MPaKTUYECKYIO0 MPUMEHUMOCTb MTPEIJI0KEHHOTO MOIX0/1a.

O0beKT M npeaAMeT UCCJIeI0BAHMS

OOBEKTOM HCCIIeIOBAHUS SIBISICTCS MPOIIECC YIPABICHUS BUPTYIbHBIMU
00BbEKTaMH B TPEXMEPHOU cpejie.

[IpenmeToM wHcCClenOBaHUS BBICTYIMAIOT aJTOPUTMBbl U TPOrPaMMHBIC
peuieHust I8 peaiu3alri  O€CKOHTAKTHOTO  YINPABJICHUS BHUPTYaJbHBIM



00BEKTOM Ha OCHOBE aHAJIH3a KECTOB PYKH.

XpOHOJIOTHYECKHE PAMKH HCCIeI0BAHUS

UccnenoBanne mnpoBogunock B Tedenue 2023-2025 romos, dYTO
OXBATBIBACT MOJIHBIA UKJ pa3pabOTKH — OT MOCTAHOBKH 3aauM J0 peaan3aiun
IIPOrPaMMHOIO MPOTOTUIIA U MPOBEACHHUS IKCIECPUMEHTAILHOTO TECTUPOBAHHUSL.
VKa3aHHBIH ~ [EPHOA  BKJIIOYACT aAKTUBHOE  Pa3BUTHE  HHCTPYMCHTOB
pacro3HaBaHHs KECTOB, B TOM 4uciie onoymoteku MediaPipe, uro nemaer BoIOOp
BPEMEHHBIX paMOK 00OCHOBAaHHBIM M aKTyaJbHBIM.

MeToa0/10rMs 1 METO/IbI UCCJIEIOBAHNS
MeToI0I0THYECKYI0 OCHOBY HCCJEIOBAHMS COCTABIISIIOT COBPEMEHHBIE
METOJIbl TIPOCKTUPOBAHUSI UYEJIIOBEKO-MAaIllIMHHBIX WHTEp(dENCcoB, a Takxke
AKCIIEPUMEHTANIbHBIC TMOJAXOJbl K  OIICHKE KauecTBa  B3aWMMOJICUCTBUS
MOJIB30BATENS C CUCTEMOU. B paboTe nCIonb30BaluCh CIEIYIONUE METOIbI:
e AHAJIUTUYECKUI 0030p HAYYHOU JTUTEPATYPhl U CYIIECTBYIOIIUX PEIICHHI;
e TPOrpaMMHO-AJTOPUTMHUUECKOE MOJCIUPOBAHUE;
e METOJ CPABHUTEIBHOIO aHAIIN3A;
e METOJ HaOJIIOJEHUS U SKCIIEPTHOM OLICHKH;
e METOJbl CTATUCTUYECKON 00pabOTKU pe3yJIbTaTOB KCIEPUMEHTA.

Hayuynasi HoBu3HA

Haydnast HOBH3Ha paOOThl 3aKJIIOYAETCS B MHTErPAllUM PACIIO3HABAHUS
KECTOB B Mpouecc ynpapiieHus 3D-00beKTOM B peXHME peaJbHOTO BPEMEHU C
ucnonb3oBanueM OuOmmorekun MediaPipe u Panda3D ©0e3 mnpumeHeHus
JOTIOJTHUTENBHBIX annapaTHbIX YCTpoucTB. [Ipensoxken opuruHagbHbI ciocoo
opraHuzalMu uHTepdenca, OCHOBAHHOIO HCKIIOUUTEIBHO HAa KECTOBOM
YVIPABJIEHUH, YTO MOBBIIIAET €CTECTBEHHOCTh B3aMMOJCIHCTBUS U MOXET OBbITh
MPUMEHEHO B CUCTEMaX BUPTYaJIbHOW PEANbHOCTH.

ITos10:keHUs1, BBIHOCMMBbIE HA 3aIUTY

1. [IporpammMHasi apXHMTEKTypa CHUCTEMbl YINPAaBICHUS BUPTYyaJIbHBIM
00BEKTOM C UCMOJIb30BAHUEM PACIIO3HABAHUS KECTOB PYKH.

2. Meroauka oueHKd 3PQGEKTUBHOCTH CUCTEMBI MO MapameTpaM TOYHOCTH
pacno3HaBaHMsl, BPEMEHH OTKJIMKA U YA00CTBA UCIIOIb30BaHMS.

3. Pe3ynbTarhbl 3KCIIEPUMEHTATBHOTO TECTUPOBAHUS U UX UHTEPIIPETAIIHS.

4. BpIBOABI O MPAKTUYECKON MPUMEHHUMOCTH MPEIOKEHHOTO pElIeHUsl B
CUCTEMaxX BUPTYaJIbHOU U JOTOJHEHHOUN peasbHOCTH.



BHenpenue u nyoaukanuu

Ha MOMEHT TOArOTOBKM JUCCEPTAllMU AJIEMEHTHI MPOTPaMMHOTO
MPOTOTUIIA HCIIOJIB30BAIUCH B paMKax KypPCOBOTO MPOEKTHPOBAHHUS U
J€MOHCTPALIMOHHBIX CTeH0B Ha Kadenpe. [lo Teme Maructepckoil muccepranuu
OIyOJIMKOBaHbI 2 HAy4YHbIE Ty OIHKAIHS.

CTpyKTypa MarucTepcKoii Aucceprauuu

Marucrtepckasi AuCCEpTalMs COCTOMT W3 BBEIEHHUS, 4YEThIpEX TIJIaB,
3aKJIIOYEHUS, CIHCKA WCIOJb30BAaHHBIX HMCTOYHHUKOB W MNPUJIOKEHHUA. Bo
BBEJICHUU OOOCHOBAaHA aKTyaJbHOCTb TE€MbI, C)OPMYIHMPOBAHBI 1€Jb, 3a7auH,
00BEKT U peaMeT uccienoBanus. [lepBas riiaBa cogepKut 0030p JIUTEPATyPhI U
CYLIECTBYIOIIUX peEmeHnid. Bo BTOpOM TJIaB€ ONMCaHbl APXUTEKTypa H
peanu3anus cucteMbl. B TpeTkell riiaBe paccMOTpeHbl 0COOEHHOCTH UHTEpPeiica
M METOAMKA B3aUMOJCHCTBUS C TOJIb30BATENEM. A TakXke IPeICTaBICHbI
pe3ynbTaThl  AKCHEPUMEHTAIBHOM OLEHKHW H  aHaiu3 3((PEeKTUBHOCTH
MPEAJIOKEHHOT0 nMoaxoaa. B 3akimouennn cpopMyIMpoBaHbl OCHOBHBIE BBIBO/IbI
10 pe3yJIbTaTaM HCCIEIOBAHUM.



AI'YJIBHAS XAPAKTAPBICTBIKA ITPAILBI

CyBsizb Maricrapckal JApicepranbli 3 HaBYKOBa-AacJex4bIMi
paborami kadeapsl i pakyJabTITA

Maricrapckasi ApicepTaiblsi BbIKaHaHa Y pamMKax HaBYKOBa-jacieqdara
HarpaMKky kKadeapsl "[HTanekTyanbHbIx cicTAM" 1 gakyiabTaTa "Panpiédiziki i
Kammnyrapueix Taxnanoriit", a Takcama KipaBaHHS ¥y CICTOMax BIpTyasibHaH 1
JanoyHEHal plalibHAcCIIl. TAMaThIka paboThI aamaBsiae CTPATATIYHBIM 3aa9aM
npidpaBizalbll  y3aeMaJ3essHHS dYajlaBeka 3 KaMI'IOTapHbIMI cicTaMami 1
aJUTIOCTPOYBaE MPBIIPBITATHBIS HAIIPaMKi HaByKOBail 3eiHacti kadeapsl. MaTta
JacieaBaHHs.

MbhTa nacienaBaHHs

Pacnparioyka 1 9KcnepbIMEHTajbHAash alPHKa CICTAMBI KipaBaHHS
BipTyaJbHBIM a0'eKTaM Ha aCHOBE pacla3HaHHS KACTay PYKi 3 BhIKAPHICTAHHEM
616miamoK1 MediaPipe 1 rpadiunara pyxasiuka Panda3D.

3aaaubl qacjeaaBaHHA

JInst nacsrHeHHs macTayjieHaid M3Thl ObUIl c(apMyJisiBaHbl HACTYIIHBIS
3a/1a4bl:

1. BrIByYbIllb ICHYIOUBISI METAJIbI 1 TAXHAJIOT1] paclia3HaHHS KICTAY PYKI.

2. PacnpamaBanps cicTdMy KipaBaHHs BIpTyaslbHBIM al'ekTaM Ha 0ase
pacna3HaHHs KICTay.

3. PoamizaBaiis iHTOpdeiic npbikiagands 3 Bizyamizanblsii 3D-CIPHBI 1 BOKHBI
arnpanoyki BiAaCTPyMEHIO.

4. TIpaBectii SKCIIEPHIMEHTAIBHYIO aJ3HAKY JaKJIaTHACII pacla3HaHHA KAICTay,
4acy BOJTYKY CICTOMBI 1 BBITO/IbI Y3aeMaI3€sTHHSI.

5. TlpaananizaBanp BBIHIKI SKCHEPHIMEHTY 1 aOrpyHTaBalb MPaKThIYHYIO
JacTacaBajbHACLb IIpariaHaBaHara naabIXo1y.

A0'exT I mpaaMer gacJjie1aBaHHS

Al'ektam nacnenaBaHHA 3'syigellia MpandC KipaBaHHS BIPTYaJbHbIMI
ab'exktaMi ¥ TPOXMEPHBIM acPOJI31.

[IpagmeTam JnaciemaBaHHS BBICTYIAIONb aITapbITMBI 1 TparpaMHbIS
paIdHHI I prajizalbli OeCKaHTaKTaBara KipaBaHHs BIPTyallbHbIM a0'eKTaM Ha
ACHOBE aHaJII3y JKACTaY PYKI.



XpaHajariyHbIsl paMKi gacjie1aBaHHs

HacnenaBanHe mpaBoj3iiacs Ha mpamsary 2023-2025 ramgoy, mrTo
axoIlTiBae MOYHBI IBIKJI PACcIpaIoyKi — aJ MacTaHOYKI 3a7avbl Ja piali3allbli
mparpaMHara TparaThilia 1 MpaBsI3EHHS KCIEPhIMEHTAIbHATA TACIIpaBaHHS.
VYKkazaHbl Tephisil YKJIIO4ae akThlyHae pasBillé IHCTpyMEHTAY pacha3HaHHS
&KACTay, y ThIM JiKy 010misTaK1 MediaPipe, mTo po0iis BeIOap 4acoOBBIX paMak
a0TrpyHTaBaHBIM 1 aKTyaJIbHBIM.

MeTtaaaJioria i MeTaabl JacjaeIaBaHHA

Merananariyunyio acHOBY Jaciie[laBaHHS CKJIAJIalollb CYYacCHBIS METajlbl
pacKTaBaHHS YajiaBeKa-MalllbIHHBIX 1HTIpPeiicay, a Takcama
AKCIIEPHIMEHTANbHBIA ~ MAABIXOABI  J1a  alPHKI  fAKacli  Y3aeMaa3esHHS
KapbICTAJIbHIKA 3 CICTAMal. Y paboIie BHIKAPHICTOYBATICS HACTYITHBIS METAIbI:

- aHAJIITBIYHBI arJisi]] HABYKOBAM JITapaTyphl 1 ICHYIOUBIX PAIIdHHAY;

- IparpaMHa-ajirapbITMiYHae MaIdJIsIBaHHE;

- M€TaJl apayHajbHara aHamsy,

- METaJ] Ha31paHHS 1 DKCIIEPTHAM aIdHKI;

- METaJIbl CTATHICThIUHAN allpaIoyKi BhIHIKAY YKCIEPHIMEHTY.

HaBykoBasi HaBi3Ha

HaBykoBasi HaBi3Ha mpaibl CKJIajgaelia ¥y 1HTATpalbll pacrna3zHaHHS
XKICTay y mpaimpc KipaBaHHs 3D-al'ektam y poxKbpIMe plajpHara 4acy 3
BbIKapeicTaHHeM 010miaToki MediaPipe 1 Panda3D 6e3 yxbiBaHHS J1aJJaTKOBBIX
anmapatHblx TpbuUian. [IpanaHaBaHbl apbIriHadbHBI  crocad — apraHizarlbli
1HTIpdeEiicy, 3acHaBaHara BBIKJIIOYHA HA >KICTABBIM KipaBaHHI,IITO IaBsIIiuBac
HaTypaJbHACIh y3aeMaJ3€sTHHS 1 MOXa ObIIb YXKBITa ¥ CICTAIMaX BIpTyalibHai
plajbHACII.

IManaxxIHHI, IKif BBIHOCAILA HA A0apOHY

1. TlparpamHasi apXiToKTypa CICTIMBI KipaBaHHsI BIPTyaJlbHBIM a0'eKTaMm 3
BBIKAPBICTAHHEM pacIia3HaHHS KICTay PYKI.

2. Metoppika arpHKi 3()EKTHIYHACII CICTIMBI T1a TTapaMeTpax JakiagHacIll
pacrnasHaHHs, 4acy BOATYKY 1 3py4YHACI[l BEIKAPHICTAHHS.

3. BbIHIKI 3KCTIephIMEHTANIbHATA TACIIPABAHHS 1 1X IHTIPIPITALIBIS.

4. BoIcHOBBI a0 MpaKTHIYHAN JacTacaBaabHACII MpariaHaBaHara PammHHS ¥
CiCTAMax BIpTyasbHall 1 JallOyHEeHail paabHACI.

YkapaHeHHe i myOJrikanbli

Ha MomaHT maipeIXTOYKI IbICEpTAIIbIi 3JIEMEHTHI MparpaMHara mpararbliia
BBIKAPBICTOYBAJICSA ¥ paMKax KypcaBora MpaeKTaBaHHS 1 JOMaHCTPAIbIAHBIX
cTaHAay Ha kadenpsl. [la ToMe Marictapckail JpicepTalibli amyOJiiKaBaHbl 2
HABYKOBBIS ITyOJIiKaLIbI.



CrTpykTypa Marictapckai apicepranbli

Maricrapckasi ApIcepTallblsl CKJIagaeIia 3 YBSI3CHHS, YaThIPOX
KipayHIKOY, 3aKJIIOUdHHS, CIICY BBIKAPBICTAHBIX KPBIHII 1 MpbIKIanaHHsy. Ba
VBO/I3iHaX a0rpyHTaBaHa akTyaJbHACIb TAMBI, C(hapMyJsBaHbl MITa, 3a/1aybl,
a0'exT 1 mpaaMeT nacienaBanHs. [lepiibl pazazen 3msIrdae arisia JJiTapaTypsl i
ICHYIOUBIX pAldHHAY. Y IpYTiM pa3asesie amicaHbl apXiTAKTypa 1 plali3alfbis
CiCTAOMBI. Y TPAIIIM pa3j3elie pas3riie/Kanbl acadiiBaciil IHTIpdeicy 1 MeToIbIKa
Vy3aeMam3esHHS 3  KapelcTayoM. A TakcamMa MpajCTaylieHbl  BBIHIKI
AKCIIEphIMEHTABHAN a/I3HaKI 1 aHaJi3 (PEKThIYHACIII MMpanaHaBaHara MmajabIxoy.
V 3akiousHHI chapMysIsiBaHbl aCHOYHBISI BHICHOBBI 114 BbIHIKAX JJaCieIaBaHHSY .



GENERAL CHARACTERISTICS OF THE WORK

The relationship of the master's thesis with the research papers of the
department and faculty

The master's thesis was completed within the framework of the scientific
research direction of the Department of Intelligent Systems and the Faculty of
Radiophysics and Computer Technology, related to the development and
application of human-machine interfaces, as well as control technologies in virtual
and augmented reality systems. The topic of the work corresponds to the strategic
objectives of digitalization of human interaction with computer systems and
reflects the priority areas of scientific activity of the department.

The purpose of the study

The purpose of this study is to develop and experimentally evaluate a virtual
object management system based on hand gesture recognition using the
MediaPipe library and the Panda3D graphics engine.

Research objectives

To achieve this goal, the following tasks were formulated:

1. To study existing methods and technologies for recognizing hand
gestures.

2. To develop a virtual object management system based on gesture
recognition.

3. Implement an application interface with visualization of a 3D scene and
a video stream processing window.

4. To conduct an experimental assessment of the accuracy of gesture
recognition, system response time and ease of interaction.

5. Analyze the experimental results and substantiate the practical

applicability of the proposed approach.
Object and subject of research

The object of the research is the process of managing virtual objects in a
three-dimensional environment.

The subject of the research is algorithms and software solutions for the
implementation of contactless control of a virtual object based on the analysis of
hand gestures.

Chronological framework of the study

The study was conducted during 2023-2025, which covers the full
development cycle — from setting a task to implementing a software prototype and



conducting experimental testing. This period includes the active development of
gesture recognition tools, including the MediaPipe library, which makes the
choice of time frame reasonable and relevant.

Methodology and research methods

The methodological basis of the research consists of modern methods of
designing human-machine interfaces, as well as experimental approaches to
assessing the quality of user interaction with the system. The following methods
were used in the work:

« analytical review of scientific literature and existing solutions;
* software and algorithmic modeling;

* the method of comparative analysis;

* the method of observation and expert assessment;

» methods of statistical processing of experimental results.
Scientific novelty

The scientific novelty of the work is the integration of gesture recognition
into the process of controlling a 3D object in real time using the MediaPipe and
Panda3D libraries without the use of additional hardware devices. An original
way of organizing an interface based solely on gesture control is proposed, which
increases the naturalness of interaction and can be applied in virtual reality
systems.

Provisions to be defended

1. Software architecture of a virtual object management system using hand
gesture recognition.

2. The methodology for evaluating the effectiveness of the system based on
the parameters of recognition accuracy, response time and ease of use.

3. The results of experimental testing and their interpretation.

4. Conclusions about the practical applicability of the proposed solution in
virtual and augmented reality systems.

Implementation and publications

At the time of dissertation preparation, the elements of the software
prototype were used as part of course design and demonstration stand at the
department. 2 scientific publications have been published on the topic of the
master's thesis.



The structure of the Master's thesis

The Master's thesis consists of an introduction, four chapters, a conclusion,
a list of sources used, and appendices. The introduction substantiates the relevance
of the topic, formulates the purpose, objectives, object and subject of the study.
The first chapter provides an overview of the literature and existing solutions. The
second chapter describes the architecture and implementation of the system. The
third chapter discusses the interface features and the methodology of user
interaction. The results of an experimental evaluation and an analysis of the
effectiveness of the proposed approach are also presented. In conclusion, the main
conclusions based on the research results are formulated.



