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Pedepar/aHoTanis:

1. Incepranjiiine OOCIiIpKEHHS CIIPSIMOBAaHE Ha pO3p00JIeHHs iHPopMaliliHOI TeXHOJIOTi iMepcuBHOI B3aeMopii
KOPHMCTYBauiB 3 areHTaMU Ta CEPEIOBUIIEM BipTyasIbHOI PEJIBHOCTI, IO 3a0e3I1euye CTBOPEHHS
BHCOKOPEaJIiCTUYHOTO CepeloBULIA 3 BUKOPUCTAaHHSIM Cy4YaCHUX TEXHOJIOTTYHUX pillleHb Ha 6a3i pymis Source.
Po3pob6seHa indpopMalliliHa TeXHOJIOTis 6a3yeThCsl HA BUKOPUCTaHHI NonyspHoi mnargopmu Garry's Mod, 1110
(yHKUiOHYe Ha pywii Source, sSIKUi 3a6e3nedye NOTYKHi MOKJIMBOCTI [JIs1 CTBOPEHHSI PEAIiCTUYHUX Pi3UIHUX
CHCTEM Ta BiTBOPEHHSI CKIIAJHUX B3a€EMOiil 00'€KTIB BipTyasIbHOTO CBITY. YV IepIomMy po3zaijii IpoBeeHo
KOMIIJIEKCHU aHajli3 MeTOiB, IiAX0iB Ta MpOorpaMHO-anapaTHUX 3aC00iB, 1110 BUKOPHUCTOBYIOTHCS B TEXHOJIOTISIX
BipTyasbHOI peanbHOCTI. [IpoBeneHo knacudikauito BP-cucreMm, LOCIIIKEHO Cy4acHi iIHCTPYMEHTH PO3POOJIEHHS
BP-3acTocyHKiB, irpoBy ninatgopmy Garry's Mod Ha 6a3i pywig Source, inTerpatito intepdeiiciB OpenVR Ta

SteamVR. [IpoaHasnizoBaHO iCHyIOUi Ta pO3pOOJIIOBAHNII METO], TeHepyBaHHS TaKTUJIbPHUX CUTHAJIiB 3BOPOTHOTO



3B'S13KYy, METOJ, CUHTE3Y CLI€EHU, METO/] BUSIBJIEHHS 3iTKHEHb PYXOMMUX TiJl Ta BU3HAUYEHHS KIHEMATHKU Tia
KOPHMCTyBaua y BipTyaJlbHOMY CE€DEIOBHUIIII HAa OCHOBI iHBEPCHOI KIHEMATHKU. Y IPYroMy PO3Zisi BUCBITJIIEHI OCHOBHI
HAyKOBi pe3yJbTaTy AucepTaliiiHoi poboTu. 3ailicHeHo ¢popmarisallilo KOOPIUHATHUX CUCTEM Ta 0O6epTaHb irpoBoi
naTdopMu, 30KpeMa cucTemu KyTiB Eisiepa, po3B'si3aHo 3aady TPAHCALI MK KOOPAMHATHUMU IPOCTOPAMU
OpenVR i pymist Source. Po3po6yeHo MeTol, aBTOMaTUYHOTO reHepyBaHHS TAKTUJIBHUX CUTHAJIiB 3BOPOTHOTO
3B'SI3KY, 110 GOPMY€e 3aMKHEHUI IeTepMiHOBaHUI JIaHIIOT IePeTBOPEHD Bifl Pi3MUHOr0 AECKpPUIITOpa 00'eKTa 10
napaMeTpiB Bi6paliliHOro curHajay Ha OCHOBI (i3UYHUX BJIACTMBOCTEM MaTepiasiB 6€3 BUKOPUCTAHHS IONEPEIHBO
HaJIAIITOBAaHUX A6JIOHIB. BHOCKOHAZIEHO METO/I CUHTE3Yy AMHAMIYHOI ClieHH, 1o 3a6e3rnedye BuBeqeHHs QisnyHux
XapaKTepPUCTUK CYTHOCTE Ha OCHOBI MeTalaHUX irpOBOTO PyLIisi 6€3 3a/Iy4eHHs pyYHOi pO3MiTKU, hopmarisye
rpad CLieHU SIK CTPYKTYPY, 1110 BiioOpaskae KOXXHY CYTHICTb 4epe3 ii leCKpUIITOp Ta BUBHAYa€e CUCTEMY
IIPOCTOPOBOTO TPEKIHTY 3 aiHHUMU NIEPETBOPEHHSIMU MiXK KOOPAMHATHUMU ITPOCTOPAMU. BAOCKOHANIEHO METO[
BUSBJIEHHS 3iTKHEHb PYXOMUX TiJl LUJIIXOM peasisaliii ABOPiBHEBOI apXiTEKTYpH MePEBIPKU INOTEHINHNX KOHTAKTIB,
sKa Po3iJisie 0OGUMCIIOBAJIbLHUI NPOLEC Ha MIMPOKY Ta BYy3bKY a3y, eKCIIOHEHIiaIbHOTO (iflbTpa 3rJ1aIKyBaHHS
NO3MLIMHYX JAHUX Ta ITEPaTUBHOTO aJITOPUTMY BUIITOBXYBaHHSI IPY IPOHMKHEHH] IPUMITHUBIB y F€OMETPIIO CLIEHHU.
BroockoHaneHO METO/, BU3HAYEHHS KIHEMATHKU Tijla KOPUCTYyBaya 3 BIOCKOHAJIEHUMU NIapameTpaMu (PisudHOro
HaOJIMKEHHS 3aXO0IIJIEHNX 00'€KTiB, KOMIIEHCalli€lo MBUIKOCTI pyKH, MEXaHi3MOM BEKTOPHOTO T10JI0Ca IJ1sT
aHaTOMIYHO KOPEKTHOI opieHTalji cyrio6iB. Y TpeTbOMYy pO3/iji po3p06JeHO Ta BILOCKOHAJIIEHO aJIrOPUTMHU
(YHKUiOHYBaHHS iH(pOpMaLiHOI CUCTEMU IMEPCUBHOI B3aeMOZ]i y cepeloBullli BipTyaybHOI peasbHOCTI.
Po3po61€HO aIrOPpUTM aBTOMATUYHOTO F€HEPYBAHHS TAKTUJIBHUX CUTHAJIiB 3BOPOTHOTO 3B'SI3KY, 110 NPOLEAYPHO
BMBOJUTH ITapaMeTpU BiOpaLifiHOro iMnysnbcy 3 QisMYHUX XapakTEePUCTHK 00'€KTiB Ta BJIaCTUBOCTEH ix MaTepiasiB
6e3 noTpebu y py4Hill napameTpusallii. BjockoHaneHo aJropyuTM AJ1s1 IUHAMIYHOTO CUHTE3Y CLieHU 3 GOPMYBaHHIM
IleCKPUITOPIB 06'€KTIiB Ta Kiacudikalieio MmaTepiasiB. BZOCKOHaNIEHO aJIrOPUTM BUSIBJIEHHS T4 PO3B3aHHS
3iITKHEHb PyXOMUX TiJl, 10 3a1106irae MpOHUKHEHHIO 00'€KTIiB KPi3b reOMeTPil0 CLIeH! LUISIXOM AUHAMIYHOTO
004YMCJIeHHS TPUBUMIPHUX KOOPAMHAT Ta iTepaTUBHOI ITPOCTOPOBOi KOpeKIlii. BocKoHaeHo anropuTm BU3HAUYEHHS
KiIHEMATUKU Tijla KOPUCTYyBa4a Ha OCHOBI iHBEPCHOI KiIHEMATHKU 3 IETEPMIHOBAHMM aHAIITUYHUM PO3B'I3aHHAM
KiHEMaTUYHUX JIAHLIIOTiB. BIOCKOHAIEHO aJIrOPUTM MepesKeBOro OOMiHY JAaHUMU MK KJIiEHTaMU Ta CEPBEPOM,
MexaHi3aMu 36epeskKeHHsI CTaHy y pesisuiiHii 6asi gaHux SQLite Ta cuHxpoOHi3alii BipTyasbHOrO cepeoBuIna, a
TaKOX aJITOPATM CTBOPEHHS Ta CUHXPOHI3allii CTaHiB BipTyaJIbHUX areHTiB. Y 4eTBEPTOMY PO3[iJli BUSBJIEHO CYTTEBI
0OME>XEHHS ICHYIOUMX 3aCO0iB 11711 B3a€MOZIi B cepej0BUILi BipTyaylbHOI peaJIbHOCTI Ha 6a3i irpoBoi miatdopmu
Garry’s Mod, pyuiist Source, po3risiHyTO CTPyKTypy, OOI'PYHTOBAHO 3aBIaHHS, cpepu 3aCTOCYBaHHS, Iiaxony i
3aco6u po3pobieHHs iHpopmaliiiHoi TexHosorii. [IpogeMoHCcTpoBaHO Mpoliec iHTerpatii irpoBoi miardopmu 3
KoMIoHeHTamu SteamVR ta OpenVR, B3aeMoziio iH(popMaLiiiHOi CUCTEMHU 3 allapaTHOI I1aTGOPMOIO BipTyaabHOI
peanbHOCTI yepe3 cranaaptu3oBaHuil intrepderic OpenVR. [IpoBesieHO eKCIIepUMEHTAIbHE TOCIIIPKEHHS 1715
MigTBEPIsKeHHS Mpalle3naTHOCT iHpOpMaliiiHOI TEXHOJIOTII.

2. The dissertation research is aimed at developing an information technology for immersive user interaction with
agents and a virtual reality environment, which ensures the creation of a highly realistic environment using
modern technological solutions based on the Source engine. The developed information technology is based on
the use of the popular Garry's Mod platform, which operates on the Source engine, which provides powerful
capabilities for creating realistic physical systems and reproducing complex interactions of objects in the virtual
world. The first section provides a comprehensive analysis of methods, approaches, and hardware and software
used in virtual reality technologies. A classification of VR systems is carried out, modern tools for developing VR
applications, the Garry's Mod game platform based on the Source engine, and the integration of OpenVR and
SteamVR interfaces are studied. The existing and developed method for generating tactile feedback signals, the
scene synthesis method, the method for detecting collisions of moving bodies and determining the kinematics of
the user's body in a virtual environment based on inverse kinematics are analyzed. The second section highlights
the main scientific results of the dissertation work. The formalization of the coordinate systems and rotations of
the game platform, in particular the Euler angle system, is carried out, the translation problem between the
coordinate spaces of OpenVR and the Source engine is solved. A method for automatically generating tactile



feedback signals is developed, which forms a closed deterministic chain of transformations from the physical
descriptor of the object to the parameters of the vibration signal based on the physical properties of materials
without using pre-configured templates. The method of dynamic scene synthesis has been improved, which
provides the derivation of physical characteristics of entities based on the metadata of the game engine without
the involvement of manual markup, formalizes the scene graph as a structure that reflects each entity through its
descriptor and defines a spatial tracking system with affine transformations between coordinate spaces. The
method of detecting collisions of moving bodies has been improved by implementing a two-level architecture of
checking potential contacts, which divides the computational process into a wide and narrow phase, an
exponential smoothing filter for positional data and an iterative pushing algorithm when primitives penetrate the
scene geometry. The method of determining the kinematics of the user's body has been improved with improved
parameters of physical approximation of captured objects, hand speed compensation, and a vector pole
mechanism for anatomically correct orientation of joints. In the third section, algorithms for the functioning of an
information system for immersive interaction in a virtual reality environment have been developed and improved.
An algorithm for automatic generation of tactile feedback signals has been developed, which procedurally derives
the parameters of the vibration pulse from the physical characteristics of objects and the properties of their
materials without the need for manual parameterization. An algorithm for dynamic scene synthesis with the
formation of object descriptors and material classification has been improved. An algorithm for detecting and
resolving collisions of moving bodies has been improved, which prevents objects from penetrating the scene
geometry by dynamically calculating three-dimensional coordinates and iterative spatial correction. An algorithm
for determining the kinematics of the user's body based on inverse kinematics with deterministic analytical
solution of kinematic chains has been improved. An algorithm for network data exchange between clients and the
server, mechanisms for saving state in the SQLite relational database and virtual environment synchronization, as
well as an algorithm for creating and synchronizing the states of virtual agents have been improved. The fourth
section reveals significant limitations of existing tools for interaction in a virtual reality environment based on the
Garry’s Mod game platform, the Source engine, considers the structure, substantiates the tasks, areas of
application, approaches and means of developing information technology. The process of integrating the game
platform with SteamVR and OpenVR components, the interaction of the information system with the hardware
platform of virtual reality through the standardized OpenVR interface is demonstrated. An experimental study is
conducted to confirm the operability of the information technology.
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VIII. 3akr04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Jluca Haranist KopeniigHa
rOJIOBH pagu

BaacHe Ilpi3Bume Im'st ITo-6aTbKOBI Jluca Haranist KopHeniisHa
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Omnortsik KOpiit Bonopnmupoiy

00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA
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