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2. Models and Information Technology for Human-Machine Interaction Using Hand Gestures

Pedepar:

1. O6’exT: mpolecH JI0AMHO-MalIMHHOI B3aEMOJI, 1110 3[iICHIOIOTh ineHTUdiKallilo, BiAcTeskeHHs Ta Kiacudikariito
JKEeCTIiB pyK ab0 iHIIMX 06'eKTiB Ha 300pa>keHHI Ta Y BiI€ONOCIiJOBHOCTI; METa: NIOKPAI}€HHS XapaKTePUCTUK
aBTOMAaTHUYHOTO PO3Ili3HaBaHHS CTATUYHUX Ta JUHAMIYHUX JKECTIiB PYK 32 paXyHOK PO3POOKHU Ta MPaKTUYHOTO
BHMKOPHUCTaHHS MoJiesiel i MeTozy iHpopMaliliHOi TeXHOJIOTI] JII0AMHO-MAIIMHHOI B3aEMOJii 3 BUKOPUCTAHHIM
K€CTiB; METOIU: IPYU PO3POOJIEHHI METOL0JIOTii IPOEKTYBAHHS i CHiJIbBHOTO BUKOPUCTAHHS Bi3yaJlbHUX METO/IIB
PO3Mi3HaBaHHS KECTIB PyK BUKOPUCTAHO METOJIY 3arajlbHOi TeOpii CUCTEM, CUCTEMHOTIO aHajli3y, METOAU
CTPYKTYpPHOTO CMHTe3Y, aHaJli3y Ta MOJIeJII0OBaHHS IIPOLIECiB; IPU pO3po06JIeHH] MoJesiell KOMITIOTEPHOT0 30py Ha
OCHOBI IMIN60KMX HEMPOHHMX MEPEX 3aCTOCOBAHO METOAM MAIIMHHOIO HAaBUYaHHS, TEXHOJIOTI] 36i/1bIIIE€HHS JAaHNX
(data augmentation), TexHoIOrii NonepeAHbOi 06POOKY IaHMX (OYMIEHHS, (PinbTpallis po3MUTTS 3a ['ayccom,

IIepeTBOPEHHS KOJIbOPIB, aJalITUBHA IOPOTroBa 06pobKa, anroputm Otsu, feTekTop KOHTypiB Canny, njis



Bif1iJIeHHS 30H 300pa>KeHHS, SIKi MiCTSTh 06JIMYYs Ta IOJIOHI, BAKOPUCTAHO MOJesib A1(y3HOTO OCBITIEHHS, IS
BU3HAYeHHS (POpPMU NOJIOHI BUKOPUCTaHI Mojieni gedopMaiiii 306paxkeHb, MOPiBHSIHHS 300pa>keHb i3
CIIOTBOPEHHSIMU); IIPU PO3POOJIEHH] TeXHOJIOTI po3Ili3HaBaHHs Ta IPOrHO3YBaHHS JUHAMIYHUX JKECTIB
BMKOPHMCTAaHO MOJEJ reHepaii nociainoBHocreil 3 BukopucTanHsaMm ConvLSTM, 1151 HaBYaHHSI HEIPOMEPEKEBOTO
ksacudikaTopa BUKOPUCTAHO METOY 3BOPOTHOTO MOMNPEHHS OXUOKY Ta CIPSDKEHUX IPAZli€HTiB, [1J1 CTEXEHHS
3a IOJIOHSIMU BUKOPUCTaHi METOIM CTaTUYHOI Ta JUHAMIYHOI KJlacTepu3allii; Mpyu po3po06eHHi TeXHOJIOT i
B3aeMOZii MK Xipyprom Ta CUCTEMOIO NePETJIsiy 300pakeHb B OllepalliiiHiil 3a/1i BUKOPHUCTAaHO METOAU
MaTeMaTU4HOI CTAaTUCTUKH, PYHKILii IPOCTOPOBOrO JOMEHY, TEOPisl aBTOMATIB, TEOPis MOAIGHOCTI; HOBU3HA!
BIleplIe po3po6IeHO METO0JIOTII0 PO3POOKHU i CITiIBHOTO BUKOPUCTAHHS Bi3yaJlbHUX METOIiB PO3Mi3HABAHHSI
JKECTIB PYK, s1Ka J103BOJIsSIE CTBOPIOBATH i JOCIIiKyBaTH MOJIeJli TIJIMOOKOro HaBYaHH:I /11 PO3Ii3HaBaHHS CTATUYHUX
Ta AUHAMIYHUX JKeCTiB, 3aTHUX NPALIIOBATH B PEXXUMIi PeaJIbHOTO 4acy i 3abesnevye po3yMiHHS CIIOCO0iB ix
HaJIAIITYBAaHHS [IJIs1 Pi3HUX iHTEP(ENCIB yIIPaBJIiHHS )X€CTAMU Ta MOTEHLIHNX 3aCTOCYBaHb B cucreMax JIMB;
yIOCKOHAJIEHO MOJIeJIb CTAaTUYHOTO PO3Ii3HAaBaHHSI KeCTiB, [100y10BaHy 3rifHO IIPOIIOHOBAHOI METOOJIOTI] Ha
OCHOBI 3rOpTKOBOi HEPOHHOI MepeXXi, MIJIIXOM MITYYHOTrO 30i/IbIIEHHS JAaHUX i BUKOPUCTaHHS KOHTYPiB. 3aBAsKA
BMKOPHCTAHHIO KOHTYPiB, MOZEJIb € CTIKOIO 10 BiTHOCHO IIMPOKKUX KyTiB OGE€PTaHHS PYK i HE3aJIEKHOIO Bif,
OCBiT/IeHHSs. Mogieib i3 TONOBHEHUMU JJAaHUMMU JlocArya ToYHocCTi 97,12%, 1o maiike Ha 4% repeBulllye MoJiesib 6e3
IOTIOBHEHB (92,87%), IpU LIbOMY, 117151 €PeKTUBHOI POOOTU JOCTaTHbO CTAaHJAPTHOI Be6-KamepHy; JlicTasna
[I0JAJIbIIOrO PO3BUTKY TEXHOJIOTISA PO3Ii3HAaBaHHs Ta IIPOrHO3yBaHHS JKECTIB Ha OCHOBI MOeJIi reHepalii
nocigoBHocTen 3 BUKopuctaHuam ConvLSTM2D i Conv3D. [I14 mogansoro po3mupeHHs MOKINBOCTEN
ConvLSTM pnis BupilleHHs Ipo6yieMU IPOrHO3YBaHHS XKeCTiB 6yJ10 BUKOHaHO HacTynHi moaudikauii: (1) Ha eTtari
[onepeHbOI 00pOOKY BBEIEHO BUSIBJIEHHS KOHTYPA, peajli3oBaHHOrO y BUIIsLi GinbTpy. GinbTpalis Ha BXiTHOMY
piBHi J03BOIMIIA (iKCYBaTU YaCOBi 3aJIEXKHOCTI Ta 3MEHLIUTU LIYM BXiIHOTO CUTHAJly; (2) IpoBeleHa 3aMiHa 3 1mapis
batch normalization Ha 3 cyios dropout regularization 110 L03BOJINJIO 3HU3WUTHY IIepeHaBYaHHS Ta MiHiMi3yBaTu
IIOMUJIKY Ilepei0aueHHs! IpY IPOTrHO3yBaHHi XecTiB. OTpuMaHa TO4YHIicTb ckiana 90%, mo Ha 30% Kpalie HixX y
mogeii ConvLSTM 3 batch normalization (60%); ygoCcKOHaI€HO MOJIeJlb CKIH4EHHOTO aBTOMATY ISl
0E3KOHTaKTHOT'O YIIPAaBJIiHHS IIEPETJIIoM MeINYHUX 300paskeHb 32 JOIIOMOIOIO JXKECTIB IKa, Ha BiIMiHy Bif,
iCHyI04YMX, BUKOPUCTOBYE aHi IPOTHO30BaHUX Ka/IPiB Bifl€ONOCIIiIOBHOCTEN, 10 NO3BOJISIE 3BMEHIIUTH 4ac BiTyKy
CHCTEMH,; 7151 TECTYBAaHHSI IPOIIOHOBAHUX Moiesiel i MeTony iHGOopMaliliHOI TeXHOJIOTiI pO3B’a3yBaHHs 3aa4
PO3Ii3HABAHHS Ta IIPOTrHO3YBAHHS XKECTIB B ONEPALIiliHiN 3aJli CTBOPEHO HOBUI ATACET i BAKOHAHO KOHLENITYaIbHY
PO3pOOKY iHTYITUBHOTO CJIOBHUKOBOTO 3ar1acy AMHAMIUYHUX KeCTiB, 110 JO3BOJISIE peali3yBaTu e(peKTUBHY
0€3KOHTAKTHY iHTEPAaKTUBHY CUCTEMY, a1alITOBAaHy JO OCOOJIMBOCTE XipypriYHOI0 KOHTEKCTY; YIOCKOHAIEHO
CTPYKTYpPHY MoZeJb iHpopmaLiiiHoi TexHosorii JIMB 3 BUKOPUCTaHHSIM KeCTiB, 32 PaXyHOK BU3HAYE€HHS OCHOBHUX
eTarniB Ta iHpOopMaliiiHUX TOTOKIB CTBOPEHHS Ta iHTerpauii Mozesei ri11M60Koro HaB4aHHs, sIKa 3abe3nedye
IIPUMHATTS pillleHb I[0A0 3aCTOCYBaHHS PO3PO0JIEHNX METO/IiB, 3aCO0iB i TEXHOJIOTI; pe3yIbTaTh AOCIiIKEeHHS:
PO3p0o06JIeHO IpOorpamHi peasisallii Moesieill CuCTeMU pO3Mi3HaBaHHS, sIKA JEMOHCTPYE BUCOKY TOUHICTB i
IIBUAKOIO 3 HU3KOIO YYTJIMBICTIO 10 YMOB OCBiTJIEHHS. Pe3ysibTaTu AucepTauilHoi po60TH BUKOPHUCTOBYIOTHCS B

SIKOCTi 6a30BuXx eseMeHTiB cuctemu JIMB 1151 HaBiranii Ta nepersisany MeauyHNX 300pakeHb B ONlepaLiiHiN 3ai.

2. Object: processes of human-machine interaction that identify, track and classify hand gestures or other objects
in the image and video sequence; objective: improving the characteristics of automatic recognition of static and
dynamic hand gestures due to the development and practical use of models and methods of information
technology of human-machine interaction with the use of gestures is set and solved in the work; methods: set
theory, graph theory, matrix theory, submodularity principle, greedy heuristics, annealing simulation method,
entropy maximization, Voronoi diagram, Delaunay triangulation - for placement of sensors and IoT devices in the
monitoring system; probability theory, methods of descriptive statistics, variational calculations, correlation
analysis - for the methodology of long-term data processing and analysis of water quality; principal components
method, factor analysis - to determine a set of sensors in IoT water quality control devices; SCAI-graph, mashup
methodology, prototyping technologies, compression measurement models - when creating information
technology for designing surface water monitoring systems based on IoT; novelty: for the first time, a methodology



for developing and sharing visual hand gesture recognition techniques has been developed to create and explore
deep learning models for recognizing static and dynamic gestures capable of real-time operation and to
understand how to configure them for different gesture control interfaces and potential applications in HMI
systems; the model of static gesture recognition, built according to the proposed methodology based on a
convolutional neural network, by artificially enlarging data and using contours, has been improved. Thanks to the
use of contours, the model is resistant to relatively wide angles of rotation of the hands and independent of
lighting; gesture recognition and prediction technology based on the sequence generation model using
ConvLSTM2D and Conv3D has been further developed; the model of the finite state machine for contactless
control of viewing of medical images by means of gestures which, unlike existing, uses the data of the predicted
frames of video sequences that allows to reduce response time of system has been improved; a new dataset has
been created to test the proposed models and method of information technology for solving problems of gesture
recognition and prediction in the operating room, and conceptual development of an intuitive vocabulary of
dynamic gestures was created, which allows to implement an effective contactless interactive system adapted to
the surgical context; the structural model of HMI information technology using gestures has been improved by
identifying the main stages and information flows of creating and integrating deep learning models, which
provides decisions on the application of developed methods, tools and technologies; research results: software
implementations of models of the recognition system have been developed, which demonstrates high accuracy
and speed with low sensitivity to lighting conditions. The results of the dissertation are used as the basic elements
of the HMI system for navigation and viewing medical images in the operating room.
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