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1. 3aBaniit T.I. MeTonu Ta 3ac00U iHTE/IEKTYaJIbHOTO aHali3y MOTOKOBUX CTPYKTYPOBAHUX JAaHUX B 3a7ja4ax
MogesoBaHHs. — KBamigikaliliHa HaykoBa ITpaljsl Ha IpaBax pykonucy. Jlucepratist Ha 3006yTTsI HAYKOBOTO
cryneHs fgokTopa ¢dinocodii 3a cnenjanphicTio 122 “Komm'iotepHi Hayku”. — HarjionanbHMil yHiBepeuTeT «JIbBiBCbKa
nositexHika», JIpBiB, 2026. 3micT aHoTawji. [JaHa gucepTalis Mae Ha MeTi po3podUT METOH i 3acobu s
IHTeJIEKTYyaIbHOTO aHaJjli3y IOTOKOBUX CTPYKTYPOBAaHUX JAHUX HA OCHOBI ITOEHAHHS KJIACUYHUX MiIXOLiB Ta
METO/IiB MAIIMHHOrO HaB4aHHs. OCO6JIMBICTIO NOCiI)KEHHS € TPEHYBaHHS MOZeJli MAlIMHHOTO HaBYaHHS Ha
CEHCOPHUX JaHUX cMapT¢OHY B 3aadi iHepLiHOI HaBiralii, 3 BAKOPUCTaHHSM [I€LIEBUX CEHCOPIB SIK IpKepesa
IaHUX, 10 € Jy’Ke aKTyaJbHOIO 33/1a4€10 Ha CbOTOHIIIHIN 1eHb. PO60Ta MICTUTL PO3B'I3aHHS TaKUX 331a4 SIK:
006YMCIIEHHS CTaTUCTUYHUX XapAaKTEPUCTHK i QiIbTPyBaHHA MOTOKIB JaHUX; 3JIUTTS T€TEPOr€HHUX MOTOKIB JJAHUX
17151 OTPYMAaHHS CTabiIbHOI i yTOYHEHOI IT03M1lii PyXOMOT0o 00’€KTy; BUSBIEHHS aHOMAJIil Ta aJlallTUBHOTO
KEpPYBaHHS JOBIPOIO 0 IKepesa TaHUX. 3 TEXHIYHOI TOUKM 30Dy, [JIS aHAJIi3y TIOTOKOBUX JAHUX HE MEHII

BaXJIMBUM € i BUOIp TEXHOJIOTIYHOTO CTeKy. Po3pobiieHa cucTema, gKa € IpakTUYHUM pe3ysIbTaToM Lijei qucepratiii,



€ CUCTEMOIO PO3IOJiNeH0i 06pO6KYU OTOKOBUX AAHUX i IpUIATHA AJ1s1 06POOKU NapajesbHUX MOTOKIB CEHCOPHUX
IAQHWX, HAIPUKJIaZ, Y CUCTeMax CUTYyaliliHOi 06i3HaHOCTi, aBBTOHOMHIl HaBiranji, MeguiuHi, BUpOOHMLITBI TOIIO. Y
[IEPLIOMY PO3[iJli «AHaIi3 JiTepaTypPHUX IyKepeJl» 34iCHEHO OIS, METOIIB Ta aJITOPUTMIB, SIKi IPU3HAYEH] 115
aHaJsi3y OTOKOBUX JAHUX B OHJIANH PEKMMi, IpOaHasi30BaHO Ta ONKCAHO, [0 caMe CO60I0 MPECTABIISIOTh
IIOTOKOBI AaHi. Ha mizcrasi NpoBeIeHoro aHasisy BifjoMUX pillleHb BCTAHOBJIEHO, IO iCHYIOUYi TEXHOJIOTI]
OIIpalll0OBaHHS IIOTOKOBUX JIAHMX, OCOOJIMBO B 3a71ayi JIoKai3alii pyxoMux 00’'€KTIiB, HEIOCTaTHbO PO3BUHYTI, 200 X
He T0Ka3yloThb JOCTAaTHbO NOOPUX pe3ysbTaTiB. Pe3yibTaToM 1aHOTO PO37isly € IOCTaHOBKA 33Jjadi, a came
CTBOPEHHS riOpUIHOTO METOJY 37IMTTS MOTOKOBUX CEHCOPHUX JAHUX HA OCHOBI KJIACUYHUX METO/IiB Ta METO/IiB
MaLIMHHOTO HaBYaHHS. Y Ipyromy po3zini «MeTom KoMIleHcallii KyMyJISTUBHOI IOXUOKY iHepLiiiHOi HaBirauii» 6yio
30iICHEHO aHaJIi3 iCHYI04MX METOJiB MAlIMHHOTO HaBYaHHS, $Ki 3a3BUYail BUKOPUCTOBYIOTh 3 I€0JIOKALLITHNMU
IIOTOKOBUMMU JJaHUMU. [IpecTaBieHo GpopMabHU ONUC CTPYKTYPU MOTOKOBUX JaHMX. ONMCaHO OCHOBHI eTanu
iIrOTOBKY MOTOKOBUX JIAHUX, ONIEPATOPHU iX IEPETBOPEHHS, [10JAHO PE3ybTaTy HABYAHHS MOJI€JIi MAIIMHHOTO
HaBYaHHS, SIKa BUKOPUCTAaHa [ IPOTHO3yBaHHA MIBUIKOCTI PyXy Ha OCHOBI iHEPLiHUX CEHCOPHUX JAHUX.
OnucaHo nifxip, [ 06YMCIEHHS BiflCTaHi MixK IBOMa TPAEKTOPISIMU [1J1s1 aHaJi3y SIKOCTi HaBYaHHS. Y TPETbOMY
po3aisi «MeTop 31UTTS NOTOKIB JAHMX B 33/1a4i HaBiralii nimoxoaa» 6yso 37iliCHEHO IEpBUHHUN aHAai3
iHepIiTHUX CEHCOPHUX AaHUX. 3aMPOMOHOBAHO TiOPUIHUM OHJIAMH METO]], 3/TUTTS MOTOKIB TAHUX Pi3HUX
MOJAJIbHOCTEH, 110 BpaXOBy€e aHOMAJi B OfIHi 3 MofasibHOCTe. MeTon noeHye kinacuyHuit ¢inptp KanmaHa 3
IIPOrHO3YBAaHHSM MIBUIKOCTI pyxy LSTM-Mepeskelo, 0 ycyBae Ipo6ieMy HaKOIIMYEHHS OXUOKY IpY OOUMCIIeHH
MIBUJKOCTI HA OCHOBI IIPMCKOPEHHS, a TAKOXK J03BOJISIE IMHAMIYHO KEPYBATU AOBIPOIO [0 IXEpesa AAHUX.
HaBeneHo pe3ysibTaTy €KCIIEPUMEHTIB, sIKi MifTBEepAKyI0Th e(PeKTUBHICTb METOJY Y 33Zjaui BiITBOPEHHSI TPAEKTOPIi
PYXy MilIoxo/ia B MiCBKUX YMOBax. Y 4eTBEPTOMY PO3[isi «ApXiTeKTypa CUCTEMU OIPALIOBAaHHS IOTOKOBUX JAHUX»
OTIMCAHO 3allPOTIOHOBAHY apXiTEKTypy CUCTEMH, ii OKpeMi KOMIIOHEHTH, 3[[iilCHeHO MOPiBHSIHHS i BUGIp 3ac06iB 1j1s
peanizauii cuctemu. ChopmMysIb0BaHO PYHKLIOHAJIBHI Ta HePYHKLiIOHAIbHI BUMOTH 10 cCUCTeMU. Po3pobiieHo
OCHOBHI By3J11 (OIllepaTopy) ONpallloBaHHs NaHUX, 3[iICHEHO BUMipIOBaHHs, aHasli3 i onTuMizalii ix yacoBux
3aTPUMOK, a TAaKOXX PO3p06JIeHO iHTepdeiic KOPUCTYBaYa, SIKA MiJNOPsIKOBAaHUI €IMHOMY YaCOBOMY (isbTpy.
37iliCHEHO TeCTyBaHHS CUCTEMMU Ha NPUKJIAZli ONPALIIOBAaHHS PeaJIbHUX MOTOKIB JaHUX 3 MOGIJIbHOTO NPUCTPOIO B
3a7ay4i HaBirailii rmimoxoma.

2. Zavaliy T.I. Methods and Tools for Intelligent Analysis of Streaming Structured Data in Modeling Tasks. -
Qualifying scientific work (manuscript). Dissertation for the degree of Doctor of Philosophy in the specialty 122
“Computer Science”. — Lviv Polytechnic National University, Lviv, 2026. Abstract content. This dissertation aims to
develop a set of methods and tools for processing streaming data using combination of classical methods and
machine learning techniques. A distinctive feature of this research is the training of deep learning model on the
smartphone’s sensor data in the context of inertial navigation task. Utilizing low-cost sensors as a data source is a
highly relevant challenge in today’s technological landscape. The research addresses tasks such as computing
statistical characteristics and filtering of data streams; fusing heterogeneous data streams to achieve a stable and
refined position of a moving object; and anomaly detection with adaptive tuning of data source input. From a
technical perspective, selecting the appropriate technology stack is equally vital for successful stream data
analysis. The proposed software solution, which serves as the practical outcome of this research work, is a
distributed streaming data processing system capable of handling parallel sensor data streams for various
applications in the situational awareness tasks, autonomous navigation, medicine, manufacturing, etc. In the first
chapter, «Literature Review», an overview of methods and algorithms designed for online streaming data analysis
is conducted, along with a formal description of streaming data characteristics. Based on the analysis of existing
solutions, it was shown that current data processing approaches — particularly in the task of localization of moving
objects - are either insufficiently developed or fail to provide adequate performance. The result of this chapter was
the problem statement: the creation of a hybrid sensor fusion method for streaming data based on a combination
of classical approaches and machine learning. In the second chapter, «Method for Compensating Drift in Inertial
Navigation», an analysis of existing machine learning methods typically applied to streaming geolocation data was
performed. A formal description of the streaming data structure from the mobile device sensors is presented. The



initial stages of streaming data preparation, transformation operators, and the results of training the machine
learning model are described. The model is used for velocity prediction based on inertial sensor data. Additionally,
an approach for calculating the distance between two trajectories in the streaming setting is used to evaluate the
quality of the modeling. In the third chapter, «Data Stream Fusion in The Navigation Task», a preliminary analysis
of inertial sensor data was conducted. A hybrid multi-modal data fusion method was proposed, which can detect
anomalies within individual modalities. The method integrates a classical Kalman filter with LSTM-based speed of
movement prediction, effectively addressing the velocity drift problem inherent in double integration and enabling
dynamic weighting of data sources. Experimental results were provided, confirming the method's efficiency in
reconstructing the trajectory of pedestrian movement within urban environments. The fourth chapter,
«Architecture of the Streaming Data Processing System», outlines the architecture of the developed system and its
individual components, including a comparative analysis and selection of the tools and components. Functional
and non-functional requirements for the system were formulated. The core data processing nodes (operators)
were implemented, optimized, measured and analyzed in terms of latency, and then a user interface with the
global time filter was developed. The system was tested using real-world streaming data from a mobile device in a
pedestrian navigation scenario. The main scientific results of the dissertation have been published in 4 papers,
specifically: 1 chapter in a collective monograph indexed in international scientometric databases (Q2), 3 articles in
specialized journals of Ukraine. Additionally, 3 conference reports were published in conference proceedings.
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