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1. Y puceprauii po3B'si3aHO NPUKJIAIHY MAaTEMATUYHY 33/1a4y HA IIEPETUHI KOMII'IOTEPHOTO 30pY, 06POOKU
300pa’keHb Ta POOOTOTEXHIKU: Bi3yaJIbHY JIOKali3aliilo MOOiIbHOI M71aTGOPMHU B CEPELIOBUIIAX, 1€ CUTHAJ
rj06anbHOi cucteMu nosunionysanHs (GPS) e ocnabieHum abo HEJOCTYIIHUM, 33 YMOBU SIBHUX OOMEXKEHDb PECYPCIB
60pTOBOi BOYZOBaHOI anapaTHOi naaTGopmu. IIpakTUYHMI KOHTEKCT 3a7a4i pOopMyIOTh [Bi JIiHii ZOCTiIXKeHb, 10
pO3BUBaIUCH 3]1e€6iybIIOro HesanexxHo. [lepiua, 3 60Ky 30py, 10J1ra€e y BUSIBJIEHHI Ta FTeOMETPUYHIil NlepeBipLii
Bi3yaJIbHUX BiJJIIOBiIHOCTEH; APYra, 3 00Ky OLiHIOBAHHS CTaHY, I10JIIra€ y peKypCUBHOMY 3JIMTTi 3alIyMJIEHUX
BMMIipIOBaHb CEHCOPIB. Y gucepTauii iX po3IJIsiHyTO SIK €JUHY 3a[ja4y PEKYPCHUBHOIO OLiHIOBAHHS CTaHy MOO1JIbHOI
naT$hOpMH Ha IJIOMWIVHI, Y SIKY SIKICTh Bi3yaJIbHOTO 3iCTaBJI€HHS BXOOUTH SIK CUTHAJI afjanTalii, mo macumrabye
KOBapialjito BUMipIOBaHHs. BusBI€eHHS 03HAK, 3iCTaBJI€HHS Ta OLIHIOBAHHS CTaHY MAIOThb BUKOHYBATHUCS JIUILE HA
LIEHTPaJIbHOMY IIPOLLECOPi, TOMY TOYHICTb KOKHOTO METOY OL[iHIOETHCS BiTHOCHO JI0r0 OOUYMCIIIOBAJILHOI BAPTOCTI,
a He i3071bOBaHO. MeTa gucepTaii: po3poOUTH METOIUKY 37IUTTS CEHCOPIB 1718 JI0Kali3alii MO6iIbHOro poboTa Ha

IJIOIIVHI, SIKa IO€HYE KOJIiCHY ofloMeTpito Ta GPS, po3mupuTi ii BidyasbHUM CIIOCTEPEKEHHSIM MTOJIOKEHHS,



OTPUMAaHUM i3 3iCTaBJIEHHS CyIIyTHMKOBUX 3HiMKiB, KOBapiallisi BUMipIOBaHHS SIKOTO MaCHITa0yEeTbCSI CUTHATIOM
SIKOCTI 3iCTaBJI€HHS Ha eTarli reOMeTPUYHOI IepEBipKU, Ta NiAKPINUTY 1ie MOPiBHSAIbHUM JOCII)KEHHIM KIACUYHUX
i BUBYEHMX IECKPUIITOPIB JIOKAJIbHMX O3HAK 32 YMOBU 0OMEXXEHUX pecypciB. O6'eKT NOCiIKeHHs: 3a1a4a
OLIiHIOBaHHSI CTaHy MOOIIBHOrO po60Ta Ha IJIOLIMHI 3 CEHCOpaMU KosIicHOi ogoMetpii Ta GPS pa3om i3 KOHBeeEpOM
3iCTaBJIEHHS 300pa’K€Hb 32 JIOKAJIbHUMU 03HAKaMU, SIKUI I10CTavae BidyasibHE CIIOCTEPEKEHHS T0JIOKEHHSI.
[TpenmeT mocimkeHHS: PiBHSIHHS [IPOTHO3Y Ta KopeKuii pinbrpa Kasmana njis1 31UTTs KosicHoi onometpii Ta GPS
Ha r1atgopmi 3 IudepeHLiarbHUM IPUBOJOM; JOIaBaHHS Bi3yaJbHOTO CIIOCTEPEXXEHHS MOJIOKEHHS 3 IalITUBHOIO
KOBapiallielo BUMipIOBaHHSI, KEPOBAHOIO SIKICTIO 3iCTaBI€HHS 300paKeHb; MaTEMATUYHI MOJeJIi KOHBEEpa
3icTaByieHHs, 1O NPOAYKYE BidyaslbHE CIIOCTEPEXKEHHS, a came KylacuYHuX geckpunrtopis SIFT i ORB,
HENPOMEPEXKEBOT0 JeTEeKTopa-gecKpunropa SuperPoint Ha OCHOBI 3rOPTKOBOI HEMPOHHOI MEPEXI Ta
reomeTpuyHOi nepesipku RANSAC (MeTozy KOHCEHCYCY BUIAKOBOI BUOipKK). HaykoBa HOBU3HA ucepTallii
I0JIITa€ B TAKOMY. Briepiiie po3po61eHO Ta eKCIIEPUMEHTAIbHO MiJTBEPAKEHO HA €TAJIOHHUX JAHUX Y CUMYJISILi
METOJUKY 3JIUTTS CEHCOPIB, 110 NMOeNHYE KoIicHy ofomeTpito Ta GPS 1y MobinbHOro poboTa Ha niouuHi. Bnepiue
3aIPOIIOHOBAHO Ta YUCEJIbHO OLiHEHO [1J1s BCiX TPhOX JE€CKPUITOPIB €MHUI IIOKA3HUK SIKOCTi 3iCTaBJIEHHS [Tapu
300paKeHb, a came Koe(illieHT BasigHuX BignosigHocTel (Inlier Ratio): 4acTKy 3icTaBjieHb AECKPUNTOPIB, SIKi
MIPOXOJATb TEOMETPUYHY NEPEBIPKY; LIEH TOKA3HUK CJIyTye HE3aIeKHOIO Bifl IECKPUNITOPA BEJIMYNHOIO, SIKa
IIOB's13y€e 6iK 30py 3 60KOM OLiHI0BaHHS cTaHy. KnacuuHi neckpunropu SIFT i ORB Ta BUBY€HUIT JeCKPULITOP
SuperPoint ynepiue oliHEHO Ha €MHOMY HabOPi CyIIyTHUKOBUX 3HIMKIB 32 OJJHOTO KOHBEEPA T€OMETPUYHO]
IIEPEBIPKYU Ta 3alIPOIIOHOBAHOIO MOKA3HUKA SKOCTI 3iCTaBJIEHHS, CIIIJIBHO 33 TOYHICTIO Ta YACOM BUKOHAHHS HA
00J1aiHaHHi JinlIe 3 LIeHTPaJIbHUM IIPOLIECOPOM,; 3iCTaBIeHHS 3HIMKIB 6€3MiI0THUX JiTanbHUX anapartis (BI1JIA) 3
reolpyB'sI3aHVUMU ONIOPHMMU 3HiIMKaMU HabyJ10 NOAaJIbLIOrO PO3BUTKY. Brieplie KoBapiallitlo BUMipIOBaHHS
Bi3yasIbHOTO CIIOCTepeKEHHS B Kpoli kopekiii ¢pinbrpa KaimaHna 3po671eHO SBHO (YHKIII€IO 3alIPOIIOHOBAHOTO
[IOKa3HMKA SIKOCTI 3iCTaBJI€HHS, TaK 110 HEHAiMHUM CIIOCTEPEXKEHHSIM M'SIKO 3MEHIIYIOTh BaroBuil KoedillieHT, a He
BificiKaloTh iX IOporomM 4u rprsHayvaoTs (iKCOBaHy KOBapiallilo; afanTuBHa QinbTpalis KasiMaHa napaMeTpiB pyxy
Ha0yJ1a MOAANbLIIOrO PO3BUTKY. [IpakTHYHE 3HaYEHHS OLEP>KAaHUX PE3YyJIbTATiB BUBHAYAETHCS X 6€3I10CEPEIHBOIO
3aCTOCOBHICTIO 10 60pPTOBOI JIoKai3alii. [TopiBHsIbHE HOCTIIKEHHS 1eCKPUIITOPIB A€ KibKiCHY OCHOBY IS
BUOOPY METOZiB BUSIBJIEHHSI O3HAK [1J1s1 BOYIOBAaHUX arapaTHUX M1aTOOPM; 3JIUTTs KoJlicHOI ofomeTpii Ta GPS,
PO3LINPEHE Bi3yaJbHUM CIIOCTEPEKEHHSIM, MOXKe OyTH BUKOPUCTaHe 1711 MOOIJIbBHMX POOOTIB i 6€3MiJIOTHUX
JiTaJIbHUX amaparis, o IPALIOI0Th y cepenopuiax 6e3 GPS; aganTuBHa cxema KoBapiallii, KepoBaHa IOKa3HUKOM
SIKOCTI 3iCTaBJyIeHHsI, MOXe OyTH BUKOPHCTAHA, 3 BilITIOBIIHMMY KOPUTYBaHHSIMHY, B {HIIVX 3a/1a4aX 3JIUTTSI CEHCOPIB 3

KOpEKIIi€lo 32 300pasKEHHSIM.

2. The thesis addresses an applied mathematics problem at the intersection of computer vision, image processing,
and robotics: the visual localization of a mobile platform in environments where the Global Positioning System
(GPS) is degraded or unavailable, under the explicit resource constraints of onboard embedded hardware. Two
research lines shape the practical setting: the extraction and geometric verification of visual correspondences on
the vision side, and the recursive fusion of noisy sensor measurements on the state estimation side; the two have
evolved largely independently. The thesis treats them as a single problem of recursive state estimation for a planar
mobile platform, into which the quality of the visual matching enters as an adaptation signal that scales the
measurement covariance. Feature detection, matching, and state estimation are required to run on CPU-only
platforms, so the accuracy of every method is quantified against its computational cost rather than in isolation.
The objective of the thesis is to develop a sensor fusion framework for the localization of a planar mobile robot
that combines wheel odometry and GPS, to extend it with a visual position observation derived from satellite
image matching whose measurement covariance is scaled by the matching quality signal of the geometric
verification stage, and to support this with a comparative study of classical and learned local feature descriptors
under explicit resource constraints. The research object is the planar mobile robot state estimation problem with
wheel odometry and GPS sensors, together with the local feature image matching pipeline that supplies the visual
position observation. The research subject comprises the Kalman filter prediction and update equations for the
fusion of wheel odometry and GPS on a differential-drive platform; the addition of a visual position observation



with an adaptive measurement covariance driven by the image matching quality; and the mathematical models of
the matching pipeline that produces the visual observation, namely the SIFT and ORB classical descriptors, the
SuperPoint detector-descriptor based on a convolutional neural network, and RANSAC (random sample
consensus) geometric verification. The scientific novelty of the thesis as follows. First, a sensor fusion framework
combining wheel odometry and GPS for a planar mobile robot was developed and experimentally validated against
ground truth in simulation. Second, a single matching quality metric for an image pair, the Inlier Ratio (the fraction
of descriptor matches that survive geometric verification), was proposed and numerically evaluated across all
three descriptors, and serves as the descriptor-agnostic quantity that couples the vision side to the state
estimation side. Third, the classical SIFT and ORB descriptors and the learned SuperPoint descriptor were, for the
first time, evaluated on a single satellite imagery dataset under one geometric verification pipeline and the
proposed Inlier Ratio metric, jointly for accuracy and runtime on CPU-only hardware; the matching of unmanned
aerial vehicle (UAV) imagery against georeferenced reference imagery has been advanced. Fourth, for the first time
the measurement covariance of the visual observation in the Kalman update was made an explicit function of the
proposed Inlier Ratio metric, so that unreliable observations are softly down-weighted rather than gated or
assigned a fixed covariance; the adaptive Kalman filtering of motion parameters has been further developed. The
practical significance of the obtained results is determined by their direct applicability to onboard localization. The
comparative descriptor study provides a quantitative basis for selecting feature-extraction methods for embedded
platforms; the fusion of wheel odometry and GPS, extended by the visual observation, can be used for mobile
robots and unmanned aerial vehicles operating in GPS-denied environments; and the adaptive covariance scheme,
driven by the matching quality metric, can be used, with appropriate adjustments, in other vision-aided sensor
fusion settings.
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