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1. IpeBu4 JI.O. - Mogerni Ta MeTonu cerMeHTallii CMyT y CCTeMax KepyBaHHS JOPOXHIM pyxom. - KBamidikarniiina
HayKoBa Ipalsl Ha IIpaBax pyKonucy. Jlucepralis Ha 3100yTTs HAYKOBOTO CTyIIeHs oKTopa ¢inocodii 3a
crietianpHicTIO 124 «CrucreMHuit aHanis» - HalioHanbHUM YHiBEpCUTET «JIbBiBChbKa MOJIiTEXHIKa», MiHicTepCTBO
OCBiTH i HayKM YKpainy, JIbBiB, 2026. Jluceprariio NpUCBAYEHO PO3B'A3aHHIO aKTYaJbHOTO HAYKOBO-TIPUKJIALHOTO
3aBJaHHS, sIKe I0JISITa€ Y 3aCTOCYBaHHI METOiB CUCTEMHOI'O aHaJI3y [J1s1 po3pobJieHHs Mofieslell, MaTeMaTUYHUX
METO/IiB Ta MPOTrpaMHUX 3ac06iB CerMeHTallii JOPOXXHIX CMYT Yy CUCTEMAaxX KEPYBAaHHS JOPOXHIM PyXOM Ha OCHOBI
ribpuIHOro Mifxoxy, Mo MO€AHY€E KIACUYHI METOAY KOMII'IOTEPHOTO 30pY, IIIMO0Ke HaBYaHHs Ta iHTerpanio 3
KapTamu BUCOKOIi getasnizanii HD maps. be3sneka opoXHbOro pyxXy € OJHi€I0 3 KJIII0YOBUX IIPOOJIEM Cy4aCHOTO
cycninbcrsa. lIlopiuyHo y CBiTi BHACIIOK AOPOXXHBO-TPAHCIIOPTHUX IIPUTO/L, TUHYTb I10HAT, 1,35 MinbiioHa ocib, a
IeCSITKY MiIbIOHIB OTPUMYIOTh TPABMU Pi3HOTO CTyIEHS TSKKOCTI. CTPiMKMI pO3BUTOK aBTOMOOINIbHO] rastysi Ta
3pOCTaHHS iIHTEHCUBHOCTI PyXy Ha JOPOrax 3yMOBJIIOIOTb HEOOXiHICTb BIIPOBAI)KEHHS iHTEJIEKTyaIbHUX CUCTEM

Jornomoru BogieBi ADAS Ta aBTOHOMHOTO KepyBaHHS TPAHCIIOPTHUMU 3aC006aMu. 3 TOUKHU 30Py CUCTEMHOIO



aHaJli3y, TaKi CUCTEMHU SIBJISIIOTh COOO0I0 CKJIaAHI 6araTOKOMIIOHEHTHI KOMIJIEKCH, 0 NOTPEOYIOTh KOMILJIEKCHOTO
niaxomy oo MPOEKTYBaHHS Ta iHTerpauii nigcucreM. OSHUM i3 6a30BUX KOMIIOHEHTIB TaKUX CUCTEM € MOJYJIb
CcermMeHTallii JOPOKHIX CMYT, SIKUI1 3abe31evye po3Ili3HaBaHHsI Ta BiICTEXXEHHSI PO3MITKU B PEXKUMi peaslbHOro 4yacy.
AKTyasIbHICTb OOCIIIKEHHS MiACUIIOETbCA CKIAAHICTIO YMOB €KCILIyaTallil CUCTEM KOMIT'IOTEPHOrO 30pY: 3MiHHE
OCBITJICHH$, HECIIPUATIIMBI IOTOJIHI YMOBH, 3HOIIEHA 260 YaCTKOBO BifICyTHS PO3MITKa, TiHi BiJi epeB Ta OyaiBeb,
MEePELIKOIY Ha TOPO3i, Pi3Hi TUIIM LOPOKHBOTO MTOKPUTTS Ta CKJIAJHA FEOMETPid IOPir. 3aCTOCYBaHHS METO/IB
CHCTEMHOTO aHaJi3y [j1s iHTerpalii pisHOpiIHUX IpKepeJl aHux, 3okpema HD maps, 103BoJisie KOMIIEHCYBATH
HeJ0JIiKY Bi3yaJIbHOTO po3Mi3HaBaHHS. HaykoBa HOBU3HA OTPUMAHUX Pe3yJIbTaTiB: - Brepie 3anponoHOBaHO
ribpuHMI Nigxin 7o cermMenTalii JOPOXKHIX CMYT, IO IO€LHYE [1apajiesibHy 00pOOKY KIaCUYHUMU METOlaMU
KOMIT'IOTEPHOTrO 30py (nepeTBopeHHs Xada, nerekrop rpaHulb KeHHi, MopdosioriuHi onepalii Ta afantyusHa
[IOPOroBa 6iHapu3alist) Ta rIIMO0KMMY HENPOHHUMU MEPEeXXaMu CEMaHTUYHOI cerMmeHTallii (apxirextypu U-Net,
SCNN, LaneNet) i3 3acToCcyBaHHSIM MeXaHi3My 3BaXKyBaHHS pe3yJIbTaTiB Ta Bepu@ikallii Ha OCHOBi KapT BUCOKOI
netanizauii (HD maps). - YIOoCKOHaseHO MaTeMaTU4Hy MOZeJIb BUSIBJIEHHSI JOPOKHIX CMYT IIJIIXOM BBEJI€HHS
MexaHi3My Qy3ii JaHuX Bif BizyaJbHUX CEHCOPIB Ta KapT BUCOKOI AeTai3alii Ha 0OCHOBi 6alieCiBCbKOro MixX0My, 0
3a6e3nevyye KOMIIEHCALlil0 IOMUJIOK Bi3yalbHOTO PO3IMi3HaBaHHSI [IPY MOTipIIEeHH]I BUOMMOCTI PO3MITKHU Ta
3MEHIIEHHS KiJIbKOCTI XMOHUX CITpalloBaHb. - HabyB I10JabIIOr0 PpO3BUTKY METO, BiICTEXXEHHS JOPOXHIX CMYT Y
PeKUMI peasbHOTrO Yacy LUISIXOM iHTerpauii posmupenoro ¢inprpa Kasmasa 3 anpiopHoto iHdpopMaliieto npo
reomeTpiio goporu 3 HD maps Ta MexaHi3MOM IPOTHO3yBaHHS MOJIOXKEHHSI CMYT Ha OCHOBI MOZIeJi PyXy
TPaHCIIOPTHOTO 3aco0y, 10 3a6e3nedye 06poOKy BineonoToky He meHiue 30 KanpiB Ha ceKyHy. PeanizoBaHo
IIPOrpaMHy CUCTEeMY CerMeHTallil JOpoXHixX cmyr 3 BUKopucTtaHHsaMm Python, PyTorch, OpenCV, NumPy, CUDA. [lns
TeCTyBaHHS BUKOpUCTaHo Habopu paHux TuSimple, CULane tTa BDD10OK. Pe3ynbTaty €KCIIEpUMEHTIB
HiATBEPAXYIOTS, IO ribpuaHuil minxin 3 interpauiero HD maps 3a6e3nedye BUIy TOYHICTb Ta HAIiAHICTD
PO3Mi3HaBaHHS NOPiBHSIHO 3 BUKOPUCTAHHSIM JIMIIE BidyaJlbHUX METOZIB. KiI04OBi C/10Ba: CErMEHTallisl JOPOKHIX
CMYT, KOMII'IOTepHUM 3ip, CUCTEMHMI aHali3, CUCTeMa KEPYBAHHS JJOPOKHIM PyXOM, IJIMOOKE HaBYaHHS, 3rOPTKOBI
HelpoHHI mepexi, HD maps, ribpuagnuit ninxin, ADAS, BincresxeHHs cmyr, Qy3ist JaHuX, IeEpeTBOPeHHS Xada.

2. Drevych L.O. - Models and Methods of Lane Segmentation in Traffic Control Systems. - Qualifying scientific
work as a manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 124 "System Analysis" - Lviv
Polytechnic National University, Ministry of Education and Science of Ukraine, Lviv, 2026. The dissertation is
devoted to solving an urgent scientific and applied problem, which consists in the application of system analysis
methods for the development of models, mathematical methods, and software tools for road lane segmentation in
traffic management systems based on a hybrid approach that combines classical computer vision methods, deep
learning, and integration with high-definition maps (HD maps). Road safety is one of the key problems of modern
society. Every year, more than 1.35 million people die worldwide as a result of road traffic accidents, and tens of
millions are injured to varying degrees. The rapid development of the automotive industry and the increasing
traffic intensity necessitate the implementation of Advanced Driver Assistance Systems (ADAS) and autonomous
vehicle control. From the perspective of system analysis, such systems represent complex multi-component
complexes that require a comprehensive approach to the design and integration of subsystems. One of the basic
components of such systems is the lane segmentation module, which provides recognition and tracking of road
markings in real time. The relevance of the research is reinforced by the complexity of operating conditions for
computer vision systems: variable lighting, adverse weather conditions, worn or partially absent markings,
shadows from trees and buildings, obstacles on the road, different types of road surfaces, and complex road
geometry. The application of system analysis methods for the integration of heterogeneous data sources,
particularly HD maps, makes it possible to compensate for the shortcomings of visual recognition. Scientific
novelty of the obtained results: - For the first time, a hybrid approach to road lane segmentation is proposed,
which combines parallel processing by classical computer vision methods (Hough transform, Canny edge detector,
morphological operations and adaptive threshold binarization) and deep neural networks for semantic
segmentation (U-Net, SCNN, LaneNet architectures) with a result weighting mechanism and verification based on
high-definition maps (HD maps). - The mathematical model of road lane detection has been improved by



introducing a data fusion mechanism from visual sensors and high-definition maps based on a Bayesian approach,
which provides compensation for visual recognition errors when marking visibility deteriorates and reduces the
number of false positives. - The method of real-time road lane tracking has been further developed by integrating
an extended Kalman filter with a priori information about road geometry from HD maps and a mechanism for
predicting lane positions based on the vehicle motion model, ensuring video stream processing of at least 30
frames per second. A software system for road lane segmentation has been implemented using Python, PyTorch,
OpenCV, NumPy, CUDA. For testing, the TuSimple, CULane, and BDD100K datasets were used. The experimental
results confirm that the hybrid approach with HD maps integration provides higher accuracy and recognition
reliability compared to using only visual methods. Keywords: road lane segmentation, computer vision, system
analysis, traffic control system, deep learning, convolutional neural networks, HD maps, hybrid approach, ADAS,
lane tracking, data fusion, Hough transform.
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