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1. IucepTaliio NpUCBIYEHO MiIBUIIEHHIO JOCTOBIPHOCTI aBTOMAaTU30BAaHOTO OLIiHIOBAHHS HAJIBOAHOI HaBiraluitHoO1
00CTaHOBKY HIJISIXOM BUSIBJIEHHS Cy[leH, Kinacuikalii iXHbOro pakypcy Ta BU3HAU€HHS IIeJIEHTY 32
BiZle0300pakeHHSIM i3 IOJanbIIo0 acolliallielo i B3aEMHOIO NTePEBIPKOIO JAaHUX BilEOCUCTEMU, PaZi0I0KaliliHOI
cranuii (PJIC) Ta aBTomaTnuHOi ineHTUdikauitHoi cuctemu (AIC). AKTyasnbHICTb JOCIIIKEHHS 3yMOBJIEHA
0OME>XEeHHSIMU TPAAMLiIITHUX 3aC0O0iB CIIOCTEPEKEHHS Ta OTPEDOOIO B He3aJIeXKHOMY Bi3yaJlbHOMY IiATBepIKeHHi
HaBirauinHoi iHpopmaliii, 30Kkpema 3a BificyTHOCTi a0 cynepeunuBocTi faHux AIC. O6IpyHTOBaHO CUCTEMY BOCbMU
KJIaciB paKypcy cynHa-1iji, copMOBaHO I aHOTOBaHO Habip 306paskeHb Ta JOHABYEHO MOJIEb KOMITIOTEPHOTO
3opy YOLOVSn 114 BUSIBJIEHHS CyJeH i Kinacu@ikalii iXHboro pakypcy. 3aCTOCOBAaHO ayTMEHTAlLil0 JAHUX i
BpaxoBaHO AucbhanaHc KinaciB. Ha He3anexHill TecToBsiit Bubip1ii orpumaHo Precision = 0,6531, Recall = 0,6404,
mAP@0,5 = 0,6955 Ta mAP@0,5:0,95 = 0,5580. O6rpyHTOBaHO CTPYKTypy 6araTokamepHoi 60pTOBOI BifleoCUCTEMU
KPyroBOT'O OTJISIY Ta PO3PaxyHKOBi BUMOI'H JI0 3aC06iB BimeocrniocrepesxeHHs. PO3po6sieHO aropuTM BU3HAYEHHS

BiZJTHOCHOTO I€JIEHTY 3a II0JIOXKEHHSM LIeHTPa 00MEXKyBaJIbHOI paMKH CYJHA Y BifleOKapi 3 ypaxyBaHHSM I10JIs1 30pY



1 HaNpsIMKY ONTUYHOI oci Kamepu. Ilepexif 10 iCTUHHOrO NeJleHry O6rPYHTOBAHO 3 BUKOPUCTAHHSIM iCTUHHOTO
KypCy BJIACHOTO CyJHA. PO3IJIsIHYTO CUHXPOHIi3allilo BileONOTOKY 1 HaBiralli'HUX MOBiJJOMJIEHb Ta BIVIUB IXHbOI
4acoBOi HEY3TrOPKEHOCTI Ha IIOXUOKY IeJleHTy. Briepie po3po6yieHo MeTog, acouiallii Ta B3aeMHO]I IlepeBipKu
BiZIl€OTPEKiB, pafiiosoKalilHUX Tpac i nosigmomMieHs AIC, 9Kuil NoegHY€e MIPOCTOPOBO-KiHEMATUYHE 3iCTaBJIEHH 3
HE3aJIE’KHUM BiIEOIEJIEHTOM Ta OLIIHKOIO BIIEBHEHOCTI MOJIEJII 00 O4iKyBaHOI'O PAKypCy CyAHa. Meton BpaxoBye
HEBU3HA4YEeHICTh BUMIPIOBAaHb i BiAMiHHOCTi TOYOK reOMeTPHUYHOI IIPUB'SI3KU JaHUX Ta JOIyCKA€ CYIIPOBOIKEHHS
(disnyHOI 11isi 6€3 Ipru3HadYeHHs ineHTudikaTopa MOPCbhKOi pyxoMoi ciry>kou (MMSI), k1o HafifiHOI BifIOBiIHOCTI 3
AIC-kaHAUOATOM HE BCTAaHOBJIEHO. METO, OLIiHEHO iMIiTalliiHUM MOJIEJIIOBaHHSIM i3 MOPIBHSAHHSIM KOHQirypariiii 6e3
BiZleoKaHaJy, 3 BileoIeIeHroM Ta 3 BifieoresieHroM i pakypcom. V mecTu 6a30BUX clieHapisix BUKOHaHO 11o 1000
IapHUX peasizalliil 1151 KoKHOI KoHpirypauii. 3a npuiHITUX NapaMeTpiB MOJeJli 1o4aBaHHS BifleOneJIeHry
3MEHIINJIO CEPeNHbOKBAIPATUYHY ITOXMOKY iCTUHHOTO nesieHry Ha 8,34-46,50 %. Y cueHnapii npocTopoBo it
PaKkypcHO cynepeunupoi nigminm AIC-kaHgumara yacTKa NpaBUJIbHUX BigxuieHs 3pocia 3 13,78 % no 93,19 %, a
yacTKa NoMuIKoBux MMSI-nipusHaueHs 3meHmmnacs 3 31,67 % 1o 3,84 %. EQekr BUKOpUCTaHHS paKypcy 3ajiekaB
Bif cLieHapilo: y 6a30BUX CLiEHApisgx [I0BHOTA acoljiallii Ta NoKa3HUK F1 6yiy HUK4YMMU, HDK y KOHQirypaliii 6e3
BiZeokaHasny. 3a HATypHMMU BifieojaHUMU oLiHeHo 236 cyneH y 81 BineopparmenTi. Mogesns sokasnizyBania 152
cynHa, nyis 105 i3 HUX [paBUJIbHO BU3HAUMIIA pakypc. YacTka nmpaBuiibHUX Kiacudikauiil craHoBumna 69,1 % cepep,
JIOKasi3oBaHUX CyAeH i 44,5 % cepep ycix HassBHUX y BUGipLi. B okpeMoMy ekcriepuMeHTi 3 53 cygHaMmu Ta 265
IIOBTOPHUMM CIIOCTEPEXXEHHSIMU 30i/blIeHHs LU(PPOBOro Macitady Bif 1x 1o 5x CyrpoBOIKyBanoCs: 3pOCTAaHHSIM
YaCTKY IIPaBUJIbHO JIOKaJi30BaHuX i knacudikoBanux uinei iz 50,9 % no 92,5 %. BusHaueHO 0OMe>KeHHS, [10B's13aHi
3 YMOBaMHU CIIOCTEPEXEHHS Ta HEPIBHOMIPHOIO MIPECTABIIEHICTIO paKypciB. [IpakTuyHe 3HAaYEHHS pPEe3yJIbTaTiB
I10JIra€ B MOKJIMBOCTI BUKOPUCTAHHS 3aIIPOIIOHOBAHUX PillleHb [1J1 MOOYA0BU 60PTOBOI CUCTEMU KOMITIOTEPHOTO
30Dy, gKa Hajae HezasexHy iHdopmaliito npo cygHa Ta ponosHioe aaHi PJIC i AIC ajs nigTpuMKH pileHb
Cy[IHOBOZisl. BusiBnenns 1 knacudikario nepeBipeHo Ha HATYPHUX JaHUX, BU3HAUEHHS IIeJIEHT'y OOIPYHTOBAHO
PO3paxyHKOBO, a e(eKTUBHICTb acolialii oljiHeHo iMiTalifiHo. Kilo4yoBi cj10Ba: KOMITIOTEPHUN 3ip, paKypc CyHa,
YOLOvVS8n, 6e3neKa MOPENIaBCTBa, HAJIBOAHA OOCTAaHOBKA, IIEJIEHT CYAHA, iCTUHHMI TIeJIEHT, BUSIBJIEHHS CYIHa,
kinacudikauis cynHa, jokasnizanis cynsa, Pan-Tilt-Zoom (PTZ) kamepa, cutyauniiiHa 06i3HaHICTb, HiITPUMKA
IIPUMHATTS pillleHb, aBTOHOMHE CYIHOIIJIaBCTBO.

2. The dissertation addresses improving the reliability of automated assessment of the surface navigational
situation through vessel detection, aspect classification and bearing determination from video imagery, followed
by the association and cross-checking of video system, radar and Automatic Identification System (AIS) data. The
research is motivated by the limitations of conventional observation systems and the need for independent visual
confirmation of navigational information, particularly when AIS data are unavailable or inconsistent. A system of
eight target-vessel aspect classes was substantiated, an image dataset was compiled and annotated, and the
YOLOv8n computer vision model was fine-tuned for vessel detection and aspect classification. Data augmentation
was applied and class imbalance was addressed. Evaluation on an independent test set yielded Precision = 0.6531,
Recall = 0.6404, mAP@0.5 = 0.6955 and mAP@0.5:0.95 = 0.5580. The structure of an onboard multi-camera video
system for all-round observation and calculation-based requirements for video surveillance equipment were
substantiated. An algorithm was developed to determine relative bearing from the position of the centre of the
vessel's bounding box in a video frame, accounting for the camera's field of view and optical-axis direction.
Conversion to true bearing was substantiated using own-ship true heading. Synchronisation of the video stream
and navigational messages and the effect of their temporal misalignment on bearing error were considered. For
the first time, a method was developed for the association and cross-checking of video tracks, radar tracks and AIS
messages. It combines spatial-kinematic matching with an independent video-derived bearing and the model's
confidence estimate for the expected vessel aspect. The method accounts for measurement uncertainty and
differences in the geometric reference points of the data, and allows a physical target to be tracked without an
assigned Maritime Mobile Service Identity (MMSI) when no reliable match with an AIS candidate is established. The
method was evaluated through simulation by comparing configurations without video, with video-derived bearing,
and with both video-derived bearing and aspect. Each configuration was evaluated using 1,000 paired runs in each



of six baseline scenarios. Under the assumed model parameters, adding video-derived bearing reduced the root
mean square error of true bearing by 8.34-46.50%. In a simulated AIS-candidate spoofing scenario with
inconsistent position and aspect, the correct rejection rate increased from 13.78% to 93.19%, while the proportion
of erroneous MMSI assignments decreased from 31.67% to 3.84%. The effect of using aspect depended on the
scenario: association recall and F1 were lower in the baseline scenarios than in the configuration without video.
Field video data were used to evaluate 236 vessels in 81 video clips. The model localised 152 vessels and correctly
classified the aspect of 105 of them. Correct classifications accounted for 69.1% of localised vessels and 44.5% of all
vessels in the sample. In a separate experiment involving 53 vessels and 265 repeated observations, increasing
digital zoom from 1x to 5x was accompanied by an increase in the proportion of correctly localised and classified
targets from 50.9% to 92.5%. Limitations related to observation conditions and uneven representation of vessel
aspects were identified. The practical significance of the results lies in the potential use of the proposed solutions
to develop an onboard computer vision system that provides independent vessel information and supplements
radar and AIS data to support navigators' decisions. Detection and classification were tested on field data, bearing
determination was substantiated through calculations, and association performance was evaluated through
simulation. Keywords: computer vision, vessel aspect, YOLOv8n, navigational safety, maritime surface situation,
vessel bearing, true bearing, vessel detection, vessel classification, vessel localisation, PTZ camera, situational
awareness, decision support, autonomous shipping.
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