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Pedepar

Mazucmepcras ouccepmayus, 99 cmpanuy, 19 pucynrkos, 36 ucmounuxos, 37

dopmyn.
Kniouegvie crosa:. MAIIUMHHOE OBYYEHWE, HEWPOHHBIE CETH,
KOMIIBIOTEPHOE 3PEHUE, OBHAPY XEHUE OBBEKTOB,

JNBYXCTVYIIEHUATBIE JETEKTOPBI, OMHOCTYIIEHYATBIE JETEKTOPBI,
YOLO, OBB, EDA, FINE-TUNING, METPUKU KAYECTBA, BU3YAJIM3ALUA
PE3VJIbTATOB, ULTRALYTICS.

Obvekmom uccnedoéanus SBISIIOTCA aJITOPUTMbl U MOJENH TITyOOKOTO
oOy4eHus1, MpUMEHsIeMbIE B 3a/1auax OOHAPYKEHUS 0ObEKTOB Ha H300paKEHUSX.

IIpeomemom uccrneoosanuss — apxurektypsl YOLOVS, YOLOv11, YOLOvI2 ¢
noanepxkoit OBB, ux oOydenue, onieHKa U MPakTUYECKOe MPUMEHEHUE.

L]envro pabomsi SIBASIECTCS CPABHUTEIBHBIN aHAIM3 U MPAKTUUECKas arpoOanus
mozenerr YOLO ¢ noanepxkoit OBB Ha n300pakeHHsIX U3 pa3iuyHbIX MPUKIATHBIX
o0nacTell — NPOMBIIUIEHHON BHU3yalu3alUHd, a’pO(POTOCHEMKA W MEAUIMHBL.
HccnenoBanne cocpeOTOYEHO Ha OLEHKE MPOU3BOJUTEIBHOCTH, TOYHOCTU U
CIIOCOOHOCTH MOJIeNei K 0000IIEHHIO B 3aBUCUMOCTH OT CTPYKTYPBbI CLIEHBI.

B xo0e pabomer  ObLIM  WCCIENOBaHbI  TEOPETUUYECKUE  OCHOBBI,
IIPOaHAIN3UPOBAHBI YBOJOLHUOHHBIE 3Tanbl pa3BUTUA apXUTEKTyp YOLO oT paHHHX
BEPCUH K  COBPEMEHHBIM MOJEISIM €  IMOJACPKKOW  OPUEHTUPOBAHHBIX
orpaHnyuTeNbHbIX paMoK (OBB), u3yueHbl OCHOBHBIE MOJIXO/Jbl K AaHHOTHPOBAHUIO
n300pakeHUI M METPUKH OIIEHKM KaudecTBa Jerekuuu. [IpoBeneHa moAroToBka u
CTPYKTYpPHBIM aHanu3 TpEX pasHOPOAHBIX TMPUKIAJAHBIX JaTaceToB U3 cdep
IPOMBILUIEHHON 3JIEKTPOHUKH, a’pOPOTOCHEMKM M MEAULMHCKOW TUArHOCTHKHU.
OcymiectBieno odydenue mozaenert YOLOvVE, YOLOv11 u YOLOvI2 B paznuuHbIX
KoH(purypauusi. IloaroToBiieHbl MeTa-TaONULBI W BU3yalW3alUd, JAOIINE
BCECTOPOHHEE MPEJCTABICHUE O KadyecTBe pabOThl Kaxaod mozaenu. IlomydyeHHsbie
pe3yNbTaThl OBLIN MOABEPTHYTHl BCECTOPOHHEMY CPAaBHUTEIBHOMY aHAJINU3Y, BKIIOYAs
KOJINYECTBEHHYIO OlleHKY 1o MeTpukaM mAP, IoU, Precision, Recall.

llonyuenunsvie pesynomamsi pabomsi MOTYT OBITh UCIIOJIB30BaHbI IPU pa3pabOTKe
MHTEJUIEKTYaJIbHBIX CHUCTEM KOHTpOJISI KauyecTBa, HaBUTAllMM, aBTOMAaTUYECKOMN
nuarHoctuku. llpencraBieHHble MOAENU MPUTOAHBI  JJsi  BOCIPOU3BOJUMOTO
IIPUMEHEHUS U UHTErPALUU B PA3JINYHbIE CUCTEMBI.



Abstract

Master’s Thesis, 99 pages, 19 figures, 36 references, 37 formulas.

Keywords: MACHINE LEARNING, NEURAL NETWORKS, COMPUTER
VISION, OBJECT DETECTION, TWO-STAGE DETECTORS, ONE-STAGE
DETECTORS, YOLO, OBB, EDA, FINE-TUNING, PERFORMANCE METRICS,
VISUALIZATION OF RESULTS, ULTRALYTICS.

The object of the study is algorithms and deep learning models applied to object
detection in images.

The subject of the study is YOLOvV8, YOLOv11, and YOLOv12 architectures
with OBB support, their training, evaluation, and practical implementation.

The aim of the study is to conduct a comparative analysis and practical evaluation
of YOLO models with support for Oriented Bounding Boxes (OBB) on images from
various applied domains — industrial inspection, aerial imagery, and medical
diagnostics. The research focuses on assessing model performance, accuracy, and
generalization ability depending on the scene structure.

In the course of this work, were investigated the theoretical foundations,
analysed the evolutionary stages of YOLO architectures from early versions to modern
models supporting oriented bounding box (OBB), studied the main approaches to
Image annotation and metrics for evaluating detection quality. Three heterogeneous
application datasets from the fields of industrial electronics, aerial photography and
medical diagnostics were trained and structurally analysed. YOLOv8, YOLOv11 and
YOLOv12 models were trained in different configurations. Meta-tables and
visualisations were prepared, providing a comprehensive view of the performance
quality of each model. The obtained results were subjected to a comprehensive
comparative analysis, including quantitative evaluation on mAP, loU, Precision, Recall
metrics.

The obtained results can be used in the development of intelligent quality control
systems, autonomous navigation, and automated diagnostics. The presented models are
suitable for reproducible use and integration into various systems.



Pa¢epar

Macicmapckas ovicepmayvwis, 99 cmaponax, 19 manoukay, 36 xpwiniy, 37
Gdopmyn.

Kniouaswvis crosei: MAILIBIHHAE HABYYAHHE, HEMPOHHBIS CETKI,
KAMITIOTAPHBI 3POHHS, BBISYJIEHHE AB’EKTAY, IBOXCTYIIEHUATBIA
HNOTOKTAPBL, AIHACTYIIEHYATbBIA I2TOKTAPHI, YOLO, OBB, EDA, FINE-
TUNING, METPBIKI SIKACIIIL BI3YAJII3ALIBISA BIHIKAY, ULTRALYTICS.

Ab’exmam Oacnedasanus 3 AYAAIONIA alrapbIlTMbl 1 MaJdJi  TJIbIOOKara
HaBYYaHHS, sIKiS BBIKAPBICTOYBAIOIIA JJIs BhIAYICHHS a0’ eKTay Ha BbIsABaX.

Ilpaomem oacnedasanns — apxitaktypbsl YOLOVS, YOLOvI1 1 YOLOvI2 3
naaTpeiMkaii OBB, ix HaBy4aHHe, al[HKa 1 MPaKThIYHAE BHIKAPHICTAHHE.

Mbma Oacneoasannsi — TapayHaJIbHbl aHaMi3 1 MPaKTbIYHAs anpadaibis
Mapasty YOLO 3 nanrpeivkaii OBB Ha BbIsIBax 3 pO3HBIX MPBIKIAIHBIX abiaciel —
npambICiioBail  Bi3yauizalbli, a’padora3nbiMKi 1 MenbIIbiHBL  JlaciienaBaHHe
CKaHIPHTPABaHAa Ha alPHIIBI MPATYKIBIMHACII, TAKJIaTHACIII 1 3/I0JIbHACII MRSy 1a
abarynpHEHHS ¥ 3alIeKHACLI aJ] CTPYKTYPBI CLPHBI.

YV xo003e pabomwvi ObuIl BBIByYaHbl TIap3THIYHBIA ACHOBBI, IMpaaHaIi3aBaHbI
sTansl pa3Binug apxiTKTyp YOLO — aj paHHiX Bepciil Ja Cy4acHbIX 3 NaATpbIMKaii
apbleHTaBaHblx pamak (OBB). Pasrnemxanbl acHOYHbIS (papMaTbl aHaTaBaHHA 1
METpPBIKI [Kacll I audHKl BbLAyIeHHsS. [lagpbixTaBaHbl 1 MpaaHadi3aBaHbl TPBI
pa3HACTalHbBIA JaTaceThl 3 TalllH IMPaMBICIOBal 3JIEKTPOHIKI, a’padoTa3abIMKi 1
KIIIHIYHAW JBIATHOCTHIKI. AXbinéyneHa Hapydyanne Mamisty YOLOvE, YOLOvII 1
YOLOVI2 y po3nbix kandirypaipisix. CTBOpaHbsl MeTa-TaOMIIbI 1 Bi3yanizalbll s
KOMIUIEKCHA  alPHKI MOpambl MaJIdisy. ATpbIMaHblsl BbIHIKI  MAJBEPTHYTHI
napayHajgbHaMy aHalizy 3 BeikapbicTanHeM MeTphik mAP, loU, Precision, Recall.

Ampoimansiss  6bIHIKI  MOTYIb OBIIb BBIKAPBICTAHBI TPBI  PACTIPAIOYIIBI
IHTAJNIEKTYAJIbHBIX CICTAM KaHTPOJIIO SIKACIIl, HAaBIralpli 1 ayTaMaTblYHAN IBISTHOCTHIKI.
[IpaacTayneHsist MaadsIl OPbIAATHBIA IS MTAYTOpHAra BHIKAPBICTAHHS 1 IHTATpAIbll ¥
PO3HBIS CICTIMBI.



