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PE®EPAT

Junnomuas pabora: 65 crpanun, 10 pucynkoB, 20 HUCTOYHHUKOB,
4 IpUITOKEHUS.

Knioueswie closa. HEVPOHHBIE CETNH, KOHTYPHO-
OPUEHTALIMOHHBIE OBPA3bl, BHUHOKVYJIZIPHOE W3OBPAXEHMUE,
CTEPEO3PEHUE, IIPOCTPAHCTBEHHO-OPUEHTAIIMOHHOE IIPE/-
CTABJIEHME, I''IYBUHHAS KAPTA, I'SCHC.

Ob6vexm uccnedoganusi: TAPpoBbIe M300paXKeHUsI OOBEKTOB, MPEICTABICHHBIE
B BHJIC¢ KOHTYPHO-OPUEHTAIIMOHHBIX 00pa30B, MOTYYEHHBIE CO CTEPEOKaMED.

Lenv uccnedosanus:. pa3padoTKa HEHPOCETEBOTO aJTOpUTMa OOHAPYKCHHS U
KJaccupukaliu OOBEKTOB Ha OCHOBE OOpabOTKHM H300pa)XKEHWM B CHCTEMax
CTEpEO3PEHUS.

B xone paboTel ObLIM TMpOaHAIU3UPOBAHBI TEOPETHUYECKHE OCHOBBI (op-
MUPOBAHUSI KOHTYPHBIX MPU3HAKOB M OOpaOOTKM H300paKEHUU B CHUCTEMax
CTEPEO3PEHNUs, IOCTPOCHO MATEMATHYECKOE ONMMCAHNE KOHTYPHO-OPUEHTAMOHHBIX
IPEICTABICHUI 00OBEKTOB B IPOCTPAHCTBE MO3ULIMKA U OPUEHTALIHI, pa3padoTaHa u
peanu3oBaHa apXUTEKTypa HEUPOCETEBOM MOJIeNH, 00JIaIaloIIe YCTOMYHNBOCTHIO K
MOBOPOTaM U CMEIIECHHSIM, a TAK)KE MPOBEJIEHbI HKCIIEPUMEHTHI, TOITBEPAUBILINE
BBICOKYIO YCTOMYMBOCTh MOJIENM K IIyMaM U UCKaXEHUSM (POPMBI.

Hay4nas HOBM3HA 3aKIIO4AETCS B IPUMEHEHUHN TPYIIIOBBIX YKBUBAPUAHTHBIX
CBEPTOUYHBIX HEMpoceTel JUisl aHadu3a KOHTYPHO-OPUEHTAIMOHHBIX 00pa30oB, UTO
MO3BOJISIET  YYUTHIBATH  OPHUEHTALIMOHHBIE  XapaKTEPUCTUKA  OOBEKTOB U
o0ecreynBaeT yCTOMYMBOCTh K MOBOPOTaM, CABUTAM M UCKAXKEHUSIM.

[TpakTrdeckas 3HAYMMOCTh PaOOTHI 3aKIIOYACTCS B BO3MOXKHOCTH IIPH-
MEHEHHUS pa3pabOoTaHHOTO aJIrOpUTMa B 3ajladaxX KOMIIBIOTEPHOTO 3PEHHUS, Tpe-
OyIOIINX BBICOKOW YCTOMYMBOCTH K IIOBOPOTAM, IITyMaM U HCKKCHHUSIM. AJITOPHTM
MOJKET HCIIOJIb30BaThCS B CHCTEMAax aBTOHOMHOM HaBHTAIlUH JUIS PACIIO-3HABAHUS
OOBEKTOB B CIIOXKHBIX YCIOBHSX, B MEAWIIMHCKOW BH3yaU3allid — JIsI TOYHOTO
BBIJICTICHUS CTPYKTYP Ha 3alTyMJICHHBIX M300PaKEHUSX, B MPO-MBITINICHHOCTH —
JUIS KOHTPOJII KadecTBa M OOHapyXeHHs JIe(eKToB, a Takke B CHCTeMax
O0e3omacHOCTM W POOOTOTEXHHWKE, Tne HeoOxomuma HanéxHas oOpaboTka
BU3YaJIbHON MH(POPMAITUHU B peabHOM BPEMEHH.

PesynbpTaThl paboThl onmyOnukoBaHbl B kypHane «Hayka, vccienoBaHusi u
pa3BUTHE.



PODEPAT

JpiruiomHass  mpama: 65 craponak, 10 wmamonkay, 20 KkpbIHiII,

4 nanartki.

Knrouaswis CJ10BbL. HEWPOHHBIA CETKI, KAHTYPHA-
APBIEHTALIBIMHBIS BIJIOCLIbI, BIHAKVJISIPHAE I30BPAXKDHHE,
CTDAPDA3PAHHE, [IPACTPAHCTBEHHA-APBIEHTALIBIMHBIS [TPA3EH-
TALBII, I'JTYBIHHAA KAPTA, I'DCHC.

Ab'exm Oacnedasanns. ni40aBbIs BBIABBI al'eKTay, MpaacTayIeHbIs ¥
BBITJISA3€ KAaHTYpHA-aphICHTAIBIMHBIX BiJIACIY, aTPHIMAHBIX 3 CTIpIaKaMep

Mbma Oacneoasanns. pacmparioyka 1 JgaciegaBaHHE HeWpaceTKaBara
aNrapbITMY BBISYJICHHS 1 KJ1aciikaiibli a0'eKTay Ha BbIsSIBaX 3 BHIKAPBICTAHHEM 1X
KaHTYypHa-apbICHTAIBIMHBIX MPI3CHTAIIBINA Y MPACTOPHI Ma3ilbIK 1 HAITpamMKay.

VY xoxa3e npaisl OblII TpaaHadi3aBaHbl TIAPITHIYHbISA ACHOBBI (papMipa-BaHHS
KOHTYPHBIX TIPBIKMET 1 amnpanoykli MalllOHKay y CICTAMax CTIpa3peHus,
nabyznaBaHa MaTAMaThlYHae aricaHHe KOHTYpHa-apblCHTALbIHBIX
npajacTayiaeHHsay ab'ekTay y mpacTopbl Masilblil 1 apbleHTaIlbIi, pacipaliaBada 1
pralii3aBaHa apXIiTIKTypa HeilpaceTkaBoi MaJdJIl, siKasl Bajoae YCTOMIIBACLIIO 1a
naBapoTay 1 3COYBaHHSY, a Takcama MpaBeI3€Hbl OSKCIEPBIMEHTHI, SIKis
nanBepA3UIl BEICOKYIO YCTOMIIIBACHb MAJIAJI /1a IIyMaM 1 CKaX3HHAM (hOPMBI.

HaBykoBasi HaBi3Ha 3akioyaena ¥y MNpPbIMSIHEHHI TIpyHaBblX O3KBIBa-
PBISSHTHBIX CBEPTOYHBIX HEHpaceTak JUisl aHaji3y KOHTYpHa-apbleHTallbIHBIX
y30pay, IITO JAa3Bajsie YJIlyBallb apbICHTALBIMHBIS XapaKTaphICThIKI al'eKkray 1
3absicrieyBae YCTOMIIBACIIL Ja MaBapoTay, 3PYIISHHSIY 1 CKaXXIHHSY.

[TpakTeiyHas 3HaYHACIH PAOOTHI 3aKIIIOUACIIA ¥ MardybIMacili MPbIMSI-HEHHS
pacmpanaBaHara ajrapelTMy Y 3ajadax KamIl'lOT3pHara IJIeJUKaHHS, SKis
naTpalOyrolb BHICOKAN yCTOWJIIBACI Jia MaBapoTay, miymMaM 1 CKaXdHHSY. AJl-
rapbITM MOXa BBIKapBICTOYBAIIllA ¥ CICTAMAX ayTaHOMHAW HaBIralpbll ISl pac-
Na3HaHHS 00bEK-TOB ¥ CKIIaJJaHbIX YMOBAX, Y MEJIBILBIHCKAM Bi3yani3albll — JJIs
JaKjazHara BBIICHILNTBA CTPYKTYp Ha 3allyMJICHHBIX MAallOHKax, y Mpa-
MBICJIOBACIl — JUISI KaHTPOJIKO SIKACIll 1 BBISAYJIEHHA Ad(eKTay, a Takcama ¥
cictTomax Osicmieki 1 poOaraTdxXHIlbl, J3¢ HeaOxo/IHas HaA3eHHas amnparoyka
Bi3yalibHall 1H(papMa-1bli § prajbHBIM Yace.

BoiHiki mpanel anyOnikaBaHbisi Y uacomnice «HaByka, pacnenaBaHH1 1
pa3BIlIEy.



ABSTRACT

Diploma thesis: 65 pages, 10 images, 20 sources, 4 appendices.

Keywords: NEURAL NETWORKS, CONTOUR ORIENTATION IMAGES,
BIN-OCULAR IMAGE, STEREO VISION, SPATIAL ORIENTATION REPRE-
SENTATION, DEPTH MAP, GPS.

The object of the study is digital images of objects presented in the form of
contour-orientation images obtained from stereo cameras.

The purpose of the work is to develop and study a neural network algorithm
for detecting and classifying objects in images using their contour-orientation
representations in the space of positions and directions.

In the course of the work, the theoretical foundations of the formation of
contour features and image processing in vision systems were analyzed, a
mathematical description of contour-orientation representations of objects in the
space of positions and orientations was constructed, the architecture of a neural
network model with resistance to turns and displacements was developed and
implemented, and experiments were conducted that confirmed the model's high
resistance to noise and shape distortions.

The scientific novelty lies in the use of group equivariant convolutional neural
networks for the analysis of contour-orientation images, which allows taking into
account the orientation characteristics of objects and provides resistance to turns,
shifts and distortions.

The practical significance of the work lies in the possibility of applying the
developed algorithm in computer vision tasks requiring high resistance to turns,
noise and distortion. The algorithm can be used in autonomous naviga-tion systems
to recognize objects in difficult conditions, in medical imaging — to accurately
identify structures in noisy images, in industry — for quality control and defect
detection, as well as in security systems and robotics, where reliable processing of
visual information in real time is required.

The results of the work are published in the journal “Science, Research and
Development”.



