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AHHoTauus. MNoasoaHble Tpy6onpoBoabl, ABNAACH KPUTUYECKW BaXKHON MHOPACTPYKTYpOi
LNA TPAHCNOPTUPOBKM Yr1eBOA0POAO0B M APYrMX PeCYpCoB, TPebyloT peryniapHoii NPoBepKN UX
COCTOAHWA, YYUTBIBAA IKOHOMUYECKUIA M IKONOrMYECKMIA XapaKTep NocieACTBUN BO3MOMHbIX
aBapuid. [o3ToMy 04HO M3 KNIoYeBbIX TEXHONIOMMYECKUX 3aa4 CerofHA ABNAETCA pa3paboTKa
HaJeHblX MeTO0B pacrno3HaBaHUA NoABOAHbIX TPYBOMNPOBOAOB C Leflblo UX MHCMEeKL MK
no BuAeouHpopMaLmm, NoslyyaeMoit aBTOHOMHbIM HeobUTaeMbIM NOABOOHLIM anmnapaToM.
MpennaraetcA MeToA pacrno3HaBaHWA W MpocfiemnBaHuA nogsogHoro Tpybonposona
Mo ONTMYECKUM M306parKeHNAM C UCNo/b30BaHMEeM aBTOHOMHOIO NoA4BOAHOMO annapara,
OCHOBAHHbIN HAa MHOIO3TaNHOM BbIYUCINTENIbHON cxeMe 06paboTKM OaHHbIX, BKI0Yas
BEKTOPU3aLMI0 MCXOOHbIX CHUMKOB Ha KOHTYPHOM 0CHOBE, BblefieHe BUAMMBIX MPaHuLy
Tpy6bonpoBoda Ha M306parKeHUAX U BblMMCIEHME ero NPOCTPAHCTBEHHOM 0CeBOM NIMHUK. MeToq
OCHOBbIBaETCA Ha NPUMEHeHNM aBTOPCKoM MoanduKaumm anropmutMa Xada (Hough Transform)
C afanTMBHLIM OrpaHuyeHreM 0671acTU aHanM3a U HOBOW BepCuMU aBTOPCKON MeTOOUKM
MOCTPOEHMUA KOHTYPOB C NpuMeHeHneM MeToAa Ouy (Otsu's method). Mony4yaeMble ¢ NoMoLLiblo
METOLMKMN KOHTYpPbI 06/1a4al0T MUHUMabHON M36bITOYHOCTbIO U JOCTATOYHOM TOYHOCTbIO
ANA BbloefieHUA BUAMMbBIX rpaHuL, Tpybonposoda MoANGULUMPOBAHHLIM anropuTMoM
Xada. MeTof xapaKTepusyeTcA He6ONbLUMMU BIMUCIIUTENBHBIMM 3aTpaTaMu B CPaBHEHUM
C aHanoramu. HeTpyoeMKuii pacyeT 0CeBOW JIMHUM OCYLLLECTBAETCA HAa OCHOBE NPUMEHeHNA
paHee pa3paboTaHHOro aBTopaMu afiroOpUTMa JlIoKanbHOro pacrno3HaBaHusA. [poBeaeHbl
BbIYMCIINTESIbHbIE SKCMEPUMEHTHI 4/1A MOSYYEeHUA CPABHUTENbHBIX OLLEHOK HaOeHHOCTH
W BbIYMCTIUTESIbHOM NPOU3BOANUTENBHOCTU NMPUMEHWUTESTBHO K KOHTYPHBIM anropuTMamM KaHHu,
K-cpegHux, Ouy 1 K MeTody BblgeneHus rpaHul, (Mogudukauma Metoaa Xada). B ToM uncne
MosyYeHbl OLLeHKM CPaBHEHUA C HEKOTOPbIMU aHanoramu. MNostydeHHble oLeHKM 3ddeKTUBHOCTH
MpensiorKeHHbIX pelleHnii NogTeepann Ux 3GGeKTUBHOCTb.
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Abstract. Underwater pipelines, being critical infrastructure for the transportation of
hydrocarbons and other resources, require regular inspection of their condition, taking into
account the economic and environmental nature of the consequences of possible accidents.
Therefore, one of the key technological challenges today is the development of reliable
methods for recognizing underwater pipelines for the purpose of their inspection using video
information received by an autonomous unmanned underwater vehicle. A method is proposed
for recognizing and tracking an underwater pipeline using optical images using an autonomous
underwater vehicle, based on a multi-stage computational data processing scheme, including:
vectorization of initial images on a contour basis, selection of visible boundaries of the pipeline
inimages and calculation of its spatial centerline. The method is based on the use of the author's
maodification of the Hough Transform algorithm with adaptive limitation of the analysis area and
a new version of the author's method for constructing contours using the Otsu's method. The
contours obtained using the method have minimal redundancy and sufficient accuracy to identify
visible pipeline boundaries using a modified Hough algorithm. The method is characterized by
low computational costs in comparison with analogues. The easy calculation of the centerline
is carried out on the basis of the application of the local recognition algorithm previously
developed by the authors. Computational experiments were conducted to obtain comparative
estimates of reliability and computational performance in relation to the contour algorithms of
Canny, K-means, Otsu and the boundary detection method (modification of the Hough method).
Including comparison assessments with some analogues. The obtained assessments of the
effectiveness of the proposed solutions confirmed their effectiveness.
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BesepneHue

KTyaJIbHOM 3a/1a4€i MHCTIEKIIUH MO/~

BOJHOM MpOMBINIJIEHHOW HH{pa-

CTPYKTYPHI SBJISICTCSI TPOCIICKUBAHHE
nonBoaHoro Tpyodomnposoaa (TII) mo onTu-
YECKUM HU300paKEHHSIM C UCTIOIB30BAHUEM
ABTOHOMHOI'O HEOOHUTAEMOTO MOJBOIHOTO arl-
napara (AHITA) B pexxume peaabHOTO Bpe-
MeHU. CaMbIM HEIOPOTUM HCTOYHHUKOM MH-

dopmanmu o cocrosiHru Tpyodomnposoaa (TII)
SBJISIFOTCS MOHO-, CTEPEO- U BUICOKAMEPHI,
yCTaHaBJIMBAEMbIE HA ABTOHOMHBIX I10/1BO-
IHBIX annaparax. [lomyyaemelie ¢ ux nomo-
I[bI0 BU3yaJIbHBIE JAaHHbIE 00ECTIeUnBAIOT
0011yt0 HHGOPMAIUIO O COCTOSIHUU U TIPO-
crpaHcTBeHHOM mosnoxeHuu TI1. CocrosHue
TII onenuBaeTcs coriiacHO WHGOPMAITUU
0 opme, BOZMOXKHOM JiehopMaliuu, LeI0CT-
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