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BOZIOBigBEOEHHS

2. Models and methods of intelligent information technology for assessing the functional state of sewage pipes

Pedepar:

1. Incepralist npuCBsY€Ha PO3B’sI3aHHIO aKTyabHOI HAYKOBO-TIPUKJIAAHOI 3a71a4i aBTOMaTH3allii IpoLecy
OLIiHIOBaHHS (PYHKIIOHAJILHOTO CTaHy TPyOOIIPOBOY BOJOBIABEIEHHS 32 NAaHUMU Bil€OiHCIIEKIii yepes
po3po6JieHHs iHpOPMaLifHOI TEXHOJIOTI] iHTeIeKTyalIbHOTO aHasli3y JaHMX. 3aCTOCYBaHHS pO3po6IeHOl
indopmaniitHoi TexHosorii oLiHI0OBaHHS QYHKI[IOHAJILHOTO CTaHy TPy6 BOJIOBiABE€HHS N03BOJIsIE MiABUILUTY
TOYHICTh aBTOMATUYHOro (OPMYyBaHH: 3BiTiB I1po iHcHeKL 0. ONHUM i3 CKJIaIHUX 3aBJaHb, HA JOCJIIPKEHHS SIKOTO
CIIpSIMOBaHa JucepTalliiiHa pob0Ta, € CTBOPEHHS iHTeNEKTyalbHOI iHPOpMalifiHO] TEXHOJIOTiI MAaIIMHHOTO
HaBYaHHS [J1s1 aBTOMAaTUYHOTO aHai3y JaHUX BifeoiHcmekii Tpy6d BOOBiABEeHHS 32 yMOB 0OMEXXEHOTr0 00CsTy
HaBYaJIbHUX JIaHUX Ta PECYPCiB, NOCTYIIHUX [IJIsS1 HABYaHHS Ta 00CJIyTOBYBaHHS CUCTEMU. BogHouyac BUpilIeHHs
LIbOT'O 3aBAHHS NIOJISITa€ B HEOOXiTHOCTI aHaIi3y MPOCTOPOBO-4aCOBOi KOHTEKCTHOI iH(popmalii. O6'ekToM
IOCJIIKeHHS € Mpoliec OLiHIoBaHHS (QYHKI[IOHAJILHOTO CTaHy TPy6 BOLOBiABeneHHS. [IpegMeToM OOCTiIKEeHHS €

MozeJi 1 meTonu iHpopmaliliHOi TeXHOJIOTI] OLiHIOBaHHS QYHKL[IOHAJIBHOTO CTaHy TPYy0 BOIOBifBENeHHS. Y



IycepTaliiiHill poO0Ti BUBHAYEHO aKTyasIbHICTbh 3aCTOCYBaHHS iHPOPMaLiHUX TEXHOJIOTIH y rajysi iHcnekuii Tpyo
BOZOBinBeeHHs. 17151 iHCTIeKLil Tpy6 BOJOBiIBeIeHHSI BUKOPUCTOBYIOTh BileOKaMepH, B TOMY YMCJIi TEIJIOBI3iiiHi,
COHapu, reopasiapy, Jla3epHi CKaHepU, eJIeKTPOCKaHepH Ta iX KOMOiHallii 3 MeTOolo BUSIBJIEeHHS AedeKTiB Ta
OLIiHIOBaHHSI Li/liCHOCTI CTIHOK TPY0 Ta CTaHy I'PYHTY HaBKoJIO TPy6. Ha OCHOBI IpOBeI€HOr0 aHali3y METOIB Ta
nigxoniB mo iHcnekuii Tpy6 BONOBinBeLeHHS BCTAHOBJIEHO, [0 OCHOBHUM JKepesioM iHdopMaliii € Bineokamepy,
OCKiJIbKM BileOiHCIIeKIlis BUMarae HalMeHIlle HaKJIaJJHUX BUTPAT, a iHPOPMaTUBHICTh OTPUMAHUX JAHUX
3abe3nevye BUSIBJIEHHS GibIIOCTI BXJIMBUX TUMIB Ae(EKTiB. OCHOBHA TEHAEHIiS PO3BUTKY Cy4YaCHUX TEXHOJIOTIN
aHasi3y JaHuX BileoiHCcHeKii IoB'a3aHa 3 BIPOBA)KEHHSIM TEXHOJIOTiH MAIIMHHOTO 30PY Ta LITYYHOTO {HTEJIEKTY,
X0ua LIi TEXHOJIOTI] 10Ci He HAalaloTh OCTAaTHbOIO PiBHS aBTOMATU3allii Yepe3 HeLOCTATHIO JOCTOBIPHICTD
copmoBaHUX 3BiTiB. TaKUM YMHOM, iX yIOCKOHAJIEHHS € BRKJIMBUM HAIPSIMKOM JIOCJIiIPKEHb. 3a pe3yibTaTaMu
aHali3y Npouecy BifieoiHcneKii Tpy6 BOJOBiABELEHHS OOIPYHTOBAHO NOTPeOY Y CTBOPEHHI HOBOI iHTEJIEKTyaIbHOI
indopmaliitHoi TexHOoIOorii O1iHIOBaHHS (PYHKIIOHATIBHOTO CTaHy TPYO BOJOBIABEICHHS LIJIIXOM BUKOPUCTAHHS
imen i MeTOJIiB KOMIIO3U1lii IIPOCTUX MOJIeJIEN, KOHTPACTHOTO HAaBYaHHS, 3aBal03aXUILEHOr0O KOJYBAaHHS Ta
iHopmaLiiiHO-eKCTpeMasbHOI iHTesIeKTyanbHOoI TexHosorii (IEI-TexHoorii). TakuM YMHOM, OCHOBHUI HaIIPSIMOK
niABUILEHHS €(EKTUBHOCTI MOJieiel OLiHIOBaHHS (PYHKLIOHAJILHOTO CTaHy TPYO BOJOBiBEICHHS N1OJISITAE B
ajanTanuii BXifHOro MaTeMaTUYHOTrO OIMCY Ta IOOYAOBI B IIpolieci HaBYaHHS Kiaacu@ikaliliHuX BUPIlIyBaJIbHUX
IIpaBuJI, 10 IPU3HAYEHI [ pO3Mi3HaBaHHS KOHTEKCTY, pO3Mi3HaBaHHs fe(deKTiB B OKPEMUX KOHTEKCTaX Ta
OLIiHIOBaHHS 3MiHU PiBHS BOJY, IIJISIXOM MaKCUMIi3allil KpuTepilo e(peKTUBHOCTI. Yreplie po3pobsieHO METOS,
HaBYaHHS iepapXxiyHOro eKCTpakTopa 03HaK, 10 Ha BiMiHY Bif BioMuX, 3abe3nedye minBuLieHHs QyHKLIiOHAIbHO]
eeKTUBHOCTI BUPIlllyBaJIbHUX [TPaBUJI 32 YMOB 3alIyMJIEHOCTi Ta HE36a/1aHCOBAHOCT] HaBYaIbHUX JAHUX LIJISIXOM
[IO€JHAHHS IPUHINIIIB IEPEHOCY 3HaHb, CiaMCbKUX MEPEXK, KOHTPACTHOI'O CAMOHABYAHHS Ta CAMOKOPEKTYIOUNX
IBiIKOBUX KoZiB. OnlepKaHi HAyKOBi pe3yJIbTaTU JOCIiIKEHDb Y BUTJIsAI iHPOPMALiIHOTO Ta IPOrPAMHOTO
3a0e3nedyeHHs BIIPOBAPKEHO IIifl Yac MiArOTOBKY IIE€PCOHAJTY Ta IIPOBENeHHS iHCIeKLii KaHamizaifiHoi Mmepexi B KI1
"MicekBogokaHan" CMP (M. Cymu), nifg yac po3po6JieHHs iHTeIeKTyalbHOI CUCTEMHU BiIlEOMOHITOPUHTY
iHdpacTpyKTypHUX 06'eKTiB B TOBapUCTBi 3 06MeXeHOI0 BinmosinanbHicTio “PO3YMHI TEXHOJIOTTT « TUTYJI»” (M.
CyMn), i, yac po3po6JIeHHS IPOTPaMHOTr0 3a06e3IedYeHHsT MOIYJISl MAIIMHHOTO 30PY [JIs1 AUCTAHLiHHO-KEePOBAHO]
MoO6inbHOI naTdpopmu B ToBapucTBi 3 ooMexxeHo10 BignosinansHicTio “HOPJ] TPEK” (M. IllocTka, CymchbKa
0071aCTb), ITif Yac po3pobJIeHHs cucTeMU Kilacu@ikalliiiHOro aHasizy JaHUX BileoiHCIEeKLii TpyOonpoBoay
BOZOBinBeieHHS B KoMmaHii Molfar.Al sp. z 0.0., (micTo I'maHcek, [Tosbpia), a TaKOXK Y HAaBYaJIbHOMY ITpoOIeci
Kadenpy KOMITIOTEPHUX HayK CyMCBKOTO Jep>KaBHOT'O YHIBEPCUTETY IIiJ] 4aC BUKJIAaHHS OUCHUILTIHA

“Introduction to Data Science”.

2. The dissertation is devoted to solving the actual scientific and applied problem of automating the process of
assessing the functional state of sewage pipelines based on video inspection data through the development of
information technology for intelligent data analysis. One of the complex tasks that the dissertation aims to
research is the creation of intelligent information technology for machine learning for automatic data analysis of
sewer pipe video inspection under conditions of limited training data volume and resources available for system
training and maintenance. At the same time, solving this task involves the necessity of analyzing spatio-temporal
contextual information. The object of the study is the process of assessing the functional state of sewer pipes. The
subject of the study is models and methods of information technology for assessing the functional state of sewer
pipes. Based on the conducted analysis of methods and approaches to sewer pipe inspection, it has been
established that video cameras are the primary source of information, as video inspection requires the least
overhead costs, and the informativeness of the obtained data ensures the detection of most important types of
defects. The main trend in the development of modern data analysis technologies for video inspection is
associated with the implementation of machine vision and artificial intelligence technologies, although these
technologies do not yet provide a sufficient level of automation due to the inadequate reliability of the formed
reports. Therefore, their improvement is an important direction of research. Based on the analysis of the sewer
pipe video inspection process, the need for creating a new intelligent information technology for assessing the
functional state of sewer pipes by using the ideas and methods of model composition, contrastive learning, noise-



resistant coding, and information-extreme intelligent technology (IEI-technology) has been substantiated Thus,
the main direction for enhancing the effectiveness of models for evaluating the functional state of sewer pipes lies
in adapting the input mathematical description and constructing classification decision rules during the learning
process. These rules are intended for context recognition, defect recognition in individual contexts, and water
level change assessment, all achieved through maximizing efficiency criteria. For the first time, a method has been
developed for training a hierarchical feature extractor, which, unlike known ones, ensures an increase in the
functional efficiency of decision rules under conditions of noisy and imbalanced training data by combining the
principles of knowledge transfer, siamese networks, contrastive self-learning, and self correcting binary codes.
The obtained scientific results in the form of informational and software provision have been implemented during
the training of personnel and conducting of sewer network inspections at KP "Miskvodokanal" SMR (Sumy city),
during the development of an intelligent video monitoring system for infrastructure objects at the Limited Liability
Company “SMART TECHNOLOGIES “TITUL™ (Sumy city), during the development of software for a machine vision
module for a remotely controlled mobile platform at the Limited Liability Company “NORD TREK” (Shostka city,
Sumy region), during the development of a classification analysis system for sewer pipeline video inspection data
at the company Molfar.Al sp. z 0.0., (Gdansk, Poland), and also in the educational process of the Department of
Computer Science of Sumy State University while teaching the discipline “Introduction to Data Science”.
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