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IIPU3BOJUTHU A0 CYTTEBUX €KOHOMIYHUX BTPAT, BUKPUBJIEHHS PE3YJIbTATiB KOMEPLIITHOTO 00JIiKYy Ta 3HUXEHHS
IOCTOBIPHOCTI METPOJIOTIYHOTO 3a6e3neyeHHs. [CHyI0ui MeToiM KaibpyBaHHsl, 30KpeMa 06’eMHUI Ta
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CIIPOLIEHNM ypaxXyBaHHSIM TeOMeTpil pe3epByapa, 1110, K IPaBUJIO, PO3IJIAIAE€ThCS K ifleanizoBaHa. Y peajbHUX
yMOBax eKcIllyaTallii pe3epByapu 3a3HaloTh Aedopmalliil, MaloTh TeXHOJIOTIUHI BinxuieHHs GopMU, JIOKaJIbHI
HepiBHOCTI Ta iHwi (pakTOpY, SIKi BIUIMBAIOTh HA TOYHICTh BUBHAYEHHS iX MICTKOCTI. Y 3B'S13Ky 3 LIUM O0COOJINBOI
aKTyaJIbHOCTI HabyBa€ 3aCTOCYBAHHS METO/IIB, 1[0 JO3BOJISIOTh BPAXOBYBAaTHU (PaKTUYHY reOMETPil0 06’€KTa Ha
OCHOBI BUCOKOTOYHOr0 3D-CKaHyBaHHS. MeTOI0 NUCEPTALITHOIO JOCIIIIPKEHHS € MiIBUIIEHHS TOYHOCTI
KaJliOpyBaHHS CTaJleBUX LUJIIHAPUYHUX FTOPU3OHTAIbHUX PE3€PBYyapiB LUISIXOM YAOCKOHAJIEHHSI TeOMETPUYHOTO
METOJly Ha OCHOBI BUKOPUCTaHHS 3D-XMapy TOUOK Ta CTBOPEHHS aBTOMaTHU30BaHOI CUCTEMH, sIKa 3abe3mneuye
MIOBHUI1 IUKJI 0OPOOJIEHHS! JaHMX — Bifl CKAHyBaHHS 10 (POPMYBaHHSI IOMiZTiIMETPOBOi rpalyloBajibHOI TabnuLi. Js
IOCSTHEHHS [TOCTaBJIEHOI METH Y pOOOTI BUKOHAHO KOMILJIEKC B3a€MOIIOB'SI3aHMX TEOPETUYHUX Ta
€KCIIEPMMEHTAJIbHUX JIOCIIiIKeHb. Y BCTYIIi OOIPYHTOBAHO aKTyasbHICTh TeMU, COOPMYJILOBAHO METY Ta 3aBHAHHS
IOCJIiIKEeHHS], BU3BHAUYEHO O0'€KT i MpegMeT OOCIiIpKEHHS, HaBe€J€HO METOM Ta 3aCO0H, 1[0 BUKOPUCTOBYIOTbCS B
POOOTi, pO3KPUTO HAYKOBY HOBU3HY, IIPAaKTUYHE 3HAYEHHS Ta 0COOMCTHI BHECOK 3700yBayva. Y repuiomy posmimi
IIPOBEIEHO CUCTEMHUI aHasli3 iCHYyIOUMX METOiB KaliopyBaHHS pe3epByapiB, BKIIIOYa0YM 00’€MHi, reOMETpUYHi Ta
KOMOiHOBaHi nigxonu. PO3rsIHyTO HOpMaTUBHO-METOMYHE 3a0€3I1eUeHHs IPOLIECiB KayliOpyBaHHS Ta Cy4acHi
TeXHi4Hi 3aco6u ix peanizauii. OcCo6JMBY yBary nNpuieHo aHali3y OOMeXEeHb TPAOULIIMHUX METO/IiB Y KOHTEKCTI
aBTOMaTH3allil Ta BpaxyBaHHS PeasbHOi reoOMeTpii NOBEPXHI pe3epByapiB. BCTaHOBIIEHO, 10 iCHYIOYI ITX0IN HE
3a0€e31e4yIoTh JOCTAaTHOI iHTerpallii npouecis 360py, 0Opo6JIeHHs Ta aHaJli3y JaHUX, a TAKOXX HE MICTSThb
e(eKTUBHUX 3aC00iB OLiHIOBaHHS SIKOCTi OTpMMaHux 3D-ganux. Ha 0CHOBI IPOBEeAEHOro aHamlisy cOpMyJIbOBAaHO
[IOCTAaHOBKY 3aJla4i JOCIiIKEHHS, sIKa [IOJISITa€ Y CTBOPEHHI aBTOMaTU30BaHOI cCTeMU KaJliopyBaHHS 3
ypaxyBaHHSM QaKTUYHOI reoMeTpii pesepByapa Ta aallTUBHOIO KEPYBaHHS [IPOLIECOM CKaHyBaHHS. Y APYyromy
PO31iii po3p06IEHO CTPYKTYPY aBTOMAaTU30BaHOI CUCTEMU KaJlibpyBaHHS pe3epByapiB FeOMETPUYHUM METOJIOM,
sIKa BKJIIOYAE IifcucTeMu 360py aHUX, OLiHIOBaHHS SIKOCTi 3D-XMapu TOYOK, KepyBaHHS [TOJIOKEHHSIM CKaHepa,
00pOO6JIEHHS IPOCTOPOBUX NAHUX Ta GOPMYBaHHS pe3yJbTaTiB KaliOpyBaHHs. 3alpONIOHOBAHO aHAJIITUYHY MOJIEJIb
(YHKLIOHYBaHHS CUCTEMHU, 110 ONUCYE B3aEMO3B'I3KM MIX il CKJIalOBUMU Ta BU3HAYAE JIOTIKY IPUMHSTTS pillleHb
OO0 aJAalTUBHOTO NepeMilleHHst 3D-ckaHepa y BepTUKabHIN II0IKMHI. PO3p0o61€eHO MeTO, OLiHIOBaHHS SIKOCTi
3D-xMapu TOYOK, KU1 6a3yeThCsl HA aHali3i TAKMX XapaKTEPUCTHK, SIK IiIbHICTh PO3MOiTY TOUOK, PiBEHD IIYMY,
IIOBHOTA ITOKPUTTS OBEPXHi Ta HAsIBHICTh BUKWIB. Ha OCHOBI LIMX [MOKA3HUKIB Peasi3oBaHO ajJfOPUTM HPUNHSTTS
pillleHb 00 HEOOXiIHOCTI TIOBTOPHOT'O CKaHYBAaHHS Ta BU3HAUEHHS HAIIPSIMY i BEJIMUMHY NIepeMillleHHS CKaHepa.
Lle no3Bossie 3a6€3MeYUTH aaNTMBHE (POPMYBAHHS [TIOBHOI Ta PENIPE3EHTATMBHOI MOJieJli IOBEPXHi pe3epByapa.
3anpornoHoBaHO KOMOIHOBAaHMI METOJ, cerMmeHTalii 3D-xMapu TOYOK, SIKUH [TI0€IHyE€ BUKOPUCTAHHS iTepaniitHoro
anroputmy RANSAC 151 BUZiIeHHS HUIiHOPUYHOI YaCTUHU pe3epByapa Ta kiacrepusanii merogom DBSCAN nis
BM3HAUYeHHS AHUIL,. [lofasbie YTOUHEHHST MeXX CETMEHTIB 3/1iMICHIOEThCSI HA OCHOBI aHasi3y HOpMaJlell Ta KpUBU3HU
[IOBEPXHi, 110 3abe3Ievye MiABUILEeHHS! TOYHOCTI BUiIEHHS] TEOMETPUYHUX eJleMeHTiB. Ha OCHOBI cerMeHTOBaHUX
IAHUX PO3pO6JIEHO MaTeMaTUYHi MOiesTi BUBHAUYEHHS FTEOMETPUYHUX NTapaMeTpPiB HUJIIHAPUIHOI YaCTUHU Ta THUII]
pes3epByapa 3 ypaxyBaHHSM iX peasbHOi GOpMU. Y TPETbOMY PO3[Iijli HABEAEHO PE3YJIbTaTU €KCIIEePUMEHTAIbHUX
IocyimkeHb po3pobiaeHoi cucteMu. [IpoBeeHo anpoballilo aIropuTMiB OLiHIOBaHHS SKOCTi 3D-XMapu TOYOK Ta
aJafTHBHOIO KePYBaHHS IIOJIOXKEHHSIM CKaHepa, 110 MifTBepauiIo iX eeKTUBHICTb y 3a6e31e4eHH] TIOBHOTH

ITIOKPUTTS [IOBEPXHI pe3epByapa Ta 3MEHUIEHHI KiJIbKOCTi TIOBTOPHUX CKaHyBaHb. BUKOHAHO JOCIIIPKEHHS TOYHOC

2. The dissertation is devoted to solving a relevant scientific and applied problem of improving the accuracy and
efficiency of calibration of horizontal cylindrical steel tanks through the development of an automated
hardware-software system based on three-dimensional laser scanning and geometric analysis of spatial data. The
necessity of such research is o6ycnosnena the increasing requirements for the accuracy of liquid accounting in the
oil and gas, chemical, energy, and transport-logistics industries, where even minor errors in determining tank
capacity may lead to significant economic losses, distortion of commercial accounting results, and reduced
reliability of metrological support. Existing calibration methods, in particular volumetric and geometric ones, have
a number of limitations related to high labor intensity, insufficient level of automation, and simplified
consideration of tank geometry, which is usually assumed to be idealized. Under real operating conditions, tanks
are subject to deformations, manufacturing deviations, local irregularities, and other factors that affect the



accuracy of capacity determination. In this regard, the application of methods that allow taking into account the
actual geometry of the object based on high-precision 3D scanning becomes especially relevant. The aim of the
dissertation research is to improve the accuracy of calibration of horizontal cylindrical steel tanks by enhancing
the geometric method based on the use of a 3D point cloud and developing an automated system that provides a
full data processing cycle—from scanning to the generation of a millimeter-resolution calibration table. To achieve
this goal, a set of interrelated theoretical and experimental studies has been carried out. The introduction
substantiates the relevance of the topic, formulates the goal and objectives of the research, defines the object and
subject of the study, describes the methods and tools used, and presents the scientific novelty, practical
significance, and the author’s contribution. The first chapter provides a systematic analysis of existing tank
calibration methods, including volumetric, geometric, and combined approaches. The regulatory and
methodological framework for calibration processes and modern technical means of their implementation are
considered. Particular attention is paid to the limitations of traditional methods in terms of automation and
accounting for the actual geometry of tank surfaces. It is established that existing approaches do not ensure
sufficient integration of data acquisition, processing, and analysis, and also lack effective tools for assessing the
quality of 3D data. Based on the analysis, the research problem is formulated, which consists in developing an
automated calibration system that accounts for the actual tank geometry and provides adaptive control of the
scanning process. The second chapter presents the developed structure of the automated tank calibration system
based on the geometric method, which includes subsystems for data acquisition, 3D point cloud quality
assessment, scanner position control, spatial data processing, and calibration result generation. An analytical
model of the system operation is proposed, describing the relationships between its components and defining the
decision-making logic for adaptive vertical positioning of the 3D scanner. A method for assessing the quality of the
3D point cloud has been developed, based on the analysis of parameters such as point density, noise level, surface
coverage completeness, and the presence of outliers. Based on these indicators, a decision-making algorithm is
implemented to determine the necessity of re-scanning and to define the direction and magnitude of scanner
displacement. This ensures adaptive formation of a complete and representative model of the tank surface. A
combined method for 3D point cloud segmentation is proposed, which integrates the iterative RANSAC algorithm
for extracting the cylindrical part of the tank and DBSCAN clustering for identifying the end caps. Further
refinement of segment boundaries is performed based on the analysis of surface normals and curvature, which
improves the accuracy of geometric feature extraction. Based on the segmented data, mathematical models are
developed for determining the geometric parameters of the cylindrical part and end caps, taking into account their
actual shape. The third chapter presents the results of experimental studies of the developed system. The
algorithms for 3D point cloud quality assessment and adaptive scanner positioning have been validated, confirming
their effectiveness in ensuring complete surface coverage and reducing the number of
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2. Igor V. Orynyak

KBasigikamis: 1. 1. ., npodecop, 01.02.04

InenTudgikarop ORCID ID: 0000-0003-4529-0235

JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HaujoHnanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIiTeXHiYHMIA iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuit, Kuig, 03056, Ykpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI
TOJIOBH paju

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCiflaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

Ponik Onekcangp IsanoBuy

Ponik Onekcangp IBaHoBUY

[IpockypeHko JleHrc MukonainoBmuy



PeecTpaTop IOpueHko TetsiHa AHaToOJiiBHA

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisIIbHOCTI




