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Kinv /. O. YOOCKOHaJN€HHS METOJIB T€OAEC3UYHHUX 1 KapTOMETPUUHUX
oOumnciens y reoindopmariinomy cepeaosuii. — Kpamidikariiina HaykoBa mparst
Ha MpaBax PyKOIHCY.

Hucepraiiss Ha 3100yTTS HAyKOBOTO CTyIEHs JAOoKTopa digocodii 3a

cunemianpHicTIO 193 — «leomesiss ta 3emmeycrpii» (19 — «Apxitekrypa i
OymiBHUITBO»). — KWIBChKMII HAI[lOHAJBHUN yHIBEPCHTET OYIIBHUITBA 1
apxitektypu, KuiB. — KuiBcbkuil HalioHaNbHUN yHIBEpCUTET OYIIBHUIITBA 1

apxitektypu, MOH Vkpainu, Kuis, 2024.

Hucepraiiiina poOoTa MNPUCBAYEHA BUPIMIEHHIO HAYKOBO-IPUKIIAAHOIO
3aBJaHHA O1ABUIIEHHS TOYHOCTI aHAIITUYHUX Ta YUCJIOBUX METO/IB I'€OIE3NYHUX
Ta KapTOMETPUYHUX OOYHCICHb y TeolH(opMaIiiHOMY CEpeOBHUIIl Ha OCHOBI
3aCTOCYBaHHS CTPOTMX MAaTeMaTHYHHMX METOJIB Ha MOBEPXHI pedepeHI-enincoina
0e3 0OMEKEHHS KUIBKOCTI YJIEHIB PSY.

3 PO3BUTKOM KOMIT IOTEPHUX Ta reoiH(OpMAaIlIiHUX TEXHOJIOT1 KOPUCTYBayi
BCE YACTIIIE BUKOPUCTOBYIOTh LHU(POBI MOJAEN MICHEBOCTI IJisl MNPOEKTYBaHHS,
BUKOHAHHS  JIOCTIPKeHb,  MOHITOPHHTY, TEOMPOCTOPOBOTO  aHajizy  Ta
NpPOrHO3yBaHHA. Jl0 LIbOrO MOMEHTY BCl KapTOMETpUYHI Ta MoOp(OMeTpuyHi
XapaKTePUCTHKU 00’ €KTIB BH3HAYAINCh Ha JAPYKOBAHMX KapTaxX 3a JOMOMOTOIO
rpadiyHUX Ta IHCTPYMEHTAIBHMX METOAIB. MakcumaibHa iX TOYHICTH HE BHIIE
0,1 MM 1 Ounbmie. 11[o0 BU3HAYMTH JOBXKMHY a0O0 IJIOLLY TEPUTOPIH, SKI 3aliMaiu
OlIbIlIe ABOX apKylliB TonorpadgiyHuX KapT, Tpeba Oyio nepeadadatu miAroToBYi
po6oTH, a 1€ 3yMOBIIIOBAJIO JI0IaTKOBI PECYPCH Ta BUTPATH. TaK0X CIIiJl 3a3HAYUTH,
110 BCi 0OYMCIICHHS] BUKOHYBAJIUCH HAOIMKCHIMH YMCIOBUMH METOAAMH, a TS iX
CHPOIIEHHSI BUKOPUCTOBYBAJIMCh FOTOBI TaOJIUII Ta JOBIAHUKH, 10 3a0€31euyBalio
MaKCHUMaJbHy TOUYHICTh HEe MeHIIe | MM. {7151 BUpIilIEHHS TOJIOBHUX T'€OJIE3UYHUX
3a/lad B 3aJI€KHOCTI BiJ JOBXHUHM JIIHII MK TOYKAaMU BHUKOPHCTOBYBAJIM pI3HI
nMoBepXHi MaTeMaTu4yHoi Mojeni 3emui (JlekapToBa cuctema KOOpIMHAT, MPOEKITHI,
cdepa, €Nncoil TOIIO), 10 BIUIMBAJIO HA MOJAHHS i€l JiHIi (mpsiMa, Xopia,

reoJIe3nYHa JIiHIA TOIO) 1 Ha CIOCOOH PIIICHHS Ie0AC3HYHMX 3a/1a4.



VYHiBepcanbHUN PO3B’ 30K IOJIOBHUX I'€OJIE3UUYHUX 33]1a4 ICHYBaB, IPOTE BiH
BUMaraB JIOCTaTHIO KUIBKICTh 1Tepalliii Ta po3kjiagaHHA OIHOMIAJIBLHOTO PSay
Teitnopa Ha uneHW 6-oro 1 BUIIE MOPsAKY. be3 3acTocyBaHHS KOMIT IOTEPHHX
TEXHOJIOT1H 116 MOKIIMBUM, ajie Jy>Ke TPYIAOMICTKHI mpolec, o € He eheKTUBHUM
Ha BUPOOHMIITBI.

CydacHuil piBeHb TeoiH(OpMaLIHHUX TEXHOJOTIH JO3BOJISIE 3 JOCTATHHOIO
IIBUJIKICTIO BU3HAYATH JIOBXKUHM Ta IUIOINI 00 €KTIB HE 3aJIEKHO BiJ iX pO3Mipy,
MIEPETBOPIOBATH Ta TPAaHCPOPMYBATH KOOPAWMHATH y PI3HI JaTH Ta CHUCTEMH
KOOpJIMHAT. BIJKpUTUM 3aMIIA€THCA MUTAHHA TOYHOCTI LMX OIepauiid Ta
3aCTOCYBaHHS MAaTeMAaTHUYHUX MOJeENel 3eMJi, M0 € NMPOoOJEeMHUM MUTAHHIM ITI€T
JUcepTaLiitHOl poOOTH.

[TinBuiieHHs e(PEeKTUBHOCTI yNpPaBIiHHS TEPUTOPISIMH, BEICHHS JIEP>KaBHUX
KaJacTpiB, 30KkpeMa Jlep:kaBHOro 3eMenbHOro Kajaactpy, JlepKaBHOro BOJHOTO
KajacTpy Ta [lepaBHOro JIICOBOTO KaaacTpy, MOTpedye Bif reoiHdopMaiiiHux
CUCTEM TOYHHMX Ta JOCTOBIPHHMX TI€ONMPOCTOPOBUX JIAHMX, BHU3HAYCHHS
KAPTOMETPUYHUX Ta MOP(POMETPUUHUX XAPAKTEPUCTUK I€OIPOCTOPOBUX 00’ EKTIB 3
HEOOX1THOIO Ta JIOCTaTHHOIO TOUHICTIO.

JIist BUBYEHHST Ta JOCIIIHKEHHS MUATAHHS IIOJ0 TOYHOCTI T€OJE3MYHUX Ta
KApTOMETPUYHUX oOnepaiii Oyiau MpoaHali30BaHI Ta CHUCTEMATHM30BaHI €eTanu
PO3BUTKY METO/IIB, 32 JOIOMOTOIO SIKUX BH3HAYAIMCh METPHUYHI XapaKTEPUCTUKU
00’€KTIB Ha KapTax. Bu3HaueHH1 1HAEKCH TOYHOCTI Ta TPYAOMICTKOCTI METOMAIB
OOYMCIICHHS XapaKTepU3yIOTh €Tald IIhOTO0 PO3BUTKY 1 BIAOOPaKarOTh IMPOIIECH
3MEHIIIEHHS TPYJAOMICTKOCTI Ta IIJBHUIICHHS TOYHOCTI OOYHMCIICHB, OCKUIBKH Il
napaMeTpu € OJHUMH 13 TOJOBHUX B OCTaHHIX JOCIIIKEHHSX HAYKOBINB 3a IIUM
HarmpsiMoM. 3 MeTo1o yHi(ikalii Ta cucTeMaTtu3ariii onepariiii 0ys0 CTBOPEHO peecTp
re0JIe3UYHUX, KAPTOMETPUYHUX Ta MOP(POMETPUYHUX OOUYMCIEHBb BIAMOBIIHO 10
Bumor crangapty [SO 19127:2019 I'eorpadiuna indopmariiss — I'eoge3nyni koau 1
napameTpH, a TAKOK BIATIOBIIHI TACMIOPTH Ha omeparlii Ta ix meroau. Lle mo3Bomsie
HE 3aJ€KHO BiJ] MOBU NPOrpaMyBaHHsS peanizyBaTh (PYHKIII IIUX OOYHUCIEHb Y

Oynb-siKiil reoiHdOpMaIIiiiHi CUCTEMI Ta CUCTEM1 KepyBaHHs Oa3aMu JaHUX.



Uepes  HejocTaTHE  JAOKYMEHTYBaHHS ~ CTaHAApPTHUX  3aco0iB Yy
reoiHdopMalifHUX cUCTeMax a0o B3araji BiACYTHICTh Takux crenudikariii 0yio
pPO3pO0ICHO METOANKY BU3HAYCHHSI MOKIMBOCTEH cTaHmapTHUX 3aco0iB ['IC, mo
JTI03BOJIMJIO BCTAHOBUTH SIKUM YMHOM Ta 3a JIONIOMOTOI0 SIKUX MOJIeJIel BAKOHYIOThCS
reoJIe3nyHl Ta KapToMeTpuuHi omeparii y xomepuiiinux ['IC Ta 3 Biaxpurtoro
minen3iero. OMHAMH 13 OCHOBHHMIX PE3YJIbTATIB I[LOTO JOCTIIKCHHS € CTBOPEHI
€TaJIOHHI MOJeNi, 5Kl MOPIBHIOBAJIMCH 3 €MIIIPUYHUMH, IO JTO3BOJIUIIO 3POOUTH
BHUCHOBOK: TeoiH(pOpMaIliiHI CUCTEMH MPAKTHUYHO HE MICTATh (DYHKLIOHATY IS
oOunciieHb Ha pedepeHIl-emincoini, okpiM aesakux ¢pynkmin QGIS.

Ha ocHOBI mpoaHani3oBaHMX OCTAHHIX JOCHIKEHb OyJIO JI€TalbHO
pO3IIIAHYTO MeTos1 Karney, y sskomy oOIpyHTOBAHO Ta peai30BaHO BUKOPHUCTAHHS
posmmpeHoro psagy Kprorepa s BupillleHHS TOJOBHMX T€OJE3MYHMX 3a]ad Ha
pedepenu-emncoinl. Lled MeTon Jir B OCHOBY KapTOMETPUYHUX Ta IE€OJIE3UNYHHUX
omeparliii, ski Oynau peani3oBaHl y Miil aucepraiiiiHii poOoti. Takox ciifa
3a3HauuTH, 0 Meron Karney OyB ajganTtoBaHuil Juisi TepuTopii YKpaiHu, a came
3MIHEHO CUCTEMH BIUTIKY, TapaMeTpH eINcoifa Ta J10JaHO0 [UKIIU sl BU3HAYCHHS
JIOB’KMH 32 MaCUBaMU T'€0I€3UYHUX KOOPIMHAT.

Takox Oysu oOKkpeMo pealti3oBaHi (PyHKIIIT NEPETBOPEHHS MIIOCKUX KOOPAUHAT
["aycca-Kprorepa 13 oJHI€i 30HM B IHINY; NEPETBOPEHHA KoopAuHAT ['aycca-
Kprorepa 13 oxniei 300U B i1y 30HY npoekiii UTM; Bu3HaueHHS TOBXUH AYT
napajeni 1 MepujiaHa; BU3HAYEHHS IUIOMIl 3HIMAJIbHUX Tpameuid apKyuliB
macitady 1:50000; Bu3HaYEHHS T€OIE3UYHO]1 TJIONII 3 YPaXyBaHHIM PeIyKyBaHHS
Ha pedepeni-enincoin KpacoBChkoro 3a 10moMoror iHTErpyBaHHS 10 33JJaHOMY
KOHTYpy 00’exkTa MetogoM CiMIICOHA.

3anponioHoBaHa (YHKI[SI BU3HAYEHHS JOBXKHUHHM BOJOTOKY OOYHCIIOE 3
tounicTio 0,0005 mm, mo y 1000 pa3iB Ouiblie y MOPIBHSAHHI 3 MaKCUMaJIbHOIO
TOYHICTIO 1HCTpyMeHTanbHUX 3aco0iB. Y 10000 pa3iB 301IbIIY€THCA TOYHICTH

oOunciieHHs Treoae3ndyHoi Iwioml 3a Meromamu Cimrcona 1 Karney Bin
. . 6 2 5 . 10—3 2 1 2 . 6
kaprorpadiuHoi MoxXuoku 2, M“Ha | M“ 10 cepeTHhOKBAPATHYHOT TOXUOKH

. ‘o —7
o0u4ucieHHs reoindopmaniiinuM mMetogom 5,6-107" M2 Ha 1 M2,



Knrouosi cnosa:. reoindopmartiiiii cucteMu, 0a3u T'€ONpOCTOPOBUX JaHUX,
TOYHICTb, YUCJIOBI Ta aHATITUYHI METOIH, ITM(POB1 MOJIEJI1 TIOBEPXH1, KAPTOMETPIs,
MOHITOPHHT, CTPOTi MaTeMaTH4yHi METOJIW, peEepeHI-eNincoiy, IUIoIIa,
reojie3nyHuii MoHiTOpuHT, GNSS, KoopAMHATH, T€ONPOCTOPOBHM aHAIII3, CUCTEMA

KOOD/IMHAT.



ABSTRACT

Kin D. O. Improvement of methods of geodetic and cartometric calculations
in the geoinformation environment — Qualification scientific work on the rights of
the manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) on speciality 193 —
«Geodesy and Land Management» (19 «Architecture and Construction»). —
Kyiv National University of Construction and Architecture, Kyiv. — Kyiv National
University of Construction and Architecture, MES, Kyiv, 2024,

The dissertation is devoted to solving the scientific and applied problem of
improving the accuracy of analytical and numerical methods of cartometric and
geodetic computations in geographic information systems.

As computer and geoinformation technologies develop, users are increasingly
using digital models of geospatial objects for design, research, geospatial analysis
and forecasting. Until now, all cartometric and morphometric characteristics of
objects were determined on an analogue map using graphical and instrumental
methods. Their maximum accuracy was 0.1 mm or more.

To determine the length or area of territories that occupied more than two
topographic map sheets, preparatory work had to be provided, which meant
additional resources and costs. It should also be noted that all calculations were
performed using approximate numerical methods, and ready-made tables and
reference books were used to simplify them, which ensured a maximum accuracy of
at least 1 mm. To solve the main geodetic problems, depending on the length of the
line between the points, different surfaces of the mathematical model of the Earth
(Cartesian coordinate system, projections, sphere, ellipsoid, etc.) were used, which
affected the representation of this line (line, chord, geodetic line, etc.) and
the methods of solving geodetic problems.

A universal solution to the main geodetic problems existed, but it required
a sufficient number of iterations and the decomposition of the binomial series into
terms of the 6th order and higher. Without the use of computer technology, this is



possible, but a very labour-intensive process that is not effective in real-world
production.

The current level of geoinformation technologies allows to determine
the lengths and areas of objects with sufficient speed, regardless of their size, to
convert and transform coordinates into different dates and coordinate systems.
The question of the accuracy of these operations and the use of mathematical models
of the Earth remains open, which is the problematic issue of this dissertation.

Improving the efficiency of territory management, and maintaining state
cadastres, in particular the State Land Cadastre, the State Water Cadastre and
the State Forest Cadastre, requires geographic information systems to provide
accurate and reliable geospatial data, determine cartometric and morphometric
characteristics of geospatial objects with the necessary and sufficient accuracy.

To study and investigate the accuracy of geodetic and cartometric operations,
the development of methods for determining metric characteristics on maps was
analysed and systematised. The determined indices of rigour of calculation methods
characterise the stages of this development and reflect the processes of reducing
labour intensity and increasing the accuracy of calculations since these parameters
are among the main ones in the latest research in this area.

To unify and systematise operations, a register of geodetic, cartometric and
morphometric calculations was created following the requirements of
ISO 19127:2019 Geographic information - Geodetic codes and parameters, as well
as the relevant passports for operations and their methods. This makes it possible to
implement the functions of these calculations in any geographic information system
and any geographic information system and database management system.

Due to insufficient documentation of standard tools in geographic information
systems or the absence of such specifications, a methodology was developed to
determine the capabilities of standard GIS tools, which allowed us to establish how
and with what models geodetic and cartographic operations are performed in
commercial and open-licensed GIS. One of the main results of this study is

the creation of reference models that were compared with the empirical one, which



led to the conclusion that geographic information systems practically do not contain
functionality for calculations on the reference ellipsoid, except for some functions
of QGIS.

Based on the analysed recent studies, the Karney method was considered in
detail, which substantiated and implemented the use of the extended Kruger series
for solving the main geodetic problems on the reference ellipsoid. His method
formed the basis of the cartometric and geodetic operations implemented in this
thesis. It should also be noted that Karney's method was adapted to the territory of
Ukraine, namely, the reference systems, ellipsoid parameters, and cycles for
determining lengths from arrays of geodetic coordinates were changed.

The following functions were also implemented separately: conversion of flat
Gauss-Kruger coordinates from one zone to another; conversion of Gauss-Kruger
coordinates from one zone to another UTM projection zone; determination of
parallel and meridian arc lengths; determination of the area of map sheets at a scale
of 1:50,000; determination of the geodetic area, taking into account the reduction to
the Krasovsky reference ellipsoid using integration along the given object contour
using the Simpson method.

The proposed function for determining the length of the watercourse
calculates with an accuracy of 0.0005 mm, which is 1000 times higher compared to
the maximum accuracy of the tools. The accuracy of calculating the geodetic area

by the Simpson and Karney methods increases 10,000 times from the cartographic
error of 2,5-10°m?2 per 1 m?to the root mean square error of the geoinformation
method of 5,6-107 m? per 1 m2.

Keywords: geographic information systems, geospatial databases, accuracy,
numerical and analytical methods, digital surface models, cartometry, monitoring,

rigorous mathematical methods, reference ellipsoid, area, geodetic monitoring,

GNSS, coordinates, geospatial analysis, coordinate system.



CIIUCOK ONYBJIKOBAHUX ITPAIIb 3A TEMOIO JUCEPTAIIIT

HayxkoBgi npaui, B AKuX ony0/1iKOBaHi OCHOBHI pe3yJbTaTH AucepPTaLil
Cmammi y HAyKo8ux nepioOudHUx 8UOAHHIX [HULOI 0epaHcasu, sIKI BKIHOYEHO 00
MIHCHAPOOHUX HAYKOMEeMPUUHUX A3
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3000y6auem po3pobieHO emanoHHi MOOeNl AHANIMUYHUMU MemooaMu,
npoeedeHo OYIHKY penpe3eHmamueHoCmi ix macugy, cmeopeHo @YHKYii &
cepedosuwyi MATLAB, 3a00KyMeHmo8ano cyeHapit UKOHAHHS 0OYUCTIeHHS NioW
mepumopitl Ha enincoiodi Kpacoecvkoeo. llposedeno excnepumenm y cepedosuyi
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Oco6mmBocTi CTBOpeHHS (OHOBIEHHS) LUGMPOBUX TOMOrpadiyHUX KapT I
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