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HucepTaniiina poOoTa NPHUCBAYEHA BHPIIMICHHIO HAYKOBO-IPUKIATHOL
3a/1a4l MIJBUIIECHHS JTOCTOBIPHOCTI Ta TOYHOCTI PajiovyacTOTHOTO IJIaHYBaHHS
TenekoMyHIKaiiHux cTinbHUKOBUX cucteM (PIITCC) Ha OCHOBI BUKOpHUCTAHHS
reoiH(opMaIiiHuX MoJIeJIe MICIIEBOCTI Ta METO/1B re01H(POPMAIIITHOTO aHAITI3Y.

CyyacHuél CTaH PO3BUTKY CTUIBHUKOBUX TEJIEKOMYHIKAIMHUX CHCTEM
3B’SI3KY XapaKTEepU3Y€EThCS BUKOPUCTAHHAM Mepex TpeTboro nokoniHus (3G), a
TAaKOXX TEHACHIIEI0 Mepexony a0 Mepex uderBeproro (4G) Ta m'aToro MmokoJIiHb
(5G). Le 3na#inuio cBoe BimoOpaxeHHs B Posnopsmxenni Kabinety MinicTpis
VYkpainu Big 11 muctonama 2020 p. Ne 1409-p. «IIpo 3aTBepiyKeHHS MIJIaHY 3aX0/11B
I10J10 BIIPOBAPKEHHS B YKpaiHi CUCTEMH PyXOMOT0 (MOO1TLHOT0) 3B’ A3KY I’ ITOT'O
MTOKOJTTHHS.

[Iporec panio4acTOTHOTO IJIAHYBAHHS TEIEKOMYHIKAI[IMHUX CTUTHBHUKOBHUX
CUCTEM 3B’s3Ky 0a3yeTbcs Ha TOOYAOBI EMITIPUYHO-MATEMAaTHYHOI MOJIEeNl
PO3MOBCIOJKEHHST PaliOXBWIb. MoJeni, B OCHOBI PO3PaxXyHKy SIKHUX JI€XKaTh
TeONnpoOCTOPOBl  JaHi, € KapTorpadiyHUMHU JIETEPMIHOBAHUMHU MOMACIAMH U
BUKOPUCTOBYIOTBCS JIJII 30BHINIHROTO (32 MEXKaMH TPUMIMICHb OyiBein)
IJIAaHYBaHHSI MEPEXK CTUILHUKOBOTO 3B’ SI3KY.

Ctpimkuit po3BuTok 4G Ta 5G CTUTBHUKOBUX TEJIEKOMYHIKAI[IMHUX CUCTEM
CYMHPOBOIKXYETHCSI 3HAYHUM I ABUIIICHHSM BUMOT JI0 T€OMPOCTOPOBUX JAHUX, IO

BUKOPUCTOBYIOTHCSl MPH IUJIAHYBAaHHI MEpPEXk, 30KpeMa IMiJABUIIECHHS TOYHOCTI,



30UTBIICHHS] TIPOCTOPOBOTO PO3PI3HEHHS Ta  TEOMETPUUYHHX XapaKTCPUCTHK
00’€KTiB, Ta iX MaTEMAaTUYHUX MOJIEJIEH, III0 B CBOIO YEPTy BUMArae BiJIMOBIHOTO
pPO3BUTKY  reoiHdopMaliiiHOro  3a0e3MeueHHs  TEXHOJOTI4oro  Mpolecy
pPaalovyacTOTHOIO IJIaHYBAHHS.

HopMatuBHO-TIpaBOBE perysitOBaHHS BUMOT J0 CTBOPEHHS, OHOBJICHHS Ta
30epiraHHs TeonpOCTOPOBUX JaHUX B YKpaiHi € HA eTarll CTAHOBJICHHS: MPUIHSTO
3akoH Ykpainu «lIpo HamioHanbHY IHPPACTPYKTYpYy TI'E€ONMPOCTOPOBUX JTAHHX,
pO310YaTO MPOIIEC BIPOBAKCHHS HOBUX CTAaHJAPTIB 10 T'€OMPOCTOPOBUX JTaHUX,
mo 0a3yroThCs Ha MDKHapoaHMX cTtaHaaprax cepid ISO ta Open Geospatial
Consortium. OkpiM IBOTO AIIOTH ¥ 3acTapiii 3 TOUKU 30py HUPPOBOi KapTorpadii
BUMOTH, Takl sK Ki1acudikaropu iHdopmarllii, sKa BiIOOpakaeTbCcs Ha
TornorpadiyHMX KapTax Ta IUlaHaX. AHamI3 JII0YMX HOPMATHBHO-PETYJISATHBHHUX
JOKYMEHTIB II0Ka3aB, III0 BOHM HE BPAaXOBYIOTH CIEHH(IKA PaiodacTOTHOTO
TUTAHYBAaHHS B YaCTHHI MPEACTABICHHS BUCOTH 00’ €KTIB Mepelkoa. ToMmy aBTOpoM
Ha KOHIIETITYaJbHOMY PiBHI B HOTaIliIX YHI(pikoBaHOI MOBH MojientoBanHs UML Ha
ocHoBl COY 71.12-37-949:2014 «ba3a Tonorpadiunux ganux. Karamor 06’€kTiB 1
aTpuOyTiB» po3po0sIeHO MOJIeNb 0a3u JaHUX JUIS 3a0e3MeUYeHHs Paio9acTOTHOTO
IUIaHYBaHHS CTUTBHUKOBUX TEICKOMYHIKALIMHUX CUCTEM, 00’ €KTHO-OPIEHTOBaHY
0azy JaHMX TpO OO0 ’€KTH MICIEBOCTI Ta EJIEKTPOHHHM KaTaJlol BEKTOPHUX
reonpoOCTOPOBUX 00’€KTiB. [l KOXXKHOTO THIYy OO €KTIB 3alpOTIOHOBAHO THII
MIPOCTOPOBOI JIOKaTi3ailii, Habip aTpuOyTIiB Ta TOAATKOBI TOTIOJIOTIYHI OOMEKECHHS.
3anpornoHOBaHa KOHIENTyallbHa MOJENh 0a3W JaHux 3abe3nedye yHI(DIKaIliro
BUXITHUX JaHUX JUI PaJiovyacTOTHOTO IUIAHYBAHHS TEJICKOMYHIKAIIHHAX
CTUTBHUKOBUX CHCTEM TPETHOTO, YETBEPTOTO Ta M'SITOTO MOKOJIIHb.

Jnst  peamizamii  MaTeMaTHYHHX MOJENEH Ta TEXHOJIOTIYHHX CXEM
MEPETBOPEHHS BEKTOPHUX TEOMPOCTOPOBUX JAaHUX B TEMATUYHWN HaOIp
reonpoctopoBux manux s PIITCC o6pano reoindopmariiiiny cuctemy ArcGIS
3aBISKM PO3LIMPEHOMY (DYHKI[IOHATY MAKETHOI OOpPOOKM JaHUX Ta MOKJIMBOCTI

moOym0BY Mojiesiel 3a nonoMororo goaatky ModelBuilder. B poGoTi mogano cxemu



Mozeneit mna nonarky ModelBuilder nist cTBopeHHSs kilatepa, BUCOTHOTO Kiiatepa
Ta 3D-00’€KTIB MEPENIKO/I Ha OCHOBI BEKTOPHUX F€OMPOCTOPOBUX JAHUX.

JUIss MOCHIPKeHHS BIUIMBY TOYHOCTI T€OMPOCTOPOBHX JaHUX Ha IMPOIIEC
paloyacTOTHOrO TUJIAHYBAHHS  CTUIBHHUKOBUX  TEJICKOMYHIKAI[IMHUX CHUCTEM
BOXKJIMBOIO 3a/laueio0 OyJI0 TMOPIBHIATH 3HAYEHHS TMOTYXHOCTI paJlOCUTHATY,
pO3paxoBaHi Ha OCHOBI T'€OMPOCTOPOBUX JAHUX, IO JOCITIKYIOTHCS, 3 TUMU, 110
pO3paxoBaHl Ha OCHOB1 OUIbLI TOYHHMX TI'EONMPOCTOPOBUX JAHMX: TOMOrpadiuHUX
kapt 1:2 000 Ta tounime, un LiIDAR nanux. 3 1iero MeToro OyJio nmpoaHaai30BaHO
ICHYIOUl MOJIMBOCTI CTaTUCTUYHOTO aHali3y pacTpOBUX MoOJeNield JaHUX, M0
peaizoBaHi B Cy4acHUX TeoiH(OMapIIHHUX CUCTEMAX Ta MPOTrpaMHO-aHATITHYHUX
miaTdopMax JUIS PpajaiodacTOTHOrO IUIAaHYBAaHHS? Ta BHSBIEHO, M0 ICHYHOYI
MaTEMaTUYH1 aJITOPUTMU il Yac PO3pPaxyHKYy aOCOJMIOTHUX MOXUOOK 0OMEXYIOTh
0JIe PO3PaxXyHKY JI0 MIHIMAJIEHOTO OOMEXKYBAIBHOTO MPSIMOKYTHHKA, IO OIHCYE
HepIy 3 3aJlaHUX MOl AJid MOpPIBHAHHS. ToMy aBTOpOM OyIio 3ampOornOHOBAHO
MOJICJIb OIIIHKA TOYHOCTI OOYMCIICHHS 3HA4eHb BTPAT aMIUIITYAH ¥ MOTY>KHOCTI
pamiocurHany 3 BukopuctaHHsM GRID-momeni mpocTopoBoro po3moainy
XapaKTePUCTUK PAJIOCUTHAIy Ha OCHOBI BHOIPKM BEIMKOi PO3MIPHOCTI, sKa
MOJIATA€ B B3aEMHOMY PO3IIUPEHHI MATPUIlh, 110 MOPIBHIOIOTHCS, 0 OJHAKOBOI
PO3MIPHOCTI 3 BpaxyBaHHSM IIOPOTOBOTO 3HAYCHHS BTpaTH aMIUNTyIH Ta
NOTY)KHOCT1  pajJllOCHTHAaNy. 3alpoloHOBaHA MOJENb CTATUCTUYHOI OIIHKH
MiABHINYE il JOCTOBIPHICTh Y TIOPIBHSHHI 3 TPAJAMIIHHUMH «TAOTMIHUMUI
MEeTO/JaMH BHOIpKM Majioi pO3MIPHOCTI Ta yTOYHIOE aHANI3 JaHUX, NOCTYIMHHHA B
AHAMITUYHO TPOTPaMHMUX IUIATPopMax; a TaKOK MOXKE OyTH BUKOPUCTAHA IS
HEeTMepepBHUX reorpadiyHuX MOJIB PI3HOTO MPUPOTHOTO MOXOHKEHHS, 30KpeMa,
MOTYXHOCT1 CHUTHAJy, pebedy, TeMnepaTypu TOIIO.

Benuxkuii o6csr kaprorpadgiunoi iHdpopmallii y BITKpUTOMY OHJIAH-A0CTYII
3a0x04y€ i1 BUKOPHCTaHHS Yy PI3HUX Taidy3siX €KOHOMIKH, B TOMY YHCHI 1 JJIs
TEJIEKOMYHIKAIIHUX TEXHOJOTiil. ABTOpPOM MPOBEICHO aHali3 TII00aIbHUX
JDKEpeNl TEOMPOCTOPOBUX JaHWX HA TMPEIMET MOXKJIMBOCTI X BUKOPUCTAHHS B

paioyacTOTHOMY IUJIaHYBaHHI CTUIBHMKOBHUX TEJICEKOMYHIKAIIHHUX CHCTEM Ta



BUKOHAHO JOCIHIUKCHHS WIOAO 3ajydeHHs B TpOIEC IUIaHYyBaHHA MAaTpPHULb
uudposux moxeneit micueBocti, a came SRTM v. 3.0 (HACA, panionokairiiti
TonorpadiuHi AaH1 Mpo BUCOTH 3eMHOI noBepxHi), Aster GDEM2 (METI, HACA,
cTtepeoTonorpadiuHi gaHi mpo penbed 3eMHOI MOBEPXHI HA OCHOBI KOCMIUYHHMX
3HIMKIB Aster) Ta AW3D v. 2.2 (EORC, JAXA, Ha OCHOBI cTepeomnap
cynyTHUKOBUX 3HIMKIB ALOS). ABTOpOM OOIPYHTOBAaHO, II0 BUKOPHUCTaHHS
AW3D v. 2.2 ta SRTM v.3 npu PIITCC 0e3 nonaTtkoBoi 0OpoOKHU Ha CTPIMKUX
Haxujiax MICLEBOCTI Ta 3a0yJIOBaHUX TEPUTOPIAX € HA TpaHUIll TOYHOCTI 6-7 1b.
3anmyuennsa x ganux Aster GDEM2 npu3BoauTh 10 BUXOIY pPO3paxyHKIiB IpH
PIITCC 3a mexy TouHocTi 6-7 nb.

Texnomnorist LIDAR Ta cyuacHi ¢oTOrpaMMeTpuyH1 KOMIUIEKCH JTat0Th 3MOTY
OTpUMATH HUGPPOBY MOJACTH MICIIEBOCTI BHCOKOI JETAJIBHOCTI y BUTJISAI XMapH
TOYOK, SIKa B CBOIO UEPry MOXE CIYTyBaTh JDKepernoM iHdopmallii mpo BHUCOTH
00’ €KTIB-TIEPEIIKO/ JJIsI CTBOPEHHSI BUCOTHOTO Kjiarepa. ABTOPOM 3aIlPOIIOHOBAHO
TEXHOJIOTIYHY CXEMY Ta MIPAKTUYHO PEai30BaHO TEXHOJIOT1IO MOOYI0BU BUCOTHOTO
KJIaTepa Ha OCHOBI XMapu TOYOK ITU(PPOBOT MO MICIIEBOCTI, CTBOPEHOT HAa OCHOBI
MarepiajiB aepodoTO3HIMaHHS TepUTOpii yacTuHM MicTta JIbBOBa.

Kpurepissmu TemaTnaHOr0 HaOOPY TEONMPOCTOPOBUX AJAHUX, KOTP1 BIUIMBAIOTh
Ha TouHicTh PIITCC, aBTOpOM BHUIUIEHO MPOCTOPOBE PO3PI3CHHS, TOYICTh
IPEACTaBICHHS BHUCOT OO0 €KTIB-TIEPENIKOJl Ta JETaJbHICTh iX TI'€OMETPHUIHOTO
KOHTYpy. [ns nmocmipkeHHS BIUIMBY BKa3aHUX UYWHHUKIB PO3pPOOJECHO METOIH
reHepanizaiii TeompoCTOPOBUX MJaHUX 3aco0amMu TreoiHPOpMaIliifHOI CHCTEMH
ArcGIS, poBeieHO PO3pPaXxyHKH MOTYKHOCTI BX1THOTO CHUTHAJTY Ta 1X TMOPIBHSIHHS
3 TOJHLOBUMHU BHUMIpaMH Ta PO3paxXyHKaMU Ha OCHOBI €TaJOHHOTO TEMAaTHUYHOTO
HAa0Opy TEOMpPOCTOPOBUX JaHWUX. ABTOPOM OOTPYHTOBAHO, IO HaKpamry
BIIMMOBIHICTh 3a TOYHICTIO IIOJLOBHM BHMIpaM Ta €TaJOHHOMY Habopy
reONMPOCTOPOBUX JIAHUX II0Ka3aB METOJI MOJICJIOBaHHS 00’ €KTIB-TIEPEIIKO, B
SKOMY JIETAJIbHICTh TEOMETPUYHOIO KOHTYPY MepemKkoau 1 M, a BUCOTa 00’ €KTIB-

OyniBenb BU3HAUEHA SIK CEPEIHE 3HAUEHHS BIIMITOK J1axy.
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The thesis deals with the task of solving the scientific and applied problem of
increasing the efficiency of radio frequency planning of telecommunication cellular
networks (RFP) based on the use of geoinformation models and methods.

The current state of development of cellular telecommunication systems is
characterized by the use of third generation (3G) networks, as well as the trend
towards the transition to fourth (4G) and fifth generation (5G) networks. This was
reflected in the Order of the Cabinet of Ministers of Ukraine of November 11, 2020
Ne 1409 on the Action Plan for the implementation of the fifth generation mobile
communication system in Ukraine.

The process of radio frequency planning of telecommunication cellular
networks is based on the construction of an empirical and mathematical model of
radio wave propagation. Models based on geospatial data are map based determined
models and are used for outdoor planning of cellular networks.

The rapid development of 4G and 5G cellular telecommunications systems is
accompanied by a significant increase of the requirements for geospatial data used
in network planning, including increasing accuracy, increasing spatial resolution and

detail geometry, improving the data structure and formation of new mathematical



models, which in turn requires appropriate development of geoinformation support
of radio frequency planning.

Regulation requirements for the creation, updating and storage of geospatial
data in Ukraine is on the way of its establishment: the Law of Ukraine on National
Geospatial Data Infrastructure was adopted, the process of implementing new
standards for geospatial data based on international standards ISO and Open
Geospatial Consortium is started. In addition, there are outdated requirements in
terms of digital cartography, such as classifiers of information displayed on
topographic maps and plans. The analysis of the current normative-regulatory
documents showed that they do not consider the specifics of radio frequency
planning in terms of representing the height of obstacle objects. Therefore, the author
at the conceptual level in the notations of the unified modelling language UML based
on SOU 71.12-37-949: 2014 "Topographic database. Catalogue of Objects and
Attributes” developed a database model to provide radio frequency planning of
cellular telecommunications systems, object-oriented database and an electronic
catalogue of vector geospatial objects. For each type of objects in the catalogue, the
author proposes a type of spatial localization, a set of attributes and additional
topological constraints that affect the further construction of a thematic set of
geospatial data to ensure radio frequency planning of telecommunications cellular
systems. The proposed conceptual model of the database provides unification of the
source data for radio frequency planning of telecommunication cellular systems of
the third, fourth and fifth generations.

To implement mathematical models and technological schemes for converting
vector geospatial data into a thematic set of geospatial data for RFP the geographic
information system ArcGIS was selected due to the advanced functionality of batch
data processing and the ability to build models using the application ModelBuilder.
The thesis presents model diagrams for the ModelBuilder application for creating a
digital model of terrain, clutter, clutter height and 3D-objects of obstacles based on

vector geospatial data.



To study the impact of the cartographic components on the process of radio
frequency planning of cellular telecommunications systems, an important task was
to determine the accuracy of network planning, which is based on the geospatial data
under study, compared to more accurate geospatial data based on topographic maps
scale of 1:2000 and better or LIDAR data. So the existing possibilities of statistical
analysis of raster data models implemented in modern geoinformation systems and
software-analytical platforms for radio frequency planning were analysed. In the
course of the research it was found that the existing mathematical algorithms limit
the standard deviation calculation to the minimum boundary rectangle (MBR)
describing the first of the given models. In this case, the area from the second model,
which is outside the MBR, does not participate in the calculation of the standard
deviation. Therefore, the author proposed a model for estimating the accuracy of
calculating the values of passloss and signal level using GRID-model of spatial
distribution of radio characteristics based on a mutual expansion of comparable
matrices to the same dimension taking into account the threshold value. The
proposed model of statistical estimation increases its reliability in comparison with
traditional "tabular" methods and refines the data analysis available in analytical
software platforms. It can also be used for any continious raster data models such as
relief, temperature etc.

The large amount of cartographic information in open access encourages its
use in various sectors of the economy. Telecommunication technologies are not an
exception. The author analysed the global sources of geospatial data for the
possibility of their use in radio frequency planning of cellular telecommunications
systems and performed research on the involvement in the planning process of
matrices of digital terrain models SRTM v. 3.0 (NASA, radar topographic data),
Aster GDEM2 (METI, NASA, stereo topographic data based on Aster imaginary)
and AW3D v. 2.2 (EORC, JAXA, based on stereo pairs of ALOS imaginary). The
author substantiated that the use of AW3D v. 2.2 and SRTM v.3 in RFP without

additional processing on steep slopes and built-up areas are at the limit of accuracy



of 6-7 dB. Involvement of the same data Aster GDEM2 leads to calculations in RFP
beyond the accuracy of 6-7 dB.

LiDAR technology and modern photogrammetric systems make it possible to
obtain a high-detail digital terrain model in the form of a point cloud, which in turn
can serve as a source of information about the heights of obstacles to create a clutter
height. The author proposed a technological model and practically implemented the
technology of building a detail clutter height based on the point cloud based on Lviv
aerial photography materials.

As criteria for the thematic set of geospatial data that affect the accuracy of
RFP, the author highlighted the resolution, the method of representing the heights of
obstacles and the detail of their geometry. To study the influence of these factors,
methods of geospatial data generalization for ArcGIS were developed, pass loss
calculations were compared with the field measurements and calculations based on
the reference thematic set of geospatial data. The author substantiated that the
method of modelling obstacle objects, in which the detail of the obstacle geometry
is 1 m and the height of building objects is defined as the average value of roof
marks, showed the best correspondence to field measurements and the reference set
of geospatial data.

Keywords: geographic information systems, radio planning, clutter, clutter

height, pass loss, signal level.
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