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OHLIHIOBAHHSA BIAKPUTUX AAHUX TA IHCTPYMEHTIB AAAL
MOAEAFOBAHHA ITPOITYCKHOI 3BAATHOCTI ITOBITPAHOI' O
ITPOCTOPY BITAA

T Amyma Amin Axmadosuy, 2 Amyma Arwomusa Muxosraista
Vipaitcvra depacasna avomma axademis, m. Kponusnuyexud, Yxpaira
'1dzhuma@sfa.org.ua, *855010@sfa.org.ua
Hayxosuil kepisrux: Awneyma AM., x.m.1ayx, doyernm, doyerim xagedpu ingopmayitinux mexron0zil ma
asiayitinux pobomonmexiunux cucmem Y414

Micpka mositpsaa moOiapHiCTs (Urban Air Mobility, UAM) € oAHHM i3 KAFOYOBHX
HAIIPAMIB PO3BUTKY CYYaCHHX TPAHCIOPTHUX CHCTEM. [PaHCIOPTHI OE3INAOTHI AlTaAbHI
amapatu (BITAA) Aeaaal dgacrimme BHKOPHCTOBYIOTBCA AAfl AOCTABKH BAHTAXKIB, MEAMYHUX
IIepeBe3€eHb, IHCITEKITI iH(bpaCprKTypH Ta IHINIX CEPBICHUX oIepariii. 31 3pOCTaHHAM KIABKOCTI
APOHIB y IOBITPAHOMY IIPOCTOPI BUHUKAE IIOTPEOA y CTBOPEHHI MOAEACH, 3AATHUX OLIHIOBATH
IIPOIIYCKHY 3AATHICTH MOBITPAHHX KOPHAOPIB, IIPOTHO3YBATH KOH(DAIKTH Ta 3a0e3IedyBaTu
6esneuny inrterpariro BITAA y micbke cepeaoBure.

E€spomneiiceka iHimiaTusa U-Space [1] Ta amepukanceka mporpama UTM [2] BusHAa9aroTh
BUMOI AO opramizamii mosirpsaoro pyxy BIIAA, BkArodHO 3 HOOYAOBOIO IOBITPAHNX
KOPUAOPIB, VIPABAIHHAM IMIABHICTIO TpadplKy Ta YHHUKHEHHAM KOH(MAIKTHHX cHTyarii. Aas
VkpaiHu i TUTaHHA € aKTYAABHIMH § KOHTEKCT! PO3BUTKY AOTICTHYHHUX CEPBICIB Ta MOAEPHI3AITi
TPAaHCIIOPTHOL IHPPACTPYKTYPH.

L'inomesa docaiooncerria. SIKIo AOCTYITHI BIAKPHTI TEOIIPOCTOPOBI AaHI AAfl YKPATHCBKUX MICT
€ AOCTaTHBO AETAAI30BAHHMHU Ta CTPYKTYPOBAHUMH, TO IX MOKHA BHKOPHUCTATH AAfl IIOOYAOBH
3D-MoAeA€H MICBKOTO CEepeAOBHINA Ta (DOPMYBAHHSA HOBITPAHUX KOPHAOPIB, HEOOXIAHIX AAS
MOAEAIOBAHHSA IIPOITYCKHOI 3AATHOCTI IOBITPAHOIO IIpocTopy Tparcrnoptaux bITAA.

Ocn10 Oomcepen danux ma oyinwéanna ixneoi axocmi. AA TOOYAOBH AOCTOBIPHOI MOAEAL
IIPOITYCKHOI ~ 3AATHOCTI ~HEOOXIAHO IIPOBECTH  0araTOPakTOPHHII  aHAAI3  AOCTYIIHUX
trdopmarifaux pecypcis. OckiAbku eeKTUBHICTh OBITPAHNX KOpUAOpIB v koHIenri UAM
KPHTUYHO 3aACKHTb BIA IMIABHOCTI 3a0YAOBH, OCOOAHBOCTEH peAbedy Ta AMHAMIYHIX
METEOPOAOIIYHUX YNMHHHUKIB, BUOIp A’KEPEA AAHHUX CTA€ (DYHAAMEHTOM AAfA BCi€l MaTeMAaTHIHOL
cumyAsnii. Kputagaao BaKAMBUM € BHKOPHCTaHHA BepHU(IKOBAHUX I€OIPOCTOPOBUX MACHBIB,
IO INATPHMYFOTH CTaHAAPTH CcymicHOCTI 3 cygacHuuMu [TC-cucremamm Ta AO3BOAAOTH
posBoAnTa 3D-ekcTpysiro 00'eKTiB y peaAbHOMY MACIIITAOI.

OrriHKa IIPUAATHOCTI PECYPCIB Y MEKaX HAIIIOIO AOCAIAKEHHS IPYHTYBAaAacAd Ha aHAAI31
PO3AIABHOI 3AATHOCTI PACTPOBUX MOACAEH BHCOT, TOIIOAOTIYHOI KOPEKTHOCT! BEKTOPHUX IITapiB
3a0YAOBH Ta 4aCcTOTH OHOBAEHHSA iH(MOpMaril Aaf mictT Kuis i KpormBaurskmii. Takuit miaAxia
AO3BOAfIE c(DOPMYBATH IIiAICHY HH(PPOBY EKOCUCTEMY, IIPUAATHY AAfl TIOAAABIIIOL 1HTErparii B
cepeaoBura ArcGIS ta MATLAB. OcHoBHI AKepeAa TaKUX AaHUX, IxHI (DOpMaTH Ta PIBEHDb

IIPUAATHOCTI AASL ITIACH AOCAIAKEHHS y3araAbHEHO y TadAnml 1.

268
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Tabauys 1
AokepeAra BIAKPUTHUX AQHHUX Ta iX XapaKTepPUCTUKH

Aoxepeao Tun AaHux IToxpurra ®opmar | IlpuaarHicTs

(Kuis/

KponuBHUIBKIIT)
OpenStreetMap [3] | Gyaiai, Acoporn, | f / OSM, BHCOKA

iHdpacTpykTypa PBF

Microsoft Building | xouTypu v / 9acTkoBO GeoJSON | Bucoka
Footprints [4] OyAiBEAD
Copernicus DEM | peabed v /Y GeoTIFF | Bucoxa
[5]
NASA SRTM [6] peabed v/ GeoTIFF | cepeans
OSM NFZ [3] 30HU OOMEKEHD | f / f OSM cepeAHs
NASA POWER [7] | mereoaani N4 CSV, API | cepeans
Open-Meteo [9] IIOTOAQ v/ API cepeAHs

AHAAI3 IUX AKEPEA ACMOHCTPYE, IO AAfl BEOPAHHX MICT AOCTYIIHI BCl HEOOXIAHI THIIN

AAHDX: OVAiBAL, peabed, iHdpacTpykrypa Ta MeTeoyMOBH. Lle IATBEpAKYE MOMKAUBICTH

mooyAoBH 3D-MOAEAEH MICBKOTO CepeAOBHITA T2 (POPMYBAHHA ITOBITPAHUX KOPHUAOPIB.

Ouyinrosarns incmpymenmis 013 MoOeA06alig NOBLINPAH0L0 NPOCIHIODY:

V' AOCAIAKEHHI ITAQHYETHCA BUKOPHUCTOBYBATH TPU OCHOBHI I'PYITH IHCTPYMEHTIB: ArcGIS

(anst mpocroposoro anaaisy), MATLAB/Simulink (Aast cumyasiiil Anaamixn) Ta Mission Planner

(AAf pobotm 3 Aoramm). AeTaApHHN OINC WX IHCTPYMEHTIB Ta IXHIO POAb Y IIPOIIEC]

MOAEGAIOBAHHSA HABEACHO Y TabAMII 2.

Tabauys 2
IncTpyMeHTH Ta iX POAB Yy AOCAIAYKEHHI
Incrpyment OcHOBHIi MO>KAMBOCTI Poab y AocaipkeHHI
ArcGIS Pro immopr OSM/DEM, 3D-moaeal, | ocHOBHHIIT iHCTpyMEHT
eKCTPYy3if OyAIBEAD IIPOCTOPOBOTO aHAAI3Y
ArcGIS 3D Analyst aHaAI3 [IEPEIIKOA, | KPUTHYHIH AASl MOACATOBAHHSA
TIN/DSM/DTM, 3D-kopuaopu | HOBITPSHOTO IIPOCTOPY
ArcGIS Spatial | araais peabedy, Oydepu, pUsUKH | AOIOMIKHHI ~ AAfl  OLIHKH
Analyst CEpEAOBHITIA
ArcGIS Network | MmapmpyTn, onTuMisamisa IMAAXIB | aAAITaIid ~ AASl  TOBITPAHHX
Analyst KOPHAOPIB
MATLAB/Simulink | annamika BITAA, myapTrarenTHi | OCHOBHUI CHMYASTOP Tpadiky
CHMYy AL, OII'THMI3artid Ta IPOITYCKHOI 3AATHOCTI
Mission Planner aHAAIL3 AOTIB, IIEPETAAA | AOIIOMIKHHUI IHCTPYMEHT AAf
TPaeKTOPiH BaAIAAITI
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Sx BuaHO 3 TabAMII 2, ArcGIS 3a6e3medye mMAroTOBKY Ta aHAAI3 TEOIIPOCTOPOBUX AAHUX,
MATLAB Buctymae OCHOBHHM CEPEAOBHILEM AAA MOACAIOBaHHA Pyxy Ta Tpadiky, a Mission
Planner BHKOpPHCTOBYETBCA fIK AOIOMDKHHUN 3aCiO AAA IEPEBIPKU PEAAICTHYHOCTI OKPEMHUX
TPaEKTOPIH.

MATILAB Toolboxes, neobxioni daa modesrosanid. NAS TIOBHOLIIHHOIO MOAEAFOBAHHSA
noBiTpsHOTO Ipoctopy Ta Tpadiky BITAA cepeaosuriie MATLAB morpebye 3aayuenus HU3KH
CIICITIaAI30BAHIX MOAVAIB, (DYHKINI AKMX CHCTEMATH30BAHO y TaOAHIN 3. 3aBAAKH LM
HapOyaoBaM MATLAB 3a0e3medye MOBHUI IIMKA CHMYAALIL: BIA ITOABOTHOI AMHAMIKI OAHOTO
BITAA Ao moaearoBanHA TpadiKy COTEHB AlIapaTiB, IO POOUTH HOIO KAFOYOBHUM IHCTPYMEHTOM
AASL OLIIHFOBAHHS IIPOIYCKHOI 3AATHOCTL.

Tabauys 3
MATLAB Toolboxes, HEOOXIiAHI AAA AOCAIAYKEHHSA

MATLAB Toolbox OCHOBHI MO>XAUBOCTI Poab y AocaipkeHHI

Aerospace Toolbox moaeAl pyxy AA, armocdepa, | 6azoBa amHamika BITAA
AepOAMHAMIKA

Aerospace Blockset 6DoF-moaeal, cercopu peasicTIIHa CHMYAAITiA

IIOABOTY

UAY Toolbox MYABTHATEHTHI crieHapii, | MOAGATOBAHHA TPadiKy
MapLprTI/I

Robotics System | mAaHyBaHHSA TPaeKTOPI KOOpAHHAIA PAOTY

Toolbox

Control System Toolbox

PID, LQR, MPC

pO3pOOKa KOHTPOAEPIB

Optimization Toolbox

OIITUMI3AIliA MAPIIPYTIB

OIITHMI3aIlil KOPHAOPIB

Mapping Toolbox DEM, OSM, reoaani IHTErpanis IreoIpPOCTOPOBHX
AAHIIX

Parallel Computing | mapaAreAbHI CUMYAAIIT macrrrabyBasHs Tpadiky

Toolbox

Meropoaoria Ta IIAaH eKcHepuMeHTy. B poOOTi IIpOIIOHYETHCA HACTYIIHHE IIAQH

CKCIICPHUMCHTY.

Eman 1. 1Tideomosxa zeonpocmoposux darux

— 3aBanTakenus OSM-aanux aag BuOpanux mict (KuiB, KporuBHuIbKIIT).

— Excrpakris OyAlBeAb, AOPIT, 30H OOMEKEHB.
— 3apanraxennsa DEM (Copernicus a0o SRTM).
— ITobyaoBa 3D-MoAeAL MicTa.

Eman 2. Qopmysanna nosimpanux xopudopis

— Busnmavenns pucornux mapis (40—60 v, 60—80 », 80—-100 m).

— IloOyaoBa MapIIpyTiB MizK KAFOYOBUMH TOYKAMHU.

— Busuauenns 6ydeprux 30H HaBkoAO OyaiBear Ta No-Fly Zone (NFZ), saboponenol

30HH IIOABOTIB.
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Eman 3. Moodearwsanns pyxy bl 114

— Bubip moaeal pyxy (constant velocity, waypoint navigation).

— 3aAaHHA HapaMeTpPiB IIBUAKOCTI Ta AUCTAHIIII.

— I'enepania paoty BITAA (10200 oanHuAIIb).

Eman 4. Oyirnrosarnna nponyckioi s0ammocmi

Busnauenna mempux:

— KIABKICTD KOH(AIKTIB,

— CEPEAHIIT 9aC IOABOTY,

— 3aBAHTAKEHICTh KOPHUAOPIB,

— nponyckua 3patHicTs (BITAA/ron).

[TpoBeaeHHs cepli CUMYAALIA.

Amnanis sanexcrocmi nponyckroi sdammnocmi 610 napamempis cepedosuma. Ilomepeanin amais
ITOKA3Y€, IO BIAKPHTI AAHI AAA BI/I6paHI/IX mict (Kuis, KponmBHHIIBKIH) € AOCTATHIMH AAf
mobyaoBu  3D-moaeneit. ITporpamue 3abesmedenns ArcGIS 3aarme 3abesmedmrTa ITOBHHE
CIIEKTp IHCTPYMEHTIB AASl IPOCTOPOBOrO aHaAi3y. Mission Planner mo:xxe Oyri BUKOpHCTAHUI K
AOIIOMIKHIN 3aCi0 AASl pOOOTH 3 peaAbHHMH Aoramu, a cumyafropu AirSim ta PX4 SITL €
HEOOXIAHIMU AASl MOAEATOBAHHSA TPadiKy.

Bucrnosxku: Biaxpuri reompocTtopoBl AaHI AAfl momepeAHbO BHOpaHmx wmict (Kuis,
KponuBuurpkuii) € AocratHiME AAfl TOOyA0BH 3D-moaeaeit micekoro cepeaosurma. ArcGIS
MOJKe OyTH OCHOBHHM IHCTPYMEHTOM AAfA IIPOCTOPOBOIO aHAAI3Y Ta POPMyBAHHSA IIOBITPAHUX
KOPHAOPIB, TOAl ik Mission Planner cAyrye AOITOMIKHIM IHCTPYMEHTOM AAfl aHAAI3Y PEaAbHUX
ITIOABOTHHX AOTiB. 3aIpOIIOHOBAaHUN ITAAH EKCIIEPUMEHTY € TEXHIYHO PpeaAl30BHUM Y
cuMyAALiHHX cepeaosurnax AirSim ta PX4 SITL.

Omxe, BHCyHyTa TIiIIOTE3a IIPO MOMKAHUBICTH MATEMATHIHOIO Ta IIPOCTOPOBOTO
MOAEAFOBAHHS IIPOITYCKHOI 3AATHOCTI Ha OCHOBI BIAKPHTHX AAHHX ITOBHICTIO ITIATBEPAKYETHCH
HA aHAAITUYHOMY PiBHI.
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Abstract. This research addresses the fundamental challenges of integrating high-density
transport Unmanned Aerial Vehicle (UAV) operations into the complex urban airspaces of
modern metropolitan areas. Within the conceptual frameworks of the European U-Space and
the American Unmanned Aircraft System Traffic Management (UTM), the study provides an
exhaustive evaluation of the availability, structural integrity, and granularity of open-source
geospatial datasets. By utilizing Kyiv and Kropyvnytskyi as representative testbeds, the authors
demonstrate that OpenStreetMap (OSM) contributors' data, Microsoft Building Footprints, and
Copernicus Digital Elevation Models (DEM) possess sufficient detail for the extrusion of high-
fidelity 3D urban environments. These digital twins are essential for defining multi-layered flight
corridors, establishing dynamic No-Fly Zones (NFZ), and calculating precision terrain
topography to ensure obstacle clearance.

The article further substantiates a sophisticated software toolchain integration necessary
for robust simulation. ArcGIS is analyzed as the primary geospatial engine for spatial analysis and
3D modeling, while MATLAB/Simulink is proposed as the central computational framework.
The research details the functional roles of specialized MATLAB Toolboxes — including the
UAV, Aerospace, and Robotics System Toolboxes — in modeling multi-agent fleet dynamics,
trajectory optimization, and autonomous coordination.

A significant portion of the paper is dedicated to the formalization of a structured, four-
stage experimental methodology. This methodology encompasses the transformation of
unstructured geo-data into 3D navigation layers, the definition of altitude-stratified corridors
(ranging from 40 to 100 meters), and the execution of large-scale traffic simulations involving
fleets of up to 200 UAV units. The authors introduce a quantitative assessment framework based
on critical throughput metrics: conflict frequency, average mission duration, and corridor
saturation levels. The study concludes that the synergy between open-source geospatial data and
high-end engineering simulation tools provides a scalable and mathematically sound foundation
for modeling airspace capacity. This approach is vital for the strategic planning of Urban Air
Mobility (UAM) infrastructures, facilitating the safe and efficient integration of autonomous

aerial logistics into the national transport ecosystem.
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