O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0221U106751

Jep>kaBHUH peecTpauiliHUI HOMeEP: 0121U111242

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 19-12-2021

II. Etran BukoHnauus JiP
Homep erany: 3

Ha3sBa eramny: YinockonanenHs metozny kiaacudikariii TUITB 3eMHOrO IIOKPOBY Ha OCHOBI CYITyTHUKOBUX IaHUX
BHICOKOT'O IIPOCTOPOBOr'O PO3Pi3HEHHS IJ1s1 BUPILIEHHS 33/1a4i 100yI0BY KapT LIiJIbHOCTI 3a0y10BU [J151 CETMEHTIB

UA. [IporpamHa pearnizalist BIOCKOHaJIEHOTO MeTOy Kiacuddikallii TUIIiB 3 MHOTO MTOKPUBY.
IToyaTok eramy: 09.2021
3akiH4YeHHs eTamy: 12.2021

Bup, 3BiTHOr0 JOKYMEHTA: [IpoMiXHMIA 3BiT

I11. BinomocTi npo BukoHaBus JIiP

IloBHEe HaMEHYBaHH IOPHIHYHOI 0coou (a6o ITIB ¢ismyHO0i 0c06H): HamioHanbHWil TEXHIYHMIA

yHiBepcuTeT YKpainu "KuiBCbKUI NMOJTEXHIYHUN iHCTUTYT imMeHi Irops Cikopcpkoro”
Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemoru, 6ya. 37, M. Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Poamip opranisanii:

Tene(bou: 380442367989, 380442044862

IV. BizomocrTi npo cniBBUKOHaBLiB JIiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHs IOPHIHYHOI 0ocoou (a6o ITIB ¢pizuuroi 0co6H): Hanjonansuuit pomnn

JIOCJiIKEHb YKpaiHU

Kog, 3a EIPIIOY: 42734019

Micuesnaxo,szeHHa: ByJ1. bopuca I'piHdeHka, 1, m. Kuis, 01001, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 380442981622

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hanpsam ¢inaHcyBaHHS: 2.7 - iHme
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikanii BuzaTkiB i KpeguryBaHHs (KITKBK): 2201300

dakTuuHHi 06car ¢piHaHCYBaHHS (THC. IPpH.): 2601.459




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

I'eonpocroposi mozesi Ta iHdopMalliiiHi TEXHOJIOTIi CyITyTHUKOBOIO MOHITOPMHIY IIPO6JIEM PO3YyMHOTO MicTa

Ha3sBa po6oTH aHIJIilICbKOIO:

Geospatial models and information technologies of satellite monitoring of smart city problems

Pedepar yKpaiHCBKOIO:

3BiT npo HIP: 62 c., MicTuTh 2 po3niny, 12 puc., 3 tabiu., 94 mxepena. O6'eKT DOCTIIKEeHb — METOAU Kiacudikarii
reorpoCcTOpoBUX NaHux [IpegmeT mocimpKeHHs — iHTeJIeKTyalbHi MoAesi Ta iHpopmMaliiliHi TexHooril
xiiacudikauii Ha OCHOBi CyIIyTHMKOBHUX JJAHWUX BUCOKOI'O IIPOCTOPOBOTO pO3pi3HEHHs MeTa po6oTu: po3podUTH Ta
peasizyBaTu aJIFOPUTM Kilacudikallii 3eMHOTrO TIOKPUBY Ha OCHOBI CyITyTHUKOBUX JJAHUX BUCOKOTO ITPOCTOPOBOTO
PO3pi3HEHHS, yOCKOHAIEHHS KOHBOJIIOLIHUX HEMPOHHUX MEPEX 3 OAabIIOI0 (PibTpallielo OTPUMaHOi KapTHy Ta
BUJIYYEHHSM 3 Hel MiJIbHOCTi 3a0y0BY 110 KBapTajaM Mmicta. MeToau nocinkeHb: HelipoMepeskeBi Moei
xiacudikauii 3eMHOro NOKPUBY Ha OCHOBI CYITyTHUKOBUX aHUX, TPOrPaMHi 3acobu pobOTU 3 F€OIIPOCTOPOBUMU
oaHnmu OpepikaHi pesyabTaTy: BugineHno ta gociigkeHo iHpopMaliliHi 03HaKA HAa OCHOBI CYITyTHUKOBUX JAHUX
BUCOKOTO IIPOCTOPOBOTO PO3Pi3HEHHS [1JIs1 Pi3HUX TUIIB 3eMHOTO TIOKPUBY AJ1s Kjlacu@iKallii 3eMHOTO IIOKPUBY
micta Kuesa. [JocikeHo apxiTeKTypy HEPOHHUX MepeX, sIKi BUKOPHUCTOBYIOTHCS Y CBITi [7151 MOJiOHUX 33724
iacudikauii, po3pobseHa apxiTeKTypa HEMPOHHOI MepexXi 1y cerMeHTallii Ta kiacudikallii CynyTHUKOBUX JAaHUX
BHICOKOT'O IIPOCTOPOBOTrO PO3pi3HEHHS AJ1s1 MicTa KueBa. 3 BUKOPUCTaHHSIM JOJATKOBOI iMOBipHiCHOI iHpopMalii
OO PO3ITi3HABaHHS KJIACIiB 36 MHOTO [TIOKPUBY po3pobsieHo MeTon (pinbTpaliii oTpuMaHoi KapTy Kiacudikarii
3€MHOTr0 IIOKpUBY. P03p006s1€HO METO/, OL[iHKY LIiIbHOCTI 3a0y/10BU B MeXKaxX MiCbKUX KBapTaJliB Ha OCHOBI
OTPUMaHOi KapTy Kjacu@ikalii 3eMHOro NOKpUBY. BU3Ha4€HO METPUKU OLiHKYA TOYHOCTi OTPUMAHUX Pe3yJIbTaTiB.
Bci nepepaxoBaHi MeTOIM Ta METPUKY peasli3oBaHi Ha MOBi NporpamyBaHHs Python. B mexax mpoexTy
OIy0JIikOBaHO CcTaTTIO Ha Temy “Air Quality Estimation in Ukraine Using SDG 11.6.2 Indicator Assessment” y
MIKHapOoJIHOMY XypHasi Remote Sensing, akuit ingekcyetbca B SCOPUS Ta Hasnexxuts 10 kBapTuiisa Ql. Kio4yosi
ciioBa: KOHBOJTIOLIVHI HEMPOHHI MEPEXXI, IMOBIPHICHA KJTACU®IKALIIS, KAPTA 3EMHOTO TTOKPUBY,
URBAN ATLAS, SMART CITY, PO3YMHE MICTO

Pedepar aHr1ilicbKOIO:

Report SRW: 62 p., there are: 2 chapters, 12 figures, 3 tables, 94 sources. Research object — geospatial data
classification methods The subject of research - intelligent models and information technologies of classification
on the basis of high spatial resolution satellite data Purpose of work - to develop and implement an algorithm for
classifying the land cover on the basis of high spatial resolution satellite data, improvement of convolutional neural
networks with subsequent filtering of the obtained map and extraction from it of building density by city quarters.
Research methods - neural network models of land cover classification based on satellite data, software tools for
working with geospatial data Results: Information features based on satellite data of high spatial resolution for
different land cover types for land cover classification of the city of Kyiv are singled out and investigated. The
architectures of neural networks used in the world for similar classification tasks are studied, the architecture of
the neural network for segmentation and classification of satellite data of high spatial resolution for the city of Kyiv
is developed. Using additional probabilistic information on the recognition of land cover classes, a method of
filtering the obtained land cover classification map was developed. A method for estimating the buildings density
within urban neighborhoods based on the obtained map of land cover classification has been developed. Metrics
for the accuracy estimation of the obtained results are determined. All these methods and metrics are
implemented in the Python programming language. Within the framework of the project, an article on “Air Quality
Estimation in Ukraine Using SDG 11.6.2 Indicator Assessment” was published in the international journal Remote
Sensing, which is indexed in SCOPUS and belongs to quartile Q1. Keywords: CONVOLUTIONAL NEURAL



NETWORK, PROBABILICTIC CLASSIFICATION, LAND COVER MAP, URBAN ATLAS, SMART CITY

Ingexc YIK: 004.49; 004.056.57, 620:004, 004.49; 004.056.57. 620:004. 620:004; 004.49; 004.056.57
Koau TemaTHYHHUX PYOPHK: 50.41.25, 44.01.30
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazsa HTII ykpaiHCBKOIO: Kaptu knacudikaii 3eMHOTO TOKPOBY /yisl M. KHiB 3 BUCOKUM IPOCTOPOBUM

PO3pi3HEHHIM

Ha3zpa HTII aursi#icbKo0: Land cover classification maps for Kyiv with high spatial resolution
HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunnmu, yepe3s aki HTII ne 6ysi0 cTBOpeHoO:

OTpumaHi pe3yJIbTaTH: TexHOJIOri]

l'asmy3b 3acTOCYyBaHHS: MiHicTepCTBO PO3BUTKY €KOHOMIKH, TOPTiBJI Ta Ci/IbCHKOTO rOCIOgapCTBa YKpaiHu.
MiHicTepCcTBO €HEePreTUKY Ta 3aXUCTY LOBKiA. TepuTtopiasbHi rpoMany AJid IJIaHyBaHHS 3€MJIEKOPUCTYBaHHS.
MixnapogHi opranisarii, siki 3asy4eHi 10 BUKOHaHH4 ctparerii Llinen cranoro po3sutky: UN Statistics Division,
UNCCD, Sustainable Development Solutions Networks, Food and Agriculture Organizatio (FAO), International
Institute for Sustainable Development (IISD), Group of Earth Observation (GEO).

PeecTpariifiHuil HOMep KapTKH Te€XHOJIOT1i:
Omnuc HTII: 3a pospo6sieHowo nokpameHow MeTO0IOTIE€I0 CTBOPEH] KapTH 3¢ MHOTO MOKPUBY /171 M. Kuesa.
ComniasibHO-eKOHOMIYHA crpsiMmoBaHicTh HTII: Toninmmuenns crany HaBKOJMIIHBOTO CEPELOBUIA
Bnyins HTII Ha moBKiJjis:
BnposapaskeHHst HTII: He supoBamxeHo
ITpakTuyHa peasnizanis HTTI
ITouaToK eramy:
3aKiHYeHHs eTaly:
Crno>kuBavi NPOAYKILii:
IlepcrieKTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAI0THCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HasaBHicTb 0i3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IToTeH1iaIbHUE 0OCST IIPOJASKY, THUC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:
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(SCOPUS, Q1 3a knacugikauiero Scimago).



2. Shelestov A., Yailymova H., Yailymov B., Shumilo L., Lavreniuk A. Extension of Copernicus Urban Atlas to non-
european countries. In IEEE Geoscience and Remote Sensing Society (IGARSS) 2021, Brussels, Belgium, July 11 - 16,
2021. pp. 6789-6792, doi: 10.1109 /IGARSS47720.2021.9553546.

3. Shumilo L., Shelestov A., Yailymov B., Brazhnyi A., Bilokonska Y. Remote Sensing Data usage for Smart City
Greening Strategy Planning. In IEEE EUROCON 2021, Ukraine, Lviv, 6-8 July. 2021. pp. 92-97, doi:
10.1109 /EUROCON52738.2021.9535595

4. Shelestov A., Yailymova H., Yailymov B., Samoilenko O., Shumilo L. Ground Based Validation of Copernicus
Atmosphere Monitoring Service Data for Kyiv. In IEEE EUROCON 2021, Ukraine, Lviv, 6-8 July. 2021. pp. 88-91, doi:
10.1109 /EUROCONS52738.2021.9535629.

5. Kussul N,, Yailymova H., Drozd S., Shelestov A. Validation of the Global Human Settlement Layer and NASA
Population Data for Ukraine. In IDAACS 2021, Poland, Cracow, 22-25 September 2021. P. 288-291.

7. lllenecros A.1O., JlaBpeHiok A.M., fitnumos B.4. , Slitnumosa I'.O. ITudposisanis po3sutky micT: Urban Atlas Ha
OCHOBI BiIKpUTUX JAHUX IJ151 MiCT YKpainu. PamioenekTpoHHi i komn'totepHi cuctemu. 2021. No. 3, Vol. 99. P. 19-28.

6. Kapnienxo O., Illenectos A., Sinumosa I'. IHpopmalliiiHi TeXHOJIOTI] CyyTHMKOBOIO MOHITOPUHTY SIKOCTi IOBITPSI:
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