O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0823U100884
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 13-10-2023

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. AugpeeB ApreM AHIPiiOBUY
2. Artem A. Andreiev

KBasmigikamis:

InenTudikarop ORCID ID: 0000-0002-6485-449X

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 172

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: EsekTpoHHi KOMyHiKaji Ta pagioTexHika

T'asmy3b / rasysi 3HaHB: eneKTPOHIKa Ta TeJEKOMyHIKaLjii

OCBiTHbo—HayKOBa nmporpama 3i crmeniaJIbHOCTI: JlucTaHuiiiHi A€POKOCMIYHI JOCIIIKEHHS
Jara 3axucTy: 29-11-2023

CnenianbHICTB 32 OCBiTO0: Kommn'oTepHa inxkenepis 8.05010201

Micue po6oTH 3400yBaya: JlepasHa ycTaHoBa "HayKOBUil LIEHTP a€POKOCMIYHMX [JOCIIDKEHb 3eMJIi

IHcTuTYyTY reosiorivHux Hayk HanionaspHOI akagemii Hayk Ykpainm"

Kopg 3a €IPIIOY: 04778363

Micue3Haxoa KeHHS: syauig Onecs Fonyapa, 6y, 55-6, Kuis, 01054, Vkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYUEHOI pagH (pa30Boi Cleliaai30BaHOi BYE€HOI pazu). 1O 004

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [lepkaBHa ycTaHoBa "HayKOBUI LIEHTP a€POKOCMIYHMX

mociigkeHb 3emii IHCTUTYTY reosioriyHyx Hayk HanjionanbpHOI akazemii Hayk YkpaiHnn"
Kopg 3a €IPIIOY: 04778363

Micue3HaxoaKeHHS: Bynuus Onecs ['onvapa, 6yg. 55-6, Kuis, 01054, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: [lepxkaBHa ycTaHoBa "HayKOBUIl LIEHTP a€POKOCMIYHMX

nociigkeHb 3emii IHCTUTYTY reosioriyHux Hayk HanionanpHOI akagemii Hayk YKpainn"
Kopg 3a € IPIIOY: 04778363

Micue3Haxoa>KeHHS: sysuus Onecs Fonyapa, 6y, 55-6, Kuis, 01054, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koy TeMaTHYHHUX PYOPHK: 47.49.27

Tema guceprauii:
1. MeTonuka knacudikyBaHHS 00'€KTIB Ha aepo- Ta KOCMIYHUX 300pa’keHHSIX B yMOBaX HU3bKOI PO3iTMMOCTI

PO3Ii3HaBaJbHUX O3HAK

2. Object classification technique on aerial and space imagery under low separability of recognition features

Pedepar:

1. MeTa mocigpKeHHS: MiABUILEHHS JOCTOBIPHOCTI KylacudikKyBaHHS 00 €KTiB Ha a€PO- Ta KOCMIUYHMX 300pasKeHHSIX
MIJISIXOM PO3POOKU METOJIMKH, sIKA HallijleHa Ha MiABUIIEHHS PO3AiIMMOCTi pOo3ITi3HaBaJIbHUX O3HAK. B
IYCcepTalifiHOMY JOCJIiIKEHHI PO3IJISIHYTO POJib Ta Miclie IIpoLenypy Kinacu@ikyBaHHs B 3apavax [133. [IposeneHo
aHazi3 MeToxiB Ki1acuikyBaHHS 00'€KTiB Ha aepo- Ta KOCMIYHUX 300pakeHHsIX. O6IPYHTOBAHO, 1O AJ1s GibLIIOCTI
TEMAaTUYHUX 33724 /133 1OoLiNbHUM € BUKOPHCTaHHSI KOHTPOJIbOBAaHUX METOZIB KIacu(iKyBaHHS, aJl)ke BOHU
IO3BOJISIIOTh 33JjaTH O3HAKU BUXiTHUX KJIACIB y BUIJISIi HA60py HaByaabHOI BUGipKU. [IpoaHasizoBaHoO BJIACTUBOCTI
Habopy HaBYaIbHOI BUOIpKU. [IpoBeeHO aHai3 NigxoiB 0 06po6KY HaBYalIbHOI BUOipKU. [IoKazaHo, MO CHiIbHUM
HEJ0JIiIKOM PO3IJISIHYTUX MiJXO/iB € Te, 10 BOHM HE BPAaXOBYIOTb (DAKTOP PO3AIIMMOCTI HaBYaIbHOI BUGIpKU. [I71s1

IIpeJCTaBJIeHHs IaHUX 17151 KjlacuiKyBaHHS 3aIIPOIIOHOBAHO BUKOPUCTOBYBATU Ky6 reOlpOCTOPOBUX IaHUX.



[IpencrasieHo mMAa6JIOHM JAHUX OJ1S IESIKUX TEMAaTUYHUX 3aa4. PO3po6s1eHO MeTOIM KlacTepu3allii HaB4aIbHOi
BHOIpKU Ha OCHOBI LIEHTPOIAHUX METO/IiB HEKOHTPOJIbOBAHOTO KilacudikyBaHHs. Bcboro po3po6sieHo gsa MeTonu, a
came: MeToZ, pOpMYyBaHHS HaByajbHOI BUOIpKU 3 KJIaCTEPiB OYAaTKOBUX KJIACiB Ta METOJ, (POPMYBaHHS HaBYaJIbHOI
BUOIpKY 3 LIEHTPIB KJIaCTepiB IOYATKOBUX KjaciB. PO3po6eHO METO, OLIiHIOBAaHHS PO3AiIMMOCTi HaBYaIbHOI
BUOipKU. JleTasbHO ONMKMCAHO aJIfOPUTM METOAY OLiHIOBAaHHS PO3IiIMMOCTI SIK IBOX OKPEMUX KJIACiB HAaBYaIbHOI
BUOipKY, TaK i BCbOTO HAboOpy B LiiioMy. Po3pobsieHi Ta npeacTaBieHi B pyromy po3ziii npuHuuny GopMyBaHHS
Kyba reoIrpoCTOPOBUX JaHUX, METOLIM KjlacTepu3allii HaByaabHOI BUOIPKU Ta METOJ, OLiHIOBAaHHS PO3LiIMMOCTI
HaBYaJIbHOI BUOIPKU NIOEQHAHO B METONUKY KyIacu(iKyBaHHS, SIKa Ma€ [IBi TiJIKK 3aCTOCYBAHHSI: CIIOCIO 3MEHIIEHHS
PO3MipHOCTI HaBYasIbHOI BUGiIpKH, crocib KiaacTepusalii HaB4anbHOI BUOipKHU. Brbip criocoby 3anesxuTs B 06'eMy
IaHux. HaykoBa HOBU3Ha Briepiue po3po6sieHO METO[, OLiHIOBaHHS PO3AiIMMOCTI HaBYa/IbHOI BUGIPKY NIpU
KOHTPOJIbOBAHOMY Ky1acuQiKyBaHHi 06'€KTiB Ha aepo- Ta KOCMIYHUX 300pakeHHsIX. OCOGJIUBICTIO SKOTO €
(opMyBaHHS OLiHKM BiJHOCHO KOHKPETHOTO MeTOJa Kiacu(piKyBaHHSI, BXiIHAX JAHUX Ta iXHbOI CTPYKTypu. Briepiue
PO3p06JIEHO METOAMKY KIacuiKyBaHHS 00'€KTiB Ha a€pO- Ta KOCMIYHUX 300pa’KEHHSIX B yMOBaX HU3bKOI
PO3IiIMMOCTI po3Ili3HaBaJIbHUX O3HAK, SKa BKJIIOYA€ B c€0€ 3aCTOCYBaHHS OJJHOTO 3 IBOX PO3POOJIEHUX CIIOCOOIB
3aJ1eKHO Bifl 06'eMy naHux. [Ipy HANIMIIKOBOMY 06'€Mi JaHUX BUKOPUCTOBYETLCS CIIOCI6 3MEHIIEHHS PO3MipHOCTI
HaBYaJIbHOI BUOIPKY, a IIpU 0OMekeHOMY 00'eMi TaHUX — CIIOCi6 kiacTepusalii HaB4anbHOI BUbGipku. OCHOBOIO
PO3pO06IEHUX CITIOCOOIB € METO, OLIiIHKYM PO3iIMMOCTi HaBYaibHOI BUOipku. Briepie po3pobseHo crocio
KJIacTepu3allii HaB4asIbHOI BUGIPKY Ha OCHOBi pO3p06JIEHOrO METOAY OLiHIOBAaHHS PO3iIMMOCTI HABYAJIbHO]
BUGIpKku. Ha BinmMiHy Bif iCHYI04MX, IaHUI CIIOCIO 4,03BOJIsI€ 06PATU TaKy KiJIbKICTb KJIaCTEPIB /1J11 KOKHOTO KJIacy,
IIpU SIKif pO3AITMMICTb HaBYa/IbHOI BUOIPKY AOCITaTMME HAaBUILOTO 3HAUEHHS cepefl iHIMX PO3IJISTHYTUX
BapiaHTiB. Biepie po3po6seHO C0Ci6 3MEHIIEHHSI PO3MiPHOCTI HaBYaabHOI BUOGIPKM HA OCHOBI PO3pO6JIEHOTO
METO[ly OLIiHIOBaHHS PO3AiIMMOCTi HaBYaIbHOI BUGipKU. Ha BinMiHy Bif icHyl0umMX, aHWii C110Ci6 703BOJIsIE 06paTH
TaKi Mapu BXiJHUX JAHUX, IPU SIKWX BifllTOBiTHA HaBYaJIbHA BUOIpKA MTOCSITaTUMe HAWBUIOTO 3HAYEHHS
PO3OIIMMOCTI cepef iHINUX PO3IJISIHYTYUX BapiaHTiB BXiJHUX JaHUX. TaKMM YMHOM JIOCSTA€ThCS HE JIUIIE
3MEHIIEHHS] PO3MIPHOCTI BXiJHMX JaHUX, a i NigBUIIEHHS PO3AiIMMOCTI HaBYaJIbHOI BUGIpKU. 3a pe3ysibTaTaMu
€KCIIEpUMEHTAJIbHUX JIOCTIIKeHb pOo3pobiieHa MeTOAMKa ITPOIEMOHCTPYBaja MifBUIEHHS JOCTOBIPHOCTI
ky1acuQikyBaHHS B KOKHOMY 3 4 TpuKiaziB. EQeKTuBHICTh METOAMKY MiATBEpIKEHA B OJHOMY 3 IIPUKJIATiB
3POCTaHHSIM OKA3HUKIB 3arajbHOI TOUHOCTI Ha 2% (3 91% 1o 93%) Ta kana-ingekcy Ha 2% (3 87% no 89%); B
Ipyromy MpUKJaji 3pOCTAaHHSM BiiNOBiIHMX OKA3HUKIB HA 4% (3 77% 10 81%) Ta Ha 5% (3 66% 10 71%); B TpETbOMY
- 3poctaHHaM KoedinieHTa kopessuii [Tipcona Ha 28% (3 54% 1o 82%); B ueTBEPTOMY- 3pOCTaHHSIM IIOKA3HUKIB
3arajibHOi TOYHOCTI Ta Kana-ingekcy Ha 20% (3 63% 1o 83%) Ta Ha 21% (3 60% 1o 81%) BinnosinHo. Kitodosi cyosa:
aepo- Ta KOCMi4Hi 300pa’keHHs1, HEKOHTPOJIbOBaHe KJIaCU(PiKyBaHHSI, KOHTPOJIbOBaHE Klacu(iKyBaHHS,
KJIaCTepU3allisl, HaB4ajbHa BUOipKa, PO3AiIMMICTh HaB4aIbHOI BUOIpPKM 3a pe3ysbTaTaMu JOCTiIKeHb OIy01iKOBaHO
21 HayKOBY Hpaliio, y TOMY 4ucili 2 my6sikanii y MoHorpadisx (3 Hux 1 mpoiHfekcoBaHa B 6a3i JaHux Scopus); y
3aKOpPAOHHUX (HAXOBUX BUAAHHIX — 5 cTaTel (3 HUX 3 MPOiHAeKCOBaHi B 6a3i JaHUX SCOpus); CTaTTi y HAYKOBUX
BUJIAHHSIX, BKJIIOYEHUX Ha ATy OMyOJIiKyBaHHS [I0 Iepesliky HayKoBUX (PaxoBUX BUAAHb YKpaiHu KaTeropii b - 4; 10
y 30ipHMKax Ta MaTepiasax Te3 [OMOoBifel BITYM3HIHNX Ta MiKHAPOJHUX KOHPepeHisx (3 3aKOPIOHHUX), 3 SIKUX 8

MpOoiHAEeKCoBaHi B 6a3i maHux Scopus.

2. The study aimed to increase the accuracy of object classification on aerial and space imagery by developing a
technique to increase the separability of recognition features. The dissertation research examines the role and
place of the classification procedure in the tasks of remote sensing. An analysis of object classification methods on
aerial and space images was conducted. It is substantiated that for most thematic tasks, it is appropriate to use
supervised classification methods because they allow setting the properties of the object classes in the form of
training samples set. The properties of the training samples set were analyzed. An analysis of approaches to
processing the training sample was carried out. It is shown that the common disadvantage of the considered
approaches is that they do not consider the factor of the separability. It is proposed to use a geospatial data cube
to represent input data for classification. Data templates are presented for the selected thematic tasks. Methods of
training sample clustering have been developed based on centroid methods of unsupervised classification. 2



methods have been developed: the method of forming training samples set from clusters of initial classes and the
method of forming training samples set from the clusters centres of initial classes. A method for assessing the
training sample separability has been developed. The algorithm of the method for assessing the separability of two
separate classes of the training sample and the entire set as a whole is described in detail. The principles of
forming a geospatial data cube, the methods of the training sample clustering, and the method for assessing the
training sample are combined into object classification technique, which has two branches of application: reducing
the training samples dimensions and clustering the training sample. The choice of the branch depends on the
amount of input data. According to the results of experimental studies, the developed method demonstrated the
classification accuracy enhancement in each of the 4 examples. The effectiveness of the method is confirmed in
one of the examples by the increase of the overall accuracy indicators by 2% (from 91% to 93%) and the kappa
index by 2% (from 87% to 89%); in the second example, an increase in the corresponding indicators by 4% (from
71% to 81%) and by 5% (from 66% to 71%); in the third - by an increase in the Pearson correlation coefficient by
28% (from 54% to 82%); in the fourth - by 20% (from 63% to 83%) and by 21% (from 60% to 81%) of the overall
accuracy of classification and kappa index, respectively. Scientific novelty The first developed method for
assessing the training sample separability during the supervised object classification on aerial and space images.
The assessment considers a specific classification method, input data and its structure. The first developed object
classification technique on aerial and space imagery under low separability of recognition features, which includes
the application of one of the two developed methods depending on the amount of data. When there is an excess
amount of data, the method of reducing the training sample size is used, and when the amount of data is limited,
the method of the training sample clustering is used. The basis of the developed methods is the method for
assessing the separability of the training sample. The first developed method of training sample clustering is based
on the developed method for assessing the separability of the training sample. Unlike the existing ones, this
method allows the selection of a number of clusters for each class, in which the separation of the training sample
reached the highest value among the other considered options. The first developed method of reducing the
training sample size is based on the developed method for assessing the separability of the training sample. Unlike
the existing ones, this method allows the selection of such input data layers, in which the corresponding training
sample will reach the highest value of separability among other considered variants of input data. In this way, not
only the dimensionality of the input data is reduced, but also the separability of the training sample is increased.
Keywords: aerial and space imagery, unsupervised classification, supervised classification, clustering, training
sample, training sample separability Based on the results of the research, 21 scientific works were published,
including 2 publications in monographs (of which 1is in the Scopus database); in foreign specialized publications -
5 articles (of which 1is indexed in the Scopus database); articles in scientific publications included on the date of
publication in the list of specialized scientific publications of Ukraine category B - 4; 10 in collections and abstracts
of reports at Ukrainian and international conferences (of which 3 are foreign) and of which 8 are indexed in the
Scopus database.
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Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Kocapesuu Poctucias fApocnaBoBruy

2. Rostyslav J. Kosarevych

KBasigikamis: n. . 1., crapmmii HaykoBuii criiBpo6iTHUK, 05.02.10
InenTudikarop ORCID ID: 0000-0001-9108-0365
JoparkoBa inpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOH: Disnko-mexaHiynmii inctutyT im. I. B. Kaprienka

HanionanbHoi akapemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6yx. 5, JIsBiB, 79060, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist Hayk Ykpainu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. BacunbeBa Ipuna KapsiBHa

2. Iryna K. Vasilyeva

KBasigikamis: k. r. u., gouent, 05.07.12
Imentudikarop ORCID ID: 0000-0002-1378-1104
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHuil aepoKOCMivHwMii yHiBepeuteT im. M. €.

JKykoBcbKoro "XapkiBCbKuUM aBiallilHUM iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micqesﬂaxon)KeHHﬂ: ByJ1. UkasnoBa, 6yx. 17, XapkiB, XapkiBcbkuil p-H., 61070, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeueHnzeHTn

BiacHe Ilpi3Bue Im'sa I1o-6aTbKOBI:
1. Anpniept Codis loraniBaa

2. Sofiia I. Alpert

KBasmigikamis: . 1. 1., 05.07.12



InenTudikarop ORCID ID: 0000-0002-7284-6502
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: [lepkaBHa ycTaHOBa "HayKOBUIl LIEHTP a€POKOCMIYHMX

nociigkeHb 3emii IHCTUTYTY reosioriyHux Hayk HanionasnpHoI akagemii Hayk Ykpainn"
Kopg, 3a € IPIIOY: 04778363

Micue3Haxoa KeHHS: sysuus Onecs Fonyapa, 6y, 55-6, Kuis, 01054, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Koxan Csitsiana CraniciaBiBHa

2. Svitlana S. Kokhan

KBasigikamnis: 1. 1. n., npodecop, 05.07.12
InenTudikarop ORCID ID: 0000-0002-6009-7591
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: JlepxkaBHa ycTaHOBa "HayKOBUIi LEEHTP a€POKOCMIYHMX

nociigkeHb 3emii IHCTUTYTY reosioriyHux Hayk HanionanpHOI akagemii Hayk Ykpainn"
Kopg 3a € IPIIOY: 04778363

Micue3HaxoaKeHHS: sysuns Onecs Fonyapa, 6y, 55-6, Kuis, 01054, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's Ilo-6aThKOBI ApTiOIIEHKO Muxaiiio Bitasniitosuy

roJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI ApTiomenko Muxaiino Bitanifiopuy

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY AnpipeeB ApTem AHZIPifioBIY

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




