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Pedepar:

1. MeTa mocifpkeHHs: NiBUILEHHS JOCTOBIPHOCTI KylacuQikyBaHHS 00 €KTiB Ha a€pO- Ta KOCMIYHUX 300paKEHHSIX
MIJIIXOM PO3POOKU METOIUKY, SIKa HalliJieHa Ha MigBUIIeHHS PO3AiIMMOCTi PO3Mi3HaBaJIbHUX O3HAK. B
IVCepTaLiiHOMY NOCJIiIXKEHHI PO3IJISIHYTO POJIb Ta Miclie IpoLenypy Kiaacu@ikyBaHHs B 3ama4ax [133. [IposeneHo
aHasi3 MeTofiB kiacudikyBaHHS OO'€KTIB Ha aepo- Ta KOCMiYHUX 300paskeHHIX. OOIPYHTOBAHO, 110 AJ1sI 6i/IbIIOCTI
TeMaTUYHUX 334a4 [133 [JOLiJIBHUM € BUKOPHCTAaHHS KOHTPOJIbOBAaHUX METO/IB Kylacu(ikyBaHHS, aJ)ke BOHU

IO3BOJISIIOTh 33JJaTH O3HAKU BUXiJHUX KJIACIB Y BUIJISi HA00pY HaBYaabHOI BUOipKU. [IpoaHani3oBaHO BIACTUBOCTI



Habopy HaBYaIbHOI BUGipKU. [IpoBeneHo aHasi3 MigxoiB 10 06po6KY HaBYaIbHOI BUGipKU. [IoKa3aHo, M0 CHiTBHUM
HEJI0JIIKOM POBIJISIHYTHUX IiIXOIiB € Te, 1[0 BOHU He BPaXxOBYIOTh (AaKTOP PO3LiTMMOCTI HaBYasibHOI BUGipKU. Jis
IIpeJCTaBJIeHHs IaHUX 17151 KJlacuiKyBaHHS 3alIPOIIOHOBAHO BUKOPUCTOBYBATU Ky0 reOlpOCTOPOBUX IaHUX.
[IpencraBieHo MAaGJIOHM JAHUX OJ1S IEeSIKUX TEMAaTUYHUX 33/1a4. PO3po6s1eHO MeTOIM KlacTepu3allii HaB4aabHOi
BHOiIpKU Ha OCHOBI LIEHTPOIAHUX METO/IiB HEKOHTPOIbOBAHOTO KilacudikyBaHHs. Bcboro po3po6yieHo gsa MeToau, a
came: MeToZ, pOpMyBaHHS HaByajbHOI BUOIpKU 3 KJIacTePiB IOYAaTKOBUX KJIACiB Ta METOJ (POPMYBaHHS HaBYaJIbHOI
BUOGIpKY 3 LIEHTPIB KJIaCcTepiB MOYATKOBUX KjaciB. PO3po6ieHo METO, OLIiHIOBaHHSI PO3AiIMMOCTi HaBYaIbHOI
BUOGipKU. JleTasbHO ONMKMCAHO aJITOPUTM METOAY OLiHIOBAHHS PO3MiIMMOCTI SIK IBOX OKPEMUX KJIACiB HABYaIbHOI
BUOipKY, TaK i BCbOTO HAbOPY B 1iiioMy. Po3pobsieHi Ta npencTaBieHi B Jpyromy po3zii npuHuny GopMyBaHHS
Kyba reorrpoCTOPOBUX JaHUX, METOLM KjlacTepu3aliii HaByaabHOI BUOIPKY Ta METOJ, OLiHIOBAHHS PO3LiIMMOCTI
HaBYaJIbHOI BUOIPKU NIO€QHAHO B METOIUKY Kylacu(iKyBaHHS, KA Ma€ [IBi TiJIKK 3aCTOCYBAaHHSI: CIIOCiO 3MEHIIEHHS
po3MipHOCTi HaB4YasIbHOI BMOIPKH, CIOCI6 KacTepusallii HaBuaabHOI BUGipKU. Bubip criocoby 3anexxuts Bif, 06'eMy
IaHux. HaykoBa HOBU3Ha Briepie po3po6seHO MEeTO[, OLiHIOBaHHS PO3AiIMMOCTI HaB4Ya/IbHOI BUGIPKY NIpU
KOHTPOJIbOBAaHOMY KJ1acu(iKyBaHHi 00’€KTiB Ha a€pO- Ta KOCMiUYHUX 300pakeHHsIX. OCOOJIMBICTIO SIKOTO €
(opMyBaHHS OLiHKU BiIHOCHO KOHKPETHOTO MeTOJa KyacudiKyBaHHS, BXiJHUX TaHUX Ta iXHbOI CTPYKTypu. Bniepiie
PO3p06JIEHO METOAMKY Kacu@iKyBaHHS 00'€KTiB HAa a€pO- Ta KOCMIYHUX 300pa’KEHHSIX B yMOBaX HU3bKOI
PO3IiIMMOCTi po3Ili3HaBaJIbHUX O3HAK, SIKa BKJIIOUA€ B cebe 3aCTOCYBaHHS OJJHOTO 3 IBOX PO3POOJIEHUX CIIOCO0IB
3aJIEXKHO Bif 06'eMy naHux. [Ipy HaIIMIIKOBOMY 00’€Mi JaHUX BUKOPUCTOBYETLCS CIIOCIO 3MEHIIEHHST PO3MiPHOCTI
HaByYaJIbHOI BUGIPKY, a IPU 0OMEKEHOMY 00'eMi JaHUX — CIIOCi6 KiacTepu3allii HaB4asbHOI BUGipKU. OCHOBOIO
PO3pO6IEeHNX CITOCOOIB € METO, OLIiHKYM PO3iIMMOCTi HaBYaJIbHOI BUOipKku. Briepie po3po6eHo crocio
KJlacTepu3allii HaByasibHOI BUGIPKY Ha OCHOBi pO3p006JIEHOr0 METOAY OLIiHIOBAaHHSI PO3iIMMOCTI HABYAJIbHO]
BUGIpku. Ha BimMiHy Bif iCHYI04MX, IaHUI CIIOCIO 403BOJIsI€ 06PATU TaKy KiJIbKICTb KJIaCTEPiB 1J11 KOKHOTO KJIacy,
IIpU SIKifl pO3AIIMMICTb HaBYaA/IbHOI BUOIPKY AOCIATaTHMeE HaBUILOTO 3HAUEHHS cepef iHINX PO3TJISTHYTUX
BapiaHTiB. Bniepuie po3pobyeHo croci6 3MeHIIeHHs] pO3MipHOCTI HaBYasbHOi BUGIpKY Ha OCHOBI pO3p06IeHOTO
METO[y OLiHIOBaHHS PO3iIMMOCTI HaBYa/IbHOI BUOIpKHU. Ha BifiMiHy Bifi iCHyl0YMX, AaHUI CIIOCIO 4O3BOJIsIE OOPaTU
TaKi Iapy BXiIHUX JaHUX, IIPY SIKUX BiANOBigHA HaBYasbHA BUOiIpKa JOCATaTME HAWBUINOTO 3HAYEHHS
PO3IIIMMOCTI cepef, iHIUX PO3IJISIHYTUX BapiaHTIiB BXiJHUX JaHUX. TaKnM YMHOM JIOCSTa€ThCS HE JIUIIE
3MEHIIEHHS] PO3MIPHOCTI BXiJHMX [aHUX, a i NifBUIIeHHS PO3AiIMMOCTI HaBYaIbHOI BUGIpKU. 3a pe3ysibTaTaMu
€KCIIEPMMEHTAJIBHUX IOCIII’)KEHb PO3PO6JI€Ha METOIMKA ITPOIEMOHCTPYBAJa MiJjBULIEHHS OCTOBIPHOCTI
kiacudikyBaHHS B KOKHOMY 3 4 TpuKiaziB. EQekTuBHICTh METOAMKY MiATBEpIKeHa B OJJHOMY 3 IIPUKJIATIB
3POCTaHHIM NOKA3HUKIB 3arajibHOi TOUHOCTI Ha 2% (3 91% 1o 93%) Ta kana-ingekcy Ha 2% (3 87% no 89%); B
Ipyromy MpUKJajii 3pOCTaHHSM BiiNOBiIHMX OKa3HUKIB HA 4% (3 77% 10 81%) Ta Ha 5% (3 66% 10 71%); B TpETbOMY
- 3pocTaHHsM KoediuieHTa Kopersuii [Tipcona Ha 28% (3 54% 10 82%); B 4eTBEPTOMY- 3PDOCTAHHSIM IIOKA3HUKIB
3arajibHOi TOYHOCTI Ta Kamna-ingekcy Ha 20% (3 63% no 83%) Ta Ha 21% (3 60% 1o 81%) BinnosinHo. Kitodosi ciosa:
aepo- Ta KOCMi4yHi 300pa’keHHS1, HEKOHTPOJIbOBaHe K1acU(iKyBaHHSI, KOHTPOJIbOBaHE KlacuQiKyBaHHS,
KJIaCcTepU3allisl, HaB4yasibHa BUOiIpKa, PO3AiIMMICTh HaB4aIbHOI BUOIpPKY 3a pe3ysbTaTaMu JOCTiIKeHb OIy0IiKOBaHO
21 HayKOBY mpano, y ToMy 4ucii 2 mybsikanii y MoHorpadisx (3 Hux 1 mpoiHfekcoBaHa B 6a3i JaHux Scopus); y
3aKOPIOHHUX (PAaXOBUX BUIAHHAX — 5 cTaTell (3 HUX 3 IPOiHJeKCOoBaHi B 6a3i JaHuX Scopus); CTaTTi y HAYKOBUX
BUJIAHHAX, BKJIIOYEHVX Ha J]aTy OIy0JIiKyBaHHS JI0 [1€peJIiKy HayKOBUX (PaxoBUX BUAAHb YKpaiHu Karteropii b - 4; 10
y 36ipHMKax Ta MaTepiajax Te3 JONOBifel BITYM3HSIHUX Ta MDKHAPOJHMX KOH(QEPEeHLisX (3 3aKOPIOHHUX), 3 SIKUX 8

MpOiHAEeKCOBaHi B 6a3i JaHux 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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CeKTop HayKH: AkafeMivHuit

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta pELl€eH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Kocapesuu Poctucias fApocnaBoBruy

2. Rostyslav J. Kosarevych

KBasigikamis: g 1. 1., crapmmii HaykoBuii criiBpo6iTHUK, 05.02.10
InenTudirkarop ORCHID ID: 0000-0001-9108-0365
JopaTrkoBa inpopmanist:

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

HanjionanpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03534506

Micue3Haxoa KeHHS: By Haykosa, 6yz. 5, JIbBiB, 79060, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbna akaziemist HayK Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Bacunbesa Ipuna KapiBHa

2. Iryna K. Vasilyeva

KBasigikamis: . r. u., gouent, 05.07.12
InenTudikarop ORCHID ID: 0000-0002-1378-1104
HoparkoBa indpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanioHanbHui aepoKocMiuHmil yHiBepcuTeT iM. M. €.

JKykoBcbKOro "XapkiBCbKUH aBiallilHUI iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3HaxoaKeHHS: ByJI. UkasnoBa, 6yx. 17, XapkiB, XapkiBcbkuil p-H., 61070, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI



PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Aneniept Codis loraniBHa

2. Sofiia I. Alpert

KBasigikamis: . . n., 05.07.12
InenTudikarop ORCHID ID: 0000-0002-7284-6502
JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: [lepskaBHa ycTaHOBA "HayKOBUI LIEHTP a€POKOCMIYHUX

nociigkeHb 3emii IHCTUTYTY reosioriyHMx Hayk HanionasnpHOI akagemii Hayk YkpaiHn"
Kopg 3a €IPIIOY: 04778363

Micue3Haxoa KeHHs: sysuns Onecs Fonyapa, 6y, 55-6, Kuis, 01054, Ykpaina
dopma BiracHOCTI: JlepxasHa

Coepa ynpaBiriHHS: HaujoHanbHa akaziemist Hayk YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHui

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

2. Svitlana S. Kokhan

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

IloBHe HaliMEeHYBaHHSI IOPHUIUYHOI 0COOH: [lepkaBHa ycTaHOBa "HayKOBUIA LIEHTP a€POKOCMIYHMX

nociigkeHb 3emii IHCTUTYTY reosioriyHMx 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 akajeMis HayK YKpaiHu

InmenTudikarop ROR:

CeKTop HayKH: AkafieMidHui1

VIII. 3ak1104Hi BiZOMOCTI

BnacHe IlpizBume Im'st Ilo-6aTbKOBI ApriomeHko Muxaiino BiraziitoBuy

TOJIOBH pajgu



Baache IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi

OisSIIBHOCTI

Aprtiomenko Muxaiino BitaniiioBuy

Anppees Aprem AHZDINOBUY

VKpIHTEI

[Opuenko TeTsHa AHaTOJIiBHA



