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Pedepar:

1. Y nuceprauiiiziil po60Ti PO3B’s13aHO BXXJIMBE HAYKOBO-TIPAKTUYHE 3aBIAHHS PO3p00JIe€HHS iH(pOopMaLiiiHOi
IHTEJIEeKTYaIbHOI TEXHOJIOTI MAIIMHHOTO HAaBYaHHS aBTOHOMHOTO BITJIA 111 BifeOMOHITOPUHTY MiCLIEBOCTI 32
YMOBU HENIOBHOI BU3BHAYEHOCTI JaHUX ¥ paMKaxX QyHKIIOHaJIBbHOTO MiIX0y 1O MOJEI0OBAaHHS KOTHITUBHUX
IIPOLIECiB IPUPOJHOTO iHTENEKTY IpY (POPMyBaHHI Ta MPUNHATTI KinacuikaliliHuX pilleHsb. 3a pe3ybTaTaMu
aHaJi3y Cy4yacHOTO CTaHy Ta TeHJEHLill PO3BUTKY O€3MiJIOTHUX aBiallilHUX KOMIIJIEKCIB OJ15 Bi€OMOHITOPUHTY
MiCI€BOCTi ITOKa3aHo, o BI1JIA B OCHOBHOMY BUKOPHCTOBYIOTLCS SIK PETPAHCJIATOPU 300paXkKeHb PETIOHY Ha
HazeMHy cTaHLjito kepyBaHHs (HCK). [TokasaHo, 1110 OCHOBHUM HIJIIXOM PO3MIKPEHHS QYHKIIOHATBHUX
MOXJIMBOCTEN i MiABUILEHHS iHPopMaliliHoi Ta/ab0 KibepaaxuueHocTi BI1JIA 1 BifeOMOHITOPHHIY MiCLIEBOCTI €
Ha/IaHHS IOMY aBTOHOMHOCTI Ha OCHOBI MAlIMHHOTO HaBYaHHS PO3I1i3HABAaHHIO HA3€MHUX 00’eKTiB. 3aCTOCYBaHHS

TPaJULIIHUX METOMIB iHTEJIEKTYyaJIbHOTO aHasidy JaHux Data Mining, BKJIIOYalO4Yu IITYy4YHi HEUPOHHI MepexXi



(LLTHM), nyig indopmauiitHoro cuHTe3y aBToHOMHOI BCP He 3aBxau 3a6e3edye BUCOKY (PYHKIiIOHAIbHY
eeKTUBHICTb MalIMHHOTO HaBYaHHS Yepe3 JOBLIbHI I0YaTKOBi yMOBU (OPMYBaHHS L1(PPOBUX 300pakeHb
Ha3eMHHUX O0’€KTIB; IEPETHH KJIACiB po3Ii3HaBaHH4, 10 XapaKTePU3yI0Th 300paKeHHsI 00 €KTiB, B IPOCTOPI O3HAK;
6araTOBUMIpHICTb CJIOBHMKA O3HAK i ayiaBiTy KJ1aciB po3Ii3HaBaHHS Ta BIVIMB HEKOHTPOJIbOBAHUX (PAKTOPIB.
JocigKeHHs BUKOHYBAJIMCA Y PaMKaX CTBOPEHOi B CYMCbKOMY [I€p>KaBHOMY YHIBEPCUTETI TaK 3BaHOI
iHopmaliiiHO-eKCTpeMabHOI iHTeJIeKTyalIbHOI TEXHOJIOTi aHai3y JaHUX, Ka IPYHTYEThCS HA MaKCUMizallii
iH(popmMaLiiHOI CIPOMO’KHOCTI CUCTEMH B IIPOLIECi MALIMHHOTO HaBYaHHS 3 METOIO afjanTalii BXifHOro
MaTEeMaTU4HOrO OMUCY A0 MAaKCUMAaJIbHOI TOBHOI IMOBIPHOCTI MPUMHATTS IPABWIbHUX KJIACU(IKALIMHNX PillleHb.
Taxwii mifxin Ha BigMiHY Bif] BIZOMUX METOIB JO3BOJISIE HAATA CUCTEMIi 'HY4KiCTh IIPY NTEpEHABYaHHI 4yepe3
posmupeHHs andapiTy KilaciB po3nisHaBaHHs. BogHovyac n1ob6y[oBaHi B paMKax reOMETPUYHOrO MiiX0oay BUpillaibHi
IIpaBuJjIa € IPAKTUYHO iHBAPiaHTHUMMU JI0 6araTOBMMIPHOCTI CJIOBHMKA O3HAK PO3Mi3HABAaHHS. Y NUCEepPTaLiliHiN
po6oTi Briepiie po3pobsieHo MeTo, iHPOpMaLiliHO-eKCTPEeMaTIbHOrO MAIIMHHOIO HaBYaHHS aBTOHOMHOrO BITJIA
L7151 pO3Ili3HaBaHHs HA3€MHOTI'0 TPAHCIIOPTHOTO 3aC00y 3 ONTUMI3allielo PiBHS KBAaHTYBAaHHSI SICKPABOCTI ITiKCeJIiB
KaJlpy 30HU iHTepecy, 10 J03BOJIsIE AETEKTyBaTU KOHTYP TPAHCIIOPTHOIO 3aCO0Y 3 METOIO BU3HAUEHHSI HA HbOMY
LEHTPY NOJISIPHOI CUCTEMU KOOPAMHAT 11711 (POPMYyBaHHs HaBYaJIbHOI MAaTPUL. Y pe3y/bTaTi BUpillajbHi TpaBuia
HaOyJIM iHBapiaHTHICTb [0 3CYBY Ta IOBOPOTY Ha3€MHOTO 00'€KTY y Kafipi 30HU iHTepecy. Y nucepTauiiiHiil po6oTi
OJlep>KaHo Taki HayKoBi pe3ysbTary: 1) Briepiie po3po6iaeHo meTos iHpopMaliiHO-eKCTPEMaIbHOIO MAIMHHOTO
HaBYaHHS aBTOHOMHOTrO BITJIA 1151 po3nisHaBaHHS Ha3eMHUX O0'€KTIB 3 ONTHMIi3allielo po3Mipy KaJipy 300pakKeHHs
periony, 1o JO3BOJIsIE 3MEHIINTY BIUIMB HEiH(POPMATUBHUX TA 3aBAKAIOYMX O3HAK PO3Ii3HABAHHS OTOYYIOUOTO
cepeoBUlIlla Ha3eMHOT0 00'€KTy. 2) Briepiie po3po6sieHo MeToy, iHPpopMaliiliHo-eKCTpeMaJlbHOTO MAIIMHHOTO
HaBYaHHS aBTOHOMHOTrO BITJIA 17151 ceMaHTUYHOI cerMeHTallii 300pa’keHHsI perioHy MIJIIXOM ONTHMi3allii 3a
indpopmauiiiHum KpuTepiem Barosux koedinieHTiB RGB-KOMIIOHEHT 300pakeHb HA3€MHUX 00'€KTIB, 1[0 JO3BOJISE
HiABUILMTY TIOBHY IMOBIPHICTb IIPUIHSATTS TPaBUJIbHUX KilacudikaliiHuX pimeHs. 3) YIOCKOHAJIEHO METO[
iH(opmallifiHO-eKCTPeMaJbHOTO MAlIMHHOIO HaBYaHHs aBTOHOMHOro BITJIA 71715 BileOMOHITOPUHTY MicLieBOCTi 3a
iepapxiuHOIO CTPYKTYPOIO JAHUX Y BUIJISi IE€KYPCUBHOIO 6iHAPHOTO epeBa, 0 03BOJIsI€ TOOYIyBaTU B IIPOLIEC
MAaIIMHHOTO HAaBYaHHY i3 3aJJaHOI0 TTIMOMHOI0 6€3MIOMUJIKOBI 32 HAaBYaJIbHOIO MATPULIEIO BUPIilabHi TpaBuia. 4)
Ha6yB nopasnpioro po3BUTKY MeTOJ, aBTOHOMHOI BifleOHaBiralii 3a Ha3eMHUMY IPUPOJAHUMU Ta
iH(ppaCTPYKTYpHUMHU OPi€HTUPaMHU 3 BilOMUMU reorpadiyHMMy KOOPAUHATaMH, 110 A03BOJISIE BUBHAYATH
MiCl€3HaxXO0PKeHHsI aBTOHOMHOTO BITJIA 6€3 BUKOPUCTaHHSI I7106a7IbHOI MEPEXKU MO3ULI0BaHHS. 3a pe3ybTaTaMu
KOMITIOTEDHOTO MOJIEJIIOBAHHS MiATBEPAKEHO, [0 PO3PO06JIEHI METOM MAIMHHOIO HABYaHHS 103BOJISIIOTh

o6y yBaTy OllepaTHBHI Ta 6€3[IOMUJIKOBI 32 HABYaJIbHOIO MaTpULlEl0 BUpilla/ibHi IpaBuia. Kpim Toro, po3po6seHo
3aco6u iHpopMaLiliHOI TEXHOJIOTII IPOEKTYBaHHS CUCTEMU MiJTPUMKU NIPUMHSTTS pimeHs 171 oneparopa HCK,

KW 30iMICHIOE MalllHHE HaBYaHHA Ta niepeHaB4aHHs bCP aBTonomHoro BITJIA.

2. An important scientific and practical task of developing informational intelligent machine learning technology is
solved in the dissertation of an autonomous UAV for video monitoring of the terrain under the condition of
incomplete data certainty within the framework of a functional approach to modeling the cognitive processes of
natural intelligence in the formation and adoption of classification decisions. According to the results of the
analysis of the current state and development trends of unmanned aerial systems for video monitoring of the area,
it is shown that UAVs are mainly used as relayers of the region images to the ground control station (GCS). It is
shown that the main way to expand the functionality and increase the information and/or cyber security of the
UAV for video monitoring of the terrain is to provide it with autonomy based on machine learning to recognize
ground objects. The application of traditional methods of intelligent data analysis Data Mining, including artificial
neural networks (ANN), for the information synthesis of autonomous ORS does not always ensure high functional
efficiency of machine learning due to arbitrary initial conditions for the formation of digital images of terrestrial
objects; intersection of recognition classes characterizing images of objects in the feature space; the
multidimensionality of the dictionary of features and the recognition classes alphabet and the influence of
uncontrollable factors. The research was carried out within the framework of the so-called information-extreme
intelligent data analysis technology created at Sumy State University, which is based on maximizing the



information capacity of the system in the machine learning process in order to adapt the input mathematical
description to the maximum full probability of making correct classification decisions. This approach, in contrast
to known methods, allows the system to be flexible during retraining due to the expansion of the recognition
classes alphabet. At the same time, the decisive rules constructed within the framework of the geometric approach
are practically invariant to the multidimensionality of the recognition features dictionary . In the dissertation, for
the first time, a method of information-extreme machine learning of an autonomous UAV was developed for the
recognition of a ground vehicle with optimization of the interest zone frame pixels quantization level, which allows
detecting the contour of the vehicle in order to determine the center of the polar coordinate system on it for the
formation of the training matrix. As a result, the decisive rules became invariant to the displacement and rotation
of the ground object in the frame of the area of interest. The following scientific results were obtained in the
dissertation work: 1) For the first time, a method of information-extreme machine learning of an autonomous UAV
was developed for the recognition of ground objects with the optimization of the frame size of the region image,
which allows to reduce the influence of uninformative and interfering features of the recognition of the
surrounding environment of the ground object. 2) For the first time, a method of information-extreme machine
learning of an autonomous UAV was developed for semantic segmentation of the image of the region by
optimization according to the information criterion of the weighting coefficients of the RGB components of the
ground objects images, which allows to increase the full probability of making the correct classification decisions.
3) The method of information-extreme machine learning of an autonomous UAV for video monitoring of terrain
based on a hierarchical data structure in the form of a decursive binary tree has been improved, which makes it
possible to build in the machine learning process with a given depth error-free decisive rules based on the training
matrix. 4) The method of autonomous video navigation by terrestrial natural and infrastructural landmarks with
known geographical coordinates has gained further development, which allows determining the location of an
autonomous UAV without using a global positioning network. According to the results of computer simulations, it
was confirmed that the developed methods of machine learning make it possible to build operative and error-free
decisive rules based on the training matrix. In addition, information technology tools for designing a decision-
making support system for the GCS operator, which carries out machine learning and retraining of the ORS of an
autonomous UAV, have been developed.
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