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Pedepat/anoranis:

1. )KyntuHcebka A. K. TexHosI0ris1 onpaljloBaHHS JaHUX MOBITPSIHOTO CIIOCTEPESKEHHSI METOIaMU HaBYaHHS 6e3
yuuresnd. — KBanigikaniiiHa HaykoBa npals Ha IpaBax pykonucy. Jlucepratist Ha 3g06yTTsI HAYKOBOTO CTYIIE€HS
nokropa ¢pinocodii 3a cnenjansHicTio 122 «Komn'toTepHi Hayku» (rany3b 3HaHb 12 - [HpopmaliiiHi TexHoIOorii). —
HanionanpHuii yHiBepcuteT «KuiBcbkuil aBiauiitHuil inctutyt», Kuis, 2026. lucepTauiiiny po60Ty IPUCBSIYE€HO
PO3poOLii TEXHOJIOr i aBTOMaTU30BAHOT0 aHaJli3y JaHUX MOBITPSIHOTO CIIOCTEPEXXEHHS B YMOBaX allpiopHOi
HEBU3HAYEHOCTI CKJIa/ly CLIEHU Ta BiJICYTHOCTI PO3Mi4Y€HUX HAaBYaJIbHUX BUOIpOK. O6'€KTOM OOCIiIKEHHS €
npouecy udpoBOro ONpaloBaHHs Ta aHaJi3y BidyanbHOI iHpopMalii B cucTemax AUCTaHLiITHOTO 30HIyBaHHS
3emzi Ha 6a3i 6e3MiNIOTHUX aBialliiHUX KOMILIEeKCiB. [IpeIMeToM AOCTiI)KeHHSs € METOAU HelapaMeTPUYHOi
arpokcumalnii po3nofiny J0KaJbHUX MOMEHTHHUX XapaKTePUCTUK LM(PPOBUX 300pPKEHDb MMOJIHOMiaIbBHUMU
criylafiHamH, 6JIM3bKUMU [0 iHTEPIOJISLINHUX Y CEPeJHbOMY, Ta aJITOPUTMH HaBYaHHS 6e3 yuuTeJis OJ1s 33124

cermMeHrTallii i BUsIBJIEHHSI aHOMaJIbHUX 00'€KTIB. YV nucepTalii po3po6eHo TeXHOJIOT 0 HEKEPOBAHOT'O aHaJIi3y



aepO3HIMKIB Ha OCHOBI CIIJIAMH-MOZEJ PO3IOALITY JIOKAJIbHUX MOMEHTHUX XapaKTEPUCTUK. SIopom MeTony €
nepexiz, Bi IpOCTOPY iHTEHCUBHOCTEH MIKCEJIiB 40 IBOBUMIPHOTO IIPOCTOPY O3HAK JIOKAJIbHUX CTATUCTAYHUX
MOMEHTIB — CEPeJHbOT0 3HAUEHHS Ta CEPEJHbOKBAPATUYHOIO BiIXUJIEHHS, — 110 OOYMCIIIOIOTHCS 32 METOJIOM
iHTerpasibHUX 300pa’KeHb 31 CKJIA[IHICTIO Ha MIiKCEJb. JIBOBUMIpHUI NOJIiIHOMiaNIbHUH CIJIAMH IPYroro CTeneHs
CJIyTy€ HETIApAMETPUYHOIO OLIHKOIO CIIJIbHOI WIJILHOCTI PO3MNOALLY LUMX O3HAK. AHAJNITUYHUI IPAJi€HT CILJIANH-
ITIOBEPXHi € MAaTEMATUYHOIO OCHOBOIO IBOX ETEPMiHICTUYHMX aJITOPUTMIB CEIMEHTAllii: aJITOPUTMY I'PaZieHTHOTO
iAoMYy Ha OCHOBI KOHBEPIE€HTHOTO MOTEHIialy Ta JITOPUTMY ITUCKPHUMIHAHTHUX JIiHi} Ha OCHOBI JJOJIMHHOTO
CKaHyBaHHs. BUsiBJIeHHS aHOMaliil (POPMaIi30BaHO SIK KBAHTUJIBHUAY TOPOTOBUI KPUTEPIN HA CIIJIAaH-MTOBEPXHI.
Po3pobseHnii Kjlac METOTiB OJHOUYACHO 33[10BOJIbHSIE YOTUPHU HEOOXiHI BUMOTH 10 METO/iB 6OPTOBOIO aHAJIi3y:
HEIapaMEeTPUYHICTb, JIiHiMiHA aJirOPUTMiYHA CKJIQHICTh HE3AJIEXKHO Bif] YUCJIIA [TIKCEJIiB, aBTOMAaTUYHE BU3HAYEHHS
KiZIbKOCTI KJIaCiB Ta aHaiTU4HA AUQEePeHLiIOBHICTb OLiHKY WinbHOCTI. Bepudikaiio nposeneHo Ha 150 peanbHUX
aepo3HiMKax i3 TppOX He3asexxHuX mxkepest (1050 BUMipioBaHb, 7 aITOPUTMIB). AITOPUTM IPaflieHTHOTO MigioMy 3
aJITOPUTMOM alloCTEPiOPHOTro BiiOOPY IOCIB Ilepiie Miclie 32 MeTPHUKaMU SIKOCTi CerMeHTallii: CKOpUroBaHu iHIeKC
Penpa (ARI) = 0,134, HopmoBaHa B3aemHa indopmariig (NMI) = 0,151, cepenue IoU = 0,409, Silhouette Score = 0,635.
AJITOPUTM anocTepiopHOro Binodopy niapumus 3HaveHHs: ARI Ha 33,3 %, Silhouette Score - Ha 57,0 %. MeTtoz
BUSIBJIEHHS1 aHOMatiu mocsr moi mim ROC-kpusoio 0,703 Ha peasbHUX a€pPO3HIMKax OE3MiJIOTHUX anapariB Ta
0,932 Ha CUHTETUYHUX JAaHUX. Pe3ynbTaTy BIPOBaKEHO Yy IporpaMHuil kommiiekce SplineAnalyzer Ta B HaBYaJIbHUMN
npouec kadenpu npukiaagHoi matematuku KAl Kiio4uoBi ciioBa: cerMmeHTallisl, po3ni3HaBaHHS 00pasiB,
KOMI‘I’IOTepHI/II/UI 3ip, MalIMHHE HAaBYaHHS, CIIaiH, aHaMi3 JaHuX, [udpoBe 306pasKeHHs, BUSBIEHHS aHOMAJIiH,

BITJIA, aBTOMATU30BaHi CUCTEMU

2. Zhultynska A.K. Technology for processing aerial surveillance data using unsupervised learning methods. -
Qualifying scientific work as a manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 122
«Computer Science» (field of knowledge 12 - Information Technologies). - National University «Kyiv Aviation
Institute», Kyiv, 2026. The dissertation is devoted to the development of a technology for automated analysis of
aerial surveillance data under conditions of a priori uncertainty regarding scene composition and the absence of
labelled training samples. The object of research is the process of digital processing and analysis of visual
information in Earth remote sensing systems based on unmanned aerial vehicles. The subject of research is
methods of nonparametric approximation of the distribution of local moment characteristics of digital images
using polynomial splines close to interpolation on average, and unsupervised learning algorithms for segmentation
and anomaly detection tasks. Remote sensing data are collected from unmanned aerial vehicles and processed
without prior knowledge of the number or type of classes present in the scene. The technology relies on a
transition from pixel intensity space to a two-dimensional space of local statistical moment characteristics - the
local mean and standard deviation computed over a sliding window. A two-dimensional polynomial spline close to
interpolation on average serves as a nonparametric estimate of the joint density of these characteristics. Two
deterministic segmentation algorithms are developed on the basis of the analytical gradient of this density surface:
a gradient ascent algorithm based on the convergent potential, and a discriminant lines algorithm based on valley
scanning with boundary approximation by the Total Least Squares method. Anomaly detection is formalised as a
quantile threshold criterion on the estimated density surface, theoretically grounded in Shannon's principle of
maximum informativeness of rare events. A post-selection mechanism is introduced that refines cluster
assignments by retaining only the highest-density core pixels of each cluster, independently of the segmentation
algorithm used. The developed class of methods simultaneously satisfies four requirements for onboard aerial
analysis: nonparametric nature, linear computational complexity independent of the number of pixels, automatic
determination of the number of classes without prior specification, and analytical differentiability of the density
estimate. Verification was conducted on 150 real aerial images from three independent sources, totalling 1050
measurements across 7 compared algorithms. The gradient ascent algorithm with the post-selection mechanism
ranked first among all compared methods in terms of segmentation quality: Adjusted Rand Index of 0.134,
Normalized Mutual Information of 0.151, mean Intersection over Union of 0.409, and Silhouette Score of 0.635. The
post-selection mechanism increased the Adjusted Rand Index by 33.3% and the Silhouette Score by 57.0%. The



anomaly detection method achieved an area under the ROC curve of 0.703 on real unmanned aerial vehicle
imagery. The results have been implemented in the SplineAnalyzer software complex and introduced into the
educational process of the Department of Applied Mathematics of the Kyiv Aviation Institute. Keywords:
segmentation, image recognition, computer vision, machine learning, spline, data analysis, digital images, anomaly
detection, UAV, automated systems.
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