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Pedepar:

1. lucepranifina po6oTa nmpucBsYeHa BUPilIeHHIO 3a71a4i mifBuIeHHs: €(eKTUBHOCTI Ta 6e31eKu IMPOCTOPOBOTO
MOHITOPUHTY B yMOBaxX KDUTUYHUX PU3MKIB, 30KpeMa IIpU FyMaHiTapHOMY pO3MiHyBaHHi. ABTOMaTH3allisg Ha 6asi
0€3MiJI0THUX MIaTPOPM 3 BUKOPUCTAHHSIM KOMITIOTEPHOTO 30PY [103BOJISIE ITepeiTy 10 6e3epepBHOr0 KOHBeepa
06po6ku iHdopMalii B pexxuMi peasbHOTro 4acy, MiHiMizyioun oicbkuil GakTop. MeToo IOCIinKeHHs €
nifgBUILEHHS €(PEeKTUBHOCTI, INBUIKOCTI Ta 6€3[1€KU BUSIBJIEHHS BUOYXOHEOe3IeYHUX [IPEeIMETIB 3a JJOIIOMOT0I0
BITJIA. Ile mocsiraeThcsi LJISIXOM CTBOPEHHS! 6araTopiBHEBOI aBTOMATHU30BaHOI CHCTEMU KEPYBAHHS, sIKa 3abe3nedye

MyJIbTUMOJIAJIbHE 3JINTTS JAHUX, CEMaHTUYHY Bepu(ikalio 06'€KTIiB i afanTUBHY KOPEKLIO TPAeKTOPII [10JIbOTY.

BITJIA BuCTynae akTUBHUM areHTOM, 3[aTHUM 3MiHIOBATU NOBEJHKY 3aJI€’KHO Bifj KOHTEKCTY Ta CUTHAJIIB BiJ



pisHOpimHUX mXepes. Cuctema 6a3yeTbCsl Ha iepapxivHil apxiTekrypi «Edge-Ground-Cloud» (60pT — HazemHa
CTaHLis - xMapa). Lle 3abe3nedye nuHaMmiyHe OpKeCTPYBaHHS OOYMCIIEHb: KDUTUYHI /11 6€e3I1eKu I10JIbOTY 3a7a4i
BMKOHYIOTbCSI CHHXPOHHO Ha 60PTOBOMY OOUYMCJIIOBAYi, 2 peCypCOMIiCTKi (cemaHTH4Ha Bepudikallis, riaodaabHe
IJIaHYBaHHSI) — aCUHXPOHHO HAa Ha3eMHOMY Ta XMapHOMY PiBHSIX. MeTojM4Ha OCHOBA MO€HYE MiIX0AU TeOopii
aBTOMATUYHOTO KEPYBaHHS, KOMITI'IOTEPHOTO 30PYy Ta IJIMO60KOro HaBYaHHS. /11 IeTeKTyBaHHS 00'€KTiB 3aCTOCOBAHO
Heripomepexi cimericTBa YOLOVS, a 1j1s nmifBUIEeHHS HAJiHOCTI PO3I1i3HaBaHHS — Bi3yaJIbHO-MOBHI MOJEII.
disnyHUM KaHAJIOM MiTBEPAKEHHS BUCTYIIA€ METAIOAETEKTOP, CUTHAJIM SIKOTO CUHXPOHI3YIOThCS 3 BileoJaHMMU
Ta TesiemeTpielo. KioyoBM HayKOBUM pe3yJIbTaToM € popmarizaliisi MaTeMaTUYHOI MOIeJIi 3BayKeHOi arperattii
IOBipH, 10 06'€IHy€E BUXOAM Bi3yaslbHOTO AETEKTOPA, CEMAaHTUYHOIO aHAJIi3y Ta METAJIOKAHAJy B €IMHNI TIOKa3HUK
iMOBIpHOCTI 3arpo3u. BUKOPUCTaHO METOJ], 3BaXKEHOT'0 TOJIOCYBaHHS, 110 JJO3BOJIS€ THY4YKO HAJIalITOBYBAaTH
YyTJIMBICTb cUCTeMU. Barosi koedillieHTH alanTyIOTbCS O YMOB CepeloBUILA (HAlIpUKJIa, IpyY Aerpajarii
Bi3yasIbHOTO KaHaJly 4epe3 POCIMHHICTb IPIOPUTET AaBTOMATUYHO HAJAETHCSI METAJIONIYKady). MofieJlb 37IUTTS
IAHWX BOyIOBaHA y KOHTYP KEPYBaHHSI [10JIbOTOM Ha 6a3i mpotokosy MAVLink. Po3aBuHyTO MeToz, alaliTUBHOTO
KEPYBaHH4, 10 CTBOPIOE 3aMKHEHNUII LIMKJI «JeTeKLlis — Bepu@ikalist — kopekuis Micii». Cucrema 31aTHa
AaBTOMAaTHYHO iHILiI0BaTU NeTaJbHIINNA OIS, Mi03Pisoi 30HM 6€3 KOMaHAM OllepaTopa Ha OCHOBI arperoBaHoi
OLIiHKM pU3KUKy. EKcriepuMeHTaspHa epeBipKa Ha crielianizoBaHoMy Habopi ganux (2500 kanpis
BUOYXOHEOE31eYHUX [IPEMETIB Y peajbHUX YMOBaX) IiATBepnIa CTiliKicTh Moiesli. Mozesnb 3BaXKeHOi arperariii
JOBipY MiHiMi3ye IOMMJIKM IIEPIIOTO 1 IPYroro pojy, 3a6e3revyyour TOYHICTh pO3IizHaBaHHs 10 98%. [IpakTuyHa
LiHHICTb NiATBEPIKYETbCSI CTBOPEHHSIM JIi04OT0 ITPOrPAaMHO-allapaTHOTO KOMILIEKCY (6OPTOBUI1 By30JI, MEXaHI3MU
CHHXPOHi3allii, iHTerpalis 3 Ha3eMHOIO CTaHIIi€l0) Ta BIIPOBAI>)KEHHSIM Pe3yJIbTaTiB y BUPOOHUYIN opraHisaliii, 110
3aCBiTY€HO BiIMOBIAHUMU aKTaMU.

2. The dissertation is devoted to solving the relevant scientific and technical problem of increasing the efficiency
and safety of spatial monitoring under critical risk conditions, particularly in humanitarian demining scenarios.
Automation based on unmanned platforms using computer vision allows transitioning to a continuous real-time
information processing pipeline, minimizing the human factor. The aim of the research is to improve the
efficiency, speed, and safety of detecting explosive objects using UAVs. This is achieved by creating a multi-level
automated control system that provides multimodal data fusion, semantic object verification, and adaptive flight
trajectory correction. The UAV acts as an active agent capable of altering its behavior depending on the context
and signals from heterogeneous sources. The system is based on a hierarchical "Edge-Ground-Cloud" architecture.
This ensures the dynamic orchestration of computations: flight-safety-critical tasks are executed synchronously
on the onboard computer, while resource-intensive tasks (semantic verification, global mission planning) are
executed asynchronously at the ground and cloud levels. The methodological basis combines approaches from
automatic control theory, computer vision, and deep learning. YOLOvS8 family neural networks are used for object
detection in the video stream, and vision-language models are applied to increase semantic recognition reliability.
A metal detector serves as a physical confirmation channel, the signals of which are synchronized with video data
and telemetry. The key scientific result is the formalization of a mathematical model of weighted trust aggregation,
which combines the normalized outputs of the visual detector, semantic analysis, and the metal channel into a
single threat probability indicator. A weighted voting method is used, allowing for flexible adjustment of system
sensitivity. Weight coefficients adapt to environmental conditions (for example, in case of visual channel
degradation due to vegetation, priority is automatically given to the metal detector). The data fusion model is
embedded in the flight control loop based on the MAVLink protocol. An adaptive control method has been
developed, creating a closed "detection - verification — mission correction" loop. The system can automatically
initiate a more detailed inspection of a suspicious area without operator command based on the aggregated risk
assessment. Experimental verification on a specialized dataset (2,500 frames of explosive objects in real-world
conditions) confirmed the model's robustness. The weighted trust aggregation model minimizes Type I and Type II
errors, providing a recognition accuracy of up to 98%. The practical value is confirmed by the creation of a
working hardware-software complex (onboard node, synchronization mechanisms, integration with the ground
control station) and the implementation of the results in a production organization, which is certified by



corresponding acts of implementation.
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