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AHAAI3 TA IIN®POBI3ALIIA ITPOLIECIB MOHITOPHHI'Y AICOBHMX
EKOCHCTEM 13 3ACTOCYBAHHAM BITAA TA IHTEAEKTYAABHUX
CHCTEM OBPOBKM AAHUX
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[IpoOAaeMa MOHITOPHHIY AICOBHX IIOMKEH 3aAUINACTBCA KPUTHIHUM BHKAUKOM AAA
EKOAOTIYHOI DE3IIEKH, IO ITOTPEOYE BIPOBAAKEHHA BUCOKOTEXHOAOIYHUX pilieHs. T paAntiiiai
METOAH aBIAIIIITHOTO Ta KOCMIYHOTO CIOCTEPEKEHHA YaCTO OOMEKEHI HIH3bKOIO OIIEPATUBHICTIO,
BHCOKOIO BapTICTIO EKCIIAYAaTaIlll Ta 3aACKHICTIO BiA MereopoAortaHmx ymos [1]. V mexax
rA00aAbHOI crparerii mudpOBi3arii MOBITPAHOIO PyXy, OCOOAHBOI aKTyaABHOCTI HaOyBae
3aCTOCYBAHHA OE3IIAOTHUX AlTaABHUX amlapatiB (BmAA) Ak MOOIABHUX BY3AIB IHTEACKTYAABHHUX
1HAOPMAITIITHIX MEPEXK.

Cyuacua aeponasirariisa TpancdopmyeTbes B Oik apromarnsarii, ae BuAA Bucrymarors He
IIPOCTO IHCTPYMEHTAMHU BI3yaABHOIO KOHTPOAIO, 2 AaBTOHOMHHMU ar€HTaMu 300py AQHHX.
Bukopucranusa texHoAoriii mrryanoro imrteaekry (LLII) Tta xomm'rorepHOro 30py A03BOAsE
peaAi3yBaTH aBTOMATHYHE BUABACHHSA OCEPCAKIB 3aropsAHHA Oe3 Oe3IIOCEpeAHBOI yIacTi
omepatopa [2]. Lle MmiHIMI3ye AFOACBKHIT (DaKTOp 1 KPUTHIHO CKOPOYYE dYac peakii Ha
HAA3BUYANHI TTOALL.

Irrrerpania HII-rexnoaorii 6e3rrocepeAHbo B 60opToBi cuctemu BrrAA 3abesmedye anaais
BIACOIIOTOKY B PEAABHOMY 9Yaci, IACHTH@IKAIIIO AUMY T4 BOTHIO 3 BUCOKOIO TOYHICTIO, 4 TAKOMK
IepeAady CTPYKTYPOBAHHUX HH(PPOBUX KOOPAHHAT AO LEHTpPIB yupaBaimaa [3]. Takmil maAxia
BIAITOBiAQ€ KOHIIEIIIII PO3BUTKY EAMHOTrO HU(PPOBOro HeOa, A¢ €PEKTUBHE YIIPABAIHHA AAHIME
Ta aBTOMATH3AI[A IIPOLIECIB MOHITOPUHIY CTAIOTh OCHOBOIO OE3IIEKH AICOBHX €KOCHCTEM Ta
OIrTHMI3arii aepOHABIraITHOrO OOCAYTOBYBaHHA [4].

MeToro AOCAIAKEHHSA € IIPOBEAECHHA IOPIBHAABHOIO 2aHAAI3y ICHYFOYHX METOAIB
BUABACHHSA OCEPEAKIB 3aTOPAHB Ta OOIPyHTYBaHHA BUkopuctanusa birAA 3 interposannmu [111-
AATOPUTMAMH AAf  INABHINEHHA OIEPATHBHOCTI Ta TOYHOCTI MOHITOPHHIY B €AHMHOMY
nuPOBOMY aBIaIITHOMY IIPOCTOPI.

AHaAI3 cy9acHHX 3aCO0IB aBIAIIfHOTO MOHITOPHHIY AICOBHX MACHBIB CBIAYHTBH IIPO
HEOOXIAHICTD IIEPEXOAY BIA TPAAHIIAHHUX IAOTOBAHHX CHCTEM AO aBTOHOMHHX ITH(PPOBUX
KOMITAEKCIB. (OCHOBHHM PpE3yABTATOM IIEPIIIOIO €Taly AOCAIAKEHHA € OOIPYHTYBAHHA
ApXITEKTYPH CHUCTEMH, II[0 IIOEAHYE O€3MmAOTHI AlTaAbHI amaparu (BrrAA) 3 iHTeACKTyaABHIMU
AATOPHTMAMH OOPOOKH BiACOIIOTOKY HAa OCHOBI TAHOOKOrO HaBdaHHA [1].

1. Texuiuni acmexktu 3acrocyBanas [llI-rexmoaoriii. Aas  BupimreHHA 3aaadi
OIIEPATUBHOIO BHABACHHA BOTHIO Ta AHMY HaHOIABII IIEPCIEKTHBHUM € BHKOPHCTAHHA

apxitextyp HeifiponHnx mepex cimerictBa YOLO (You Only Look Once), 30xpema Bepciit
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YOLOV8 a60 YOLOv10 [1]. Ha BiAMIHY BiA KAACHYHIX METOAIB CErMEHTAIlli 300paKeHb, AaHl
MOAEAL  320€3II€YyIOTh BHCOKY IIBHUAKICTH OOpPOOKH KaApiB IIpH BIAHOCHO HH3BKHX
obuncAroBaAbHUX 3arparax. Lle ao3Boase imrerpyBatu IlII-Moaeail Ge3mocepeAHO B OOPTOBI
mikpokomm'torepu buAA (Edge Computing), mo miHiMI3ye OOCAr IEPEeAaHNX AAHUX dYepes
paalokaHaA. 3aMICTh TPAHCAAII ITOBHOIIIHHOIO BIACO, CHCTEMA IIEPEAAE AHIIE KOOPAHMHATH
3HAHACHOTO OO’€KTA Ta CTHCAI METAAAHI, IO KPHUTHYIHO BAKAUBO B YMOBAX OOMEKEHOL
IIPOITYCKHOI 3AATHOCTI KaHAAIB 3B 3Ky [4].

2. Hudposisamia Ta igTerpamis B HOBITpAHHN pyx. Boposagkemns DBonAA  aas
MOHITOPHHIY IHOXKEK HOTpedye iX moBHOI 1dpoBOi iHTErparii B CHCTEMY a€POHABITAIIITHOTO
00cAyroByBaHHA. Pe3yApTaTs aHAAIZY IOKA3YIOTH, IO BUKOPHUCTAHHA IPOTOKOAIB Remote ID Ta
craaaaptiB ADS-B A03BOAfie Oe3IIeIHO TOEAHYBATH IIOABOTH MOHITOPUHIOBUX OE€3IIIAOTHHKIB
13 omepauiamu 1mAoroBaHoi asiamii [3]. Lludposizamia IIOABOTHHX 3aBAAHD IlepeAbavac
CTBOPEHHA AMHAMIYHUX MApPIIPYTIB, fAKI aBTOMATHIHO Koperytorbcd [III 3arexHO BIA
ITOIIIPEHHSA BOTHIO.

3. EdexruBHICT 3aIpOIIOHOBAHOIO METOAY. OOroBOpeHHS PO3POOAECHOI KOHIIEIIIl
BKa3y€ Ha Te, IO BUKOPUCTAHHA IHTEAEKTYyaAbHHX BIAA A03BOAflE CYyTTEBO CKOPOTHTH dYac
BUABACHHA IIOKEK ITOPIBHAHO 31 CTAIIOHAPHUMH CHCTEMAMHU CIIOCTEpPEKEHHA. biapmr Toro,
MYABTHCHEKTPAABHIH aHAAI3 (TOEAHAHHA BUAMMOTIO T2 IH(DPAIEepBOHOTO AlaIIa30HIB) AA€ 3MOTY
BUABAATH IPUXOBAHI OCEPEAKN 3aliMaHHA [2].

ApxiTexktypa mudpPOBOI CHCTEMU MOHITOPHHIY BKAFOYAE TAK] PiBHI:

PiBens 300py Aanux (BrtAA 3 myaptucekrpassanmu 1a RGB-kamepamm).

PiBenp momepeanpoi 00poOKku (porTorpammerpis, oprorpaHcdOpMariif, ITOOYAOBa
DSM/DTM).

PiBens anaaituku (pospaxynok Bereramivaux iHaekcis (NDVI, GNDVI, NDRE)).

PiBeHb IHTEAEKTYaABHOTO aHAAI3Y (MOAEAI MAIIIMTHHOIO HABYAHHSA).

Pisens Bizyaaizanii (I'IC-maatdopmu, Bed-inTepdericn).

Aaropurmu 00poOku AaHux BriAA OyAyTs BKAIOUATH TaKi OCHOBHI €TaIIH:

1) opromo3saika Ta Oreonpus’A3Ka;

2) po3paxyHOK {HAEKCIB POCAMHHOCTI;

3) cermeHTAIliA KPOHH AEPEB;

4) kaacudikaris crany pocanarocti (Random Forest, SVM, CNN);

5) BUABACHHA TEIIAOBHUX aHOMAAILH; 0) BUABACHHS 30H 3aANMACHOCTL. AAf cerMenTarii Ta
kaacudikamii AomiabHO 3acTocoByBaru Hefiponni mepeski Tuiry U-Net ta Mask R-CNN.

3acrocyBanusa asroputmiB kaacudikamii crany pocamuaaocti (Random Forest, SVM,
CNN) A03BOAfE IACHTHDIKYBATH OCEPEAKH ITOKEXK Ta IX HACAIAKHL.

BaxauBrM acekTOM OOTOBOpPEHHS € TAKOXK ITHTAHHA HAAIHOCTI 3B'3Ky B yMOBax
CKAGAHOTO peAbedy Ta 3aAUMAEHHA. AOCAIAKEHHS ITATBEPAKYIOTH, IO BHKOPHUCTAHHA
CYYaCHHUX TEAECKOMYHIKAITIMHUX TEXHOAOIH 3a0e3I1edye CTa0IABHHIE OOMIH 1H(OPMAIIEIO MIK
BrrAA Ta HazeMHOIO CTaHIIEIO yIIpaBAiHHSA [4].

PesyapTaTH IIPOBEACHOTO aHAAI3y AEMOHCTPYIOTB, IO YAOCKOHAACHHS METOAIB
OIIEPATUBHOIO MOHITOPHHIY IIOAAra€ y CTBOpeHHI €AnHOI nndposoi ekocucremn, Ae BrrAA
BUCTYITA€ IHTEAEKTYAABHHM CEHCOPOM 1 320e3Iedye TOYHY AOKAAIZAIIO ITOKEK Ta IIEPeAady

AQHHX y CTpyKTypoBaHOMYy dhopmarti [3].
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Abstract. This research provides a comprehensive technical evaluation of forest fire
monitoring modernization through the lens of air navigation services digitization. The paper
addresses the critical limitations of traditional surveillance and substantiates the transition toward
Unmanned Aerial Vehicles (UAVs) operating as autonomous, intelligent nodes within a unified
digital network. A central focus is placed on the proposed five-layer monitoring architecture,
which integrates multi-source data collection via multispectral and RGB sensors with advanced
pre-processing techniques, including orthotransformation and the generation of high-resolution
Digital Surface Models (DSM).

The study explores the integration of deep learning architectures, specifically the YOLO
(v8/v10) family for rapid real-time object detection and U-Net or Mask R-CNN for precise
canopy segmentation. By implementing Edge Computing directly on the UAV’s onboard
microcomputers, the system shifts from high-bandwidth video streaming to the transmission of
compressed geospatial metadata and structured coordinates. This technological leap is
harmonized with the calculation of critical vegetation indices — NDVI, GNDVI, and NDRE —
enabling the early identification of heat anomalies and drought-stressed zones before visible
ignition occurs.

Furthermore, the research emphasizes the navigational safety aspects of the system. By
leveraging Remote ID protocols and ADS-B standards, the author demonstrates a viable
framework for integrating autonomous environmental monitoring into the "Single Digital Sky,"
ensuring seamless coordination with manned aircraft. The study employs Random Forest and
CNN-based classification to evaluate post-fire ecosystem recovery within an integrated GIS-
platform. Ultimately, the article concludes that this digital ecosystem drastically reduces reaction
times and enhances the operational resilience of emergency services, providing a scalable model

for the global preservation of forest ecosystems in a technologically advanced aviation landscape.
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