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PO3POBJIEHHA CUCTEMMY NIJITPUMKHU NPUMHSATTS PINIEHD
JIJISI MOHITOPUHI'Y TA NONEPEI)KEHHSA JIICOBUX MMOXKEX B YKPATHI

Y ecmammi nagedeno pesynomamu docnioxcenHs ma po3pooxu cucmemu RIOMPUMKU NPUUHAMM piuieHb O MOHI-
MOPUH2Y MA NONEPEOICEHHS TICOBUX NOicedc 8 Yrpaini. Byno po3ensnymo npooremamuxy iico8ux nodiceic Ha mepumopii
Yxpainu. Jocniosceno mpaouyitini memoou monimopuney ma ixcayii' nicosux nosicedic. Buasneno ix nedockonanicme.
Hasederno o2ns0 nimepamypu, wo 3aimMacmucs po3ensioom 0anoi npooiemu.

Y emammi 3asnaueno, wo mpaduyitini Memoou MOHIMOPUHZY Ma NONEPEeONCEeHHsL IICOBUX NONCENC, MAKL K HAZEMHI
nampyni ma CHOCHmepedtCeHHs 3 NOGIMPS, YACMO € HeeQeKMUSHUMU Mma 0opoumu. Bukopucmanns cyyacuux mexnonoeitl,
Mmaxux K OUCmanyitine 30H0Y8aAHHS 3eMll, WmyuHull iHmerekm ma cucmemu niompumxu npuiHamms piwens (CIIIIP),
MOdice 3HAUHO NOKPAWUMU epeKmUBHICIb MOHIMOPUHZY Ma NONnepeodcerts iicosux noicedic. Came momy € 6adlcIugoI0 npo-
onemamuxa po3poonents. RPoepPaAMHO20 3a6e3nedenis, sike 3a0e3neduno O GUAGILEHHsL TICOBUX NOICEC, € BKPALL BANCTUBOIO.

Hocnioscenns 6UKoHaHO 3 GUKOPUCMAHHAM 3HIMKIB 3 8i0kpumux Odxceper NASA Earth Observatory. [Jns 06pobKu
ma amanizy CynymHuKosux 306pasicensb suxopucmano o6ionriomexu Python: Keras, TensorFlow, PyTorch. 3a oonomozoio
Memooie MOOENOBAHHI CHPOEKIMOBAHO APXIMEKMYPY CUCeMU MA NOKA3AHO 8apiaHmu 6UKOPUCAHHSL.

Y emammi onucano nowsmms CIIIIP. Ilpu po3pooyi CIIIIP 013 MOHIMOpUH2Y ma nonepeodtCeHHs TiCO8UX NOHCENHC
6 Yxpaini 6yno euseneno nompebu xopucnmysauie ma noby0ogano diazpamy eapianmis suxopucmanus. byno onucano
OCHOBHI KOMROHEHMU CMBOPIOBAHOL CUCIEMU MA PO3PODIEHO APXIMEKNmypy.

Poszensanymo npunyunu pooomu ancopummy CIIIIP ons ananizy 306pasicens. Cnowamky 0awi 300pasicetsv 34umyons-
¢ ma npugoosimbcsi 00 00H020 hopmamy. Jani 3a 00noM02010 Memoodié HAGUAHHS HEUPOMepedlci NOMPIOHO GUOAIUMU
WYM, ceeMeHmysamu 300padcents, UOIMUGUIU 30HU 8OCHIO, NEPEeMEOPUMU KONIp, NPOAHANIZYEaAmU MelCi ma Kalo4osi
mouku. Ha ocnosi ybo2o gopmyemucs oyinka 300pascents. Aneopumm nosmopremvpcs NPOMsaeoM KilbKOX YUKII6 0/is
OMPUMAHHS OIIbUW MOYHUX Pe3yIbmamie nepeddayeHHs.

Iicna nepsunnoi 06pobxu 306padicenb ma ix amanizy 0y10 po3pooieHO aneopumm HAGUAHHS HEUPOHHOI MepediCi.
Y pesynomami 6yno nobyoosano mooenv 320pmros6oi netiponHoi mepedici, mounicme axoi caeac 92%. Pospobnena cucme-
Ma RIOMPUMKYU NPUTHAMMS PIUEHb NOKA3YE 2APHI Pe3yibmamu 6UAGIEHHA 602HIO HA PAHHIX CMAJIfX, ale € e MONCIU-
60CmI 0151 NOOANBLULO20 BOOCKOHANCHHS AN2OPUMMY.

Knrouoei cnosa: nicosi nodicedici, MOHIMOPUH2, NONEPeONCerH s, cucmema NIOMPUMKU NPUUHAMMS pilieHb, CYRYMHU-
KOBI 300padicenisl, 320pmKO6a HEeUPOHHA Mepedicd.
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DECISION SUPPORT SYSTEM DEVELOPMENT
FOR MONITORING AND PREVENTION OF FOREST FIRES IN UKRAINE

The article presents the results of research and development of a decision support system for forest fire monitoring
and prevention in Ukraine. The issue of forest fires on the territory of Ukraine was considered. Traditional methods of
monitoring and recording forest fires were studied. Their imperfection was revealed. An overview of the literature dealing
with this problem is given.

The paper notes that traditional methods of forest fire monitoring and prevention, such as ground patrols and aerial
surveillance, are often ineffective and expensive. The use of modern technologies, such as remote sensing of the Earth,
artificial intelligence and decision support systems (DSS), can significantly improve the effectiveness of forest fire
monitoring and prevention. That is why the problem of developing software that would ensure the detection of forest fires
is extremely important.

The study was carried out using images from the open sources of the NASA Earth Observatory. Python libraries:
Keras, TensorFlow, PyTorch were used to process and analyze satellite images. With the help of modeling methods, the
system architecture is designed and usage options are shown.

The article describes the concept of DSS. During the development of the CSDP for forest fire monitoring and prevention
in Ukraine, the needs of users were identified and a diagram of use cases was constructed. The main components of the
created system were described and the architecture was developed.
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The working principles of the DSS algorithm for image analysis are considered. First, the image data is read and
converted to a single format. Next, with the help of neural network training methods, you need to remove noise, segment
the image by highlighting areas of fire, transform color, analyze boundaries and key points. Based on this, an image
assessment is formed. The algorithm is repeated for several cycles to obtain more accurate prediction results.

After primary image processing and analysis, a neural network learning algorithm was developed. As a result, a
convolutional neural network model was built, the accuracy of which reaches 92%. The developed decision support
system shows good results in fire detection in the early stages, but there are still opportunities for further improvement of
the algorithm.

Key words: forest fires, monitoring, warning, decision support system, DSS, satellite images, convolutional neural
network.

IHocTanoBKka nmpob6aemMn

JlicoBi moXeXki € cepiio3HOI0 MpoOIeMoro B YKpaiHi, 10 3aB/a€ 3HaYHOI IIKOJH JOBKIJUIIO, EKOHOMII Ta 310pOB’I0
moneidt. ll{opiuno B YKpaiHi BUHUKAE THCAY1 JTICOBUX MOXKEXK, SKi 3HUIIYIOTh THCSYl TCKTAPIB JIICIB, 3aBIAIOTh MITBHOHHI
30MTKH Ta IPU3BOASATH [0 3aru0elti JIIoaeH.

TpanuuiiiHi METOAM MOHITOPHHTY Ta MOTNEPEIXKEHHS JTiICOBUX TIOXKEXK, TaKi K Ha3eMHI MaTrpyii Ta CHOCTEPEKEHHS
3 MOBITPS, 4aCTO € Hee(heKTUBHIMH Ta JOPOTrMMHU. BUKOpHCTaHHS CydacHUX TEXHOJIOTIH, TAKUX SIK AUCTAHIIHHE 30HY-
BaHHS 3eMJIi, IITYYHUI IHTENEKT Ta CUCTEMHU MiATPUMKH NpuUHATTS pitteHs (CIIIIP), Moxke 3Ha4HO MOKpammT edek-
THUBHICTb MOHITOPHHTY Ta MOMNEPE/DKEHHS JIICOBUX Moxex. CaMe TOMy € BaXKJIMBOIO IPoOiIeMaTiKa po3poOaeHHs mpo-
rpamMHOTO 3a0e3MeueHHs, sike 3a0e3neunno O BUSBICHHS JIICOBUX TIOXKEXK, € BKpail BasKJINBOIO.

AHaJi3 ocTaHHIX J0C/iIxKeHb i myOsikanii

VY miéi poboti [9] aBTOpPH AOCHTIHKYIOTh MOXKIUBOCTI BUKOPUCTAHHS CyYaCHHX OOYMCITIOBAIBHHX TEXHOJIOTIH JIJIs
MOHITOPHHTY JIICOBHX IOXEX. ABTOPH OITUCYIOTH METO/U 300py Ta 00poOKH AaHKUX reoiHdopMaliiiHuX CHCTEM Ta JTUC-
TAHLIHHOTO 30HAYBaHHs 3eMJli, @ TAKOXK JIEMOHCTPYIOTh NPUKJIAAX BUKOPHCTAHHS LIUX JTAHWUX JJIsl BUSIBIICHHS, BiCTe-
JKEHHSI Ta OLIIHKH JIICOBHX MOXKEXK.

V wmiti pobori [14] aBTOpH ONMKUCYIOTH METO/IH BUSBJICHHS MTOXKEK B EKOCUCTEMAX 3a JOIMTIOMOTOK0 CYIYTHHUKOBHUX 300pa-
JKE€Hb 3 HU3bKOIO PO3/IIBHOIO 3/IaTHICTIO. ABTOPH NMPONOHYIOTh BUKOPHUCTOBYBATH allTOPHUTM, SIKUT 0a3yeThCs Ha aHaui3i
CIEKTPaJIbHUX IHJIEKCIB Ta TEKCTYPHHX XapaKTEPUCTHK 300pakeHb. AJroput™ OyB IPOTECTOBAaHMH Ha HAOOpi JAaHHX
CYIYTHUKOBHUX 300pa’KeHb Ta II0Ka3aB BUCOKY TOUHICTh BHUSBICHHS TOXKEXK.

V wui#i po6oti [19] aBTOpHM OnMCyIOTH iHpOpMaLiiHy CHUCTEMY AJIsl aHaJli3y TeOlaHMX, 10 BUKOPUCTOBYETHCS JUIS Bijl-
CTEXEHHS 3MiH poCIMHHOCTI. [HopMalliiiHa cucTeMa BUKOPUCTOBYE AaH] IMCTaHIIHOTO 30HIyBaHHS 3eMJIi JJIsl BUSIB-
JICHHS Ta OLIIHKY 3MiH y 4aci. ABTOpPH J€MOHCTPYIOTh MOXKJIMBOCTI iH(OpMaLiiHOT CHCTEMHU Ha MPUKIAZl 1OCITIHDKEHHS
3MiH JIiCOBOTO IIOKPHBY.

Otxe, 3po0JIeHUI aHalli3 CBIAYUTH PO Te, IO Y cdepl po3poOKK CyHacHHX CHCTEM MIATPUMKH NPUHHATTS PillleHb
Ha OCHOBI OOYHCITIOBAIEHOTO 1HTEJIEKTY Ta MAIIMHHOTO HAaBYaHHsI € Miclie JUIsl JOCipkeHb. B YkpaiHi MokH 1110 He icHye
OINITHMAJIHUX aHAJIOTIB, 1110 JO3BOJIMIN O IPOBOJUTH MOHITOPUHT JIICOBUX MOXKEXK y PEKHUMI pealIbHOTO Yacy.

DopMyJIIOBAHHS METH JI0C/IiIKEHHS

Mera crarti nosnsrae y po3po0Oui cucreMu miarpuMk npuidHsTTs pimens (CIITIP) anst MOHITOpUHTY, paHHBOTO pea-
TYBaHHS Ta MOTEPE/KEHHS JIICOBUX TOKEXK B YKpaiHi 3 BAKOPHCTAHHSIM METOJIB aHaJi3y CYIyTHUKOBHX 300pakeHb Ta
3TOPTKOBOT HEHPOHHOT MEpExi.

JocnimKeHHs] BAKOHAHO 3 BAKOPHCTaHHSIM 3HIMKIB 3 Bikputux Jukepen NASA Earth Observatory [11]. st 06po6ku
Ta aHaJi3y CYIlyTHUKOBHX 300pakeHb BUKOpHcTaHo Oidmioreku Python: Keras, TensorFlow, PyTorch [10]. 3a gonomoroto
METO/IIB MOZIETIOBaHHS CIIPOEKTOBAHO apXiTEKTYpy CUCTEMH Ta IOKa3aHO BapiaHTH BUKOPHCTAHHSI.

BuxisiajeHHs1 0CHOBHOIO MaTepiany A0CTiIKeHHS

Honsmms CIIIP. EQekTHBHIM IiIX0/10M 10 3MEHIICHHS PU3UKY BHHUKHEHHSI IPUPOIHUX KaTtacTpod € po3poOiIeHHs
Ta BIPOBA/KEHHS Cy4acHOi CUCTEMH MiATPUMKH pUUAHATTS pitneHs (CIIITP) as koxkHoro periony Yipainu. Taka CIITIP
aKyMyJIto€ iH(OpMAIIifo PO TEXHIYHI, COLlIaJIbHI Ta EKOHOMIYHI XapaKTEPUCTHUKHU PET10HY 3 METOIO MO0y 10BU €(heKTUBHOT
cTparerii 3anobiranHs npupoxHuM Karactpodam. 3a mormomororo CIITIP Takok MOXKHa pO3pOONATH IUIAHW €BaKyaril
HaceJIeHHS PI3HUX TPyN MOOUIFHOCTI TPU MacOBHX JIICOBUX IOXKEKaxX Ta PO3POOIISATH IJIaHU PO3TOPTaHHS IMYyHKTIB €Ba-
Kyauii Juist TpuiiMaHHs, BEICHHs 00JIiKYy €BaKyHOBaHOTO HACEJICHHS, MaTepialbHUX 1 KyIbTypHHX LiHHOCTEH [1; 7-8].

CIIIIP — ue indopmaniiina cucrema, 1o 3A1HCHIOE MIATPUMKY NPUAHSATTS PillIeHb HIIIXOM BUOOpPY HalKpaIioro Bapi-
aHTYy Ta IIJSIXOM PO3POOKH Ta MOPIBHSHHS KUIBKOX aJIFTEPHATHB JUTS PO3B’s3aHHS TOCTABJICHHUX 3aBJaHb a00 CaMOCTIHHO
BH3HAUCHHUX IIiei [2].

Tlobyoosa apximexmypu. Ipu po3po6ui CIIIIP 11 MOHITOPHHTY Ta HONEpEKEHHS JIICOBUX MOXKEXK B YKpaiHi OyIo
BUSIBJICHO TIOTPeOM KOPHUCTYBayiB Ta MOOYJAOBAaHO Jiarpamy BapiaHTIB BUKOPHCTaHHS, SIKy 300paxeHo Ha puc. 1. [lns
moOyIOBH BCiX MOJIeJICi i BHKOPUCTAHO OC3KOIITOBHUM cepBic moOymnoBu onnaita-mgiarpam LucidChart.
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Puc. 1. [liarpama BapiaHTiB BUKOPHUCTAHHS

Ha giarpami MoyxHa TOOaIUTH OCHOBHI CIIEHAPil BHKOPUCTAHHS TOATKA TSI MOHITOPHUHTY Ta MOIEPEIKEHHS JIiICOBUX
moXxexX B Ykpaini. KoprucryBad, B3a€MOi09H i3 CHCTEMOIO, MOYKE 3aBaHTKUTH 300pakeHHs. [lai 300paskeHHS MPOX0-
IUTH 00pOOKY Ta aHalIi3, BUAAIOUN PE3yJIbTaT KiHIIEBOMY KOPHCTBYBadYy.

OcnosHi komnonenmu pospoobniosaroi’ CIIITP. Kommonentu CIIIIP [6] BKiIro9aroTh KepyBaHHS JaHUMH, KEPyBaHHS
MOJIEILTIO, iHTepdeiic KOpUCTYBada, YIPaBIiHHS 3HAHHAMH Ta KOPHUCTyBa4aMH, SIK Toka3zaHo Ha puc. 2. CIIIIP — e iaTep-
aKTHBHA CHCTEMa, sKa JJO3BOJISIE 0co0aM, sIKi MPUIIMAIOTh PIlICHHS, JIETKO aHANi3yBaTH Ta OI[IHIOBATH MOJEN pillleHb
1 00poOATH NaHi U O3B’ A3aHHS CKIAJHUX 1 HECTPYKTYpOBAaHUX 3aBAaHb MPUIHATTS pimieHs [1-5].

Puc. 2. Komnonentu CIIIIP

Ha pucynky 3 moxHa moGauntu npuHIUIH podotn anropurMy CIIIIP s anamizy 300paxkens. Ciouatky gasi 300pa-
JKEHb 3UUTYIOTHCS Ta MPUBOJSITHCS 10 OAHOTO opmary. [laii 3a JONOMOrorw MeToiB HaBYaHHS HelpoMepeski MoTpiOHO
BHIAJIUTH IIIyM, CETMEHTYBATH 300pa’keHHS, BUIUIMBIIN 30HH BOTHIO, IEPETBOPUTH KOJip, IPOAaHATi3yBaTH MEXi Ta KITI0-
4oBi ToukH. Ha 0CHOBI 11bOT0 (hOPMYETHCS OIIHKA 300paXKeHHS. AJITOPUTM MOBTOPIOETHCS MPOTATOM KUTBKOX LUKIIIB ISt
OTpHUMaHH: OLTBII TOYHUX pe3yJbTaTiB nependadeHus. HarpenoBana HelipoHHA Mepe)ka BUKOPHCTOBYETHCS JUIS aHAIZY
300pakeHb. Ha prc. 4 MoykHA TOOAYUTH 3arajbHHUN aqTOpUTM, SIK Tpalltoe HeiipoHHa Mepeka. Ha puc. 5 300paxkeHo mia-
rpamy, sika rmokasye npuauun podotu CIITIP.
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Puc. 3. Aaroputm anajizy 300paxenn CIIIIP

Puc. 4. Aaroputm po60TH 3ropTKOBOI HelipOHHOT Mepe:ki

Puc. 5. Aaroputm podoru CIIIIP
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Ha ocHoBi moOynoBanmx mMozeneit O0yiro po3poOiIeHo anToOpuT™M HaBYaHHS 3TOpTKOBOI HeiipoHHOT Mepexi [15—-18, 20].

Pospobra neiiponnoi mepesici 014 Haguanua cucmemu NiIOMpuUMKU npuinamms piwens. [licna nepBUHHOI 00poOKH
300pakeHb Ta iX aHaji3zy Oylio po3poOiIeHO anropuT™M HaBYaHHA HEHPOHHOI Mepexi. s moOynoBH MOaeli ONTHMAaIIb-
HUM pIlIeHHAM € 00’ eTHaHHA BCix 03HaK. Ha puc. 6 MokHa moGaunT rpadik 3 KPHBOIO TOYHOCTI Ta BUTPAT HABYAHHS
HeliporHOT Mepexi [12—-13].
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Puc. 6. PesyabsTaTn po6oTn HeiipoHHOI Mepeski

Ha ocHOBI nporuo3iB 11i€i Mozielni Ha HEBIIOMOMY TECTOBOMY Ha0Opi JaHHMX OIIHIOBaHA TOYHICTH MOJENI CTAHOBHUTH
92%. lle miaTBepIKyeE TiMoTe3y Mpo Te, M0 00’ €THAHHS BCiX 03HAK € OUTBII ¢()eKTHUBHUM ]IS BUSBJICHHS YCiX BOTHEBHX
TaTepHiB Ha 300payKeHHSIX.

JiaroHajipHi eJ1eMEHTH HaBeIECHOI MaTPHIl BUIVISIAIOTH Ty)KEe MEPCIEeKTHUBHO. I3 694 TecToBux 3paskiB ganux 309,
10 MICTHJIM BOTOHB, OyJI0 rependadyeHo sk «BOTOHBY, 299 300paxkeHp 0e3 BOrHIO Oyilo mependadeHo sK «BiJCYTHICTh
BOTHIO», a 25 300pa)xeHs, 10 BiIoOpakallk IMoYaTKoBi cTazii BOTHIO, Oy0 Kiacu(iKoBaHO il KaTETOPIEI0 «I0YAaTKOBA
CTaJIist BOTHIO».

BucHoBku

PearyBaHHs Ha BHHUKHEHHS IPUPOTHUX KaracTpod — 11e Oe3nepepBHUI NpoLec NPUHHATTS pillieHb HA OCHOBI MUHY-
JIOTO JIOCBiTY, OCKIJIBKH CIIeHapiii pO3BUTKY BU3HAYa€ThCsl KaTacTPOQOI0, TOKU BiH HE 3aKiHUUTHCS.

VY pesynbrari IpOBEAEHOTO JIOCTIDKEHHS O0yilo po3podieHo apxitektypy Ta Moaens CIIIIP. Byno mpoanamnizoBano
HaOip TaHuX 13 CYIyTHUKOBHUX 300pakeHb. [100y10BaHO 3ropTKOBY HEHPOHHY MEPEKY Ta HABEAEHO PE3yJbTaTH il poOOTH.
Po3pobiena cucrema miATPUMKH NPUAHSATTS PIIEHB ITOKA3y€e TapHi pe3y/bTaTH BUSBICHHS BOTHIO Ha PaHHIX CTaisX,
aJIe € 1€ MOXJIMBOCTI JJISl [TOAAJBIIOTO BIOCKOHAIECHHS aJITOPHTMY.
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