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AHHOTaumsa. B cratbe paccmoTpeHa npobsema OOHapyXXeHWs (parMeHTOB (oTorpamii, Ha KOTOPbIX
MPUCYTCTBYIOT M306PaXKEHUA MOXAPOB/OTHA B YCIOBUAX /IECUCTOM MECTHOCTU. [loKas3aHo, YTO MeTOAbl
06HapY>XeHUS NEeCHbIX MOXKApOB Ha OCHOBE aHa/sm3a LBeTa MUKCeNel He BCerga Mo3BOAAKT MONYYUTb
afleKBaTHble pe3y/bTatbl. BOMBLUMHCTBO M3BECTHLIX METOA0B OOHAPYXEHWS MOXKApPOB Ha OCHOBE aHaIn3a
LiBETa MUKCeNel NCMoNb3yHT LBETOBYHO Moenb RGB unn koMouHupytoT ee ¢ mogensto HSI, B paboTe ans
PELLEHNST TMOCTAB/IEHHOM 3adayn MNPeAsioKeHO MNPUMEHsTb LBeToBY Mogens CIE LAB, koTopas
obecneuvBaeT 60siee MepUEnTVBHO OLHOPOAHOE LBETOBOE MPOCTPAHCTBO MO CPaBHEHWKO C APYrUMM
LIBETOBbIMU MoOZensaMu. Mpn NpuMeHeHUW LAHHOTO LBETOBOrO MPOCTPAHCTBA pa3paboTaHHbIe peluaroLme
npaswia Y MeTOZ O0OHapy>KeHWsi MOXKapoB Ha U306paXKeHMAX MO3BOMAKT AOCTATOYHO TOYHO OMpPeaensThb
(bparMeHTbl MpW CerMeHTaUun MUKCeNel, OTHOCALLUMXCA K OFHI Ha WK306paxeHusx. KccnenoBaHbl
OCOOGEHHOCTM MpefCcTaB/ieHns  fJaHHbIX [AN9  3afady  [eTeKTMPOBaHUA MOXapoB Ha  M300paXKeHUsX.
MpeacTaBneH MeToA 06HapPY>XKEHMS MOXKapPOB Ha M300PaXKEHNAX C MCMONb30BaHMEM LiBETOBONM mogenn Lab.
Ha OCHOBe BbIYMCINTENBHBIX 3KCMEPUMEHTOB MOKa3aHO, 4TO MNPelJIOKEeHHbIA MeTof obecreynsaeTt
[OCTAaTOYHO TOYHOE OnpefeneHne PpparMeHTOB, COAePXKaLLX N300paxeHne NoXKapos.

KnoueBble CnoBa: U300paXeHNs NECHbIX MOXapoB, OOHapy)XeHMe NOoXapoB, LBeToBas Mofenb LAB,
CermMeHTaums n3obpaxeHus
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Fire detection on earth’s surface images in the LAB color model
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Abstract. The article deals with the problem of detecting areas of images in photographs related to forest
fire. In work are presented some features of data presentation for tasks related to detecting the presence of
fires in images. It is shown that methods for detecting forest fires based on pixel color analysis do not always
provide adequate results. Most of the known pixel color analysis techniques for fire detection use the RGB
color model or combine it with the HSI model, In the work to solve the required issues, it is suggested to use
the CIE LAB color model, which provides a more perceptually consistent color space compared to other
color models. When using this color space, the developed decision rules and the method for detecting fires in
images make it possible to determine fragments when segmenting pixels related quite accurately to fire in
images. An approach to solving the detection problem using the Lab color model is presented, as it provides
a better quality in terms of the accuracy of determining fires The features of data presentation for fire
detection tasks on images are investigated. A method for detecting fires in images using the Lab color model
is presented. Based on of computational experiments, it is shown that the proposed method provides a fairly
accurate determination of fragments containing images of fires.
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BeegeHune

NecHble noxapbl ABNAKTCA CEpPbe3HON npupoAHOW onacHocTbio [Greenpeace, 2021],
KOoTopasi YrpoxaeT 3KO/I0MMYeCKMM CuUcTeMam, 3KOHOMMYECKMM 06bekTaM, WH(pPacTpykType W
XU3HU nogei. Kaxablil rof MWANNOHbI FeKTapoB feca YHUUTOXAKTCA noXapamu, U Ha UX
TYLWeHNe NpUBeKaeTCa 3HaYMTeNbHOE KONMYECTBO Ntoaein n cpeacts. OnacHOCTb BO3HUKHOBEHUSA
MoXapoB cBfi3aHa C MPUPOAHLIMW, AHTPOMOTreHHbLIMU U 3KONOTMYECKMMU (hakTopamu, BKIOYas
3KCTpEManbHOE W3MEHEHME Knumata. Takum o6pa3om, 6opbba C /MEeCHbIMM  MOXKapamu
paccMaTpuBaeTCAd Kak OAWH W3 BaXHEMLW WX BOMPOCOB OXPaHbl W COXPAHEHUS MPUPOAHbLIX U
matepuancHbix pecypcoB [Reuters, 2021]. ECTeCTBEHHO, 4YTO paHHee OOHapy>XeHWe JeCHbIX
MOXapoB CYMTAETCA BaXHbIM CNOCOOG0OM MWHMMMU3ALUW MOCNEACTBUIA, K KOTOPbIM OHW MOTyT
NPVBECTMW.

[Ona 06Hapy>XeHUA NecHbIX MOXapoB MUCMNOMb3yeTcs pas3nnyHble meTodbl [Chen, Wu, and
Chiou. 2004]. OpgHMM K3 MNePCNeKTUBHbIX METOAOB SABMAETCA WUCMNONb30BaHWE CUCTEM
(boTohmkcaunmn. doTodukcauma NO3BONAAET NOMYUYNTb W3006paKeHUe nyTeM perucrpayuu
ONMTUYECKOTrO W3/MyyYeHUs. B COBpeMEHHbIX KOMMbHTEPHbLIX CUCTemMax 06paboTke nojABepraroTCs
undgposble  ABYMepHble  M306paxeHusd. Lindposble  n306paxKeHWs,  MOAY4YeHHble  NyTem
(hoTohMKcaumm, npeacTaBnAalOT cobO0M [ABYMEPHbIA MacCUMB uYuMcesl, MPU 3TOM KaXAoe 4UCNo
COOTBETCTBYET OAHOMY 3/IEMEHTY W300paXKEeHUS WM MUKCENH, KOTOPble MOTYyT NnepefaBatbCcs U
XpaHUTbCA B CXaTom Buge. CnegyeT OTMETUTb, UTO LU(POBbIE M306paXeHUA XapaKTepusyTcs:
1) paamepom (06bI4HO yKa3blBaeTCa pa3Mep B nukcenax, Hanpumep, 1920 x 1080 px), 2) rny6uHoii
uBeta, 3) UBeTOBbIM MpocTpaHcTBOM unm mogensto (RGB: (Red, Green, Blue), CMYK (Cyan,
Magenta, Yellow, Key wnn Black) n np.), 4) pa3speweHnem wunsobpaxeHus (BennUnHa,
onpefenstoLas KOMYECTBO TOUEK Ha eauMHMLY nnowaamn). Bce npeAcTaBieHHble XapaKTePUCTUKN
ABNAIOTCA BOXHbLIMW B TOW WAW WMHOW CTENeHW B 3ajaye pacno3HaBaHWA Y4yacTKOB U300paKeHus,
OTHOCAWMXCS K NoXapy n/unu obnactu 3agbimnennsa [Gunay, Toreyin, Kose, and Cetin, 2012].

CneflyeT OTMETUTb, YTO TaK KaK /leCHble MoXapbl BO3HUKAKOT 3a4acTyt0 B TPYAHOLOCTYMHOM
MeCTHOCTHU, A/I1 MOHUTOPMHTra 3a TAKMMM yyacTKamu WCMonb3ytoTcA GeCnuioTHble neTaTeslbHble
annapatbl (BIJ1A).

O6Hapy>XeHMe NIECHbIX MOXapoB C MOMOLLbI (OTOPMKCALMM OCTaeTCAa CMOXHON 3ajayen
BBMAY HECTPYKTYPUPOBAHHOCTU [aHHbIX MNOMyYeHHbIX M306paxeHunii [BepeTeHHukoBa, 2021].
Pacrno3HaBaHWIO y4acTKOB U300paXKeHMs, OTHOCALLMXCA K MOXapy, MellaeT Cl0XHas CTPYKTypa
cpefbl neca, BO3MOXHOCTb O/IOKMPOBKM [AbIMOM W300paXKeHWs mnoxapa, WM MoABIeHUA
napasuTHbIX 3(PEKTOB Ha M300paXKeHUAX, TakKUX Kak: COJIHeUHble OIMKKW, [ABUXKEHWe
pacTUTeNIbHOCTM (M3-3a CU/IBHOTO BETPa) W XXUBOTHbIX, WM BUOpauuMio W [ABWKEHWe Kamep,
YCTAHOB/IEHHbIX Ha GeCnUAOTHbLIX NeTaTe/lbHbIX annapatax. dTO MOXeT BbI3blBaTb OLIMOKW Npwu
pacrno3HaBaHuMW.

B 3ajgauyax pacnosHaBaHWs WCMOMb3yeTcA HekoTopas Mepa OAM30CTU XapaKTepUCTUK
nckomoro obpasa (Hanpumep, noxapa) € rpaHuuamu obnactm onpegeneHns AonycTUMbIX
M3MEHEeHW, 3afiaHHbIX Ha HeKOTOpoM npocTpaHcTBe [Cetin, et al., 2013, Chen, Wu, and Chiou.
2004]. Ana mepbl 611M30CTM HEOOX0AMMO ONpPefeInTb HEKOTOPYD KPUTMUYECKYH 061acTb, TaK 4To,
eC/N ee 3HauyeHWa MonagalT B 3Ty 06nacTb, Hynesasa runotesa (Ho - pacnosHaBaemas 06/1acTb
ABNAeTCA M306paKeHNeM noxapa) oTBepraeTcs.

Takum 06pa3omM, pacrno3HaBaHWe Y4acTKOB MoXapa Ha MW300paxeHuax npeacTaBnser
CMIOXHYI KOMMIEKCHY 3afadyy. Heobxoaumo obecneunTb Kak AOCTATOYHO MOJIHOE OnucaHue
n3obpaxeHuns, Kotopoe OyaeT nofsepratbcs 00paboTKe, TaK W ONpefennTb BaXHbIE,
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NMPUMEHUTENBHO K 3ajaye NMoucka NOXapoB, XapaKTePUCTUKM U Mepbl 6A1M30CcTU. HeafekBaTHOe
onpefeneHne TrpaHuL, KpPUTUYeCKOol 061acTM MOXET MPUBECTM K HEBEPHOMY PelleHu o
CNpaBeA/IMBOCTY HYNEBOWM rmMnoTesbl - 4YTO ABASAETCA OWMOKON 1 unu 2 poga B 3aBUCMMOCTU OT
TOro, NPUHATA X TUNOTE3a OLMBOYHO, NM60 OTBEPTHYTA HEBEPHO.

Mpu peweHnn 3agay pacro3HaBaHWS MOXAPOB Ha WM300paXKeHMsSIX B MEpPBYH O4vepefb
HE06X0MMO CHU3UTb BEPOSTHOCTb BO3HWKHOBEHUS NMOXHbIX TPeBOT (OWMOKK 2 poaa), NOBbICUTb
BEPOATHOCTb BEPHOro OOHAPYXXEHUS U MNOBLICUTb afanTWBHble BO3MOXHOCTW aNropuTMa
pacno3HaBaHWS B Pa3fIMUHbIX YCNOBUAX OKpYXXatolleit cpefbl. MpeanonaraeTcs, 4To pewunTb 3Ty
3a/ja4yy BO3MOXHO 3a CYeT MPMMEHEeHUs MeTO[0B CerMeHTaluuM M306pPaXKEHUIn C UCMONb30BaHMEM
HEKOTOPbIX XapaKTepuUCTUK, OTAnYarLWmMx 061acTi noxapa.

OCHOBHas yacTb

O6Hapy>XeHMe MnoXkapa Ha 0CHOBe 00pabOTKM M300paXKeHU, NOMy4YeHHbIX ¢ Kamep BIJIA,
npeanaraeTcs OCYLLeCTBASATb C MOMOLLbIO CerMeHTauuu MUKCcenei pasMYHOro LBeTa, KOTopble
SBNAKOTCA OCHOBHbIM MNPU3HAKOM Hanuuma orHs. OCHOBHasA LeNb CerMeHTauuu Wn306paxeHwui
COCTOMT B TOM, YTO6bI OT/IMUNTb MUKCENN OFHS OT (DOHOBLIX MUKCeNnein. MeTofbl, KOTOPbIE 06bIYHO
NPUMEHSIIOTCA AN CermMeHTauum M300paXKeHUid, MOryT ObiTb BblOpaHbl B 3aBUCMMOCTM OT Tuna
N306paXKEHNS: BMAMMOIO MAM MHMpaKpacHOro guanasoHa. Ha pucyHke 1 npuBefeH pesynbtart
CerMeHTayuy OrHs Ha M306paXKeHNM BUANMOIO AManasoHa.

Puc. L CermeHTaumsi UICTOYHMKA OFHA: & - UCXOAHOe U306paKeHue; 6 - cerMeHTUPOBaHHOE U306paXkeHme
(MMKcenw noxxapa BblAeNeHbl KpacHbIM)
Fig. 1L Segmentation of the fire source: a - the original image; b - segmented image
(fire pixels are highlighted in red)

OGHapy>XeHue NecHbIX MOXapoB Ha OCHOBE aHaNn3a LBeTa NuKcenei

AHanu3s uBeTa NUKCenein ABNSeTCA OAHUM U3 pacnpoCTPaHeHHbIX MeTOL0B, UCMO/b3yeMbIX
npv 06HapyXeHMU NOXKapoB Ha OCHOBE 3pPEeHUdA, U B HaCTOALLEe BPeMA LUMPOKO WCMONb3YeTCH BO
MHOrMX mMetogax o6HapyxeHus [Chen, Wu, and Chiou. 2004.]. O4eBMAHO, YTO LBET NMUKCENEN He
MOXeT 6bITb MCNO/Ib30BaH HEMOCPELCTBEHHO /1A 06HAPY>KeHUs 1306paXKeHnsa noxapa, Tak Kak Ha
N306paXKeHNN MOTYT TMPUCYTCTBOBATb CXOXMWE C TMOXAapoM LBeToBble 00bekTbl. OfHaKo
UH(OpMaLMA O LBETe MOXEeT 6bITb MCNONb30BaHa KaK YacTb 60/iee CMIOXHOW cucTembl. B faHHOM
nccnefoBaHUM  anropuTMbl  006PabOTKM  UBETHbIX  M300paXeHWin,  NpUMEHsieMble  ANS
aBTOMATUYeCKOro 06HapyXeHUs IECHbIX NO0XapoB, MO3BOJMIAT BbIMOMHATL BBOJ U306paXeHU, UX
npefBapuTeNbHyt0 06paboTKy (BKAKOYas ynyyweHue u3obpaxeHus, npeobpa3oBaHue LBETOBOWA
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MOJenu) u noporosyt cermeHtaumio. Cxema npouegypbl B3aMMOAENCTBUSA 3TUX airOPUTMOB B
06006LeHHOM BUEe NPUBeLEHA PUCYHKeE 2.

Puc. 2. CTpyKTypHas cxema npoLeaypbl 0GHapY>XEHNS NoXkapa Ha OCHOBE aHa/n3a LBeTa NKCenel
Fig. 2. Block diagram of a fire detection algorithm based on pixel color analysis

PaccmoTpuMM npuMep pe3ynbTatoB O6HApYy)XXeHUs Mnoxapa Ha OCHOBe aHa/iM3a LBeTa
nUKcenew - BblLENAKTCA MUKCENN XKENTbIX, OPAHXEBbIX N KPacHbIX TOHOB (PUCYHOK 3).

Ha pucyHke 3 n306pakeHUs KONOHOK 2 M 3 LEeMOHCTPUPYIOT pe3y/bTaTbl CermMeHTauuu
MUKCeNewn >XenTblX, OpaHXeBbIX U KPaCHbIX TOHOB.

Puc. 3. O6Hapy)XeHMe noxapa Ha OCHOBE LIBETOBON CErMeHTaLmm
Fig. 3. Fire detection based on color segmentation

OfiHaKo MeTof O06HapyXeHue NIeCHbIX NOXapoB Ha OCHOBE aHanu3a LBeTa NUKCceneil He Bcerja
MOo3BONSET MOMYYUTb a[eKBaTHble pe3y/bTaTbl. Hanpumep, yem 60MblUe OTAENbHbIX PA3HOTUMHBIX
00bEKTOB 3aMKCMPOBAHO Ha M300paXXeHWMW, TeM Bbllle BEPOSATHOCTb OLIMOOK NepBoro poga, Kotopas
MOXeT OblTb Bbl3BaHa KPAacHOBATbIM LBETOM KpbIW [OMOB, >XeNTbIM LBETOM ManaTtok u np. Ha
TEeppUTOPUAX C NPEeBaVPYIOLWUMIN KpacHO3eMamMu, Harnpumep, aBCTPAIMNCKUIA ByLl, pacrno3HaBaHue
[aHHbIM MeTOZIOM He M03BO/ISIET CErMEHTUPOBATL MOYBY U NOXKap (PUCYHOK 4).
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Puc. 4. 306paxxeHns noxapa B aBCTPa/IMNCKOM OyLue
Fig. 4. Images ofa fire in the Australian bush

B uBeTe nukcenein Ha gparMeHTe M300paxKeHUs, OTHOCALLEroCA K OTKPbITOMY M/iaMeHMU,
00bIYHO MpeBaNVPyOT pas/iMyHble OTTeHKW KpacHoro. CnefyeT OTMeTUTb, 4TO LBET OrHA
N3MeHAeTCA B 3aBMCUMMOCTM OT Temrepatypbl ropeHusa. Ecnu Temnepatypa OrHa Hu3Kad, LBET
KO/ie6netca OT KpacHOro [0 XXentoro, a npu MoBbIWEHUN TeMnepaTtypbl OH MOXET CTaTb GenbiM.
3T0 yKa3blBaeT Ha TO, YTO HM3KOTemnepaTypHble MOXapbl COOTBETCTBYIOT LiBETaM C BbICOKOW
WHTEHCUBHOCTbLIO, B TO BPEMSA KaK BbICOKOTEMMEPATYPHbIE 0Yarv naaMeHn COOTBETCTBYHOT LBeTam
C HM3KOM WHTEHCMBHOCTbIO. Kpome TOro, LBeT MJaMeHW B [HEBHOe BpemMs WUIu C
OOMOMHUTENIbHBIMW  UCTOYHMKAMM CBeTa VKMeeT 60/1ee BbICOKYHO WHTEHCMBHOCTb, YEM LBET
nnameHn 6e3 MCToYHMKa cBeTa [Gunay, et al.,, 2012]. B 601bWIMHCTBE CMy4YaeB U3MEHEHWE LIBETA
OFHA MOXeT OblTb MPeACTaBNeHO B BUAE LUCKPETHbIX 3HAYEHWI MeXAY KpPacHbIM U XenTbiM B
pas/INYHbIX LBETOBbIX MoAenax. Kak npasuio, pasnnyHble pesynbTaTbl CETMEHTaLMM MOryT ObiTb
MoyYeHbl C UCMONb30BaHWEM Pa3/INUYHbIX LLBETOBLIX MOAeNeN.

BOMbLWNHCTBO WM3BECTHLIX MeTOLOB O06HAapy>XeHWs noxapa Ha OCHOBe aHanu3a LBeTa
nUKcener NCNonb3yrT LBeTOBYD Mogenb RGB mnnnm komouHupytoT ee ¢ mogensto HSI [Gunay, et
al., 2012; Qi, Ebert, 2009]. Mogens RGB WMPOKO NCNOSb3YeTCs, B OCHOBHOM, B CBfA3M C TeM, 4TO
60NbWMHCTBO Kamep BUAMMOrO AuanasoHa Mo3BO/IAKT PerucTpmpoBatb M3006paxeHus B opmare
RGB (perucTtpauus unsobpaxeHuil ocyuiecteniserca no 3 kaHanam). B [Mutar Ahmed, 2019]
OTMEYeHO, 4YTO ANnA 3HayeHUin RGB nukcenei OrHA B KPacHO-XeNTOM LBETOBOM AMana3oHe
cnpaBegnneo npasmno R > G > B. B 3agayax oOHapyXeHus C NPUMEHEHWEM LBETOBOW MOLenun
HSI 3HayeHuns uBeTa OT KpacHOro A0 XenToro guanasoHa MOryT 6biTb MPefCcTaB/ieHbl CNeay LM
obpa3om:

Ycnosue Nel1 0 < H < 60

v MT 30 <S<1°°
Ycnosme Ne2 l20 <s < ijoo m 1)
Ycnosue Ne3 127 <1 < 255

rae H, S m | - 3HayeHMA OTTEHKa, HACbIWEHHOCTU W WHTEHCUBHOCTW OMpefesieHHOro MuKCcens
n306paXXeHns, KOTOpble MOTyT BapbupoBaTbCs B gnanasoHe ot [0;1] nam B cnyyae UCnonb30BaHUS
8-6UTHbIX Yncen gnsa otobpaxeHus useta - [0;255]

B paHHoli paboTe pa3pabaTbiBaloTCs NpaBuaa 06Hapy)XXeHUs noxXkapa Ha OCHOBe aHanm3a
uBeTa MWKcened C MCNO/Mb30BAHMEM LBETOBON Mogenn Lab ana onpefeneHus (parmMeHTOB
N306paXKeHNs (30H MUKCeNein) C BO3MOXHbLIM MPUCYTCTBMEM MoOXapa. ATO CBA3AHO C TeM, 4TO,
COrnacHo wuccnefoBaHuam, npueefeHHbIM B [Mutar Ahmed, 2019], uBeTa nukcener naameHu B
Lab-mogenn 6onee 3aMeTHbI, YeM B ApYTrnX LBETHbIX MOZeNax (PUCYHOK 5).
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Puc. 5. OTobparkeHMe M1aMeHn B KaXA0i KoMnoHeHTe Lab mogenn
Fig. 5. Displaying the flame in each component ofthe Lab model

B oT1nnume ot uBeToBbIX npoctpaHcTB RGB unn CMYK, KoTopble ABAAKOTCA, MO CYTH,
HabopoMm annapaTHbIX LaHHbIX 4715 BOCNPOW3BELEHUA LBETA Ha 3KpaHe MOHMUTOpa WM Ha Gymare
(4BET MOXET 3aBMCeTb OT TMUMA MeYaTHOW MaLUMHbI, MapK/ KPacokK, BaXXHOCTU BO3A4yXa B LiexXy uau
NpoOn3BOAUTENA MOHWUTOPA W €ro HacTpoek), mogens Lab ogHo3HauyHO onpegenset uget. MMoaTomy
mofenb Lab Hawna LWKWPOKOe MpMMeHeHMe B MporpaMmMHOM ob6ecrnevyeHun pns 06paboTKM
N306paXKEHNIN B KaYeCTBE MPOMEXYTOYHOrO LLBETOBOIrO MPOCTPAHCTBA, Yepe3 KOTOpoe MponucxoauT
KOHBEpPTMPOBaHWe [AHHbIX MEeXAy APYrMMuW LBETOBbIMW npocTpaHcTBamu [Mutar Ahmed, 2019;
Gati’Hazim Dway, Ahmed Mutar, 2019].

LiBeToBas mogenb Lab npegHasHayeHa s annpoKCMMauuu LBETOB, BOCMPUHMMAaeMbIX
4ye/loBEYECKMM 3pEHMEM, YTO O03HayaeT, YTO ee LBEeTOBOW OXBaT TakXXe MPeBOCXOAMT LBETOBOM
oxBaT LBeTOBbIX mMofeneit RGB n HSI. B otanume ot yseTtoBbix Mogeneih RGB un HSI, yseToBas
mofgenb Lab - 370 abcontoTHOE LBETOBOE MPOCTPAHCTBO, KOTOPOE He 3aBUCUT OT TaKMX YCTPOIACTB,
KaK Kamepa, MOHUTOpP W NpuHTep. He3aBMCUMOCTb OT YCTPOWCTB NO3BONSET B Mogenu Lab
(pncyHOK 6) onpenensaTb LBeTa 6e3 yyeta NpUpoAbl UX MONYYEHUSA WX YCTPOWCTBA, HA KOTOPOM
OHM oTob6paxarTcs. Kak mokasaHO Ha pUCyHKe 5, uBeToBas mofenb Lab coCTOMT M3 Tpex 4acTeil:
APKOCTb L, UBETHOCTb a M LUBEeTHOCTb b. ApKocTb L npesctasnset coboit guana3oH UHTEHCUBHOCTU
OT Camoro TeEMHOI0 YepPHOro 0 Camoro ipKoro 6enoro.

£~ -.
+L
+b +a
{ >3
-a -b
-L

Puc. 6. MnntocTpaums LBeTOBON Mogenn Lab
Fig. 6. Lab color model illustration
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M acw Ta6wuposaHmwe 3HayueHwuin L Bu nonHHseTcs B AuanazoHwHe oT 0 ao 100. LU BeTHoOCTSs a
0o3Hauwaer, uToO WeeT BapbLuMopyeTca 0T KpacHoOoOTro A0 3enew oro, npuuem KpacH o i Wweetr wumeert
Nnonox WTensHHoe 3Hauyuewwe, a 3eneH s i - 0TpPuLYaTenshoe 3IHauueHUe UL sBeTHoOCTbs b ykase BaeT Ha
W3M eHeHMWe yBeTa 0T X enToro A0 CWHEro, N pusuem X enTs A L4 BeT W MeeT N 0N0X W TenbsHoe 3HaueHU.e
b, a cMHMWAE - o0TpPuULaTenbshHoe 3H auyeHnwe b. W Kkana 3HaueH nWid a u b 06 4HO 0rpaH N eHa B AWanaszodHe
-128, 127) YU To06 b npeo6paszosarts WeeToBY W Mogens R G B 8 WeeToBYy K Lab M ooAen b,

Menonbe3y TCA cnepgy W MWe coOO0OTHOW eH U S

L = 116 X (0.299R + 0.587G + 0.1145). - 16
a = 500 X [1.006 X (0.607 + 0.174G + 0.2015). - (0.299[] + 0.587G + 0.1145). (2)
b = 200 X [(0.29911 + 0.587G + 0.1145). - 0.846 X (0.066G + 0.1175).]

B AaH HoOM MmccnepoOBaH MM ANA onpepgeneHUus NOTeHUUWANbLHGL X 06nacTei nox apa npasuana
npuMWHATMHA pew eH u i Ha OCHOBE aHanmwsa uBeTa paipatéoTaHs Ans YyeeTosod mopagenu Lab B uyBeToGBOI
Mmopgenwm Lab 4em 60n0bwWw e 3Ha4ueHwMe KaxX A0ro KOMOMNDOHEHTaAa, Tem 61uxXe OHU K apuaihwemy 6enomy,
KpacHH oMy M X enTomMy COOTBETCTBEHHDO Nockonsky 4eeT OorWa, B 60NbWwW WHCTBE CnAy4yaes, umMeeT
3MaueH A, 6nM3IKMeE K KpacHOMY M X enTomMy, u 06napaeT B COKORN ApPKOCTbLI , 06b 4Y4HO CUMTal T, 4TO
3M aueHw A nwuKkceneRh orHAa B Kax JOM KaWwane uyBeToBOR MOAenNwM Lab A0NK HGbE 66 Tb 600 bw e, 4ewm y
APYyTrwux nwkcenei uyBseTa, He CcCBA3AHHLBL X C OfHem. Ha pucyHeke 5 npuBeAaAeH nNpumMep O0ToG6pax eHus
nMKkcened, oTHOCAW MW XCs K NAnameHMw ¢ NnoMouw bio Kax 40ro KoMM™noHeHTa Mmoagenmu Lab

M pw pew eHuwm 3afaum 06HAIPY X eHMUWA Bax HoOoOe 3IHaAadyueH Mme WMeeT CpefHEE 3HAaAYeHMUE ApKOCTHY

T v coeamnexsanparmucckoe orknonenmne Oaprocrn

B b pax eHwue ans pacuerta cpepgH edi A pKOCTHM M 306 pax eHu s I[y]‘ pasmepowm N i*N j
nukceneid , umeeT BYU

(3)

O wewwa cpeamexsaaparnueckoro orxknowennas apxocrn waospanenus | [IJ] waexoawrea s

CoOO0OTEBETCTBMWU MU C Bb Pax eHNNem

(4)

M pw nposegeH mu npeaBsapuTensHes X B YU CNWTENbLHBL X 3KCNepumenTos Ha 0CHOBaHU M 10
pasnmouH b x W3o6pax eH u il neca n nox apa nonywueH s oy eH Kk cpeam edi ApKoCTM m n
cpegwexsaapartuueckoro otknonenns O ans sprkocTH M X Komnomwewt useToBsoAd moagenwu Lab., ux
3H aueH WA npueejfeHs W & Tab6nuye 1. O 6nacTb 00X apa Ha W 306pax eHUusx pasmeuuanacs BPYUUHYIW B

BM A e N pAMOYTFTODNbLHMEKSE .

Ta6nuuya 1

T able 1

3MaueWwmn oUeH OK CpepmHed ApPpKOCTMU M cpepH eKksaapaTuueckoro oTKNOHEHU.SZ ApKoOCTU neca

x
=
°
ES

W no X apa npwW M CNONbL3IOBAH MM pPaiINnMUKL X U BeToO B b nowWeHwT MoAagenu Lab

V alues of estim ates o fthe average brightness and standard deviation o f the brightness

of the forest and fire using different color com ponents of the L ab m odel

WcxopHoe n3obpaxkeHune O6nacTb, cofe 3kallas NuKcenu noxapa
L a b L a b
1 2 3 4 5 6 7 8 9 10 n 12 13

Ne o o o mc mc e mc e

1 4434 2106 006 649 18 1244 63,70 1700 1334 1307 3443 1916
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3
24,55

6,22

10,76
21,36
14,61
22,48
14,79
18,89
24,56

17,93

4
-0,95

-3,62
1,13
0,61
5,97
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1,29
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-2,74
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5

6 7

6,67 827 12,72

341 1255 597
443 -0,62 3,46
576 008 7,66
1187 423 1913
881 1654 16,85
445 476 6,90
6,94 433 1413
6,40 034 591

6,52 2,72 10,52

8
61,63

61,55
47,46
34,29
52,16
50,96
39,41
24,44
48,73

48,43

9
14,32

7,70

10,19
15,63
18,36
14,51
19,68
24,55
1391

15,59

10
21,03

171
17,90
11,15
16,63
18,41
6,36
8,32
9,59

12,44

OKOHYaHue Taon. 1

n

12

13

1045 45,06 23,73

5,66

15,08
12,79
16,12
15,90
10,38
10,70
13,10

12,33

-1,33
12,58
13,06
23,50
36,09
12,36
16,79
8,98

20,15

10,16
11,94
14,29
24,10
15,49
12,77
20,35
10,95

16,29

Ha pucyHke 7 npusefeHbl (B COOTBETCTBUM C JaHHbIMWU, NMpeAcTaBneHHbIMU B Tabnuue 1)
rpavkn 3HauyeHWii cpefHelt ApKocTU nukcenein neca (NMnMHUS 1) nm noxapa (AuHua 2) ana 10

N306paxKeHu.

25.00

20.00

15,007 / \
10,00 v
5,00 '
0,00

-5,00

50.00
40,00"
30.00
20.00
10,00
0,00
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Puc. 7. 3HayeHus cpefHeli ApKOCTY NMKcenen neca n noxapa ana 10 n3o6paxkeHwuii:
a- cpefHee 3HaueHVe APKOCTM NUKCeneit 415 LBETOBOV KOMMOHEHTbI, 6 - cpefjHee 3HaueHue SpKoCcTu

nuMKceneii Ans LIBETOBON KOMMOHEHTbI

Fig. 7. Values ofthe average brightness ofthe forest and fire pixels for 10 images:
a - the average value of the brightness of pixels for the color component, b - the average value

ofthe brightness ofthe pixels for the color component

10

Ha oCHOBaHMW NpPMBEAEHHbIX Bbille CBOWCTB 3HAUYEeHWI LIBETOBbIX KOMMOHEHT Mogenn Lab,
a TakKXe pe3ynbTaTOB MpefABapUTeNlbHbIX BbIYMCAUTENbHbLIX 3KCMEPUMEHTOB,
Tabnuue 1 U Ha pUCYHKe 7, B [aHHOW paboTe NpeanoXeHbl chefyroline npaBuaa NPUHATUNA
PELLUEHNS 0 HANMMYUK N306PaXKEHUS OTHS:

R2(I

D= I'(0, B APYruX cny4yasx
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. 1,b(i,j) > mb

R3(1.0) 0, B APYrux cnyyvasx (7)
. 1,b(i.j) > a(ij)

R4(1.)) 0, B 4pyrux cnydasx (8)

roe R1, R2, R3 n R4 sBnatoTcA ABOMYHbIMKU M300paXKeHUSMWU, KOTOPbIE MPeAcTaBAAT Hanuuume
OrHA B MPOCTPAHCTBEHHOM MeCTOMONOXeHMU nukcenei (i, j) npu 3Ha4eHUM 1 n OTCYTCTBME OrHA
npu 3HavyeHun 0. 3HaveHms R1(i, j), R2(i, j) v R3(i, ]) BbIMUCNATCA Ha OCHOBaHMWU CpaBHEHMSA
CBOWCTB BXOLHOIr0 M306paXKeHWs C NOPOroBbIMU 3HAYEHUSIMU CPeAHeR APKOCTU COOTBETCTBYHOLLUX
KOMMNOHeHT Mogenn Lab. 3HavyeHne R4 (X, y) npeAcTtaBnsier MHpoOpMauuio O LBETe OrHs;
HanpvmMep, OrOHb UMEET KPacHOBATbIN LBET.

Pewatolee nNpaBmao O HalIMyMK OrHA (NPaBUIO CerMeHTauuMM MUKCeNeln, OTHOCALLMXCSH K
N306paXKEHUID OrHA) onpeaenseTcs NOrMYecKMM Npom3BefeHnemM ABOMUYHbIX M300paxeHuii R1, R2,
R3 n R4:

R(i,j) = R1(i,j))AR2(i,j))AR3(i,j))AR3(i,j). (9)

MprMmepbl  MpPUMEHEHUs  MpeasioXkeHHOro npaBuna (9)  cerMeHTauuw  MUKCenei,
OTHOCSLLMXCS K N306PaXKEHNIO OTHsl, NPUBEAEHbI Ha PUCYHKeE 8.

my

<1

Puc. 8. MnnocTpauus npuMeHeHUs npasusia CerMmeHTauum NMKceneid, OTHOCSLLIMXCA K M300PaXKEHMIO OrHA
(cneBa - MCXOLHble N300paXKeHWs, cripaBa - pe3y/nibTaT CermeHTaumm)
Fig. 8. lllustration ofthe application of the rule of segmentation of pixels related to the image of fire
(on the left - the original images, on the right - the result of segmentation)

Pe3yanaTb| cermeHTauunn nuKcenem, OTHOCALWKMXCA K |/|3o6pa>KeHmo OrHA, NpMnBeAeHHbIE Ha

PUCYHKe 8, MOoKasblBalT, 4YTO MPUMEHeHWe pa3paboTaHHOrO pellalollero npaBuna Mo3BonseT
afleKBaTHO BbIeNUTb MUKCENN, COOTBETCTBYHOLLME U306PAXKEHNIO OTHS.
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Ha ocHOBaHWM NpefNOXEHHOro  pellaloulero npaewmia CerMeHTauum  nuKcenen,
OTHOCALLUMXCA K M306paXKeHUt0 OrHsa, paspaboTaH MeTof O0OHapy>XeHUs M306paxeHWid Moxapos B
pamMkKax MpuMeHeHusa UBeToBOM Mogenu Lab. [aHHbIA MeTOoh npegnaraeTcs MCNonb3oBaTb Kak
CaMOCTOSATE/IbHO AN 0OHapY>KEHUSA MOXapoB Ha M306paXKeHUU, a TakKxXe NPUMEHATb B Pas/INYHbIX
cMcTemMax HabnaeHUs KakK npeaBapuTenbHbIl 3Tan 06paboTKN N306paXKeHnin Ana AeTEKTUPOBaHUS
nUKcenen, OTHOCALLMXCSA K NoXapy. Pe3ynbTaTbl BbIYUCAUTENbHBIX 3KCNEPUMEHTOB NoKasanu, 4To
paspaboTaHHble pellatoLime npasuia U MeTOA MO3BOJIAIOT MPOM3BOANTL 0OHApPY)XXeHMe noxapa Ha
N306paxeHnnaX.

BbiBOAbI

Mpouecc cermeHTaumMu N306paxeHUs ABNAETCS MepPBbIM M Hanbonee BaXXHbIM LIAroMm Ans
06paboTKM M306paXKEHNA, cofepXalimx Mn300paxeHMsa MNoXapoB, MOCKOAbKY OH onpegenseT
afleKBaTHOCTb BbIMO/IHEHMA ChneayloLwmnx waros. CerMeHTauus NECHbIX MOXapoB HETPUBMA/bHA,
LBET OrHA BapbMPyeTCAa OT XXeNTOro A0 KPacHOro M MOXeT MNpUCYTCTBOBaTb [blM C pa3HoOl
CTeneHbi Npo3pavyHoCcTU. [Ons oOHapyXXeHWUs noXkapa Ha BMAEONOCNeA0BaTeNbHOCTU MPUMEHSAIOT
pasnnyHblie anroputmbl. Cpean HUX MOXHO BbILENUTb afrOPUTMbl CEFMEHTaUMN OrHA, KOTOpble
NCMNONb3YKT LIBETOBbIe KPUTEPUU B pasHbIX LBETOBLIX npocTpaHcTBax: RGB, YCbCr, HSV, HSI
WX COYEeTaHMe Pas/INYHbIX LBETOBbLIX MPOCTPAHCTB.

B paHHOlM paboTe 6bIN0 MCNOMb30BAaHO LIBETOBOE MPOCTPaHCTBO Lab. BbiGoOp LBETOBOrO
npoctpaHctea CIE Lab 3aknwo4aeTca B TOM, 4YTO OHO fBNSETCA NEpPLENTUBHO OLHOPOAHbLIM
LLBETOBbIM MPOCTPAHCTBOM. Mpy MPUMEHEHUN AAHHOrO LBETOBOrO MPOCTPaHCTBa pas3paboTaHHble
pewarwoLe npasuna U MeTo 06HApPY>KEHUSA MOXKapoB Ha M306paXKeHUAX MO3BOJIAKT AOCTATOYHO
TOYHO oOnpefenaTb parMeHTbl MNPW  CermMeHTauuM nuKcenen, OTHOCALWMXCH K OFHI0 Ha
N306paxeHnnax.
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