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AHHOTaUuA

CermeHTanus M300pakeHUIT MOKApPOB SBISETCS BaKHOHM 3a1adeil sl CUCTEM PaHHETO OOHAPYXKEHUS U
MOHUTOPHHIA YPE3BbIYAMHBIX CUTyali. TpaauIMOHHBIE METObI, TAKHE KaK Ioporosasi o0OpaboTKa u
CJIOJKHBIE BBIUUCIMTEIbHBIC MOJEIN, UMEIOT OTPAaHUUYEHUS 10 CKOPOCTH U TOYHOCTU B YCJIOBMSX peajb-
Horo BpeMeHH. Llenb nccnenoBaHus — oOecredyeHHe Mpolecca CErMEHTAlMU M300paXeHU B pexuMe,
OIM3KOM K pealbHOMY BpeMEHH. B cTarhe mpejcraBiieHa OHTOJIOTHUECKAs MOJENIb CerMEHTaluu U300-
pakeHuil okapoB, OCHOBAHHAs HA aJIalITUBHOM HEHPO-HEYETKON CHCTEME ¢ ONTUMU3UPOBAaHHBIM Jedas-
3u(UKATOPOM METOJIa OTHOIICHMS IUIoImanel. B Monmenu cTpyKTypupyroTest mpouecchl 00paboTKH JaH-
HBIX, BKJIIOYas NpeoOpa3oBaHHe M300paKCHWH B IBETOBOE MPOCTPAHCTBO OTTECHKA, HACHILICHHOCTH U
SIPKOCTH, UCTIONIb30BAaHHUE TPEYTOJIbHBIX (DYHKIMH MPHHAIICKHOCTH U aJalTHBHYIO HACTPOHKY MapameT-
POB Ul BBIAENICHHS O4YaroB BO3rOpaHMs. B OHTOJOrMM CHCTEMAaTH3MPOBaHBI KIACCHI, MPOLECCHl M HUX
B3aUMOCBSI3H, oOecreunBasi MOAYJIHLHOCTh U THOKOCTh pelIeHns. DKCIIEPUMEHTHI Ha N300paskeHUSIX HOU-
HBIX M0’KapOB C JBIMOM IOKa3aJli, YTO MPEATIOKEHHAs MOJAEIb JOCTUTAET BBICOKOM TOUHOCTH U CKOPO-
CTH, IIPEBOCXO/Isl CPABHUBAEMbBIE METO/bl CETMEHTALUU, U COAEP>KUT MOTEHLHUAN [l IPUMEHEHUS B CU-
cTeMax MOHUTOPHMHIA B PEaJIbHOM BPEMEHH.

Knioueeswvie cnosa: onmonoaus, Hetpo-neuémxull areopumm, cesmenmayus uzoopasicenuil, oegaszugu-
Kayusl, UCKYCCMEEHHbIT UHMELEKM.
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BBepeHune

OO6Hapy>keHue U JTOKAIU3aIHs MOKapoB — BAKHEHINE 3a/1a4 B 00J1aCTH O€30MacHOCTH U MO-
HUTOPUHIA OKpY’Kalollel cpelibl, 0COOEHHO B YCJIOBUSAX POCTA YHCIIA JIECHBIX MOXKapOB M TEXHO-
reHHbix karactpod. IToxap, Kak CylnIHOCTb, 00Ja/1aeT HEUYETKUMH, JTUHAMUYHBIMA U KOHTEKCTHO-
3aBUCHUMBIMU CBOMCTBAMH U MOKET OBITH CMOJIETTUPOBAaHA B paMKax HEYETKOW OHTOJIOTUH, e Tpa-
HUIBI 00BEKTOB M MPUHAUIEKHOCTh K KJIACCy IpaayaibHbl, a He OuHapHbl. [IpuMeHseMble METOIbI
cerMeHTanuu He 3()(QEeKTUBHBI B CBA3HM C BHICOKOW BapHMaTHMBHOCTHIO U HEOIPENEIEHHOCTHIO BU3Y-
QIBHBIX MIPU3HAKOB MOXapa, a TIIyOOKHe HEHpOoceTH He 00ECIeunBalOT UHTEPIPETHpYyeMocTH. Mc-
I10JIb30BAHKE TEIUIOBBIX JAaTUMKOB U BU3YalIbHOIO HaOo1eHus [1] 4acTo orpaHu4yeHo 1o CKOpOCTH
pCaku U TOYHOCTH, OCO6€HHO B CJIOJKHBIX YCJIOBUSAX, BKIIFOYask HOYHOC BpCMH, CUJILHBIN JAbIM UJIN
TOPHYIO MECTHOCTh [2]. OHTOJIOTMH, KaK WMHCTPYMEHT CTPYKTYPUPOBAHUS 3HAHWM, IMO3BOJISIIOT
(hopMann30BaTh MPOIECCHl U JAHHBIC ISl aHAIM3a IUHAMUYHBIX cUTyaruii. Pa3paboTka oHTONOTHiA
SBJISICTCS] TPYAHOM 3aa4eil A1 TOUHOM (hopMalU3aIiuu CJI0KHON MPEAMETHOM 00IacTH, TpH HEOO-
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XOJUMOCTH aJaNTallii K PealibHbIM YCJIOBUSM U HEXBATKE CTAaHAAPTHU3UPOBAHHBIX MHCTPYMEHTOB
JUTst 0ObEIMHEHUS OHTOJIOTUM C BBIYUCIUTEIBHBIMU CUCTEMAMU. DTO 3aTPYIHSAET UX MPAKTUUECKOE
MIPUMEHEHHE B 3aJ]auaXx MOHHUTOPHUHIA MOKapOB M JIEJAeT aKTyaJbHBIM MPOJOJIKEHUE HCCIIEI0Ba-
Huil. PazButie MeTom0B 00pabOTKM M300pakeHUIl MO3BOJISIET aBTOMATH3UPOBATh Hpolecc oOHa-
PY>KEHHUSI 04aroB BO3TOpaHUs 4epe3 CEerMEHTAlMI0 M300pa)KeHHii, oOecrieunBasi ONepaTUBHOE BbI-
JIEJIEHUE 30H OTHS J1aXKe IIPU OrPaHUYEHHON BUAUMOCTH [3, 4].

HccnenoBanuss B 00JIacTH JIOKQJIM3AIMU TOXKApPOB aKTHMBHO pa3BHBaroTcsa. Hampumep, B [5]
MPEAJIOKEHO MPUMEHEHHE aJIallTUBHBIX HEHPO-HEUETKUX cucTeM BbiBoa (Adaptive Neuro-Fuzzy
Inference System, ANFIS) st MOAENMpPOBaHUS MIPOIIECCOB, CBSA3aHHBIX C TOXKapaMH, YTO MOKET
OBITh MCIOJIB30BAHO ISl AHAIM3a PACIPOCTPAHEHUSI OTHS C BBICOKOM TOYHOCTHIO. B [6] mpencras-
JIeHbl MYJIbTUMOJAJIbHBIE HA0OPHI JaHHBIX, BKJIIOUasi N300pakeHUs MOKapoB, AJIs pa3padOTKH MO-
neneit cermeHTanuu. B [7] onucan MeTo/ aHanM3a MOXapOONACHbBIX CUTYallul C MCIOJIb30BAaHUEM
CJIOKHBIX BBIUMCIUTENBHBIX MOJENEH U OTMEYEHA UX BBICOKAS BBIYMCIUTEIbHAS CIOKHOCTh. B [§]
[0Ka3aHa HEOOXOIMMOCTb Pa3pabOTKH METOJ0B ¢ MUHUMAJIbHOM 3aBUCUMOCTBIO OT OOJIBIINX 00b-
€MOB JJaHHBIX.

CoBpeMeHHbIE BBIYUCIUTENbHBIE MoieTH, Takue Kak U-Net [9] u Mask R-CNN [10], nokazanu
BBICOKYIO 3(D()eKTUBHOCThH B 3a/1a4yaX CerMeHTalNu n300paxxkenuid moxapos [11, 12], Ho ux nmpume-
HEHHE OrPAaHUYECHO HEOOXOIUMOCTHIO 3HAYUTEIBHBIX BBIUUCIUTEIBHBIX PECYPCOB U OOJIBIINX 00B-
éMoB pa3meueHHBIX qaHHbIX [13]. B [14] oTMeuaeTcs, 4To Takue MOJIEH TPEOYIOT JECATKOB ThICAY
n300pakeHmid [UIst O0YYEHHs, YTO 3aTPYIHSAET MX UCIOJIH30BAHNE B YCIOBHIX PEAbHOTO BPEMEHHU.
B [15] nmpennaratotrcs TuOpHAHbBIE TOAXOABI HA OCHOBE I'€HETHYECKHX aJITOPUTMOB JI ONTUMHU3a-
L[UU [IOPOrOBOM CETMEHTAMU, KOTOPBIE CJIOKHBI B HACTPOMKE.

[ToporoBasi cermeHTanMs B I[BETOBOM IMPOCTPAHCTBE — TOH, HACBIIIEHHOCTh, SIPKOCTh (Hue,
Saturation, Brightness, HSV) — npocToii u ObICTpbIi MeTo [16], O/HAKO €r0 TOUHOCTh CHUKACTCS
IpU HAJIMYUU JIbIMA WM NEepeMEeHHOro ocseuleHus. B [17] npennoxkeH moaxoa ¢ IMHAMHYECKOU
ananrtauuet noporos HSV s oOHapyKeHUsI OTHS B YCJIOBHSX JIECHBIX I10KAapOB, HO OH YCTYIAEeT
0 TOYHOCTH OoJiee CIOKHBIM MeTonaM. Helipo-neuérkue cuctemsl (Hanpumep, ANFIS) >¢dek-
TUBHO COYETAIOT Al TUBHOCTh U TOYHOCTb MPU MEHbILIEH 3aBUCUMOCTH OT JaHHbIX [ 18, 19].

B nannoli cratbe mpencraBiieHa oHToJiorHyeckas mojaenb (OM) cermMeHTanuu U300pakeHui
MOKapoB, aJanTHpPOBaHHAs AJs YCIOBUI HOYHOTO OCBEIICHHs C IbIMOM Ha (one rop. Momenb
CTPYKTYPHUPYET MPOIeCChl 00pabOTKM JaHHBIX U BKJIIOYACT MPeoOpa3oBaHUE U300PAKEHU B IIBE-
TOBO€ MPOCTpaHCTBO HSV, nucnonb30BaHue TPEYrodbHBIX (DYHKIWN MPUHAIICKHOCTH U aJanTHB-
HYIO HACTPOMKY MmapaMeTpoB JUIsl BbIIEICHHS 04aroB Bo3ropanus. B oHronoruu cucremMatuzupona-
HBI KJIACChI, MPOIECCH U UX B3aUMOCBSI3M, 00ecrednBasi MOJIYJIbHOCTh U THOKOCTH perienus. Mc-
cnenoBanus [20—24] moATBEPKAAIOT aKTYaIbHOCTh TAKMX MOJXO0J0B JJII MOHUTOPUHTA TTOKAPOB U
aBTOMATHU3allMy aHAJIN3a JAHHBIX B YPE3BbIUAUHBIX CUTYALUAX.

1 OHTONoruvyeckasa mogerb cermMmeHTauum

OM cermeHTanuu u300pakeHUM (CM. pUCYHOK 1) mpeacTtaBisieT coO0H CTPYKTYPHUPOBAHHOE

OTHCaHNUEe KOHIEMIIH, 00BEKTOB, MPOIIECCOB U MX B3aMMOCBS3EH 3a1aéTCs B BUJIE KOPTEXKA:
7 6 9 5
0={ 0, 0;, Op, 0q ), (1
k=1 a=1 d=1 x=1

rie O, — OM xkmaccoB 00bekTOB (¢ = 1...7, IA€ ¢ — KOJUYECTBO KiIaccoB 00bekToB); 0; — OM
uzobpaxenus (i =1...6, rae i — KOIMMYECTBO MOAKIACCOB n3obpaxenus);, O, — OM nporuecca
(p =1..9, THe p — KOIUYECTBO MOAKIACCOB Mporecca); O, — OM arpudyroB (a = 1...5, rie a —
KOJIM4YeCcTBO aTpuOyTOB). J[aHHbBIE MOZIeNU onKcaHbl B Tabiunax 1-4.
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Pucynox 1 — OHTONIOTHUECKAS MOJIENTh CETMEHTAIINN H300paKeHUI

Tabnmma 1 — OHTONOTHS KITACCOB MOJICIN CETMEHTAINH N300paKeHUI

CEeTrMCHTaIMH

Ne OHTO/10THSI KJIACCOB
Ha3Banue kiiacca Onucanue B3aumocBs3b
1. | H3obpaxenne IIpencraBnser BXOAHBIE W BBIXOAHBIC M300paxeHus, ¢ koto- | IIpomecc, [Tukcens
pPBIMH paboTaeT mporpamma.
2. | Iuxcens DjeMeHTapHas €MHHUIIA M300paKCHUsI, XapakTepusyercsi 3Ha- | DyHKuus npuHa-
YCHHEM HHTEHCHBHOCTHU (B RGB, HSV vy rpaganusx ceporo). | JIeKHOCTH
3. | OyHKIHA Maremarnueckasi MOJIENb JUIS OLEHKH CTeNeH npuHaiexxHo- | [ledassndpukanns,
MPUHAATIEKHOCTH CTH ITUKCEISI K onpeenéHHol Kateropuu (Hanpumep, Gon uian | @opmyna (1)
BO/IA).
4. | Iapametpsr Habop 3Havenwuii, ompenensronmx TrpaHunsl aiasd (yHkui | yHKIHS TpUHAL-
CerMeHTaluu MIPHUHAIICKHOCTH (HampuMep, triangular params) JIE)KHOCTH
5. | BecoBoit ARanTHBHBIN MapaMeTp, UCTIONb3YeMbIi I HacTporku aedas- | [edaszzudpuxamnms,
Kod(hUIHEHT 3UPUKAITIN OOHOBIIEHUE BECOB
6. | LleneBoe 3HaueHue (Hampumep, ytarget), K KOTOPOMY CTpEMUTCS pe3yib- | OOHOBJICHHE BECOB
3HAYCHHE TaT CerMEHTaINN
7. | Ilpouecc Omneparnuy, BBITIOTHIEMBIC IPOTPAMMON [T TOCTIKEHUS enn | M3o0paxeHue
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Tabnuna 2 — Onrosorus kinacca «M300pakeHne» MOJIENIN CerMeHTaluy n300pakeHUH

Ne OHToJs10THS H300paKEHHS
HasBanue mogknacca Omnucanue B3aumMocBsi3b
1. | Ucxonnoe wu3o0paxe- | LiBerHoe m3oOpakeHme, 3arpykae- | 3arpy3ka wuzoOpaxenus, IIpeoOpasoBanue
HHE Mmoe u3 ¢aitna (RGB) LIBETOBOTO IpocTpaHcTBa, Co3/1aHue MacKHy,
Busyanuzanus
2. | HSV-n3zo0pakeHue [IpeobpazoBanHoe m300pakenne B | [IpeoOpazoBaHne IIBETOBOTO MPOCTPAHCTBA,
I[BETOBOM TIpocTpaHcTBe HSV Co3maHne Macku

3. | Macka Bunapuoe wnzobpaxkenme, Bbimens- | Co3manme wmackw, buHapmsamms, Cepoe

foree 00BEKT (HarpuMep, BOITY) n3o0pakeHne, Busyanmsanus

4. | CerMeHTHpPOBAHHOE Pesymbrar mpumenenms Macku K | Co3manue mMacku, Busyanmzarms
n300paKkeHne HCXOJTHOMY H300paskeHUI0

5. | Cepoe nzobpaxkeHne [Ipomexxyrounoe wu3o0paxenne B | [Imkcens, Macka

rpajlaliix Ceporo
6. | PesynpTupylouiee BrixomHoe wm3o0pakenme mocne | Hopmammsamms, dedazsudukarus,
n300paKeHHe nedasz3nduKanum Bunapuzanus, Busyanuszanus
Tabmmma 3 — OnToNorNs Kitacca «IIpormeccy Moaenu cerMeHTaIlMy N300 paKeHUH
Ne OHTOJIOT U IPOLIECCOB
Hazpanue
Ommcanne B3anmocssi3b
HoJKIJIacca

1. | 3arpy3ka OTBeuaeT 3a YTCHHWE HMCXOTHOTO HM300pakeHWs w3 (aitna B mamsats | OyHKIHA

N300paKeHHS nporpamMmbl. Bxon: myTh k datiny (image path). Load Image
Brexon: oowekt Originallmage.
2. | Ilpeobpa3oBanme | IIpeoOpasyer m3oOpaskeHUE U3 IBETOBOTO IpocTpancTtBa RGB B HSV | ®yHkuus
I[BETOBOTO  IIPO- | IUIS YNIPOINEHMS aHann3a uBeToB. Bxon: Originallmage. Convert
CTPaHCTBA Boixon: HSVImage.
3. | Co3nanme macku | Co3maér HavasibHyl0 OWHApHYIO MacKy s BbIAeNeHus oObekTa | DyHKUMS
(mampuMep, BOJIBI) HA OCHOBE I[BETOBBIX THAIIa30HOB Create Mask
Bxon: HSVImage, rpanunst iBeta (lower_blue, upper blue).
Beixon: Mask.

4. | Hedazzudukauus | [IpeoOpazyer Heu€Tkue 3HAUCHMS] MPUHAIIISKHOCTH nukceneld B 4€r- | Gopmyna (2),
KHe 3HaYEHHsI MHTEHCUBHOCTH byHKIMS
Bxon: ciucox memberships, learni, rpanuiisl (ymin, ymax). defuzzy
Beixox: pesynbTHpytoniee 3HaueHue marl.

5. | OGHOBNICHHE AaITHBHO KOPPEKTHpPYyeT BecoBOW KoddduumeHT learni Ha ocHoBe | Dopmymna (3)

BECOB OIIMOKH MEKIY pe3yiIbTaToM Aeha33u(puKaiy 1 LEeIeBbIM 3HAUEHHEM

Bxon: learni, marl, ytarget, mapamerpsl 00ydeHus (W, f).
Brixon: o6HOBIEHHOE 3HAUCHNUE learni.

6. | Hopmanmzamms [TpuBoaMT 3HaYCHUS PE3yIBTUPYIOMIETO M300paKeHNsI K CTaHAapTHO- | DyHKIuSA
My nuanazony [0, 255] Normalize
Bxon: Resultimage.
BrIxoa: HOpMaIH30BaHHOE H300paXKEeHHUE.

7. | bunapuzauus [Ipeobpa3yeT HOpManIM30BaHHOE HM300pa’keHHe B OMHApHYIO MacKy ¢ | DyHKIHA
4ETKUMU TPaHUIIAMH 00BEKTa Binarize
Bxox: HopManu3oBaHHOE n300paxenue, mopor (50).
Breixon: BinaryMask.

8. | Ilpumenenune Bblzensier cerMeHTUPOBaHHYIO 00J1acTh Ha MCXOHOM M300paxkeHHu ¢ | DyHKIUS

MacKH HCTIOJIb30BaHNEM OMHAPHOW MaCKH Apply Mask
Bxon: Originallmage, BinaryMask.
Boixon: SegmentedImage.
9. | Buzyanuzanus OtoOpaxkaeT NPOMEKYTOUYHbIe W (DMHAIBHBIC PE3yJbTaThl cerMeHTa- | DyHKIus
LMY Ha DKpaHe Output

Bxox: pazimnunsle mzobpaxenus (Originallmage, Resultlmage, Bina-
ryMask, Seg-mentedlmage).
Bbixo: oTroOpakeHHne Ha SKpaHe.
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Tabnuna 4 — OHToI0THS aTPUOYTOB MOJIETM CETMEHTALMH U300pasKeHN I

Ne OHToJsI0THS aTPHOYTOB
Hazpanue kiacca ATpuOyT Onucanue
1. | U3obpaxenue path (cTpoka) [TyTh K Qaiiny n300paxeHus
data (MaccuB) JaHHble n3o0paxenus (RGB, HSV, macka u T.11.).
shape (kopTex) pa3mepbl n300paskeHus (BBICOTA, ITUPUHA, KAHAIIBI).
2. | Ilukcens value (4ucio) WHTEHCHUBHOCTH IHUKCENs (HampuMmep, B Tpajalusx Ceporo
unu HSV)
coordinates (KOpTEK) no3uiys nukcens (i, j)
3. | Oyukuus parameters (KOPTEXK) TPaHUIIBI TPEYTOJIbHOM QyHKIMH (X, , Z)
IPHHAJUIEKHOCTH membership_value CTereHb pHHauIeKHOCTH (0T 0 10 1)
(dncio)
4. | BecoBoit value (9UCI0) TeKyIee 3HaYCHHE learni
KodpuIneHT min_value (4ucIo) MUHHMaJIBHO norryctumoe 3HadeHue (0.001)
max_value (4ucio) MaKCHUMaJIbHO JomycTuMoe 3HadeHue (10)
5. | eneBoe 3Hauenue | value (4ucio) I[eNIeBasi HATCHCUBHOCTE (HampuMmep, 170)

Pa3paborannas OM cermMeHTanuu U300pa)KeHHsl MPEACTaBIsET COOOM CTPYKTYpHUPOBAHHOE
OMHCaHUE KJIIOYEBBIX CYIIHOCTEH, IPOLIECCOB U X B3aUMOCBSA3EH, UCIOIb3YEMbIX ISl BBIICICHUS
00BEKTOB HA U300pAKEHUU C IPUMEHEHHEM HEHpO-HEYETKOro moaxoaa. Mojenb BKII0YaeT OCHOB-
HBIC KJIACCHI, TaKue Kak M3zobpasicenue, [uxcenv, Oynkyus npunaonexcnocmu, Becosoii koaghghu-
yuenm, Ilapamempor ceemenmayuu, Llenesoe 3nauenue u Ilpoyecc, a TakKe UX MOJKIACCHI, AETa-
JU3UPYIONIUE 3TAIbl 00padOTKH JaHHBIX. [Iporieccsl, Takue Kak 3aepyska uzoopasicenus, [lpeodpa-
306anue yeemosoco npocmpancmaa, /lepazsuguxayus, ObHosNeHUe 6ecos U IpyTHE, HOPMUPYIOT
MOCTICIOBATENIBHBINA MMOTOK 00pabOTKM, HaYMHASI C BBOJIA MCXOJHOTO M300paKCHHS W 3aKaHIHBAS
BU3yalM3alieil CerMeHTUPOBAHHOTO Pe3yIbTaTa.

OCcoOEHHOCTBIO MOJIENN SIBIIACTCS €€ OpUEHTAIUsI HA OHTOJIOTHUECKYIO CTPYKTYPY, UCIOJIb3Y-
IO1MyI0 Heu€TKre (QYHKIUU MPUHAJICKHOCTH ISl MPEACTABICHUS MTPOLIECCOB CETMEHTAIIMH H300-
paxeHui moxkapoB. Busyanuzanus moaenu B Buje rpada ymnpomaet ananus u moaudukanuo OM.

2 MaTtemaTnyeckas mogenb

Pabora Helipo-HEYETKON MOETN COCTOUT U3 TPEX LIaroB.
Hlae 1. Dazsugpuxayus — popMupoBaHue TPEYroabHON HYHKIIUH MPUHAJIC)KHOCTH

s—x
, ecix <s <y;
y—x
= Z—S
u(s,x,y,z) e ecmny <s<z @

0, WHaye,
raec s — BXOI[HH_II/Iﬁ CHUT'HaJ1, B JaHHOM cnyqae 3HAYCHUC MHTCHCHUBHOCTH ITHKCCJIIA I/1306pa)KeHI/IH;

X, ¥, Z — METKU (YHKIMH NPUHAAJICKHOCTH, 3a7aBaeMble pazpabotunkoM. [lepemennsle x, y, z noa-
OuparoTcs B 3aBUCUMOCTH OT TpeOyeMoro BHJa TPEyrojbHOW (PYHKIMH MPUHAMICKHOCTH. B pe-
3ysibTaTe onepanuu ¢azzudukarnui GOpMHUPYIOTCS 1Be (PYHKIIUN TPUHAIIICKHOCTH (PUCYHOK 2).

CremneHb aKTUBALMK HEYETKUX MPABWI OMPEIENSICTCS Ha OCHOBE (DYHKIUN MPHHAICKHOCTH.
[Ipu 3TOM max-min KOMIIO3ULIKs, OCHOBaHHAs Ha MpaBuiax 3ajae (HeuéTkas uMIuinkauus Mamaanu
[25]), ucknrouena Onaroaapsi IPUMEHEHUIO MOIU(UIIMPOBAHHOTO METO/1a OTHOIIEHUS TUIOIIA/IeH B
nedaz3udpuKaTope, YTo MOBBILIACT OBICTPOJCHCTBUE MPEIJIOKEHHOIO HEUETKO-JIOTUYECKOTO BBIBO-
na. 3HaYeHHs CTETNICHEeW aKTUBAIlMU, COOTBETCTBYOIMHUE KinaccaM «Dou» u «O0BbEKT», BKIIOYCHEI B
CTPYKTYpY Aedas3udukaropa, uro odecrieunBaeT 00pabOTKY MaHHBIX O€3 JOMOJHHUTEIbHBIX IMPO-
MEXYTOUHBIX JTAroB.
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Hlaz 2. Jlepazsugpuxayus — onpeaeneHnue BbIXOJIHOTO 3HAYEHUS HA OCHOBE MOJIU(MUIINPOBAH-

HOTO METO/a OTHOIICHUS TUIOIIAICH:
n M.
MAR2 = |—=2——. Yimax — Ymin)l + Ynin, 3)
n X Learn; ;4

rae M; — 3HaveHwue, MoydeHHOE U3 QYHKIMI TPUHAIUIEKHOCTH (S, X, Y, Z), N — YUCIO BBIXOJHBIX
HEYETKNX (YHKIMH TpUHAIeKHOCTH, Learn;,; — BecoBoi kodddunueHTt (mo ymomyanuio 1),
Yinax — MaKCUMaJIbHOE 3HAUEHUE SPa, Yy,i — MUHUMAJIbHOE 3HAYCHHE sIIpa.

Llae 3. Ilpoyecc 06yuenus — onpeneaeHue BIXOJHOTO 3HAUEHUS TI0cie 00yUeHHUS:

Learn;,, = Learn; + ([MARZ - Ymrget] X W), until |MAR2 — Ymrget| <T, 4)

rae Learn; — BecoBoit koaddumueHT (3HaueHne paBHoe Learn;,, ¢ orana nedaszzudukanmm), w —
ckopocTh 00ydenus (rmo ymomdanuto 0.04); T — moporoseiit ko3ddumuent (mo ymomuanuio 0.01);
Yiarget — OKUIAEMOE BBIXOJHOE 3HAYEHHUE TOCIE Jeas3upuKanmu.

3 MeToa aganTMBHOW HEMPO-HEYETKOM CerMeHTaumum n3obpaxeHumn

Ha ocrnoBe OM pa3paboTaHHbIil METOJ HEHpPO-HEUETKON cerMeHTanuu nzoopaxenuit ANFIS-
OMAR (Adaptive Neuro-Fuzzy Inference System — Optimized Method Area Ratio) BKIIOYaeT NEBATH
JTaroB.

1) mnomyuenue wuzobpaxkenuss B ¢Gopmare RGB 10 A T

(Red, Green, Blue — xpacHbId, 3eNEHBIN, CH-

HUI{) C ONITUKO-3JIEKTPOHHOTO MpHOOpa WiTH U3

0a3pl JAaHHBIX, TJ€ BHU3yajbHass HUH(OpManus

dukcupyercsi B BUJIe TPEXKAHAIILHOTO MacCH-

Ba (RGB).

2) mnpeobpazoBaHue uzodpaxenus B popmat HSV

JUISL OTIpENIeJICHHs] MapaMeTPOB HACBIIICHHO-

CTH, 9YTO YJIy4IlIaeT BBIJICICHHE I[BETOBBIX

0.8

0.6 4

Hix)

0.4 4

0.2 1

JMAIa30HOB IPU M3MEHEHUM OCBELIEHHOCTH 00
Oyaroapss MHTYUTHUBHBIM XapaKTE€pPUCTUKaM 0 50 100 150 200 250 300
LBETA. )

PucyHnok 2 — @yHKIIMM NPUHATIEKHOCTH
3) co3aaHue U NPUMEHEHUE MACKU 110 3a/laHHbIM «DoHy 1 «OGBEKT

[[BETOBBIM 3HAYEHUSM C MOCIEAYIOUIMM O0HY-
JICHUEM WJIM TIOJIaBJIEHUEM THKCEeTeH, He COOTBETCTBYIOIIUX IBETY, YTO (GOKyCHUpyeT 00padoT-
Ky Ha MHTE€PECYIOIUX 00BEKTaX.

4) mnpeobpazoBaHuE B IPajialliy CEPOro C UCIOIb30BAaHUEM B3BEIICHHOTO CPEIHEro 3HAUEeHUH Ka-
HaJloB RGB, ymporarolee aHaiau3 TeKCTypbl U MHTEHCUBHOCTH MUKCEIeH JUIs MOoAayu B He-
YETKYIO CUCTEMY.

5) ¢daz3uduranys BXOTHBIX M BBIXOAHBIX MEPEMEHHBIX C JBYMS TPEYTOJbHBIMH (DYHKIUSMH
(«Don», «OO0BEKT») U BHIXOJHBIMU 3HAYCHUSIMU, aJalITUPYEMbIMU B 3aBUCHUMOCTH OT YCJIOBUH.

6) nedasz3udpukanys pe3yIbTUPYIOMIETO 3HAUCHHS, ONpEeIstonias MPUHAAIC)KHOCTh MTUKCENs K
HMCKOMOMY KJIacCy Ha OCHOBE BBIXOJIOB HEUETKOM CHCTEMBI.

7) oOyueHHe CHUCTEMBI, IJe Pe3yIbTaT CPAaBHUBAETCS C ATAJIOHHBIM 3HAYEHUEM, & BECOBBIE KOI(]-
GuIUEHTHl KOPPEKTUPYIOTCSA UTEPALMOHHO AJIs1 HOBBIIIEHHUSI TOYHOCTH CETMEHTAILIUH.

8) Hopmanmu3anus U300pakeHHs MOCiIe HEYETKOrO BBIBOJA, MPUBOJSAIIAS 3HAUYEHUS K CTaHIapT-
HOM ILIKaJe.
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9) ¢dopMupoBaHre HTOrOBOIO CErMEHTHPOBAHHOI'O H300paKEHMs, IJl€é Macka BH3yalIU3HPYET
KJ1accu()UKALMIO TUKCENIeH U MPUTOIHA JJIsl aHAJIN3a, CETMEHTAINH, PACTIO3HABAHUS WIH Jallb-
Helmeln 00paboTKH.

[IpencraBieHHbI METO/ aJalTUBHON HEHPO-HEUETKON CerMEeHTAlMU N300payKeHUH TTO3BOJISIET
3¢ GEeKTUBHO 00BEIMHUTH HEUETKNE MEXaHU3MBbI JIOTHYECKOT0 BBIBOJA C 3JIEMEHTAMU MAIIMHHOIO
oOydeHusl.

4 [porpamMmma cermMeHTauuu u3obpaxeHun

C uenbio BOCIIPOU3BOJMMOCTU MPEAJIOKEHHOTO METO/Aa pa3paboTaH MPOrpaMMHBIN KO Ui
peanmzanmun OM. Ha BXoJe B mporpaMMy MOCTYIAIOT W300paKCHHMSI, BEIXOAHBIMU JIAHHBIMH SIBIISI-
10Tca 00paboTaHHbIe U300paKEHUS, HA KOTOPBIX JIETEKTUPYEMbIN 00BEKT BbIIEJICH MACKOM.

AJNTOPUTM CErMEHTAIlMU M300paKeHUU MOXKapoB ¢ Hcrnojib3oBaHueM monenu ANFIS-OMAR,

COACPIKUT CIICAYIOIIHNEC OCHOBHBIC 3TAllbI.
1. 3arpy3ka maHHBIX (CTpokm 1-6): ANTOpHTM NpHHAMAeT BXOIHOe m3oOpaxkeHme I B ¢opmare RGB pazmepom
1024x720 nukcerneit u aTanonHyro macky GT. [IpoBepsiercst ycnemHoCTh 3arpy3ku Ghainnos firel.jpg u firel _mask.jpg.
2. TlpeobpasoBanue B HSV (ctpoku 7-20): N3o0pakeHue mpeodpasyercs u3 Gpopmara RGB B IIBETOBOE MPOCTPaH-
ctB0o HSV nns ananusza otreHka (H), nacwimeHHoctu (S) u siprkoctu (V). 3anaércs nuanazon HSV (lower _red = [0, 40,
70], upper red = [50, 255, 255]), COOTBETCTBYIOIIMK IIBeTaM OTHsS (KpacHble W OpaHkeBble OTTeHKH). Co3maércs
HadanbHas Macka orHs (Mask), Tie MuKceny B 3alaHHOM JIMana30He MOJTydaroT 3HaueHue 255, octanbHbie — 0.
3. IIpumenenue macku U mpeoOpa3oBaHHE B rpaganuu ceporo (ctpoku 21-22): Macka nmpuMeHsieTcs K UCXOJHOMY
n300paKeHHIO JUTS BBIICICHHs o0macT orHs (FireRegion), OCIIe Yero M300pakeHUe mpeodpa3yeTcs B IpaJalldi ce-
poro (GrayMask) c uctionp3oBanueM ctanmapTHeIX Becos (0.114, 0.587, 0.299).
4. Hunnmanmzanms napameTpoB (ctpoku 23-32): Coszmaérest BbIXOJHOE H300pakeHme Resultlmage pazmepom c
GrayMask, 3anonaeHHOE HYIISIMH. OTIpeIeIIOTCS TapaMeTPhl MOJICITH.
4.1. triangular_params = [(50, 130, 255), (130, 190, 255)] — aBe TpeyroipHble (HYHKIIMU PUHAUICIKHOCTH IS
KJ1accU(UKaIMK ITHKCceel (0roHb/(on).
4.2. Learn; — MaccuB BeCOBbBIX K03()(DUIIMCHTOB, H3HAYATIBHO 3ATIOIHCHHBIN SIHHUIIAMH.
4.3. Ytarget = 180 — 1eneBast UHTEHCUBHOCTD JIJIsI aJIallTAllUH.
4.4. w=0.004 — ckopocTb 00yueHUsI.
4.5. T =0.01 — mopor omwmOKku 115t oOHOBIICHHS Learn,;.
4.6. Yoin =0, Yo =255 — cynnopt sipa BbIXOJHON NEPEMEHHOM.
4.7. threshold = 30 — mopor 11t OMHApHU3AIIHH.
5. Oo6pabotka mukceneit (ctpoku 33-47). dns xaxnoro nmukceis (x, y) B GrayMask.
5.1. BpruncnseTcss ”HTEHCUBHOCTH NMUKCENEH B MacKe .
5.2. OnpenemnsroTcs CTENeHN NMPUHAIICKHOCTA A [ M h 2 K IBYM TpeyroibHBIM (QYHKIUSAM B LUKJIE U3 4 uTepa-
U,
5.2.1. Beramucnsercs aedaszsudunrpoBaHHOE 3HAUCHHE defiizzy ¢ NCTOIB30BAHUEM ONTHMHU3UPOBAHHOTO Me-
TO/Ma OTHOIICHHS Tiomanei (3).
5.2.2. 3HaueHHWe OTpaHUYMBACTCS TUATA30HOM [Yinin, Yinax]-
5.2.3. Ecnu ommbka mexny defuzzy u Yigrger npeBbimaet T, oOHOBISETCS Learn;(x, y) ¢ HCIIONBb30BaHUEM
TpaJHeHTHOTO cirycka (4), orpanmyuBas ero B npenenax [0.001, 10].
5.2.4. Pesynbrar 3anucsiBaercsi B Resultimage(x, y).
6. Hopmammzauust u ouHapuzanust (ctpoku 48-56): Resultimage nopmanuzyercst B auanaszoH [0, 255] mo ¢opmyne
MUHHMaKC-HOpMaJH3alui. 3aTeM co3maércs OmMHapHas Macka BinaryMask, Tae nakcenn ¢ MHTEHCHBHOCTHIO BBIIIE
nopora (30) morygarot 3HaueHue 255, ocranpHbie — 0.
7.  ®opmupoBaHue pe3yabTara (cTpoku 57-58): buHapHast Macka MPUMEHSIETCS K HCXOTHOMY H300paKEHUIO ISl TTO-
JYyYCHUSI CETMEHTHPOBAHHOTO H300pakeHus Segmentedlmage, KOTOPOE BBIBOANUTCS KaK Pe3yIbTaT.
Huxe MMPEACTABJICH IICECBAOKO/ p3.3pa60TaHHOI7I mporpaMmal.
Algorithm ANFIS-OMAR Image Segmentation
Require: Image I, GroundTruth GT
Ensure: SegmentedImage
1. Load Image I from file "firel.jpg"
2. Load GroundTruth GT from file "firel_mask.jpg"

3. If I or GT is not loaded then
4. Output "Error loading image or mask"
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5. Exit

6. End If

7. Convert I from BGR to HSV: H, S, V = BGR_to_HSV(I)
8. Define HSV range:

9. lower_red = [0, 40, 70]

10. upper_red = [50, 255, 255]

11. Create Mask:

12. For each pixel (x, y) do

13. If lower_red[@] < H(x, y) £ upper_red[@] and
14. lower_red[1] £ S(X, y) £ upper_red[1l] and
15. lower_red[2] < V(X, y) < upper_red[2] then
16. Mask(x, y) = 255

17. Else

18. Mask(x, y) = ©

19. End If

20. End For

21. Apply Mask: FireRegion = I * (Mask / 255)

22. Convert to grayscale: GrayMask = ©.114 * FireRegion_B + 0.587 * FireRegion_G + 0.299 * FireRegion_R
23. Initialize ResultImage = zeros_like(GrayMask)

24. Set Parameters:

25. triangular_params = [(50, 130, 255), (130, 190, 255)]

26. learni = ones_like(GrayMask)

27. ytarget = 180

28. w = 0.004

29. t =0.01

30. ymin = 0

31. ymax = 255

32. threshold = 30

33. For each pixel (x, y) in GrayMask do

34. s = GrayMask(x, y)

35. h_1 = TriangularMembership(s, triangular_params[@][0], triangular_params[@][1], triangu-
lar_params[0][2])

36. h_2 = TriangularMembership(s, triangular_params[1][@0], triangular_params[1][1], triangu-
lar_params[1][2])

37. memberships = [h_1, h_2]

38. For i = 1 to 6 do

39. defuzzy = (sum(memberships[j] * (2 - memberships[j]) for j in range(2)) / (2 * learni(x, y))) *
(ymax - ymin) + ymin

40. defuzzy = max(ymin, min(defuzzy, ymax))

41. If |defuzzy - ytarget| > t then

42. learni(x, y) = learni(x, y) + w * (ytarget - defuzzy)

43. learni(x, y) = max(0.001, min(learni(x, y), 10))

44, End If

45. ResultImage(x, y) = defuzzy

46. End For

47. End For

48. Normalize ResultImage: ResultImage = (ResultImage - min(ResultImage)) / (max(ResultImage) -

min(ResultImage)) * 255
49. Binarize ResultImage:

50. For each pixel (x, y) do

51. If ResultImage(x, y) > threshold then
52. BinaryMask(x, y) = 255

53. Else

54. BinaryMask(x, y) = ©

55. End If

56. End For

57. Apply BinaryMask: SegmentedImage = I * (BinaryMask / 255)
58. Output SegmentedImage
End Algorithm

5 3KCHepMMeHTaanble nccnenoBaHusA

DKCIEPUMEHTHI TTPOBEACHBI I OleHKU Y dekTuBHOCTH Moaemun ANFIS-OMAR B 3anade BbI-
COKOCKOPOCTHOW CErMEHTAaIllMi N300pa’keHHi M0XXapoB B cpaBHEeHUU ¢ Metonamu HSV u U-Net. B
X0JI€ IKCIIEPUMEHTOB MCIOJIb30BAIHCH YeThIpe m300paxenus ¢popmara 1024x720 nukcenelt, npe-
CTaBISIONINE HOYHBIE MOXapbl C JIMOM Ha ¢oHe rop. Kaxnoe nzobpakeHHe COMPOBOXKIAIOCH
ATaJIOHHOW MAacKOMW, CO3JaHHOW BPYYHYIO NJisi 0003HaueHus obnacteit oras. Llenb skcnepuMeHToB
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— OIpeJesieHHe CIIOCOOHOCTH METOAO0B CErMEHTHPOBATh HAYMHAIOIIMECS OYaru BO3TOpAaHUs IpU
COXPAHEHUHU BBICOKOM CKOpOCTH 0OpaOOTKH, YTO Ba)KHO I 3a7ad MOHUTOPHUHIA I10XKAapoB B pe-
aJIbBHOM BPEMEHHU. Pe3ynbTaThl 5KCIIEPUMEHTOB NIPEACTABICHBI HA PUCYHKaX 3-6.

Original Image ANFIS-OMAR
)

il

HSV Threshold

U-Net

a) B) r)
Pucynox 3 — Pe3ynbTathl aKcriepuMeHTa 1: a) OpuruHaibHOe n300pakeHne, 0) CerMEHTHPOBAHHOE MOJIEIIBIO
ANFIS-OMAR, B) cermeHTHpOBaHHOE MeTooM HSV Threshold, T) cermeHTHpOBaHHOE MoAebio U-Net

Original Image HSV Threshold U-Net

a) B) r)
PucyHok 4 — Pe3ysbTaThl 9KCIIepUMeHTa 2: a) OpUTHHAIIBHOE H300pakeHue, 0) CErMEHTHPOBAHHOE MOJICIIBIO
ANFIS-OMAR, B) cerMmeHTHpOBaHHOE MeToioM HSV Threshold, T) cermeHTHpOBaHHOE MoJenbio U-Net

ANFIS-OMAR HSV Threshold

U-Net

Original Image

a)
Pucynox 5 — Pe3ynbTaThl 9KCIIepUMeHTa 3: a) OpUTHHAIBHOE H300paxeHne, 6) CerMEHTUPOBAHHOE MOJICIIBIO
ANFIS-OMAR, B) cermeHTUpOBaHHOE MeTooM HSV Threshold, T) cermeHTUpOBaHHOE MOAeNbio U-Net

Original Image ANFIS-OMAR HSV Threshold U-Net

a) 0) B) r)
Pucynox 6 — Pe3ynbpTathl 9KcriepuMenTa 4: a) OpUrnHaIbHOE H300paXxeHne, 0) CerMEHTHPOBAHHOE MOEIIHIO
ANFIS-OMAR, B) cermenTupoBanHOe MetoioM HSV Threshold, T) cermenTHpOBaHHOE MOJenbi0 U-Net

ANFIS-OMAR: Victionb30Banach aJanTUBHAs HEUPO-HEUETKAs CHCTEMa BBIBOJA C ONTHUMMU3H-
poBaHHbIM Jneda3z3uduxkaropoM meroma oTHouieHUs Momaneil. [lapamerpsl: auamason HSV
(lower_red = [0, 40, 70], upper red =[50, 255, 255]), TpeyroiabHble (GYHKIUN TPUHAAICKHOCTH
([(50, 130, 255), (130, 190, 255)]), ueneBast UHTEHCUBHOCTD Y;4rger = 180, mopor Gunapusaruu 30.

HSYV: TloporoBas cermeHTarusi B ToMm xe nuanasone HSV (lower red = [0, 40, 70], upper red
=[50, 255, 255]) 6e3 nomoaHUTEIHLHON 00PaOOTKH.
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U-Net: Ynpoménnas cBEPTOUYHAs CETh C MpeIBapUTeIbHBIM 00ydeHueM Ha 300 n300pakeHuIX
(30 smox), BXOHOE N300pakeHHE MACIITaOUPOBAIOCh 10 256x256, mopor ounapuzarmu 0.1.

OneHka Mpou3BOIWIIACH [0 METpUKaM: BpeMs BbinosiHeHUs (7Time, s), cpeaHEKBaApaTHUHAS
omunoOka (RMSE), koahdunuent nepecedenust u oobequnenus (loU), korddunuent Dice u cpea-
Hss a0COJIFOTHAs TIpolleHTHas omnoka (MAPE). Pe3ynbratel IpecTaBiIeHbl B Ta0auIEe 5. AHAIU3

PE3YJIBTATOB MOKA3aJl CIICIYOIIIEe.
Oxcnepumenm 1: ANFIS-OMAR mokazan
Tabmma 5 — Pe3ysibTaTsl 9KCICPHMEHTOB aydmiee KadecTBo cermeHrtauuun (loU=0.3783,

Time,s | RMSE | 1oU | Dice |MAPE l;icle]fgég?g) i yipamnemno ¢ HsV
Dicnepument 1 (loU=0. , Dice=0. ), XOTS ocrall-
ANFIS-OMAR | 01466 | 08877 | 03783 | 05489 | 728 | C© Brime (72.8% mpotus 70.5%). U-Net moka3zan
TSV 0'0020 0.8978 0.2813 0'4390 70'5 HU3KYyl0 TouHOCTh (loU=0.0004, Dice=0.0008)
- - - - - 13-3a TIepeo0yIeHUS Ha OTHOM U300paKCHUH.

U-Net 2.4721 2.21;1 0.0004 . 0.0008 | 142.6 Icnepumenm 2: ANFIS-OMAR coxpammn
KCTICPUMCHT npenmymtectso 1o JoU (0.2243) u Dice (0.3664)
ANFIS-OMAR | 0.1576 | 0.9699 | 0.2243 | 0.3664 | 69.8 wan HSV (0.1306 u 0.2311), Ho MAPE yxy:-
HSV 0.0020 | 1.0564 | 0.1306 | 0.2311 | 64.8 | 1yncq (69.8% mpotus 64.8%). U-Net mokaza

U-Net 2.3706 | 2.0598 | 0.0002 | 0.0004 | 158.6 | muskue pesynpTatsl (IoU=0.0002).
OKCTICPUMEHT 3 Oxcnepumenm 3. ANFIS-OMAR noctur
ANFIS-OMAR | 0.1596 | 0.7448 | 0.4041 | 0.5756 | 42.1 | papnyammx HoKasaTeei (loU=0.4041,
HSV 0.0030 | 0.7873 | 0.2947 | 0.4553 | 27.7 | Dice=0.5756, MAPE=42.1099%), 3HauuTeIHLHO
U-Net 23321 | 1.8794 | 0.0663 | 0.1243 | 67.1 | mpesocxoma HSV (loU=0.2947, Dice=0.4553,
OkcriepuMeHT 4 MAPE=27.7%). U-Net YILy4LLIHTICS

ANFIS-OMAR | 0.1359 | 0.7464 | 0.0781 | 0.1448 | 50.1 | (loU=0.0663).

HSV 0.0020 | 0.7381 | 0.0756 | 0.1406 | 54.8 Okcnepumenm 4: ANFIS-OMAR w HSV no-
U-Net 2.3563 | 1.6388 | 0.0086 | 0.0171 | 135.5 | Ka3anu cXoxue HU3Kue pe3ynbTatsl (loU=0.07—

0.08, Dice=0.14), BeposATHO H3-32 MAJIOTO pa3-
Mepa ogara. U-Net — HeapdektuseH (IoU=0.0086).

ANFIS-OMAR paznuuan oroHb ¥ (OoH (AbIM, TOpbl), MUHUMHU3UPYS JIO)KHOIIOJIOKUTEIIbHBIE
MUKCENH, B OTNInuue oT HSV, KOTOpsIi Yaie BKIOYal AbIM, U 0T U-Net, KOTOpBIN TiepeoOyyacs.
Bpewmst Beimonnenus ANFIS-OMAR (~0.14-0.16 c) 3nauutensHo Huxke U-Net (~2.3-2.5 c¢), HO
oonpmie HSV (~0.002-0.003 ¢). Oto noxareepxkaaet npurogHocte ANFIS-OMAR nns peanbHOTO
BPEMEHH.

3aknroyeHue

HccnenoBanue nokasano a¢ppexkruBHOcTs OM cermMeHTanuu n300pakeHui 1moxapoB Ha OCHO-
Be ANFIS-OMAR B ycnoBUsiX HOYHOTO OCBEIICHHsI ¢ AbIMOM Ha ¢oHe rop. B pazpaborannoit OM
CUCTEMATHU3UPOBAHBI KIIIOUEBbIE CYIIHOCTH, MPOLIECCHl U UX B3aMMOCBS3H, BKIIIOYas Mpeodpas3oBa-
HUE N300paKEeHUH B I[BETOBOE MPOCTPAHCTBO OTTEHKA, HACBHILIEHHOCTH U SIPKOCTH, UCIIOJIb30BAHUE
TPEYroJbHBIX (YHKINH MPUHAIIC)KHOCTH M aJallTUBHYIO HACTPOMKY MapaMeTpOB C ONTHMH3HPO-
BaHHBIM J1e(ha33uPUKaTOPOM METOJa OTHOIICHUS IUIomaneii. Mojenb CTpPyKTYpUpYyeT HpOLEcChl
00paboOTKK JaHHBIX JJISl BbIIEJICHHS OYaroB BO3ropaHus. DKCIIEPUMEHTHI Ha YETHIPEX U300paKeHU-
ax ¢opmara 1024x720 nonreepamiu, uro ANFIS-OMAR npeBocxoaut metoasl HSV u U-Net no
KkioueBbiM MeTpukaMm (loU u Dice), 0COOCHHO B CIOXKHBIX YCIOBHSIX C IEPEMEHHON MHTECHCHUBHO-
cThIO OTHA U AbiIMOoM. HSV 6bicTpee (~0.002 ¢), Ho ycrynaeT no Tounoctu (loU no 0.2947), a U-Net
(~2.3 ¢) nemoHcTpHpyeT HU3KYIO 3P hekTuBHOCTE (loU 10 0.0663) M3-3a OrpaHUICHHOTO O0yUCHHUS.

Manoe Bpemsi 06pabotku ANFIS-OMAR (0.14-0.16 c.) nenaet mMojenb TPUTOIHOMN JIsi MOHU-
TOPUHIa MOXapoB B peaibHOM BpeMeHH. OHTOJIOTMYECKUN MOAXO, Jexaluid B ocHoBe ANFIS-
OMAR, obecrieunBaeT 4€TKOE OMUCAHUE KIacCOB, MPOLIECCOB U aTpUOYTOB, YIIPOIIas aHAINU3 U MO-
IU(UKAINIO aropuTM™MA.

OHTONOTUS TPOEKTUPOBAHUS, N1, TOM 16, 2026 69



Onmonozuueckas Mooenb cecMeHmayuyl U300padiceHuil oAHCapos ¢ NOMOUbIO A0ANMUBHOU Helipo-HeYémKou cemu

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CnncoK UCTOYHUKOB

Kanand T., Kemper G., Konig R., Kemper H. Wildfire detection and disaster monitoring system using uas and
sensor fusion technologies. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., 2020, XLIII-B3-2020, 1671—
1675, DOI: 10.5194/isprs-archives-XLIII-B3-2020-1671-2020.

Illsapoe¢ H.H., Xacan A., @axmu III.C. MeToq aBTOMAaTU3UPOBAHHOTO OOHAPYXKEHUS U UCCIIEOBAHUS JIECHBIX
noxapoB. Hayka nacmosiyezo u 6ydywezo. 2018. T.1. C.119-123. EDN: VAREEB.

Abdusalomov A., Baratov N., Kutlimuratov A., Whangbo T. K. An improvement of the fire detection and classi-
fication method using YOLOV3 for surveillance systems. Sensors, 2021, 21(19). DOI: 10.3390/s21196519.

Anuee U.P., Ilasnos B.A. [IpumeneHne alropuTMOB KOMIBIOTEPHOTO 3PEHUSI JJIsl OOHAPYKEHHUS U JIOKAIU3aInN
mokapoB Ha aspodorocanMkax. CII6HTOPOC: mpyout excecoonou HTK. 2020. Nel(75). C.225-228.

Cmankeeuu T.C., [lanuep /l., Tpuxa M., Tomumuex A. OniepaTHBHOE MPOTHO3UPOBAHNE TEIJIOBOTO TOTOKA MPH
mmokape B BEPTUKAIBHOM CTAaJILHOM pe3epByape C 3alIUTHOH CTeHKoi ¢ ncnonp3oBanueM ANFIS. IHoswcaposspuoi-
sobesonacrnocmy. 2020. T.29, NeS. C.13-39. DOI: 10.22227/PVB.2020.29.05.13-39.

Doborjeh Z., Hemmington N., Doborjeh M., Kasabov N. Artificial intelligence: a systematic review of methods
and applications in hospitality and tourism. International Journal of Contemporary Hospitality Management,
2022, 34(3), 1154-1176. DOI: 10.1108/1IJCHM-06-2021-0767

Cmankeeuu T.C. TlpuMeHeHNE CBEPTOUYHBIX HEMPOHHBIX CETEH AJIS PELICHUS 3aJaud ONEepPaTHBHOIO NMPOrHO3UPO-
BaHUS JUHAMUKU PACIPOCTPAHCHHS JICCHBIX TOXAPOB. busnec-ungpopmamuxa. 2018. Ned(46). C.17-27. DOL:
10.17323/1998-0663.2018.4.17.27.

Yang S.Y., Jhong Y.D., Jhong B.C., Lin Y.Y. Enhancing Flooding Depth Forecasting Accuracy in an Urban Area
Using a Novel Trend Forecasting Method. Water Resources Management, 2024,38(4), P.1359-1380. DOI:
10.1007/s11269-023-03725-4.

Mseddi W.S., Ghali R., Jmal M., Attia R. Fire Detection and Segmentation using YOLOvS5 and U-NET.
In European Signal Processing Conference (Vol. 2021-August. P.741-745). European Signal Processing Confer-
ence, 2021, EUSIPCO. DOI: 10.23919/EUSIPC054536.2021.9616026.

Guan Z., Miao X., Mu Y., Sun Q., Ye Q., Gao D. Forest Fire Segmentation from Aerial Imagery Data Using an
Improved Instance Segmentation Model. Remote Sensing, 2022, 14(13). DOI: 10.3390/rs14133159.

Ghali R., Akhloufi M. A. Deep Learning Approaches for Wildland Fires Remote Sensing: Classification, Detec-
tion, and Segmentation. Remote Sensing, 2023. 15(3). DOI: 10.3390/rs15071821.

bouxoeé B.C., Kamaesa JI.IO., Macnennukoe /I.A. Tounass MHOTOKIacCOBasi CETMEHTAIMSI TIOXKAPOB: TOAXO/IBI,
HEHPOHHBIE CETH, CXEMbI CeTMEHTAINH. Mckyccmaennviti unmeniekm u npunamue peutenuti. 2024, Ne3. C.71-86.
DOI 10.14357/20718594240306.

Saponara S., Elhanashi A., Gagliardi A. Real-time video fire/smoke detection based on CNN in antifire surveil-
lance systems. Journal of Real-Time Image Processing. 2021, 18(3), 889-900. DOI:10.1007/s11554-020-01044-0.
Jonnalagadda A.V., Hashim H.A. SegNet: A segmented deep learning based Convolutional Neural Network ap-
proach for drones wildfire detection. Remote Sensing Applications: Society and Environment, 2024, 34. DOI:
10.1016/j.rsase.2024.101181.

®eoxmucmosa O.B., I'opoaues H.B. BrisiBneHne y4acTKOB YIy4IICHHBIX CBOMCTB IUIACTa, OCHOBAHHOE HA aHa-
JIM3€ PE3yJIbTATOB CErMEHTAllMM CeHCMHUYECKUX AAaHHBIX C TOMOINBI0 T€HETHUECKHX aIrOpUTMOB. [eodhusuxa.
2021. Ne4. C.40-50. EDN: CKHVFT.

Zarkasi A., Nurmaini S., Stiawan D., Firdaus, Abdurahman, Deri Amanda C. Implementation of fire image
processing for land fire detection using color filtering method. In Journal of Physics: Conference Series. Institute
of Physics Publishing. 2019. Vol. 1196., DOI: 10.1088/1742-6596/1196/1/012003.

Mon Arjay F. Malbog, Alvin Sarraga Alon, Cherry D. Casuat, Rufo I. Marasigan Jr., Joshua S. Gulmatico.
Hybrid-FirelD: Fire Identification using Hybrid Features Extraction for Combustible and Fluid Fire Segmenta-
tion. International Journal of Emerging Trends in Engineering Research, 2020, 8(2). P.471-475. DOIL:
10.30534/ijeter/2020/35822020.

Chen G., Chen C., Yuan Y.,.Xu L. Control strategy of injection rail pressure of diesel engine based on T-S model
and adaptive neural fuzzy inference system. UPB Scientific Bulletin, Series D: Mechanical Engineering,
2021, 83(1). P.67-82.

Alghamdi M.1. Neutrosophic set with Adaptive Neuro-Fuzzy Inference System for Liver Tumor Segmentation and
Classification Model. International Journal of Neutrosophic Science, 2022, 18(2). P.174-185. DOI:
10.54216/1JNS.180202.

Yandouzi M., Grari M., Berrahal M., Idrissi I., Moussaoui O., Azizi M., Elmiad A.K. Investigation of combining
deep learning object recognition with drones for forest fire detection and monitoring. International Journal of Ad-
vanced Computer Science and Applications, 2023, 14(3). P.377-384. DOI: 10.14569/IJACSA.2023.0140342.

70 2026, vol.16, n1, Ontology of Designing



M.B. bobwipv, b.A. Bondapenko

[21] Kopabowes O.3. Anani3 u nepcrieKTHBbI TPUMEHEHHS METOJIOB MAITMHHOTO OOYUYeHNS JUIs YPE3BBIUANHBIX CUTY-
atmit. Mumennexmyanonvie mexuonoeuu Ha mpancnopme. 2024, Nel(37). C.12-17. DOI 10.20295/2413-2527-
2024-137-12-17.

[22] Fahmy A. Opportunities and challenges of applying artificial intelligence in healthcare. Premier Journal of Artifi-
cial Intelligence. 2024. P.67-82. DOI 10.70389/pjai.100003.

[23] Manvixuna I.®., Kuparoea II.C., Munuuyvin A.B. TIpoexTHpoBaHHEe WHTEIUIEKTYaIbHON IPOTHBOIOKAPHOMH
cucteMsl. Oumonozcusa npoekmuposanus. 2024. T.14, Ne2(52). C.217-229. DOI: 10.18287/2223-9537-2024-14-2-
217-229.

[24] Llowuna K.B., Anewxo P.A., Bepe3osckuii B.B. Tematuueckoe AemupupoBaHUE a3pPOCHUMKOB JICCHBIX TEp-
pUTOpUIl HA OCHOBE KOHIIETITYaJIbHOTO MoAenupoBaHusi. Oumonozusi npoekmupoganus. 2023. T.13, No 3(49).
C.437-454. DOI: 10.18287/2223-9537-2023-13-3-437-454.

[25] Ilecam A. Heuétkoe moaenupoBanue u ynpasieHue. [lep. ¢ anrn. M.: BUHOM. JlaGopar. 3Hanuii, 2011. 798 c.

CBepeHusa o6 aBTopax

Boovipy Makcum Bnaoumuposuu, 1978 r. poxnenua. Oxonunn Kypckuii rocynapcTBeHHbIN TeXHU-
yeckuii yausepcureT B 2000 1., k.7.H. (2003 r.). I.T.H., npodeccop kadeapsl MporpaMMHON HHKCHE-
pun FO3I'Y. Ilpencenarens nepBoro B Poccun nuccepranmonHoro cosera KO3I'Y no cnenmansHOCTH
«KorantuBHOE MOAETHPOBAHNEY (TEXHUYECKHE HAykH). B crrcke Hay4dHBIX TpyaoB Oonee 450 padot
B 00JIACTH CHCTEM YIPABJICHHS CIIOKHBIMU O0bEKTAMHU HAa OCHOBE MHTEIUIEKTYaJIbHbBIX CUCTEM TEXHH-
geckoro 3perus. Author ID (PUHLI): 276211; Author ID (Scopus): 57191724301;
Researcher ID (WoS): G-2604-2013; ORCID:  0000-0002-5400-6817.
maxbobyr@gmail.com DA,

Bonoapenko bozoan Auopeesuu, 1997 r. poxneHus. AcupanT Kadeapsl IpOrpaMMHON HH)KEHe-
pum IO3I'Y mno cnenmansrocTr 05.13.06 ABTOMATH3aIUs W YNPaBICHHE TEXHOJIOTHYECKUMHU TIPO-
neccaMu M npousBojictBamu. OOJacTh HAYYHBIX MHTEPECOB: 00Ydarolue HeuETKO-TIOTHUECKHE CH-
cTeMBbl, pacnosHaBanue oopasos. Author ID (PUHILI): 1176529; Researcher ID (WoS): HGV-0751-
2022; ORCID: 0000-0001-5415-9015. sikersinko@gmail.com

Tocmynuna 6 peoaxyuro 27.03.2025, nocne peyensuposanus 15.10.2025. Ipunsma k nyoauxayuu 11.12.2025.

Scientific article DOI: 10.18287/2223-9537-2026-16-1-60-73

Ontological model for fire image segmentation
using an adaptive neuro-fuzzy network

© 2026, M.V. Bobyr <, B.A. Bondarenko

Southwest State University, Kursk, Russia

Abstract

Fire image segmentation is a critical task for early detection and emergency monitoring systems. Traditional methods,
such as thresholding and complex computational models, face limitations in terms of speed and accuracy under real-
time conditions. The objective of this study is to enable an image segmentation process operating in near real-time. This
paper presents an ontological model for fire image segmentation based on an adaptive neuro-fuzzy system with an op-
timized defuzzifier employing the area ratio method. The proposed model structures data processing workflows, includ-
ing image transformation into the hue-saturation-brightness color space, the use of triangular membership functions,
and adaptive parameter tuning for identifying fire regions. The ontology systematizes classes, processes, and their inter-
relationships, thereby ensuring modularity and flexibility of the solution. Experiments on images of nighttime fires with
smoke showed that the proposed model achieves high accuracy and speed, outperforming the compared segmentation
methods, and demonstrates potential for application in real-time monitoring systems.

Keywords: ontology, neuro-fuzzy algorithm, image segmentation, defuzzification, artificial intelligence.
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