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M. 10. Cokosnoe — MarucTpaHT Kadpeapbl KOMMNLIOTEPHON MaTEMaTUKK M NPOrpaMMUPOBaHNS
M. A. Hapbym (g-p TexH. Hayk, npod.) — Hay4HbIiA pykoBOAUTENb

OBHAPYXEHUE OrHA B BUOEOMNOCIEAOBATENBHOCTHU

Moxapbl — 0AHa M3 BeYHbIX NpobrieM YenoBeyecTBa C JOMCTOPUYECKMX BpeMeH. OroHb MOXeT npuBe-
CTU K YENOBEYECKUM XEPTBAM UMW MOSTHOCTbLIO SKOHOMUYECKN YHUYTOXMUTb NPEaNpUsiTUE — eCNn, HanpuMep, B
3aBO/ICKOM LiEXY CrOPUT KOHBEepHOe 060pyL0BaHNE CTOMMOCTbIO B HECKONBbKO MUMIMOHOB ONNapoB.

B HacTosime Bpemsi Haubonee pacnpocTpaHEHHbIMM cnocobamu anst 0BHapyXeHUst OrHS SBRsieTcs
nNpobbl YacTuL, 1 U3MEPeHIe BHELLHE TemnepaTypbl. OaHAKo OHM BCe TPebyHT pasMeLLieHne COOTBETCTBYO-
LMX AaTYMKOB 1 NPUBOPOB B HEMOCPEACTBEHHOM BIIM30CTM OT UCTOMHUKOB BO3ropaHusi. Kpome Toro, ykasaH-
Hble METOAbI HE SIBMSITCS B JOCTAaTOYHON CTEMEHN HAZeXHbIMKU (0CODEHHO 3TO OTHOCMTCS K 0ObekTam, pac-
MONOXEHHbIM Ha OTKPLITOM BO3Ayxe). CUCTeMbI OBHapyXeHUs AbiMa C MOMOLLBI BUAeoHabnoaeHUs npume-
HSIOTCS B LLIMPOYAiLLEM CMEKTPE PELLEHMIA, rae BPeMs pearMpoBaHus SBNSIETCS KPUTUYECKMM NapameTpoM
AN MUHUMK3aLMN yilepba OT OrHS.

[leTekT1pOBaH1e OrHS N0 BUAEON30OPaXKEHNIO UMEET Psifl NPEVUMYLLECTB, MO CPABHEHMIO C TPAANLIMOH-
HbIMM METOZAMMU.

— K HUM Cnegyet OTHECTU BO3MOXKHOCTb 06Hapy>+<eH|/|ﬂ OrHA Aaxe Ha OTKPbITbIX MPOCTPaHCTBaX, rae
00bI4HblE METObI XMMWUYECKOro aHanu3a 6ecrnonesHol,

— peakumsi Ha BO3HMKHOBEHWE OMACcHON CUTyaLK SIBNSIETCS NPaKTUYECKI MIHOBEHHON: 0BGHapYXeHe
OTHSl IPOMCXOAMUT B MOMEHT €10 BO3HUKHOBEHMSI,

- BI/ILI.GOI/I306pa)KeHVIe nossonsieT 6onee TOYHO onpenesiMtb MeCTo pacnosiokeHna o4ara BO3ropa-
HKUA,

— BO3MOXHOCTb NPOBEAEHME aHanM3a yxe UMeKLLMXCH M3006pakeHni C Lienbio 06HapYXeHUs OrHs
Ha HWX, TO €CTb OCYLLECTBMNEHME NOWUCKa COOTBETCTBYIOLLMX KagpoB B BUAEOApXMBaX.

AnroputMbl MaeHTUMKaLMM NOXaAPOONaCHbIX CUTYauuil Ha 06bekTax TPebyoT BbINONHEHUS cneuudun-
Yeckux npoueayp C kagpamu BULEONOCNefoBaTeNbHOCTU, ONPeaeNieHHOro nopsaka WX aHanusa ans Bblge-
NeHns HeoBXoanMMbIX (hparMeHTOB Ha Kagpax BUaeon3obpaxeHns 1 fanbHenwen naeHTuuKaLmm BO3HUKHO-
BEHUSI NNAMEHHOT0 ropeHns. VigeHTudukaums Hanuums B Kagpe BUAEONOCNEA0BATENbHOCTU NaMeH Bbl-
MOSHSETCS C MCMONb30BAHWEM LiBETOBbIX U AMHAMUYECKUX XapaKTePUCTUK M30BpaxeHus.

Vicxods M3 BblLECKa3aHHOrO, MOXHO 3aKMouUTb, YTO HaEXHOCTb (DYHKLUMOHMPOBAHUS aBTOMaTu4e-
CKOW CUCTEMBI MOEHTUMKALMM NPU3HAKOB NoXapa Ha 0bbekTe ByaeT 3aBNUCETb OT ABYX OCHOBHbIX (PaKTOPOB:
BblGpaHHoro anroputma o6paboTku nocTynarwen BuaeouHMopMaLmn, a Takke Kayectsa nosly4aemoro Bu-
Aeon3obpaxeHuns (paspeLueHre n3obpaxeHus, YactoTa CMeHbl KagpoB, YyBCTBUTENBHOCTb U T.4.).

OCHOBHbIM OTNWYMEM OTHS! Ha CLEHe 0BbIYHO SIBMSETCH MepLaHue - NOCTOSHHOE U3MEHEHWE rpaHL
S3bIKOB NMaMeHN 1 AMHaMUKa W3MEeHeHWs LBeTa nnameHun. MepuaHue orHs BbISBNSIETCSA NyTeM aHanuaa Bu-
[€0 C NOMOLLbI0 BenBneToB. C UX MOMOLLI0 MOXHO NOCTPOUTb MHOMOCTYNEHYATbI anropuTM, BKIOYaLLWI B
cebs cnepyrome aTanbi:

— onpenenexHne OsMXyLnXca nukcenei unu obnacreit B JaHHOM Kaape BuaeonocnenoBaTenbHOCTH,

— MpoBepKa COOTBETCTBUA LiBETA BbIAESEHHbIX ABWKYLLMXCA NUKCENei 3apaHee onpeaeneHHon Lge-
TOBOW raMme OrHs,

— [JUCKpeTHoe BemBneT-npeobpasosanne (OBI1) npumeHseTcs ans npoBefeHus YacTOTHO-
BPEMEHHOMO aHanu3a MCXOLHOMO CurHamna (SpkocTb MUKCENs Ha 3afaHHbIX KOoOpAWHaTax i-ro kagpa, npeg-
CTaBMEHHasi MaCCMBOM LiEMbIX Yucen).

— [BYXMepHOe AuckpeTHoe BeiBneT-npeobpasosanue ([BI1), koTopoe nossonser obHapyxuBaTh
BbICOKYH) YacTOTY NOBEAEHNE HE TOMbKO Ha rpaHuLE, HO U BHYTPU OrHeBOI 0bnacTw.

[BwkyLumincs nukcenu 1 obnactv B BUAEONOTOKE ONpeaenstTes npyu NOMOLWM MeToaa BbluuTaHns o-
Ha. [lycTb ¥, (x.¥) — 3HaYeHue ApKOCTU nukcens I(x,y) B MOMEHT BpeMeHu t. Toraa )oH B MOMEHT BpPEMEHM
t+1 BbluMCnsieTCS Kak



B.(x,y),
ECTH MHECETH Lx, Y)oTHOCHTCS K oy
kB; (r.y) + (1 — KL Cx, y), ’

ECIH MUECETs [, V) 0THOCHTCS K MepegHeMy LIAHY
roe Bi(x,y) — 3HauyeHre (hoHa B TOYKE (X,y)B NpenbiayLmnii MOMEHT BpemeHu. [apameTp k npencrasnser co-
Oow gencTeuTeNnbHOE Yneno, bnmskoe K 1.

[insi onpepeneHns OBUKYLLMXCA NUKCENEN U3 TEKYLLEro kaapa BbluUTaeTcs (POH:

|B,_, (x.¥) — I.(x.y) = hl,

Bt+1.':-’-'sJ’:] =

rae h — noporoBoe 3HayeHue.

B pesynbTate hopmupyetcs BrHapHas macka Blobs, ¢ NOMOLLbI0 KOTOPOI ONpeaenseTcs, SABNseTcs
nuKcens (X, y) apuxywmmes.[1]

Ha BTOpOM 3Tane NpoucXoauT NpoBepka LiBeTa ABWKYLLMXCS NuKcenen. LiBeT npoeepsieTcs ¢ 3apaHee
3aflaHHbIM LIBETOBBIM pacnpefeneHneM, Kotopoe npeacTaBnseT coboil BOIMOXHYI0 raMMy OrHS B MPOCTpaH-
ctBe RGB. Takoe pacnpegeneHue nonyvaetcs npu nomoLm obpaboTku n3obpaxeHuit, cogepxaiimx obnactu
OrHsi. BoamoxHas usetoBasi raMmma obpasyeT Habop ToYek B TPEXMEPHOM MPOCTPaHCTBe. Takoi Habop Touek
MOXHO OMucaTh CMECHI rayCCOBCKUX pacnpenenieHnii B npoctpaHcTee RGB.

Ecnu nukcenb oTHocMTCS K 06nactv nnameHu, To LBeT JaHHOr0 MUKCens nonagaeT BHYTPb Cdepbl.
Beenem BuHapHyto macky, onpefensioLLyio, UMeeT N paccMaTpUBaEMbIN MUKCENb LIBET OrHA Unu Hert. Ee
nepeceyeHne ¢ Mackoil Blobs faet HOBYO Macky, HasbiBaemyto Fire. [1]

TpeTui atan BKNOYAET BPEMEHHON aHann3 U3MEHeHNe 3Ha4yeHne ApKOCTM nukcens. Kaxablin nukcenb
I(x, y) GBuHapHoM Macku nogaeTcs Ha BXOA OBYXCTyneH4aTon cuctembl ounbtpauum (puc. 1). Curnan I(x, y) -
9TO OJHOMEPHbIN CUrHan, NPEACTaBNSOWMA COOON BPEMEHHBIE M3MEHEHMS 3HAYeHW apkocTu nukeens (Y
mogenu YUV). [IByxcTyneHuyatas cuctema unbTpauu COCTOUT U3 BbICOKOYACTOTHOTO M HM3KOYACTOTHOrO
(UIbTPOB, Kaxablil U3 KOTOPbIX OXBATbIBAET MOMOBKHY BCEro YacTOTHOTO Auarna3oHa U UMEET criedytoLime
koacpuumenTsl {-0.25; 0.5; -0.25} {0.25; 0.5; 0.25}, T.e. curHanbl Ha BbixoAe UNbTPOB ONPEAEnsoTCa Kak
—0.251._, (v} + 0.51, (x,v) — 0.250,,, w 0.251,_,(x.y) + 0.51,(x. ¥)0.25];,, COOTBETCTBEHHO. B pesynbrate
unbTpaLWM 1 NPOPEXMBAHNS NONYYAKOTCA BEMBNET —CUTHANMbI d.(x.¥) N e (x. ¥).
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Puc. 1 [IByxcTynenyatas cuctema unbtpaLum

€ (x, y)

1(x.y)

Ecnu B Touke (X, y) HabnogaeTcs BbICOKOYACTOTHbIE OCUMIAALMM, TO CUrHanbl d; U e, ByayT UMeTb
HeHyneBble 3Ha4eHus. [INs CTaunMoHapHbIX MUKCENEN UX 3HaveHns ByayT HEeHyNeBbIMU UMK O4eHb BRN3KUMM K
Hyno. Ecnn nukcenb B HEKOTOPbIN MOMEHT BPEMEHU SIBMSETCS YaCTbIO rpaHuLbl NaMeHW, TO B HEKOTOPbIN
NPOMEXYTOK BpeMeHu OyayT nosBAATbCA MUKW BCREACTBME nepexopa LBeTa ¢oHa K LBETY NnameHn
Hao60poT. Ecnn xe 06beKT, OKpaLLeHHbIN B LIBET OFHS, ABWXETCS Yepe3 TOUKY (x.¥), TO B OGHOM M3 npodu-
newn curHanoB MosIBATCS TOMbKO OAWH MUK U3-3a Nepexoda OT POHOBOIO LiBeTa K LBeTY 0bbekTa. Takum obpa-
30M, KONM4eCTBO NEPEXOAOB YEPES HYMb CUTHAMOB d; N &, MOXET OblTb MCNOMNbL30BAHO ANS OTAMYMS MUKCE-
nen orHa OT nuKkcenei 06bEKTOB, MMELLMX LBET OrHsl. [2] [ns 3Toro Heo6xoaMMo BHECTM NOPOrOBOE 3HaYe-
Hue.



250

N LN N

100 -
)

50

100

e ol

-50 |
-100

50 A
Wl
|

Puc. 2. \3ameHeHme BO BpeMeHM 3Ha4eHus sipkocTn Y nukcens I(x, y) v BeneT-curHanbi d v e

UeTBEPTLIN 3Tan BKOYAET NPOCTPAHCTBEHHDI aHanW3 obnacTein, cogepxalmux nukcenn macku Fire. B
00bl4HOM 06BEKTE, UMEIOLLEM LBET OTHS M, M3MEHEHWS 3HAYEHUS APKOCTU B ABWXYLLMXCS obnactax byget
He3HaunTenbHbIM. B ABMXKyLLMXCS 06nacTsx, COOTBETCTBYIOLMX NNAMEHN Ha U30BpaxeHuu, Takne M3MeHe-
HWs ByayT BeCbMa CyLeCTBEeHHbIE. [pon3BOAMTCS ABYMEPHOE ANCKPETHOE BenBneT npeobpasosanue. B[
COCTOWT W3 MOOYEPERHOr0 OAHOMEPHOrO BeMBMeT npeobpas3oBaHus CTPOK U CTONOLOB MaTpuLbl 3HAYEHMIA
SpKOCTU M306paxeHns. CHavana BbIMOMHSAETCA OOHOMEPHOE BeNBMET-NpeobpasoBaHme Kaxaon CTPOKM B OT-
[enbHOCTU, Npeobpa3oBaHHas CTPOKa 3anuChIBAETC Ha NpexHee MecTo. [lanee BerBneT npeobpasoBaHie
NpUMeHsieTCs Ko Bcem cTonbuam. [3]

Puc. 4 MpocTpaHCTBEHHbIN aHanW3 0bnacTy nnamexm

B pesynbTaTe u3obpaxeHne pa3buBaeTcs Ha YeTbipe paBHbIX YacTh. B pesynbTaTe BbluMCNSETCS Na-
pameTp vy :



1
T MN

" D W G )P + W G ) + WG )12,

X.¥

roe Wi (x, y) — K09 uULMeHTbl NPOCTPaHCTBEHHOIO BelBNeT-Npeobpa3oBaHus, nomnyyarLmecs nocne npu-
MEHEeHWs CHayana HU3KOYaCTOTHbIX, @ MOTOM BbICOKOYACTOTHbIX (OUILTPOB, W™ (x, v} — KOIPULMEHTbI Npo-
CTPaHCTBEHHOrO BeBneT-npeobpasoBaHus, NoyYatLLMecs nocne NPUMEHEHNS BbICOKOYACTOTHBIX CHavana,
a NOTOM HM3KOYACTOTHBIX PUALTPOB, W (x, 3} — NOCNe ABYXPa3oBOro NPUMEHEHMUS BbICOKO YaCTHOMO (b
Tpa, MN — yncno nukcenen naobpaxeHus, COOTBETCTBYIOWMM 06nacTam Lgeta orHs. Ecnv HaiaeHHbIn na-
paMeTp NpeBblliaeT Hanepes 3adaHHoe NMOporoBoe 3HayeHWe, TO CyLlecTByeT Bonbluas BEpOSTHOCTb TOrO,
YTO 9Ta ABMXKYLLASICA 1 UMEIOLLMECS LIBET OrHA 061acTb B AEMCTBUTENBHOCTBI0 06MaCTb OrHS.

lMocne oCyLLEeCTBNEHNS BCEX 3TaNoB HEOOXOANMO MPUHATL PELLEHWNE O NPUHALNEXHOCTU BblAENEHHON

obnactu orHs. [ins 3T0ro paccunTbiBaeTCs BENUYMHa H.

H = Zi,wiv,

roe w; — 3afaHHble BECOBbIE KOIPAUUMEHTLI, v; — pe3ynbTaTbl YETbIPEX 3TAN0B anroputma. Ecnm 3HayeHne
H npeBbIIAeT 3Ha4eHWs nopora, TO CYUTAETCS, YTO AaHHbINA NMUKCENb SBNSETCA nuUKcenem orHs. Mapametp v,
=1, eCrnu nuKcenb SBNSETCH ABMXKYLIMMCS, W v, = 0 — ecnn OH CTauuoHapeH. lMNapameTp v, = 1. ecnu nuk-
cenb MMeeT UBeT orHa 1 0 — B NpoTUBHOM criyyae. lNapameTp v, = 1. ecnm yncno nepexogom vepes 0 curHa-
NOB d.(x.¥) N e.(x.¥) B TEYEHWNE HECKONbKNX CUrHANOB NPeBbILLAET NOPOroBoe 3HayeHne 1 0 — B NPOTUBHOM
cnyvae. [2]

[aHHbin noaxon Ans obHapyxeHUs nnaMeHn B BUAEONOCIEA0BATENbHOCTU HA OCHOBE BPEMEHHOTO U
NPOCTPAHCTBEHHOTO aHanu3a npegnoraraemon obnact gaet bonee ToyHble pesynbTatbl. OH MCKYaeT
BO3MOXHOCTb JTOXHbIX cpabaTblBaHWA Ha COMTHEYHbBIA CBET W CBET OT NlaMnbl HakanuBaHus, a Tak xe Apyrue
0bnacTut, UMeIoLMI MOXOXNIA LIBET Ha LBET NaMeHMu.
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