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BBIJIEJIEHUE MAJIOPASMEPHbBIX U3065PAKEHU
OBBEKTOB HEPEI'YJIAPHOI'O BUJA

3 MeTOI0 MiABUIIEHHS CTiMKOCTi, aJeKBATHOCTI i TOYHOCTi BHJUICHHS MAaJOPO3MIPHHX 300pa’keHb
00’€KTiB HEpETryIPHOTO BUINISTY B aBTOMATHYHOMY PEXHMi B pOOOTI 3ampONOHOBAHO MiAXif, SIKHH
3aCHOBAaHO Ha aHaNi3i KOHTPACTHOCTI PO3IIANAEMHUX 300pa’keHb BITHOCHO ()OHY 3 BHUKOPHCTAHHSIM
CIIENiaJIbHOTO BHJY PEriOHAIbHHX MAaCOK, aJalTOBAHHX JO IapaMeTpiB (GopMH aHai3yeMuX 00’€KTiB
HEPETyJISIPHOTO BUIIISAY.

With the aim to increase stability, adequacy and accuracy of segmentation of small-sized images of
irregular objects in automatic mode, an approach is suggested that is based on the image vs. background
contrast analysis that uses the proposed regional masks being adjusted to the form parameters of the
considered irregular objects.

IHocranoBka npodJsembl. B CBs3M C CyIIECTBEHHBIM POCTOM BO3MO>KHOCTEH
COBPEMCHHBIX TEXHHUECKUX CPEJICTB MONMydeHHs NH(PPOBEIX (hoTorpaduii 00bEeKTOB
pa3nnyHON  (QU3MYECKOW TPHUPOABI, BCe OONbIIEEe YHCIO TAaKUX CHHMKOB
WCTIONB3YETCS sl KOMIIBIOTEPHOTO aHall3a CBONCTB OOBEKTOB, HAMpHUMEp, IS
MOHUTOPHUHIa YPE3BbIYAHHBIX CUTYallUi, TIOMCKA MECTOPOKJIECHUU HCKOMAeMbIX U
MHBIX O0OBEKTOB HAa MOBEPXHOCTH 3eMild 1o adpodorocHuMmkam [1 — 5]. Baxusiii
KJIacC 3a/1a4 3TOrO TUIA CBSI3aH C BBISIBICHHEM OCOOCHHOCTEH CTPYKTYpPhI OOBEKTOB
o uX u300paxkeHusM. [Ipr 3TOM BO3HHKACT HEOOXOIUMOCTh aHaIn3a (GParMEeHTOB
HCXOIHOTO (BXOJHOTO) H300paKeHUs, JIMHEHHBIC Pa3Mephl KOTOPBIX HE BBIXOIST 3a
TPaHULbI 33IaHHOTO UHTEpBaja 3HaUeHUH

[diam., Diam.], 1

U Ha JBa-TPH IOPAAKA MEHBIIE Pa3MepOB BXOTHOTO H300paxeHus. s Takux
MayiopasMepHbix u3obpaxenuin (MUW) ux rpaHHIB, OCOOCHHO M1 OOBEKTOB
€CTECTBEHHOTO IPOUCXOXKICHUS, KaKk IpaBMJIo, HE HMEIOT TPHEMIIEMOTro
AQHAJTUTUYECKOTO TPEJCTaBICHUS (KPUBBIMH IIEPBOTO M BTOPOTO TMOPSAAKA) C
3alaHHO# TouyHOCTHIO. [ToaToMy B 00meM ciryaae MU mMeroT HeperysipHbIA BU.
Jdnst 5THX 3amad B paMKax JaHHOW pabOTbl CYMTAETCS, YTO B KayecTBE
HCXOJHBIX JAHHBIX 3aJaH0 IIOJYTOHOBOE BXOJHOE H300pakeHHE HEKOTOPOH
COBOKYIIHOCTM OOBEKTOB B Tmoyie 3peHus. [lox cermMeHraumeidl mOHMMaeTcs
OTAeJNeHNe H300pakeHHH OOBEKTOB OT (pOHA MO KOHTPACTHOCTH C LENBI0 HX
MOCIEAYIONeH NICHTU(QHUKALIMH U aHaJIM3a CBOWCTB MHTEPECYIONINX 0OBEKTOB.

AHanu3 gureparypbl. VI3MeHeHHEe YCIOBUN TMOJYYEHUSI UCXOJIHBIX JTaHHBIX,
HalrpuMmep, MO0 YPOBHIO OCBEILIEHHS, MOXKET MPUBOJAUTH K 3HAYMMBIM BapHalUsM
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SIPKOCTH HM300paskeHnii 00BeKTOB M (oHA. B 3THX YyCIOBHSIX MOPOTOBBIE METOIBI
CeTMEHTALMM 10  APKOCTH  HEYCTOHYMBBI, a WCIIOJb30BAaHHE  METOAOB
amnnpoKCUMAallMK  PAcIpefeNeHus SPKOCTH H300pakeHWs He obecnednBaeT
TpeOyeMyIo OIepaTHBHOCTH [6], UTO HE MO3BOJISIET HA UX OCHOBE aBTOMAaTH3UPOBATh
cerMeHTauui0 W uaeHtnukanumio MU. TlosTomy OCHOBHOE pacmpocTpaHeHHe
MOJIY4YHJI IOAXO0/d, OCHOBAHHBIN HaA CEerMeHTaluu 1/1306pa>1<eH1/1171 IO KOHTPACTHOCTHU C
UCIIOJIb30BaHHEM MacoK. B cpaBHEHHMH C MOPOTOBBIMH METO/AMH CETMEHTALUH I10
SPKOCTH O3TOT TIO/AXOJ OO0JIaJaeT CYIIECTBEHHO OOJbLICH YCTONYMBOCTBIO K
BapHaIusIM SpKoCcTH u3obpaxenuii [6 — §8]. B pa3sutue 3toro moaxozaa pazpaboraHo
00JBIIOE KOJMYECTBO MACOK M JETEKTOPOB TPAHUYHBIX ITHKCeTIeH n3o0paxeHud [9
— 14], a Takke METONOB MOCTPOEHHS TPAHHUIl IO BBIICICHHBIM T'PAaHUIHBIM
MHUKCENSAM, BKJIOYAsh METOJbl YCTPAHEHHUS Pa3pbIBOB, YTOHBIUICHHS M CIIIaXKHBAHUS
rpanut [6 — 8, 15 — 18]. Ilpu aTom Ay obecrieueHns] yCTOWIMBOCTH CErMEHTAINN B
YCIOBUSIX 3alTyMJICHUS pa3paboTaH MHMPOKHH CIIEKTP CTJIAXKUBAIONIINX (PHUIBTPOB.

Bmecte ¢ npucymymMu UM JOCTOMHCTBAMH, CYHICCTBYIOIIUE MaCKu U
TpaHUYHBIC JICTEKTOPBI PEUMYLIECTBEHHO HE OPUEHTHPOBAHHKI Ha paboty ¢ MMU.
CTpykTypa U mapaMeTpu3aius CylecTBYIOIUX MAaCOK U TPAaHUYHBIX JETEKTOPOB HE
BCer/ia Mo3BOJIAeT o0ecreunBarh TpeOyeMyro MOJHOTY UX HACTPOMKHU U aJanTaiuu
K YCJIOBHUSM IOJy4eHHs MCXOJIHBIX JNaHHBIX M Hapamerpam u3zobpaxenui [19]. B
pPE3YIbTAaTC BO MHOTHUX BaXXHBIX MNPUIOKCHUAX BO3HHUKACT aKTyaJlbHasd Hp06neMa
ajiekBaTHOW cermMeHTammun MU ¢ TpeOyemMbIM YpOBHEM aBTOMAaTH3allMHd U
BEIYUCITUTENHHOH 3 pekTnBHOCTH.

Heabo naHHO# pabdoOTHI sBISETCS pa3paboOTKa MOAX0/AAa K aBTOMATH3ALUH
cermenTanu MU 00BEKTOB HEPEryJSIPHOIO BHJA IO KOHTPACTHOCTH HA OCHOBE
UCIIONIb30BaHMsl MACOK, aJalTHPYEMbIX K mapamerpam (opMbl aHATH3HPYEMbIX
0OBEKTOB.

1. ITocTpoenue Mofes I M KpuTepusi cermenTanuu MU

CunrtaeMm, 49TO BXOJHOE H300pakCHHE OT(PHUIBTPOBAHO M COJCPKHUT OIHO
onHocBsi3HOe MU HekoToporo kiacca 00bekToB. IIpu 3TOM KOOpAMHATHI MUKCETeH
1/1306pa>1<eH1/1;1 MOT'YT IIPUHUMATh HEOTPHUUATCIBHBIC LCJIOUYUCIICHHBIC 3HAYCHUSA, € —
OKPECTHOCTh MHUKcenss O Ha IUCKPETHOM IIOJE€ — MHOXKECTBO MHKCENCH
{d;}: p(d,d;)<e, rne €>0 — neiicTBUTeNBHOE YHCIO. 31e€Ch P — EBKIHIOBO
paccTosiHue, a paJuyChl paCCMaTPUBAEMBIX OKPECTHOCTEH MPHUHAIE)KAT MHOKECTBY
tunosbix paccrosunit {p }o 4,  ={L V2,2,4/5,4/8,3, ..} MEXIy IHKCEeISIMH
JUCKPETHOT'O ITOJIA CHUMKA.

OpnoMmepHbIft cinydail. Ilpm aHammM3e 1O BBIIEICHHOMY HampaBICHUIO
KOHTPAcTHOCTh muKcenst d; ¢ siprocthio f; ¢ mcmonp3oBaHMeM OJHOMEPHOH MacKu

paguyca pC OTHOCHUTCIIBHO ITHUKCEIIA dJ C SAPKOCTBIO fJ OLICHUBACTCS TaK
Ui =|fi = 15| @)
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Hcnonp30BaHNE OZJTHOMEPHBIX MACOK CIY>KUT [UISl ONEPATUBHOTO O0HAPYKEHHS
MU na HavaneHOU (pa3e cerMeHTAINH C LENbBI0 JIOKATN3aIiK 00acT moucka MIU.
IIpu sToM yBenWyeHHE paaMyca MacKH MO3BOJSAET OLEHHMBATh KOHTPACTHOCTH
nukcenei MU otHocurensHO (oHA, a HE TEHH, SPKOCTh IHUKCEJIeH KOTOpOU
3HAYUMO BapbUpyeTcsi; 3Has, 4To sipkocTb MU Oonblie (Minn MeHbLIE) SPKOCTH
(oHa, KOHTpacTHbIE NHKCENU (POHA MOXHO OT(QUIBTPOBATH IO 3HAKY BBIPAKEHMS
(fi—f;) B (2). Tlon Tenvio msoOpaxenns [19] 3pech MOHMMAETCS MHOXKECTBO

NHKCeNeld BXOIHOTO HM300paXeHHs, SPKOCTh KOTOPBIX MOCHEe OUU(PPOBKH
oOpa3oBaHa m3mydeHneM o0bekTa u (hoHa (puc. 1).

Puc. 1. CneBa HanpaBo: onTHYeCcKOe H300pakeHne 00beKTa, TudpoBoe
n3o0paxxeHue 00bEKTa U €ro TCHb

JBymepHsbiii ciydaid. [lycth 3amaHo ofHOCBSI3HOE MHOXeCTBO G — peruoH.
Ero orubaromas Ié n — 9TO MHOXECTBO MUKCEJICH, PACTIOIOKEHHBIX Ha PACCTOSHUN

He Oke pe W He panee p, OT rpaHuusl pernoa G . COBOKYIHOCTb peruoHa u

ero orubaroweii Ha30BeM peroHaNbHON Mackoi rmask; , (puc. 2).

Puc. 2. PernonanbHas macka rmask3 5, TJIe YePHBIM OTMCUCHBI TUKCEIIN PETHOHA G,

a cepbIM — MTUKCEIH Ornbaromeit |3 5

ITycte fg m f, — cpennme spkocTH pernoHa m ero orumbaromei. Torna

127



KOHTPACTHOCTh pernoHa G OIeHUM Tak
uez‘fG—f,‘. ©)

OTH MoJenu Janee UCIONB3YIOTCS IS ommcaHus cBoicTB MU ¢ menmbio ero
CEeTMEHTAllMH IO KOHTPACTHOCTH IIOCPEICTBOM amanTanué (OpMBI permoHa Ha
dbopmy MU. TIpu 3TOM BO3MOKHOCTh W3MEHCHHS PAHYCOB pg U p, MO3BOISCT

JIOOMBATHCS CUTYyaIluu, Korna mpu coBmenieHnn MU u pernona G ero orubarorias
COCTOMT U3 nHKcenell (oHa, a TEHb CONCPKUTCA MEXKAY PETHOHOM M  €ro
orubaromiei, yto Tpedyercs i otaenumoctd MU ot ¢ona.

Takum 00pa3oM, OCHOBHBIC O3JIeMEHTHI Monenu MU, B JONOJHEHHE K
orpanndeHusiM (1), KoTopsle cityKar Juisi ObICTPON MAECHTH(UKALUK OOBEKTOB IO
AMAaMETpy, MNPEACTABICHBL PAIMyCaMu MAcoK g, Pg, P, HIKHEH OLCHKOI
KOHTPACTHOCTH (moporom) T; i ObicTporo o6HapyxeHus MU ¢ ucnosnb3oBaHreM
OJTHOMEpPHOM Macku 1o (2), a TakKe HWXKHEH OIEHKOH KOHTPAacTHOCTU (IIOPOTOM)
T, nns Beigenenuss MU ¢ ucnosib3oBaHueM pernoHanpHoi mMacku mo (3). Kpome

3TOTO, I CHIDKEHMS CTEIIEHH MAaCKHPOBAHUS JIOKHBIX IHKCENIEeH B mporecce
CETMEHTALMH MOJKET MPOBEPATHCS BHIMOJHEHUE OTPAaHMYCHUS Ha HEOJAHOPOAHOCTD
ApPKOCTEH THKceneil momygaemoro pernona. Kpurepnit Kry cermeHtanmm nmukcems

MU: nukcens BXOJHOro u300paxkeHus O; cumraercs mHKcelieM Hckomoro M,
©CIIM JUIsl HETO BBIIONHAIOTCS COOTHOWICHHE Uy, 2T, , IIPH yCIOBUH, 4TO fi > f;
(mpepmnonaraem, 4to SApKOCTH ()OHA HIDKE SPKOCTH oObekra). Kpurepuit Kr,
cermeHtanmu MU: permon G cumraercs uckombiM MU, ecmu ero amamerp

yaoBieTBopseT (1), a KOHTPACTHOCTh YAOBJIETBOPSAET COOTHOWIEHUIO Ug =T, , mpu

ycnosuy, uto o > .

2. Cermenranusa MU

Ha ocHOBe BBeICHHOW CHCTEMbI KPUTCPUEB MPEIIaracTCss METOJ aJalnTHBHOM
cerMenTanuu MU, OCHOBHBIE IIard KOTOPOTO COCTOSIT B CIEAYIOIIEM.

[lar 1. Ilo xpurepmo Kp HOCTPOYHBEIM CKaHHPOBAHHEM BXOIHOTO

N300paKeHNU WIeM KOHTPACTHBINA MHKCENb; IpH OOHAPYKEHWH TaKOBOTO —
Mepexo K mary 2, vHave (110 OKOHYaHHH IIPOCMOTpa) — Iepexo K mary 4.
Mar 2. Iycte f — sipkocTh MoONydeHHOTO THKcensi. B kadecTBe 06a3oBoro

pernona Gy (i=0) npunumaem oGbe/IMHEHHE STOTO MUKCENS C TEMU 8-CBSA3HBIMHU

C HUM NHUKCCIIAMHU, APKOCTb KOTOPLIX HC HUIKE f. Z[aﬂee BBITIOJIHACTCA agallTUBHAsA

WTEepalMOHHAas polielypa HapallluBaHUsl peruoHa.
[ar GO. ITpuaumaem 3HaueHre f B KauecTBE HAYAIBHOI'O MOPOTA IO SIPKOCTU

By nust permona Gy .
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[Iar G1. IMomaraem i=i+1.
llar G2. Cumxaem nopor B(;_;) u Hapamusaem MHOKeCTBO G(j_j) 32 cuer

8-CBS3HBIX IMKCEIICH € IPKOCTBIO He MeHbLICH By .
Ilar G3. Ecin nuametp Gjy npesbunaer Diam., nepexon k wary G4; unade —

k mary G1.
llar G4. Vnansem u3 cuctembl {G(j)} PErHOHBI, TMaMETP KOTOPBIX MEHbIIE

diam. .
IIpumep paBHOMEPHOIO NOCTPOECHMS MOPOra UMEET BUJ, B(i) = B(H) — k, rme

kK — memoe MOJOXHUTENPHOE YHCIO, ONpPEACISIOIEee CKOPOCTh HapamlnBaHUs
PEruoHa; ¢ HEeNbIOo MOBBIMIEHUS d(P(OEKTHUBHOCTH CETMEHTAIINK [PABHIIO IOCTPOSHUSI
nopora ciexyeT (OPMHPOBAaTH C yY4ETOM OCOOCHHOCTEH paccMaTpUBACMBbIX
N300paKCHUN.

Wlar 3. Jna pernonos {G(;)} cTpoum pernonanbHyio Macky (II0-CywecTBy —

OTHOAONIYI0) U OIIEHMBAEM MX KOHTPACTHOCTH coryacHo (3). Ilpumensst kpurepuii
Kr, x peruonam {G}, onpenensiem, kakoii u3 HuX omnpesenser uckomoe M.

Ecian HeckoJbKO PErvHoHOB yIOBIETBOpsieT kpureputo Kr,, BolOMpaeM U3 HHUX

PETHOH C MaKCHMAIlbHOW KOHTPACTHOCTBIO.
[Iar 4. Konew.

3. Apromarmsauusi cermeHtauum MM B ycinoBusax Bapuanmii MXx
SIPKOCTHBIX U KOHTPACTHOCTHBIX CBOICTB

OCHOBHOW TIPUYMHOIN 3HAYMTENHHOTO pa3zdpoca SIPKOCTHO-KOHTPACTHOCTHBIX
CBOWCTB WM300pakeHUI SBISETCS W3MCHEHHE YCJIOBHHM OCBEUICHHS M BapHaIllUN
(hoTOMETpHUECKIX MapaMeTpoB OOBEKTOB. B 3THX YCIOBHSX SAPKOCTHBIE H, B
3HAYUTEIbHO MEHBINIEH CTENeHH, KOHTPACTHOCTHBIE CBOMCTBA M300paKECHUH TaKKe
OynyT BappHpOBaThCSA. B CBSA3M € 3TUM HCIOJIB30BaHME (PUKCHpPOBaHHOTO Habopa
apaMeTpoB MOZETH (PagnyCcoB MacoK M MOPOTOB) MOJKET CYIIECTBEHHO CHIKATh
YCTOMYUBOCTb U aJI€KBATHOCTb cermeHTanuu MU B aBromatnueckom pexume. s
pemeHust 3Toil mpoOyeMbl MpeyIaraeTcsi MPUMEHATh clienyomue npouenypsl. Ha

aTalle HACTPOMKH MapaMeTpoB Mojeian ompenensercs auamna3on F =[F min, F max ]
BO3MOMKHBIX CPEIHHMX SAPKOCTEH BXOJHOIO H300paKeHMs. 3aTeM auana3on F
pasbusaercs Ha N wacredl {F}, ;- 1O 3ajaHHOMY KpHTEpUIO M Ul KakIOrO

ypoBHA spkoctu Fj HacTpolika mapameTpoB (pagMycoB MAacOK U IIOPOIOB)
NPOM3BOIUTCA WHAMBHAyalIbHO, B pe3ylbTaTe IoilydaeTcs N KOpTexen

napamerpoB mogemtn MU {K;} Ilepen cermeHTanuell NOCTYNMBIIETO

i=Ln"
M300pakeHNs] BHAYAJIE OLEHWBACTCS CPEIHSAS SPKOCTh BXOJHOTO M300paKEHHMS, I10
KOTOpOil BBIOMpaeTcs TpeOyeMmblil KOpTeXX mapaMeTpoB Moxaend. Ilocme 3Ttoro
cermeHrupyercs MU.
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BobiBoabl. [Ipy BBITIOHEHUH OMPENETICHHBIX OrPAHUYECHWN Ha BapUallUU
HCXOAHBIX JaHHBIX (IOCIIC BHIOJHEHHS MPOLEIypPhl HACTPOUKH paJiyCOB MAacOK H
MOPOTOB ¥, P HEOOXOIMMOCTH, TIOCe (PUIbTPAINK IIyMa C LEIbl0 00ecTeueHHs
YCTOWYMBOCTH) MPEATIOKEHHBIH B paboTe METO]| MO3BOJSIET 00ECIEUUTh BBICOKYIO
TOYHOCTh CCIMCHTAllUN MU HEPEr'YJIAPpHOro BUJa B aBTOMATUYCCKOM PECIKUME 3a
CYeT ajamnTallid pEruoHa MacKu rmaSk&,n Ha ¢(opmy MMU. Pemenue psna

NpaKkTHIECKNX 3afgad cermMeHTannd MM mo a’3podOoTOCHMMKaM MHOATBEPIHIO
3¢ PEKTUBHOCTD MPEATIOKEHHOTO IOJX0Ja B OTHOIICHWH TOYHOCTH CETMEHTAallHU
MU HeperynspHOrO BHIa B aBTOMaTHYecKoM pexume. Ilpm stom ObicTpas
nokanm3anuss MU ¢ mpuMeHEHHEM OJHOMEPHBIX MAacOK MO3BOJSIET JOOMBATHCS
BBICOKMX TIOKa3aTeNel BRIYHCINTEIBHOM 3 (PEeKTHBHOCTH cerMeHTannu MU.
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