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BBIJIEJIEHUE MAJIOPASMEPHBIX U30BPAKEHHU OFbEKTOB HEPET'YJISIPHOI'O BUJIA

3 MeTOI0 MiIBHIUEHHS CTIMKOCTi, aJeKBaTHOCTI 1 TOYHOCTI BHAUICHHS MAaJOPO3MIpHUX 300pakeHb 00’ €KTIB HEPEeryJsIpHOrO BHILILY B
aBTOMATHYHOMY PEXHMi B pOOOTi 3alIpONOHOBAHO Ii/IXi/, KKl 3aCHOBAHO Ha aHaJIi3i KOHTPACTHOCTI PO3MIIA€EMUX 300paXkeHb BiTHOCHO QoHy
3 BHUKOPHCTAHHSM CIIELIaJIbHOTO BHUJIY PETiOHANBHUX MAcOK, aalTOBaHHX 10 MapaMeTpiB (GOpMH aHAIi3yeMHX O0’€KTiB HEpEryIspHOTO
BUTIIALY.

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.

IMocranoBka mpodieMsl. B cBs3n ¢ CyIIeCTBEHHBIM POCTOM BO3MOXKHOCTEH COBPEMEHHBIX TEXHHYECKUX
cpencTB mosydeHus mUGPOBEIX (oTtorpaduil 00BEKTOB PA3UUHON (QU3HMUECKOW MPHUPOJBI, BCE OONBIICE YUCIIO
TaKUX CHHMMKOB MCIIOJIb3YETCS /I KOMIIBIOTEPHOTO aHalin3a CBOMCTB OOBEKTOB, HAIpUMEp, JUIS MOHHUTOPUHTA
4Ype3BBIYANHBIX CUTYalHWil, TOUCKa MECTOPOXKICHUH MCKOIAEMBIX U MHBIX OOBEKTOB Ha MOBEPXHOCTH 3€MIIH II0
aspodorocHuMKaM [1 — 5]. BaxHbIi Kiacc 3a7ad 3TOTO THIA CBS3aH C BBISBICHHEM OCOOEHHOCTEH CTPYKTYPHI
00BEKTOB MO UX u300pakeHusM. [IpU 3TOM BO3HHMKAET HEOOXOMUMOCTh aHamu3a (PArMEeHTOB HCXOHOTO
(BXOJHOT0) M300paxeHUsl, INHEWHBIC Pa3MEPbl KOTOPBIX HE BBIXOJAT 33 TPAHUIIBI 33JaHHOTO HHTEPBAa 3HAYCHUH

[diam., Diam.], (1)

Y Ha JIBa-TPU IOPs/IKa MEHBILE pa3MepOB BXOIHOTO U300paskeHus1. sl Takux ManopazMepHbIx n3oopaxenuii (M)
UX TPaHUIbl, 0OCOOCHHO IJIsi OOBEKTOB €CTECTBEHHOT'O MPOUCXOXKJICHHUS, KaK MPABUIO, HE UMEIOT MPHEMIIEMOTO
AQHAJIUTUYECKOTO IpEACTaBlIeHUA (KPHUBBIMH IEPBOTO M BTOPOTO MOpsAAKa) ¢ 3aJaHHON To4yHOCThIO. [lo3Tomy B
o0meM ciryuae MU uMeroT HeperyJssIpHbIi BUL.

Jnst 3TUX 33734 B paMKaxX AaHHOM pabOThI CYMTAETCS, YTO B KAUECTBE UCXOIHBIX JaHHBIX 3a/1aHO ITOJYyTOHOBOE
BXOJIHOE HM300paKCHHE HEKOTOPOH COBOKYITHOCTH OOBEKTOB B moje 3peHus. [lon cermeHranmeil moHMMaeTcs
OTZAEJIeHNE M300pakeHNi 00BEKTOB OT (JOHA MO KOHTPACTHOCTH C LENbI0O MX IOCIERyIoUmIeH HACHTH()HKANN U
aHaJIM3a CBOMCTB HHTEPECYIOUINX 0OBEKTOB.

AHayim3 JIMTepaTyphbl. V3MeHEHHME YCIIOBHMH TOJNydeHUs HCXOJHBIX JAHHBIX, HalpuMep, 10 YPOBHIO
OCBEILCHHS, MOXXET NPHBOAWUTH K 3HAUYMMBIM BapHAIMsIM SPKOCTH H300pakeHHH 00bekToB M (hoHa. B 3THX
YCIOBHAX ITOPOTOBBIE METO/IbI CETMEHTALIMH TI0 SIPKOCTH HEYCTOWYHBHI, a HCIOJIb30BaHHE METO/I0B alIPOKCHUMAITUH
pacrpeiesieHust SPKOCTH n300paskeHns He o0ecrednBaeT TpedyeMyro OIepaTUBHOCTE [6], YTO HE MO3BOJISET Ha MX
OCHOBE aBTOMAaTH3MPOBATh CerMEHTaNMI0 U uaeHTH(Gukannio MU. [ToaToMy 0CHOBHOE pacnpoCTpaHEHHE MOTYUNIT
MOJIXO, OCHOBAHHBIH Ha CErMEHTAaIMK U300payKeHUH 0 KOHTPACTHOCTH C MCIIOJIb30BAHUEM Macok. B cpaBHeHuM ¢
MOPOTOBBIMU METO/IaMH CErMEHTAIMHU T10 SIPKOCTH 3TOT MOJXO0J 001aaeT CYIIECTBEHHO OOJbIIeil yCTOHUYUBOCTBIO
K BapHallMsAM SIPKOCTH H300paxkeHuit [6 — §]. B pa3zButhe 3TOr0 moaxona paspaboTaHo 60IbII0E KOTHUYECTBO MAaCOK
U JIETEKTOPOB TPaHUYHBIX MTUKCeNel m300paxkeHuit [9 — 14], a Takyke METOJJOB ITOCTPOSHHS TPaHHUII IO BBIICICHHBIM
TPAaHWYHBIM MTUKCENSM, BKIIIOYast METOAbl YCTPAHEHMS Pa3phIBOB, YTOHBIICHUS U CIIIaXXHBaHUA rpaHul [6 — 8, 15 —
18]. TIpu sToM i oOecriedeHUs] YCTOWYMBOCTH CETMEHTAIIMH B YCIOBHSX 3allyMJICHUS pa3paboTaH MIMPOKHN
CIEKTp CIIIaXKUBAIOIINX (PHUIBTPOB.

Bmecre ¢ nmpucymmMH MM JOCTOMHCTBAMHM, CYNIECTBYIOIIME MAacKM M TpaHUYHBIE JIETEKTOPHI
MIPENMYIIIECTBEHHO HE OPHEHTHPOBAaHHBI Ha paboTy ¢ M. CTpykTypa u mapamMeTpHu3anus CyIiecCTBYIOINX MacOK U
TPaHUYHBIX JIETEKTOPOB HE BCETJa MO3BOJIAET O00ecrednBaTh TpeOyeMyro TONHOTY MX HACTPOWKM M aJamnTalu K
YCIOBHAM TONYYEHHUS MCXOAHBIX JAHHBIX M MapaMeTpaMm mu3o0paxeHuil [19]. B pe3ynpTare BO MHOTHX Ba)KHBIX
NPWIOKEHUSIX BO3HUKACT aKTyajbHas mpoOiiemMa ajaekBaTHOM cermeHtanmun MU ¢ 1peOyemMbIM ypOBHEM
ABTOMATH3aIM{ ¥ BEIUNCINTENBHON 3 pexTuBHOCTH.

Henabo naHHOW padoThl SBISIETCS pa3paboTKa MOAXO0Ja K aBTOMarh3anuu cermMeHtanuun MU o0bekToB
HEPETYJSIPHOTO BHJIA 10 KOHTPACTHOCTH Ha OCHOBE HCIIOJB30BAHUS MACOK, aJalTUPYEMbIX K mapamerpam (GopMel
AHAITU3UPYEMBIX 00BEKTOB.

1. ITocTpoenne Moae/n u KpuTepust cermenTanuu MU

CunraeM, YTO BXOIHOE H300pakeHHE OTGHIBTPOBAHO U COACPIKHUT OJHO ONHOCBsi3HOe MU HexoToporo
Kiacca 00bekToB. IIpy 3TOM KOOpDAMHATHI IHKCENeH H300paKEHUsT MOTYT NPUHUMATh HEOTPULIATEIIbHBIE
LIEJIOYNCIIEHHBIE 3HAYEHHUs; € —OKPECTHOCTh nukcenss O Ha JIMCKPETHOM MOJE — MHOXKECTBO MHKCENeH
{d;}: p(d,d;)<e, tne £€>0 — neilicTBHTENbHOE YHCIO. 3[eCh P — EBKIHMAOBO DPACCTOSHHE, a PagUYCHI

paccMaTpuBa€MBbIX OKPGCTHOCTeﬁ IIpUHAIJICKAT MHOXECTBY THUITIOBBIX paCCTOﬂHI/Iﬁ



Petean. =1L J2,2,/5,8,3, ...} MEXIy MUKCEISIMH AUCKPETHOTO TOJIsI CHUMKA.
OnHoMepHblid ciy4ait. [Ipu aHaIHM3e MO BBIACICHHOMY HAMPABICHUIO KOHTPACTHOCTh MuKcens d; ¢ ApKOCThIO
1
fi ¢ ncnonp3oBannemM OAXHOMEPHON MAcKM pajmyca P, OTHOCHTENBHO mukcens d; ¢ spkocteio f; ouenmpaercs

TakK
Ui =|fi = ;. @

Vcnonp30BaHHe ONHOMEPHBIX MAacOK CIYKHT UL omepaTthBHOro oOHapyxkeHuss MU Ha HadanpHOW (haze
CETMEHTALMH C LEJbI0 JoKanu3anuu obmactu noucka MU. Ilpu sTOM yBenmueHwWe pagmyca MacKd ITO3BOJISET
OIICHUBATh KOHTPAaCTHOCTh muKcededd MU oTHocuTenpHO (hOHA, a HE TEHH, SIPKOCTh MHUKCENICH KOTOPOH 3HAYUMO
BapbUpyeTcs; 3Hast, 4To sipkocTh MU Oosblie (Min MeHbIIe) SIpKOCcTH (JOHA, KOHTPACTHBIE MUKCENH (OHAa MOXKHO
or¢punbTpoath no 3Haky Bbipaxenus (f;—f;) B (2). Ilon Ttensio msoOpaxenns [19] smecy mnonmmaercs

MHO)KECTBO MHKCEJIEH BXOJHOTO HM300pa)KeHHUs, SPKOCTh KOTOPBIX IOCie ONM(POBKM 00pa3oBaHa H3ITYYEHHEM
o0nexTa u poHa (puc. 1).

Puc. 1. CneBa HanpaBo: onTHYECKOE H300pakeHne 00beKTa, udpoBoe
n3o0paxxeHue 00bEKTa U €r0 TCHb

JBymepHbli cimy4ail. IlycTs 3amaHo omHocBs3HOe MHoecTBo G — permoH. Ero ormbaromias Ién — 39TO
MHOYKECTBO IUKCEJIEH, PACTIONIOKEHHBIX HA PACCTOAHMM HE ONMKE P W HE janee P, OT rpaHuubl peruona G.

COBOKYIIHOCTB PETHOHA M €70 OrMOAIOIIEH HAa30BEM PETHOHATBHON MacKoi rmask. ., (puc. 2).

Puc. 2. PervoHanbHast Macka I fitisky 5 , Tie YepPHBIM OTMEYCHBI IHKCEIN PernoHa (i,

a CepbIM — MHKCelH orubarommei /s 5

Iycte fg u f| — cpennue apkoctu permona u ero orubaromieii. Torma KOHTPACTHOCTh pernoHa G OIEHUM

TakK
us =| T -1, 3)

OTu MoJieNnu Janee UCHOIb3YITCs JUIsl OnucaHus cBoiMcTB MU ¢ 1enblo ero cerMeHTanuy N0 KOHTPACTHOCTH
N0CpeACTBOM ajanTanui Gpopmel pernona Ha popmy MU. Tlpu 3T0M BO3MOXKHOCTS HU3MEHEHHS PAIUYCOB Pr U P,
MO3BOJISIET JI0OMBATHCSl CHUTYalMu, Korga mpu coBMmemieHnd MU u perrona G ero orm0aromiasi COCTOMT M3
nuKceseil GoHa, a TeHb COAEPKUTCS MEXK/y PETHOHOM M €Tr0 OTHOAaroIe, 94To Tpedyercs as ornenumoctd MU ot
(domna.

Takum 00pa3zom, OCHOBHBIE 3JIeMEHTHI Mojes MU, B nomoHeHrne K orpaHndeHusM (1), KoTopele ciayxat s
ObICTpON MICHTHUKALMKE OOBEKTOB 10 JHAMETPY, MPEJCTABIEHBL: PAajMyCcaMH MacoK Pg, Pz, P, HWKHEH

OLICHKOH KOHTpacTHOCTH (moporom) T; mis ObicTporo obHapyxenus MU ¢ ucnonb3oBaHHEM OJHOMEPHOH MacKu

no (2), a TaKKe HIDKHEH OIIEHKOW KOHTpacTHOCTH (moporom) T, gt BeigeneHuss MU ¢ ucmonb3oBaHHEM
peruonansHoi Macku 1o (3). Kpome 3Toro, Ans cHIKeHHs CTENEHH MacKMPOBaHUS JOXKHBIX NMUKCENEH B IpoLecce



CEeTMEHTAlMM MOXKET TIPOBEPATHCA BEINONHEHHE OTPAHWYCHUS Ha HEOTHOPOAHOCTH SIPKOCTEH MHKCeNel
nomydaemoro pernona. Kpurepuit Kr; cermentanun mukcens MU: mukcens BXogHOTO H300paxeHHs O; cUHTaeTCs

nukcenem uckomoro MU, ecnu [is HETO BBINOJHAKTCS COOTHOWEHHE Ui =Ty, mpu ycnosuu, uro fj > f;

(mpepmnonaraem, 4to fApkocTh (hoHa HIKe spkocTu o0bekTa). Kpurepmit Kr, cermenranuun MU: perumon G
cuuTaeTcs uckoMbiM MU, ecim ero nuamerp ynosieTBopsieT (1), a KOHTPACTHOCTD yOBIETBOPSIET COOTHOLICHHUIO

Uc =T, , mpu ycaosuy, uto g > f.

2. Cermentanus MU

Ha ocHoBe BBENEHHON CHUCTEMBI KPUTEPUEB IpeaIaracTcsi METOJ aJalTUBHOW cermeHTanuu MU, ocHOBHbIE
IIard KOTOPOTO COCTOST B CIICIYIOIIEM.

Hlar 1. ITo xpureputo Kr; IOCTpOYHBIM CKaHMPOBAaHMEM BXOJHOIO H300pa)KeHUS HINEM KOHTPACTHBIH
MIUKCEITh; TIPH OOHAPYKEHUH TaKOBOTO — IIEPEeX0] K Imary 2, nHade (II0 OKOHYaHWU MIPOCMOTpPA) — MEePexo] K Imary
4.,

lar 2. Iyets f — spkocts nomyyennoro nukcens. B kayectse 6asosoro peruona Gy (i =0) npunnmaem

06’beIII/IHOHI/I€ 9TOr0 THKCEIS C TEeMH 8-CBS3HBIMH C HHUM TIMKCEISIMA, SAPKOCTH KOTOPBIX HE HUXKE f. I[anee

BBITIOJIHSCTCS aJJallTUBHAS HTEPAllMOHHAs IPOLielypa HapaliBaHHis PErHoHa.
Ilar GO. lpunnumaem 3nauenne f B kauecTBe HavanbHOrO Mopora no spkocth Byjy s peruona Gy .

[Iar G1. IMonaraem i=i-+1.
llar G2. Cumxkaem nopor By ;) u HapaumBaeM MHOKECTBO Gj_j) 3a cUeT 8-CBA3HBIX MUKCEIEH C APKOCTBIO

He MeHbler By .
Illar G3. Eciu muametp Gjy mpesbumaer Diam., nepexon k mary G4; unaue — k mary G1.
[lar G4. Ynansem u3 cucrembl {Gj)} peruoHsl, MamMeTp KOTOpbIX MeHbie diam. .
IIpumep paBHOMepHOrO moctpoenust mopora mmeer Bun Bjy =By — K, rae K — uenoe nonoxurensroe

YHCII0, ONPEAENAIOIee CKOPOCTh HAPAIIMBAHHSA PETHOHA; C LEJBI0 NOBBIMEHUS 3Q(QEKTUBHOCTH CETMEHTAlUU
MPaBHJIO TIOCTPOCHUS ITOPOTra cieayeT (POPMHUPOBATh C yIETOM OCOOCHHOCTEN paccMaTpUBaeMbIX H300paKEeHHUH.
Ilar 3. dns pernonos {Gj)} cTpouM pernoHanbHyio MacKy (IIO-CyIECTBY — OTHOAIOIIYIO) U OLEHHBAEM MX

KOHTpacTHOCTh cornacHo (3). Ilpumenss xputepuii Kr, k peruonam {G(i)}, omnpenemnseM, Kakoh M3 HHUX

omnpenenser uckomoe MI. Eciu Heckonbko pernoHoB ynosierBopsieT kpurepuio Kr, , BIOMpaeM U3 HUX PETHOH C

MaKCUMaIIbHOH KOHTPAaCTHOCTBIO.
[Iar 4. Koner,

3. ABromMaTm3anus cerMeHTanuu MU B ycjaoBHAX Bapuammii MX SPKOCTHBIX M KOHTPACTHOCTHBIX
CBOICTB

OCHOBHOW NPHYMHOHN 3HAYUTENBHOTO pa3dpoca sPKOCTHO-KOHTPACTHOCTHBIX CBOWCTB M300paykeHHUH SBIsAETCA
M3MEHEHHE YCJIOBHW OCBEIlEHHsT W BapHaluu (DOTOMETPUUYECKHX IapaMeTpoB OOBEKTOB. B 3THX ycioBHsX
SAPKOCTHBIE W, B 3HAYUTEIHHO MEHBIIEH CTENeHM, KOHTPACTHOCTHBIE CBOICTBA M300pakeHHH Takxke OyayT
BapbUpOBaThCA. B CBsI3M ¢ 3TUM HcHONb30BaHNe (PUKCHPOBAHHOTO HabOpa IMapaMeTpoB MOZEH (painyCcoB MacoK M
MIOPOTOB) MOXET CYIIECTBEHHO CHIDKATh YCTOWYMBOCTh M aJEKBAaTHOCTH cerMeHtanmuu MM B aBTOMaTHYECKOM
pexxume. s pemieHust 3Toi MpobaeMbl IpeiaraeTcs IpUMEHTh clieyomue nponenypsl. Ha srame HacTpoliku

napaMeTpoB Mojenu omnpenensercs auanazoH F =[F min, Fmax] BO3MOXHBIX CpeaHHX SIPKOCTEH BXOIHOTO

u3o0paxenns. 3areM quana3on F pas6uBaercs ma N uacreit {F} 0 33IaHHOMY KPHUTEPHIO M JUIS Ka’KAOTO

i=1,n
ypoBHS ApkocTH F; HacTpoiika mapaMeTpoB (paauycoB MacoOK W IOPOTOB) IPOW3BOJUTCS WHAWBUIYaIbHO; B

pesynbrare momydaercss N koprexeit mapamerpos momemn MU {K;} Ilepen cermenTanuen MOCTYNUBIIETO

i-in-
n300paKeHUs BHAYalle OICHMBACTCSA CPEXHSAS SPKOCTh BXOAHOTO H300paXXeHHs, IO KOTOPOH BBIOMpaeTcs
TpeOyeMBbIii KOpTeK mapameTpoB Mojenu. [locne sToro cermentupyercs MU.

BoiBoapl. [Ipy BBINOJIHEHMH OINpEAETIEHHBIX OrpPaHMYCHUMII Ha BapuallMMd HMCXOAHBIX JIAaHHBIX (Iocie
BBITIOJTHEHHS TIPOLIETyPBI HACTPOHKH PaMycOB MAacOK M IOPOT'OB U, IPX HEOOXOAMMOCTH, TOcie (GMIbTPalny IIyMa
C 1IeTIbI0 o0ecreueH s YCTOMYMBOCTH) NIPEJIOKEHHBIH B paboTe MEeTO/] TI03BOJISIET 00ECIICUUTh BEICOKYIO TOYHOCTD
cermenTannu MU HeperyIIspHOTO Bu/ia B aBTOMATHYECKOM PEKMME 3a CUET aJIaNTallii PErMOHa Macku Fmask;
Ha ¢opmy MU. Pemenwe psnma mpakThdeckux 3amad cermMeHtanuun MU mo a’spodoTOCHMMKAM ITOATBEPIIIIO
3¢ GEKTHBHOCTD IMPEUIOKEHHOT0 TOJX0Jla B OTHOIIEHHH TOYHOCTH cerMeHTamnu MU HeperyispHoro Buaa B
aBTOMaTH4YeckoM pexume. Ilpu 3tom OpicTpas mokanm3aust MU ¢ mpiuMeHeHHeM OJHOMEPHBIX MAacOK MO3BOJISIET
JIOOMBATHCS BBICOKHX TTOKA3aTeNIei BRIYUCIUTENbHON A PEeKTHBHOCTH cerMeHTannu MU.
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