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Paccmorpena 3amava ONEHKN BIIMASIHUS IEPEMEHHBIX IIAPAMETPOB CYIIECTBYIOIIET0 aJITOPUTMa
pacmo3HaBanus 1edeKTOB MOBEPXHOCTH HA PE3yIbTAT ero paborsl. IIpemmoxen cmocob oreHn-
BaHUS BIIMSHUS IIEPEMEHHBIX ITapAMETPOB HA PACIO3HAHHBIE TEOMETPUYECKUE XaPAKTEPUCTUKI
CeTKU MOBPEXKIEHNUN MOBEPXHOCTHU. JTOT CIIOCOO OCHOBAH HA IPENCTABIIEHAN GA30BBIX 30H Kap-
Kaca CeTKH IOBPEXIEeHN ITIOBEPXHOCTHU B BUle KOMIAKTHBEIX HEUETKIX MHOXKECTB B IBYMEPHOM
IPOCTPaHCTBE (HEUSTKUX KBa3UTOUEK). MHOXKECTBO TOYEK PACIO3HAHHOTO OOBEKTA, TIOILYUCH-
HBIX TIPU Pa3IMYHBIX KOMOWHAIWSIX IapaMeTPOB HCCIIENYEMOTO aJITOPUTMA, IIPENCTABIISIIOT B
BHUE HEIETKOTO MHOXKECTBA C OMPENEIEHHON GYHKIINEN MPUHALIEXKHOCTH. PaccMOTpeH crmocob
pacuéra reOMeTPUYECKUX MapaMETPOB CETKN TOBDPEXKICHUN (IJIMHBI U HAKJIOHA) C TIOMOIIILIO
CPENCTB HEYETKON TNeOMEeTPHUN U IIPONEMOHCTPUPOBAHO €r0 WCIIOIb30BAHUE IIPU OIPeNesIeHIN
reOMeTPHUIECKIX ITapaMeTPOB CETKHU MOBPEXIEHNI POINKa MAIINHBI HEIPEPBHIBHOIO JIUTHS 3a-
TOTOBOK.
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KBa3UTOUKA, HEUETKASI TEOMETPUsI, HEIETKOE PACCTOSHUE.

DOI: 10.15372/AUT20160401

BBenenmne. Ornenka cocTosiHust pabodyeil MOBEPXHOCTHU PsIIa MEXAHU3MOB U MOKPBITHH 10
ux udGpPOBOMY U306PaKEHNUIO TIOITY YriIa MHpoKoe pacupoctpanenue [1-3]. Takoit momgxomn mo3so-
JIsIeT aBTOMATU3UPOBAHHO MPOAHAIN3NPOBATH MMOBEPXHOCTE U TIOIIYYNTH BAXKHYIO THPOPMAITIIO
O TIOBEPXHOCTHBIX U BHYTPEHHUX M3MEHEHUSIX B CTPYKType MaTepuasa, IPeICTABIISIONINX WH-
Tepec ¢ TOYKU 3PEHUs ero SKCITyaTAIIMOHHBIX XapakTepucTuk. OcoOeHHO 3TO aKTyabHO HA
HAYaJILHOM 2Talle Pa3pyllIeHns MaTepralia, KOTOPBIA COTPOBOXKIAETCS TTOBEPXHOCTHLIMU SIBIIE-
HUSIMU: TpelImHaMu, ne@opMarusMi U IPYTUMIA.

WccenenoBaTh 5/1eMEeHTHI TOBEPXHOCTHU MAHHBIM METOIOM MOXKHO, €C/I HAadaIbHbIE U TIOBPE-
KISHHBIE (PPATMEHTHI HA M300paXKeHUn OTIMIAIOTCS [IBETOM 1/umu TekcTypoit (2, 3]. M306pa-
JKeHUs TaKIX MMOBEPXHOCTEN MOKa3aHBI Ha puc. 1.

OcobGeHHOCTBI0O METONOB, OCHOBAHHBIX Ha aHAJIIM3€e M300paKeHUs, SIBIISIETCS TO, ITO HA KO-
HEUHBIN pe3yIbTaT PACIO3HABAHUS U BLIUYMCICHUS TapaMeTPOB MOBPEXIEHUN BIIMUSET MHOTO
(hbaxTOpPOB: OT M3MEHEHUS ONTUYUECKIX CBOUCTB MUCCIIEIYEMON TOBEPXHOCTHU U CIENN(PUKN €€ OCBe-
IIEHNS TTPU TOTyYeHnn (HOTON300paKeHsI N0 MapaMeTPOB aJITOPUTMAa, KOTOPHIA UCIIOIbL3YETCS
s obpaboTku m3obpakenus. Takum obOpaszoM, pe3yIbTaT Ha OMHOM U TOM K€ M300pakKeH!n
[pU Pa3HBIX MapaMeTpax OymeT OTJIMYaThCSI. 3alada BbIOOpa TOUHBIX 3HAYEHUIT TapaMeTpPOB
aIToOpuUTMa IJId PaclO3HABAHUS MOBOJIBLHO CIIOXKHAS W HE BCeTlla MOXKET ObITh pellleHa OTHO-
3HAYHO. [[09TOMY BaxKHBI OIlEHKA BIIUSHUS TapaMeTPOB ajJrOPUTMa Ha KOHEUHBIN Pe3y/IbTaT U
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Puc. 1. N306pakeHnst TOBEPXHOCTHLIX MOBPEXKICHUN: POJIMKA MAIIUHBI HEIIPEPBIBHOTO JIUTHS 3aI0-

TOBOK (@, d), TIOIMKPUCTAIITMIECKOTO AJTFOMUHIEBOIO CEHCOpa yCTAIOCTU (b), IMPKOHMEBOrO HAHO-

HOKPBLITUS Ha CTAJIBHOI OCHOBE IIOCIIe IUKIIMYeCKOl HArpysku (c), Tpybsl razonposona «Kues —
Banan Ykpaunss-1» (e)

OIIEHKA MAIla30Ha BO3MOXKHOTO OTKJIOHEHUS KOHEUHBIX PACCUMTAHHBIX XapaKTEPUCTUK IPU U3-
MEHEHUU TMapaMeTpoB ajropuTMa. [IpobaeMa TOYHOCTH Pas3IMYHBIX METOOUK 00pabOoTKM 1300-
pazkenuit paccmarpuBaercs B [4-6]. OmHaxo m3-3a CIIOKHOCTU U PA3HOOOPA3Ms AJITOPUTMOB
aHAJIN3a M300paKeHNl U HaJINIMs He KOHTPOJIUPYEMBIX M3MEPUTESIbHOU CUCTEMON (haKTOpPOB
(HampuMep, U3MEHEHNe OCBEIIEHHOCTH IOBEPXHOCTH ) BOIIPOC OIEHUBAHUS 3aBUCUMOCTH PE3YIlb-
TaTOB PACIIO3HABAHUS OT BHYTPCHHUX 1 BHCITHUX yCJIOBI/Iﬁ U3MEpEHUA ocTaéTcd OTKPBITBEIM.

B mannoit paboTe mpemioxkeH crocod OIeHKN BapUATUBHOCTU Pe3yIbTaTOB PACIO3HABAHMS
9JIEMEHTOB CTPYKTYPHI MOBPEXIEHHON OBEPXHOCTH IIPU M3MEHEHNN OCHOBHBIX ITapaMeTPOB HC-
CJIEIYyeMOTO aJITOpuTMa. Kro cyTh COCTOMT BO MHOXKECTBEHHOM PACIIO3HABAHUN W300PaKEHUS
IIpU pa3HBIX HaOOpax 3HAYEHUN mapaMeTpPOB aJl’TOPUTMa, IPENCTABIEHNN MOIYIeHHBIX Pe3yITh-
TaTOB B BUE HEYETKOTO MHOXKECTBA U €r0 TOCIIEMYIONIETO aHAII3A.

Nccnenyembiii ajJaropuTM Ppaclrio3HABaHUs IOBPEXOEHHBIX IMTOBepXHOCTen. B
[2, 5, 7] paspabGoTan U ONUCAH AJITOPUTM DACIO3HABAHUS NeDEKTOB M300pAXKeHUs U PacIéTa
X KOJIMYECTBECHHBIX XapaKTEePUCTUK: KOOPpOANHAT, NIJINHBI, HAKJIOHA, IIJIOIIad, KOJINYeCTBa. Ta—
KIe XapaKTePUCTUKU MO3BOJISIOT OLIEHUTH 00Illee COCTOSIHIE UCCIeAyeMOro oOpasiia 1 BBISIBUTH
OCHOBHbIE KMHETUYECKIEe 3aKOHOMEDHOCTU HAKOIUIEHWsI TIOBPeX IeHuil [8].

WcexomuabiM o1 aroputMa, iBIIsieTCst udpoBoe n300pakeHne MOBPEXIEHHON TOBEPXHOCTU
B OTTEHKAaX CepOTro IBeTa. Ba3oBhIl aJIrOPUTM PACIIO3HABAHUS MOJIOKEHUSI 3IIEMEHTOB CTPYKTY-
PBI HOBpeXKIeHUs (pHC. 2) IpemycMaTpUBaeT ONePAlll BHIPDABHUBAHUS OCBEIIEHHOCTH HAYAIIb-
HOTO M300pakeHus, ero GuabTpalny, ONHAPU3ALUN HOJIYYEHHOTO M300paKeHUs U CKeJeTu3a-
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Puc. 2. bnok-cxema 6a30BOTO aIrOPUTMa PACIO3HABAHUS TeEKTOB M300paXKEHUs 1
pacuéTa X KOJIMYIECTBEHHBIX XapaKTEPUCTUK

nuu. [locmenoBaTeTbHOCTE YKAa3aHHBIX OMEPAITNH 3a/1aéT MHOXKECTBO TOUYEK, OMICHIBAIOIINX T€0-
MeTPUUECKNe MapaMeTPhl CETU TMOBPEXKICHNN HA aHATN3UPYEMOM M300paKeHNUN.

Hs1st HACTPOWKM ONTUMAIIBHON PabOTHI AJITOPUTMA UCIOIB3YETCs P MapaMeTpPoB, KOTO-
pble BaYKHBI IJIs MPABUILHOTO U TOYHOT'O PACHO3HABAHUS MCKOMBIX 00BEKTOB. PaccMoTpum oc-
HOBHBIE 1AW U HapaMeTpbl 9TOTO aJIropuTMa.

Pacnosnasanue 30n nospexcdenus. BoipaBHUBaHME OCBEIIEHHOCTU MCXOMHOTO M300paxKe-
uust Iy (puc. 3, a) TpebyeTcs miis yCTpAHEHUs BIUSHUS 3aTEHEHHBIX 00JIaCTell Ha Pe3yIbTaT
paboTHI AJITOPUTMA. DTa OMEPAINSI BBITOIHIETCS € TOMOIIBIO CBEPTKU M300PaXKEHUs ¢ HU3KO-
JaCTOTHBIM T'ayCCOBCKIAM (UIBLTPOM U MOCIIELYIOIIEr0 yCTPAHEeHUsT HU3KOYaCTOTHON COCTaBIIS-
rotreit. s uibTpanmum ucnob3yeTcs TayCCOBCKIN (GUIIBTP ¢ HOCTATOIHO OOJIBIIINM SITPOM, B
pesynbTaTe (GopMuUpPyeTes o0IIas KapTHHA OCBEIIEHHOCTH n300paxkenus I (x, y), Toe & — UHOeKC
KOJIOHKW, T = 1, m; y — MHIeKC cTpoku m3obpaxkenus Iy, y = 1, n. Koneurnoe n3o6paxenue 1mo-
JIydaeTcs Tocie YIAJIeHNsT U3 UCXOMHOTO M300paKeHus 00pPa30BaHHON KapPTUHBI OCBEIIEHHOCTH
l'(x,y) n ero HOpMATM3AIIIHYL.

Omnepanust puabTpanny TpenHa3HAYeHA I YIIYUIIeHNsT N300paKeHnsT U YCTPAHEHUs 111y~
MOBBIX (DPArMeHTOB, U €€ BHUI 3aBUCUT OT OCOOEHHOCTEHW BXONHOTO m3o0paxkeHums. Tax, nis
n300pakeHnl, rae OObeKTHl PACIO3HABAHUS XapaKTepPU3yITCsl HEOMHOPOOHBIMU ONTUYECKIMU
XapakTepucTukamMu (Hampumep, puc. 1, a,c¢), UCHOIb30BAIN T'ayCCOBCKUIl (MDUIBTD, KOTOPHII
HO3BONMUI WX crianuTh [7]. K uéTkum n306pakeHusM ¢ He3HAYUTETLHBIMIE [ITYMOBBIMU DIIEMEH-
tamu (Hampumep, puc. 1, b) npumensn Menuanubiit Guastp [2]. [Ipu mHeobxonumocTu >Tu nBa
Buna uibrpanun couetanu [5]. s GuibTpanm BaxKHBIM HapaMeTPOM SIBISETCS PA3MeD siii-
pa GuIbTpa, IOCKOJIbKY €ro U3MEeHEHIe 3aMeTHO BJINsIeT Ha IPOIECCHl KOTCEMBAHUSI> (POHOBBIX
nukKcesen, o0bennHeHus: 000COOIEHHBIX (parMeHTOB OOBbEKTa PaclO3HABAHUS M Ha KOHEUHBIU
pe3ynbTaT paclo3HABAHUS.

[Tocne mpenBapuTeIbHON 06PAbOTKI MCXOMHOTO 1300pakeHus [ MPOBOMUIIN €r0 CerMeHTa~
nuio. Ha m3obpaxenun onpenernsiiin nHOQOPMATUBHBIE TUKCETN, COOTBETCTBYIOIINE ITOBPEXKIEH-
HBIM 30HaM. B 6a30BOM ajropuTMe s CErMEeHTAIlNN KCIIOIb30BAJIOCh OMHAPHOE ITpeobpas3oBa-
Hue. [Ipu 3ToM cTpomnachk TUCTOrpaMMa PAaCIpENesIeHsT SPKOCTU U HAXOMUIIOCh MPENeITbHOE
3HAUeHNe, OTIesollee MuKcenn GoHa 0T MHPOPMATUBHLIX ToueK. Pe3ymbTaToM cTamo GuHap-
Hoe m3o0paxkenue [ (puc. 3, b), Ha KOTOPOM dIeMeHTaM AeGOPMAIOHHOTO pesbeda COOTBETCT-
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Puc. 3. M306paxkenne mOBEpXHOCTHU POIUKA MAITUHBI HEIIPEPBIBHOTO JINTHS 3aTOTOBOK: MCXOII-

HOe M300paKeHue ¢ MOBPEXKIEHUSIME B BUIE TpeluH (a); Pe3yabTaT CerMEeHTAIUN UCXOMHO-

ro usobpaxkenus (b); yBeauueHHBIN HPArMEHT PACIO3HAHHOIO M300DaKeHUs ¢ HAHECEHHBIMU
KapKACHBIMIE JIMHUSME ¥ OIOPHBIMU TOYKAMU ()

BYIOT uépHble mukcenu (nubOpMaTUBHEE), a dieMeHTaM (oHa — Genble. [ls m3obpaxenuit ¢
BU3YaJIbHO HEOMHOPOMHBLIMEI OOBEKTAMU TMPUMEHSIIOCH TBYXYPOBHEBOE ODMHAPHOE TTpeobpa3oBa-
uue [9].

B mobom ciiyuae neneHue mapaMeTpoOB paclpenesieHus MuKcesel Ha (POHOBBIE U TPUHAIIE-
X)arie 0OObEeKTY CYIIECTBEHHO BIIUSIET Ha pe3y/IbTaT pacno3naBanus. HempasuabHbIil nx monbop
IPUBEOET K TOMY, UYTO 9acTh OOBLEKTOB OyIeT pacro3HaHa KakK (HOH mim OynoyT HalmeHbl DaH-
TOMHBIE OOBEKTHI, KOTOPBIE B MENCTBUTEILHOCTH SIBISIOTCS (GOHOM. B uacTHOCTHU, M3MEHEHUe
rpaHuUIB poHa OMHAPHOTO TPeodpa3oBaHMWs BHI3BIBAET CMEITIEHWE Kpas HaWOeHHBIX Ha M300pa-
XKeHU! 00BbEeKTOB. BeencTBre 5TOro MOryT U3MEHSIThCS TeOMEeTPUUECKe XapaK TePUCTUKN PAC-
MO3HAHHBIX TOBPEXKIEHU (TPEIINH), PACCUNTAHHBIE C MOMOIIBIO AJITOPUTMA.

[TonyuenHoe B pe3yibpTaTe yKa3aHHBIX IPeoOpa30BAHUN M300pakeHne conepkuT mHGOpMa-
o o GopMe U IJIONIAAN TPEINH, OMHAKO He MOXKET HEMOCPENCTBEHHO MCHOIb30BATHCS IS
OIrpenerleHnsT KOTMIeCTBEHHBIX TapaMeTPOB: UNCIIa TPEIINH, UX JINHBI, HAKJIOHA U T. II.

519 BBIIETIEHNST COBOKYITHOCTH TOYEK, KOTOPHIMEU MOXKHO OIHUCHIBATH CTPYKTYPY CETHU IO-
BPEXKIIEHUIT, TIPOBOMUTCsE cKesleTu3anus |5, 7]. DTa omeparms MO3BOJIIET OTMETUTH HA M300pa-
KEHWUN CPEeIUHHBIE JIMHUN TOJIIMHON 1 mukcenb, GopMupyrolme Kapkac Tperms (puc. 3, ¢).
Takue muHUT HA30BEM KapKaCHBIMU JIMHUSIMI PACIO3HAHHBIX OOBEKTOB MTOBPEXKICHUS.
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Bviuucaenue 2eomempuueckus rapakmepucmur mpewun. Ha Moy IeHHbIX KAPKACHBIX JIH-
HUSIX ONPENENISIOT COBOKYITHOCTE OMOPHBIX TOYEK, KOTOPHIE SBIISIOTCS BXOMHBIM HaOOPOM TaH-
HBIX JUIS DaJbHENIINX aHAJIATHIECKHX pacaéToB (cMm. puc. 3, ¢). OmopHbIE TOYKE BHIOUPAIOT
Ha KOHIIAX KaPKACHBLIX JIMHWUI, B MECTaX UX Pa3BeTBICHUA 1 meperuba. VICmomb3yst MHOKECTBO
OTOPHBIX TOYEK, MOXKHO BBIUUCIUTH JIUHY Ne(HEKTOB MOBEPXHOCTH, WX HAKJIOH OTHOCUTEIIb-
HO KOOPIMHATHBIX OCell M300paKeHUsl, PACCUNTATH MOJIOKEHNEe N KOJMICCTBO KBAZUIMHEHEIX
dbparMenToB. DTH NaHHBIE TPUMEHSIOTCS I AHAJIN3a COCTOSHIS TOBEPXHOCTHU 1 UCCIICIOBAHIS
3aKOHOMEDHOCTell eé paspyruerus [7].

Ha koopoMHATEI TOYEK KAPKACHON JIMHUM BANAIOT PA3IMYHBLIC MMapaMeTphl aJfOPUTMA.
Y cTaHOBIEHO, YTO HAUOOJIBIIEE BO3MEHCTBIE OKA3BIBAET M3MEHEHNE pasMepa sapa GuiabTpa u
rpanunsl hoHa Bo BpeMs cermenTanuu [5, 7]. I HeKOTOpOro Buma n300pakeHnil yCTAHOBIIEHO,
YTO OTKJIOHEHHUE TOYEK CPENNHHON JIMHUK MTPH TAKUX IapaMeTpax ajaropuTMa B 00IIeM HEeBeJIH-
KO 1 Kojiebsiercs B npenenax 0-20 muKcesneil, 9To MOXKeT BBI3BATH OTHOCUTEILHYIO MOTPEIITHOCTD
[P OIIPENeIeHIN [IINHBL TperuHbl 0T 5 10 25 % [5]. OnHako npuBenéHHbIE YUCIOBBIE 3HAYCHIS
UHINBUAYATBHBL U 3a[AI0TCA MHOIUME KaK BHYTPEHHUMW, TaK W BHEITHIME 0 OTHOLIEHUIO K
anropuTMy dakTopamu. [105TOMY IIpu aHAIN3€ MOIYUEHHBIX PE3yIbLTATOB BaKHA OIEHKA BO3-
MOXKHOTO UX OTKJIOHGHUS BCJICACTBUE M3MEHEHUS ITapaMeTPOB AJITOPUTMA.

I;1st yuéra BApUATUBHOCTU NAHHBIX PE3Y/ILTATOB MPEIJIokKeH HOBLIA MeTon. OH 3akiIroua-
eTcsl B IPENCTABJICHAN COBOKYITHOCTH PE3y/IbTATOB PACIO3HABAHU, IIOJYUYCHHBIX IPU PA3HBIX
HAbOpaxX 3HAYCHUI MApaMeTPOB AJTOPUTMA, B BHUIE HEYSTKOIO MHOMXKECTBA C OMPENCSTEHHOM
byHKIUe MpuHAIIeKHOCTH. [laee B 5TOM MHOXKECTBE BBIIEIAIOTC MOIMHOXKECTBA, COOTBETCT-
BYIOIIIE OMOPHBIM 30HAM PACIO3HAHHOTO 00BEKTa, KOTOPHIE AHATI3UPYIOTCS ¢ MOMOIIBI0 HeUT-
KX MHOXKECTB.

Brelunciienne reoMeTpUYECKUX IIAapaMETPOB TMOBPEXICHUI ITOBEPXHOCTH C
y48TOM BapuaTUBHOCTU, BLI3BAHHOI M3MEHEHNEM IIapaMeTPOB MCCJIEyeMOro ajiro-
putMma. Omobpacenue pe3yibmamos pacuémos 6 06wee NapamMempuieckoe npocmpancmeo.

[Ipumem [ — MHOXKECTBO SIPKOCTENl TOYEK M300PaKEHUsI, KOTOPOE SBJISETCS MOAMHOXKECTBOM
IBYMepHOTO mpocTpascTsa N2, a i(x,y) — ApKOCTh Hukcens ¢ Koopausaramu (z,y). Taxmu
obpazom, I = {i(z,y) |z = 1,Iw,y = 1,1h}, roe Tw, [h — mmpuHa U BBICOTA M300pAKEHUS

I coorBeTcTBeHHO. 1 cTaHIAPTHOTO MPENCTABICHUS N300paXKEeHNT B OTTEHKAX CEPOro IIBeTa
i(x,y) € [0-255].

OnpenennM MHOXKECTBO IMEPEMEHHBIX TapaMeTPOB aJITOPUTMAa, CYIIIECTBEHHO BIUSIONINX Ha,
pesyabTaT ero pabors, kak A = {IIy,1Iy,... II,}, rme n — xommuecTBo mapamerpos. Hampu-
Mep, 11 orBewaeT mapameTpy «pasmep saopa puabTpas, [Is — mapameTpy «rpanuiia OnHapHOTO
mpeobpas3oBaHusy» U T. M. SHAUEHNE KaXKIOTo U3 mapaMeTpoB II; MoxeT m3MeHsSThCS B Ouala-
BOHE [T} min, Timax) C marom 07;. Torma P = (m1,m2,...,m,;) — KOHKPeTHBIl HaOOp 3HAYEHMIT
napaMeTpoB, IPU KOTOPBIX MOJIyUYeHa KapKacHas JIMHUI.

O603HaYNM MHOXKECTBO BCEX TOUYEK PACCMATPUBAEMOIO M300PAKEHUS, MPUHAIICKAIIINX
KapKaCHBIM JIUHUSM IIPU OJaHHOM Habope 3HAUYEeHUU MmapaMeTpPOB ajifoOpUTMa, Jepes

1, Vi(z,y) € F(P),
0, Vi(z,y) ¢ FI(P),

rue Xp — XapakTepucTudyeckas QyHKIUs paBHAS 1, eciiu muKcenb (&, y) IPUHAIJIEKAT KapKac-
HOU JuHUY, 1 paBHasg 0 B IPOTUBHOM CIIydae.

Kaxmomy Habopy 3HAMeHHI mapaMeTpos aaroputMa Py, k = 1, K, rne K — KonmaecTso
HaGOPOB 3HAUEHUIT, COOTBETCTBYET CBOE MHOXKECTBO Touek F'(Py). Ompenenum QyHKINMIO, MOMI-
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Puc. 4. ®yuxuus S(z, y) noncuéra KoIMIecTBa HONALAHNAN TOYKN B KADKACHYIO JIMHUIO: 4 — IPUAMED
GyHKIUN miIa n300pakeHns Ha puc. 3; b — pparMeHT TPEXMEPHOIO IPENCTABICHUSI HEYETKOIO
MmHOX)ecTBa C

CUNTBIBAOIIYIO YACTOTY HMOMANAHUI TOUKH (2, Y) B KADKACHYIO JIMHUIO [IJI51 BCEX MCCIIEIOBAHHBIX
K wabopoB 3HAUECHUI:

K

k=1

Ecnu npencrasuts dyukuuio S(x,y) kak m306paxkeHne B OTTEHKAX CEpOro 1nsera (MHTEH-
CUBHOCTH THKCEJIs IPEeICTABIIeT 3HaueHne (HYHKIWUN), TO CBETIbE YyIacTKu OYIyT OTBEYATH
JacTAM n300paKEHNUs, HAa KOTOPBIX KapKacHAas JIMHUS MOBPEXKIEHNS Jallle PACIIO3HABAIACH IIPH
pasInIHLIX Habopax 3HadeHHil mapameTpoB P = {m,mo,...,m,} (puc. 4, a). DTuM 30HAM CO-
OTBETCTBYIOT UKW B TpéXMepHOM npencrasnenun (puc. 4, b). [llupuna nomoc Ha n3obpakeHnn
puc. 4, a (uau UmwMpuHA «rOpHOro Xpebras Ha puc. 4, b) MOKa3BIBAET Pas’bpPOC BBIYUCIIEHHBIX
3HAUCHUN.

OrmeTum, 9TO GYHKIUS, TPEACTABIEHHAS HA PUC. 4, @, TOJyYeHA IPU COBOKYITHOCTH 3HA-
YEHUIT TapaMeTPOB AJITOPUTMA, 3SHAYUTENILHO MTPEBLIMIAIOIINX TPAHAILI UX ONTUMAJILHOTO [IUa-
nasona. ViccnmenoBanHas COBOKYITHOCTL 3HAYEHUIT MapaMeTpPOB BKIIIOYAJA TaKWe HAOOPLI 3Ha-
UeHUl, IPX KOTOPBIX HMCKOMBIE Ha M300paKeHUM OOBEKTHI IMOBPEXKIEHUU He DPACIO3HABAJIUCH
BOOOIIIE WU e JIOXKHO PACIO3HABAIIICH MPAKTUIECKN Ha BCE IIIoaan n30opakenns. TeM He
MeHee, HeCMOTPS Ha MPeABAPUTENLHOE OTCY TCTBIE ONTUMAIBHLIX 3HAYEHUIT TApaMETPOB aJIro-
putMma, yHKIWS S(T,y) DOBOIBHO YETKO BBIIEIIIA HANOOIEE BEPOSTHLIE 30HBI MOBPEXKICHUI
(cm. puc. 3). Takum 06pa3oM, eCTb MPEANOCHUIKI [JIsi CAMOHACTDAUBAHUS (aBTOMATUIECKO-
IO TOUCKA ONTUMAJILHBIX 3HAUEHUN MAapaMeTPOB) MPEMJIOKEHHOTO aJlfOPUTMA, HO 5TOT BOIPOC
BBIXOIUT 33 PAMKU HAHHON PabOTHL.

Ecnu 3nauenne dyukimu S(x,y) HOpMaIN30BaTh, TO n3o0paxkeHue Ha pHUC. 4, a MOXKHO
MPeCTaBuTh B Bume HeuéTkoro MuoxecTBa C' = {(1,y) | ua(2,y)}, dyHkums mpuHamIeKHOCTH
KOTOPOTO fi(2,y) ByneT OnpenensThCs BBIPaXKeHIeM

pe(@,y) = Sz, y)/ sup(S). (3)

DyHKIIIA TPUHAMIEKHOCTH [15(7,Y) 3aMa8T BEPOATHOCTD TONANAHUA TOUKH (T,y) B Kap-
KACHYIO JIMHWIO VI UCCIACOOBAHHON COBOKYIIHOCTU 3HAUeHUI HapaMeTpPOB ajropuTMa. Torma
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TOYKI, OTHOCSIIIECS K KAPKACHBIM JIMHUSAM, C OIMPENESIEHHON BEPOSITHOCTBIO CONEP!KAT (-CPE3:

C(a) = {(z,y) | ne(r,y) 2 o}, a€l0,1]. (4)

Heudtkoe MHOKECTBO C COMEPKUT MOITHYI0 NHGHOPMAIAIO O CTEMEHN TTPUHAIEXKHOCTHU €T0
TOUYEK KAPKACHBIM JIMHUSIM TMOBpEXIeHN moBepxHOocTH. OHO PacCUYNTaHO C UCIOIB30BAHIEM
BCEX BO3MOKHBIX HAOGOPOB 3HAUEHU mapaMeTpoB {7y, 2, . . . ,7r77} U TIPEOCTABIIIET COOON HEUET-
KyI0 KapKacHYIO JTUHUIO DTUX TTOBPEXIEHUN.

Buigeaenue onoprvir K6a3umouex 6 Heuemrom muoxcecmeae. s BOZMOXKHOCTHU TIPAKTHU-
YeCKOT0 TPUMEHEHNW ST MaTEMATIIECKOTO alllapaTa HEIETKON TeOMeTPUN K TTOTYIEeHHBIM Pe3yib-
TaTaM BBEIEM IOHSITHE HEUETKON KBa3uTOUKu. HedéTkKol KBa3smTOUKON OymeM Has3bIBaTh OTrpa-
HIYCHHOE HeYETKOE MHOXKECTBO B IIPOCTPAHCTBE R?. OyHKINS TPUHAIIEKHOCTH HEIETKON KBa-
sutouku P(z,y) ymoBreTBopseT yciaoBuio: P(q) sBIsleTcss OrpaHUnYeHHBIM TOAMHOKECTBOM R?
s Beex o, 0 < o < 1.

YT006BI OIIEHNTH CTENEeHb OTKJIOHEHUST KOOPIUHAT KapKACHOW JIMHUU B ONPENETEHHBIX 30HAX,
BBIIEINM Ha n306pakeHnu, npencTasieHsoM B Bune byukimn S(z,y) (cM. puc. 4, a), onopHbIe
KBA3UTOYKN, KaXKIasl M3 KOTOPHIX OTPAHNYEHa COBOKYITHOCTBIO CBI3AHHBIX TOYEK, PACIIOIIOXKEH-
HBIX B y3JIOBBIX MeCTaxX HEUETKUX KapKaCHBIX JuHUi. K TakuMm mMecTamM OTHOCSTCS KOHEUHBIE
30HBI HEUETKIX KapPKACHBIX JIMHUM, 30HBI UX Iepernda 1 30HBI Pa3BETBIICHUS.

Il;1s BBIZENIeHNsT OMOPHBIX KBA3sUTOYEK BBINOIHUM pan onepanuil. CHauama chopMupyem
muOkecTBO Fy C C(ap), mpuMeHnB anroput™ ckenermsanun K a-cpesy C(ap). Bemmunna ag

OIpenesseT HUXKHEee MpemebHoe 3HAUEHMe, Tak 9To st Beex a-cpe3oB C'(a) mpu o < g Bee

Toukn (z,y) ¢ C(ag) cunrarores myMoM, OIS HEX OpEHUMaeTcs jix(z,y) = 0. B pesymsrare
TIOJTY 9IM PA3BETBIEHHYIO IEMOYKY TOUEK C eAMHUIHOMN TOMIIMHON F'y, KOTOpas rapaHTHPOBAHHO

IPOXOIMUT BHOJB BCex BeTOK a-cpesa C'(ap) oT Hauama mo koHua (puc. ).

Ianee B MHOXeCTBe TOUeK Fy BBIIETNM IOIMHOXKECTBO Y3IOBBIX TodeK Fr, = {ffo}, K
KOTOPBIM OTHOCATCSA KOHIIBI BETOK, IIPpMHAIJICKAITTIX Ff, TOYKI HepeFH6a 1 TOYKN BETBJICHUI.
[Homvmoxkectso Fr, € Fy chopMupyem mocienoBaTeIbHbIM TepebopoM 351eMeHTOB [y 1 0T0o-
POM T€X, KOTOPBIC YOOBJIECTBOPAIOT YCJIIOBUAM: ABJIAIOTCA HaYaJIbHBIMI TOYKaMU (I/IMeIOT OIOHOI'O
cocerna), TOUKAMU BeTBJeHUs (MMeT Gojlee IBYX COCelell) M TOYKamu meperuba (B HUX arl-
IPOKCUMUPYIOIIAS IPSAMasi OTKIIOHAETCs GOJIbIIE ONPENeTIEHHOTO MOy CTUMOTO 3HAYECHUs YIJIa
@ OTHOCHUTEJIbHO IIPENBLLAYIIIETO yqaCTKa>.

Puc. 5. ®parment a-cpesa C(aq) HEIETKOrO MHOXKECTBa (CBETIIAs JIMHUS €UHIIHOL
TOJIIIIHEI TIPEICTABIIAET CO00 MHOXKECTBO F'f, CBETIIBIE KPYXKKI — IOIMHOXKECTBO
y370BBIX TOUeK F'r,)
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0,58
0,51
0,43
0,36
0,29
0,21
0,14
0,07

Puc. 6. TpéxmepHoe IpencTaBeHNIe HEUETKIX MHOXECTB (), KOTOPBIE ONUCHLIBAIOT
KBAa3UTOYKM HEUYETKOIO KapKaca

Kax kBasuToukn GyneMm paccMaTpPHBATB OKPECTHOCTh TOUeK fr, € Fy, ¢ pammycom p(fyo)
B muOXkecTBe C. IlycTh d(u,v) — 5BKINIOBA METPUKA PACCTOSHUS MEXKIY TOUYKAME U U V.
OKpecTHOCTHIO TPOU3BOIBHON TOUKHI % OyIeM CYuTaTh HeIETKOoe monMHOx)ecTBO () C C'

Q = {é(il?,y) | d((x>y)au) < p(ff0)> :ué(xvy) > 040} (5)

¢ (pyHKIMEN TPUHAOIEXKHOCTA
1o(@,y) = pa(,y). (6)

I[TycTs N, — MOMMHOXKECTBO TOUEK IBYMEPHOTO TTPOCTpaHcTBa N2, pacIoNnoKeHHBIX B Ipe-
merax OKPYKHOCTH € IEeHTPoM B Touke u u pamumycom 7: Ny = {(x,y) | d((x,y),u) <r}, r € N.
Pagmyc okpecTHOCTH ompeneanM KaK MaKCUMAaJbHBIA PadiycC, IPU KOTOPOM OTHOCHUTEIbHAL
IOTISL 57IeMeHTOB MHOkecTBa C, HONANAIOIINX B OKPYKHOCTH C IEHTPOM B TOUKE U, Oy#eT He
MEHBIIIE, IeM TIPEleTbHOe 3HAUCHHE 0,

p(fr0) = sup{r | QI/|IN:| = 8} (7)

HeuéTKoe MHOXKECTBO (Q PACCMOTPIM KaK HEUETKYIO KBA3HTOUKY. BEIIeICHHELE OMICAHHBIM
CIIocOBOM KBA3UTOUKU MPENCTABIAIOT COOOM Y37I0BbIE TOYKM HEYETKOIO KApPKACa TTOBPEKICHUIT
[OBEPXHOCTH, HA OCHOBAHUU KOTOPBIX GYAYT PACCUUTHIBATHCS TeOMETPUUECKUE TTaPAMETPHI T10-
BPEXKJICHNIL: [JINHA 1 HAKJIOH, & TAaKyKe OLEHUBATHCS CTENeHb HEUETKOCTHU IOJIYIeHHBIX 3HAaUe-
umit. Ha puc. 6 nokasan ¢pparMeHT TPEXMEPHOTO IPENCTABICHUS TPYIIIbI HEUETKIX MHOKECTB
(), KOTOpBIE COOTBETCTBYIOT HECKOJILKIM DACTIO3HAHHBIM KBA3HTOIKAM.

Ilnst onenkn pasbpoca KOOPAUHAT KBA3UTOUYKH UCTIOIB3YeM BHEITHUIN MUAMETD HEUETKOTO
muOX)ecTBa [10]

Ihe

B(Q) = sgp{ 3 sup{q(e(€).4(€)) |(€), = =TTwg, y = TThe}Aa ¢ = 0z}, )

j=17
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rme & — YToJI MOBOPOTA CUCTEMBI KOOPOUHAT OTHOCUTEIBHO MCXOMHOTO MOJIOKEeHus; = = 359;
Twe, The — mupuna 1 BeICOTa M300paeHns B HanpasyeHnu oceit £(§) u y(§) coOTBEeTCTBEHHO;
Ax — Benmuunna nuckperusanuu, Ar = 1 nukcesns. B

HNuamerp (8) 3aBUCUT HE TOIBKO OT T€OMETPUUECKUX PAa3MEPOB MHOXKECTBa (), HO U OT
3HAUEHUs ero (PYHKIINN TPUHAIICKHOCTH 0% 151 9TKOrOo MHOXKECTBa BHEITHUN nuaMeTp Oy-
IeT MaKCHUMAJIBHBIM, KOTIa 0Cb (&) IpUMeT HAIpaBIeHNe, TP KOTOPOM MPOEKIIHs MHOKECTBA
Q) umeer HambonbImil pasmep. L M300paKeHU, dbyuxms S(z,y) KOTOPOro mokasaHa Ha
puc. 4, a, BHEITHUI OUaMeTP Pa3InYHBIX KBa3UTOUYEK KOJeOJIeTcs B mpenenax oT 2 no 14 nuk-
celel, cpemHee 3HAYEHUE COCTABIIAET 4 MUKCETIS.

Buiuucaenue 2eomempuueckur napamempos cemu noepencoenuti ¢ ucnoasb308aHUEM He-
YEMKUT K6a3umoyer. 3a OCHOBY BEIYHCIICHIS DACCTOSHUA MEXIy HEUSTKIMU KBAa3sHTOUKaMI
B3AT TOOXOM, mpentoxkeHublil B [11]. [Iycts D — HeuéTKoe paccTogume, a [ (d) — ero gyHk-
11 TPUHAOJIEXKHOCTH, TOrAa OJIs ONPEeNeIéHHOIO (-CPe3a HeUETKOe PACCTOSHUE MEXKAY IBYM
HEUETKIMN KBasuToukamu ()1 u Qo9 cocTaBUT

D(a) = {d(u,v) |u € Qi(a), v € Q2(a)}, 0<a <1y pp(d) =supf{alde D(@)},  (9)

re Q1(a), Q2() — Q-CPe3b HEYETKIX MHOKECTB [EPBOM I BTOPOil KBA3HTOUEK.

B obmiem ciydae GyHKIMS OPUHALIEKHOCTH fif(d), ONECHIBAIOIIAs PACIPENeIeHIe BO3-
MOXKHBIX 3HAUCHNI IJIMH MEXIy KBa3sUTOYKAMU, HOCUT CJIydailHbI XapakTep. Ha puc. 7 moka-
3aHBI TPUMEPhI TPAQUKOB [ f(d), TOTyYeHHBIX IpH aHaIm3e m3o0paenus (cM. puc. 4), Korma
a = ag = 0,04.

a u b 1 c
H 1,01 1,07
0,71 0.9
0,91
0,61 0,81
0,51 0.7 081
0,41 00 0,71
' 0,51
0,31 0,4 0,6
56 57 58 59 60 61 62 33 34 35 36 37 44 48 52 56 60
d, mIKceb d, muKcenb d, IKCeInb
M d Iz e H f
0.93] 1,01 1,07
0,9
0,91
0,81
| 0,91
0,89 0,74
0,871 0,61 /,\
0,81
0,851 . | | 0 . | | | | | . | | |
50 61 63 65 67 1 2 3 4 5 6 320 324 328 332 336
7, Tpan 7, Tpai 7, Tpa

Puc. 7. Tpaduku GyHKINU TPUHAIIEKHOCTA (i U1 HECKOJIBLKAX PACCUMTAHHBIX MEOMETPUUECKUX
napaMeTpoB TperuH: GyHKIus (i 07 paccTosHuil (a—c) u yriaos (d—f). 3uavenus dyr, yar —
pe3ynbTaT nedasuduKaluy Yepes OeHTP Mace (GyHKIUU IPUHALICKHOCTH
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Hpyroit BaxKHBIT TapaMeTp, XapaKTePU3yIOIINi CeTh MOBPEXIEHNN MCCIIEMyeMON TTOBEPX-
HOCTH, — YTOJI HAKJIOHA MPSIMOIMHENHbIX (hparMeHToB. [lycTs (1, v) — yron HaKJIOHA MEKITY
TOYKaMH U U v. YTOJI HaKJIOHa KaxKJIOTO OTPe3Ka MeXIy IBYyMs HeUETKMMU KBa3sUTOUYKaMU Ql
u (J2 paccMOTPUM Kak HeUETKoe umciio [ ¢ GyHKImeln mpuHAIIeXKHOCTH /Lf(”)/)Z

(e) = {7(u,v) |u € Qi(a), ve Qa(a)}, 0<a <1y pup(y) =supfaly el(a)}.  (10)

st meuérrux paccrosuuii (9) u yrios (10) GyHKIMS IPUHANIIEKHOCTH TOKA3BIBAET BEPO-
STHOCTBH TOT'0, YTO IJIS UCCIIENIOBAHHOTO HabOpa 3HAUECHHUN IIapaMeTPOB H3MepsieMas BeIMYnHA
IpuUMeT OIpene/iéHHoe 3HaueHue. B obieM ciyuae mpu 0Oojiee BBICOKIX 3HAUEHUSAX v Paszdbpoc
GyHKIMIT TPUHAIIEKHOCTH fif(d) 1 pup(y) ByoeT yMeHbIIATHCS U MHTEPBAJIBl X obmacTeil
OIPENeIEHHOCTU OyIyT CyKaThCS.

Jlis 98TKOM OIEHKU MOy YeHHOIO HEYETKOIO mapaMeTpa (IJIMHBL, YIyla HAKIJIOHA) BBIIOJ-
HieTcsa nedazuduxanus o GopMye IeHTpa Mace

Ty = Z%‘M(l’z‘)/ > u(x), (11)

Iz 2 — 5JIeMEHThI HeUSTKOro MHOKecTBa X . Ha puc. 7 moKasaHbl BLIUHCIICHHBIE TAaKIM 0Gpa-
30M TOYHBIE 3HAUCHUS PACCTOAHUSA djy U yTJIa HAKJIOHA Y)[.

Heuétkue muOX)ecTBa D u ' comepx)aT nonHyo nHOOPMAINAO O PACUETe NJINHBI U Ha-
KJIOHA TIPSIMOJIMHENHOTO (hparMeHTa PacHo3HAHHOTO Ha m300paxeHnn kapkaca. OHa moiryueHa
IIpU Pa3INYHBIX HabOpax 3HAUYEeHWHN IapaMeTPOB ajropuTMa pacro3HaBaHus. T'akum oOpas3oM,
Korga 4JéTKue KPUTepuu BbIOOpa 3HAUYEHUHN MapaMeTPOB aJrOpUTMa OTCYTCTBYIOT, pa3pado-
TaHHBIN aJITOPUTM HO3BOJISIET IPOAHAIN3NPOBATE PE3YIHTAT COBOKYITHOCTU BO3MOXKHBIX 3HAUE-
HII KaxKI0T0 mapaMeTpa. JTo NaéT BOZMOXKHOCTb PACCUNTATh HAOOIIee BEPOSITHOE TTOJIOKECHIIE
KapKacHOW JIMHUU TTOBPEXIEHUS TSI BCEX UCCIIENOBAHHBIX HAOOPOB 3HAUYEHNH mapaMeTpoB. s
OTIEHKN TIapaMeTpPOB Pa3zdpoca BBIYUCIEHHBIX 3HAUYEHUN MOYXKHO WCIOJIB30BaTh, HATTPUMED, Ma-
TeMATUYECKUI allapaT Teopun BeposTHocTel [3, 12].

3akiouenue. B nanHoir paboTe MpeniokeH Crrocod n3MepeHns TeOMETPUIECKUX TTapaMeT-
POB IPSIMOJIMHENHBIX 3JIEMEHTOB KapKaca O0beKTa IIyTEéM paclo3HaBaHUS €ro udpoBoro n3oo-
paXKeHns, YINTHIBAIOIINI HEOMHO3HAYHOCTH PACIIO3HABAHUS OOBEKTa IIPU PA3INYHBIX 3HAUe-
Husx nmapaMeTpoB. OH 3aKII0UAETCS B IPEICTABIEHNN COBOKYITHOCTU PE3YIbTATOB PACIIO3HABA-
HII, IOy Y€HHBIX IIPU PA3HBIX HaOOpax 3HAUYeHNH ITapaMeTPOB UCCIIENYEeMOro aJlTOPUTMa, B BUIE
HEYETKOTO MHOXKECTBA C ONPENeIEHHON (QyHKIINEN TPUHAIIEKHOCTH. [lajlee B 5TOM MHOXKECTBe
BBIIETISIIOT ITOIMHOMXKECTBA, COOTBETCTBYIOIINE OIIOPHBIM 30HAM PACIIO3HAHHOTO 00BbeKTa. Takme
TIOIMHO2KECTBA MIPEIJIOKEHO OMUICHIBATD C MTOMOIIBIO KBA3UTOUEK, KaKIas N3 KOTOPBIX IIPeICcTaB-
7sieT co0Ooll OrpaHNYEeHHOe HEUETKOe MHOXKECTBO B IBYMEPHOM IIPOCTpaHCTBe. ['eoMeTpmyeckue
HapaMeTphl JINHENHBIX 5JIEMEHTOB MEXKIY KBA3UTOUYKAMU (IJIMHY ¥ HAKJIOH) PACCUNTHIBAIOT C
IIOMOIIIBIO CPENCTB HEYETKON IeOMEeTPHUN U IPECTABIISIOT B BUAEe HEUETKUX THCE.

AnropuT™, peasu3yoinil TPeIIOKEHHBIN CIT0c00, MaéT BO3MOXKHOCTL MPOBOMAUTH PACIIO-
3HaBaHNE TOBPEXKIEHNI MOBEPXHOCTH MPU OTCYTCTBUU IPEABAPUTETHLHO BBIUNCIEHHBIX 3HAUE-
HIII TTapaMeTPOB aJITOpuUTMa. 1akKoi TMOAXON YUYUTHIBAET U TO3BOJISET OIEHUBATH BIIUSHUE CO-
BOKYIIHOCTHU 3HAUYEHUN IapaMeTPOB UCCIENYEMOTO aJIropuTMa Ha KOHEUHBIN pe3ysIbTaT pacIo-
3HaBaHUs. [[poneMoHCTPUPOBAHO MCIOIB30BAHIE AJITOPUTMA IIJTs PACIETA TapAMETPOB ITOBPEXK-
NEHUI TIOBEPXHOCTHU MaTepuaJa.
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