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WCCNEOOBAHME METOOOB KOHTYPHOIO AHATNU3A A3POKOCMUYECKUX M30BPAXEHUN

[MOHATME KOHTYPHOrO aHanM3a M300paxeHu 3aKio4YaeTcs B BblAENEHUN rpaHnL, 06bEKTOB NPUCYTCTBY-
IOLLMX Ha 1306paxxeH Ha OCHOBE nepenafoB sApkocTh. C MaTeMaTUYeCKOM TOUKM 3PEHUS, UOEaNbHbIA KOHTYP
— 370 pa3pblB NPOCTPAHCTBEHHOM (PYHKLMM YPOBHEN SPKOCTM NNOCKOCTM M3obpaxerns.[1, 2] Takum obpasom,
3ajava BblAeneHns KOHTYPOB CBOAMTCS K 3afjaye noucka Takux paspbiBoB Ha u3obpaxeHun. Owmnbku Bblgene-
HWS rpaHuL, MOryT ObITb ABYX BWUAOB: BbIAENEHNE NOXKHbBIX KOHTYPOB M MPOMYCK pearibHO CyLLEeCTBYOWWMX rpa-
HUL,. Owwnbku 0ByCroBMneHbl HanMYneM LYMOB Ha U3obpaxeHnn. SPPEKTUBHBIA anropuT™M LOMKEH MUHUMK-
31poBaTh OWwubKK, a, crneaoBaTesibHO, AaBaTh NOMHYK MHAOPMaLMI0 O KOHTYpax Ha obpabaTsiBaeMoM M300-
PaXEHUN.

Cneumduka 06paboTkn a3pOKOCMMYECKMX M30BPaKEHWA 3aKOYaeTCst B CnieLyndnke caMmmnx aspokocMm-
Jeckux u3obpaxeHuin. Tak Kak Takue n3obpaxeHns Nomy4aoTcs B pesynbTaTe CbeMKU 3eM U3 KOCMOca, a,
cnepoBaTenbHoO, Ha BOMbLWNX PacCTOSHMSX, HA HUX MPUCYTCTBYIOT LOMNOMHUTENbHbIE LWYMbl: MOrOAHbIE YCNo-
BMS, BNIUSHAS aTMOCCEPbI, 3anblfIEHHOCTb CHUMAEMON TeppuTopui. [3] OTH LWyMbl BIIMSIOT HA KA4eCTBO No-
NyYeHHbIX KOHTYPOB. Ha 3TOM crneyudmrka aspoKoCMUYECKIX U300paKeHUI He 3aKaHYMBAETCS, HO Takue CBOM-
CTBA, KaK MHOrOKaHanbHOCTb Unu reorpatuyeckas NpuBsa3ka, SBASKOTCS UCTOYHUKAMM JONONHUTENbHOW WUH-
chopmaLuy 1 MoryT BbITb UCMOMNb30BaHbI B AanbHEALEM 4N YTOYHEHWUS MOSTyYEeHHbIX KOHTYPOB.

Beumay cneumgukm aspokocMnyecknx n3obpaxeHui Lemnbio AaHHOM paboTbl ABASETCS HE NPOCTO Uccre-
[0BaHWe pasnuyHbIX CyLLECTBYIOLLMX METOLOB BblAENEHNS rpaHUL, 06BEKTOB, KOHTYPOB Ha a3pPOKOCMUYECKMX
n306paxeHNsIX, a BbISIBNEHNE METOAOB, KOTOPbIE Nyuylle ApYrX CrPaBASKOTCA C WyMammn Ha n3obpaxeHuu. B
Ka4yecTBe uccregyeMblx MeTodoB Obinn BblbpaHbl METOAbI NPOCTPAHCTBEHHOO AncdEpeHUMpPOBaHMS, KaK
Hanbonee 4acTo ucrnonb3yemble 415 pelleHns NOCTaBEHHON 3afayn, a Takke METOA BblAeNeHns rpaHuL
(PYHKLMOHANBHON annpoKcumaLmen.

MeTozbl NPOCTPAHCTBEHHOMO ANdepeHLMPOBaHNS OCHOBAHbI HA CBOMCTBE PadMeHTa KpaeBbIX TOYEK
n3obpaxeHus. Mpu pe3kom nepenage SPKOCTU MOLYMb rpaueHTa BO3pacTaeT, NoaToMy Mo pesynbTatam ero
aHanu3a MOXHO NPUHATL PELUEHWE O HANYUW UMK OTCYTCTBUW TPAHULLbI.

[pagueHT yHkUMn f (X, y), 3a0aHHON 3HAYEHUEM SPKOCTU M306paxeHUst Ha NIOCKOCTH, OnpeaenseT-
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L. OcHoBHasi npobnema Takorn 0bpaboTku COCTONT B BbIOOpE nopora.

Ha npakTuke MeToabl NPOCTPAHCTBEHHOO ANdPEPEHLIMPOBAHIS CBOASTCA K CBEPTKE (hparMeHTa 13o6-
PaXeHUsi C MaTpULENn, KOTopas SBNSIETCS SAPOM UCMONb3yeMOro METOAA W XapakTepuayeT ero. Pasnuume me-
TOOOB 3aKMKYAETCA B UCNOMNb3YEMbIX SApaX CBEPTKW, KOTOPbIE UMEKOT PasnnyHyt0 YCTOMYUBOCTD K LUYMaM Ha
nsobpaxeHuu. [4, 5] B gaHHon pabote Gbinn paccMOTpeHbl Tpu AnddepeHLnanbHbIX onepaTopa: onepaTop
Cobensi, onepatop MptontT 1 LoG-¢ounbTp. OTM anropuTMbl BbiAENEHUS rpaHNL, MOXHO Ha3BaTb AOCTATOMHO
NPOCTbIMK, TaK KaK peanu3auns noboro 13 paccMOTPEHHbIX METOAOB He TpebyeT BonbLUMX 3aTpaT HU1 Mo Bpe-
MEHM BbINOMHEHUS, HW No 0BbeMy Heobxogumoit namatu. B ycnosusix auckpetHon 06paboTku n3obpaxeHuit
CYTb METOZOB NPOCTPAHCTBEHHOrO AMMEPEHLMPOBaHUS CBOANTCS K BbIYMUCIIEHNIO CBEPTKN M300paxeHns C
Mackoin, onpegenstowen MeToq BblaeneHus rpaHny,. CkaHupyroWwmii NpoLecc CBEPTKA onpeaensieT OTHOCH-
TENbHOE KOMWUYECTBO NPOW3BOAMMbIX ONepauwi, a, CnegoBaTenbHO, M CNOXHOCTL BCEX paccMaTpyBaeMbX



OnepaTopoB MPOCTPAHCTBEHHOTO ANGMEPEHLMPOBAHNS. JTa CNOXHOCTb NPOMOPLMOHaribHa KOMIMYECTBY MUK-
cenen Ha n3obpaxeHuu.

MeToa (hyHKLMOHamNbHOM annpokcumaumn 6asmpyeTcs Ha MOHATUM MAeanbHOro KOHTYypa. ViaeanbHbii
nepenag SpKOCTW, CYATAOLLMICA NPU3HAKOM HamnM4ns rpaHuLbl 06bEKTOB, MOXET ObITb NPEACTABMEH CTYNeH-
a, X < X,

s(x) =
. . {a +h, x> x,
4aTon (PyHKLMeN . Torga doparMeHT peanbHOro M3obpaxeHnst MOXHO annpoKCUMUPO-

BaTb naearnbHbIM nepenagom Bapbupysa ero napameTpbl, BENIMYMHY 1 NOJTIOXEHNE nepenana. Ecnm TaKyto an-
NnpoKCcMMaLmio yaaetca caenatb 4OCTaTOMHO TOYHO B AAaHHOM MeCTe I/I306pa)KeHVIﬂ, TO CYMTaAETCA, 4YTO B 3TOM
MecCTe UMeeTCA nepenag C HaOEHHbIMM napamMmeTpamu.

a+h

Puc.1. MipeanbHbiin ABYMEPHbIA nepenag SpkocTy

B ABYMEPHOM Cly4ae (*)yHKLI'MFI naeanbHOro nepenaga Tak e UMeeT MecTo BbITb, HO C 6OMbLIMM KOMK-

s(x,y)={ a,0X+8y < p

4eCTBOM NapameTpoB athcx+sy<p , M TaKKe Kak U B OOHOMEPHOM Chny4ae, yaayHas annpok-
cuMaums peanbHoro gparMeHTa u3obpaxeHus uaearnbHbIM KOHTYPOM O3HaYaeT Hann4me KOHTypa Ha u3obpa-
XeHun. Woes onpeneneHns napameTpoB MOZENU UaearnbHOro nepenaga spKOCTW, Haunyywum obpasom an-
NPOKCYMUPYHOLLIETO UCXOAHOE U30OpaKEHNE B OKPECTHOCTW HEKOTOPOIA TOUKM, NpuHaanexut Xiokkento [6]. OH
NPEANoXUI annpoKCMMMPOBaThb (hparMeHT 13obpaxeHns B Npeaenax OKpPYXHOCTU €AMHUYHOTO paguyca, pac-
KnagblBas ero no Habopy AByMepHbIX 6asncHbIX yHKUMA. Ha puc. 1. nokasaH dparMeHT naeanbHoOro KOHTY-
pa. [Ins cpaBHeHus mpeanbHOro koHTypa S(X,Y,a,h,c,s,p) u dparmeHta usobpaxenus F(x,y) obe

yHKUMM packnageiBatoTcs no 6asucy Xiokkens. B kayecTBe mMepbl cxofcTBa bbin BbibpaH kBagpaT runsbep-

TOBa PaCCTOSHUS j[F(x, y)—S(x,v,a,h,c,s, p)]°dxdy . Mocne pasnoxeHns yHKUMIA B paccmaTpusae-
D

MOM 6asnce KpuUTepuin CXOACTBA NPUHUMAET BUA Z(fi ~s;(a,h,c,s,p)*, roe f, n s (ah,c,s,p) koap-
i=0

duumeHTbl pasnoxenns F(x,y)n S(X,y,a,h,c,s, p) cooTBeTCTBEHHO. Takum 06pa3om, 3apada nowcka

KOHTYpa Ha M300paxeHnn CBOAMTCS K 3ajade onpedeneHns Natu napaMeTpoB UOeanbHOro KOHTypa, Haunyy-

LnmM 0Bpa3om annpoOKCUMMPYIOLLETO Uccregyemblin hparMeHT n3obpaxeHus.

WccnenoBanue BblBpaHHbIX METOAOB BKMOYano B cebs aHanu3 CroXHOCTU anropuTMOB, UCXOOs U3
TEOPETUYECKMX CBEAEHU 00 anropuTme, peanusaumn mMetomoB B cpege MatlLab v aHanu3 akcnepumeHTa Bbl-
[EerneHns rpaHuL, Ha 3afaHHOM M306paxeHnn. JKCNepUMEHT Noapa3yMeBaeT BblAENEHNe KOHTYPOB Ha CMyTHW-
KOBOM CHUMKE(PUC. 2) 1 CPaBHEHWE C 3TANOHHBLIMW KOHTYpaMu(puc. 3). ATanoHHble KOHTYpa Bbinn nomnyyeHbl



MPUMEHEHNeM OAHOTO W3 METOAOB BblAENEHUS| KOHTYPOB Haf CXEMOW, COOTBETCTBYHLLEN MCCreayemomy
CMYTHUKOBOMY CHUMKY, M JOpabOoTKON MOMy4eHHOro pesyrbTaTa B rpaduyeckoM peaakTope.

Puc. 2. VicxogHbli CNYTHUKOBBIA CHUMOK Puc. 3. OtanoHHoe KOHTYpHOE n3obpaxeHue

B pesynbTtate npoBeaeHUst aKCNepUMEHTOB Obli NOMYyYeHbl KOHTYPHbIE M306paxeHuns. MeTtoabl npo-
CTPaHCTBEHHOIO AndepeHLMpPOBaHNS ABNSKOTCS HAaCTpanBaeMbIMK NMyTeM BapbUpoBaHKUS nopora GuHapusa-
LMW 1 COOTBETCTBEHHO B XOZE 3KCMEPUMEHTOB ANS KaX4oro M3 MeTodoB Obinn nogobpaHbl Hauny4wme, 4ns
nccnegyemoro u3obpaxeHus, koapduumeHTel GuHapusaumn. OT 3TUX KOIPMUUMEHTOB 3aBUCUT Hanuume
NMOXHbIX KOHTYPOB M OTCYTCTBME KOHTYPOB pearibHO CyLLECTBYIOLMX, CnefoBaTenbHO, nopork BuHapusaumm
BbIOMPanMCh NCX0AS U3 MUHUMU3ALMM 3TUX OLWKMBOK B pesynbTaTe CPaBHEHUS C TANIOHHbIM U30BpaXeHneM.
Bbibop npaBurbHbIX NapameTpoB AN KaXOOro MeToda 3aTpyaHsSeTcs TeM, YTO OMMCaHHbIE Bbille OLLMOKM
WMEKOT pasfNYHOE HanpasneHue pocTa. To eCTb, YMEHbLUAs LWYyMbl Ha N306paXeHNN, NCHE3aT KOHTYPbI 00b-
€KTOB, ¥ HAa06OPOT YTOYHEHME KOHTYPOB MPUBOAMUT K YBESIMYEHWIO LUYMOB. TEM HE MeHee, CpaBHeHWe nony-
YeHHbIX 130BpaxeHui NPOBOAMIOCH HA OCHOBE YUCIIEHHbIX XapaKTEPUCTUK, NpeacTaBneHHbIX B Tabnuue. B
KayecTBe TaKuX XapakTepucTuk Bbinn BbIGpaHbl: KOIMYECTBO NUKCeNen 0bpasyroLLmxX NOXHbIE KOHTYpa 1 KO-
4eCTBO NUKCeNel HepocTarWMX AN NaearnbHOro BblAENeH!s KOHTYPOB.

HasBaHue MeToda JloxHble I'IVIKCGJ'IVI,% He,qomaromwe I'IMKCGI'IVI,%
Onepatop Cobenst 18.5 34
Onepartop lNproutt 13.4 6.5
LoG-counbTp 12.3 4.2
Metop Xiokkens 8.6 6.6

3 npeacTaBneHHon Tabnuubl BUAHO, YTO HWA OAMH U3 METOLOB HE UMEET OLHO3HAYHO NyYLMX Pe3ynb-
TaToB. MeTon Xtokkensi nokasan HamborbLUyK YCTOMYMBOCTD K LYMY, TO €CTb BblAENWN MEHbLLEe KONMYeCTBO
NOXHbIX KOHTYPOB, OHAKO 3TOT METOA TaKKe MPOMyCTUN AOCTATOMHO MHOTO KOHTYpOB. UTO KacaeTcs ocTanb-
HbIX METOAO0B, TO OHU XYXe CMPaBUNCh C LUYMOM, U TO, YTO OHM Bpoge Bbl HEMMOXO CNPaBUANCEL C OCHOBHOM
3aa4en BblOENEHNS KOHTYPOB, 3TV KOHTYpPa MOryT ObITb NNOX0 AETEPMUHMPYEMBI 13 06LLEro ()OHOBOTO LyMa.

Ha puc. 4, a-B npeacTaBneHbl pesynbTaTbl 9KCNEPUMEHTOB C PACCMOTPEHHBIMWA METOAaMU NpOCTpaH-
CTBEHHOrO AnddepeHumpoBaHms. Puc. 4, r npeacTaBnseT nyyiumin pesynbTaT 3KCNepUMEHTOB MO BbIAENEHMIO
KOHTYPOB MeTOAOM XIoKkens. B pesynbTate npuMeHeHWs 3TOro MeToda nonyvaetcst BuHapHoe usobpaxeHue
W, CriefoBaTenbHO, AaHHbIN METOd He HyxaaeTcs B noabope nopora GuHapmsaumn. OgHako 3TOT METOA Takke
MOXET ObITb MMOKO HacTpanBaeMbIM MyTEM BapbUPOBAHNS JOBEPUS K HAWAEHHbIM rpaHuLaM.

CpaBHuBas KOHTYPHbIE M300paeHMs, MONyYeHHbIE PACCMOTPEHHBIMI METO4aMM BbIAENEHNS TPaHuL, C
3TamNOHHbIM KOHTYPHbLIM N300paXeHneM, MOXHO CaenaTh BbIBOA, YTO KOHTYpa NonyYeHHble METOAOM XIOKKENS
Hanbonee TOYHbI M cBOBOAHbLI OT Wyma. OaHako, Gonbluas BPEMEHHAS! CIOXHOCTbL 3TOr0 anropuTMma, He nos-
BOMNSET Ha3BaTb €ro 6e30roBOPOYHbLIM NMAEPOM. YUnTbIBas cneundmky aspoKoCMUYECKUX 13obpaxeHui, a
WMEHHO Hannune LOMOMHUTENbHbIX LYMOB M MENKIE TEKCTYPHbIE 3MEMEHTbI MOBEPXHOCTEN, XoTenoch Obl no-
PEKOMeHZ0BaTb MCMONb30BaTh METOA XHOKKeNst ANns BblAENEHNS KOHTYPOB, HO UL NPU YCINOBUK, YTO HET
OrPaHUYEHN A NO BPEMEHU, TO €CTb 3TOT METOA He MOXET ObITb MCMONb30BaH ANs Kakoro-nnbo akcnpecc-
aHanwuaa.



Puc. 4. TonyyeHHble KOHTYpHble 1306paxkeHNs
a) onepatop Cobens; 6) onepatop lptouTT; B) LOG-mnbTp; 1) MeTog Xtokkens

Kakol M3 meToq npoCTPaHCTBEHHOMO AndepeHUMpPOBaHMS NpeanoyTUTENsHEN B UCMNOMb30BaHUKN MO
NpoAenaHHbIM 3KCNEPUMEHTAM HE NMPELCTaBNAETCS BOSMOXHbIM BbIAENNTb. AT METOAbI MOTYT BbITb UCMOMb-
30BaHbl B Cryyasix, koraa obpabatbiBaemoe 1M306paxeHne 4OCTaToMHO CBOBOAHO OT LyMa UK Koraa 3agava
COCTOUT B MPUBIMKEHHOW Nokanu3aLumm oBbekToB, a B UX TOMHOM onpegeneHun. Onepatop Cobens nydiwe
CrpaBuICa C 3agayen BblAeNeHns, 04HaKo 3allyMIEHHOCTb 3KCNEPUMEHTANBHOTO M306paxeHNs He NO3BOMNM-
na OTMETUTb 3TOT MeTo[ Kak JOCTOWHbIN ANS BblAEeNEeHNs KOHTYPOB Ha a3pOKOCMUYECKUX N30BpaxeHnsX, BBU-
Ay UX CWNbHOW 3alymneHHocTu. [pyre ABa Metofa NPOCTPaHCTBEHHOMO AvddepeHUMpoBaHNS nokasanm
Brm3kne mexay cobon pesynbTaThl, KOTOPbIE HE BbIAENAKTCA HXA B LUYMOMNOAABMEHNN, HA B HEMOCPEACTBEH-
HOM BbIZEeSIEHII KOHTYPOB.
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