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METOR NPOCTPAHCTBEHHOW UHTEPMONALMUA U30EPAXEHWUN

B coBpeMeHHOM MUpe Kaxzabli U3 HAac NOCTOSHHO paboTaeT ¢ LM poBbIMM 130BpaxeHnsaM. Mopor Mol
WX CO3AaEM CaMn C NOMOLLBH LinchpoBOro choToannapata, MMbo Haxoaum WX, MCNONb3ys PasnuyHbie pecyp-
Cbl, Hanpumep, ceTb MHTepHeT. [JoBOMbHO YacTO BO3HMKAET HEOBXOAMMOCTb B NOCT-06paboTke Takux 13ob-
paxeHu, Hanpumep, nsbasnexne ot gedekToB. Takum 06pa3om, 3aaada NPOCTPAHCTBEHHON MHTEPMONSALMM
n3o0bpaxeHuin ABnseTcs BOCTpeboBaHHOM B COBPEMEHHOM Mupe 06paboTkm LndpoBbIx n3obpaxeHuin. B gan-
HOW paboTe npeacTaBneHbl pe3ynbTaThl peanuiaumun cObCTBEHHOMO anropuTMa 13 knacca inpainting.

MeToabl NPOCTPAHCTBEHHOW WHTEpNoNAUMK Knacca inpainting nosBonsOT pewwaTb chegylwme npu-
KnaZHble 3agauv:

— y[OaneHue HexenaTenbHbIX 06BEKTOB C M300paxeHns;
— y[arneHue HanoXeHHOTo Ha M30DpaxeHNe TEKCTa;

— ydaneHue MexaHU4eckux AedekToB, BOHUKAKOLLMX, HAaNpUMep, Npu oundpoBKe CTapbIx doTorpa-
cui (LapanuHbl, nepernbbl, NOTEpPTOCTH);

— yAaneHve aedekToB, Bbl3BaHHbIX NPpobrnemamu nepeaaym no ceTy;

— yAareHue UMNynbCHOrO LIYMa, HAaNOXEHHOro Ha M3obpaxeHue.

3p4eck v fanee Byaem npuoepxmBaThes OBLLENPUHATLIX TEPMUHOB M OMPEAENEHNI, XapaKkTepHbIX AN
OnucaHus anropuTMOB Knacca inpainting.

McxoOHas obnacme — 06nacTb Ha U30BpaeHUn, KOTopasi OCTAETCA HEM3MEHHOI B Xoae paboTbl anro-
puTMa.

Lenesas obrnacms — 0bnactb Ha U306paxeHnu, KOTOpyr He0OXOANMO U3MEHNTD (MHTEPMONMPOBAT).

OCHOBHbIMU MPUHLMNAMM NOCTPOEHUS anropuTMOB NPOCTPAHCTBEHHOM MHTEPMONALMM N306paxeHuiA
SBNSIOTCS:

— aHaliM3 Ha OCHOBE meKcmyp;

— aHanus Ha OCHoBe u3oghom.

Mog mekcmypol NOHUMAETCA M30OPaXKEHNE ONTUYECKON CTPYKTYPbl NOBEPXHOCTH rpaduyeckoro 06b-
eKTa, reHepupyeMoe B COOTBETCTBUM C €0 XapakTepoM, YCroBUSIMU OCBELLEeHNS 1 HabmogeHns [1]. TekcTypa
onpegensieT LWepoxoBaToCTb UMK MMagkoCTb NOBEPXHOCTU 06bekTa. PasnuyHble BUAbl TEKCTYp NpeacTasne-
Hbl Ha puc. 1,a [2].

OfH“M 13 NOAXOAO0B 3anoSHEHUS NUKCENen LieneBon 061acTn SBNSETCS HaXOXAEHUe Takon NOAXoas-
Lier 3aMeHbl, KOTopas No3BonseT Haubonee NOMHO COXpPaHUTb TEKCTYPY BCero nsobpaxeHus. Apyrum 6aso-
BbIM MOAXOOOM SIBNSIETCS 3arofiHeHue LieneBoi 0bnactn Ha OCHOBE aHanu3a u3ogom — NUHWIA PABHON WH-
TEHCUBHOCTU Ha M306paxeHnn. B aTom cnyyae, B NepByto ovepeab 3anonHATCA NUKCENN, HaxoasLwmecs Ha
NVHAK 3HAYMTENBHOTO nepenaga spkoctu. Ha puc. 1b npeacrasneHsl pasnuyHble M30¢0TbI.

a - b
Puc.1
a) npuMepbI TeKcTyp; b) npumeps! n3odot

Hapo oTMeTuTb, YTO BbIGOP NOpsiaKa 3anonHeHNs LieneBoii 061acTi MOXET 3HAYUTENbHO CKa3aThbCs Ha
pe3ynbTupyloLLem n3obpaxerun. [Ins 3agaHns HeobxoauMmoro nopsika 06xoaa kakooMy M3 LieneBbix nukce-
neit MoXeT ObITb 3afaH NPUOPUTET 3anonHeHs. Mpu TEKCTYPHOM aHanuae HaumbonbLUMA NPUOPUTET 3anosi-



HeHust BydeT OTAaH MUKCENsSM, KOTOpbIE OKPYXeHbl HanbOomMbLUMM KOMMYECTBOM MUKCENEN, Onpeaensiowmx
TEKCTYpY M30bpaxeHust. Mpu UCnonb3oBaHUK aHanm3a Ha OCHOBE M30¢HOT, NPUOPUTET 3anonHeHns byget oT-
[aBaTbCA TEM MUKCENSIM, KOTOPbIE JIOTMYECKM NEPEKPbIBAOT NPOLOHKEHME N30HOTbI.

PaspaboTaHHbiii anroputm 6asupyetcs Ha anroputme A. Crimnisi [4]. OCHOBHOe OTRMYME COCTOUT B
TOM, YTO 3a OAWH Luar paboTbl anropuTMa NPOU3BOAUTCA 3aMeHa TOMbKO OAHOIO M3 LIENEBbIX MUKCENEN, a He
HEeCKOMNbKMX NUKCenen cpasy.

PaccmoTpyM OCHOBHbIE Lary paspaboTaHHOro anroputMa (CM. puc. 2).
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Puc. 2. OcHoBHble Wwaru paboTsl anroputma

MepBbiM LWAroM WHWLMANU3MpyeTcs cxogHas obnacTb, a MMEHHO MPOMCXOAMT YCTaHOBKAa paauyca
anepTypbl W BbICTABNEHME CTENeHN HEQOBEPUS UCXOAHBIM NukcenaM. Paguyc anepTypbl onpegenset Konu-
4ecTBO cocefen NMKCens, y4acTByloWwmx B Bbibope 3ameHbl. CTeneHb HeLOBEpUst ANt UCXOAHbIX MUKCEne
paBHa 1. MicxoaHble NUKCenn nonb3yTcs HanbonbLUMM JOBEPUEM.

BTopbiM Wwarom SBNSETCA MHULManu3auus Lenesoi obnactu. Ha aTom atane COCTaBMsSETCs CrMCOK
BCEX LIENeBbIX MUKCEeNewn, U Ha OCHOBE aHann3a anepTypbl KaXOOoro 3 HUX BblOMpaeTcs nukcenb, nognexa-
WKMA 3ameHe. AHanu3 anepTypbl COCTOMT B ONpefeneHun KonnyecTBa “nonesHbix cocefen” nukcens, T.e.
NoACYETE KONMYECTBA NUKCENeE B paguyce anepTypbl, KOTOPbIE NexXat B rpaHnLax 3obpaxeHus n He SBns-
t0TCA LieneBbIMU.

Cnepyowmm LIarom SBRSETCS NOUCK Haunyyllen 3ameHbl no kputepnto SAD unu SSD w1, HakoHel, 3a-
MeHa LieneBoro nuKkcens.

[lo Tex nop noka CNWCOK LieneBbIx nukcenei He BygeT nycT, uHuymanu3aums Leneson obnactu byaet
NPOU3BOANTLCA 3aHOBO, C NOCNEAYIOLLMM BbIBOPOM NUKCENs ANs 3aMeHb.

B peanu3oBaHHOM anropuTMe KpUTEPUEM «MOXOXECTU» ABYX MUKcenen sensetcs nokasatens SAD
(sum of absolute differences), kOTOpbI paccUNTLIBAETCA HA OCHOBE AaHHbIX O coceasix. Bbipaxasch cTporum

a3bIkoM, ANs Tekywjero obpabatbizaemoro nukcens I el 171} y3 Lenesoil 30HbI MPOMCXOANT NOMCK MO BCEMy
M30BpaXeHNIo APYroro Nukcens ¢ ycnosuem min{{SAD(ARI}):
R I

SADB) = ¥ Y Q@ b)« W2 +ay2+ ), (1)

a=-Rb=-R
e ® = (L paswepst Henenesolf 061acTH). (g, 5) = I/Gx1 + a1 + 5 - G2 + a,v2 + Bl — pas-
HOCTb 3HA4EHWIA APKOCTW MUKCENS 13 anepTypbl UCXOAHOM M LeneBoit 0bnacTei, B3sToi No abcontoTHOMY
3HaveHuo; R — paguyc aneptypsl; | (x, y) — 3Ha4yeHMe SAPKOCTU NUKCENS B TOYKE C KoopauHaTaMu (x, y);

W (X, y) — koachcpuLMEHT HeZoBEPUS i1t IMKCENS C KOOpANHaTaMm (X, ).



Yewm Bblwe SAD s 3anofHEHHOro nNuKCens, TeM 60mbLUMA KO3hMULMEHT He[OBEPUS EMY NpUCBau-
BaeTcs. PaccraHoBka K03(h(ULIMEHTOB HEAOBEPHS NO3BONSET HAXO4UTbL 3aMeHy NS LEenesoro nukcens 60-
nee TO4HO. B cnyyae ecnm MuHUManbHbI SAD MMEIOT HECKOMBKO MUKCENEN, TO AN KaXA0r0 U3 HIUX paccyu-

ThiBaeTest SSD (sum of squared differences) 1 BbiGupaeTcs nuKkcenb ¢ yeroauem mini{SSD{h)L):
R R
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g=-RK b=-R
B kayectBe npumepa paboTbl anroputMa paccMoTpuM u3obpaxenue test.omp, B3aToe u3 cTaHpapT-
HOro TECTOBOrO Habopa 130BpaxeHnn U HaNoXUM Ha Hero TekcT (cM.puc.3). Halwei 3agadein aBnseTcs yaa-

NeHune TekcTa ¢ u3obpaxeHus.

Puc. 3. 306paxeHne ¢ HanoXeHHbIM TEKCTOM

[ns cpaBHeHns Bbinn paccMoTpeHbl oTKpbiTas peanusaums Q.Zhang [3] anroputma A.Crimnisi [4] 1
kommepueckuit npogykT Akvis Retoucher [5], koTopblii 3anyckancs B aBTOMaTMYECKOM (3KCMPECC) PEXMME.
YBennyeHHble parMeHTbl M30bpaxeHnn ¢ pedynbtataMmu paboTbl pasnUyHbIX anropUTMOB NMPUBEAEHbI Ha
puc.4.

Puc. 4. PesynbTat 06paboTku
a) Akvis Retoucher; b) peanusauuet Q.Zhang; c) peanu3oBaHHbIM anropuTMom

XopoLwo BKaHo, 4to npoaykt Akvis Retoucher HapyLumim LENOCTHOCTb KaPTUHKKM: KOMOHHbI U hacag fo-
Ma BbIrMAZAT paspyLleHHbIMU. PesynbTatel 06pabotku anroputmom A.Crimnisi Bbirnagat nydiwe. ®acaj u
KOMOHHbI LieMbl, HO TEKCTYpa KOMNOHH HEe OJHOPOAHA W MpaBbli CkaT (hacaja HECKONbKO pa3MbIT. Peannso-
BaHHbI anropuT™M CrpaBuUrcs Haunyywum obpas3om. Bce coctaBHble YacTu n3obpaxeHns Lenbl 1 aghekT
pa3MbITUS OTCYTCTBYET.

Tenepb yaanumM HanoXeHHbI UMNYNbCHBIN LWYM C M3006paxeHus peppers.bmp, Takke B3ATOrO U3 CTaH-
AapTHoro TectoBoro Habopa. CpaBHeHue paboTbl pa3paboTaHHoro anroputMa Byaem npou3BoauTb C MOAW-
(bMUMPOBaHHbIM MeanaHHbIM (unbTpom [6] no kputepmto PSNR [7] (NMKOBOE OTHOLLEHWE CUrHana K wymy).
Mogaudmkaums unbTpa COCTOMT B TOM, YTO NOABEPraTb M3MEHEHNIO ByaeM TOMbKO 3allyMMeHHbIe NUKCEN,
He 3aTparuBasi OCTaBLUMECS HEU3MEHEHHbIE MUKCENW. MMOCKOMbKY, B UCMOMb3yeMbIX M30BpaXeHNUsIX Makcu-

ManbHOe 3HaYeHne pKOCTM nukcens paBHsieTcs 255, PSNR paccunteiBancs no cneaytoleit popmyne:

255
PSNR = 20 logyg— )
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(3)

[Ae N — YNCNO NUKCEenen 30BPaXEHNS; X — i-blit NMKCEMb UCXOHOTO M306PaXeHms:; X' - i-blit MUKCENb BOC-
CTaHOBIIEHHOIO N300paxeHus.
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Ha puc.5 npegcTaBneHo ncxogHoe 13obpaxkeHue, a Takke 1300paxeHusi C pasnnyHbIM KONMYECTBOM

LIyMOBbIX Mukcenei. B xope paboTbl Obinn creHepupoBaHbl 1 06paboTaHbl n3obpaxenns ¢ 5%, 10%, 15%,
20%, 40% LuymOBbIX NUKCENei.

Puc.5.
a) wu3obpaxeHue c 40% wyma; b) pparmeHT n3obpaxeHnsi, BOCCTAHOBMEHHOTO C MOMOLLb0 MOAMULMPOBAHHOMO
MeanaHHOro unbTPa; ¢) pparMeHT n3obpaxeHusi, BOCCTAHOBMEHHOMO C NMOMOLLBI0 pa3paboTaHHOro anroputmMa

PesynbTaTbl cpaBHeHUs paboTbl anropuTMOB NpKUBEaeHbI Ha puc. 6.
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Puc. 6. Kputepuin PSNR paspaboTtanHoro anroputma 1 MeanaHHoro unsTpa
NPy BOCCTAHOBNEHUN U30BPaXEHUS C Pa3NNYHBIM KONMYECTBOM LIYMOBbIX MUKCENEN

W3 rpacbuka (puc. 6) BUQHO, YTO NO CPABHEHMIO C MOAMPULMPOBAHHLIM MEAMAHHBIM (UNLTPOM, pa3pa-

BoTaHHbIN anroputM 6onee TOYHO BOCCTAHABIMBAET MCXOAHOE U3obpaxeHue, T.K. 3HaveHns PSNR Bcerga
nexar BblLle. Bbmrpbil Ha Hanbonee cunbHO 3aLlymneHHOM u3obpaxeHun coctaenseT 0,63 dB.

Takum 06pa3om, B AaHHOM paboTe Oblnv NpOaHaNN3MPoBaHbl OCHOBHbIE CAiepbl MPUMEHEHUS anropuT-

MOB MPOCTPAHCTBEHHON UHTEPMONALMKM M3006paxeHn knacca inpainting, paccMoTpeHbl 6a3oBble Moaxods! K
NOCTPOEHWNIO TaKUX anrOpPUTMOB, OMKCaHbI LWarn pa3paboTaHHOro anroputMa. Takke NpUBEAEH CPaBHUTENb-
HbI aHamu3 paboTbl anroputMa Ha u3obpaxeHuu test.bmp Ha Ka4yecTBEHHOM YPOBHE M Ha M30BpaxeHnn ¢
HaNoXeHHbIM UMMYNbCHLIM LWYMOM peppers.bmp Ha ocHose kputepust PSNR.
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