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[TlpnmMepbl (He photoshop!

CUHTE3 1 BOCCTaHOBNIEHNE TEKCTYP
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NcxoaHoe nsobpa)keHne
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i [lapaMeTpbl TeKCTyp (2)

CTeneHb CTPYKTYPUPOBAHHOCTU
SRS ENINEN J AL PSTYCAS

[loyTn naeanbHoO CTpyKTypa eCTb, HO He XaoTUYHasa TeKCTypa

NnoBTOpPAOLLNECH 6noku CaMOI'IO,EI,O6Ha$|
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i [lapameTpbl TekcTyp (3) =

NcKkaXkeHns NepCreKkTmsbI

CS MSU Graphics & Media Lab (Video Group) Graphcut textures: image and video synthesis using graph cuts 8
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i [l0OCTaHOBKaA 3a4aui

= 33/a4a: BOCCTAHOBUTb KYCOYHO-CBSA3HYIO 06/1aCTb
n3o0bpaxxeHus
= [lpeanonoxxeHus:
= CTpYKTypHast 4aCTb KyCOYHO-TNaaKas
= JINHWUM rpaHnL KYCOYHO-IFNaaKne
= M306pakeHne npubnmxeHHo caMmonogobHo
= EcTb Heobxoanmas ans BoCcCTaHOBNEHWUS MHOpMaUUS:
= CeMaHTU4eckas — MHgopMauust o npupoae 06BLEKTOB

= JINHMM 1 UBETa Ha rpaHMLE BOCCTaHAB/IMBAEMOU
obnactu

CS MSU Graphics & Media Lab (Video Group) 9
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i Ob6nactn nNpuMeHeHwus

= YaneHune obbeKkToB

= YJaneHue uapanuH

= /I3MeHeHMe KOMNOo3nLUMKN N30bpaxeHuns
= [lOCTpOoeHune naHopamsbl

= [ eHepauunsa ctepeo

s CMHTE3 TeKCTyp

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/
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Knaccudukauma metoaos g

=

BoccTaHOBAEHME CTPYKTYPbI CUHTE3 TEeKCTYpbI

KomBMHaUMA CMHTE3a TEKCTYP M BOCCTAHOBNEHMA
CTPYKTYpPbl Yepes A4eKOMMNO3MNLMUI0

PDE-based meToabl (0CHOBaHHbIN
Ha YPaBHEHMA B YACTHbIX
NPOU3BOAHbIX)

MocTpoeHne aHaNUTUKO-

BEPOATHOCTHOM MOAENu
MonukcenbHaa obpaboTka '7
Obpabotka 610Kamm ‘

PelweHune ypasHeHUA anddysunn
(mopenb nepepaym Tenna)

PelueHue ypaBHEHUA

rMApoAMHamMmKa (Moaens O6paboTka 610Kkamu B nopszKe |
MOBEPXHOCTK BO.EI.bI) reomeTpu4eckon 3HaYMMOCTH
MeToAabl BapnaLMOHHOro O6paboTka 6rokamu npowsaoanoﬁ
ncYUCNeHnsa (MMHUMKU3aLUNS dopmbl

WHTerpana) ‘
BoccTaHoBNEHME M3 FpagMeHTa /—

FnobanbHbIN MOUCK MAaKCUMANbHOTO
npasgononobua gna cuctembl 610KOB

COE,E!,M HEHWE PAa30PBAHHbIX

NIVMHUMA
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= BBegeHue

= Inpainting with third-order optimal PDE
= MeToabl KOMMoO3nLUmMK 6/10KOB

» OnNTMKM3aUmmn

= CBOM anroput™

= Pe3ynbTaTthbl TECTUPOBAHUSA
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i 3a4a4ya 1 NpeanocbIKK

s Llensb:

BoccTaHOBUTL nMoBpexXaeHHYyo 061acTb
n30bpaxxeHus

= [1lpeanochbinku:
= ObnacTtb 4OCTAaTOYHO BennKa

= Bcs Heobxoammas nHdopMaums CoaepXXmTcs
Ha rpaHuUe

= /1306paXkeHne KyCOYHO-MOCTOSIHHO

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) Inpainting With a Third-Order Optimal PDE”, IEEE transaction 13
www.compression.ru/video/ on imaae processina. 2006
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i Knaccnyeckmn anropuTtMm

1.  JIMHUN, NpeceyeHHbIe Ha
rpaHuLEe, BOCCTaHAB/IMBAKOTCA BHYTPb
obnacTtu

2. 3aMKHYTblE€ pErnoHbl 3anosIHAOTCS LIBETOM
3. JlobaBnsieTcs TekCcTypa

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) Inpainting With a Third-Order Optimal PDE”, IEEE transaction 14
www.compression.ru/video/ on imaae brocessina. 2006
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i ABTOMAaTMYECKUM anroput™M

J10 cXoAMMOCTM:

1. [poannM NUHUKM Kpaes

YucneHHoe peweHue PDE
(Partial differential equation),
COXPaHSOLLIEro BAONb JIMHNN HEKOTOPYIO BENNYNHY

.  BoccTaHOBUM UBeET

YncneHHoe pelleHne YpaBHEHUS aHNU30TPOMHOM
anpeysuv

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 15
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ANroput™m
ObLlee ypaBHeHNe anddy3nn

GRAPHICS & MEDIA LAB
VIDEO GROUP

ol :
— = div[T (x)VI(x)]

VI — rpaaneHT nsobpaxeHus

T () — TeH30p, ONpeaenAoWMI HANPaBEHUs N BENMUMHY Nepeaayun
Tenna (MHTEeHCMBHOCTU)

COOTBETCTBEHHO, OH A0/IKEH rapaHTUpOBaTb, YTO Yepe3 Kpas
0ObEKTOB LIBET HE NepexoauT

MeTtoa anddy3mm — caMmocToaTeNbHbIN. MOXeT bblTb BbICTPO
peann3oBaH (HECKONMbKO CEKYH/) Yepe3 annapaT TEPMOANHAMUKM

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 16
www.compression.ru/video/ on imaae brocessina. 2006
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ANroput™m
Pe3ynbTaTt

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaTbl OAHOr0 TaKOro aairoputMa Ha MOeM TecTe

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 17
www.compression.ru/video/ on imaae brocessina. 2006
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ANroput™m
[MpUHLUMM NOCTPOEHNS YpaBHEHUU

= O6wmn npuHUMN:

% = ... — (SteadyState) 0 = ...

= B npasoit yactn 06bi4HO HaxoauTes V- V4T

f — WMHBAPWAHT, KOTOPbIA XOTUM COXPaHUTb
[ — dyHKUMA n3obpaxxeHuns
1 "

VI — nanpaeneHve nuHWii Kpaes

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 18
www.compression.ru/video/ on imaae brocessina. 2006
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ANroput™m
Bbibop nopsiaka ypaBHeHuUs

= [1ns noboro ypaBHEHUSI HUXE TPeTbero
nopsaka, MMHUM 6yayT Npoao/HKEHb
C rpaHuL, Kak rnpsiMble

= TaK Npou3onNaEeT, ecnun BolbnpaTb ypaBHEHME
U3 yC/I0BUS:
I(xo + hV+I(z0)) + I(zg — hV*1(x0))
I(z0) =

2
I — dyHKUMSA M306paXxkeHns
h — manoe npupatieHue
Zo— Npon3BOJibHasa TO4Ka

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 19
www.compression.ru/video/ on imaae brocessina. 2006
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AJ'I FO p M T M Gmu ‘
Bblbop ypaBHEHUS

VI(zg + hV+I(zg)) + VI(xg — hV+I(x0))
2

VI(.CCQ) —

Pa3znoxxeHune B psa Tennopa:

V [k(s)IVIP| VT =0— I, =V [k(s)|VI|]?| VI
k(s) =~"(s) — kpueuaHa nunmm (3peck Y (8) — napameTpusaums
KPUBOW)

CnepoBaTesfibHO, YpaBHEHNE ONTUMANbHO, €C/TIN Mbl XOTUM
COXPaHATb HanpaBfieHME JIMHUMN.

To e ypaBHEHNE B TEPMUHAX YACTHbIX MPON3BOAHbIX:

I; = Iyz[_IyIfcxic -+ SIwLBwy] + Ia%[_Inyyy + SInyyw]

(12 + I2]=

_ _ _ Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant
CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 20
www.compression.ru/video/ on imaae brocessina. 2006
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Pe3ynbTaT 1

Input Result

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) Inpainting With a Th|rd Order Optimal PDE”, IEEE transaction
www.compression.ru/video/
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Results

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 22
www.compression.ru/video/ on imaae brocessina. 2006
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i PesynbtaTt 3

J438

Input Integral minimization Classic inpainting  This algorithm result
result equation

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) Inpainting With a Third-Order Optimal PDE”, IEEE transaction 23
www.compression.ru/video/ on imaae processina. 2006
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i Pe3ynbTaT 4

am

Input Thresholded Result

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) Inpainting With a Third-Order Optimal PDE”, IEEE transaction 24
www.compression.ru/video/ on imaae processing. 2006
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i Pesynbtat 5

.

Input Classic equation This algorithm result

result
Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) Inpainting With a Third-Order Optimal PDE”, IEEE transaction 25
www.compression.ru/video/ on imaae processing. 2006
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i Third order optimal PDE

s JIOCTOMHCTBaA:
= VIHBApMaHTHOCTb K KOHTpPACTy

= BO3MOXHOCTb BOCCTaHaBNMBaTb TOHKUE CTPYKTYpbl
1 OCTpblE YI bl

= MeHblmnn blur, 4yem B Apyrnx MetToaax

= HepocraTok:
Hu4yero He n3BecTHO NpPo BpeMs paboThl

Marcelo Bertalmio, “Strong-Continuation, Contrast-Invariant

CS MSU Graphics & Media Lab (Video Group) [npainting With a Third-Order Optimal PDE”, IEEE transaction 26
www.compression.ru/video/ on imaae brocessina. 2006
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i CopeprkaHue

= BBepeHune
= Inpainting with third-order optimal PDE

= MeToabl KoMno3uumn 610K0B
« Exemplar-based inpainting
= Belief propagation for inpainting

= OnTMMun3auunm

= CBOM anroput™

= Pe3ynbTaThbl TECTUPOBAHUA

CS MSU Graphics & Media Lab (Video Group) 27
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GRAPHICS & MEDIA LAB

‘L Exemplar-based inpainting

AKTYalIbHOCTb:

= MeTOoAabl, OCHOBAH-
Hble Ha PDE (partial
differential
equations), He
BOCCTaHaBNMBAIOT

TEKCTYypYy

= M13-33 audpdy3nn
OHU CKJIOHHbI K
Pa3MbITUIO

A. Criminisi*, P. P'rez and K. Toyama, “Region Filling

CS MSU Graphics & Media Lab (Video Group) and Object Removal by Exemplar-Based Image 28
www.compression.ru/video/ Inpaintina” IEEE transaction on imaae processina. 2004
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Exemplar-based inpainting
Npes

» lgea: ncnonb3oBaTb CaMonoaobue
B TEKCTypax n3obpaxkeHus

= MOXXHO BOCCTaHaB/IMBATb 3HAUYEHME TOYUYKMU
N3 TOYEK CO CXOXKEN OKPECTHOCTbIO
= OueHb gonroe BpeMs paboThl
= He BoccTaHaBnuBatoTcsa 0b6nactu, rae MHoro
CTPYKTYPbI
= PewleHne: BoccTaHaBnNnBaTb U30b6paxkeHne
yuenbiMn 6nokamu

A. Criminisi*, P. P'rez and K. Toyama, “Region Filling

CS MSU Graphics & Media Lab (Video Group) and Object Removal by Exemplar-Based Image 29
www.compression.ru/video/ Inpaintina” IEEE transaction on imaae processina. 2004
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Exemplar-based inpainting
Npes

GRAPHICS & MEDIA LAB
VIDEO GROUP

= [lokpoeM ob6nactb 6110KamMu

= [lpnopurtet onpegenseTr
NopA40K BOCCTAaHOB/IEHUS

N
Priority = F\VLI - 11|

N— KOTMYECTBO U3BECTHbLIX B OKPECTHOCTU nuKcenen

S — obuee umcno nukcenemn B OKPECTHOCTM S !
| — dyHKuMs n306paxeHns
71, — €AMHWYHAas HOpPMasb K rpaHnLe

TaknM 06pa3oM, MOXXHO UCMOSIb30BaTb MU CAMONOA06Ue NMHUN

A. Criminisi*, P. P'rez and K. Toyama, “Region Filling

CS MSU Graphics & Media Lab (Video Group) and Object Removal by Exemplar-Based Image 30
www.compression.ru/video/ Inpaintina” IEEE transaction on imaae processina. 2004
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GRAPHICS & MEDIA LAB

Pe3ynbTaT 1

TecToBoOe n3obpaxkeHue un pesynbTaT

A. Criminisi*, P. P'rez and K. Toyama, “Region Filling

CS MSU Graphics & Media Lab (Video Group) and Object Removal by Exemplar-Based Image 31
www.compression.ru/video/ Inpaintina” IEEE transaction on imaae processina. 2004
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Pe3ynbTaT 2

TecToBOe n3obpaxkeHne u pesynbTaT

A. Criminisi*, P. P'rez and K. Toyama, “Region Filling

CS MSU Graphics & Media Lab (Video Group) and Object Removal by Exemplar-Based Image 32
www.compression.ru/video/ Inpaintina” IEEE transaction on imaae processina. 2004
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i CopeprkaHue

= BBepeHune
= Inpainting with third-order optimal PDE

= MeToabl koMno3numn 610K0B

=« Exemplar-based inpainting

= Belief propagation for inpainting
= ONTMKU3aUumn
= CBOM anroput™

= Pe3ynbTaThbl TECTUPOBAHUA

CS MSU Graphics & Media Lab (Video Group) 33
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i ["nobanbHbIM NoaxoAa

= Vlgeda: onTMMM3nNpoBaTb CUCTEMY
cooTBeTCcTBMM “6nok obnactn — obpazen”
cpa3y An4a Bcex nap

= MOXHO HaUTKU MakCMMasibHOe nNpasagonoaobme

= BO3MOXHblE anropuUTMbI:
= Expectation Minimization
= Belief Propagation

Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient

CS MSU Graphics & Medi.‘; Lab (Video Group) ggjicef propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 34
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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Belief Propagation
O6uwas 3aga4a

GRAPHICS & MEDIA LAB
VIDEO GROUP

Knaccmyeckmm anropuTM:

1. [ycTb eCcTb aunkInyecknn rpad, B KOTOPOM
Ka)kaas BEPLUMHA MOXET NMPUHMUMATb OAHO
13 k COCTOAHUA

2. 3BecTHbI BeposaTHOCTU ¢(Zk) :
[Nl BEPLUMHBI X MPUHSITL COCTOSIHME K
u (g, y,) — COBMECTHOE pacnpeaeneHue

Hax Uy

. . . Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient
CS MSU Graphics & Media Lab (Video Group) g et propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 39

| ] i ] i - - -
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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Belief Propagation
Ob6was 3aaa4a

GRAPHICS & MEDIA LAB
VIDEO GROUP

Knaccmyecknn anropuTm:
5. Makcumuanpyem gyHKUmMio npasaonofobus

max P = —min [logP] = min Zgbz(azz)—l— Z Vi k(Tj, k)
i=1

L1geesslpy
tk.jtekE

E — mHoxectBo pebep rpada
VY k(T Tr)— E— log)coBmecTHOro pacnpeaeneHust Ha ABe BEPLUMHbI

¢;(x;)— (— log)seposiTHocTHOro pacnpenenexns Ha oaHy BepLUNHy
P — npasgonoaobue

I; — COCTOSIHNE BEPLUUHBI |

MOYXHO peLLnTb Kak 3aAady AMHaMUYECKOro NporpaMMMpoBaHnS
B CM/Y aUUKIMYHOCTU. pn 3TOM nepepacyeT 3HauYeHUI
OVHAMUYECKOW MaTpuLbl Ha3bIBAETCA Nepeaayen coobLeHnN.

Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient

CS MSU Graphics & Medi.‘; Lab (Video Group) ggjicef propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 30
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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Belief Propagation
GopmynupoBKka Angd inpainting

GRAPHICS & MEDIA LAB
VIDEO GROUP

= [lokpoeM 06nacTb CeTblO Nepecekatolmxcs 61okoB. Bnokn — ato
BEpPLUNHBI rpacda, NepeKpbITUA 334at0T pebpa

= Hopma nepekpbiThsi ABYX 6/710K0OB, MK 6/10Ka M HaYaNbHOMO
NpUBNMXXEHUS 3a/1aET BEPOSTHOCTHU

= [pad HE aUUKINYECKMIA, HO MOXHO PacCUYMTbIBATb Ha XOPOLUNA
NOKaNbHbIN MUHUMYM

= ANropuTM KBaapaTU4yHO 3aBUCUT OT KOJZIMYECTBaA COCTOSIHUMN.
Y10 nenaet HEeBO3MOXXHbIM

ncnoJib3oBaHue aJiroputMma
Pewewns: Ll T
. : P+ node
= Priority message schedulng —t—
. . I edge
= Dynamic prunning S TTTT1
h,Ww — wupwha u sbicota 6noka h e | }gap,
gapz, GAPy — wnpnra n ebicota NEpekpbITUS e — '
, T — u306paxeHne 1 BocCTaHaBNMBaeMas w 9aPzx
obnactb

Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient

CS MSU Graphics & Medi.‘; Lab (Video Group) p.ief propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 37
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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Belief Propagation
MeToAbl ONTUMU3ALUNNU

GRAPHICS & MEDIA LAB
VIDEO GROUP

NTepaTuBHO ByaeM BbINOMHATbL anropuTM, Kak as
aumknyeckoro rpada

= Dynamic prunning — 6yaeM XpaHUTb TOSIbKO
Hanbonee BepoSTHbIE COCTOSIHUS

= Priority message scheduling — 6éyaem BbINONHATL
nepeaayy coobLleHnn OT BEPLUNH C HAMMEHbLLINM
YMCIOM COCTOSIHUM

[py 3TOM TaKMMK BEpLUMHAMM OKa3bIBaOTCSA B/10KM
Ha rpaHuLax 06bekToB. VX onpeaeneHHoCTb BblLLEe

. . . Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient
CS MSU Graphics & Me"'.‘; Lab (Video Group) ggjicef propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 39
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbtaTt 1

Originals Restoration order Results
(Blacks are earlier)

. . . Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient
CS MSU Graphics & Med'.‘; Lab (Video Group) ggjicef propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 39
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaT 2

Originals Restoration order Results
(Blacks are earlier)

. . . Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient
CS MSU Graphics & Media Lab (Video Group) Belief Propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 40

wWww.compression.ru/video transaction on imaae nrocessina. 2007


http://www.compression.ru/video/

- |
i Belief Propagation (1)

= /1N n3obpaxenumn 256*170

OT HECKONbKUX CEKYHZ, 0 ABYX MUHYT,
B 3aBMCMMOCTM OT MapaMeTpPOB N CKOPOCTU
CXOANMOCTM

= [Ina mounx TectoB ~ 1000*800
OT pecatv oo ABaauaTn MUHYT

BnpoyeM, 9 cBA3anca ¢ aBTOpOM peanus3auumu
(He aBTOp CTaTbM). M OH C MOEeN noaayn Hallen
B HeM owmnbkun. Tak 4YTo pe3ynbTaTbl MOKa

He B cyeT.

Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient

CS MSU Graphics & Me‘“.‘; Lab (Video Group) ggjief propagation Via Priority Scheduling and Dynamic Pruning”, IEEE
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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‘L Belief Propagation (2)

s JIOCTOMHCTBO:

bosiee BbICOKOE KayecTBO, YeM Yy NPOCTO
exemplar-based meToaoB

= HepocraTok:
[onroe Bpems paboThbl

Nikos Komodakis and Georgios Tziritas, “Image Completion Using Efficient

CS MSU Graphics & Medi.‘; Lab (Video Group) ggjief propagation Via Priority Scheduling and Dynamic Pruning”, IEEE 42
www.compression.ru/video/ transaction on imaae nrocessina. 2007
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= BBeaeHue
= Inpainting with third-order optimal PDE
= MeToabl KoMno3uumn 6,10K0B
» ONnTMM3aAUMM
« Seamless block matching
» Blocks deformation leading by feature-map
= CBOM anropnt™
= Pe3ynbTaThbl TECTUPOBAHUS

CS MSU Graphics & Media Lab (Video Group) 43
www.compression.ru/video/
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MeToabl oNTUMM3aunmu
KauecTtBo

GRAPHICS & MEDIA LAB
VIDEO GROUP

= PacwmpsaTtb 6a3y noncka 3a cHET NOBOPOTOB N OTPAXXEHUU

= KonupoBaTb TOJIbKO BbICOKME YaCTOTbl (BOCCTAHABIMBATb
ocBeLlleHne OTAeNbHO)

= /lcnonb30oBaThb AOMOSIHUTENBHO KapTy Kpaes npu
CpaBHeHUn 6/10KOB

= CoeanHsaTb 6110KK MO JIMHUM MUHUMAnbHOIO pa3pesa

= [IpyMeHATb K 6110KaM gedopMaunm No 3aBepLUeHnm
paboTbl anropnTMa

CS MSU Graphics & Media Lab (Video Group) 44
www.compression.ru/video/
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MeToabl oNTUMU3ALUUN
BpeMms

GRAPHICS & MEDIA LAB
VIDEO GROUP

= /Icnonb30BaTth Npun NONCKeE 61oKn-KaHaAnaaThI

= BbINONHATH NOMCK Hanny4ylwero 6,10Ka B MPOCTPAHCTBE
4acToT

= CrnpoekTnpoBaTb OKPECTHOCTU 6/10KOB B MPOCTPaHCTBO
MEHbLLEN pa3MePHOCTU (METOA rMaBHbIX KOMMOHEHT)

= PaboTaTb B pa3HbiX pa3pelleHnsaX, OT HU3KOrO K BbICOKOMY

CS MSU Graphics & Media Lab (Video Group) 45
www.compression.ru/video/


http://www.compression.ru/video/

= BBeaeHue
= Inpainting with third-order optimal PDE
= MeToabl KoMno3uumn 6,10K0B
» OnNTMKM3aUmmn
« Seamless block matching
= Blocks deformation leading by feature map
= CBOM anropnt™
= Pe3ynbTaThbl TECTUPOBAHUS

CS MSU Graphics & Media Lab (Video Group) 46
www.compression.ru/video/
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GRAPHICS & MEDIA LAB

i [1Ipon3BObHbIE BOKM

Anroputm: no obnactn nepeceyeHms 6710KOB HanaeM
MUHUManbHbIK NyTb. OH ByAEeT rpaHULEN MeXay HUMU

3aga4va MoXeT 6bITb pelleHa MeToAaMm
AVWHAMMYECKOro NporpaMMUpPOBaHUS

Random copying Searching for the Image quilting

best sample

CS MSU Graphics & Media Lab (Video Group) Alexei Efros, William Freeman, “Image quilting for texture synthesf/
www.compression.ru/video/ and transfer” siaaraph. 2001
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i CopeprkaHue

= BBegeHue
= Inpainting with third-order optimal PDE
= MeToabl KOMNo3uummn 6/10KOB
= OnNTMM3aumm
= Seamless block matching

» Blocks deformation leading
by feature map

= CBOW anroputm
= Pe3ynbTaTbl TECTUPOBAHMUS

CS MSU Graphics & Media Lab (Video Group) 48
www.compression.ru/video/
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AKTYalIbHOCTb:

[axxe npn 610Kkax NpomM3BoAbHOWN GOPMbI
Ba)XHbl€ TEKCTYPHbIE JIMHUM MOTYT
He COoBMaaaTh

PewieHwne:

[lpeobpazyem 6710KKU, NCNOMb3Ys KapTy
JINHUWN, TaK, YTOObI NMMHUK Ha KapTe COoBMau

KpoMe TOro, MOXHO yUYuTbIBaTb COOTBETCTBME
KapT Npu noucke Hamnyywero 6noka

CS MSU Graphics & Media Lab (Video Group)  Qing Wu, Yizhou Yu, “Feature matching and deformation 49
www.compression.ru/video/ for texture svnthesis” ACM Transactions on Graphics. 2004
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Feature map
[locTpoeHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

[MocTpouM no n3obpa)keHuto KapTy nmHun (feature map):
1. [MpnMeHnM K n3obpaxkeHnio bunartepanbHyto punbTpaLmio
(MapameTpbl — Spatial o: 2.0, Color ¢: 10.0)
2. OTceuveHne no rnobanbHOMY Mopory
MHorune pebpa pacnagyTcsi Ha KyCOYKM
. Mcnonb3ys nosy4yeHHYo0 Ha NPOLWIOM Lare KapTy BbIMNOMHUM
ONS1 TPaANEHTOB aflanTUBHOE OTCeYeHMeE Mo nopory.
Taknm 06pa3oM Mbl BOCCTAHOBMM HeMNpepbIBHOCTb KapTbl
4. BbinonHum cyxenue nuHun (Pavlidis, T. 1982. Algorithms
for Graphics and Image Processing. Computer Science Press)

JINHWK 6y,EI,YT MMETb TOJILLNHY B OAWH NMUKCEJIb, HO HE NOTEPAETCA
CBA3HOCTb

CS MSU Graphics & Media Lab (Video Group)  Qing Wu, Yizhou Yu, “Feature matching and deformation 50
www.compression.ru/video/ for texture svnthesis” ACM Transactions on Graphics. 2004
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Feature map
[Tpumepbl

GRAPHICS & MEDIA LAB
VIDEO GROUP

mord

Originals Feature-map
CS MSU Graphics & Media Lab (Video Group)  Qing Wu, Yizhou Yu, “Feature matching and deformation 51
www.compression.ru/video/ for texture svnthesis” ACM Transactions on Graphics. 2004
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i Feature matching

= Bbluncnnm feature map ans Kaxaoro
N3 nepekpbIBaloLLnXCcs 6510K0B

= Hanpgem gnsa kaxaown NMHUKM ogHoro 6noka
Hauny4llee COOTBETCTBME Cpeaun JIMHUIN ApYyroro

gdist(fi, f;) = |fi — fillz2 + 7llvi — vj]|2

Vj, Uj — MHOXXECTBO KacaTe/lbHbIX K 1BYM JIMHNAM
T — BECoBou KO3(PULUMEHT
Jis f; — mHOXecTBO Touek ABYX NMHWIA

BpemMs — NMHENHOE OT KO/IMYEeCTBA NUKCENen
B kapTe (Level set method, Sethian, 1999)

CS MSU Graphics & Media Lab (Video Group)  Qing Wu, Yizhou Yu, “Feature matching and deformation 52
www.compression.ru/video/ for texture svnthesis” ACM Transactions on Graphics. 2004
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i Feature deformation

= [Ipeobpazyem 6n10kn Tak, 4TobbI IMHKMK COBManu

= Thin-plate splines (Meinguet 1979; Turk and
O’Brien 1999)

« PelleHne ONnTMMaJibHO, HO MOXET HE CYLWECTBOBATb
= Shepard’s method (Hoschek and Lasser 1993)

YT06bI AEedopMaLMM He HaKanaMBanucb, NOTpebyem Takxe
HEM3MEHHOCTM NPOTUBOMOIOXKHOIO NepeceveHuto yrna

CS MSU Graphics & Media Lab (Video Group)  Qing Wu, Yizhou Yu, “Feature matching and deformation 53
www.compression.ru/video/ for texture svnthesis” ACM Transactions on Graphics. 2004
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Feature map
CpaBHeHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

R e
A )
N 4

5 Goap

r e
g
b g

) \ -\(_\ . /T (k/_f://A
SRR

Input Feature map Graphcut Quiltiing Texton mask

CS MSU Graphics & Media Lab (Video Group)  Qing Wu, Yizhou Yu, “Feature matching and deformation 54
www.compression.ru/video/ for texture svnthesis” ACM Transactions on Graphics. 2004
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= BBepeHune

= Inpainting with third-order optimal PDE
= MeToabl kKoMno3nunm 6/10K0B

» OnNTMKM3aUmmn

= CBOM anropmtm

= Pe3ynbTaTthbl TECTUPOBAHUSA

CS MSU Graphics & Media Lab (Video Group) 55
www.compression.ru/video/
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i CBOW anropuTtMm

1. Pasnoxutb nsobpaxeHne Ha TEKCTYpPY

N CTPYKTYpPY

2. BOCCTAHOBWUTbL CTPYKTYPY, PELLUNB
COOTBETCTBYIOLLEE YpaBHEHNE B YACTHbIX
NPON3BOAHbIX

3. BOoCCTaHOBUTb TEKCTYpY, NCMOMb3y4
B KaQyeCcTBe HayanbHOro nNpubnmxeHuns
Nnosly4eHHoe Ha NMpoLL/IOM Wware nlobpaxxeHue

4. Koppekuust rpaHuy, 6510K0B

CS MSU Graphics & Media Lab (Video Group) 56
www.compression.ru/video/
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‘L CopeprkaHue

= BBepeHune

= Inpainting with third-order optimal PDE
= MeToabl kKoMno3nunm 6/10K0B

» OnNTMKM3aUmmn

= CBOM anroput™

= Pe3ynbTaTtbl TECTUPOBAHUSA

CS MSU Graphics & Media Lab (Video Group) 57
www.compression.ru/video/
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‘L padurk 3HaYyeHun PSNR
¢ Photoshop
Exemplar-based

—&—Diffusion

--Msu

Resynthesizer

s =3 =3 o Q o = = =3 o =3 0 n > Microsoft
= @ Q = 2 @ @ 2 =3 ) Q =} =
=) c @ ) @ S @ @ @ @ .
> = o Q = = @ = = Navier-Stokes

= D » > =t 3 2

@ T s @

= = Telea

CS MSU Graphics & Media Lab (Video Group) 58
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‘L [paduK 3Ha4yeHun SSIM
X m BP
¢ Photoshop
Exemplar-based

—&—Diffusion

-@-Msu

Ve
lal

Resynthesizer

]

s S
® = = = o a = — - = S " N —>Microsoft
= Q = = ® ® g =2 Q Q T, S
s g I @ 3 =~ 3§ B & Z o O
. (- D D @] — (7)) — iar-
o = @ o = - Z = ° Navier-Stokes
— Q D 73 o o = @

S - < ~ @ C"D"

(o) @D oy

S = Telea

CS MSU Graphics & Media Lab (Video Group) 59
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Tabnuubl 3HaYEHUN

i PSNR 1 SSIM

GRAPHICS & MEDIA LAB
VIDEO GROUP

PSNR

32.7340 28.9508 34.8511 284139 384916 34.8271 34.1002 400722 40.6574 29.9139 37.3633 30.6333 31.2451
Photobhop 31841 27.9163 315222 29.1532 34. Qﬁ3u 34.3797 J056° 37.0004 355203 29.6618 353122 33.2333 31.5356
Exemplar-based 32.3442  29.5895 35.9693 30.9012 00 374371 32 2757 43.0608 40.0000 29.0493 387773 111301 321046
Diffusion 30.9719  29.9058 383431 30.7347 36 39(]7 36.5815 24.9746 36.2839 42,9952 30.1752 34.9606 35.6216 29.7648
Msu 33.3073  29.6613 352125 283692 39.3317 37.2385 33.5679  40.3404 39.?282 20.6825 38.6857 35.9437 27.0750
Resynthesizer 33.8617 31.8361 35.9024 29.7342 40.6878 37.9655 33.8093 (31700 121012 20.2645 37.3906 36.6510 30.8831
Microsoft 34.4192  30.5231 36.0935 20.8582  41.3461 32.8805 45.1073  40. 08-.13 30.4318 38.9781 42.8584 33.9142

Navier-Stokes equation  35.3221  31.6800 U310 3LOATT 40.8727 381800 35.2735  30.1881 42.4104 32.0670 413435 39.0662 32.2301
Telea method 354571 31.5489 37 44 6 31.3030 40.4231 383141 35.5583 374722 42.3304 32.1974 010 38.6914 32,1663

SSIM
BP 0.9880 0.9698 0.9857 0.9787 0.9900 009882 09911 0.9975 0.9936 0.9735 09912 09956 0.9884
Photoshop 0.9891 0.9607 0.9806 0.9790 09879 09878 09919 0.9964 0.9881 0.9730 0.9905 09913 0.9891
Exemplar-based 0.9896 0.9762 0.9881 09804 09923 09894 09910 0.9974 0.9927 0.9735 09925 0.9961 0.9930
Diffusion 0.9899 09793 0.9920 0.9816 09932 09904 009922 0.9969 0.9955 0.9794 09941 09957 0.9872
Msu 0.9904 09748 0.9876 09781 09923 09888 09910 0.9968 0.9926 0.9749 0.9927 0.9939 0.9801
Resynthesizer 0.9902 0.9810 0.9888 0.9799 09930 009894 09920 00979 0.9949 0.9756 0.9936 09954 09915
Microsoft 0.9920 09781 0.9885 0.9796 0.9936 - 0.9909 0.9982 0.9927 0.9755 0.9930 0.9968 0.9948
Navier-Stokes equation  (0.9914 09209 00009 09519 09934 09904 09924 009070 09950 09801 0.9950 0.9963 0.9906
Telea method 0.9913 0.9802 0.9903 0.9820 09931 09907 09924 09975 0.9952 (.05 0049 0.9962  0.9904
CWMHWUM U 3eNeHbIM OTMeYeHb! I'IepBbll‘/JI U BTOpOl)’I pe3ynbTaT MNno Tecty
CS MSU Graphics & Media Lab (Video Group) 60
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B

GRAPHICS & MEDIA LAB

Microsoft (smart erase) 13 ™%

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/
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VIDEO GROUP

GRAPHICS & MEDIA LAB
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GRAPHICS & MEDIA LAB

Exemplar-based (Exinpaint) 7

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/
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10.

Marcello Bertalmio, Guillermo Sapiro, Vicent Caselles, Coloma Ballester, “Image inpainting”, siggraph 2000

Jean—Luc Starck, Michael Elad, David Donoho, “Image decomposition via the combination of sparse
representation and variational approach”, IEEE transactions on image processing 2005

Nikos Comodakis, Georgios Tziritas, “Image completion using efficient Belief Propagation via priority
scheduling and dynamic prunning”, IEEE transactions on image processing 2007

Vivek Katra, Amo Schodl|, irfan Essa, Greg Turk, Aaron Bobick, “Graphcut textures: Image and video
synthesis using Graph Cut”, siggraph 2003

Jianbing Shen, Xiaogang Jin, Chuan Zhou, Charlie Wang, “Gradient—based image completion by solving the
Poisson equation”, Computers & graphics 2007

Qing Wu, Yizhou Yu, “Feature matching and deformation for texture synthesis”, ACM transactions on
graphics 2004

Sylvain Lefebvre, Hugues Hoppe, “"Appearance—space texture synthesis”, ACM transactions on graphics 2006
Marie—Flavie Auclair—Fortier, Djemel Ziou, “Global aproach for solving evolutive heat transfer for image
denoising and inpainting”, IEEE transactions on image processing 2006

David Tschumperle, “Fast Anisotropic Smoothing of Multi-Valued Images using Curvature-Preserving

PDE’s”, International journal of computer vision 2006

Antoni Buades, Triet Le, Jean-Michel Morel, and Luminita Vese, “Fast Cartoon + Texture Image
Filters”, IEEE transactions on image processing 2010
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11.

12.
13.
14.
15.
16.
17.

18.

19.

20.

Isik Baris Fidaner, “A survey on variational image inpainting, texture synthesis and image completion” 2008.

Alexei Efros and Thomas Leung, “Texture synthesis by non—parametrical samplings”, seventh international
conference on computer vision 1999.

Vivek Kwatra, Irfan Essa, Aaron Bobick, Nipun Kwatra, “Texture optimization for example—based synthesis”
2005.

Marcelo Bertalmio, “Strong—Continuation, Contrast—invariant Inpainting with third—order optimal PDE”, IEEE
transactions on image processing 2006

Marcello Bertalmio, Luminita Vesse, Guillermo Sapiro, Stanley Osher, “Simultaneous structure and texture
image inpainting”, IEEE transactions on image processing 2003

Criminisi, Perez, Toyama, “Region filling and object removal by exemplar-based image inpainting” IEEE
transactions on image processing 2004.

Frederic Cao, Yann Gousseau, Simon Masnou, Patrick Perez, “"Geometrically guided exemplar—based
inpainting”, SIAM journal on imaging sciences 2011

Patrick Perez, Michel Gangnet, Andrew Blake, “Poisson image editing”, siggraph 2003

Sylvain Lefebvre, Hugues Hoppe, “Parallel controllable texture synthesis”, ACM transactions on graphics
2005

Alexei Efros, William Freeman, “Image quilting for texture synthesis and transfer”, siggraph 2001
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JTabopatopunsi KOMNbIOTEPHON &
rpadukn U MynbTUMeana

Buaeorpynna — 370:

= BbINYCKHUKKM B aCnUpaHTypax

AHrnuun, ®panumn, LiBenuapum (B Poccmnm
B MI'Y n UMM um. Kengbiwwa)

= BbiNyCKHMKaMK 3alumLLEeHo 5 anccepTaunu

= Hambonee nonynsapHbliE B MUPE CPAaBHEHUS
BUAEOKOEKOB

= bonee 3 MMNNMOHOB CKaYaHHbIX DUNLTPOB
0bpaboTkm BMaEO

CS MSU Graphics & Media Lab (Video Group) 67
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