HekoTopble MeToAbl

ﬁ BOCCTAHOBJ/IEHUSA (POHA

tOpnin bepaHnKoB

CS MSU Graphics & Media Lab
Video group



‘L CopaeprkaHue

= BBegeHue

= Coherent video inpainting
= Fast image inpainting

= 3aKJ/IloYeHune

CS MSU Graphics & Media Lab (Video Group) 2
www.compression.ru/video/
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i Declipse from 2D+Z

-

2D+Z

Declipse

CS MSU Graphics & Media Lab (Video Group) 3
www.compression.ru/video/ NcTouHuk: really.ru
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i [loa3agayvyn KoHBepTauuu

= BoccTaHoBneHne @oHa
= MlpeanbHO: NnonHoe yaaneHune nepegHero niaaHa
= MMHMManNbHO AONYCTUMO: yAasnieHne nepeaHero
NnnaHa Ha Kpasix 06beKkToB
= BoccTaHoBneHwe KapTbl rybuHbl

= lneanbHO: NosIHOe COOTBETCTBUE
BOCCT@HOBJ/IEHHOMY (DOHY

= MWMHMMaNbHO AONYCTUMO: OTCYTCTBUE HaMNPSXXEHUS
rnas npu npocMoTpe

CS MSU Graphics & Media Lab (Video Group) 4
www.compression.ru/video/
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‘L CopaeprkaHue

= BBegeHue

= Coherent video inpainting
= Fast image inpainting

= 3aK/o4veHue

CS MSU Graphics & Media Lab (Video Group) 5
www.compression.ru/video/
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i Coherent video inpainting

= OCHOBHas naes — BOCCTAHaBNBATb KaXAbli
Kagp OTAENIbHO, @ 3aTEM YCTPaHATb APOXKaHue

= Micnonb3yeTt OF Ang oueHKn ABUXEHUS

= Micnonb3yeT crnaXxnBaHue dpunbTpoM KanMaHa
01151 YCTPAHEHUS BPEMEHHOW HECTAOMNBbHOCTU

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 6
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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CrnaxuBaHune KanmaHa
Ob603HayveHuns

GRAPHICS & MEDIA LAB
VIDEO GROUP

HeunsBecTHoe NCTUHHOE Mogaenb nepexoaa LLlym aBU>KEHUS
COCTOSAHNE CUCTEMbI

T

Xevl  =Fxi+
2t = Hx; +V;
Pe3synbTaT HabnoaeHUs Mogaenb MorpeLHocTb
HabnoaeHus U3MepeHus
CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 7
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CrnaxuBaHune KanmaHa
CBouCTBa

= [lo3BonsieT paboTaTb C HEMOJSTHLIMU
N LWYMHbIMWN A@HHbIMU

= [[@QpaHTUPOBAHHO 3aBepLUAETCA 3a KOHEeYHoe
BpeM4

= [l0o3BONIFET OLUEHUTb BHYTPEeHHee COCTOAHMnE
CUCTEMDI

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 8
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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CrnaxuBaHune KanmaHa

RAPHICS & MEDIA LAB

NpyMeHeHVe B pelleHny NoCTaBIEHHOW 3a4a4u

NcTnHHOE n3obpakeHne PesynbTtaT OF LLiyM

. !

{ J A (x)=1;(x—|—wb(x:1‘ + ])) + Uy

Z+1(X) =L 1 (X) + Vit
/ i

dakTnyeckoe n3obpakeHune [MorpelwHocTn pactpa
N OLIEHKM ABWXKEHMS

[IpMeHeHne KO BCeEMY N306paXKEHUIO CITULLKOM
3aTPaTHO, NO3TOMY KaXkaasi Touka obpabaTbiBaeTcs
OTAEeNbHO

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 9
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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[lonyuwieHune

s CocTosiHMue
CocTostHMeM cucTeMsbl sensietcs usert | TOYKMU,

nsvxyLencs no tpaexktopuu P(t)

= lMHaMukKa
LIBET TOUKN MEHSAETCS TOMbKO M3-3a LWyMa
(MaTpuua npeobpa3oBaHns — eauHNYHAsNA)

= HabnroaeHuns

PaccMaTpuBaTh TOJSIbBKO OAHY TOYKY HEeAOCTAaTO4HO.
Mcnonb3yoTca AaHHblE O COCeAHUX TOYKaX

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 10
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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Moaudukaums crinaXmBaHus ang
MHOXXECTBEHHbIX HabnaeHn

Xt+1 =Fx;+,ur.
Z; =Hx;+Vv;,Vi=1--M

M —1 y
zf:(zm;’)—‘) Y (R)~'4

WToroBoe HabnoaeHune MaTpuua KoBapuauum

BblpaxeHne 3KBMBANIEHTHO B3BELUEHHOW CyMMe
HabnoaeHnn ¢ BeCaMun, 3aBUCALLMMN OT AOBEPUS
HabAeHUSAM

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 11
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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GRAPHICS & MEDIA LAB

i MapKoBcCKas Lenb

HabnioaeHus

Bpem4

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 12
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010


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

BoccTaHOBNEeHue
n3obpakeHuns

= OcHoBa — NbOM U3 cTaTUYECKMX METOOO0B
BOCCTaHOBJ/1€HUSA

= /ITOroBbi UBET NUKCensa — MeanaHa LBEeToB
COOTBETCTBYIOLUMX TOYEK BCEX TPAEKTOPUN,
NPOXoAsLLUNX YEpPEe3 ero OKPeCTHOCTb

= XOTS 6bl OHa Takas TOYKa rapaHTUPOBAHHO
Hanaértcs

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 13

www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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OnpepneneHune
TPAeKToOpuKn To4YEK “

= MeToa ocHoBaH Ha Convexified Multi-Label
Approach (Papadakis, 2010)

= Macka obbeKkTa paclumpseTcs aas
rapaHTUMPOBAHHOIO BK/IOUYEHUS obnacTen
3aKpbITUS N «MNOXUX» BEKTOPOB

= [1n9 3anonHeHNs NONS ABUXKEHUS B HEN3BECTHbIX
obnacTtax ucronb3dyetcs Patch-Based meton

= [lenaetcqa 2 npoxoaa: Bnepen v Hasaj

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 14
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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O6paboTka N3MeHeHN
APKOCTU N TEKCTYPbI

= Knaccndecknn dunbTp KanmMaHa Bbi3biBaeT
Pa3MbITNE N306paXKEHUS

= [1na 60pbbbI CO Crna>xmBaHUEM NMpuUopuUTET
OTAaeTca nukcensam, 6nM3KKUM no uBeTy
K 3HQ4YEHUAM NIMHENHOW UHTEPMONSALUNU MEXAY
LIBETAMN KPaUHUX TOYEK TPaeKTOpUn

= [1119 OTCNEXMBAHUSA PE3KUX N3MEHEHUN SPKOCTU
paccMaTpUBAETCSA OKHO pa3Mepa 5 kaapos

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 15
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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GRAPHICS & MEDIA LAB

i [1lpyMep crna)xnBaHus

200
180
160
140
120
100

80 e . !
60 impulse function rectangular function

40
20

4 HabnwaeHus
* Koppekuus

SApKoCTb

Vv

Bpem4
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GRAPHICS & MEDIA LAB
VIDEO GROUP

[IpnmMep paboTbl (1/2)

Bpems

<
N

Original images  Observations Filtered results
CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 17
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i [Tpumep paboTbl (2/2)

~ Af Af‘

Mask Original images Observations Filtered results

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 18
www.compression.ru/video Kalman Smoothing along Trajectories, VMV 2010
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CpaBHeHue C KOHKYPEeHTOM
Space-time video completion, CVPR 2004

GRAPHICS & MEDIA LAB
VIDEO GROUP

OpuryHaz. =
B e
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CTabunbHOCTb BO BpEMEHMU

(1/5)

[peano)XeHHbIW anropuTtm KOHKYpeHT

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 20
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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CTabunbHOCTb BO BpEMEHMU

(2/5)

[peano)XeHHbIW anropuTtm KOHKYpeHT

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 21
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http://www.compression.ru/video/

CTabunbHOCTb BO BpEMEHMU

(3/5)

[peano)XeHHbIW anropuTtm KOHKYpeHT

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 22
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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CTabunbHOCTb BO BpeMeHn L&

[peano)XeHHbIW anropuTtm KOHKYpeHT

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 23
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CTabunbHOCTb BO BpEMEHMU

(5/5)

[peano)XeHHbIW anropuTtm KOHKYpeHT

CS MSU Graphics & Media Lab (Video Group) A. Bugeau et al, Coherent Background Video Inpainting through 24
www.compression.ru/video/ Kalman Smoothing along Trajectories, VMV 2010
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i A Hajn3 e ek

= /IOCTOMHCTBa
= (?) CtabuneH BO BpeMeHu
= [Mpnemnemas BblYNCIUTENBHAS CNIOXHOCTb

= [lo3BonsieT paboTaThb C /110OLIM aNIrOPpUTMOM
BOCCTaHOBJ/IEHUS N306paxXeHnU

= HepgoctaTku
= TpebyeT aaHHbIX OF

= Vlcnonb3yet patch-based MeTon A1 BOCCTAHOBIEHUS
NBVMXXEHUSI B HEU3BECTHbIX 06/1aCTSAX

CS MSU Graphics & Media Lab (Video Group) 25
www.compression.ru/video/
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‘L CopaeprkaHue

= BBepeHue

= Coherent video inpainting
= Fast image inpainting
= 3aKJ/IloYeHune

CS MSU Graphics & Media Lab (Video Group) 26
www.compression.ru/video/
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KpaTkoe BBeAeHue

= [1pob6siemMbl anropuTMOB BOCCTAHOBJIEHUS
n3o0b6paxkeHnmn
» Henpuemnemo MeaneHHas (ans snaeo) pabota

= BbICTpbIN POCT BbIYNCNUTENBHOW CIOXHOCTU C POCTOM
pa3MepoB n30bpaxkeHus

= BO3MOXXHbIE NyTW pelleHns
= CHMXeHne KonnyecTsa utepaumm
= CHMXEHWe CNOXXHOCTU OAHOWN UTepaumm

CS MSU Graphics & Media Lab (Video Group) 27
www.compression.ru/video/
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Fast image inpainting

= ABTOpbl Ha 8 CTpaHULAX MaTeMaTUYeCcKm
[10Ka3bIBatOT, rnoyemy noaxon Telea nniox

= [lpeanaraetcsa nepexoa ot Edge Detecting Flow
kK Coherence Flow (Weickert, 2003) B ypaBHeHUM
aHU30TPONHON aAnddy3unu:

TeH30p [[ayccuaHbl N306paxkeHne

fp(vuu) = K, * (Vu, ® Vuy), Uy, = Ky x U

BekTop COBCTBEHHbIX 3HAYEHUIN TEH30pPA
ABNISIETCH BEKTOPOM KOre€peHTHOCTU

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 28
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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[opabotkn metoaa 2003 roaa

= BBOANTCS MOHATME CUITbl KOFEePEHTHOCTU
(coherence strength)

CobCcTBEHHbIe
KOHCTaHTHI 3HAYeHnsa TeH30pa
1 if A1(x) = Aa(x)
I”‘(x) — < _‘%uant :
\ 1+ xexp (0= ()2 otherwise.

= [IpMHMMaOTCS AONONHUTENbHbIE MEpPbI AN
0bpaboTKn KpaeBbiX 3PPEKTOB

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 30
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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Ob6paboTka HEN3BECTHbIX 30H

[pocTon NyTb — MNPUHATb 3HAYEHUS
n306paxkeHns paBHbIMU HYNIO B HEU3BECTHbIX
30HaX. DTOT METoA, AAET HEKOPPEKTHbIN
pe3ynbTarT:

O6bnactb
3anosiHeHusd

O6bnactb
3anosiHeHud

cxoaHbIM Kaap Coherence flow

~

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 31
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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Moandukaumsa TeH3opa

TeH30p U3MEeHSsIeTCa TakK, YTobbl paanyc rayccmaH
MEHSICA B 3aBMCMMOCTM OT PACCTOSIHUS A0 Kpas:

(Kp * (g Voo @ Vag)) (x) Ko (ﬂm_x} u)
(Ko * 1oy ) () o

]LT’p(x) - K[}' *]].ﬂ(x}

O6bnactb
3arnonHeHus

O6nactb O6bnactb
3anosiHeHus 3arnosHeHus

Modified flow

McxoaHbIn Kaap Coherence flow

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 32
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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OcobeHHOCTN peanu3aunm

= [[ayccnaHbl NpeaBbluMCIEHDbI, paanyc = 40

= /ICNONb3yeTcsa TObKO YaCTUYHbIW nepecyeT
TEH30pa No Mepe 3arosIHeEHNS U30bpakeHus

= /1n9 3 UBETOB UCMONb3YETCHA 0O TEH30P,
BbIYNCMISIEMBIN N0 ApKOCTU (NpocTpaHcTBo YIQ)

s Peanusaumsa Ha Matlab n C
= BMHapHWK AOCTYNEeH Ans cKavymBaHuUS

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 33
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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GRAPHICS & MEDIA LAB
VIDEO GROUP

[TpnMepbl paboTbl (1/2)

N ) J !
CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 34
www.compression.ru/video Coherence Transport, Mathematical Imaging and Vision, 2007
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GRAPHICS & MEDIA LAB
VIDEO GROUP

[IpnMepbl paboTbl (2/2)

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 35
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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CpaBHeHMe C KOHKYpeHTaMu

GRAPHICS & MEDIA LAB
VIDEO GROUP

..

cxoaHbIN Kaap Telea MpeanoXXeHHbIn MeToA

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 36
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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CpaBHeHWe C KOHKYpeHTaMu

(2/2)

McxoaHbIN Kaap Manisou MpeanoXeHHbI MeTo

CS MSU Graphics & Media Lab (Video Group) Folkmar Bornemann et al, Fast Image Inpainting Based on 37
www.compression.ru/video/ Coherence Transport, Mathematical Imaging and Vision, 2007
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i AHanu3

s /IOCTOMHCTBA
= AJITOPUTM OTHOCUTENBHO BbICTPbIN
= Pe3ynbTaTt BMU3yasibHO XOPOLLO CMOTPUTCSH
= ABTOpbI HE CTECHSIIOTCS AaBaTb OMHAPHUK

= HepgoctaTku
» CTabunbHOCTb BO BpEMEHN HEU3BECTHA
» HeunsBecTHO KayecTtBo paboTtbl Ha FullHD

CS MSU Graphics & Media Lab (Video Group) 38
www.compression.ru/video/
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‘L CopaeprkaHue

= BBegeHue

= Coherent video inpainting
= Fast image inpainting

= 3aK/Il0ouUeHue

CS MSU Graphics & Media Lab (Video Group) 39
www.compression.ru/video/
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= PeannzoBatb punbTp KanMaHa ans Buaeo

= [IpoTecTnpoBaTh ero ¢ MMerLWMMNCS
aIrfoOpUTMaMmM BOCCTAHOBNEHUS U306paxxeHnm

= [IpUMEeHUTb ero ans
cTabunusaunm ME go cybnumkcenbHOro ypoBHs

CS MSU Graphics & Media Lab (Video Group) 40
www.compression.ru/video/
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:

s BbINyCKHUKK B acnupaHTypax AHrNuu,
®paHunu, Weenuapum (B Poccumn B MY
n UMM um. Kenabiwwa)

= BbinyckHMKaMuM 3alLmLLEeHbl 5 ancceptauni

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO

CS MSU Graphics & Media Lab (Video Group) 42
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