HekoTopble MeToAbl
NOBbILLEHNSA Ka4yecCTBa

ﬁ MOCTPOEHUS CTEPEO

tOpnin bepaHnKoB

CS MSU Graphics & Media Lab
Video group



= BBegeHue

= OueHka cTabunbHOCTU BO BPEMEHMU

= Anroput™m Do un Zinger

= OUHCKO-UTaNbSHCKMN BapuaHT Exemplar-Based
= TanmBaHbCKMWN BapuaHT Exemplar-Based

= Kntanckum BapmanT Exemplar-Based

= 3aK/l0YeHune

CS MSU Graphics & Media Lab (Video Group) 2
www.compression.ru/video/
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CS MSU Graphics & Media Lab (Video Group)
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ANropuTMbl 3aN0JIHEHUS
TpeboBaHus

= OTCyTCTBME 3aMETHbIX CTaTUYECKUX
nckaxxenuun (Spatial consistency)

= CTabunbHOCTbL BO BpeMeHMU
(Temporal consistency)

= [IpyemMnemoe Bpems paboThl

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



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

= BBegeHue

= OLeHka cTabnnbHOCTN BO BpEeMEHU

= Anroput™m Do un Zinger

= OUHCKO-UTaNbSHCKMN BapuaHT Exemplar-Based
= TanmBaHbCKMWN BapuaHT Exemplar-Based

= Kntanckum BapmanT Exemplar-Based

= 3aK/o4eHue

CS MSU Graphics & Media Lab (Video Group) 5
www.compression.ru/video/
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‘L CTabunbHOCTb BO BpEMEHMU

= HedopmanbHoe onpeaeneHune:
«0bnacTtb MepuaeT cuiibHee, YeM Hapo»

= BO3HMKawowWwme BOnpochl:
= YTO ecTb «cunbHee, YeM Hapo» ?
» YTO ecTb «0bnacTb» B KOHTEKCTE BUAEO ?

CS MSU Graphics & Media Lab (Video Group) Michael SChmeing and XlaOY| Jiang, “Time'conSiStency
www.compression.ru/video/ of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011


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

MepuaHue
N3MepeHne MepuaHus

= MopaenbHbIKM CnyYvan:
» O6bEeKT HenoaBmXeH
= OOH ABMXKeTCH
» ObnacTb 3anosHeHUst HeENoABUXKHA

= PAacCMOTpUM APKOCTb MUKCENs BO BpeMeHU

CS MSU Graphics & Media Lab (Video Group) Michael SChmeing and Xiaoyi Jiang, “Time'conSiStency
www.compression.ru/video/ of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011


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

[ padUK ApKOCTU NUKcens
Ground Truth

GRAPHICS & MEDIA LAB
VIDEO GROUP
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CS MSU Graphics & Media Lab (Video Group) Michael Schmeing and Xiaoyi Jiang, “Time-consistency
www.compression.ru/video/ of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011
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[ padUK ApKOCTU NUKcens
Pe3ynbTaT anroputMa 3arnosiHeHUs

GRAPHICS & MEDIA LAB
VIDEO GROUP
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CS MSU Graphics & Media Lab (Video Group) Michael Schmeing and Xiaoyi Jiang, “Time-consistency
www.compression.ru/video/ of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011
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3MepeHne MmepLaHug
dopmManmsaumna noaxoaa

= CTeneHb MepuaHusa nmkcens
1
Kp = 777 Z 1:(p) — It—1(p)|

= CTeneHb MepLaHnsa obnactu

m

= OueHKa yBenmyeHms MepuaHmnsa obnactu

FDF(I) = rp(I) — kp(G)

CS MSU Graphics & Media Lab (Video Group) Michael SChmeing and Xiaoyi Jiang, “Time'conSiStency 10
www.compression.ru/video/ of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011
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GRAPHICS & MEDIA LAB

i TecToBble AaHHbIE

video | video 2 video 3 video 4 video 5 video 6

video 7 video 8 video9 video 10 video 11

CS MSU Graphics & Media Lab (Video Group) Michael Schmeing and Xiaoyi Jiang, “Time-consistency 11
www.compression.ru/video/ of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011
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Pe3ynbTaTbl CpaBHEHUS
a/ITOPUTMOB 3aMnoJIHEHUS

GRAPHICS & MEDIA LAB
VIDEO GROUP

videol wvideo2 video3 video4 video5 video6 video7 video8 video9 video 10 wvideoll
Telea 0,352 3.396 5.216 2.313 5,143 8,019 6,04 6.021 3.419 2,776 1,427
Do 0,024 0.681 1,559 1,587 3.875 2,252 2,904 3,235 0,823 1,589 0,24
BE 0,258 0,698 2,947 1,894 5,499 3,314 4,385 4,886 1,745 1,903 0.196
HI 0,296 2,724 3.867 2.565 7,951 8.346 6,547 6.642 1.908 3,282 ().844
350% -
§ —b=Telea =M=Do =A=BE =@=Hl =¥=G
T 325% -
5 | 200 A }\\
Q| 275% / \ / \
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o
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CS MSU Graphics & Media Lab (Video Group) Michael Schmeing and Xiaoyi Jiang, “Time-consistency 12

www.compression.ru/video/

of Disocclusion Filling Algorithms in DIBR,” 3DTV Conference, 2011
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= BBegeHue

= OueHka cTabunbHOCTU BO BPEMEHMU

= Anroput™ Do u Zinger

= OUHCKO-UTaNbSHCKMN BapuaHT Exemplar-Based
= TanmBaHbCKMWN BapuaHT Exemplar-Based

= Kntanckum BapmanT Exemplar-Based

= 3aK/l0YeHune

CS MSU Graphics & Media Lab (Video Group) 13
www.compression.ru/video/
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i Cxema anroputMma (1)

= Paclumpenune obnacrem oTKpbITUS B CTOPOHY
¢oHa (noaasneHne octaTtkoB motion blur)

= B3BelleHHoe CcyMMMpPOBaHUE COCEAHUX MUKCENEN

find nearest edge pixel disregard foreground pixels

CS MSU Graphics & Media Lab (Video Group) Luat Do, Sveta Zinger, “Quality improving techniques for free- 14
wwwlcomnression_ru lvideo! VieWPOint DIBR", 3DTV'C0nference, 2009


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

i CxeMa anroputMma (2)

s B MaTeMaTnyeckoMm Buae:

>ic di? x f
Et—ldt_ :

) . fo0 .if foreground
with f; (fz) - { t; j-if E}ackg?’*{}uﬂd-

vu,?_: S O, P(’H._ ’U) =

= [la, dopmyna coaepXxmt owmnbku

CS MSU Graphics & Media Lab (Video Group) Luat Do, Sveta Zinger, “Quality improving techniques for free- 15
www_comnression_ru [video/ viewpoint DIBR", 3DTV-conference, 2009
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* Pe3ynbTat paboThbl =

result of inpainting result of inpainting
with depth information without depth information
CS MSU Graphics & Media Lab (Video Group) Luat Do, Sveta Zinger, “Quality improving techniques for free- 16

www_compression_rulvideo! viewpoint DIBR”, 3DTV'C0nference, 2009


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

i A Halinis Ty

= [IpenmyLlecTBa
= Managq BbluMCIUTENIbHAA CNOXXHOCTb
= BbIrnaamT noteHumnanbHo nydiie Stretch

s HegocTtaTku

= HMKaK He yuyuTbiBaeT coceaHue Kaapbl

= CrnaxkmBaeT nsobpaxkeHns Baanu oT rpaHuu
06/1aCTN OTKPbITUS

CS MSU Graphics & Media Lab (Video Group) 17
www.compression.ru/video/
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= BBegeHue
= OueHka cTabunbHOCTU BO BPEMEHMU
= Anroput™m Do un Zinger

= ®UHCKO-UTaNbSAHCKUU BapuaHT Exemplar-
Based

= TanmBaHbCKMWN BapuaHT Exemplar-Based
= Kntanckum BapmaHT Exemplar-Based
= 3aK/l0YeHume

CS MSU Graphics & Media Lab (Video Group) 18
www.compression.ru/video/
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GRAPHICS & MEDIA LAB
VIDEO GROUP

i CxeMa anropuTtma

= OcHoBa — Exemplar-Based Inpainting
cM. poknag tO. 'mTMaHa
«0630p MeETOAOB UHMAUHTUHIA MO OAHOMY U306paXKEHUO»

= KpaTtkas cxema Exemplar-Based Inpainting:
= BbluncneHune KapTbl NPUOPUTETOB
= [TOMCK NOXOXKMX 3/TIEMEHTOB TEKCTYPbI (MAaTUYEN)
= 3anosiHeHNE HEN3BECTHbIX obnacren

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 19
Www.compression.ru/video/ Rendering”, SPIE, 2011
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i Moandukauusa anroputMa (1)=°

= YYET NpUHAAIEXHOCTUN K POHY
NPpU BbIUNCIIEHUN KapTbl NPUOPUTETOB

D, D, P,

Depth map

Rendering D=L, .~D;, Smoothing

D, D, P,
\

KapTa rnybuHbl «obpaTtHasa» | L.,= max(D,, D,)

= VIcnonb30BaHWe TONbKO APKOCTU NpU NOUCKE
naTyeu

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 20
Www.compression.ru/video/ Rendering”, SPIE, 2011
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Moandukaumsa anroputma (2

YckopeHune noncka natyemn

Target patch l
Distance (d) d<p
using half  |—9——
Current patch ol
pixels
Discard the d=p
current patch

CS MSU Graphics & Media Lab (Video Group)

www.compression.ru/video/

DuKCcMpoBaHHbIE NOPOru

Compute the
remaining
distance (D)

l

D >a

Store D and

—e——— analyze the next

patch

D <a
. |

Stop the
searching
process

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
Inpainting Technique for Occlusion Filling in Depth-Image Based
Rendering”, SPIE, 2011

GRAPHICS & MEDIA LAB
VIDEO GROUP

21


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

i Bbibop napametpoB o u B ==

x 5 Bngeo

= Pasmepbl OKHa
3x3, 5x5, 7x7

M 06=1,,B=5

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

Docurrencs

x 107
- T T T T T T

McTorpamMmma nyymx naTtyen
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K]

8 10 12 14

-

Lvyerage per-plxel error

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
Inpainting Technique for Occlusion Filling in Depth-Image Based 22
Rendering”, SPIE, 2011
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i Moandukaumsa anropntMa (3)

= YYET coceaHnXx KaapoB
= OrpaHunyeHune ob6nactu nomcka
= /IcNoNb30BaHWE HECKOMbKMX AYyYLUNX NaT4yen:

Konunyecrtso

Yem 6onble K, Tem
bonbLie L.
B akcnepumeHTax

K=5, =7

MCMOJIb3YEMbIX MaTYEMN.

CS MSU Graphics & Media Lab (Video Group)

www.compression.ru/video/
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Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
Inpainting Technique for Occlusion Filling in Depth-Image Based 23
Rendering”, SPIE, 2011
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GRAPHICS & MEDIA LAB

‘L TecToBble AaHHble

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 24
Www.compression.ru/video/ Rendering”, SPIE, 2011
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GRAPHICS & MEDIA LAB

i O6beKTMBHOE TECTUPOBAHNE ™

Algorithm PSNR | PSNRpgvs,, | WPSNR | NTIA-VQM | NRMos
Proposed 27.78 25.52 36.26 0.31 4.90
Oliveira based | 26.78 24.14 34.74 0.38 4.84
Park based 27.56 25.15 35.99 0.31 4.85
Raw 23.47 20.88 31.58 0.53 4.42

Table 1. Average objective results computed by using state of the art metrics.

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 25
Www.compression.ru/video/ Rendering”, SPIE, 2011
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= 3" aBTOCTEPEOCKONNYECKUN ANCTNEN
= 33 3KcnepTaq, oT 22 Ao 40 net

= 5 TecToB:
= Preliminary vision test
= Training test
= Acceptance test
= Overall quality
= Perceived depth

Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 26
Www.compression.ru/video/ Rendering”, SPIE, 2011
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i Acceptance test
‘_C.: T T T T
on |:| Accepted
1 | | Not zccepted |
E-: 1 e e |
~ &of -
ﬂ_;.
n:_.:u
_E' a1 b e e
o
=
S aok-| b b ] e 4
nL:u
L=
30F -
2-: 1 e e T e O |
N Criginal Froposed Cliveira Fark
Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 27

www.compression.ru/video/

Rendering”, SPIE, 2011
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GRAPHICS & MEDIA LAB

Quality test

Lo

o
L
T
1

o

Original Proposed Oliveira Fark
Lucio Azzari, Federica Battisti, “A Modified Non-local Mean

CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 8
www.compression.ru/video/ Rendering”, SPIE, 2011
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Depth test
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Lucio Azzari, Federica Battisti, “A Modified Non-local Mean
CS MSU Graphics & Media Lab (Video Group) Inpainting Technique for Occlusion Filling in Depth-Image Based 29
www.compression.ru/video/ Rendering”, SPIE, 2011
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i A H a n M 3 s e 42

= [IpenmyLlecTBa
= icnonb3yeT coceaHmne Kaapsl
= He HapylwaeT TekcTypy doHa
= HepocraTku
= BbluncnutenbHas CnoXXHOCTb
= CTabmnbHOCTb BO BPEMEHU HE rapaHTUpYyeTCs

CS MSU Graphics & Media Lab (Video Group) 30
www.compression.ru/video/
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= BBegeHue

= OueHka cTabunbHOCTU BO BPEMEHMU

= Anroput™m Do un Zinger

= OUHCKO-UTaNbSHCKMN BapuaHT Exemplar-Based
= TanBaHbCKuMM BapuaHT Exemplar-Based

= Kntanckum BapmanT Exemplar-Based

= 3aK/l0YeHune

CS MSU Graphics & Media Lab (Video Group) 31
www.compression.ru/video/
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Cxema anroputma (1)

¥

Kpocc-bunatepanbHas npenobpaboTtka KapTbl ryounHbl

Bec

— B(u+5u, v+§v) =f. (5:4, 5v] -1, (1 (u, v) ) (u+f5u, u+5v))

Yyéer

PacCTOSIHUS _ef(f-’g“ 5’“‘ EKP(

o+

YuéT upeta — f; (,v), 1 (u+Su,v+5v))

u+c§u v+€}v) I, (ujv)

|
CI‘.—

w2z |

CS MSU Graphics & Media Lab (Video Group) Chia-Ming Cheng, Shu-Jyuan Lin, “Improved Novel View 32
www.compression.ru/video/ Synthesis from Depth Image with Large Baseline ”, ICPR, 2008
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[IpenobpaboTtka rinybuHb
[IpyMep paboThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

o
[locne
[ny6uHa MN306paxkeHne Ao 1 nocne
3alnoJIHEHUA OANHOYHbIX nuKceneu
CS MSU Graphics & Media Lab (Video Group) Chia-Ming Cheng, Shu-Jyuan Lin, “Improved Novel View 33

www.compression.ru/video/ Synthesis from Depth Image with Large Baseline “, ICPR, 2008
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‘L CxeMa anroputMma (2)

= 3arnosiHeHue nukcenen c NoMoLLb NOUCKaA
HaUNy4LINX naTyen

: I_|0I39|LlOK 3anonHenus onpegensetca (2. +[z.[)”

Z p(6u.0v)d (du,ov)g, (du,ov)
(Su,8v)eB JIoKkanbHble

rpaaAneEHTbI MO OCAM

z p c’:ru ::“w c’:ru Ev]g [Eu_.ﬁv}

( Su vl
(-:‘J 1,0V )
@ (Su,ov)=
JII-:?HH +lov
CS MSU Graphics & Media Lab (Video Group) Chia-Ming Cheng, Shu-Jyuan Lin, “Improved Novel View 34

www.compression.ru/video/ Synthesis from Depth Image with Large Baseline ”, ICPR, 2008
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‘L CxeMa anroputMma (3)

TpunaTtepanbHag Cl:)l/lﬂpraLlMﬂ
T (u+du,v+6év)= £, (u,6v) f, (I(u:v),f(u+5u v+§v))-fd (d (u,v), d(u+c‘:7u,v+§v))

I, [d(u,v),d(u+éfu,v+§v)] e:{p[——”d U+ou, L+c§w H)

6 = 1.0, 6, = 0.25, G4 = 0.15

CS MSU Graphics & Media Lab (Video Group) Chia-Ming Cheng, Shu-Jyuan Lin, “Improved Novel View 35
www.compression.ru/video/ Synthesis from Depth Image with Large Baseline ”, ICPR, 2008
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GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Chia-Ming Cheng, Shu-Jyuan Lin, “Improved Novel View 36
www.compression.ru/video/ Synthesis from Depth Image with Large Baseline ”, ICPR, 2008
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GRAPHICS & MEDIA LAB
VIDEO GROUP

DIBR interpolation Image inpainting Proposed method

CS MSU Graphics & Media Lab (Video Group) Chia-Ming Cheng, Shu-Jyuan Lin, “Improved Novel View 37
www.compression.ru/video/ Synthesis from Depth Image with Large Baseline ”, ICPR, 2008
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i A Halinis Ty

= [IpenmyLlecTBa
= Managq BbluMCIUTENIbHAA CNOXXHOCTb
= BbIrnaamT noteHumnanbHo nydiie Stretch

s HegocTtaTku

= HMKaK He yuyuTbiBaeT coceaHue Kaapbl

= CrnaxkmBaeT nsobpaxkeHns Baanu oT rpaHuu
06/1aCTN OTKPbITUS

CS MSU Graphics & Media Lab (Video Group) 38
www.compression.ru/video/
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= BBegeHue

= OueHka cTabunbHOCTU BO BPEMEHMU

= Anroput™m Do un Zinger

= OUHCKO-UTaNbSHCKMN BapuaHT Exemplar-Based
= TanmBaHbCKMWN BapuaHT Exemplar-Based

= Kutanckmm BapmaHt Exemplar-Based

= 3aK/l0YeHune

CS MSU Graphics & Media Lab (Video Group) 39
www.compression.ru/video/
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‘L CxeMa anropuTtma

= Mopdonornsa Kaptbl ryobuHbl
= [lopaboTka OLEHKU NPUOPUTETOB
P(p)=C(p)D(p) —> P(p)=C(p)+D(p)
= [lononHUTENbHOE C/laraeMoe B OLEHKE naTtyen
d(¥,.¥,)=SADY .V, )+

/. ‘average (Z depth(p, )) — arerage (Z depth(q, ))‘

Kai LUO, Dong-xiao LI, “Depth-aided inpainting for disocclusion

CS MSU Graphics & Media Lab (Video Group) restoration of multi-view images using depth-image-based 40
www.compression.ru/video/ rendering”, Journal of Zhejiang University, 2009
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ci2 @
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i # v
Lom
i
icxoaHbIM Kaap CABUHYTBIW Kaap

_ ..-":-.,h . average(z depth( p, }) < average(Zdepth ( qn}] :
A= : :
A, average(Zdepth( P> average(z depth(q,) ).

Kai LUO, Dong-xiao LI, “Depth-aided inpainting for disocclusion

CS MSU Graphics & Media Lab (Video Group) restoration of multi-view images using depth-image-based 41
wwwlcompression_rulvideo! rendering", Journal of Zhejiang UniverSity, 2009
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o Mouvep pators

cxoaHble AaHHbIe

NcxoaHbin
N MOANMDULIMPOBAHHBIN
aNIrOPUTMb

Kai LUO, Dong-xiao LI, “Depth-aided inpainting for disocclusion

CS MSU Graphics & Media Lab (Video Group) restoration of multi-view images using depth-image-based 42
wwwlcompression_rulvideo! rendering", Journal of Zhejiang UniverSity, 2009
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GRAPHICS & MEDIA LAB

i CpaBHeHME C KOHKYpeHTaMn =

34
1
30
28
26
24

79 —=— Zhang’s ~ —— Criminisi’s
—— No-Morph —=— Proposed

P ———
1 10 19 28 37 46 55 64 73 82 91 100

Frame index
Kai LUO, Dong-xiao LI, “Depth-aided inpainting for disocclusion

CS MSU Graphics & Media Lab (Video Group) restoration of multi-view images using depth-image-based 43
www.compression_rulvideo! rendering", Journal of Zhejiang UniverSity, 2009

PSNR (dB)
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i A Halinis Ty

= [IpenmyLlecTBa
= Managq BbluMCIUTENIbHAA CNOXXHOCTb
= BbIrnaamT noteHumnanbHo nydiie Stretch

s HegocTtaTku

= HMKaK He yuyuTbiBaeT coceaHue Kaapbl

= CrnaxkmBaeT nsobpaxkeHns Baanu oT rpaHuu
06/1aCTN OTKPbITUS

CS MSU Graphics & Media Lab (Video Group) 44
www.compression.ru/video/
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= BBegeHue

= OueHka cTabunbHOCTU BO BPEMEHMU

= Anroput™m Do un Zinger

= OUHCKO-UTaNbSHCKMN BapuaHT Exemplar-Based
= TanmBaHbCKMWN BapuaHT Exemplar-Based

= Kntanckum BapmanT Exemplar-Based

= 3aKJIroueHue

CS MSU Graphics & Media Lab (Video Group) 45
www.compression.ru/video/
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i 3aKJ1ro4eHue

= BCE xyxe, yeM xoTenocb 6ol

= Ecnn obbekT HenoaBuXXeEH, BOCCTAHOB/IEHUE
N3 ABMXEHUS He paboTaeT

= ECcnn ob6bekT ABMXKETCs, NpOCTble MeToAbI
BbI3bIBalOT apTedaKThl

= [Ipeanonaraembin NyyliMi BapuaHT — 3anosIHEHME
N3 ABMXXEeHUsa C 1-2 coceaHnx KaapoB, OCTaBLUeecs
3anoNIHAeTCs NpoCTbiIMKU MEeToAaMu

CS MSU Graphics & Media Lab (Video Group) 46
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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
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