HeKkoTopble MeToabl reHepaLunmn
MHOIOpaKypCHbIX N306pakeHnm

ﬁ Ha OCHOBeE KapThbl IMyOuHb

Bssuecnas HanagoBckum

Video Group
CS MSU Graphics & Media Lab



= BBegeHue
= Occlusion Filling with Horizontal Mirroring

= Enhancement of Depth Maps with Alpha
Channel Estimation

= 3anosHeHne obnacten OTKPbITUS
C UCMOJIb30BaHMeM (PpoHa

s 3aKJlloueHune

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


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

i [10OCTAaHOBKA 3a4auun

Ha Bxopae:

= OOWH NN HEeCKONbKO paKypcoB

= KapTbl rnybuHbl Ans Bcex pakypCcoB
= [lonoxkeHmne BUpTyasibHOW KaMepbl
Ha Bbixoae:

= CreHepupoBaHHbIN paKypc Ans BUPTYyasibHOM
Kamepbl

CS MSU Graphics & Media Lab (Video Group) 3
www.compression.ru/video/
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GRAPHICS & MEDIA LAB

BupTyanbHasa kamepa

Foreground Background

/

/
VAN W AN

| |

Camera 1 Virtual Camera 2
camera

CS MSU Graphics & Media Lab (Video Group) A. Mavlankar, “Image-Based Rendering using Disparity Compensated 4
www.compression.ru/video/ Interpolation,” Applied Vision and Imaging Systems, 2005
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i OCHOBHbIe MPUIOXKEHUS

= [ eHepauunsa AoNONHUTENBbHbBIX PaKypCcoB
ONS aBTOCTEPEOCKONMUYEeCKnX ANCnees
no crepeo unu no 2D+Z

= [eHepauunda 3D-KOHTEHTa Noa KOHKPETHbIe
YCTPOUCTBA

= KoHBepTauua 2D B 3D

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

OAHa 13 peanu3auum

1. [pepnobpaboTka KapTbl rNybUHbI
2. Warping
3. 3anofnHeHne obnacren oTKpbITUS

Warping m)

Filling = [l

CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 6
www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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[IpyMep reHepaunu
Depth Image Based Rendering (DIBR)

NcxoaHoe nsobpaxkeHne

CMeLEHHbIE NMUKCcenu

KapTa rnybuHsl

CS MSU Graphics & Media Lab (Video Group) Laihua Wang et al., “"A Novel Virtual View Rendering Approach Based 7
www.compression.ru/video/ on DIBR,” ICCSE, 2012
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[1IpobnemMbl, BO3HUKaOLLINE
npu ncnonblosaHnn DIBR ™

Tun aptedakta | MNpeanoXxeHHbIN

aNIropuT™
1 | MycTble NHTepnonauus
«TPELLNHbI» TONIbKO HEeAOCTaloLWmMX
NUKCenen

2 | NMonynpo3payHsble | NMonck n 3anonHeHune
«TPEeLUHbI»

3 | Opeon YMeHbLleHne
npuopuTeTa y cnos
C (O)OHOM
4 | HeectecTtBeHHble | CMelmBaHUE CIOEB
LBeTa C nepeiHuM MnjaaHoMm
5 | Obnactu 3anosiHeHune
OTKPbITUS KOHCTAHTHbIM LBETOM

n3 cnosi oHa
6 | Ownbka Ha —
KapTe rnyobuHbl

CS MSU Graphics & Media Lab (Video Group) M. Sjostrom et al., “Improved depth-image-based rendering 8
www.compression.ru/video/ algorithm,” 3DTV-CON, 2011
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= BBegeHue
= Occlusion Filling with Horizontal Mirroring

= Enhancement of Depth Maps with Alpha
Channel Estimation

= 3anosHeHne obnacten OTKPbITUS
C UCMOJIb30BaHMeM (PpoHa

s 3aKJlloueHune

CS MSU Graphics & Media Lab (Video Group) 9
www.compression.ru/video/
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Modified DIBR
Lllar 1 n3 4

KoHBepTauus KapTbl rybuHbl B KapTy
ancnapurteTa ¢ nomoubto Lookup Table (LUT)

Dresprile
Foreground l

I

ac w
010219 57 AC ED FA

LUT ‘

ackground Foreground
v —m—_—m—_e o ————,
0015 10 14 15

\

IepariTy
| )

CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 10
www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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Modified DIBR
LLlar 2 n3 4

GRAPHICS & MEDIA LAB
VIDEO GROUP

YBen4yeHne 3HayeHnn aucnapuTeTa
Ha KpasiX 06beKToB

Disparity Disparity
Backgrand —}i«(— Foreground —» Bads:guni—}’: <«—— Foreground —
1

20 | 20 !
I = i 15
| f 7 V146 145 14 14 145 7
15 : 4 15 | —

I 10 :
10 1 10 ——— HEEEEHEE

| - 1

5 E < i ji S 5 :.

0 0 @ ia ! 0 O I

0 ' 0
0 I 2 3 4 5 6 7 8 01 23 45 67 8
Pixel Number Pixel Number
(a) (b)
(a) Original disparity, and (b) raised disparity.
CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 11

www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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Modified DIBR

2P POEKTUBHOCTb PUNbTPaLnUmn

GRAPHICS & MEDIA LAB
VIDEO GROUP

Fig. 10. Synthesized mages (a) without and (b) with raised disparity.

CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 12
www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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‘L Modified DIBR

3. Warping
4. 3anonHeHune obnacrem oTKpbITUS METOAOM
3epKasibHOro OTPaXXeHUs

\@/

CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 13
www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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Modified DIBR

[IpMep 3epKanbHOro oTpaXkeHus

GRAPHICS & MEDIA LAB
VIDEO GROUP

HOHYHEHHbIVI pE3yJ/ibTaT C NOMOLLbIO Pe3yanaT METOoAa, NPEeASI0XKEHHOIo
NOBTOPEHUA KpaVIHeFO NMMKCEN4A B CTAdTbe
CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 14

www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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Pe3ynbTaT
MeToAa C Mcnonb30BaHNEM SKCTpanonAauunn

GRAPHICS & MEDIA LAB
VIDEO GROUP

McxoaHoe n3obparkeHune 3anonHeHne obnacren OTKPbITUS C MOMOLLIbIO

SKCTpanondaumnmn
CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 15

www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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GRAPHICS & MEDIA LAB
VIDEO GROUP

KapTa rpaHuu MpeanoXeHHbIN MeToa
ancnapurteTta

CS MSU Graphics & Media Lab (Video Group) Shen-Fu Hsiao et al., “Low Latency Design of Depth-Image-Based 16
www.compression.ru/video/ Rendering Using Hybrid Warping and Hole-filling,” ISCAS, 2012
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J10CTOUHCTBaA:

= [IpOoCTOTa B peanm3aunmu

= Bbicokast ckopocTb (realtime)
HepocTaTKu:

= bonee 4yBCcTBUTENEH:

= K UMMNY/IbCHOMY LIYMY Ha KapTe rnybuHbl
= K HECOBMaAEHUIO rpaHnL rnybuHbl u n3obpaxeHus

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

17
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= BBepeHue
= Occlusion Filling with Horizontal Mirroring

= Enhancement of Depth Maps with Alpha
Channel Estimation

= 3anosHeHne obnacten OTKPbITUS
C UCMOJIb30BaHMeM (PpoHa

s 3aKJlloueHune

CS MSU Graphics & Media Lab (Video Group) 18
www.compression.ru/video/
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i OcobeHHOCTHN anropmTMa

= [pebyeTcs Ha BXOA:
= ICXOOQHOE n30bpaxkeHne
= KapTa rnybuHsbl (Kinect)
= N306paxkeHune ¢ MHpakpacHOU KaMepbl
(Time-Of-Flight camera)
s CTpouTcs KapTbl rNyOuHbl U KapTbl
NPO3pavYHOCTU

= [laHHble TOF-KaMepbl UCNOMb3YTCA A1
YNYULLIEHMS pe3ynbTaTa Ha rpaHuuax o6bekToB

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 19

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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CxeMa anropuTtma
Ha cTtopoHe encoder’a

GRAPHICS & MEDIA LAB

VIDEO GROUP

Data Acquisition

Depth Image Enhancement Transmission

Color Images

] _
__________________ Encoder
—>

]
1
1
1
Kinect i
:
1
1
1

....... | FRNSNITN— T ——— MUX

i estimation

\ f‘ , 7‘:' X | | :
TOF camera IR Images E I :
| i

"

:

Depth

Tri enhancement Encoder

rimap aith

generation by ST-CVF (Depth)
-

.| Guided

Filtering

Depth Images

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 20

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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CxeMa anropuTtma
Ha cTtopoHe decoder’a

GRAPHICS & MEDIA LAB
VIDEO GROUP

Rendering of 3D Scene
- Reception
' )
Pestiins L Color Images
M < Decoder |g—
apping (RGBA)
Graphic DE <
3D Scene Renderer MUX
Generation Alpha channels
Mesh <«
Triangulation Decoder
< (Depth)
Stereoscopic
and Free View Enhanced depth

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 21

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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i Depth Image Enhancement

1.  BnHapwuzaumsa kapTbl ryobuHblI C MOMOLLLbIO
MeToaa K-cpeaHux C uesnbio nonyyeHus
trimap’a

2. Mopdonormuyeckoe paclumpeHne KapTbl
rNyOuHbl

3. Micnonb3oBaHue closed form matting’a ans
Bbl4YNC/IEHNS anbda-KaHana

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 22

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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BbluncneHne uBeToB

GRAPHICS & MEDIA LAB

o6beKkTa 1 hoHa

C uenblo BblUMCNEHUS LBETOB nukcenen ¢oHa (B) n obbekTa (F)
BbINOSIHAETCS MUHUMMN3ALUNS cneayowen MyHKUnn:

minz Z (i Fy + (1 — o) B — If,:c)2 + |, |

JCAREAD RN (CARICHY

I — n3obpaxeHue

a; — 3Ha4YeHue anbda-KaHana i-ro NMKCens

MHTEHCUBHOCTb i-ro NMUKCeNs 06bekTa No KaHany c:
F; — obvekTa, B — ¢doHa, I; — nsobpaxeHus

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 23

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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GRAPHICS & MEDIA LAB

‘L BxoaHble AaHHbIE

~— ZCam data set

— Kinect data set

Color image Depth image IR image
J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 24

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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GRAPHICS & MEDIA LAB

i Pe3ynbTtatbl MaTTUHra (1)

NcxonHoe nsobpaxeHue (b) (c) (d)

(b) MaTTMHr No ncxogHOMy M306parkeHuto,
(c) maTtTuHr No KapTe rnybuHsl, (d) pe3ynsTaTt aBTOPOB

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 25

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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GRAPHICS & MEDIA LAB

i Pe3ynbTaTbl MATTUHIA (2)

Color image Depth image IR image
Closed form Depth alignment Result using
matting IR image
J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 26

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Bayesian matting Robust matting Closed form matting

Poisson matting with depth Closed form matting Our method (depth) Our method (IR)

with depth

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 27

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Bayesian matting Robust matting Closed form matting

Closed form matting with Our method (depth) Our method (IR)
depth.

J.-H. Cho, K. H. Lee, K. Aizawa, “Enhancement of Depth Maps
CS MSU Graphics & Media Lab (Video Group) With Alpha Channel Estimation for 3-D Video,” IEEE Journal 28

www.compression.ru/video/ of Selected Topics in Signal Processing, 2012
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J10CTOMHCTBA:

= Bblicokasi ckopocTb paboThl (realtime)
= YyyleHme 3a CYET UCMOSIb30BaHNSA MATTUHIA

HepocTaTok:
= BocTtpeboBaHo n3obpaxkeHue ot TOF-kamepbl

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

29
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‘L CopaeprkaHue

= BBepeHue
= Occlusion Filling with Horizontal Mirroring

= Enhancement of Depth Maps with Alpha
Channel Estimation

= 3anoJsiHeHue obsacren OTKpPbITUS
C ucnonb3oBaHneM poHa

s 3aKJlloueHune

CS MSU Graphics & Media Lab (Video Group) 30
www.compression.ru/video/
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i OcobeHHOCTHN anropmTMa

= Ha BXxoa anroputMmy nogaercs
MHOropakypcHoe BUAeo

= [1n9 BblYMCNEHUS TNYOUHBI UCMOSIb3YETCH
mMeToa M. Tanimoto “Depth Estimation
Reference Software (DERS) 5.0,” 2009

= [lpeanonaraercd CTaTUYHOCTb POHa

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 31
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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3anoJIHeHne pa3pbiBOB
KapTbl rNyOUHbI

KapTa
ancnapurteTta

A1 Sl 1 C o il 1 Sy e
. v s, o el =
a

- l
e | e .
Ground truth Pe3ynbTaT MPEG VSRS
aBTOpOB (View Synthesis
Reference Software)
CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 32

www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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Temporally Consistent
i Handling of Disocclusions

1. BblaeneHue o65actn oHa C NOMOLLbIO
buHapu3aunmn KapTbl rNybuHbI
N MOPMOIOrMYECKOro paclUnMpeHUs

2. O6HOBNEHMe paHee COXpPaHEHHOro
n3o0bpaxkeHnst GoHa n ero rnybuHbl

15 BOCCTAQHOBNEHUS TEKCTYPbI B 06/1aCTAX
OTKPbITUS MUCMONb3YIOTCA METOAbI CMHTE3a
TEKCTYP

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 33
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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‘L Pe3ynbTaT (1)

Reference view

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 34
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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GRAPHICS & MEDIA LAB

Pe3ynbTaT (2)

Warping result

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 35
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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GRAPHICS & MEDIA LAB

Pe3synbTtaT (3) =

BoccTaHoBNEHHbIM (POH

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 36
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010


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

GRAPHICS & MEDIA LAB

Pe3ynbTat (4)

CreHepupoBaHHbIM pakypc ¢ noMolubio MPEG VSRS

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 38
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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i PesynbTaT (5)

CreHepupoBaHHbIA pakypc MO METOAY aBTOPOB CTaTby

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 39
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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Pe3ynbTaT
YBenunyeHHble 0b61acTu

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaT aBTOpPOB MPEG VSRS Pe3ynbTaT aBTOpPOB MPEG VSRS

CS MSU Graphics & Media Lab (Video Group) M. Koppel et al., “Temporally consistent handling of disocclusions 40
www.compression.ru/video/ with texture synthesis for depth-image-based rendering,” ICIP, 2010
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J10CTOUHCTBO:

= 3anonHeHne obnacrem OTKpPbITUS C NMOMOLLbIO
(pOHa, NPUCYTCTBYIOLLIErO HA BUAEO
HepocTaTok:

= TpeboBaHue CTaTUYHOro oHa

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

41
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i CopaeprkaHue

= BBepeHue
= Occlusion Filling with Horizontal Mirroring

= Enhancement of Depth Maps with Alpha
Channel Estimation

= 3anosHeHne obnacten OTKPbITUS
C UCMOJIb30BaHMeM (PpoHa

x 3aKJIlOUeHue

CS MSU Graphics & Media Lab (Video Group) 42
www.compression.ru/video/
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i 3aKJ1ro4eHue

B o6n1act anropuTMoB reHepauum
MHOIOpPaKypCHbIX M306pakeHnn 3a nocnegHme
1,5 ropa He 6b1510 Npeas10XXeHo HOBbIX METOOB.

N3 pacCMOTPEHHbBIX METOAOB MHTEPECHbLIMU HA
MOW B3rnsig SBASOTCS:

= MaTTUHr € ncnonb3oBaHUEM rNyOuHbI
= /lcnonb3oBaHWe BOCCTaHOB/IEHHOIo oHa

CS MSU Graphics & Media Lab (Video Group) 43
www.compression.ru/video/
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CS MSU Graphics & Media Lab (Video Group) 44
www.compression.ru/video/
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disocclusions with texture synthesis for depth-image-based rendering,”
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:
= BbINYCKHMKW B acnuUpaHTypax
AHrnum, ®paHummn, LLiBenyapum
(B Poccnn B MI'Y n UMM mm. Kengpliwa)

= BbinyckHMKaMuM 3alLmLLEeHbl 5 ancceptauni

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO

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