O630p apTedaKToB
CTepeo BUAEO

ﬁ BpemMeHHas CMHXPOHM3aLMA

Anekcen bopucos

Video Group
CS MSU Graphics & Media Lab



i JInpnyeckoe BCTYn/1eHne

Stereoscopic iImages are
easy to do badly,

hard to do well, and
Impossible to do correctly

donbknop

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

= 30Ha KOM(MOPTHOro BOCNPUATUS
= Binocular luster

= Z00M CUHXPOHM3aLUSA

= BpeMeHHad CMHXPOHU3aLNA

= 3aK/o4eHue

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

=

Distortions
pincushion distortiop,

chromatic abberatiop,

\‘\ / /

'-\ Motion blur /
\ /
\ /
channel

\ mismatch

VISUALIZATION

' MOTION / |
/ COLOUR |/

/ STRUCTURE /

REPRESENTATIO TRANSMISSION

Atanas Boev, Danilo Hollosi, Atanas Gotchev, “Classification
of stereoscopic artefacts”, MOBILE3DTV technical report, 2008



BBeaeHune
Camera configuration (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

MpencrasneHve yposHen .~
rNMybuHbl Npn CbEMKeE

napannenbHou
N cxopasiLuencs
KOHMPUrypaunsamMn Kkamep

& ® & ®
toed-in parallel
configuration configuration
CS MSU Graphics & Media Lab (Video Group) Andrew Woods, Tom Docherty, Rolf Koch, “"Image Distortions 5

www.compression.ru/video/ in Stereoscopic Video Systems”, Processing of SPIE, 1993
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BBeaeHue
Camera configuration (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Camera J[10CTOMHCTBA HepocraTkm
Configuration
[apannensHas He TpebyeT HVS (Human Visual
U3MEHEHUWN BO System) paboTaet
BPEMS CbEMKMU NHaye
Cxopswascs CoBMeCTUMOCTb C HeobxoanMoCTb
HVS MOCTOSAHHOIO
N3MEHEeHUs
NnapaMeTpoB
Npu CbEMKE
CS MSU Graphics & Media Lab (Video Group) 6

www.compression.ru/video/


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

BBeaeHue
TpaneuenganbHoe UCKaXXeHune

[Mpn cxopsawencs KoHdburypaumm Kkamep
BO3HMKAET BEPTMKA/IbHbIN Mapaniakc

CS MSU Graphics & Media Lab (Video Group)

www.compression.ru/video/

Keystone distortion

T R * Vertical

A A ] | R + Parallax
SN ISV S N S— - P Left

5 : . 4 |mage
ST O N S S - .~ Right

i ’ § - Image

Andrew Woods, Tom Docherty, Rolf Koch, “Image Distortions

in Stereoscopic Video Systems”, Processing of SPIE, 1993
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BeeneHue
BHeLHAA cMMMeTpUd

GRAPHICS & MEDIA LAB
VIDEO GROUP

Temporal Symmetry

Spatial Symmetry

CS MSU Graphics & Media Lab (Video Group) Daniele Siragusano, “Stereo3D Postproduction”, 8
www.compression.ru/video/ CinePostproduction
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BeeneHue
BHYyTpeHHAs cnumMmeTpus (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Color Symmetry

CS MSU Graphics & Media Lab (Video Group) Daniele Siragusano, “Stereo3D Postproduction”, 9
www.compression.ru/video/ CinePostproduction
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BeeneHue
BHYTpeHHAs cumMmeTpus (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Focus Symmetry

CS MSU Graphics & Media Lab (Video Group) Atanas Boev, Danilo Hollosi, Atanas Gotchev, “Classification 10
www.compression.ru/video/ of stereoscopic artefacts”, MOBILE3DTV technical report, 2008
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BBepeHue
2 deKT KapTOHOK

Cardboard effect — oTcyTcTBUE penbeda
n 06BbEMA

KapTa rnybuHsl

CS MSU Graphics & Media Lab (Video Group) Burazerovic et al., "Automatic depth profiling of 2D cinema — 11
www.compression.ru/video/ and photographic images”, ICIP, 2009
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BBeaeHue
Depth cues rivalry (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

~10'm ~10'm ~10°m ~103m +inf

Accommodation |

A 4

MCTOYHMKN MHDOPMaLmKM O rnybuHe

CS MSU Graphics & Media Lab (Video Group) Atanas Boev, Danilo Hollosi, Atanas Gotchey, “Classification 12
www.compression.ru/video/ of stereoscopic artefacts”, MOBILE3DTV technical report, 2008
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BBeaeHue
Depth cues rivalry (2)

Accommodation-convergence rivalry

_ g Display plane

C T WL Autostereogram
- - .
%) 0
-

Mormal viewing

Stephan Reichelt, et al., "Depth cues in human visual perception
and their realization in 3D display”, Three-Dimensional Imaging,

CS MSU Graphics & Media Lab (Video Group) Visualization, and Display 2010 and Display Technologies and
www.compression_ru [video/ Applications for Defense, Security, and Avionics IV

GRAPHICS & MEDIA LAB
VIDEO GROUP

13
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BBepeHue
Depth cues rivalry (3)

2 PEeKT KYKO/IbHOro TeaTtpa
(Perspective-disparity rivalry)

pef curvature-—

Depth as suggested Depth as suggested
by perspective cues by binocular cues
CS MSU Graphics & Media Lab (Video Group) Atanas Boev, Danilo Hollosi, Atanas Gotchev, “Classification 14

wwwlcompression_ru [video/ of stereoscopic artEfaCtS", MOBILE3DTV technical report, 2008
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‘L Contents

= BBegeHue

= 30Ha KOM(OPTHOro BOCNpPUATUSA
= Binocular luster

= Z00M CUHXPOHM3aLUSA

= BpeMeHHad CMHXPOHU3aLNA

= 3aK/o4eHue

CS MSU Graphics & Media Lab (Video Group) 15
www.compression.ru/video/
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Bocrnipustne rnyobuHobl
BeeaeHue

s Cepbin: HEBUAMMASA 30HA

= KpacHbIW: onacHas 30Ha
= bonbluad Harpys3ka Ha rnasa

s OpaHXxeBbin: H6bICTpas 30Ha

= Ob6BLEeKT BMAEH TO/IbKO O4HOMY
rna3y — Harpyska

= 3€e/leHblN: 30Ha OTAbIXa rnas3
= PA40M C NNOCKOCTLIO 3KpaHa
= KOM®opTHasa ans BOCMpUATUS Q0

CS MSU Graphics & Media Lab (Video Group) Bernard Mendiburu, “Tutorial on Stereoscopic Imaging”, Digital 16
www.compression.ru/video/ Cinema Summit, NAB, 2009
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Bocnpustue rnybuHbl
[TOCTaHOBKaA 3a4Q4u

GRAPHICS & MEDIA LAB
VIDEO GROUP

Llenb: onpeaennTtb 30HY KOMOPTHOO
BOCMPUATUS

|

Object :
(X.2) B |
L

|

|

1
1
V+DOF

Comfort __
A f =

1 . -1
ZC’OTnfm"t _ %_DOF Zf V < DoF
b o0

7 Comfort
S

|
|
l -
otherwise ) I )
Comfort - >
Z, |
I -

A

l
-0.2 D——»|«—+0.2 D—»y

-<«——Comfortable viewing zone—»

DoF =0.2D

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New

CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 17
www.compression.ru/video/ parameters and comfortable viewing zone”, SPIE, 2011
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Bocrnipustne rnyobuHobl
MakcrMManbHbIM napannakc (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

— — e — fe— — —
1
i

e

i | : 7 J(: omf;;'; R
Zb. omfort [ >
I F

|
02D »e—+0.2 D>

<«——Comfortable viewing zone—»

Y

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New

CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 18
www.compression_ru [video/ parameters and comfortable VieWing Zone", SPIE, 2011


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

Bocrnipustne rnyobuHobl
MakcrMManbHbIM Napannakc (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

b | |
tanaf = E i g?z)f - i v -
| h—;—ok ; @
tan oy, = i iA a ‘€$ : - +Xf
b QZb ) - oy 1—Z

| Comfort ™
| Zs

7 ;omfoﬁ :4—>

\J

|
02D——»ta—+0.2 D—>1

-«——Comfortable viewing zone—

Lb — Q(Zb — V) tan Q'

1
Ly V=24 2 Y~ 350oF ¢+ DoF
L, Z,-V Z; —+—— -V L_DoF
|4

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New

CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 19
www.compression.ru/video/ parameters and comfortable viewing zone”, SPIE, 2011
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Bocnpustue rnybuHbl
[ MnoTe3bl

= [1N9 Ka)KOoW CLiEHbI CYLLECTBYET CBOW
onTUManbHbIN DoF

= OnTuUManbHble NapaMeTpbl CbEMKHU
NOCTUrAOTCS NMPU HAUMEHbLLEM UCKaXXEHUN
obbekTa obnactn nHtepeca (Rol)

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New
CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion
www.compression.ru/video/ parameters and comfortable viewing zone”, SPIE, 2011
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Bocnpustue rnybuHbl
CybbekTnBHoe TectupoBaHue (1)

iccnenoBaHue, Lienb KOTOPOro — rnpoBepka
rmnoTes3 + onpeaeneHne AOMUHUPYIOLWEN, ecnu
ob6e BepHble, HO HE MOryT ObiTb BbINOJ/IHEHD
OQHOBPEMEHHO

= 5 cueH

= 3 3Ha4veHusa DoF

s 28 UCMbITYEMbIX

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New
CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 21
www.compression.ru/video/ parameters and comfortable viewing zone”, SPIE, 2011
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Bocrnipustne rnyobuHobl
CybbekTnBHOe TecTupoBaHue (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Scene 1 Scene 2

Scene 5

CLI,eHbI, NCMNoJ1Ib30BaHHbLIE MNMPU TECTUPOBAHUN

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New

CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 22
www.compression_ru [video/ parameters and comfortable VieWing Zone", SPIE, 2011
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Bocnpustue rnybuHbl
Pe3ynbTaTthl (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Scene 2D DoF =0.1 L DoF =0.2 DoF =0.3 DF —1
Num b b b Rol b Rol
@ | 2 @ | 2| | P | am | P
1 X 11 0.55 22 1.1 33 1.65 20 1
2 X 43 0.26 85 0.5 145 0.86 168 1
3 X 106 0.59 213 1.20 319 1.79 178 1
4 X 17 0.31 37 0.69 50 0.93 54 1
5 X 638 0.59 1283 1.2 1930 1.8 1069 1

MoAYEPKHYTbIE 3HAUEHUS ABNSAIOTCS HAUTYULLUMU
COrlacHO NPOBEAEHHOMY TECTUPOBAHMIO

b ~ paccTosgHMe MeXKIy KaMepaMu
DEOI —— Mepa nckaxkenna obbexkTa Rol

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New
CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 23
www.compression.ru/video/ parameters and comfortable viewing zone”, SPIE, 2011
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Bocnpustue rnybuHbl
Pe3ynbTaTthl (2)

= VlccnepoBaHue NoATBEPAMIO YHUBEPCAbHbIN
ans scex cueH DoF = 0,2

= B 60MbLIMHCTBE Cly4aeB Npy ONTUManNbHbIX
napaMeTpax CbEMKN NCKaxkxeHns obbekTa Rol
HEe3HaYUTENbHbI

= [lapaMeTpbl CbEMKU onpeaenaoTca DoF

W. Chen, J. Fournier, M. Barkowsky, P. Le Callet, “"New

CS MSU Graphics & Media Lab (Video Group) stereoscopic video shooting rule based on stereoscopic distortion 24
www.compression.ru/video/ parameters and comfortable viewing zone”, SPIE, 2011
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= BBegeHue

= 30Ha KOM(MOPTHOro BOCNPUATUS
= Binocular luster

= Z00M CUHXPOHM3aLUSA

= BpeMeHHad CMHXPOHU3aLNA

= 3aK/o4eHue

CS MSU Graphics & Media Lab (Video Group) 26
www.compression.ru/video/
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Binocular luster
BBepeHue

Binocular luster — Bu3yanbHbin 3bdekT
cusiHUS (cBedeHunst) 0b6bekTa, BblI3BaHHbIN
Pa3/IMYHbIMU (PYHKLMAMN KOHTPACTHOCTU
Ha JIEBOM W MNPaBOM paKypcax

Left view Right view Cyclopean Image

CS MSU Graphics & Media Lab (Video Group) Can Bal, Ankit K. Jain, Truong Q. Nguyen “Detection and removal 27
www.compression.ru/video/ of binocular luster in compressed 3D images”, ICASSP, 2011
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Binocular luster
anLIMHbI BO3HUKHOBEHWUA

= OkaTtune
= [locTobpaboTka
= KoHBepTauus 2D B 3D (?)

CS MSU Graphics & Media Lab (Video Group) Can Bal, Ankit K. Jain, Truong Q Nguyen “Detection and removal 28
www.compression.ru/video/ of binocular luster in compressed 3D images”, ICASSP, 2011
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Binocular luster

ANropuTm:

1. [loCTpoeHue KapTbl MNONAPHOCTHU
nns obomnx BnaoB

2. BbluMTaHME NOCTPOEHHbIX KapT
3. MeanaHHasa GUNbTpauUus

CS MSU Graphics & Media Lab (Video Group) Can Bal, Ankit K. Jain, Truong Q. Nguyen, “Detection and removal 29
www.compression.ru/video/ of binocular luster in compressed 3D images”, ICASSP, 2011
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Binocular luster

C'ontrast Polarity map = image @ f

a8l ifo<k<p
flk] = < —alk¥=Bl it -p <k <0
0 otherwise

CS MSU Graphics & Media Lab (Video Group) Can Bal, Ankit K. Jain, Truong Q Nguyen “Detection and removal 30
www.compression.ru/video/ of binocular luster in compressed 3D images”, ICASSP, 2011
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Binocular luster
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

Ji-
&7 ¢
Pt

Left compressed view Right compressed view Right compressed view
with shine detection

CS MSU Graphics & Media Lab (Video Group) Can Bal, Ankit K. Jain, Truong Q. Nguyen “Detection and removal 31
www.compression.ru/video/ of binocular luster in compressed 3D images”, ICASSP, 2011


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

‘L Contents

= BBegeHue

= 30Ha KOM(MOPTHOro BOCNPUATUS
= Binocular luster

= Z00M CUHXPOHU3aL A

= BpeMeHHad CMHXPOHU3aLNA

= 3aK/o4eHue

CS MSU Graphics & Media Lab (Video Group) 32
www.compression.ru/video/
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Zoom synchronization
BeeneHue

' C ‘\ -
e

= [IpUYNHBI
= BHyTpuKamepHble pa3nmuug
s PacCMHXpOHM3aLUKUs MO BpeEMEHMU

GRAPHICS & MEDIA LAB
VIDEO GROUP

PaccMHXpoHM3MpOBaHHas cTepeonapa

s DPPeKThb

§ Harlp$|>|<eHV|e a3 | CVIHXpOHM3VIp0BaHHa$| cTepeonapa
= 3aTpyaHEHue CMHTEe3a n3obpaxkeHus

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 33
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization
CybbeKkTnBHOE OLieHMBaHMe

iccnenoBaHWe Mo BANSAHUIO aCMHXPOHHOIO
MacCLUTabupoBaHMsa Ha BU3yanbHOE BOCIPUSATUE
3pUTENS

= KoapduumeHT MacwtabmuposaHus 5-20%
= 4 nocnenoBaTesIbHOCTU
= 1/ UCnbITyembIX

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 34
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaThl TECTUPOBAHUS
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CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al.

Zoom factor difference
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“Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization
OcobeHHOCTN anropmuTMa

TpeboBaHUS K BUAEO:

= CMHXpPOHM3aLUKMA NO BpeMeHU

= [lapannenbHas KoOHpuUrypaumst kKamep

= OTCyTCTBME BEpTMKANbHOIrO napasiakca

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al.
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization
Moaenb CLeHbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

(X.Y.Z)
Xp =Xpo Tl Xp = Xpo TUp
Ve =YootV Ye = Yro TVk
fX+B/2 ¥ X —-B/2 20
X,o=fi——— Xpo=Jfr——
LO L 7 R.O R 7 \ LfL : IfR
Y Y b
Yio=ti = Yeo =Jr 3 ' |
Z Z X=-BI2 X=0  X=BI2
Figure 1: Stereo geometry with parallel cameras
f f B — PACCTOAHHE MeKITy KaMepaMu
—JR +yp LR
Yr = YL T Vg Vi fr, fr — poKaJIbHbIe PACCTOSHUS
L L Tr,TR — koopaunarsl Touku (X,Y, Z)
LL,0,TR,0 — OTHOCHUTEJIbHO LIeHTPa
CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 37

www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization
ANroputm

1. ['eHepaumsa nap (zr.zr)
(SIFT detector)

2. 3apa4a NMHENHOWN perpeccuu
(pelueHne MeToA0M HauMeHbLUMX KBaApaToB)

Mk

3. ITtoroBoe npeobpa3oBaHue

b L] e

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al.
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3synbTaThbl (1)

[10 CUHXpOHWU3aL MK

i Zoom synchronization
.

— e
s —
JleBbIN pakypc MpaBbi paKypc
CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 39
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaThl (2)

i Zoom synchronization

[locne CMHXpOHU3aUumn

T ———g

~,
l
.
.
A
— e

—-—
=

. N
d \ I’,'“ .
A\ e
\‘:3 N P N
JleBbIN pakypc MpaBbi paKypc
CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 40
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Zoom synchronization
Pe3ynbtaThl (3)

GRAPHICS & MEDIA LAB
VIDEO GROUP

[10 CUHXpOHWU3aL MK

JleBbIN pakypc MpaBbi paKypc

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 41
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization
Pe3ynbTaThbl (4)

GRAPHICS & MEDIA LAB
VIDEO GROUP

[locne CMHXpOHU3aUumn

JleBbIN pakypc MpaBbi paKypc

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 42
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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Zoom synchronization
BbiBOAbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

= JIOCTOMHCTBO

= BO3MOXXHOCTb paclunpeHusa Kiacca
NPUMEHNUMOCTU NYTEM YCITOXXHEHUA MOoAeNun

s HepoctaTku
= Point-based
» XEcTkme orpaHnyeHnss NPUMEHUMOCTU

CS MSU Graphics & Media Lab (Video Group) Colin Doutre, Mahsa T. Pourazad, Alexis M. Tourapis, et al. 43
www.compression.ru/video/ “Correcting Unsynchronized Zoom in 3D Video”, ISCAS, 2011
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= BBegeHue

= 30Ha KOM(MOPTHOro BOCNPUATUS
= Binocular luster

= Z00M CUHXPOHM3aLUSA

= BpeMeHHass CMHXpPOHU3aUuA
= 3aK/l0YeHme

CS MSU Graphics & Media Lab (Video Group) 45
www.compression.ru/video/
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* BpeMeHHas CMHXPOHWU3aLUMA

Temporal Symmetry

[1IpymMHa — AOPOroBM3Ha UCMOJIb30BAHUA
[IOMOJIHNTENBHOroO anmnapaTHoOro obecrie4eHus

CS MSU Graphics & Media Lab (Video Group) Daniele Siragusano, “Stereo3D Postproduction®, 46
www.compression.ru/video/ CinePostproduction
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BpeMeHHasa CMHXPOHM3aLMA
CybbeKkTnBHOE OLieHMBaHMe

iccnenoBaHMe Mo BAUSIHUIO PACCUHXPOHM3ALNK
MO BPEMEHM Ha BU3yasibHOE BOCMPUATUE
3pUTENS

= CMelwleHne £ 10 kagpoB
= Bnpeo 25 fps

= 66 TecToB

= 20 ncnbITyeMmbIx

Lutz Goldmann, Jong-Seok Lee, Touradj Ebrahimi, “Temporal

CS MSU Graphics & Media Lab (Video Group) synchronization in stereoscopic video: influence on quality 47
www.compression.ru/video/ of experience and automatic asynchrony detection”, ICIP, 2010
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BpeMeHHasa CMHXPOHM3aLMA

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaTthbl TectupoBaHus (1)
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Temporal shift

CS MSU Graphics & Media Lab (Video Group)
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Temporal shift

Lutz Goldmann, Jong-Seok Lee, Touradj Ebrahimi, “Temporal
synchronization in stereoscopic video: influence on quality 48
of experience and automatic asynchrony detection”, ICIP, 2010
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BpeMeHHasa CMHXPOHM3aLMA
Pe3ynbTaTbl TECTUPOBAHUSA(2)

GRAPHICS & MEDIA LAB
VIDEO GROUP
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BpeMeHHasa CMHXPOHM3aLMA
BbiBOAbI

Pe3ynbTaThl:
T < 80 ms —  Good
T > 200ms —  Bad
B nepecyéTte Ha fps:

Frame rate Frame shift Frame shift

(good) (bad)
25 fps 2 5
50 fps 4 10

Lutz Goldmann, Jong-Seok Lee, Touradj Ebrahimi, “Temporal

CS MSU Graphics & Media Lab (Video Group) synchronization in stereoscopic video: influence on quality 50
www.compression.ru/video/ of experience and automatic asynchrony detection”, ICIP, 2010
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= BBegeHue

= 30Ha KOM(MOPTHOro BOCNPUATUS

= Binocular luster

= Zoom synchronization

= BpeMeHHass CMHXpPOHU3aUuA
= Subjective quality test

= Distribution based sync
» Inflection points based sync

s 3aKJlloueHune
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Distribution based sync
ANroputm

1. Nounck Toyek ¢ HaMboNbLLNMU
NPOCTPAaHCTBEHHO-BPEMEHHbIMU
NCKAXXEHNSAMU Ha 0bounx Buaax

2. MocTpoeHne ructporpaMm pacnpeneneHmm
HaWAEHHbIX TOYEeK

3. [onck caoBura, MUHUMU3NPYIOLLETO PasHULY
rMCTOrpamMMm

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 52
www.compression.ru/video/ for Intelligent Vision Systems, 2004
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Distribution based sync
Space-time interest points (1)

= [1pOCTpaHCTBO
= JETEKTOp Xappuca

; 2 I,
H = det(n) — ktrace*(n) |n=g(-,-,0) * T 72
Yy+r

= [IpOCTpaHCTBO + BpeM4

H = det(n) — ktrace’(n) | py=g(-,-, o)« | I, 1> I,
Loy Iyl 7

I,,1,,I; — w3MeHeHHNe MHTEHCUBHOCTH MO X, Y,

1 a2 +92
g(',',O') = —¢€ 207
2mo
Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 53
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Distribution based sync
Space-time interest points (2)

s 3HAYUMOCTb TOUKU

det(n) A1A2A3

. —
trace3(n) (A1 + Ao + A3)3

A1, A2, A3 - cOOCTBEHHBIE 3HAYEHUS 1)

= Bbibupatotcsa 200 Touek MakcMMasibHOW
3HAYMMOCTH:

min()\l, Ao, )\3) > T

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 54
www.compression.ru/video/ for Intelligent Vision Systems, 2004
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Distribution based sync
Space-time interest points (3)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KpacHbIM KBaapaTOM BblaeneHa obnacTb,
copaepXallasa space-time interest points

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 55
www.comnression_ru [video/ for Intelligent Vision Systems, 2004
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Distribution based sync
Space-time interest points (4)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KpacHbIM KBaapaTOM BblaeneHa obnacTb,
copaepXallasa space-time interest points

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 56
www.compression.ru/video/ for Intelligent Vision Systems, 2004
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Distribution based sync
KoppensaumoHHas pyHKUMS

GRAPHICS & MEDIA LAB
VIDEO GROUP

to+At

C(t)= > n*

j=to—At
KoppensumoHHas hyHKLMS

PacnpeneneHune Toyek PacnpeaeneHune To4ek MHTepeca (MakcuMyM COOTBETCTBYIOT
WHTEPECa ANA JIEBOr0 paKypca ANd nNpaBoro pakypca HalnAeHHOMY CABUIY MO BPEMEHW)

C(t)

|
| | |
H‘\H rﬁ If“n

Homep kagpa - Homep kagpa " CpeWr no BpeMeHm

Kon-Bo Touek
Kon-Bo Touek

71525 s ] [C1, oy -y Cn]  — pacmpenenenne MpocTpaHCTBEHHO-BPEMEHHBIX
TOYEK JIEBOTO /TIPABOTO BUIA

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 57
www.compression.ru/video/ for Intelligent Vision Systems, 2004
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Distribution based sync
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

KoppenaunoHHas hyHKUuS
PacnpeneneHune Todek uHTepeca PacnpeneneHue Todek uHTepeca  (MaKCMMyM COOTBETCTBYHOT

A19 IeBOro pakypca ANA NPaBoro pakypca HaWAEHHOMY CABWIY MO BPEMEHM)
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Homep kagpa Homep Kaapa Casur no BpeMeHM

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 58
www.compression.ru/video/ for Intelligent Vision Systems, 2004
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Distribution based sync
BbiBOAbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

s JIOCTOMHCTBO
= CKOpOCTb

s HegocTtaTok

= HeBO3MOXXHO CMHXPOHU3MPOBATL BUAEO
C 3aUMKJIEHHbIM ABUMXXEHUEM

Jingyu Yan, Marc Pollefeys, “Video synchronization via space-time
CS MSU Graphics & Media Lab (Video Group) interest point distribution”, Proceedings of Advanced Concepts 59
www.compression.ru/video/ for Intelligent Vision Systems, 2004
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‘L Contents

= BBegeHue

= 30Ha KOM(MOPTHOro BOCNPUATUS
= Binocular luster

= Z00M CUHXPOHM3aLUSA

= BpeMeHHass CMHXpPOHU3aUuA
= Subjective quality test
= Distribution based sync
» Inflection points based sync

s 3aKJlloueHune
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Inflection Points based sync
BBeaeHue

Point of inflection (Pol) — Touka
DE3KOro U3MEHEHUS TPAEKTOPUN

Point of /

inflection

pest: conocTaBneHME HE TPAEKTOPUN,
a K/II0YEBbBIX TOYEK TPaeKTOpU

Anthony Whitehead, Robert Laganiere et al. “Temporal

CS MSU Graphics & Media Lab (Video Group) Synchronization of Video Sequences in Theory and in Practice”,

Wwwlcompression_ru [video/ Motion and Video Computing, WACV/MOTIONS, 2005
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Inflection Points based sync
Anropunt™m (1)

1. BbluncneHume Pol
2. ConocraBnieHne Ha ocHoBe Pol

3. YTOYHEeHue pe3y/bTaToB C NMOMOLLbIO
3MMUMNONSAPHON rEOMETPUU

Anthony Whitehead, Robert Laganiere et al. “Temporal
CS MSU Graphics & Media Lab (Video Group) Synchronization of Video Sequences in Theory and in Practice”, 62
Motion and Video Computing, WACV/MOTIONS, 2005
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Inflection Points based sync
Anroput™m (2)

ABTOpbI ncnonb3ytoT feature tracker
07151 NOCTPOEHUNS TPAaeKTOPUIM, NO KOTOPbIM
BbluncnaoTca Pol

Point of /

inflection

Anthony Whitehead, Robert Laganiere et al. “Temporal

CS MSU Graphics & Media Lab (Video Group) Synchronization of Video Sequences in Theory and in Practice”, 63
Www.compression_ru lvideo! Motion and Video Computing, WACV/MOTIONS, 2005
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Inflection Points based sync
Anroput™ (3)

GRAPHICS & MEDIA LAB
VIDEO GROUP

F X . . . .
e —— Lo Tracked point in Tracked point in
e - - frame n frame m
« ipolar [li
x <. epipolar Jine .
~. Candidate set :
- rd i '\ Pointon
'~ ~._pomt n+0.4p Computed point\ trajectory
N via tensor m+0.6)
- . .
o translfeir, T _."
[ Tracked point in o /
~ y ~ -
: frame n+1 z T 7 .
el R e | = Tracked point in
i~ B frame m+1

YTO4YHEHWEe pe3yNnbTaToB

Anthony Whitehead, Robert Laganiere et al. “Temporal
Synchronization of Video Sequences in Theory and in Practice”, 64

CS MSU Graphics & Media Lab (Video Group)
Motion and Video Computing, WACV/MOTIONS, 2005
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Inflection Points based sync
Pe3synbtaThbl (1)

GRAPHI(S & MEDIA LAB

Camera Grosssync Gross Precise sync Precise full Ground Truth
(#) UCIEE:D) shift UCInCE:D) frame shift (shift)

1 141 0 141 0 0
2 146 5 146.05 5 5
3 151 10 150.97 10 10

PEBYJ'IbTbITbI dJITOPUTMA Ha CUHTE3NPOBAHHbLIX AAHHbIX

Anthony Whitehead, Robert Laganiere et al. “Temporal

CS MSU Graphics & Media Lab (Video Group) Synchronization of Video Sequences in Theory and in Practice”, 65
Wwwlcompression_ru !video! Motion and Video Computing, WACV/MOTIONS, 2005
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Inflection Points based sync
Pe3ynbTaTthl (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Camera Gross sync Precise sync Manual sync

(#) (frame #) (frame #) (frame #)

1 127 126.75 127
2 228 229.33 229
3 160 159 159

PEBYJ'IbTbITbI dJITOPUTMaA Ha pEaJibHbIX AaHHbLIX

Anthony Whitehead, Robert Laganiere et al. “Temporal

CS MSU Graphics & Media Lab (Video Group) Synchronization of Video Sequences in Theory and in Practice”, 66
wwwlcompression_ru !video! Motion and Video Computing, WACV/MOTIONS, 2005
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Inflection Points based sync
BbiBOAbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

= JIOCTOMHCTBa

= OTCyTCTBME AETEPMUHMPOBAHHOW OLLINMOKM
COMOCTaBNEHUS TPAaEKTOpUi

= BO3MOXeH nepexopn OoT ToyeK K 061acTsam
(ucnonb3oBanne ME nnun OF)

= HepocraTok
« Point-based anropntm

Anthony Whitehead, Robert Laganiere et al. “Temporal

CS MSU Graphics & Media Lab (Video Group) Synchronization of Video Sequences in Theory and in Practice”, 67
Wwwlcompression_ru !video! Motion and Video Computing, WACV/MOTIONS, 2005
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i CopaeprkaHue

= BBegeHue

= 30Ha KOM(MOPTHOro BOCNPUATUS
= Binocular luster

= Z00M CUHXPOHM3aLUSA

= BpeMeHHad CMHXPOHU3aLNA

= 3aK/IloUeHue

CS MSU Graphics & Media Lab (Video Group) 71
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3aKn4yeHue
Mou pe3ynbTaThl

Stereo Quality Assessment Tool (SQAT) =
= VirtualDub filter + MATLAB script

OcyLlecTBNsgeTCca KOHTPO/b:

= MaKCMMasibHOro napasnsakca

= MPOCTPAHCTBEHHON CUMMETPUU
= COOTBETCTBMUS MO LIBETY

CS MSU Graphics & Media Lab (Video Group) 72
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3aKo4yeHue
Mown pe3ynbTathbl (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KOHTPOJ1Ib MaKCMMaJ1IbHOro napasniakca

CS MSU Graphics & Media Lab (Video Group) 73
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3aKn4yeHue
Mown pe3ynbTaTthbl (2*)

KOHTPOJ1Ib MaKCMMaJ1IbHOro napasniakca

Channel mismatch

CS MSU Graphics & Media Lab (Video Group) 74
www.compression.ru/video/
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3aKJIro4eHune
Mowu pe3ynbTathbl (3)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KOHTPOJ1Ib MaKCMMaJ1IbHOro napasniakca

[1180;1240] [1930;1963]
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500 1000 Homep kagpa
padunK pacnpeneneHns Kommy
NMKCeNen no ypoBHsIM rnyomuHB
MakcuMarbHbIN
napasnnakc
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3aKJIro4eHune
Mowu pe3ynbtaTbl (4)

KOHTPOJ1Ib MaKCMMaJ1IbHOro napasniakca

THE
SMURFS

CS MSU Graphics & Media Lab (Video Group) 76
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3aKJIro4eHune
Mown pe3ynbTathbl (5)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KOHTPONb NMapannakca
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m Homep kaapa
padumK pacnpeneneHns KoandyecTea
MNUKCENEeN No YPOBHAM UCKAXKEHWNIA
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3aKn4yeHue
Mowu pe3ynbTaThl (6)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KOHTpONb NPOCTPAHCTBEHHON CUMMETPUN
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padunk pacnpeneneHnst Kosmp
NMKCENEN rno YpoBHSIM UCKaXXeH
MakcuMasbHble
NCKaXXeHuS
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Kaap 3063
JleBbIN paKkypc
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Kaap 3063
[paBbIn paKypc
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. Kaap 21533
JleBbIN paKypc
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3aKJto4eHue
Mowu pe3ynbTaThl (13)

GRAPHICS & MEDIA LAB
VIDEO GROUP

KOHTpPOJIb COOTBETCTBMA MO LBETY
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rpad)VIK COOTBETCTBNATHECOOTBETCTBUA
Mo UBETY MexXAay Kaapat
MaKkcuMasnbHble
NCKa>XeHUs
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Kaap 2260
JleBbIN paKypc
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Kaap 2260
[paBbIn paKypc
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i 3aKJ1ro4eHue

bbifIn OCBELLEHbI:
= ba3oBble apTedakTbl CTepeo BUAEO

= 3 CYObEKTMBHbIX TECTUPOBAHUS MO BIAUSIHUIO
PA3/INYHbIX apTedaKToB

= AIropuTM aeTekTupoBaHua binocular luster
= 3 a/IfOpUTMa CUMHXPOHM3aLKUK CTepeonapsl

CS MSU Graphics & Media Lab (Video Group) 90
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3aKn4yeHue
[anbHenwme nnaxbl (1)

= BpeMeHHada CMHXPOHU3aLNA

= PeannsoBaTtb aJIfOPUTM Ha OCHOBE
pacnpeneneHns space-time interest points

= Pa3paboTtaTb anropmMtM, OCHOBAHHbIV
Ha naee points of inflection (PoI)

= Z00M CUHXPOHWU3aLMSA
= JJopaboTaTb Npeano)XeHHbIN anropuTm

= Binocular luster

= Pa3paboTtaTb anropmutM, CNOCObHbIN AETEKTUPOBATD

apTedaKkT, BO3HMKLLMA He 06593aTeNbHO NPU CKaTum

CS MSU Graphics & Media Lab (Video Group) 91
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3aKn4yeHue
[anbHenwme nnaxbl (2)

= HeyecTHoe cTtepeo (caBur No BpeMeHn)

= Pa3spaboTtaTtb anroputM, onpeaensiowmm
HEKOPPEKTHbIM CNOCO6 MOCTPOEHUS CTepeonapbl

= Bocrnipusitue rnybuHsbl

= PaspaboTtaTb anropmMtM, CONOCTaBASIOLLINI
MHOopMaLMIo 0 rnybuHe, noslyYeHHyo
n3 pasHbix depth cues

CS MSU Graphics & Media Lab (Video Group) 92
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i Jlutepatypa (3)
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A roe cnaung
c 60nbLLUNM 3HAKOM BOMpoca?
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:

s BbINyCKHUKK B acnupaHTypax AHrNuu,
®paHunu, Weenuapum (B Poccnn B MINY u
MMM um. Kenabiwa)

= BbiNnyCKHMKaMu 3aWmLeHo 5 auccepraumm

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO
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