O6paboTka o0bnacten oTKpbITUS
Npn pacnpoCcTpaHEHUN

ﬁ KapT rnybuHbl

Cepren MaTiOHMH

CS MSU Graphics & Media Lab
Video group



x BBeaeHue

s COBMEeCTHbIN MOUCK
obnacren oTkpbiTna n OF

= /lcnonb3oBaHWe MaLLMHHOIO 0by4yeHus
= BblaeneHue rpaHuvy, o6bekToB
= 3aK/o4veHue
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KapTa rnybuHbl

ﬁ PacnpocTpaHeHue rinyouHbl
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[pnmep paboThl

ﬁ PacnpocTpaHeHue rinyouHbl
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PacnpocTtpaHeHune rnybuHbl
OcHoBHas npobnema — «3aTekaHusa»

cxogHoe Buaeo MonyyeHHas rnybuHa

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/
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PacnpocTtpaHeHune rnybuHbl
[IpUYMHA «3aTEKAHUN»

GRAPHICS & MEDIA LAB
VIDEO GROUP

} HenoaBW¥HbIW HOH

> 06nacTb «OTKPbITUAY
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noeepx
CTaTHUHECKOTO

ObnacTb «3aKpbITUA» < ¢doHa

} HenoaBuHbIK GOH

CS MSU Graphics & Media Lab (Video Group)  C. ['pulmH, “TporpaMmHas cictemMa Ans npeobpasosaHus 7
www.compression.ru/video/ 4acCTOTbl KaapoB uMdpoBbIX BUAEO curHanos,” 2009
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PacnpocTtpaHeHune rnybuHbl
HanpaBneHusa ynyJlleHus

= [IBYXCTOPOHHEE pacnpoCTpPaHEHMe C Y4EeTOM
Mepbl JOBepUus

= ObpaboTka obnacrem oTKpbITUS
= OTCnexuBaHne obbLEKTOB
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Obnactn OoTKpbITUSA
OnopHbIN Kaap
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Obnactn OoTKpbITUSA
Tekywmn kaap
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Obnactn OoTKpbITUSA
[1oTOK C 06nacTaMn OTKPbITUS
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Ob6nactn oTKpbITUSA
O6paTHbIM NOTOK C 061acTAMM OTKPbITUS

CS MSU Graphics & Media Lab (Video Group) 12
www.compression.ru/video/
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ONTUYEeCKNM NOTOK
B ~60 pa3 MeasieHHee

CS MSU Graphics & Media Lab (Video Group) A. Ayvaci, M. Raptis and S. Soatto, “Sparse Occlusion Detection 13
www.compression.ru/video/ with Optical Flow,” IJCV, 2011
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‘L CopaeprkaHue

s BBegeHue

= COBMeCTHbIM NOUCK
obnacremn oTkpbiTns n OF

= /lcnonb3oBaHWe MaLLMHHOIO 0by4yeHus
= BblaeneHue rpaHuvy, o6bekToB
= 3aK/o4veHue

CS MSU Graphics & Media Lab (Video Group) 14
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BcTpoeHHoe obHapyxeHue
06/1acTeEN OTKPbITUS

= CTaHAapTHbLIEe noaxoab!:
s OrpaHN4YeHnE Ha NMaakKocCTb
= NocTobpaboTka

= [lpepnaraemasa cxema:
= ycTonumsbin OF (NMnpaMmaanbHbiM anroputm)
= MOWCK obnacTen oTKpbITUS (3aKpbITUS)

= yaydweHune rpandmy, OF bunatepanbHbiM
CrNa)XKMBAHMEM C YYETOM 06/1aCTEN OTKPbITUS

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation
Wwwlcompression_ru [video/ using Point Trajectories," CVPR, 2006
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[Tonck obnacten oTKPbITUS

i Occludin Shear
Bounda ounda

[lnBepreHuuna noToka: \| :

d d
le(x Vs ) ( X, Vs )—1_ —V()C,y,f) feet Moton /

ax ay Object Mot
Bbi6paeM 06nacTvt 3aKpbiTus:

dx0) div(x,y,t) div(x,y,t) <0
x? ) — .
g 0 otherwise.

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation
wwwlcompression_ru ‘videol using Point Trajectories," CVPR, 2006
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[Tonck obnacten oTKPbITUS

i (2/2)

MeXxKkaapoBad pa3HOCTb:
e(x,y,1) =1(x,y,1) = L(x +u(x.y.1),y +v(x,y,1),1 +1)

Ob6beanHeHne Kputepues:
r(x,y,t) = N(d(x,,1);64) - N(e(x,,1);0e)
N — dYyHKUMSA NIOTHOCTN HOPManbHOro

pacnpeneneHns
N3 skcnepumMenToB: Oy = 0.3
Ge — 20
CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 17

Wwwlcompression_ru [video/ using Point Trajectories," CVPR, 2006
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i MoandukaLms oeHkn OF

EFlow(uavat) = EFZOWDCIIC!(UJ v, t) + LE1owSmooth (uava t)

EFZOWDCtta Ll Vt Ef"xy, [[[k](x—i_u( X, Vs )y—i—V( X, ), ) I—i_l)—][k](xayat)P)
?y?

Y(s?) = /s +€2; £€=0.001

EFiowSmooth (U; v ) —

D (0 0y bl .0)) (1 (x,2,0) 1y (x,2,0)7 +ve(x,0.0)% + vy (x.2,1)%)
x.y

0 %)
b(xvyat) N(\/al(xaynt)z + a_y[(xvyat)z;cb)

ba3oBbii MeToa: T. Brox et al., “High accuracy optical flow estimation based on a theory for warping,”
ECCV, 2004.

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 18
www.compression_ru [video/ USing Point Trajectories," CVPR, 2006
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‘L OunbTpauna OF

o (epnt) = Yoy UXL Y)W,y X1, 1, 1)

Doy WY X1L,D1,1)
wiryr ) = NG/ x4 (= 31)%6)
- N((x,y,0) =1(x1,y1,1);01)
N —100) + (v = v1)%:6)

- r(x1,y1,1)
or=40,=7.5,0, =05
Paanyc ounbTpaumm = 10

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 19
www.compression.ru/video/ using Point Trajectories,” CVPR, 2006
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OunbTpauna OF
YckopeHue

= Moaynb rpagmeHTa noToka:
Q. 011) = (026, 3,) 08 (6, 3,0) + V2, 0,0) 92 (6, 1)
= CrnaxusaHue no layccy, 6, =3

= CrnaxxvBaHue NnoToKa NpUMEHSETCH TaM,
rae ycpeaHeHHoe 3HayeHne g(x,p,¢) > 0.25

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation
www.compression.ru/video/ using Point Trajectories,” CVPR, 2006
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Pe3ynbTaThl
Kaap 1

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 21
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Pe3ynbTaThl
Kaap 2

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 22
www_compression_ru lvideo! USing Point Trajectories," CVPR, 2006
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Pe3ynbTaThl
N3 cTtatbun (40,53 ¢) o

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 23
www_compression_ru lvideo! USing Point Trajectories," CVPR, 2006
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Pe3ynbTaThl

GRAPHICS & MEDIA LAB

Hawwu (13,74 ¢) o

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 24
www_compression_ru lvideo! USing Point Trajectories," CVPR, 2006
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TeMa CcTaTbn —
MOCTPOEHME TPAEKTOPUN YacTuLl

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) P. Sand, S. Teller, “Particle Video: Long-Range Motion Estimation 25
www.comnression_ru ‘video! using Point Trajectories," CVPR, 2006
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s BBegeHue

s COBMEeCTHbIN MOUCK
obnacren oTkpbiTna n OF

= Acnonb3oBaHue MalULMHHOIO obyyeHus
= Bblgenenue rpaHuy, ob6bekToB
= 3aK/o4veHue

CS MSU Graphics & Media Lab (Video Group) 26
www.compression.ru/video/
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KnaccmdukaTop
i NN obnacrenm oTKpbITUS

= 337a4a Kaccmpukaumm
O:={(fi=L)|fi eR Lie0,1]}_

L = 1 nns obnacrten oTKpbITUS
d — DIMHa BeKTopa NPU3HAKOB
{ — pa3mep obyyaroLlel 6a3bl

= Random forest (peluatowmmn nec)

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 27
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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i Peluarowinm nec

Habop peluatoLlmnx aepeBbeB
is sex male?

is age > 9.57
\ 0.73 36%
‘ is sibsp > 2.57
0.17 61%

0.05 2% 0.89 2%

NToroeoe pelueHue — pesysbTaT roJlocoBaHUSA

CS MSU Graphics & Media Lab (Video Group) 28
www.compression.ru/video/ http://en.wikipedia.org/wiki/Decision_tree_learning
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[1pn3HaK No rpaHuLUam
00BbEeKTOB

Ob6nacTn OTKPbITUS PacronioXXeHbl B6U3U
rpaHnL, 06bEKTOB

= Canny edge detector

s fep (X, 2) = distTrans (||VI1 (2) || > 7ep)
X — TEKYLLMWN NMUKCESNb
Z — YpOBEeHb pa3peLleHns n30bpakeHus

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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[1pN3HaK Mo NOCTOAHCTBY
LBeTa

MeXxKkaapoBad pa3HOCTb

Mo CKOMMNEHCNPOBAHHbLIM KaApadM.
frc.a (x,2) = |1 (%, z) — bicubic (I (X + u. (X, 2),2))|

bicubic — nHTEpnonauus ans ApobHbIX CABUIOB
3a rpaHuvuamMu Kaapa — 6onblune 3HavyeHus

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 30
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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[locTosiHCTBO TeKkcTypbl (1/3)

i Obnactn OoTKpbITUSA

2
n _ 1D pon (T1,a(x)) —bicubic(un (v4 (x)))
fsra (X) = 5 2a=1 (gn(Tl,d(x))—bicubic(an (wé(x))))

D=5

Ya (%) =Toa (x4 ua(x))
T q(x) n Ts 4 (x)— pe3ynbraT AENCTBUSA
TEKCTYPHbIX PUNbTPOB

tin () = cpenHee, 0y, () — aucnepcus
B OKPECTHOCTU 7. X N

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 31
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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Obnactn OoTKpbITUSA
[loCTOSIHCTBO TeKCTypbl (2/3)

2
n _ 1 <D pn (T1,a(x))—=bicubic(un (v4 (x)))
fST,a (X) — D Zd:l (O‘n(Tlad(X))—biCUbiC(O—n (W/gt (X))))

[IpMep TeKCTYPHbIX PUNbLTPOB:

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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[locTosAHCTBO TeKkCTypbl (3/3)

i Obnactn OoTKpbITUSA

PacctosaHne MaxanaHobuca:

fstm.a (X) = \ > [T1.4(x) = bicubic (v§(x))]" /o3

0% — AMCNEPCHs No Tian Toy

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 33
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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HanpaBneHue BEKTOPOB

i [1pM3HaKM MO NOTOKY

 fr6.. (%2) = (V|| frg, (x,2) = [V

Uy W Uy — MeanaHbl KOMMOHEHT MOTOKa
no Habopy anroput™moB OF (4 anropntMa)

= [lucnepcmsa HanpaB/ieHUsa NOTOKa B OKHe 71 X T
n 2
[ (%.2) = B [(0a(xi,2) — B [0,(x, 2)])°]

0o(x,2) = arctan [uy (X, 2)/uy o (X, 2)]

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 34
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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[1p3HAKM MO NOTOKY
[1NHa BEeKTOpOB

v (%,2) = B [(Ma(x;,2) = B[Ma,(x, 2)])°

Ma(x,2) = [Jua(x,2)|

CpepHee oUeHMBaeTCd B OKHe 710 X N

[1pU3HaKM Ha OCHOBE AUCNepCcun AJINHbI
N Hanpas/eHNUS BEKTOPOB CUYUTAKOTCA TakKXe
NO KaXAoOMy M3 anropuTtMoB

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011

35


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

‘L OTHOCUTENIbHOE ABUXXEHUE

fg’s,a (Xa Z) — maX{ ‘I’a(Xa I'z'aZ) S VS Ncs}

U,(x,r,z) = 2]
a Rl projﬁ(ua(X—I—I‘,Z))—|—p1‘0jg(ua(X_raz))

BpeMsa «CTONKHOBEHUSA»
NPOTMBOMOJSIOXKHbIX MUKCENEN

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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i [lpyrne npn3Haku

= MeamaHa noToka no cynepnukcensam
(cerMeHTauus no sipKOCTU)

= LRC (Left-Right Consistency)

frea (%,2) = [[x = (x4 + ug (x4, 2)) |

x! = round (x + uq(x, 2))

U, (X, %) — NOTOK B 06paTHOM HarnpaBfeHUH

= LRC no yrny

fra.a (X, 2) = |m — arccos [u, (X, 2)

g (X, 2)] |

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 37

www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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0.4

Bl Feature Importance
Computation Time

Feature Importance %

ED — 6n130CTb K rpaHuuam

Pb — 6nn30cTb K rpaHuuam (apyrue
[AETEKTOPbI rpaHunL)

PC — MeXKaapoBas pa3HOCTb

ST — NpOCTpaHCTBEHHbIE TEKCTYpbI
STM — NpoCTpaHCTBEHHbIE TEKCTYPbI
(MaxanoHobwuc)

TG — rpagueHTbl MegmaHbl NoTOoKa
Nno anropyTMam

AV — oucnepcud yrna

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

2000 ]
I ©
o
£
|_
e
1000 - -8
8
>
Q
£
@]
O
n O < S o0 3S 6 o
= O O O <« Z
o L EEE EHEE EEEL
LV — aucnepcus oMHHbI BEKTOPOB
SC — CKOpPOCTb «CONMMKEHNS»
RC — LRC
RA — LRC no yrny
FC, — Habop MeTpuK OnNTUYECKOro noToKa
FA — aucnepcud yrna no anroputMam
FN — gucnepcunsa AnnHbl BEKTOPOB
no anroputMam
SP — rpagneHTbl NOTOKa Mexay
Cyneprnumkcenamm
A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 38

Occlusion Regions,” CVPR, 2011
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i Pe3yn bTaTbl ( 1/ 2)

000001 S

Yellow shows high posterior
probability that pixels in current
frame will be occluded in next frame.

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 39
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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i Pe3ynbTaTthl (1/2)

LR A T
\ o 1 . v " 1
’ “h
d ol . -~
. - - . y
’ - .
‘ wor =’ -
- ? -
- -2 e -
e o o
— - _ .

Current frame

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 40
WWWw.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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i Pe3ynbTaTthl (2/2)

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 41
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
Occlusion Regions,” CVPR, 2011

GRAPHICS & MEDIA LAB
VIDEO GROUP
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0.4

Bl Feature Importance
Computation Time

Feature Importance %

YIrYy
e B e B e S e Sy B P

fAv

©
&

ED — 61130CTb K rpaHMUaM

Pb — 6nn30cTb K rpaHuuam (apyrue
[AETEKTOPbI rpaHunL)

PC — MmexxkaapoBasi pa3HOCTb

ST — NpOCTpaHCTBEHHbIE TEKCTYpbI
STM — NpoCTpaHCTBEHHbIE TEKCTYPbI
(MaxanoHobwuc)

TG — rpagueHTbl MeanaHbl NOTOKA
no asiropyutMam

AV — aucnepcus yrna

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

2000 ]
I ©
o
£
|_
e
1000 - -2
8
>
Q
£
@]
O
n O < 3 o & 8 o
= O O O <« Z
o L EEE EHEE EEEL
LV — aucnepcusa ANIMHHbI BEKTOPOB
SC — CKOpOCTb «COnmxeHns»
RC - LRC
RA — LRC no yrny
FC, — Habop MeTpuK OnNTUYECKOro noToKa
FA — gucnepcus yrna no aJiropytMam
FN — gucnepcus AIMHbl BEKTOPOB
no aaropyTtMmam
SP — rpagneHTbl NOTOKa Mexay
Cyneprnumkcenamm
A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 43

Occlusion Regions,” CVPR, 2011
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CokpalLieHHbI Habop
NPU3HaKOB

= TOJIbKO «ObICTpble» MpU3HaKku (<2 MUHYT)

= Bpemsa obyuyeHuns: 54 - 24 MUHYTbI
(ansa 13-t nocnenoBaTeNbHOCTEN)

= ObpaboTka: 124 - 1.3 MUHYTHI

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find 44
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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Pe3ynbTathl cokpalleHns L@
Habopa npu3Hakos (1/2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Full feature vector

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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Pe3ynbTathl cokpalleHns L@
Habopa npu3Hakos (1/2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Lean feature vector

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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\——-

1=

Pe3ynbTaTbl COKpalleHns &
Habopa npu3HakoB (2/2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Full feature vector

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011
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Pe3ynbTathl cokpalleHns L@
Habopa npu3Hakos (2/2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Lean feature vector

CS MSU Graphics & Media Lab (Video Group) A. Humayun, O. M. Aodha, G. J. Brostow, “Learning to Find
www.compression.ru/video/ Occlusion Regions,” CVPR, 2011



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

‘L CopaeprkaHue

s BBegeHue

s COBMEeCTHbIN MOUCK
obnacren oTkpbiTna n OF

= /lcnonb3oBaHWe MaLLMHHOIO 0by4yeHus
= BbigeneHme rpaHuy o6beKkToB
= 3aK/o4yeHune

CS MSU Graphics & Media Lab (Video Group) 49
www.compression.ru/video/
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[lonck rpaHuL, 06beKkToB
NcxoaHoe nsobpaxkeHume

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) P. Sundberg et al., “Occlusion boundary detection and 50
www.compression.ru/video/ figure/ground assignment from optical flow,” CVPR, 2011
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[Tonck rpaHnL, 06bEKTOB
XXenaemagqa kapTta rpaHuu

| |

-

CS MSU Graphics & Media Lab (Video Group) P. Sundberg et al., "Occlusion boundary detection and 51
www.compression.ru/video/ figure/ground assignment from optical flow,” CVPR, 2011
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[lonck rpaHuL, 06beKkToB
Pa3HOCTb C coceaHUMN Kaapamu

GRAPHICS & MEDIA LAB
VIDEO GROUP

i) T

1 |

Fab) o | A lxs .
[ LB M

L A ‘ s i
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