O630p MeToaosB

* cerMmeHTaumn BUAeO0

AeHnc CyMuH

Video Group
CS MSU Graphics & Media Lab



= BBegeHue

= CermMeHTaums nsobpaxxeHum

= CermMeHTauusa Bmaeo

= Video Segmentation by Tracking Regions

= Hierarchical Graph-Based Video Segmentation

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


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

* BeepeHue =

CermMeHTaums n3obpaxeHnsa — BblaeneHune
DErMOHOB, COOTBETCTBYIOLLIMX 0O6bEKTaM

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient 3
www.compression.ru/video/ Hierarchical Graph-Based Video Segmentation”, CVPR 2010


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

KoMnblOTEPHOE 3peHune:

= Pacno3HaBaHWe ABUXXEHUS

s CnexeHue 3a ob6bekTamu

= /3BneyeHme nHdopMaumm n3 n3obpaxeHnu

Buaeo:
= Co3paHue KapT rnybuHbl
= YpaneHue o6bLeKkToB

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


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

i N306paxkeHne — BMaEO

Henb3s npyMeHaTb MeToAbl AN CEerMeHTaumm
n306pakeHnn K KaxkaoMy Kaapy BUAEO:

s CNOXHO YCTaHOBUTb CBSA3b MEXay
CerMeHTaMu OT Kaapa K Kaapy

= CermMeHTbl 6YOAYT ApPOXKaTb

= B BUaeo nHpopmaummn ropasno 6onblue, 4em
B OJHOM Kajpe — ee Haao UCMonb3oBaTh!

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



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

= BBegeHue

= CerMeHTaumns ns3obparkeHmm

= CermMeHTauusa Bmaeo

= Video Segmentation by Tracking Regions

= Hierarchical Graph-Based Video Segmentation

CS MSU Graphics & Media Lab (Video Group) 6
www.compression.ru/video/


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

‘L Mean Shift

ANropuTM ULWET NOKaNbHbIE MAaKCUMYMb
NIOTHOCTU B MOJIE CBOMCTB U3006paXXeHus

None cBoncTs
M306paxeHne (uBeT B Luv npocTpaHcTBe)

Y

A

CS MSU Graphics & Media Lab (Video Group) 7
www.compression_ru [video/ NCTOYHKMK: WWW.CS.UnC.edU/Nlazebnik


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

i Mean Shift

Search
® window
Center of
® mass
&
@ ]
[
&
&
&
® Mean Shift
® vector
CS MSU Graphics & Media Lab (Video Group) 8

www.compression.ru/video Uctounuk: Y. Ukrainitz, B. Sarel
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i Mean Shift

Search
® window
Center of
® mass
&
@ ]
[
&
&
&
® Mean Shift
® vector
CS MSU Graphics & Media Lab (Video Group) 9

www.compression.ru/video Uctounuk: Y. Ukrainitz, B. Sarel
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i Mean Shift

Py Search
» ® ° ® window
g ® ¢ ¢ ) Center of
® mass
L
PS r
®
[
®
[
o ® ) '
® ® [ Mean Shift J
® vector
CS MSU Graphics & Media Lab (Video Group) 10

www.compression.ru/video Uctounuk: Y. Ukrainitz, B. Sarel
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* Mean Shift

Py Search
» ® ° ® | \window
rd !
g ® ¢ ¢ ) Center of
® ® mass
L
PY ®
PS r
® 9
[
®
[
®
[
o
o ® )
o [
o
CS MSU Graphics & Media Lab (Video Group) 11

www.compression.ru/video WcTounmk: Y. Ukrainitz, B. Sarel
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‘L Mean Shift

Knacrep: TOYKW, CABUI CPEAHEro
011 KOTOPbIX NPUBOAUT K OAHOW N TOW Xe
MoJe pacrnpeaeneHuns

CS MSU Graphics & Media Lab (Video Group) N 12
www.compression.ru/video/ NcTounuk: Y. Ukrainitz, B. Sarel
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Mean Shift

Pe3ynbTaThl

A il

k-
L A e

g

el

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

GRAPHICS & MEDIA LAB
VIDEO GROUP

13

NcTouHuk: http://www.caip.rutgers.edu/~comanici


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

Mean Shift

NToru

GRAPHICS & MEDIA LAB
VIDEO GROUP

= [111OCHI:

= He penaetca npeanonoxexHmn o popMe KnacTepoB
n opMe pacripeneneHus

= YMcno knacrepos onpeaendeTca aBToMaTU4eCcKn
= MUHYyCHI:

= Bbibop napaMeTpoB sApoBOU DYHKLINK
HETPUBMANEH, N OT HUX OYEHb CU/TbHO 3aBUCUT
pe3ynbTaT CerMeHTaumm

= BbluMcnmtTenbHO CNoXHbiN METO/A

CS MSU Graphics & Media Lab (Video Group) 14
www.compression.ru/video/


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

i MeToq rpagoB

N306pakeHne — B3BELLEHHbIN
HEOPUEHTUPOBAHHLIN rpad
= BepuwuHbl rpaga — nukcenu
= Pebpa — cBa3u Mexay coceaHUMU NMUKCeENsSIMK
» Bec pebep nponopunoHaneH «noxoxecTu»

NUKceneun
KpUTepmm «noxoxxecTtm»
« PacctosdHune « LiBeT
= APKOCTb = [EeKCTypa
CS MSU Graphics & Media Lab (Video Group) 15

Www.compression.ru/video/ WcTounmk: A. KoHywmrH, «MeToabl cerMmeHTaumm nsobpaxeHuii»


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

i MeToq rpagoB

Pa3pe3 rpapa G=(V,E):
= Henepecekatowmecss NoAMHOXECTBa BepLUUNH
AnBwunivV

= Yaansem Bce pebpa, cea3biBatowme A n B
Cut(A4,B) = Zw(y,v)

ueA.veB

= Pa3pes rpada npespallaeT rpad B ABa
HeCBsA3aHHbIX ApYyr C ApyroM noArpada

CS MSU Graphics & Media Lab (Video Group) 5 16
www.compression.ru/video/ NcTouHuk: A. KoHywunH, «MeToabl cerMeHTaumm n3obpaxeHmm»


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

i MeToa rpados (1 u3 2)

Ecnn MHOXecTBa A 1 B He 3aAaHbl 3apaHee,
paspe3aTb rpad MOXXHO MO-pasHOMY:

= MMHMManbHbIV pa3pes: CyMMa BECOB YaAaNIEHHbIX
pebep MMHMMasbHa

/

\geanbHbIn
pa3pe3

@ O ‘\
Pa3pe3 ¢ cyMmMowm

O ® pebep MeHbLUEN,
4eM B UaeanbHOM
@ \©® paspese

CS MSU Graphics & Media Lab (Video Group) 17

www.compression.ru/video/

NcTouHumk: A. KOHyWwWH, «MeToabl CerMeHTauUmMmn M3obpakeHnin»


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

i MeToa rpados (2 u3 2)

Ecnn MHOXecTBa A 1 B He 3aAaHbl 3apaHee,
paspe3aTb rpad MOXXHO MO-pasHOMY:

= HopManusoBaHHbIM pa3pe3: rpynnbl BEPLUNH
HOPMUPYIOTCA Ha «0H6beEM>», 3aHMMAEMbIN MU

B rpade
Necut(A,B)=2- (

assoc(A,V)= > w(u,i)
ueAd.reVv

Bce pebpa rpada

assoc(A, A) s assoc(B, B)
assoc(A, V) assoc(B,V)

= MyMHMManbHbIM HOPMaNU30BaHHbIN: BeNnMYMHa Ncut
MUHUMaSIbHa

CS MSU Graphics & Media Lab (Video Group) 5 18
www.compression.ru/video/ NcTouHuk: A. KoHywunH, «MeToabl cerMeHTaumm n3obpaxeHmm»
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MeToq rpacoB
Pe3ynbtaTt

+

CS MSU Graphics & Media Lab (Video Group) 19
www.compression.ru/video/


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

MeToq rpacoB

NToru

GRAPHICS & MEDIA LAB
VIDEO GROUP

= [1110CbI:
= XOopolluue pe3ynbTaThl
= [MOKOCTb
= MUHYChI:
= TpebyeTcsd MHOro naMsaTu
= BbluncnutenbHas cnoXXHOCTb

= B c/lydae HOpManM3oBaHHOMO pa3pesa CTPEMUTCS
K paBHbIM CEerMeHTaMm

CS MSU Graphics & Media Lab (Video Group) 20
www.compression.ru/video/
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= BBegeHue

= CermMeHTaums nsobpaxxeHum

» CermMeHTauusa Bugeo

= Video Segmentation by Tracking Regions

= Hierarchical Graph-Based Video Segmentation

CS MSU Graphics & Media Lab (Video Group) 21
www.compression.ru/video/


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

GRAPHICS & MEDIA LAB

i CerMeHTaumnsa smaeo

Bce anroputMbl cHayana CerMeHTUpPYIoT

OoTA€E/IbHbIE KaApbl
Trajectories of Trajectory 2D+t groups of
local features Grouping Image sequences

Grouping in spatial
and temporal
volume

2-D Image Spatial 2-D
sequences Grouping partitions

CS MSU Graphics & Media Lab (Video Group) Liu Siying, "Video Segmentation: Temporally-constrained 22
Www.compression.ru/video/ Graph-based Optimization”, 2010

Tracking of
local features

Temporal
propagation



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

Spatial grouping approaches

.

v

GRAPHICS & MEDIA LAB
VIDEO GROUP

Motion Spatial
Segmentation Segmentation

Motion Model Color/Texture Region

similarity fitting grouping growing
Vector Pair wise Single motion Competition of
clustering similarity model inliers Multiple motion

and outliers models
Full or MRF
subpace Multiple layers
CS MSU Graphics & Media Lab (Video Group) Liu Siying, “Video Segmentation: Temporally-constrained 23

www.compression.ru/video/

Graph-based Optimization”, 2010



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

Trajectory

GRAPHICS & MEDIA LAB

grouping approaches

l i

Motion Model

similarity fitting
Vector Pair wise Single motion Competition of
clustering similarity model inliers Multiple motion

and outliers models
Curve and Subspace
velocity factorization RANSAC Mixture models
space
CS MSU Graphics & Media Lab (Video Group) Liu Siying, "Video Segmentation: Temporally-constrained 24

www.compression.ru/video/ Graph-based Optimization®, 2010


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

Grouping in spatial and

temporal volume
|

! v

Spatio- Model
temporal fitting
similarity

l l -
Vector Pair wise Competition of
clustering similarity Multiple motion
models
Clustering of Graph cut
motion and Mixture models
color features

CS MSU Graphics & Media Lab (Video Group) Liu Siying, "Video Segmentation: Temporally-constrained
Www.compression.ru/video/ Graph-based Optimization”, 2010

25


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

s BBegeHue
= CermMeHTaums nsobpaxxeHum
s CermMmeHTauusa snaeo

= Video Segmentation by Tracking
Regions

= Hierarchical Graph-Based Video Segmentation

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


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

Tracking Regions
ANropuTt™m

1. Kaxkabiv Kaap CerMeHTUpyeTcs He3aBUCUMO
(HanpuMep, mean shift)

2. CerMeHTbl KaXxaou napbl nocneaoBaTesibHbIX
KaJpOB COOTHOCATCS Mexay cobou

3. ['paHuUbl Nap CerMeHTOB COOTHOCATCH
c noMoLbto CDTW (cyclic dynamic-time warping)

4. Tony4YeHHble napbl CErMEHTOB U3 BCEro
BUAEO K1aCTepuU3yIoTCS

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 27
www.compression.ru/video/ Tracking Regions”, ICCV 2009


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

Tracking Regions
ANroputm

Match regions using Region tracking using
segmentation CDTW

relaxation labeling

©

v

T

’\I/l Low-level
E

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

William Brendel, Sinisa Todorovic “Video Object Segmentation by 28
Tracking Regions”, ICCV 2009


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

Tracking Regions
DTW

= [/IBe nocnenoBaTelbHOCTU TOYEK:
bi={bis, .., bim} 1 b={b;y, .., by}

n T={(b;, by,) : u=1..M, v=1..N}

= C(b;,, b;.) — Mepa pasnnumsa Touek

= MiMesa cootBeTcTBus (byy, b;y) 1 (byy, biy),

DTW HaxoauT onTuManbHOEe COOTBETCTBUE
nocsiegoBaTe/IbHOCTU ToYeK

f* = argmin; Z‘f C(Diwy bjv)

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 29
www.compression.ru/video/ Tracking Regions”, ICCV 2009


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

Tracking Regions
CDTW

m*=max P(m € "),

meC
—ma,(}gP({ﬁmNW } {vnecnuﬂ-ﬂ Tr?n})
me
=max P({m,~"}) [ P({mo~m }[{m~m}).

neCm
P({m,, ~7"}) o< exp(—puc(m,,)),
P~y fimm~7"}) o< exp(—Alc(m,)—c(mm)]),
n* — ONTUMalbHas rpaHuUa Cm — OKPECTHOCTb TOYKM M
Ty — rpaHmua L|epe3 TO‘-IKy m 1//1 nl/u — ML-oueHku
aneMeHToB B C

costmatrixC  find starting point m* DTW from m*
CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 30
www.compression.ru/video/ Tracking Regions”, ICCV 2009


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

Tracking Regions
Ycronumsoctb CDTW

IR
- E3ESEEY

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic “Video Ob]eCt Segmentation by 31
www.compression.ru/video/ Tracking Regions”, ICCV 2009

GRAPHICS & MEDIA LAB
VIDEO GROUP

PervoH 1



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

Tracking Regions
Region tracking

= OueHuBaeM npaBaonofobHOCTb rpaHuULbl Ha
npeablayLem ware s(i, j) = exp(—c(i, j))
= Bce npaBponoaobHocTn 3anmcbiBaeM B rpad G

= [IpyMeHdaeM MeToa knactepusauum relaxation
labeling (RL) k rpady G

s CynTaeM BEpOATHOCTM NPaBUIbHOIO
CErMEHTUPOBAHUSA A1 BCErO BUAEO

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 32
www.compression.ru/video/ Tracking Regions”, ICCV 2009


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

Tracking Regions
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

OpurnHanbHoe
BNOEO

Pe3ynbTaT

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 33
www.compression.ru/video/ Tracking Regions”, ICCV 2009
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(N = —7‘.-

Tracking Regions &
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 34
www.compression.ru/video/ Tracking Regions”, ICCV 2009
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Tracking Regions 5@7

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaThl

CS MSU Graphics & Media Lab (Video Group) William Brendel, Sinisa Todorovic "Video Object Segmentation by 35
www.compression.ru/video/ Tracking Regions”, ICCV 2009



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

Tracking Regions
NToru

= [111OCHI:
= CKOpOCTb

= MUHYChI:
= CpeaHee KayecTBoO

CS MSU Graphics & Media Lab (Video Group) 36
www.compression.ru/video/


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

‘L CopaeprkaHue

= BBegeHue

= CermMeHTaums nsobpaxxeHum

= CermeHTauusa Bmaeo

= Video Segmentation by Tracking Regions

= Hierarchical Graph-Based Video
Segmentation

CS MSU Graphics & Media Lab (Video Group) 37
www.compression.ru/video/


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

Hierarchical Graph-Based
ANropuTt™m

1. ObpabaTtblBaeM KaXkabl NUKCENb Kaapa,
yunTbiBas ero 26 coceaen. MNonyyaem
MeSIKne CerMeHTb!

2. [obasnsiem Lab rucrtorpammel

3. YKPYMHAEM CerMeHTbl Ha OCHOBE
nMeroLencs nHdopmaumu.,
CoxpaHsieM BClO MH(OpMaL Mo
B IepeBo

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient 38
Wwwlcompression_ru [video/ Hierarchical Graph-Based Video Segmentation", CVPR 2010


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

Hierarchical Graph-Based
ANropuTt™m

AnropuTtM xopowo paboTtaeT, HO TpebyeT
C/TMLKOM MHOIO NMamsiTu

= PaboTaem c cerMeHTamMn BHYTPU HEKOTOPOIro
OKHa

= 3 TMNa KpaeB: rPaHNYHbIN, BHELUHUN,
BHYTPEHHUU
= [loCTeneHHO yBenn4YMBaEM OKHa

[lony4yaeTcsa TOT XXe pe3ynbTaT, HO afifOpUTM
nony4yaeTcs MacltTabupyembiM

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient 39
Wwwlcompression_ru [video/ Hierarchical Graph-Based Video Segmentation", CVPR 2010


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

Hierarchical Graph-Based
Clip-based processing

» Pa3buBaeM Bce Bmaeo Ha knunbl no 20-30
KaapoB

= B kaxabin kimn gobaBnsieM TpeTb KaapoB
U3 NpeabIayLwero Kamna

= /119 nepecevyeHnsa cHMTaem
Q if Ri(p) = Ri(q).
S(€p.q) =

100 x (1 —«) otherwise,
OYHKUMS R, conocTaBnsieT id cerMeHToB NMUKCENsam
a € [0,1]

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient 40
Wwwlcompression_ru [video/ Hierarchical Graph-Based Video Segmentation", CVPR 2010
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Hierarchical Graph-Based
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient 41
www.compression.ru/video/ Hierarchical Graph-Based Video Segmentation”, CVPR 2010


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

Hierarchical Graph-Based
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

© 2007 Miramax Films

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient 42
www.compression.ru/video/ Hierarchical Graph-Based Video Segmentation”, CVPR 2010
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(N = _7|'

Hierarchical Graph-Based &>
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient
www.compression.ru/video/ Hierarchical Graph-Based Video Segmentation”, CVPR 2010
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( 'y | <7\

Hierarchical Graph-Based &>

Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient
www.compression.ru/video/ Hierarchical Graph-Based Video Segmentation”, CVPR 2010



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

Hierarchical Graph-Based
NToru

= [111OChI:
= OyeHb Xopollee KayecTBo

= MUHYChI:

= /1N 0ENCTBUTENBHO XOPOLLEro KayecTBa
ncrnonb3yetcs Optical Flow => noTeps ckopocTu

CS MSU Graphics & Media Lab (Video Group) 45
www.compression.ru/video/
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1. William Brendel, Sinisa Todorovic “Video Object Segmentation by
Tracking Regions”, in Proc. IEEE Int'l Conf. Computer Vision (ICCV),
Kyoto, Japan, 2009

2. Matthias Grundmann, Vivek Kwatra, Mei Han, Irfan Essa, “Efficient
Hierarchical Graph-Based Video Segmentation”, CVPR 2010

3. Liu Siying, “Video Segmentation Temporally-constrained Graph-based
Optimization”, National University of Singapoure, 2010

4.  WWW.cS.unc.edu/~lazebnik

A. KoHyLlIKH, «MeToabl cerMeHTaumm n3obpaxkxeHnin»

u

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


http://www.compression.ru/video/
http://www.cs.unc.edu/~lazebnik
http://www.cs.unc.edu/~lazebnik

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) 47
www.compression.ru/video/
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