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= BBegeHue

= Knaccndukauus ABMXKYLLMXCS 0ObEKTOB
= [PEeKUHr rpaHuy

= [leTekTOop obnacren nepekpbitna GST

= [lanbHenwue nnaHobl
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BeeneHue
O6nacTn nepekpbITUS

3D scenario

2D projection
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C. Beck, T. Ognibeni, H. Neumann, “Object Segmentation from
Motion Discontinuities and Temporal Occlusions — A Biologically 3
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Inspired Model,” PLoS ONE, 2008
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BBeaeHune
YnopsigounBaHue no rnybuHe (1)

O6nacTb 3aKpbITUA OTHOCUTCSH K 06beKkTy R1 —
OH pPACroIOXeH Aanblle oT HabnwoaaTens,

yem R2
Rl
Occluded region
CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 4

www.compression.ru/video/ Using Occlusions,” in IEEE Trans. on PAMI 7(6), 2005
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BBeaeHune
YnopsigounBaHue no rnybuHe (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

[1pn NOCTPOEHHOM rpade OTHOLLIEHMN «ObBbEKT A
6nmxe B», MOXXHO NPOU3BECTU YNopsA0ovNBaAHNE
METOAOM TOMOJSIOrMYECKON COPTUPOBKM

Yncno — Homep Crost No yAaneHHOCTU OT HabntoaaTens

CS MSU Graphics & Media Lab (Video Group) 5
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BBeaeHune
Tononornyeckas coptnposka (1)

GRAPHICS & MEDIA LAB

[loka B rpade eCTb BEPLUMHbI:

= YansawTCcs BEPLUMHBI, N3 KOTOPbIX HE BbIXOASAT pebpa
BMECTe CO BCEMM BXOASALWNMKN pedbpamm

= Homep uTepaumm, Ha KOTOpoW yaaneHa BEPLUNHA
XapaKTepusyeTt HoMep €105 No rybuHe

Yncno — HoMep cnos no yaaneHHoOCTU oT HabnoaaTens

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


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

BBeneHue

Tononornyeckast coptnposka (2)
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OaHO3Ha4vyHoe yrnopsaaoymMBaHue

HeoaHO3HAaYHOCTb — Mexay
l; n |, HET oTHOWeHUS

YnopsaoynBaHMe HEBO3MOXHO


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

BBeneHue
[1BM>XeHne B 061aCTaX 3aKpbITUS

BepHble BeKTOpbI caABUra ass obnacren
3aKPbITUS HE MOryT 6bITb OnpeaeneH.bl
npu nomowumn ME nnbo Optical Flow

/NN

'_

)

HensBecTHO, K KaKOMY 13 ABYX 06bEKTOB OTHOCATCS 2 NMUKCENS,
TaK KaK A1 HUX HET COOTBETCTBUS Ha MOCNEAYIOLLEM Kaape

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “"Motion Segmentation and Depth 8
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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= BBegeHue

= Knaccndpukauua aemxyumxcsa o6bvekTos
= [PEeKUHr rpaHuy

= [leTekTOop obnacren nepekpbitna GST

= [lanbHenwue nnaHobl
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i Nnen metona

= He3aBncnMo aBMXKyLLMECH OOBEKTDI
PA30EeNSAOTCA Ha TPU Kacca

= O6beKTbl pa3HbIX KI1aCCoOB BbIAENAOTCS
Pa3/IMYHbIMKN Criocobamu

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermidiller, Y. Aloimonos, “Motion Segmentation 10
Www.compression.ru/video/ Using Occlusions,” in IEEE Trans. on PAMI 7(6), 2005
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Knaccbl 06beKkToB
O61bekTbl NepBoro knacca (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

[BMXyLMeCs B HAMpaBi€HUN, 3HAUYNTESbHO
OT/IMYAIOLEMCSH OT OCHOBHOIO (ABUMXKEHUS KAaMepbl)

ﬁ& -
’ N
N
—’ N
Class 1

CTpEJ'IKVI — BEKTOPbI ABWXEHWNA, LUTPUXOBKA — obnactu nepexkpbITnus

CS MSU Graphics & Media Lab (Video Group) A.S. Ogale, C. Ferm[]”er, Y. AlOimOﬂOS, “Motion Segmentation 11
www.compression.ru/video/ Using Occlusions,” in IEEE Trans. on PAMI 7(6), 2005
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Knaccbl 06beKkToB
O61bekTbl NepBoro knacca (2)

GRAPHICS & MEDIA LAB
EO GROUP

BbigeneHne ob6bekToOB NepBOro Kiacca:

1. [locToeHune 4x-napaMeTpoBoro npeobpa3oBaHus
MeXay Kaapamu MeToaoM ha3oBOM KOppPENSLUN

2. INo BekTopam Optical Flow, HanpaBneHne KOTOPbIX
oT/in4aeTcs He 6onee yeM Ha 45 rpagycos
OT NpepnonaraeMoro npeobpasoBaHneM, CTPOUTCS
3D-npeobpa3zoBaHue

3. BbloeneHmne Tovek ¢ BeKTopaMu ABMXKEHUS
OT/IMYAOLWMMNCS OT NPEANONOXKEHHbIX
3D-npeobpasoBaHnemM bosnee, 4eM Ha 45 rpaaycos

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 12
Wwwlcompression_ru [video/ Using OCC'USionS," in IEEE Trans. on PAMI 7(6), 2005
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Knaccbl 06beKkToB
O6bekTbl BTOpOro knacca (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

[BMKXYLLIMECS B HanpaBNeHUU ABUMKEHMUS
KaMepbl, HO NPOTMBOPEYa CTPYKTYPE CLEHbI

Class 2

CTpEJ'IKVI — BEKTOPbI ABWXEHWNA, LUTPUXOBKA — obnactu nepexkpbITnus

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 13
wwwlcompression_rulvideo! Using OCClUSionS," in IEEE Trans. on PAMI 7(6), 2005
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Knaccbl 06beKkToB
O6beKkTbl BTOpOro knacca (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

[Mone BEKTOPOB ABWXEHNS B 06/1aCTAX 3aKpbITUS
onpeaensieTcs C UCNonb30BaHNEM AOMONMHUTENBHOIO Kaapa

(a) Reglon which dlsappears in F; is visible in F and F,

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 14
www_compression_rulvideol Using OCClUSiOﬂS," in IEEE Trans. on PAMI 7(6), 2005
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Knaccbl 06bekToB
Ob6bekTbl BTOpOro knacca (3)

GRAPHICS & MEDIA LAB
VIDEO GROUP

(b) F, < F, F, == F,

reverse flow x-component u™,,  forward flow x-component u'”,,

‘\.
4

—~— - -

Use Use flow
segmentation and occlusions

L

(c) Fill occlusions (d) Infer ordinal depth
filled forward flow x-component u®,, (green in front of red)
Benbin UBeT — obnacTu 3aKPbITUA, OCTaNbHble LBeTa — HanpasneHuns OF
CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermiiller, Y. Aloimonos, “Motion Segmentation 15

www.compression.ru/video/ Using Occlusions,” in IEEE Trans. on PAMI 7(6), 2005
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Knaccbl 06beKkToB
Ob6beKkTbl TPETbEro Kacca

GRAPHICS & MEDIA LAB
VIDEO GROUP

Ob6beKTbl, KOTOpPbIE BbIAEINTb HEBO3MOXHO 6€3 3HaHUS
KapTbl rNyOUHbI, NOSTYYEHHOM HE MO ABUMXEHUIO

—

Class 3

CTpeJ'IKVI — BEKTOPbI ABWXEHWNA, LUTPUXOBKA — obnactu nepexkpbITnus

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 16
Wwwlcompression_ru [video/ Using OCC'USionS," in IEEE Trans. on PAMI 7(6), 2005
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Tpl/l nocneaoBaTesibHbIX Kagpa, KapTa pa3HULDbI rnobanbHoro
N NOKASbHOro ABWMXXEHUS N BblAeNeHHble 06bEeKThI

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 17
Wwwlcompression_rulvideo! Using OCClUSionS," in IEEE Trans. on PAMI 7(6), 2005
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GRAPHICS & MEDIA LAB
VIDEO GROUP

(k) Class 2 objects

[\
(g) Class 1 objects

Tpl/l nocsnieaoBaTesibHbIX Kajpa,
reoMeTpunda CUeEHbl U BblAEJIEHHbIE 06BbEKTHI

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation 18
www.compression.ru/video/ Using Occlusions,” in IEEE Trans. on PAMI 7(6), 2005
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J10CTOMHCTBA:

= BO3MOXHOCTb XOpOLLEro 3arnosiHeEHUS obnacTen
3aKpbITUS

N PaCCMOTpeHbI BCE BO3MOXHblE C/ly4au

HenocTaTok:
= BbICOKAsa BblUMCAUTENbHASA C/IOXXHOCTb MeToaa

CS MSU Graphics & Media Lab (Video Group) A. S. Ogale, C. Fermdiller, Y. Aloimonos, “Motion Segmentation
Wwwlcompression_ru [video/ Using OCC'USionS," in IEEE Trans. on PAMI 7(6), 2005
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i CopaeprkaHue

= BBegeHue

= Knaccudukaumsa aBMXKYLMXCSA 0OBEKTOB
= TPEKMHI rpaHuy

= [leTekTOop obnacren nepekpbitna GST

= [lanbHenwue nnaHobl

CS MSU Graphics & Media Lab (Video Group) 20
www.compression.ru/video/
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i Nnen metona

= Ha kagpax BMaeo BblAENSAOTCA 0OBbEKTHI
1 rpaHuLbl

s [IBMXKEHME IPaHUL, U ABUMXKEHME OOBEKTOB
onpeaensieTcs pasnnMyHbiMM METOAAMMU

= YCTaHaBNMBAETCHA COOTBETCTBUE MEXAY
rpaHULAMN U 06bEKTaMMU

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical 21

Www.compression.ru/video/ Flow,” in CVPR, 2011
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i HaxoxaeHnwve rpanuy (1)

[1Na KaXkaoro Kagpa BbINONHAETCS
Haxo)xaeHwe rpaHul
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Kaap nocnegoBaTenbHOCTU Ground truth BblaeneHHble rpaHuubl

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical 22
www.compression.ru/video/ Flow,” in CVPR, 2011
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GRAPHICS & MEDIA LAB

‘L HaxoxaeHne rpanuy (2)

= CTaTtnyeckme npusHaku
s [lpn3Hak Motion Gradient

Onepatop G (., i, ) BBIMUCNAET y?-pasHuLy MeXay rmcTorpaMmMamu
MHTEHCUMBHOCTEW TOYEK B ABYX MOJIOBMHKAX Kpyra paguyca I ¢ LEHTPOM
B Touke (X,y), pa3butoro nog yrnom O

MG (x,y.0) W MG (x,y,#) — 3T0T onepatop,
MPUMEHEHHbIN K BPEMEHHBIM MPOU3BOAHBIM A

D~ = I, —I,, DV =1I—1I '
1

2( h) _ _Z (ge — hi)g
YT gi + h

MG(z,y,0) = VMG~ (z,y,0) - MG*(x,y,0) - ucnonb3yemblii npusHaK

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical 23
Www.compression.ru/video/ Flow,” in CVPR, 2011
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[N Ka)kaoW rpaHuLbl OnpeaensieTcs BEpOSATHOCTb
TOro, YTO OHa ABNSIETCS rpaHMLEN 0bnacTu
nepekpbITus (Cuna rpaHuLbl)

| [
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Kaap nocnegoBaTenbHOCTU paHuLbl obnacten

OTKPbITUA U 3aKpPbITUA,
P. Sundberg, T. Brox, MIRSE, 7 KMEIRAECalik, “occlusion

CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical 24
www.compression.ru/video/ Flow,” in CVPR, 2011
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[ns BbiaeneHns rpaHuL obnacten nepekpbiTus

ncnosnb3yetca knaccndukatop SVN, obydeHHbIn no
NpU3HaKaM:

1. Moaynb pa3HOCTU BEKTOPOB ABUXEHUS
npunexawunx obnacren

2. Cuna rpaHuubl /

KpaCH bIM BblAEJIEHA NPAHNLA

CTpEﬂKM — BEKTOPbI ABNXEHWNA

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical 25
Www.compression.ru/video/ Flow,” in CVPR, 2011
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HaxoanTcsa ABMXXEHUE CaMOW MpaHULIbl
1 OMNpeaensieTcs, K KakoMy M3 npunexalinx
PDEMMOHOB OHA OTHOCUTCS

— |/

KpaCHbIM BblAENNEHA MPaHNLA
CTpeJ'IKM — BEKTOPbI ABMXEHUA

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical
Www.compression.ru/video/ Flow,” in CVPR, 2011
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Pe3ynbTaThl

S G,

!

Kaapbl nocnenoBaTesibHOCTEN

Pe3yn bTaTbl CETMEHTALUUN

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
Boundary Detection and Figure/Ground Assignment from Optical

CS MSU Graphics & Media Lab (Video Group)
Flow,” in CVPR, 2011

www.compression.ru/video/
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J10CTOMHCTBA:

= 3adBNIeHHasa TOYHOCTb BblaeneHuns 0obekToB — 72%
= PaboTtaeT u B cnyyae OTCyTCTBUS BUAUMbBIX rPaHuULL

HeoocTaTok:

= TecTupoBancs To/bko Ha HD, BEpOSITHO He YCTONYMB
K WWymMy

P. Sundberg, T. Brox, M. Maire, P. Arbelaez, J. Malik, “Occlusion
CS MSU Graphics & Media Lab (Video Group) Boundary Detection and Figure/Ground Assignment from Optical 28
Www.compression.ru/video/ Flow,” in CVPR, 2011
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= BBegeHue

= Knaccnukaums ABMXKYLMXCS 06beKkToB

= [PEeKUHr rpaHuy

= [leTekTOp obnacren nepekpbitua GST
= [lanbHenwue nnaHobl

CS MSU Graphics & Media Lab (Video Group) 29
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[Ins BblAeNEeHNS rpaHuL, 06/1acTen 3aKpbiTUS
N OTKPbITUS NPOU3BOAUTCSA aHaIN3 COOCTBEHHbIX
3HayeHun Gradient Structure Tensor (GST)

12, Ll
G, y,t)=> VI(VI) =X [ I1, 1] 1]l
? N %Y PO 1 PO

( — OKHO HEKOTOPOro pauyca

l,, Iy, |, —npounsBoaHbIe BUAeO no HanpaBnewusm X, Y u t

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “Motion Segmentation and Depth 30
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008


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

CobcTBeHHbIe 3HaueHns n cobcTBeHHble BeKTopbl GST
onpeaensaT pacnpeaeneHne HanpaBneHum
rPaAMEHTOB OKOJIO TOYKM

CTpenkun — cobCTBeHHbIE BEKTOPbI

[onyocu annunconaa NponopumMoOHanbHbI
COOTBETCTBYIOLWMM COBCTBEHHbIM
3Ha4YeHUSIM U, KaK CneacTeBune, BeimymHe
rpaAEeHTOB BAOJ/Ib BEKTOPOB

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “"Motion Segmentation and Depth 31
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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:L Occlusion detector (1)

HanMeHbliee cobcTtBeHHOe 3HavyeHune GST —
MHAMKATOP obnacrem OTKPbITUS N 3aKPbITUS

S

L '.._::. )

|... -F -JEI'::.I'j':" "r
S
L [T o T
e

i

Kaap nocrnepoBaTenbHOCTy BblaeneHHbIN KOHTYP,
TEMHee — CUsbHee

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “"Motion Segmentation and Depth 32
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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:L Occlusion detector (1)

HanMeHbliee cobcTtBeHHOe 3HavyeHune GST —
MHAMKATOP obnacrem OTKPbITUS N 3aKPbITUS

S

i

Kaap nocrnepoBaTenbHOCTy BblaeneHHbIN KOHTYP,
TEMHee — CUsbHee

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “Motion Segmentation and Depth 33
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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i Occlusion detector (2)

[1ns 6onee TOYHOro BblAeNneHus rpaHul
npeanaraeTcs oobeAnHATb pe3ybTaThl A1
Pa3HbIX paAnUyCoOB OKHa nMpu BblunucnieHnn GST

k- P
AR i
«..° L

3HayeHns1 AeTeKTopa ANs pa3HblX paanycoB BblaeneHHbI KOHTYp
NoCcnenoBaTeIbHOCTY

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “"Motion Segmentation and Depth 34
www.compression.ru/video Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008



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

i Depth ordering

YTBEp)XAAeTCH, YTO rpaAueHT AeTeKkTopa obnacren
3aKpbITUS HanpaB/ieH B CTOPOHY 3aKpbiBatoLwwen obnactu

ANropuTMOM BbIAENSAEOTCA Mackn 06beKTOB o
1 Ha OCHOBAHMM CyMMbl D onpeaenseTcsa nopsaok

0bbeKToB S
D=3 SVi Ve

S=$; Xeda

CyMMUpOBaHNe rpagneHTOB Mo KakKoM-Mbo rpaHuLe Npu pasfinyHbIX
paauycax getektopa S; — S,

3HaK CyMMbl MO3BOJSIET ONPeAennTb, Kakasi CTOPOHA rpaHuLIbl
NPUHAANEXUT 3aKpbIBAIOLLIEMY OOBEKTY

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “Motion Segmentation and Depth 35
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Kaapbl nocnenoBaTesibHOCTH Pe3ynbTaT cerMeHTauuu
N yNnopsii0HnNBaHUS
cBeT/iee — bnumxe

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “"Motion Segmentation and Depth 36
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Kaapbl nocneaoBaTenbHOCTY PesynbTaT cerMeHTaumm

N yNnopsii0HnNBaHUS
cBeTiee — bnmxe

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “"Motion Segmentation and Depth 37
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaT cerMeHTaumu
N yrnopsiaovnBaHus
cBeTnee — bnmxke

Kaapbl nocnenoBaTenbHOCTH

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “Motion Segmentation and Depth 38
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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J10CTOUHCTBA:
= HeT HeobxoanumocTn npumeHaTbe OF n ME

= AJITOPUTM He TpebyeT Hanmuus TeKCTypbl
Ha 3aKpblBaloLLLeM 0O6beKTe

= XopoLlo paboTaeTt 1 npu He6ONbLLIOM pa3nNynmn
CKOPOCTEN ABUXKYLLMXCS OO6BEKTOB

HepocraTok:
= CnoxeH ang peanunsaumu

CS MSU Graphics & Media Lab (Video Group) D. Feldman, D. Weinshall, “Motion Segmentation and Depth 39
www.compression.ru/video/ Ordering Using an Occlusion Detector,” PAMI(30) No.7, 2008
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‘L CopaeprkaHue

= BBegeHue

= Knaccndukauus ABMXKYLLMXCS 0ObEKTOB
= [PEeKUHr rpaHuy

= [leTekTOop obnacren nepekpbitna GST

= [lanbHenline njiaHbl

CS MSU Graphics & Media Lab (Video Group) 40
www.compression.ru/video/
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i [TanbHeuLre niaHbl

ABTOMaTM4yeckmn noadbop napameTrpa mean-shift
N cunbl 06beANHEHNS CETMEHTOB

BcTpanBaHue Tekyluen cermenTaumm B depth
from motion

lcnonb3oBaHMe cerMeHTaummn no obnacram
nepekpbITUa /19 aHanusa crepeonap
(neTekTupoBaHMe nepenyTaHHbIX PaKypCcoB)

Peanusauus anropntMa cerMeHTaumm rno
obnactsam nepekpbiTUs

CS MSU Graphics & Media Lab (Video Group) 41
www.compression.ru/video/
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