O630p HEKOTOPbIX
COBPEMEHHbIX aNIfOPUTMOB

!'_ optical flow

Nnba LiBeTKOB

Video Group
CS MSU Graphics & Media Lab



i CoaepxaHue

= BBegeHue

= Knaccmyeckne metoasbl

= bunatepanbHaga @unbTpaums
s CermMmeHTauUus

= BpeMeHHasa Koppenauus

= 3aK/oyeHue

CS MSU Graphics & Media Lab (Video Group)



i [l0OCTaHOBKaA 3a4a4un

NlaHbl ABa NOCNenoBaTeNbHbIX U306paXeHns:
[,(x) — nepeblii kagp x = (z,y) €

I5(x) — BTOPOIA Kaap () C R? — obnacTb nsobpaeHns

HeobxoaMMO HaNTKU BEKTOPHOE Nnone u(x),

3a/aloLlee COOTBETCTBUE TOUEK U306paXKeHUI,
HanpuMep:

I(x +u(x)) = I,(x),Vx €
u(x) = (u1(x), us(x))" : R* = R*

CS MSU Graphics & Media Lab (Video Group)




lcxoaHble n3obpakeHns

[locnegoBaTenibHOCTbL «Mequon»

S. Baker et al. A database and evaluation methodology for optical flow.
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/




[TpnmMep optical flow

[locnegoBaTenbHOCTL «Mequon»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 5
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



i CoaepxaHue

= BBegeHume

= Knaccmyeckue metoabl

= bunatepanbHaga @unbTpaums
s CermMmeHTauUus

= BpeMeHHasa Koppenauus

= 3aK/104YeHue

CS MSU Graphics & Media Lab (Video Group)



i J1oKanbHble MeToAbl

Gradient constraint equation:
VIx)'u+ I(x)=0 VI=(,1,"
JlokanbHbI MeToA Lucas & Kanade:

= " g(x) (VI(x) u+ L(x))

Xecw

g(x) > 0,x € w — BecoBast PpyHKLNS

BekTop CMeLleHns ULETCSA B KaXKA0M TOUKeE
HEe3aBUCUMO.

J. Barron et al. Performance of optical flow techniques. 7
CS MSU Graphics & Media Lab (Video Group) International Journal of Computer Vision, 1994.



GRAPHICS & MEDIA LAB
VIDEO GROUP

lcxoaHble n3o0bpaXkeHuns

[locnegoBaTebHOCTb «Army»

S. Baker et al. A database and evaluation methodology for optical flow. 8
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Ground truth

[locnegoBaTebHOCTb «Army»

GRAPHICS & MEDIA LAB
VIDEO GROUP
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S. Baker et al. A database and evaluation methodology for optical flow. 9

CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Pe3ynbtat Metoaa L&K

[locnegoBaTebHOCTb «Army»
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S. Baker et al. A database and evaluation methodology for optical flow. 10

CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



i rno6asnbHble MeToapb!

"nobanbHbIN MeToa Hork & Schunck:

E(u):/ (VITu+1) + o (\vu1\2+\vu2\2) dx

£ yCﬂOBM;ﬂaﬂKOCTM
u(x) = (uy(x), us(x))" (v — MapameTp MOAeNu

Vui _ 5?1,@" 5’UJL !
oxr oy
Crna)xvuBaeT MNoJsie HE3aBUCMMO OT CTPYKTYPb!
ABWXEHUA.

J. Barron et al. Performance of optical flow techniques. 11
CS MSU Graphics & Media Lab (Video Group) International Journal of Computer Vision, 1994.



Ground truth

[locnegoBaTebHOCTb «Army»

GRAPHICS & MEDIA LAB
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S. Baker et al. A database and evaluation methodology for optical flow. 12

CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Pe3ynbtat MeTtoaa H&S

[locnegoBaTebHOCTb «Army»

N

S. Baker et al. A database and evaluation methodology for optical flow. 13
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/




lcxoaHble n3o0bpaXkeHuns

[locnepoBaTenbHOCTb «Wooden»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 14
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Ground truth

[MocnepgoBaTenbHOCTb «Wooden»

GRAPHICS & MEDIA LAB
VIDEO GROUP

{
:

S. Baker et al. A database and evaluation methodology for optical flow. 15
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/




Pe3ynbTaT MeToaa H&S

[MocnepgoBaTenbHOCTb «Wooden»

S. Baker et al. A database and evaluation methodology for optical flow. 16
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



i Ob6beKkTBHOE CpaBHEHME

= CpepgHsis yrnosas owmnbka (average angular error)
1

Vs +ud+ 1

¢ = arccos(Uy-Uy) — yrnosast ownbka Mexxay BekTopamu Uy v Uo

1
AAFE = @ Z ¢ — cpefHsa yrnosast oLwmnbka
Q

u= (u;,u) — ud= (uy, us, 1)

= Average endpoint error

Ownbka mexay nonsmu u’ = (ui, uy) n u? = (u?, u?):

AEPE — ﬁz V(= uB) + (uf — ub)?
()

S. Baker et al. A database and evaluation methodology for optical flow. 17
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/




‘L CpaBHeHMe KayecTBad

GRAPHICS & MEDIA LAB
VIDEO GROUP

AAE Army  Mequon Schefflera  Wooden Yosemite Teddy
Lucas & Kanade 13,9 24,1 20,9 22,2 6,41 25,6
Horn & Schunck 8,0 9,1 14,2 12,4 4,01 9,2
AEPE Army  Mequon Schefflera  Wooden Yosemite Teddy
Lucas & Kanade 0,39 1,67 1,50 1,57 0,30 3,80
Horn & Schunck 0,22 0,61 1,01 0,78 0,16 1,51

CS MSU Graphics & Media Lab (Video Group)

S. Baker et al. A database and evaluation methodology for optical flow.

ICCV, 2007. http://vision.middlebury.edu/flow/
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lcxoaHble n3o0bpaXkeHuns

[TocnenoBaTenibHOCTb «Yosemite»

S. Baker et al. A database and evaluation methodology for optical flow. 19
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Ground truth

[TocnenoBaTenibHOCTb «Yosemite»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 20
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Pe3ynbtat MeToaa L&K

[TocnenoBaTeNbHOCTb «Yosemite»

S. Baker et al. A database and evaluation methodology for optical flow. 21
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Pe3ynbtat MeTtoaa H&S

[TocnenoBaTeNbHOCTb «Yosemite»

S. Baker et al. A database and evaluation methodology for optical flow. 22
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



i TpeboBaHus Kk optical flow ™%

= OnpepeneHmne CUNbLHONo ABUXEHUS
= YCTOMYMBOCTb K U3MEHEHUSM SIPKOCTU
= KoppekTHas 0bpaboTka pa3pbiBOB

= OTaenbHas 0bpaboTka obnacren
HAJIOXXEHUS 0O6BbEKTOB

= YCTOMUYMBOCTb K LUYMY
= CTabunbHOCTb BO BpeMeHu

23
CS MSU Graphics & Media Lab (Video Group)



i CoaepxaHue

= BBepgeHue

= Knaccnyeckme metoabl

= bBunartepanbHasa punbTpauus
s CermMmeHTauUus

= BpeMeHHasa Koppenauus

= 3aK/oyeHue

24

CS MSU Graphics & Media Lab (Video Group)



i OCHOBHbIe naeu

= AHU3O0TPOMNHOE CrinaXkuBaHme nons

= Ocobas obpaboTtka obnacren
Ha/m0XXeHna 0O6beKToB

= [IpMeHeHne bunatepanbHOro PuUnbTpa
ANS CrnaXXmBaHUS NONS

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 25
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



i OcHOBa MeToaa

[nobanbHbI METOA C @HN30TPOMHbIM
CrNaXXMBAHWEM:
E(u) = / ((VITu + 1)+ vuTD(qu) dx
Q
D(VI) =

VIHVIN' + 1°Es
|VI\2+21/2( (VI 2x2)

CobcTBEeHHble 3HaYeHus:

\ VIt

= — — J‘:—
v ST T

U

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 26
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



i MUHUMN3aUmns

NTepaTnBHast MUHMMU3ALINS:
u —u = -VI(VI'u+ L)+ div(D(VI)Vu)
Pa3bueHne Ha ABa Lwara:
u —u ! = —VI(VITu T + 1)
u —u’ = div(D(VI)Vu")
AnbTepHaTMBHOE NnpeacTaB/ieHne BTOPOro Liara:
u’ — uTl’ = trace(TH) _ [u;;r ug’}/]
u =u’ xG(T,Ar) ye Uy

1 BN
G(T,Ar) = A OXP (—X A X) T =X +A&€'

u

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 27
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



AHN30TpOMNHoe
CrnaXkmBaHume

-

~ -
-~
-—

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 28
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



OnpepeneHune
HaNOXXeHUN 06 bEeKToB

OYHKUMA-UHAMKATOP HaNoXeHUs1 06 beKTOB:
0 ecnm[x—fgx—l—u2>e[
o(x) = { (1i(x) = Lix + u))

1  wnHaye

nagKkun aHanor:

p(x) = % + ltan_1 ((Il(x) — L(x+u))’ — E[)

T

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 29
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



i O6paboTka HaNOXKEHMI

Ocobasa 0bpaboTka obnacten HaNnOXKEHUS:
E(u) = p(u) - (Ep(u) + Eg(Vu)) +
(1= p(u))- (ER"(u) + ES“(Vu))
YcnoBue ragkoctn oaMHAKOBO AJ19 BCEX

obnacreu:
E(u) = p(u)-(Ep(u) — ESY) + ESC + Eg(Vu)

oC _

E(u) = / p(u)-(ep(u) — e9°) + 9" + es(Vu)dx
€Ep = €]

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 30
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



bunatepanbHas
i PUNbTpaUns Nnons

bunatepanbHbi GUNBLTP:

T(x0) = / I(%) - gs(x — x0) - gr(1(x) — I (xo))dx
J=1xGgs(x,06)*xG(I,o7)

cxoaHoe pa3MbiTUE:
u =u’ «G(T,Ar)
[IpumMeHeHne bunatepanbHOro MuUIbTpa:

u =u’ «Gs(x,04) x Gi(I,07) * Gu(u, o) * p

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 31
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



bunaTtepanbHas A

Occluded regions

o,
¢ ‘...

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 32
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



GRAPHICS & MEDIA LAB

‘L MicxoaHble Kaapbl

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 33
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



GRAPHICS & MEDIA LAB

‘L O6nacTn HanoXeHns

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 34
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



i Optical flow

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 35
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



MIcxoaHble Kaapbl

[TocnepnoBaTenbHOCTb «Football»

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 36
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



Obnactu HanoXXeHus

[TocnepnoBaTenbHOCTb «Football»

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 37
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



Optical flow

[TocnepnoBaTenbHOCTb «Football»

GRAPHICS & MEDIA LAB
VIDEO GROUP

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 38
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



Pe3ynbTaT

[locnenoBaTeibHOCTb «Yosemite»

GRAPHICS & MEDIA LAB
VIDEO GROUP

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 39
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



Ground truth

[locnenoBaTeibHOCTb «Yosemite»

GRAPHICS & MEDIA LAB
VIDEO GROUP

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion 40
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.



i Pe3ynbTaThl

AAE Army  Mequon Schefflera  Wooden Yosemite Teddy
Lucas & Kanade 13,9 24,1 20,9 22,2 6,41 25,6
Horn & Schunck 8,0 9,1 14,2 12,4 4,01 9,2
Bilateral — — — — 2,57 —
[1pON3BOANTENBHOCTL  KoHdurypaums Bpems Ha oavH kagp, ¢
Bilateral CPU Intel Xeon 3,6 I'Tu 4,0

J. Xiao et al. Bilateral filtering-based optical flow estimation with occlusion
CS MSU Graphics & Media Lab (Video Group)  detection. ECCV, 2006.

41



i CoaepxaHue

= BBepgeHue

= Knaccnyeckme metoabl

= bunatepanbHaga @unbTpaums
» CerMmeHTauus

= BpeMeHHasa Koppenauus

= 3aK/oyeHue

42

CS MSU Graphics & Media Lab (Video Group)



i OCHOBHbIe naeu

= /ICNoNb30BaHME LUBETOBbIX KOMMOHEHT
npu pac4yéte optical flow

= LIBeTOBasd cerMeHTauus

= [lapamMeTpuyeckasa Moaenb Angd KaXkaoro
cerMeHTa

= YTOYHEHWe Ha OCHOBe MepBoro
NpUBINXKEHUS

L. Xu et al. A segmentation based variational model for accurate optical 43
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



GRAPHICS & MEDIA LAB

i CxeMa MeToaa

Segmentation Based Optical Flow

Segment-based
Parametric Flow
Computation

Color-Motion
Segmentation

Variational Optical
Flow Computation

Input Image: I}, I

1. Initial Flow Estimation 2. Color-Motion Segmentation

( Combined

Optimization

Confidence Map
Construction

Final Flow w' }

3. Combined Optimization

L. Xu et al. A segmentation based variational model for accurate optical 44
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



‘L [lepBoe npunbnmxeHmne

icnonb3yeTcs rnobanbHbIM METOA:
Eg(ll) = ED(U) + OéEg(ll)

Ep(u) = / T (|f§(x ) — If(x)|2) dx

;) ceC

Es(u) = /\Ifg (|Vu1\2 + |Vu2|2) dx
{) Up(s) = U(s,ep)
U(s,e€g)

L. Xu et al. A segmentation based variational model for accurate optical 45
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



[lepBoe npunbnmxeHune

[MocnepoBaTenbHOCTb «Teddy»

B -

L. Xu et al. A segmentation based variational model for accurate optical 46
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



i CermMeHTaUUS

= AnropntMm Mean Shift

= /IBa 5Tana:
1. LiBeToBaga cerMmeHTauus
».  Noapa3buenne Ha ocHose optical flow

Segment B Segment set B

Segment A Segmentset A

L. Xu et al. A segmentation based variational model for accurate optical 47
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



[lapameTpuyeckas +
MOAENb ABMXXEHUA

[lapamMeTpunyeckasa Moaenb ABMXEeHUa ans
KaXXJoro CErMeHTa.

u(a,, x) = (u(ay, x), us(a,, x))
uy(as, X) = asx + bsy + ¢
UQ(aSa X) — dsm + ey + fs Adg = (a’SJ 637 Cs, dSa €s, fs)T
CyMMapHas 3Hepru4:.
Enfa) =3 [ 30 (1556x + ulax) - i) dx
se€S 'y celC
L. Xu et al. A segmentation based variational model for accurate optical 48

CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



[lepBoe npunbnmxeHune

[MocnepoBaTenbHOCTb «Teddy»

B -

L. Xu et al. A segmentation based variational model for accurate optical 49
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



YTo4yHeHue optical flow

[MocnenoBaTenbHOCTL «Teddy»

L. Xu et al. A segmentation based variational model for accurate optical 50
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



Ground truth

[MocnenoBaTenbHOCTL «Teddy»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 51
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



OnpepeneHune
HaNOXXeHUN 06 bEeKToB

Optical flow BbluMcnsieTcs oT nepBoro Kaapa Ko
BTOPOMY M HA0b6OpOT:

u) — npsimoe none optical flow

u, — obpatHoe nosne optical flow

i €{0,5}
Ha ocHoBe npsiMmoro n obpaTHOro noneu
BbIUNCIIAETCA MHOAUKATOP HAJTIOXKEHUA 06BbEKTOB:

O(X) — MHAMKATOP HaNOXKeHUs ODBEKTOB

L. Xu et al. A segmentation based variational model for accurate optical 52
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



‘L MonuKcenbHoe aoBeEpHE

[lonukcenbHas dyHKUMsa aosepus K optical flow:

i 1 ¢ i ¢ 2
Ey(uj, u), x) =exp (30_22 UQ(X+ u;(x)) — 11(X>| ) X

! ceC

exp (2 i + i+ i)

=1
5. ) — { ccnn O(x)

E,(uf,uf,x) wunaye

L. Xu et al. A segmentation based variational model for accurate optical 53
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



i MocerMeHTHOe AoBepye

[locermMeHTHasa MYyHKUMA noeepus K optical flow:

1
Cs(uf,ug, s) = X

2 xesll = O(x))
ud(x) — u!(x)|” E,(u!, ul, x
e (I (x) — uflo) | >) S

04

Xes

Pe3ynbTupytowas gyHKUMS A0BeEpUst K
optical flow:

conf(x) = Cp(u‘f,ug, x) X C (ul,u‘g,s(x))

L. Xu et al. A segmentation based variational model for accurate optical 54
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



Confidence map

[TocnepoBaTenbHOCTL «Teddy»

3 o= " . \_' P .
;1.3_\? :.?... abie i o N .
"
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L. Xu et al. A segmentation based variational model for accurate optical 55
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.
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VIDEO GROUP

Np> (i
NcxoaHble nobpaxeHns &5

[TocnenoBaTenbHOCTb «Schefflera»

S. Baker et al. A database and evaluation methodology for optical flow.
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/




[lepBoe npunbnmxeHmne

[TocnenoBaTenbHOCTb «Schefflera»

S. Baker et al. A database and evaluation methodology for optical flow. 57
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



YTo4yHeHue optical flow

[TocnenoBaTenbHOCTb «Schefflera»

S. Baker et al. A database and evaluation methodology for optical flow. 58
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Ground truth

[TocnenoBaTenbHOCTb «Schefflera»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 59
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Confidence map

[TocnepnoBaTenbHOCTb «Schefflera»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 60
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



‘L POuHanbHas Moaenb

®PuHaNbHbIK 3Tan — MUHUMN3AUUA SHEPTUN.

Ep(u) = /(1 —0(x) "0, (|f§(x +u) — If(X)|2) +

0 ceC
aVg (\VuﬂQ + ‘V’LLQ’Z) B conf(x) [u — uy ’ dx

L. Xu et al. A segmentation based variational model for accurate optical 61
CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



Ground truth

[MocnenoBaTenbHOCTL «Teddy»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 62
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Pe3ynbTaT

[MocnenoBaTenbHOCTL «Teddy»

o

S. Baker et al. A database and evaluation methodology for optical flow. 63
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Ground truth

[locnegoBaTenbHOCTL «Mequon»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 64
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



Pe3ynbTaT

[locnepgoBaTenbHOCTL «Mequon»

S. Baker et al. A database and evaluation methodology for optical flow. 65
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/




Ground truth

[TocnenoBaTenbHOCTb «Schefflera»

GRAPHICS & MEDIA LAB
VIDEO GROUP

S. Baker et al. A database and evaluation methodology for optical flow. 70
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaT

[TocnenoBaTenbHOCTb «Schefflera»

S. Baker et al. A database and evaluation methodology for optical flow. 71
CS MSU Graphics & Media Lab (Video Group) ICCV, 2007. http://vision.middlebury.edu/flow/



GRAPHICS & MEDIA LAB

i Pe3ynbTaThl

Army Mequon Schefflera  Wooden Yosemite Teddy

Lucas & Kanade 13,9 24,1 20,9 22,2 6,41 25,6
Horn & Schunck 8,0 9,1 14,2 12,4 4,01 9,2
Bilateral — — — — 2,57 —
Segmentation 5,8 7,4 8,5 6,5 1,6 3,7
AEPE Army  Mequon Schefflera  Wooden Yosemite Teddy
Lucas & Kanade 0,39 1,67 1,50 1,57 0,30 3,80
Horn & Schunck 0,22 0,61 1,01 0,78 0,16 1,51
Segmentation 0,15 0,57 0,68 0,32 0,08 0,70
[1pON3BOANTENBHOCTL  KoHdurypaums Bpems Ha oavH kagp, ¢
Bilateral CPU Intel Xeon 3,6 I'Tu 4,0
Segmentation CPU Intel Core 2 Duo 2,4 ITu 15,0
L. Xu et al. A segmentation based variational model for accurate optical 72

CS MSU Graphics & Media Lab (Video Group) flow estimation. ECCV, 2008.



i CoaepxaHue

= BBepgeHue

= Knaccmyeckne metoasbl

= bunatepanbHaga @unbTpaums
s CermMmeHTauUus

= BpeMeHHana Koppensauus
= 3aK/oyeHue
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i OCHOBHbIe naeu

= Ocobas pyHKumMS wTpada
= AHU30TpPONHOE CrnaXkuBaHue nons

= [locTpoeHue optical flow Ha ocHOBe Tpéx
KaapoB

M. Werlberger et al. Anisotropic Huber-L! optical flow. 74
CS MSU Graphics & Media Lab (Video Group) BMVC 2009.



‘L OcHOBa MeToaa

[[NobanbHbIKM METOA C NPUMEHEHUEM L1-HOpMbI:

E(u) = /)\ VI'u+ L|+ |[Vu| + |V dx

0
u(x) = (u(x), up(x))’ A — napameTtp Moaenu

(S”U,Z' (S”UJZ T
Vi = (5:12’ 6y>

M. Werlberger et al. Anisotropic Huber-L! optical flow. 75
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i CrnaXxmBaHue

|/|CXOLI,HbIl/I BapVIaHT Crna>XmBaHu1A.
/ Z V| dx

AHVI30TpOI'Il/IFI N U3MEHEHHasA PyHKUMS WwTpada:

S

<
/Z\IJ (Vu, DVu;)dx W (s%) = {25 ) T

S —5 WHaue
\i
VI

b=

D2 = exp (— ]VI]ﬁ)nn +nt(nt)’ n =

2 1 ,
—/Z\DE(‘DQVW )dx
0O 1=1

M. Werlberger et al. Anisotropic Huber-L! optical flow. 76
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‘L MUHUMN3aUmns

BBoauTCA BCnoMoraTtesibHasa nepeMeHHas:

V = (?)1, UQ)T

E(u,v):/)\\VI-V—I—M +

Q
2

S (qj (|D%vu,i

=1

2 1 ,
) +%(u@ — ;) ) dx

M. Werlberger et al. Anisotropic Huber-L! optical flow.
CS MSU Graphics & Media Lab (Video Group) BMVC 2009.
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‘L MUHUMN3aUmns

s Ulari

[1nst prKCMpPOBaHHOTO V MUHUMU3UPYETCS

- FENEAN |
E(u) = / (\IJE (|D2Vui ) + %(uz — ’U@-)Z) dx
0 =1

s Lar?2
[1nst prKcMpoBaHHOrO U MUHUMUBUPYETCS
2
1
E(v) :/ ()\ IVI-v+1I| + -21%% - v@-)Q) dx
Q) =

M. Werlberger et al. Anisotropic Huber-L! optical flow.
CS MSU Graphics & Media Lab (Video Group) BMVC 2009.
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L

i Multi-frame optical flow =

= Vlcnonb3yloTca Tpy nocnenoBaTesibHbIX Kaapa

= Optical flow nonaraetca cMMMeTPUYHbLIM
OTHOCUTESNIbHO LIeHTPasibHOro Kaapa

B(u.v) = Al + Alpslv)] +

i (\IJE (|D§Vu@- 2) - %(u@ — ”Ui)Q) dx
pi(v)=— VI -v+ ([, — )
p3(v) = Vig-v+ (I3— 1)

1=1
M. Werlberger et al. Anisotropic Huber-L! optical flow. 79
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AcxoaHada nocnenoBaTesibHOCTb

M. Werlberger et al. Anisotropic Huber-L! optical flow.
CS MSU Graphics & Media Lab (Video Group) BMVC 2009.



Optical flow no oByM Kaapam
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Optical flow no TpéM kaapam
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Optical flow no TpéM kaapam
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Ground truth

[locnegoBaTenbHOCTL «Mequon»
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S. Baker et al. A database and evaluation methodology for optical flow. 88
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Pe3ynbTaT

[locnepgoBaTenbHOCTL «Mequon»
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Ground truth

GRAPHICS & MEDIA LAB

[locnegoBaTebHOCTb «Army»
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S. Baker et al. A database and evaluation methodology for optical flow.
ICCV, 2007. http://vision.middlebury.edu/flow/
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Pe3ynbTaT

[locnegoBaTebHOCTb «Army»
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Ground truth

[TocnenoBaTenbHOCTb «Schefflera»
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Pe3ynbTaT

[TocnenoBaTenbHOCTb «Schefflera»
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i CpaBHeHMe KayecTBa

Army Mequon Schefflera  Wooden Yosemite Teddy

Horn & Schunck 8,0 9,1 14,2 12,4 4,01 9,2
Bilateral — — — — 2,57 —
Segmentation 5,8 7,4 8,5 6,5 1,6 3,7
Aniso Huber-L? 3,7 4,4 6,9 3,5 3,4 3,2
AEPE Army  Mequon Schefflera  Wooden Yosemite Teddy
Horn & Schunck 0,22 0,61 1,01 0,78 0,16 1,51
Segmentation 0,15 0,57 0,68 0,32 0,08 0,70
Aniso Huber-L? 0,10 0,31 0,56 0,20 0,17 0,64
[1pON3BOANTENBHOCTb  KoHdurypaums BpeMms Ha oauH Kaap, C
Bilateral CPU Intel Xeon 3,6 T 4,0
Segmentation CPU Intel Core 2 Duo 2,4 Ty 15,0
Aniso Huber-L? GPU NVIDIA GTX 280 1,2
S. Baker et al. A database and evaluation methodology for optical flow. 96
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i CoaepxaHue

= BBepgeHue

= Knaccnyeckme metoabl

= bunatepanbHaga @unbTpaums
s CermMmeHTauUus

= BpeMeHHasa Koppenauus

= 3aK/Il0YeHue
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i 3aKryeHune

= OcobeHHOCTN COBpEMEHHbIX METOAOB
= lcnonb3oBaHmne rnobanbHOM Moaenu
= AHM3O0TpONKUA
= Hn3kas ctabmnbHOCTb NO BPEMEHM

= HanpaBneHusa pa3BuUtus
= /Icnonb3oBaHWe cerMeHTaunm
= MHorokaaposbin optical flow
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i Cnncok nutepaTypbl

S. Baker et al. A database and evaluation methodology for optical
flow. ICCV, 2007. http://vision.middlebury.edu/flow/

2. J. Barron et al. Performance of optical flow techniques. International
Journal of Computer Vision, 1994.

3. 1. Xiao et al. Bilateral filtering-based optical flow estimation with
occlusion detection. ECCV, 2006.

4. L. Xu et al. A segmentation based variational model for accurate
optical flow estimation. ECCV, 2008.

5. M. Werlberger et al. Anisotropic Huber-L1 optical flow. BMVC 2009.
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