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i Optical flow

Optical flow — BekTOpHOE none, onpeaenstollee
CKOPOCTb ABVMXXEHUS KaXKA0M TOUYKN N306pakeHns]

= 33[lada KOMMNbIOTEPHOrO 3peHns
= [lepBble nybnunkaumm — 1980 .

= BO3MOXHblE NPpUMEHEHUS:
« CermeHTaums
= l/I3MeHeHne 4acToThl KaapoB BNAEO
= [OYHas KOMMeHcaumna ABMXKEHUS

CS MSU Graphics & Media Lab (Video Group) www.compression.ru/video/
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‘L [paaMEeHTHbIE MeTOab!

f1(X), f,(X) — onHoMepHble curHanbl B pa3nnyHble MOMEHTbI BPEMEHM

f,(x) = fy(x—d) | AOIRAC)

fi(x—d)= fl(x)_dfl’(x)+o(d2) d

f, (%) — f(x) =d f,(x) + O(d )

d= fi (X) = f,(X)
f(x)

<Y

Optical flow estimation. D. J. Fleet, Y. Weiss.
. . . The Handbook in Mathematical models for Computer Vision. 5
CS MSU Graphics & Media Lab (Video Group) www.comp_rggg%syg[_ t!ﬂ-ﬁ?!:;d 0. Faugeras, Springer, 2005
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GRAPHICS & MEDIA LAB
E

i [paaMEeHTHbIE MeTOab!

| (X,t) — apkocTb n306pakeHuns B Touke X = (X, Y) B MOMEHT BpeMeH# t
(X, 1) =1 (X+0X,t+06t) oX=(0X, dY)
1, 1) = 1(%,) + V10X +1,5t+ O (85X +5y* +6t7) VI =(l,,1,)

OX
VI-v+1 =0 Vv=—=(U,V
: p (u, v)

Ycnosue optical flow (optical flow constraint, gradient constraint equation):
VI(x,t)-v(xt)+1.(x,t) =0
v(X, 1) = (u(x,t), v(x,1))

Optical flow estimation. D. J. Fleet, Y. Weiss.
. . . The Handbook in Mathematical models for Computer Vision. 6
CS MSU Graphics & Media Lab (Video Group) www.comp_rggg%syg[_ ﬂﬂzﬁ?g;d 0. Faugeras, Springer, 2005
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‘L AnbTepHaTUBHAA NOCTAHOBKA

X(t) — TpaekTopusa ABMKEHNSA TOUEK M30BPAKEHNS
I (X(t), t) = const

L1(x(t),t)=0

adx ady o _g Ly
oxdt oy dt ot

d
0= 1(x(V).1) =

B ntore nonydaem ycnosue optical flow:

VI(x,t)-v(xt)+1.(x,t) =0

Optical flow estimation. D. J. Fleet, Y. Weiss.
The Handbook in Mathematical models for Computer Vision.
CS MSU Graphics & Media Lab (Video Group) www.comp_rggga%syg[_ mn. %:imd 0. Faugeras, SpringeE, 2005 7


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

‘L Aperture problem

VI(x,t) - v(x,t)+1.(x,t) =0
v(X, t) = (u(x,t), v(x,t))

Ycnosue optical flow He aBnsSieTCA KOPPEKTHO MOCTABIEHHOM

3a34en.
V|, — npoekuus V Ha sektop VI VA

-1, VI N/ Ycnoswue optical flow

I

vV,

The Computati f Optical Flow. S. S. Beauchemin and
CS MSU Graphics & Media Lab (Video Group) w&ﬁgﬁg&@%utmg Surveys, 1995 8
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‘L OrpaHunyeHns Mmoaenu

Mopenb:
| (X,t) = 1 (X+0X,t+ot)

CNoOXXHOCTHU:
= HanoxeHud
= [1p0o3payHOCTb, TEHU
s OTpakeHusi, 61MKH

The Computati f Optical Flow. S. S. Beauchemin and
CS MSU Graphics & Media Lab (Video Group) w&ﬁg&m&@%utmg Surveys, 199a5uc na °
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CpaBHeHue optical flow

v=(UuyVv) — V= (u,v,1)

1
JuZ+vi4l

Yrnosas owwmbka (angular error) Mexxay BeKtopamn V. U V,:

g =arccos(V, - V,)

CpeaHss yrnosas ownbka (average angular error, AAE):

_ 1
AAE—@%:V/E

Performance of optical flow techniques. J. L. Barron, D. J. Fleet,
and S. S. Beauch%nin. International Journal of Computer Vision, 10

CS MSU Graphics & Media Lab (Video Group) www.compggssion.ru/video/
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Ground truth n Busyanusauus

[MocnepoBaTenbHOCTb Yosemite Ground truth

11
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i CoaepxaHue

x BBegeHue

s Gradient-based meToabl
= Tno6anbHas moaenb Horn & Schunck
= JlokanbHaga Mmoaenb Lucas & Kanade

= Energy-based meTton
= Phase-based meTopa
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i Horn & Schunck

Llenb — MMHUMM3aLUUS OLUNBKN:

V(X) = (u(x), v(x))
EW) = [ (71-v 1)+ (|9l + 9 ) |ax
o-—™— ‘ v ' VU = [8U Gu]
Ycnosue optical flow Ycnosue rnagkoctu ox oy
Vy o N v
o — NapamMeTp MoAenu ox’ 5‘y
CBoaum K cucrteme amddepeHumanbHbIX YpaBHEHUN:
2 22 5 o’u o
Lu+ L lyv=a"Vu-IIl ViUu=—+—
ox~ oy
2 2
12V 10 u=a?V2— 1, vy =2, oY
oX~ oy

Performance of Optical Flow Techniques on Graphics Hardware.

. . . M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬁ@n&ﬂé@erence on Multimedia and Expo, 2006
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i Horn & Schunck

Via~a-a,rpeda — pe3ynbTaT CBEPTKM C SSAPOM

e
12 6 12
1 1
s | %]
e
12 6 12
@+ u+ 1l yv=("T-1],) @+ 15+ L u=(@V-1,1)

[lonydeHHasa CJ1AY peluaetcs utepaunoHHbIM METOAOM:

a,— 1, (LT, + 1,7, +1,) _W—W“ﬂﬁuw+m
2 2 2
a"+1+1

n+l n+l

2 2 2
a"+1, +1]

Performance of Optical Flow Techniques on Graphics Hardware.

M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬁf@n&ﬂi@erence on MuItimedieL3 and Expo, 2006 14
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i Peanuzaums Ha GPU

DT

v, — 1, (LT, + 1,7, +1,)
Vo = 2 1242
a”+ 1, +1

n+1

a,— 1, - (L0, + 1,7, +1,)

n X
n+l —

2 2 2
a"+1+1]

[1pon3BOAHbLIE BLIUMCASAIOTCS
npuMeHeHneMm punbTpa:

i[-1 8 0 -8 1

Performance of Optical Flow Techniques on Graphics Hardware.

M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬁf@n&ﬂi@erence on MuItimedieL3 and Expo, 2006 =
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‘L Peanu3aums Ha GPU

] T, (LT, +1,7,+1,) y v, (LT, +1,7,+1,)
n+1 2 2 2 n+1 2 2 2
a"+1, +1 a"+1;+1]

_k Ix Ix
YA [m e A ]y
uk+1 1 It It
Vkn | = :| =

X
Ly ally
_a_

Performance of Optical Flow Techniques on Graphics Hardware.
M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) www.com k i erence on Mu|timediap and Expo, 2006 16
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i CoaepxaHue

x BBegeHue

s Gradient-based meToabl
= [NobanbHaga moaenb Horn & Schunck
= JlokanbHaa moaenb Lucas & Kanade

= Energy-based meTton
= Phase-based meTopa
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‘L Lucas & Kanade

Llenb — MMHUMM3aLUUS OLUNBKN:

E(v) = > w)[VI(x,t)-v+1,(x )]

xXeQ)

W(X) >0, X € QQ — BecoBasi hyHKUMS

Touka MUHUMYMA — KPpUTUYECKAAd TOYKaA.

aE(“V) = S W (uIZ+vIL L+ 1,1 ) =0
Xed

oE(u,

%:%w(x)(v|§+uIXIy+IyIt):0

Performance of Optical Flow Techniques on Graphics Hardware.

M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬁf@n&ﬂi@erence on MuItimediel1J and Expo, 2006 18
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i Lucas & Kanade

OE(u,v) 5 B
__?ij__._gégmmx)(ulx-+v|xly4-LJt)-O
OE(u,v) 2
W(X vI+uII +1,1,)=0
N 09 Jy 1yl
B MaTpnyHOM BUAE:
Mv =Db

|So, S| o En]

ANs KaXxaon TOUKM n306pakeHnss HaxoAnuM BEKTOP CKOPOCTH:
v=M7b

Performance of Optical Flow Techniques on Graphics Hardware.

M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬁf@n&ﬂi@erence on MuItimedieL3 and Expo, 2006 19
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i Peannsaunda Ha GPU ==

= DopMaT TeKCTyp:
P P (17,10, 17)

(10 11 )

= dneMeHTbl M 1 b BbluncnsioTca npuMmeHeHnem punbTpa C
anpom W(X): £(L4,6,4,1)

M:Zwlf >wll, b:{zmxh}
Swil, w2 2 Wiyl
= Bbluncnenune optical flow:

v=Mb

Performance of Optical Flow Techniques on Graphics Hardware.

M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬁf@n&ﬂi@erence on MuItimediel1J and Expo, 2006 20
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Pe3ynbTaThbl

YckopeHue, pa3

Athlon64 3500+, 512 kB Cache, 2 GB RAM vs. GeForce 6800 Ultra

Pl‘el

A
1D A() dreeerermeerrresenseressnsuessesssnssnesssssseessnsnesesessesesssasasasansasasnasasasases e aa v+ aananannn@

Lucas & Kanade

9]5 - Horn & Schunck L

+—H—H— ————

E A resolution

Square2 Taxi ™Rubic ™ Nasa  Foreman Blue_sky pixel]
10.000 48.640 61,440 90,000 101,376 2.073,600

Performance of Optical Flow Techniques on Graphics Hardware.

. . . M. Durkovic, M. Zwick, F. Obermeier, K. Diepold.
CS MSU Graphics & Media Lab (Video Group) w@'@ﬂ&#ﬂ%&ﬂé@erence on Multimedia and Expo, 2006

21
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‘L [paaMEeHTHbIE MeTOab!

= [10CTOMHCTBA
= [IpoCTOTa
= Bbicokas ckopocCTb paboThl

s Hepocrtatku
= HU3Kasg TOYHOCTb

22
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‘L YTOUYHEeHne MeToaa

f,(x) f,(X) \

_ B (%) —1,(x)
f(x)

f'(x)

<Y
<Y

X—d X

d_d‘<w

< o(d?®
2[500] (d°)

f;(Xx—d) — nedopmvpoBaHHbIN curHan

Optical flow estimation. D. J. Fleet, Y. Weiss.
The Handbook in Mathematical models for Computer Vision.
CS MSU Graphics & Media Lab (Video Group) www. comprggga%syg[_ mn. !:nd 0. Faugeras, Sprmgef 2005 23
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GRAPHICS & MEDIA LAB

‘L YTOUYHEeHne MeToaa

v® — npuBnuxkerme, NonyyeHHoe Ha NEPBOM Luare v=v"+5v°
19(x, t+6t) = | (x+ VO5t, t + S5t)
1(x, ) =190, 1) = 1°(x+6V°, t+1) = I (x+ V° + 5V°, t +1)
59 =Mp°
V=046V ut o
VITepaTMBHOE NPUBAVKEHNE K TOUHOMY peLLEHMIO:
59} =argmin EJ (5%)

EI(6v) = Y w[ VI (x 1)-ov+ 1] () |

xeQ

Optical flow estimation. D. J. Fleet, Y. Weiss.

. . . The Handbook in Mathematical models for Computer Vision.
CS MSU Graphics & Media Lab (Video Group) www.comprggga%syg[_ mn. 9!::1d 0. Faugeras, SpringeFr), 2005 24
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‘L Coarse-To-Fine Refinement ™

CunbHOE ABMKEHUE HE MOXET BblTb BEPHO OMNPEAENEHO C
MCMONb30BaHUEM PaCCMOTPEHHbIX METOAOB.

19(x, t) = 1 (x, t)
I kJrl(x) = (S(g 1 )) (X) S — onepaTop NpopeXxxnBaHns
g — dunbTp MNaycca
E(v) = X woo[ VI v+ (D) ] k=n,0
xeQ)

Optical flow estimation. D. J. Fleet, Y. Weiss.
. . . The Handbook in Mathematical models for Computer Vision.
CS MSU Graphics & Media Lab (Video Group) www.comprggga%syg[_ mn. 9!::1d 0. Faugeras, SpringeFr) 2005 25
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i Robust estimator

E(v)= > w)[VI(X,t)-v+I(x, t)]2 — least-squares (LS) estimator
xXeQ

e(X) =VI(x, t)-v+I1.(x1)

E(v) = > w(x)p(e(x), o)
XeQ)
2

Hanpumep, p(e, 0) = ———
e +o

Optical flow estimation. D. J. Fleet, Y. Weiss.

. . . The Handbook in Mathematical models for Computer Vision.
CS MSU Graphics & Media Lab (Video Group) www.comprggga%syg[_ mn. 9!::1d 0. Faugeras, SpringeFr), 2005 26


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

i CoaepxaHue

x BBegeHue

s Gradient-based meToabl
= [NobanbHaga moaenb Horn & Schunck
= JlokanbHaga Mmoaenb Lucas & Kanade

= Energy-based meTon
» Phase-based meToa

27
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‘L Energy-based meToz

Ll,enb — MUHUMU3aAUUNA SHEPTUN.
E(u) = Ep (u) +aEp (u) + SEs(U) a, >0

Ep, (W= p(\l (X+U)—I (x)\z)dx 0(52) =52 + o2
Ep, (U) =jQp(\V| (X+U)—=VI (x)\z)dx
E(u)= _[Qp(\Vu\z +\Vv\2)dx

O — perynspu3aLoHHbIA NapaMeTp

Towards ultimate motion estimation: combining highest

. . . accuracy with real-time performance. A. Bruhn, J. Weickert.
CS MSU Graphics & Media Lab (Video Group) M@ﬁ%ﬂp&lﬂi@eﬁence on Computer Vision, 2005

GRAPHICS & MEDIA LAB
VIDEO GROUP

28
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i YncneHHoe peLueHne

CJT1AY ana u;, V;:
0="p i(511i5u' +312i0Vi +S13;) +a¥p i (T14i0U; + T15i0V; + Ty 54)

_IBZ

h2
1eQ(i)
0="Tp i(521i0U; +S;5,i0V; +S,3i) + a@¥p i (T510U; + T5,i0V; + T,34)

+TSJ Uj +ou; —U; — U

Vgi+Ws Vj+oV;—V;—0oV

A2 — 2 S=Iyl7
e T=lg 1T, +1g 17
_ _ vx!vx Vy vy
C3(1) — MHOXECTBO NPOCTPAHCTBEHHbIX COCEAEN TOUKM | Iy, = (1| o Do
Yo, =W((du, 5v,1)"S(8u, 6V, 1)) lyy =(ly, 1y, zy)
Wp, =P((8u, 6v, )T T(5U, v, 1) :v —('x’ yo 1)

P =\P(\V(u+5u)\2+\V(v+5v)\2) =1(X+V)-1(x)

GPU-Based Multigrid: Real-Time Performance in High Resolution

. . . Nonlinear Image_Processing. H. Gro er, P. Thoman.
CS MSU Graphics & Media Lab (Video Group) w@m&ﬁi@éﬁi gpnngerr Sésézarﬁnr 2008 j 29
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GRAPHICS & MEDIA LAB

‘L /ITepaUMOHHOE pelleHne ==

sut _1fou” +E(Mn)_1 r
5Vn+1 3 §Vn 3 rVn
_ . _
lPr[]>1i5£]1i+0‘\{' Thi+ /8 Z o2 J \PrlljliS?Zi+a\PrllDlen2i
Mn: jeQ(i)
Yai +WPe
512|+05‘Pn 12 lPrllalisgziJFOC‘P T2+ Z Ih
i jcal) 2 ]
Wg;+Wsu;+out —u
i Yi j —H
I =- Ir[l)lisilsi+0“Prtl>2i-|_1n3iJF,B Z 5 5
je0a(i) h
sit+ W Vvj+ovi-v,

== r[')li823i+a\1’r[‘)2iT2”3i+,B Z 5 "
jeQ(i)

GPU-Based Multigrid: Real-Time Performance in High Resolution

. . . Nonlinear Image_Processing. H. Gro er, P. Thoman.
CS MSU Graphics & Media Lab (Video Group) w@m&ﬁyg{g&éﬂ gpnngerr SE‘;s(’aarlljmr 2008 j 30
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i Peannsaunda Ha GPU

Ix, Iy, Jx.,Jy

Ixx,Ixy,lyy

S1,S2,S3.54

S5.56,T1,T2

T3, T4, T5,T6

= calcld]d — BbluMCNeHne NPOCTPAHCTBEHHbIX NPOM3BOAHbIX
= calclzIxzlyz — BblunCneHne nNpon3BoAHbIX NO BPEMEHU
= CalcST — BbluncneHne TeH3opoB S n T:

S=1Iyly

T=lyly, +ly Iy

GPU-Based Multigrid: Real-Time Performance in High Resolution

. . . Nonlinear Image _Processing. H. Grossauer, P. Thoman.
CS MSU Graphics & Media Lab (Video Group) weggg?gmnggy@g&és, gpringer Berlin, 2008 1
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i Peanusaums Ha GPU

£1.£2
Y

coupledJacobi

psiD1,D2,S

S1-6,T1-6 |

du,dv,un,vn

v =V+ 0OV
un=u-+aou

= calcPsi — npenBapuTenbHble BblYUCIEHUS
= coupled]acobi — BbluMCNEHME OAHOU UTEPALINK

GPU-Based Multigrid: Real-Time Performance in High Resolution

. . . Nonlinear Image Processing. H. Grossauer, P. Thoman.
CS MSU Graphics & Media Lab (Video Group) w&?&m&g&;{g&é& gpringer Berlin, 2008 j 32
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‘L Pe3ynbTaThl

Method AAE STD
Horn-Schunck, mod. [2] 9.78 16.19
Uras et al. [2] 8.94 15.61
Alvarez et al. [1] 5.63 7.40
Mémin-Pérez [14] 4.69 6.89
GPU-RT 3.48 7.75
GPU 2.65 7.12
Brox et al. [6] 246 7.31
Bruhn et al. [§] 242 6.70

s [locnepoBaTenbHOCTb Yosemite

=  GPU 1 GPU-RT — npeanoxxeHHbii Metoa, B GPU-RT
MPUMEHSETCA MEHbLUE UTepaLni

GPU-Based Multigrid: Real-Time Performance in High Resolution

Nonlinear Image Processing. H. Grossauer, P. Thoman.
CS MSU Graphics & Media Lab (Video Group) www.compigsiervilaVilSiins, Springer Beriin, 2008

33
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Pe3ynbTaTthl

Resolution (pixels) Time (ms) FPS

2552 33.192 30.128
5112 57.409 17.419
10232 206.107 4.852

= [lpounssoantenbHocTb peanusaunm GPU-RT
= GeForce 8800 GTX

GPU-Based Multigrid: Real-Time Performance in High Resolution

. . . Nonlinear Image _Processing. H. Grossauer, P. Thoman.
CS MSU Graphics & Media Lab (Video Group) w&k@ﬁmg gpringer Berlin, 2008 34
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i CoaepxaHue

x BBegeHue

s Gradient-based meToabl
= [NobanbHaga moaenb Horn & Schunck
= JlokanbHaga Mmoaenb Lucas & Kanade

= Energy-based meTton
= Phase-based metop

35
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‘L Phase-based meton

OCHOBHas naes — NpUMEHUTb NpeaBapUTENbHYIO UNbTPaLIMIO
N306pakeHunM.

(1-F)(x, t) = (I - F)(X+ Vt, t + 5t)
cnonb3yeTtcs punbtp Mabopa:

x=(xy)'

X

G(X, f@) _ e7eix-(27z“f9)

fo=(%,, fyg)T — yacToTa unbTpa

Realtime phase-based optical flow on the GPU. K. Pauwels,

M. M. Yan Hulle. IEEE Computer Society Conference on
CS MSU Graphics & Media Lab (Video Group) w@éﬁéﬁkﬂ\ﬁﬂéﬁ@ﬂerﬂ Recognititgn Workshops, 2008 36
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‘.| dunbTpaums

= [poBoANTCA B pa3nnYHbIX HaNpaBNEHUSIX:

il A 2 = S S S A

= Wcnonb3yetca npubnmxkeHne gunbTpoB Ha OCHOBE OAHOMEPHbIX
CBEPTOK:

24

Realtime phase-based optical flow on the GPU. K. Pauwels,

M. M. Van Hulle. IEEE Computer Society Conference on
CS MSU Graphics & Media Lab (Video Group) w@éﬁwﬁ&ﬂﬁﬂéﬂ;@éﬂerﬂ Recognititgn Workshops, 2008 37
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R(X) — oTdmnbTpoBaHHOE M306paXkeHme
R(X) = (1-G)(x) = p(x)e"™)
p(x) = /Re(R(x))? + IM(R(X))? — amnnumyaa

B Im(R(X)) |
¢(X) = arctan (—Re(R(x))j daza
Phase gradient constraint:
Vo-v+y =0 v=(U,Vv)
V|, — npoekuma V Ha V¢ v¢:[%’%]T
y v VY x o
=10
V||V _9¢
A

Realtime phase-based optical flow on the GPU. K. Pauwels,

M. M. Yan Hulle. IEEE Computer Society Conference on
CS MSU Graphics & Media Lab (Video Group) w@é&ﬁ@ﬂ\ﬁﬂéﬁ@ﬁerﬂ Recognititgn Workshops, 2008 38
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GRAPHICS & MEDIA LAB

i BuiuncneHue optical flow ==

Vg, =2rf,
w,(X) f, V(X)-V 4(X)
V, (X)) = £ Vv, p(X)|=
- 27 [fo| [fy) ‘ - ‘ ‘VJ_Q(X)‘
Llenb — MMHUMKM3aums.:
2

EWO) = 3 | v, 00— 0L Yee

9e0(x) ‘VL 0 (X)‘
O(X) — MHOXeCTBO HanpaBneHuit €, Ansi KOTOPbIX UMEETCS HAAEXKHOE NpeackasaHue V | 4

> ((a+ Wo(X)t)— (X, t))z

_hdopgn-l
2 7 7 2

— MeTpuKa AoBepus Ans ,(X) 7, — nopor aosepus
n

N — KOIMYECTBO pacCMaTpMBaEMbIX KagpoB, UC0/1b30Bas1IoCb N = 5
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i Coarse-To-Fine Refinement ™

= MeToa MOXeT BEPHO OripeaensatTb TOJIbKO BEKTOPA, KOTOPbIE
MEeHbLUE NOJIOBUHbLI AJIUHbI BOJIHbI cbmanpa

] FlmpaMM,u,an bHOE BblHNCIIEHUE.

| K+ (X) = (S(g - k)) (X) S — onepaTop NpopeXxnBaHns
R*(x) =(1%-G)(x) g — ¢dunbTp Maycca

= [edopmauus nsobpaxeHus nepen yrouyHeHneMm Ha bonee
BbICOKOM pa3peXxeHUu:

_ _ n+1

p“L(x, t):¢k 1(x—2v"(x)(tC —t),t) t, :( +1)

2
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i Peannsauuna Ha CUDA

= [IpenmyiectBa GPU:
= bbICTpag peannsauuns CBEPTKU
= BbICOKas nponyckHasi CNOCOBHOCTb LUMHBI
= WHTepnonauus «Ha nety»

= OcHOBHble naeu:
= bBaHK punbTpoB peann3oBaH C NoMoLLbo 6ubnuotekn CUDA

= Bbluncnenue optical flow nponcxoant 3a ogHO NpUMeHeHWe sapa K
KaXKAOMY NUKCeso n3obparkeHus

= PacuéTt necdopmMmnpoBaHHOro N306pakeHnst OCHOBAH Ha
nHTEpnonauuun, npeaoctasnsemon GPU

= KoHBenepHasa obpaboTka

Realtime phase-based optical flow on the GPU. K. Pauwels,
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‘L Pe3ynbTaThl

= GeForce 8800 GTX = Core 2 Quad 2.4 GHz
= M3MepeHus BKIOYatoT = Mcnonb3oBanocb TObKO
obMeH aaHHbIMK Mexay GPU OZHO AA4po
n CPU
image resolution 320256 640x512 image resolution 320x256 640x512
Gabor pyramid 5.4 11.7 Gabor pyramid 0.1 0.5
optical flow 24 8.9 optical flow 1.1 4.8
total (msec) 7.8 20.6 total (sec) 1.2 53
frames per second 127.6 48.5 frames per second 0.8 0.2
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‘L Pe3ynbTaThl

) ! Ly

HE

icxoaHbIM Kaap Ground truth
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GRAPHICS & MEDIA LAB
VIDEO GROUP

NcxoaHbIN Kag
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‘L Pe3ynbTaThl
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McxoaHbIv Kaap
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‘L Pe3ynbTaThl

| ‘ : "I‘.a i .
McxoaHbIv Kaap
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‘L Pe3ynbTaThl

) ! Ly
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icxoaHbIM Kaap Ground truth
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‘L Pe3ynbTaThl

= Phase-based = [Ipyrue metoapl
without sky with sky Method AAE STD
T AAE  density AAE  density )

0 T ER——— P Ea—— Horn-Schunck, mod. [2] 9.78 16.19
0.05 2350 R % 3199° 76 % Uras et al. [2] 8.94 15.61
0.10 2 67° 91 % 4.67° 88 % Alvarez et al. [1] 5.53 7.40
Mémin-Pérez [14] 4.69 6.89

GPU-RT 3.48 7.75

GPU 2.65 7.12

Brox et al. [6] 246 7.31

Bruhn et al. [§] 242 6.70
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GRAPHICS & MEDIA LAB

i Cnucok NnTepaTypsbl

1.

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

Optical flow estimation. Fleet, D. J. and Weiss, Y. The Handbook in Mathematical models
for Computer Vision. N. Paragios, Y. Chen, and O. Faugeras, Springer, 2005

The Computation of Optical Flow. S. S. Beauchemin and J. L. Barron. ACM Computing
Surveys, 1995

Performance of optical flow techniques. J. L. Barron, D. J. Fleet, and
S. S. Beauchemin. International Journal of Computer Vision, 1994

Performance of Optical Flow Techniques on Graphics Hardware. M. Durkovic, M. Zwick,
F. Obermeier, K. Diepold. IEEE International Conference on Multimedia and Expo, 2006

Towards ultimate motion estimation: combining highest accuracy with real-time
performance. A. Bruhn, J. Weickert. IEEE International Conference on Computer Vision,
2005

GPU-Based Multigrid: Real-Time Performance in High Resolution Nonlinear Image
Processing. H. Grossauer, P. Thoman. Computer Vision Systems, Springer Berlin, 2008
Realtime phase-based optical flow on the GPU. K. Pauwels, M. M. Van Hulle. IEEE

Computer Society Conference on Computer Vision and Pattern Recognition Workshops,
2008
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JlabopaTopusa KOMNbIOTEPHOWLES
‘L rpadukn U MynbTuMeama

Buageorpynna 3T0:

= BbINyCKHWKM B acnMpaHTypax AHMnu,
®paHunu, Weenuapum (B Poccnmn B MY u
MMM M. Kenapbiwa)

= BbinyCcKHMKaMuM 3aWmLeHo 5 ancceprauum

= Hamnbonee nonynsipHble B MUpe CpaBHEHUS
BUEOKO/1EKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX (DUILTPOB
06paboTKKn BUAEO
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