O630p MeToAoB NOUCKa K
CcConpoBoOXaAeHUs 0cobbix

!'_ TOYHEK

Mowuceviyes Anekcevt

Video Group
CS MSU Graphics & Media Lab



= BBeaeHue
s KLT
= IPAN

s Particle Video

CS MSU Graphics & Media Lab (Video Group)



= 3aJauya:

= ConocTaBuUTb Ka)aoOMy TPEXMEPHOMY O6BEKTY CLIEHbI
Habop Tovek, HENOABMXXHBLIX OTHOCUTENbHO 0OBbEKTQ,
N OTCNEXMBATb TPAEKTOPUM 3TUX TOYEK.

= [IpMeHeHue:

= OnpepeneHne TpaekTopun ABMXEHNS OTAENbHbIX
06bEeKTOoB

= BoccTaHoBneHWe ABMXEHNS KaMepbl
= BblaeneHue nHpopMaumm o nepcnekTuBe B CLEHE

CS MSU Graphics & Media Lab (Video Group) 3



= ToyeyHass 0CO6eHHOCTb — TOYKa
CL€Hbl, OKPECTHOCTb KOTOPOWU MOXHO
OT/IMYNTb OT BCEX OKPECTHOCTEN
COCEAHUX TOYEK CLIEHDI.

= TpaeKkTopua — NnocneaoBaTeibHOCTb
KoopAWHAT TOYEeYHON 0COOEHHOCTU B
BUEO.

CS MSU Graphics & Media Lab (Video Group)




=
LS

GRAPHICS & MEDIA LAB

BBepeHue ==

CS MSU Graphics & Media Lab (Video Group)



* BBengeHue

CS MSU Graphics & Media Lab (Video Group)



s BBegeHune
s KLT
= IPAN

s Particle Video

CS MSU Graphics & Media Lab (Video Group)



KLT (Kanade-Lucas-Tomasi)
Moaenb ABUXEeHUs

6 = (& 1) - BEKTOP CMELLEHNS

AdDUHHAA Moaenb ABMXEHUS:

d;z:a: dil??—
P= [ Czygv df}'; ] J(ALX ' d) - I(X)

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi,

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

HaxoxaeHne napaMeTpoB ABMXEHUS
MUHUMKN3aLUUSA PYHKLNM
€ = / / [J(Ax + d) — I(x)]” w(x)dx
J Jw

W — OKHO

w(X) — BecoBasi (PyHKLNS

| — npeablaywmn Kaap

J - cneaywoowmn Kagp

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi, 9

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

JInHenHas Moaenb

CuMMeTpuyHasa 3anuchb:

€ = //I[](x + %) — I(x — g)}zw(x) dx
JInHeapusauus:
0. .
(&)~ (@) + (& — aa) (@) + (& — ay) 5 (2)

Ycnosue x+d—¢  x=a

J(x+5) = J(x)+ 55— (x) ja—y(x)
Tix— 5) = T = 550 x) — P50 (0

. . . 10
CS MSU Graphlcs & MEdla Lab (VIdeo Group) Derivation of Kanade-Lucas-Tomasi Tracking Equation, Stan Birchfield, 1997



KLT

JIHenHas Mmoaenb

[lpon3BOAHAs OLLNOKMN:

Je d d_oJx+9) or(x—49)
od 2//11 : X—I—— —I(X——)][ — 2) < 2 1) dx
N // ) + g dlg(x)w(x) dx,

g = [aax (Iéj) 2 (L))"

Ycnosmue MUHUMYMa:

// x) + g’ (x)d]g(x)w(x) dx = 0

| | | 11
CS MSU Graphlcs & Media Lab (VIdeo Group) Derivation of Kanade-Lucas-Tomasi Tracking Equation, Stan Birchfield, 1997



KLT
i JInHenHas Moaenb

OKOHYaTeNbHbIM BUA YDaBHEHUS:

//W[J(X)I(X)]g(x)w(x) dx = //W gT(X)dg(X)w(X) dx,
- [/[W g(x)g! (x)w(x)dx| d

3anucb B Bnae CJ1AY:
/Z/d =e

- [ [ e (uix) dx
e—// — J(x)]e(x)w(x) dx

CS MSU Graphics & Media Lab (Video Group)

12

erivation of Kanade-Lucas-Tomasi Tracking Equation, Stan Birchfield, 1997
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GRAPHICS & MEDIA LAB
VIDEO GROUP

HaxoxxaeHne napaMeTpoB ABUXKEHUA

PeweHune CJI1AY:

T _ -
20 = | dpw dyr dpy dyy, dp d, | -vckomoe pewenve

a:/./w 1(x)— Jx)] | Y9 | wdx

13

Good Features to Track, Jianbo Shi, Carlo Tomasi,

CS MSU Graphlcs & Media Lab (VIdeo Group) IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

HaxoxxaeHne napaMeTpoB ABUXKEHUA

v v
T://[ ]wdx
J Jw vho z

gL Xgedy  EYGE TYGeldy |

I ngwgy £y TYGz gy -553;95
TYGy  TYGedy Y dr Y Gy

rYgegy Y9, Y99y YOG,

GRAPHICS & MEDIA LAB
VIDEO GROUP

.y 2 . 2 2
- . .y 2 2 - 2
LYzly Ly, Y9x Gy Y49y ey Yy
CS MSU Graphics & Media Lab (Video GI‘OUP) Good Features to Track, Jianbo Shi, Carlo Tomasi, 14

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT
i HaxoxxaeHne napaMeTpoB ABUXKEHUA

= YpaBHeHWe 7z =a aaeT nuilb
NPUBINXKEHHYIO OLIEHKY HA BESTMYNHY
cMelleHns d

= Pewenne: Heobxoanmo genatb
HECKObKO nTepaumn!

15

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi,

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

NTepaTnBHOE pelleHue

ntepaumsa 1

CS MSU Graphics & Media Lab (Video Group) o



KLT

NTepaTnBHOE pelleHue

nTepaums 2

CS MSU Graphics & Media Lab (Video Group) 17



KLT

NTepaTnBHOE pelleHue

ntepaumsa 3

CS MSU Graphics & Media Lab (Video Group) 18



KLT

NTepaTnBHOE pelleHue

= Ownbkun B D npmBoaaT N
K OLUMOKaM B OLleHKe

Be/IMUYMHbI cMeLleHus d

= MOXHO UCKaTb KOpHWU
ypaBHeHua A = e

= APPUHHBIE N
npeobpa3oBaHus \\
MOXXHO 3aMEHUTb \

ncropuen obnacren

CS MSU Graphics & Media Lab (Video Group) P



KLT

Bbibop ocobeHHoCcTEN

= Bblbop TEKCTYpUpPOBaHHbLIX obnacren nnm
obnacremn ¢ yronkamu He rapaHTupyeT
BO3MOXXHOCTb UX OTC/1IEXXUBAHUS

= [1N4a pewieHna ypaBHeHUa 7d =e
XenatenbHO MMEeTb XOPOoLo 00YCNOBNEHHYIO
MaTpuyy 2
7 _ [ dr Yol ]

., 2
Gz 4y 9y

20

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi,

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

Bbibop ocobeHHoCcTEN

= A1, A2 — COBCTBEHHbIE 3HAYEeHUs Z

L2 L
s [ 9y 9u9y ]

. 42
g xr g Y g Y

= A1, A2 < Ath — rnagkue obnactu
s A1 < Ath < A2 — rpaHuLbl
s Ath< A1, A2 —yrnol

21

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi,

IEEE Conference on Computer Vision and Pattern Recognition, 1994



GRAPHICS & MEDIA LAB
VIDEO GROUP

opuruHanbHoe  4-9 utepauus 8-9 ntepaums 19-9 utepaumna  uUenesoe
n3obpaxkeHue n3obpaxkeHue

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi, 22

IEEE Conference on Computer Vision and Pattern Recognition, 1994



GRAPHICS & MEDIA LAB
VIDEO GROUP

0.1 3 1
0.05} \ 1.5 0.5 9*‘%
o) O O
@) 10 20 @) 10 20 @) 10 20 @) 3 @)
0.1 3 1
0.05 1.5 L 0.5 L 0*%?
o 3
0] @) @)
o) 10 20 0) 10 20 0) 10 20 @) 1.5
0.1 3 0.5
0.05 \ 15 fo (AP e S
0O o) o)
@) 10 20 @) 10 20 @) 10 20 @) 3
pa3nnymne derror, Aerror, d, A,
oLmbka oLmbka CcMeLleHne nedopmaums
CMeLLeHns aedopmaumm

CS MSU Graphics & Media Lab (Video GI‘OUP) Good Features to Track, Jianbo Shi, Carlo Tomasi, 23

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

[IpnMep paboThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

0.1;

0 10 20 0

pasnuuue d, A,
CcMeLleHune nedopmMaums

24

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo Shi, Carlo Tomasi,

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

[IpnMep paboThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

Precision
P mnu)nmg
Components & S\ Stems

CS MSU Graphics & Media Lab (Video Group) Good Features to Track, Jianbo S_h_i, Carlo Tomasi, N 25

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

[TpnMep paboThbl

GRAPHICS & MEDIA LAB
VIDEO GROUP

O © O
o A% O O
®)
6] @)
O o O o
O} BN (@
o ®) OOOoo O O O
- ®
O
O " Y
@) @)
O 0o O
O O
o) ¥ @ %
NG O\ @ OO
O 0 O O
o o) @)
o) o ¥ o o o
o § %% a o ! H
® O @)
O P O O
OOO @) )
QLAS ® ocd
5 (@) OOOO 0)
o O O 0 O
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H H H Good Features to Track, Jianbo Shi, Carlo Tomasi,
CS MSU Graphlcs & Media Lab (VIdeo Group) IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

[IpnMep paboThl

53 30

78

6024

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

89
1
21
4°13
58
Good Features to Track, Jianbo Shi, Carlo Tomasi, 27

IEEE Conference on Computer Vision and Pattern Recognition, 1994



KLT

[TpnMep paboThbl
Il TH
SLIRLIRE
“ul =l
O
W
MW

GRAPHICS & MEDIA LAB
VIDEO GROUP

| £
g‘
-
-

K"
-
SR
k-

# xappa —» 4 6 11 16 21 26 >
H H H Good Features to Track, Jianbo Shi, Carlo Tomasi,
CsSMSU Graphlcs & Medla Lab (VIdeo Group) IEEE Conference on Computer Vision and Patterrll Recognition, 1994



i KLT

= [10CTOMHCTBA
= YueT adpdurHHbIX npeobpa3oBaHnN
= GPU-peanuzaunu

= HegocTtaTku
» [loaBepXkeH HakonneHnsM oLnboK

29

CS MSU Graphics & Media Lab (Video Group)



i Copaep>kaHue

s BBegeHune
s KLT
= JPAN

s Particle Video

30

CS MSU Graphics & Media Lab (Video Group)



= HepocrTaTok npeabiayliero MeToaa.
= [TOYKN MOryT NepeKkpbiBaTbCH, 4TO
NPUBOAUT K Pa3pbiBY TPAEKTOPUM
= [IpeanonoXxeHus:
= Hepas3nnynMocCTb To4YeK
= [Tagkoe ABmMXxeHue
= OrpaHn4yeHHasi CKOpoCTb
= KOpOTKKME No BpeMeHU NepeKkpbITUS

31

CS MSU Graphics & Media Lab (Video Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J.

Verestoi, 1998, International Conf. on Pattern Recognition



GRAPHICS & MEDIA LAB

Hepa3nnynMocTb Tovek

CS MSU Graphics & Media Lab (Video Group) 3



i IPAN

Ob6paboTka

— | innumanusauus 5
0ocobeHHoCcTeN

[MocTobpaboTka

CS MSU Graphics & Media Lab (Video Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J. 33

Verestoi, 1998, International Conf. on Pattern Recognition



IPAN

DYyHKUNA CTOMMOCTHU

GRAPHICS & MEDIA LAB
VIDEO GROUP

60(Pk_13n7 P/Cgiv Pk+1,m) — W (1 k—ln” K, kil k41, )

- | Po_10Pri|| || PriPetiml|

2 [|[Pi P | PPl )

+ Wy 1
Hpk—l,npk,iH + Hpk,z'PkJrl,mH

= I'Iepsoe ClaraeMoe orBe4a€eT 3a USMeHEHUE HalNnpaBJ1IEHNA ABNXEHUA
= Wwi1~0.1

m BTopoe C/laraeMoe orBevaeT 3a NSMeHEHNE CKOPOCTU
= W2~0.9

CS MSU Graphics & Media Lab (Video Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J. 34

Verestoi, 1998, International Conf. on Pattern Recognition



IPAN

NMH1Uumnanmnsayus

GRAPHICS & MEDIA LAB
VIDEO GROUP

= Pti— To4YeyHble 0CObeHHOCTH
= S'ti— 06nacTb gocTkmumoctv ans TO i u3 Kagpa f

CS MSU Graphics & Media Lab (Video Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J. 35

Verestoi, 1998, International Conf. on Pattern Recognition



IPAN

GRAPHICS & MEDIA LAB
VIDEO GROUP

NMH1Uumnanmnsayus

= [1n4a Bcex P2

CS MSU Graphics & Media Lab (Video Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J.

Mepebop Bcex Tpoek (P1a P2, P3b)

Moacuet dyHKumn ctommocTn O(P1,a, P2,g, P3b)

Mouck nyywero NpubnmxeHust Npu pukcMpoBaHHOM P3p
Mounck nyywero NpubnmnxeHust Npu UKCMpoBaHHOM P1,a
OtceyeHune nnoxmx npubnmkenunn: 0(P1,a P2g, P3b) < Omax

Verestoi, 1998, International Conf. on Pattern Recognition
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IPAN

O6paboTka nocnegoBaTesibHbIX KaapoB

GRAPHICS & MEDIA LAB
VIDEO GROUP

Ec—] E{ E{H
—0 — e °
SN
—O0— —® L
—o0— —e °
° ° °

s Z-TOYKU — TOYKM 6e3 cBsA3en Ha F1
= B-TOYKM — TOUYKM Ha Fi1, CBA3AHHbIE TOMBbKO C Fi-

= PaccMaTpmBaloTcs TOMbKO Z-TOYKM

= O6paboTka aHanornyHa MHULManM3aunmn, HO CyLLECTBYIOLLME CBS3N HE
pa3pyLuatoTcs

H H = Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J. 37
CS MSU Graphlcs & Media Lab (VIdeo Group) Verestoi, 1998, International Conf. on Pattern Recognition



IPAN

NocTtobpaboTka
: S :
Frame: & k+1 k+2 k+3 k+4 k+5
38

CS MSU Graphics & Media Lab (Video Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J.

Verestoi, 1998, International Conf. on Pattern Recognition



IPAN

DYyHKUNA CTOMMOCTHU

GRAPHICS & MEDIA LAB
VIDEO GROUP

012 = 0, F arccos(1 — dpar),

e (15 V/omar @ O] )
(1 = Gmac)’ |

Ur,2 =—

Ve — CKOpPOCTb [IBMXKEHMS B NpPeablAyLLEM Kaape
fe — yron HanpasfieHMs B NpeablayLLeEM Kaape

. . . i i actori i 39
CS MSU Graphlcs & Medla Lab (Vldeo Group) Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J.

Verestoi, 1998, International Conf. on Pattern Recognition



IPAN

Pe3ynbTaT

NAboTHI

+

—

- \ — %‘ “\a?i 4
7 )(‘ . S \:\ .
Alg Self- Occl Low speed High speed
" | init. NT=20|1T=40 T =60 |T=20|T =40 T =60
IP97 | + + 95.35 92.07 | 89.98 82.70 67.55 54.56
IP97 | + — 95.60 92.92 91.20 85.70 74.02 62.45
IP97 | — + 97.50 94.10 92.28 83.95 72.05 61.26
RS91 | — + 98.50 95.52 94.58 81.15 59.47 16.61

CS MSU Graphics & Media Lab (Video Group)

Feature Point Tracking for Incomplete Trajectories, D. Chetverikov, J.
Verestoi, 1998, International Conf. on Pattern Recognition

40



= [10CTOMHCTBA
= HaxoxxaeHue oTKpbITU/3aKpbITUK

= ConpoBo)aeHne 4aCTU4YHO
NnepeKkpbIBaOLWMXCA TPAEKTOPUM

s Hepnocrtatku

= TpebyeTcs BbICOKasA TOYHOCTb BblAENEHUS
0CobeHHoCcTEeN

41

CS MSU Graphics & Media Lab (Video Group)



i Copaep>kaHue

s BBegeHune
s KLT
= IPAN

= Particle Video

42

CS MSU Graphics & Media Lab (Video Group)



i Particle Video

X X X
| l||||||| I|||I’
e e ' | |

RN '|l|!\'|

RPN SRR

— A B e

1 ||| SEESERERE

||||I ] ||

O

e .

| Z!'I!!|[!I|I|II|
Feature Tracking Optical Flow Particle Video

= = = Particle Video: Long-Range Motion Estimation using Point Trajectories, 43
CS MSU Graphlcs & Media Lab (VldeO Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
CxeMa anropmutma

GRAPHICS & MEDIA LAB
VIDEO GROUP

HaxoxneHune
OMTNYECKOro
noToKa

BbigenexHue dunbTpauns
HaNoXeHun NoTOKa

YnanexHue un
pobaBneHne
ocobeHHocTeN

PacnpocTtpaHeHue CBsi3blBaHMe YTo4yHeHne
ocobeHHoCcTEN 0ocobeHHOoCcTEN MOJIOXKEeHUs

= = H Particle Video: Long-Range Motion Estimation using Point Trajectories, 44
CS MSU Graphlcs & Media Lab (VIdeo Group) Peter Sand, Seth Tgller, CgVPR, 2006, IEEE ° ’



Particle Video
i OnTnyeckun noTokK

= AZIFOPUTM HaXoXXAeHUa oNTUYECKOoro
NOTOKa — «YepHbIN AWMK»

= [lapbl nocnepoBaTenbHbIX KaapoB
CPaBHMBAKOTCHA HE3ABUCUMO

= Micnonb3yeTcs nupamMnaa n3obpaxeHnn

Particle Video: Long-Range Motion Estimation using Point Trajectories, 45
Peter Sand, Seth Teller, CVPR, 2006, IEEE

CS MSU Graphics & Media Lab (Video Group)



Particle Video
OnTnyeckun noTokK

EFlowDa,ta,( t)

U(s?) = V2 + €2 e=0.001

u,v —none NoToKa

| —un306paxeHue

K —HOMep KOMMOHEHTbI U306paXKeH NS
r —YHKLUUSIBUAMMOCTH

46

H H = Particle Video: Long-Range Motion Estimation using Point Trajectories,
CS MSU Graphlcs & Media Lab (VIdeo Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
i OnTnyeckun noTokK

EFlowSmooth( t) —
> (ag+ar-b(z,y,t)) - (a2 +u,+02+0))

r,Yy
I, | - POU3BOAHBIE SPKOCTM MO X U Y
N - PO rayccuaHa
a, =10 - nokanbHoe crnaxueaHue
a, =5 - rnobanbHOEe CrnaXxnBaHue

o, =15
47

Particle Video: Long-Range Motion Estimation using Point Trajectories,

CS MSU Graphics & Media Lab (Video Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
BbigeneHne HanoXXeHum

= [luBepreHuus NOToKa

O o,

der X, ’t — —1U £, 7t —l—_r(_) X, 7t

(2,1,t) o (x,y,1t) o0 (7, 9,1)
= YC/10BUE OTKPbITUSA

_ [ div(eyt)  div(ey1) <0

d(z,y,1) —{ 0 otherwise.

= M3MeHeHune apkocTu

ey, t)=1(x,y.t)—I(x+u(z,y.t), y+o(x,y,1),t+1)

= KapTta HanoxeHumn

r(z,y,t) = N(d(x,y,t);04) - N(e(x,y,1);0¢)

oq = 0.3
og. = 20

48

H H = Particle Video: Long-Range Motion Estimation using Point Trajectories,
CS MSU Graphlcs & Media Lab (VIdeo Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
i OunbTpaums NOToKa

= bBunatepanbHbi unbTp

—/ le,yl a(a?l?yl)w(xaijlayl)
u' (@, y) =
le,’yl w(:’(;7 y? 3317 yl)

= Becoas dpyHKUMA

w(mvyvmlvyl) — (\/(SL’—(Bl) (y yl) )

o, =4,0;, =20,0,, =1

49

H H = Particle Video: Long-Range Motion Estimation using Point Trajectories,
CS MSU Graphlcs & Media Lab (VIdeo Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
OunbTpaumsa NOToKa

= bBunatepanbHbi unbTp

le,yl ﬂ’(m17y1)w($7 Y, L1, yl)
le,’yl w(‘CC? y? xl? yl)

fb’(ﬂ?, y) —

= OrpaHuyeHus:

© (X=x) (Y -y) < p

= PaboTa ToNbKo psSAOM C rpaHMLaMU

gz, y,t) = \/ﬂﬁ + @2 + 02 + 02
a(x, y,t) =N(g(x,y,t);3)>0.05

= = = Particle Video: Long-Range Motion Estimation using Point Trajectories, 50
CS MSU Graphlcs & Media Lab (VIdeo Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
BTopon npoxon

GRAPHICS & MEDIA LAB
VIDEO GROUP

PacnpoctpaHeHue CBsi3blBaHNe YTo4YHEHUNE YpaneHue [lobaBneHune
0ocobeHHoCcTel ocobeHHocTeln MONIOXKEeHUsA 0ocobeHHocTel ocobeHHocTeln

51

H H = Particle Video: Long-Range Motion Estimation using Point Trajectories,
CS MSU Graphlcs & Media Lab (VIdeo Group) Peter Sand, Seth Teller, CVPR, 2006, IEEE



Particle Video
i PacnpocTtpaHeHne ocobeHHOoCTEN

ri(t) = x;(t—1) +w(x; (t—1),y;(t—1),t—1)
yi(t) = yi(t—=1) +v(x; (t—1),y;(t—1),t—1)
U,V  —nore noroka

X, Vi  —KOOpAMHATHI YaCTULLbI

Particle Video: Long-Range Motion Estimation using Point Trajectories, 52
Peter Sand, Seth Teller, CVPR, 2006, IEEE
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Particle Video
i CB43bIBaHME 0CObeHHOoCTEeN

TpuaHrynauma [enoHe:

DT(S) — TpmaHrynaumsa [enoHe ans MHOXeCTBa TO4YeK S, ecnn HMKaKas
TOYKa A 13 S He coaepXXUTCS BHYTPU OKPY>XHOCTW, ONMMCAHHOW BOKPYT
TpeyronbHuka u3 DT(S), Takoro, 4To HM O4HOU U3 BEPLLMH €ro He

aBNgeTca Toyka A.

53
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Particle Video
CBsi3blBaHME 0CO6EHHOCTEN
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Particle Video: Long-Range Motion Estimation using Point Trajectories,
Peter Sand, Seth Teller, CVPR, 2006, IEEE

CS MSU Graphics & Media Lab (Video Group)



Particle Video
i CB43bIBaHME 0CObeHHOoCTEeN

BbluncreHne BecoB pebep:

D(i,j,t) = (u(xit),yi(t), t) — a(z;(t), y;(t), 1))
+ (@(mi(t)7y’i(t)at) o @(mj(t)ﬂyj(t)nt))2
|i,j=\/D(i,j) - BeC pebpa

Particle Video: Long-Range Motion Estimation using Point Trajectories, 55
Peter Sand, Seth Teller, CVPR, 2006, IEEE
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Particle Video
CBa3biBaHMe 0CObeHHOCTeN

GRAPHICS & MEDIA LAB
VIDEO GROUP

N

W ¥,
R
‘,E, L ST
T
-
AL v, ’A‘&!’A

XRERROKD,

¥
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= H = Particle Video: Long-Range Motion Estimation using Point Trajectories,
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Particle Video
i CB43bIBaHME 0CObeHHOoCTEeN

= BbluncneHne BecoB 0CobeHHOCTEeun:

pi(t) = N(g(2:(t), yi(t), 1); o))
op, = 0.05

= COXpaHeHune OKHa:

{eM)
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Particle Video
i YTOUHEeHMe NooXXKeHns

= YC/NOBME Ha coBnageHme OKOH:
ER Gy = (T (2 (8), ys (). 1) — )2
Datalls t) = W™ (wi(t), yi(t),t) — ¢;]7)

= YC/I0BME Ha ABUXXEHUe coceaemn:
EDistort (iaja t) — l’ij (t)\lj([u?» (t) — Uy (t)]z +[U’L(t) — Uj (t)]z)

= YCNOBMWe Ha rMaaKoCTb TPaeKTOpUK:
Eriow(i,t) =
pi () ([a(x;(t—1),y;i(t—1),t—1) —u; (1))
+Ho(as(E=1), ya(t=1),t=1)—v; (1)]?).
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Particle Video
YTOUHEeHMe NooXXKeHns

. k )
E(i.t) = Y B},

k‘EKi(t)
+ % Z EDistO'rt(iajat)
jGLi(t)
+ O{fEFlow(i,t). ay =4, a, =05

E= Y E(it)

rePteF

= = H Particle Video: Long-Range Motion Estimation using Point Trajectories, 59
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Particle Video

i YTOUYHEHME MNONOXKEHUS
= Heobxoaumoe ycnosme MUHUMyMaA:
OF OF
{ad:c,,;(t) O Bagn ~ e te }

= JInHeapu3lauug:
I = 1 da; () + ¥y () + 1) — ¥

OE  (i.t) B
ata\" ") o’ ([TF12) k] FLK]
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Particle Video

i YTOUHEHMEe NonoXKeHus
8EDistort(7:7j7t) L

20 ()W ([u (1) + du () — uy(t) — du;(t))?
+[vi(t) + dvi(t) — v;(t) — dv;(t)]°)
- (wi(t) + duy(t) — u;(t) — du;(t))

U = t,dr;(t—1) + t,dy;(t—1) + @ — (u;(t)+du;(t)),
V = tpda;(t—1) + 0, dy; (t—1) + 0 — (v;(t) +dv; (1)),

8EjFlow (Za t)

~ 2p: ()W (U24+V2)U
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Particle Video
i YTOUHEeHMe NooXXKeHns

PelleHne ypaBHEHUI OTHOCUTENBHO dxi,dyi:
1. dxidyi=0

2. BblducneHue ¥’
3. PeweHune CJ1IAY
4. [llepexoa K n.2
5. Xi=Xi + dXi

6. Vvi=yi+dyi
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Particle Video
i YananeHne ocobeHHOCTEN

= Ecnin E(i,t) > th, ocobeHHOCTb nomMeYaeTcs
KaK HanaeHHast HEBEPHO

= Ecnn ocobeHHOCTb | HAaNnaeHa BEPHO
MEHee YeM Ha Tpex Kaapax noapsa, To
OHa yaansieTcs.
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Particle Video
[1o6baBneHne ocobeHHocTen

= HaxoxaeHune cteneHn TeKCTypupoBaHus
o(x, y)=argmax(|1(x, y)- N(I(x, y);o ] <10)

O

= Ecnv pacctosiime ot nukcens (x,y) Ao
bnvxkanuen ocobeHHoCcTn bonblue
o(X,y), To 406aBnUTb (X,y) B CNNUCOK
ocobeHHOCTEN
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Particle Video
[1o6aBneHne ocobeHHoCTEN

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Particle Video
[1o6aBneHne ocobeHHoCTEN

o(X,y)
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Particle Video
[1o6aBneHne ocobeHHoCTEN

GRAPHICS & MEDIA LAB
VIDEO GROUP

= = = Particle Video: Long-Range Motion Estimation using Point Trajectories, 67
CS MSU Graphlcs & MEdla Lab (VIdeo Group) Petelr Sanld, Seth Tgller, gVPR, 2006, IEEE ’ ’



Particle Video
[IpnmMep paboThl
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VIDEO GROUP
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Particle Video
[IpnmMep paboThl
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Particle Video
[lpnmMep paboThl
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Particle Video
[IpnmMep paboThl
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Particle Video
[IpnmMep paboThl
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i Particle Video

= /IOCTOMHCTBA:
= BblCOKasd TOYHOCTb
= ObpaboTKa 3aKpbITUN/OTKPbITUM

= HepocTaTKu:
= O4yeHb HU3Kasa CKOPOCTb pPaboThl
= BblgeneHmne HeaocToBepHbIX 0COOEHHOCTEN
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= Good Features to Track, Jianbo Shi, Carlo Tomasi, IEEE Conference on
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7
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= Stable 2D Feature Tracking for Long Video Sequences, Jon? Seung
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= Combining local and global motion models for feature point tracklng,
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= High Accuracy Optical Flow Estimation Based on a Theory for Warping,
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