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Good features to track









SPATIAL SMOOTHNESS OF OPTICAL FLow




L

The brighter, the bigger flow magnitude.



RECALL: LOCAL PATCH TRACKING

Neighboring pixels move similarly.

{I (XY, ’t)}(xi,yi JeN (x,y) {I (X yi”t)}u;,yneN(x’,y')

# of unknowns: 2

# of equations: # of pixels in the local patch




ASSUMPTION: CONSTANT MoTion

Neighboring pixels move similarly.

{I (%; yi’t)}(xi,yi JeN (x,y) {I (

# of unknowns: 2

/ /

X, Yit

)}(Xi,'yi,)GN (x"y")

# of equations: # of pixels in the local patch



ASSUMPTION: CONSTANT MoTion

Neighboring pixels move similarly.

{I(xi,yi,t)}( e y;’t)}(

Xy )N (x,y) X, ¥)eN (X,

# of unknowns: 2

# of equations: # of pixels in the local patch



DENSE OPTICAL FLOW

Optical flow equation:



DENSE OPTICAL FLOW

Optical flow equation:

IX‘i,j Ui+ Iy‘i,jvi:j :_It‘i,j

<
NN [N
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Spatial smoothness constraint:

2 2 2 2
(ui,j _ui—l,j) +(ui,j _ui+1,j) +(ui,j _ui,j—l) +(ui,j _ui,j+1)

2 2 2 2
(Vi,j _Vi—l,j) +(Vi,j _Vi+1,j) +(Vi,j _Vi,j—l) +(Vi,j _Vi,j+1)



DENSE OPTICAL FLOW

<
NN [N

Optical flow equation:

IX‘i,j Ui+ Iy‘i,jvi:j :_It‘i,j

Spatial smoothness constraint:
[vul
2
[vv]



DENSE OPTICAL FLOW

Objective:
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inimi L+ 1+ 1) +Avu [+ 2wy [
m!mml}zezzj:( U+ L+ 1) + A v [+ A v |

Optical flow eq.  Spatial smoothness




DENSE OPTICAL FLOW

Objective:

A
NN [N
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m|n|m|zeZZ( u+ 1,y + I ) +2|vu, H —I—Z.HVVIJH

U Vi X0,

Optical flow eq.  Spatial smoothness

Taking derivative w.r.t. ui’j ,vi’j

L (L + 1V + 1, )= AV2, =0

X, j

L (LU, + 1, +1)=AV?y, =0

X,

2 2
Laplace operator: V* = a_2+a_2
oX°~ oy



RECALL: LAPLACE OPERATOR
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Second order derivative of Gaussian,
a.k.a., Laplacian of Gaussian



DENSE OPTICAL FLOW

Objective:
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... I 2 Z 2 A 2
mgmml}zezilzj:(lxui]j+vai,j+ )+ AV |+ AV

Optical flow eq.  Spatial smoothness

Taking derivative w.r.t. ui’j ,vi’j

L (L + 1V + 1, )= AV2, =0

X, j
2
L (LU, + 1, +1)=AV?y, =0
o’u ou 1
Laplace operator: V2u aF A zZ(ui—Lj Py U U ) - U

Weighted average of neighbors



DENSE OPTICAL FLOW

Objective:
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m|n|m|zeZZ( u+ 1,y + I ) +2|vu, H —I—Z.HVVIJH

{ui j.vi ; X7

Optical flow eq.  Spatial smoothness

Taking derivative w.r.t. ui’j ,vi’j

L (L + 1V + 1, )= AV2, =0

X0,
L (LU, + 1, +1)=AV?y, =0

X0, j

2

u _

Laplace operator: VZu = a_2+a_2 U ;= Ui
oy

Weighted average of neighbors



DENSE OPTICAL FLOW
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L (L + v+ 1) =20, -u,)

L (L, + 1y + 1) =A@, v, )
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DENSE OPTICAL FLOW

|(|u +1v +1,

X0, j
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U(km4+hw4+h)—ﬂﬁ;—VJ=0
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(I-+l)u +1 1y, =40~ 11,

X'yl
—>

xyTij

L1y +Uy+lwu=ﬂWr4ﬂt

# of unknowns: ?
# of equations: ?



DENSE OPTICAL FLOW

(LU, +1,v, + 1) =A@, -y, ) =0

Yl
. x IV(IXUU+vai,j+|t)_/1(\7i,j—Vi,j)=0
& (12+2)u;+1,0v = AT, — 11,

Xy|J
—>

L1y +Uy+lwu=ﬂWr4ﬂt

Xy|J

# of unknowns: ?
# of equations: ?

Are we done?



DENSE OPTICAL FLOW

|(|u +1v +1,

X0, j

v
>:
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U(km4+hw4+h)—ﬂﬁ;—VJ=0
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(|+z)u-+||v NN

X yUi,j ij Xt

—>

LU+ (12 + ), =47, 1

xyTij

# of unknowns: ?
# of equations: ?

Are we done?  No, because the solution u. i Vi depends on
neighboring pixels. |

— The neighboring pixels need to be updated.



DENSE OPTICAL FLOW

p | (Ixu”+l v, +|) AT, —u; ) =0
e ] L (L, + 1, + 1) =A@, —v, ) =0
i, |
P (12+2)u;+1,0v = AT, — 11,
—>
LU+ (12 +4)v, =47, - 11,
uik.”:Ui".—I (Ixulj+2va|;+I )
. ! A+15+1
|(|Xu,+|v,+|) o
VAN y A L Update all pixel simultaneously
R A+12+1

. x T ly until converges.
new old



https://www.youtube.com/watch?v=ssINeWRb58M

https://www.youtube.com/watch?v=JSzUdVBmQP4



https://www.youtube.com/watch?v=ssINeWRb58M
https://www.youtube.com/watch?v=ssINeWRb58M
https://www.youtube.com/watch?v=JSzUdVBmQP4
https://www.youtube.com/watch?v=JSzUdVBmQP4

