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Homogeneous
objects
generate zero
optical flow.
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Fixed sphere.
Changing light
SOUrCeE.

Non-rgid
texture motion
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3D -> 2D orrTikn pon

CCD 3D motion vector

2D optical
flow vector

u= (H;if)
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3D -> 2D ormrrikn po

Image velocity of a point moving in the scene

X~ r ; ) dl'o
Scene point velocity: v =
Vl-5t do Cl’t
r.
T— Image velocity: v, =—
dt
. . 1 r
Perspective projection. —r, = —
! r -Z
Motion field
V. = dri _ fv (ro °Z)Vo _(Vo 'Z)l‘o _ fv (ro XVO)XZ
i r, 2) 2]
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3D -> 2D omrTikn pon

Ideally Optical flow = Motion field

AANNayr ewTiouou -> Kivnan avTIKEIMEVWY;

Kivnon @wTIOTIKOU anpeiou -> Kivnon QvTIKEIMEVWY,;
Kivnon kauepag -> Kivnon avTIKEIMEVWY,

AANayn eoTiaong -> Kivnon avTiKEINEVWY;




Orrrikn pon — YmoOsoeic

I(x,y,t)=U(x+dx,y+dy,t+1)




Orrrikn pon — EmiAuon

(x+uot,y+v or)

e ical Flow: Velocities (1, V)
(%, ) (x,7)

Displacement:
(ox,0y) = (u ot,v ot)

— Assume brightness of patch remains same in both images:

timet timet + Ot

E(x+uot,y+vot,t+ot)=E(x,y,t)

— Taylor:

E(x,y,t)+5xa—E+5ya—E+5ta—E=E(x,y,t)

OxX oy ot e
=



Orrrikn pon — EmiAuon

5xa—E+5ya—E+5 ok _ =0
Ox oy ot

Divide by or and take the limit or — 0
dx OE a’y 8E ol 0

di ox  di oy ot N
Constraint Equation | \
‘ E.ut+tE, v+E =0 " o

N\

u
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H egiowan 0gv AuveTal OI0TI £XOUHE OUO AYVWOTOUG %



EmiAuon: Lucas Kanade

Y1ro0eon: 2.€ YEITOVIKQ emovgqgmxam TQ U,V
TTaPAEVOUV OTABEPQ

AouAeuw o€ PIKPAG TTapaBupa:

E =Y, u+l, v+E)

c 4



Solving the aperture problem

* Least squares problem:

- I:(p1) Iy(p1) - Ii(p1) ]
IL:(p2)  Iy(p2) M _ | L) | A d=b
: : v | : 25x2 2x1 25x1
I:(p25) Iy(p2s) 1i(p2s) |
* When is this system solvable?
-
B. Lucas and T. Kanade. m/ﬁm

In Proceedings of the International Joint Conference on W
Intelligence, pp. 674—679, 1981.


http://www.ri.cmu.edu/pub_files/pub3/lucas_bruce_d_1981_1/lucas_bruce_d_1981_1.pdf
http://www.ri.cmu.edu/pub_files/pub3/lucas_bruce_d_1981_1/lucas_bruce_d_1981_1.pdf

Lucas-Kanade flow

Do dxly Y Ixly w | | ey
> Ixly > Iyly v | > Iyl

Al A Alp
e M=A'A Is the second moment matrix

* The system is solvable by looking at the

eigenvalues of the second moment matrix

* The eigenvectors and eigenvalues of M relate to edge
direction and magnitude

* The eigenvector associated with the larger eigenvalue
points in the direction of fastest intensity change, and the

other eigenvector is orthogonal to it
s%,.‘



Uniform region

— gradients have small magnitude

—small A,, small A,
— system is ill-conditioned
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High-texture or corner region

e e T e | ——
e - E
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— gradients have different directions, large magnitudes

— large A,, large A, e
— system is well-conditioned %




Errors in Lucas-Kanade

* The motion is large (larger than a pixel)
— lterative refinement
— Coarse-to-fine estimation

* A point does not move like its neighbors
— Motion segmentation

* Brightness constancy does not hold

— Exhaustive neighborhood search with
normalized correlation

c 4
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