Lecture-17

Computing Optical Flow: Lucas &
Kanade

Global Flow

Lucas & Kanade (Least Squares)

» Optical flow eq
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Lucas & Kanade
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Comments

» Horn-Schunck and Lucas-Kanade optical
method works only for small motion.

* If object moves faster, the brightness
changes rapidly, 2x2 or 3x3 masksfail to
estimate spatiotemporal derivatives.

» Pyramids can be used to compute large
optical flow vectors.




L ucas Kanade with Pyramids

o Compute ‘smple’ LK at highest level
o Atlevd i
» Takeflow u, 4, v ; fromlevel i-1
* bilinear interpolate it to create u”, v*
matrices of twice resolution
e multiply u*, v* by 2
« compute f, from a block displaced by
Uy (Xy), v (x.Y)
* Apply LK to get u’(x, y), ' (x, y) (the
correction in flow)
» Add corrections u;” Vi’ ,i.e U= U+ U,
V=WV

f, pyramid

Pyramids

f, pyramid

U=u +u,Vv, =V +Vv,




Interpolation
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1-D Interpolation
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2-D Interpolation

f(xy)=a+ax+ay+raxy Bilinear
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Bi-linear Interpolation
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Lucas-Kanade

without pyramids

Failsin areas of large
motion
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Global Flow

Anandan

Affine
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Globa Motion

» Edtimate motion using all pixelsin the image.
» Parametric flow gives an equation, which describe
optical flow for each pixel.
— Affine
— Projective
» Globa motion can be used to
— generate mosaics
— Object-based segmentation

Affine
00) Image at t-1 ©0) Image at t
(1,2) 1.1)

u(x,y) =ax+ay+b

v(x,y):a3x+a4y+b2 X¢=X-U
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Affine

U(x,Y) =ax+a,y+h,
V(X Y) =a,x+a,y+b,

auu _ €3 azt)éxu+ 0, U
a u-e ué. u U
SVU eas a4ueyu 2 U

Spatial Transformations

rotation

translation

OB

Rigid (rotation and translation)
affine
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Anandan

u(x,y) =ax+ay+b,

V(x,y) =axta,y+b,  "Affine
ea, U
&
a(x,y)u_é&x y 1.0 0 VS 3
ooyl © 0 0 x vy itfag
€a,U
ux) =XX)a &.
Anandan
u(x) = X(x)a
fu+fv=-f
E(da)= & (f +f du)? &l
"X f (%) " ogr
E(da)= § (f, +f,Xda)?
"X f(xy)
min ﬂ
& X700, X pa=-§ X1, 1,
Ax=Db Linear system
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Basic Components

« Pyramid construction

e Motion estimation
 |mage warping

e Coarse-to-fine refinement
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|mage Warping

« Warping animage f into image h using
some transformation g, involves mapping
intensity at each pixel (x,y) inimageftoa
pixel (g(X),g(y)) image h such that

(x¢y9 = (9(x),9(Y))

» |n case of affine transformation,x=xy is
transformed to x¢=(x¢y§ as;

x¢=Ax+b

lmage Warping

X¢=X-U

=X - (AX +b) . f(X¢t- 1) . f(X,1)

[war f(X&t-2)

. (1- A (XC+b) = Xt

(AG (X Cth)= X¢
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|mage Warping

X¢=X-U=X-(AX+b)  |mageattimet: X
Xe=(1- AX-b |mage at timet-1: X’
Xt=AK-Db
X¢+b = AKX

(AY (X ¢+b) = X

(A)1(XGtb)=X€¢ X®® X@

lmage Warping

*How about valuesin are not
Integer.

*But image is sampled only at integer rows
and columns

 Instead of converting to  and copying
at we can convert

integer values to and copy

at
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|mage Warping

* But how about the valuesin are not
integer.

 Perform bilinear interpolation to compute
at non-integer values.

lmage Warping

(AQ H(XC+b) =X @
(XC+b) = (AQX @
Xe¢=(A)X® b X¢® X

17



Show Demos
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Video Mosaic

Video Mosaic
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Video Mosaic

20



Steve Mann

_ l!!ll! 5 weara!L wmpuie!!rmna |I'I'IEI |l‘|g system

Building

_ pmjective/prajective affine/projective
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Wa-Mart

Scientific American Frontiers
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Scientific American Frontiers

Head-mounted Camera at Restaurant
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MIT MediaLab

Webpages

o http://n1nlf1.eecg.toronto.edu/tip.ps.gz

Video Orbits of the projective
group, S. Mann and R. Picard.

e http://wearcam.org/pencigraphy
(C code for generating mosaics)
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