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Basic Problem

® given: image sequence f(z,v, z),
where (z,y) specifies the location and z denotes time

¢ wanted: displacement vector field of the image structures:
optic flow (optischer Fluss) (‘:Ej;i)

Such correspondence problems are key issues in computer vision.




What is Optic Flow Good for?

\ 4

\ 4

estimation of motion parameters in robotics

reconstruction of the 3-D world from an image sequence
(structure-from-motion)

tracking of moving objects, e.g. human body motion

particle image velocimetry (PIV) in physics

analysing particle transport in the lung

efficient video coding




A Frequent Assumption: Grey Value Constancy

Corresponding image structures have the same grey value:
The optic flow between frame z and z + 1 satisfies

flz+u, y+v, 2+1) = f(z,y,2)

Linearisation by a Taylor Expansion:

® If (u,v) is small and f varies slowly, we have

0 = flr+u,yt+v,z+1)— flz,y,2)
= folz,y,z)u+ fylz,y,z)v+ folz,y, 2)

where subscripts denote partial derivatives.

® This yields the linearised optic flow constraint (OFC)

fau+ fyv+ f. =0
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At some given time z the optic flow field is determined as minimising function
(w(z.y), v(z.y))" of the energy functional

E(u,v) = f((‘;ﬂ;.-,a—|—f:i.J,*.'!-l—fz):E + o (l?u|?-|—|?.z,.|?1)d:::dy

LY

data term smoothness term

# unique solution that depends continuously on the image data (Schnorr 1991)
® method closely resembles variational methods for image enhancement (Lec. 18)
® regularisation parameter a > () determines the smoothness of the flow field:

e o — () yields the normal flow.

e The larger v, the smoother the flow field.




Optic flow computation using the Horn=Schunck method. (a) Top left: Frame 10 of a synthetic image
sequence. (b) Top right: Frame 11. (c) Bottom left: Optic flow, vector plot. (d) Bottom right:
Optic flow, colour-coded. Author: J. Weickert (2000).
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Backeround modeling using Updating background model at t=0
I3DFHEI

First frame at
=0

Foreground

Measuring the Similarity .
= - Detection

Computing I3DFHRI of the
current frame

Input frame
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Fig. 4. Qualitative performance comparison between three types of HRI's for various challenging situations: (a) original frames, (b) BHRI, () 3D HEL and {d) 3D FHRL
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