Assignment 7: Optical Flow

December 3, 2009

In this assignment, you will implement a version of the Luanade optical flow
algorithm.

In this assignment, you are given the first two frames of theWwer Garden” video.
You can see the whole video as an mpeg movie on the course tgemsdier the “links”
section. The frames provided on the course web site havedtersd in as gray-scale
images in a 3-dimensional array, where, as usual, the ficstitmensions are rows and
columns, and the third dimension indexes time (in this casetFl t=2). Load this
.mat file into matlab.

Next, you will be implementing the Lukas-Kanade optical flagorithm. The goal
will be to estimate the optical flow at a certain set of poilRemember that for Lukas-
Kanade, for each flow vector that you estimate, you will beoslg a region over
which to analyze the two images. If we had more time, | wouldehgou experiment
with different sized regions, but since we are short on tilfigell you how large to
make these regions. For this assignment, | want you to usensthat are 15 pixels
by 15 pixels, anghon-overlapping That is, since the input images are 360 by 240, you
should have an array of 24 by 16 optical flow vectors at the éydur procedure.

The Lukas-Kanade algorithm works by trying to find an optitalv vector with
the components andv for each region that minimizes the error of the followingiegr
of equations:

Equ+Egv=—E' (1)
Efu+Ejv=—Ef 2)
Efu+EJv=—E? (3)

S (4)

EZ%%u+EJ%V = —EP%°. (5)

Recall thatE} is the estimate of the image derivative in the horizontagction at
the first pixel in the image patdihence the superscript “1”). For the purposes of this
assignment you can just take that to be the difference betwex first pixel and the
one immediately to its right. (NOTE: You will have to do soimeg special for the
image regions that are on the rightmost edge of the imageg #ifose regions will not
have a pixel immediately to the right of the rightmost pixBlo whatever you like to
deal with this. It won’t have a major impact on the resultdipTast index is 225 since
there 225 pixels in the image region being analyzed.



This equation can be rewritten in matrix form as

\Y

A[u}:b, (6)

where
El  El
Ef E/
A=| E} FE
g225 £225
and
,Etl
_EtZ
b=| -E
s
Since you are trying to solve for two unknowns with 225 equaj there are in
general no values af andv that will satisfy these equations. To find the “best fit”,

i.e. the values ofi andv that will generate & = A \Lj , such thab — b has smallest

magnitude, the idea is to use the so-called “pseudo-invefsa.
The derivation of the pseudo-inverse goes like this. flLrepresent the flow vector
with componentsi andv. Then we have:

Af~b (7)

ATAf ~ATb 8

(ATA)IATAf ~ (ATA)1ATD (9)
f~ (ATA)"!ATh. (10)

The expression
(ATA)~IAT

is called thepseudo-inversef A, and you will be happy to know there is a function in
matlab to compute the pseudo-inverse. The functiqu () .
Your job is to for each region in the image:

1. Compute the matriA and the vectof.
2. Compute the pseudo-inversefof
3. Provide an estimate ofandv for each image region by calculating the vedtor

Final part of assignment. When you have estimate farandv of each patch, now
it is time to display them. There is a command in matlab cajléd/er () which plots
a set of two-dimensional vectors as arrows on the screentofigure out how to use
this to plot your optical flow results.
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Figure 1:Lucas-Kanade flow between first two images of garden sequence

IMPORTANT: quiver is difficult to use, because it works withyxcoordinates
rather than row,column coordinates. Also, a small value &f &t the bottom of the
screen, whereas for a row coordinate, a small value is platt¢he top of the screen.
This makes it quite confusing to use. | suggest using theéoreis quiver with 4 ar-
guments, and providing explicit x and y coordinates for efémi vector that you are
plotting. You can create the x and y coordinate matricesgusidouble loop.

Turn in your final plot of your optical flow vectors. Here is vitmaine looked like:



