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Question 1. [14 MARKS]
Give a short answer for each of the following questions.

Part (a) [2 MARKS] What is a homography between two images?

Part (b) [2 MARKS] Explain how the F matrix determines an epipolar line.

Part (c) [2 MARKS] What is the motion field, and how does it relate to optical flow?

Part (d) [2 MARKS] Give a summary of how to compute a Laplacian pyramid.

Part (e) [2 MARKS] Why is it important that images are not undersampled if you wish to accurately
track the images of objects?
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Question 2. [10 MARKS]

Consider estimating the translational component of optical flow given two images I(Z,t) and I(Z,t+1). You
can assume that these images have been cropped so that we only need to estimate a constant displacement
between these patches.

Part (a) [2 MARKS]

What is the brightness constancy constraint?

Part (b) [2 MARKS]

Given an initial guess iy for the displacement, so I(Z+dy,t+1) = I(#,t), what are the linearized brightness
constancy constraints that can be used to update the displacement? Derive a linear system of equations
for the update, say .

question continued ... on next page.
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Part (c) [2 MARKS]

How can a robust estimator p(e) be applied to the linearized brightness constancy constraints? In partic-
ular, write out the objective function to be minimized by the displacement update .

Part (d) [2 MARKS]

Derive an iteratively reweighted least squares algorithm for minimizing your objective function in part (c)
above.
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Question 3. [10 MARKS]

Consider tracking a given pigeon in an image sequence, where several frames of the sequence are given
below.

We are interested trying a simple form of tracking, which you think has a chance of performing reasonably
well (but is not necessarily optimal).

Part (a) [2 MARKS]

What state space would you use, and why?

Part (b) [2 MARKS]

What would you use to model the dynamics. Explain.

Part (c) [2 MARKS]

What would you use for the likelihood function, and why?

Question continued on next page.
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Part (d) [2 MARKS]

How would you maintain an estimate for the state parameters, along with their uncertainties? Explain.
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Question 4. [10 MARKS]

Suppose we wish to use photometric stereo to determine a 3D model of your face. In order to determine
the light source directions we have a sphere or radius R which is painted with white Lambertian (matte)
paint. Moreover, we can approximate the camera projection as an orthographic projection, with the center
of the sphere projecting to (z,y) = (0,0). Assume the center of the sphere is on the positive z-axis, and
this is imaged from the plane at z = 0. The radius of the image of the sphere is simply R, so the image
of the sphere maps to the disk in the image of radius R centered at the origin.

Part (a) [2 MARKS]

Assume we have a distant light source, with the light propagating uniformly in the direction L= (L1, Loy, L3)7
with Lz > 0. Given an (orthographic) image of the sphere taken with that light source direction (and the
geometry described above), what local property of the image brightness could you use to estimate the light
source direction L. Explain how you would estimate L from this local property.

Part (b) [2 MARKS]

Suppose the image brightness is contaminated by additive Gaussian image noise, say mean 0 and variance
02, which is independently distributed noise at each pixel Z. Describe a better way to estimate the light
source direction L.

question continued ... on next page.
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Part (c) [2 MARKS]

Given the light source directions (determined above), suppose you wish to image your face by placing your
head where the Lambertian sphere was. To model the images obtained using different light source direc-
tions, let 7i(Z) denote the surface normal at the point imaged to pixel . Describe in detail a mathematical
model for the image brightnesses as a function of 7i(#) and one light source direction L.

Part (d) [2 MARKS]

How many images with different light source directions do you need to use? Describe some of the sources
of difficulty you might expect in getting an accurate surface model.
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Question 5. [10 MARKS]

Suppose {fk}{f:l is a set of image edgel positions. Consider estimating an image line, namely the set of
image positions which satify 7’# = ¢ for some normal vector 7 and constant c.

Part (a) [2 MARKS]

Given a guess for 77 and ¢ with ||7i||s = 1, give a mathematical expression for the perpendicular error from
a point T and the line?

Part (b) [2 MARKS]

Write out the least squares objective function for the best-fitting line to the given data {@}5_;.

Part (c) [2 MARKS]

Explain how to solve for the best fitting line according to this least squares condition.

Question continued ... on next page.

Student #: _ Page 9 of 12 CONT’D. ..




CSC487/2503H1 F FINAL EXAMINATION December 2005

Part (d) [2 MARKS]

How can a robust estimator p(e) be applied to the perpendicular error? In particular, write out the
objective function to be minimized by the line parameters 7 and c.

Part (e) [2 MARKS]

Explain how RANSAC could be used to obtain a good initial guess for the line parameters 77 and c.
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Question 6. [10 MARKS]
Suppose (tk,yr) are the y (vertical) components of the image of a bouncing ball. Assume orthographic
projection. Between bounces we expect the observations to satisfy:

Uk =Yk — Yk-1, and vgipp — v = —C+ Ny, (1)

where n; is independently sampled Gaussian noise, with mean 0 and variance 2. Here c¢ is a known

constant which describes the gravitational acceleration. Assume the bounces are instantaneous.
Part (a) [2 MARKS]

Suppose we wish to use a graph-based segmentation method to determine the time intervals (¢x, t511) during
which the ball bounces. To do this, consider a single chain of nodes with values v, for k = 1,2,..., K. The
only edges in this graph are between successive nodes. The affinity between vg 1 and v should be high
when the change in velocities is consistent with gravitational acceleration (see above). What is a suitable
affinity function?

Part (b) [2 MARKS]

Formulate the Ncut objective function for this problem.

Part (c) [2 MARKS]

Suppose we wish to find the best partitioning of the graph into two parts, according to the Ncut objective
function. Since the graph is only one dimensional we can afford to try every possible cut. Specify the
algorithm.
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For scratch work.

Total Marks = 64
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