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1. Short answer questions [30 marks]

(a) - 4 marks Specify the mathematical form of a 2D homography. What classes of surfaces and
camera motions produce image homographics between two or more views?

(b) - 5 marks Define radiance and irradiance and specify the units in which they are expressed.
Define the bidirectional reflectance distribution function and specify how it is used to specify
the light reflected from a surface toward the camera.
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(c) - 4 marks Write the integral for the convolution of two 1D functionsf1(x) andf2(x)? Express
this operation in terms of the Fourier transforms of the two functions,f̂1(ω) andf̂2(ω)?

(d) - 5 marks In words (and figures if useful), explain the underlying signal model and assumptions,
as well as the three objective criteria, that are the basis for the 1D Canny edge detector?
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(e) - 4 marks What is meant bycoarse-to-fineoptical flow estimation, and under what conditions
is a coarse-to-fine scheme useful?

(g) - 4 marks What doesIT stand for in IT-search? And briefly explain what IT-search is.
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(f) - 4 marks What is the objective function for Ncut image segmentation?

2. Multiscale image transforms [12 marks]

Assuming that imagesI(x) are represented as pointsI in a vector space, we can express up-
sampling, down-sampling, and smoothing as matrix operations.

(a) - 4 marks Given a simple depiction of the form of matrices for up-sampling, down-sampling,
and smoothing.

page 5 / 15



(b) - 5 marks In terms of these matrices, show the recursive equations for the construction of the
Laplacian pyramid.

(c) - 3 marks From the Laplacian pyramid coefficients, write the recursive equations that can be
used to reconstruct the original image.
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3. Robust parameter estimation [14 marks]

Let’s say we wish to fit a 1D curvec(t) = a0 +a1t+a2t
2 to a set ofN observed 1D image locations,

{xj}N
j=1, in framestj , for j = 1...N . That is, you are given{(xj , tj)}j=1N . Further assume that we

measure error between the curve and the measurement asρ(c(tj) − xj) for a robust estimatorρ:

(a) - 3 marks Define theinfluence functionand theweight functionin terms of a general robust
estimatorρ(e).

(b) - 2 marks Using this function,ρ(e), write an objective function that you might try to minimize
in order to findc(t).

(c) - 3 marks Specify the mathematical form of a robust estimator functionρ(e) that you might use
if you are told that the data set has outliers.
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(d) - 6 marks For the specific robust estimator in Part (c) above, derive the weights for and specify
the form of an iteratively reweighted least squares solution.
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4. Optical flow estimation [14 marks]

(a) - 2 marks State and briefly explain the motivation for thebrightness constancy assumption?

(b) - 3 marks Given the brightness constancy assumption, derive the form of agradient constraint
equationfor image motion estimation.
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(c) - 6 marks Assume that the image is the sum of two drifting sinusoidal signals with spatial and
temporal frequencieskj andωj for j = 1, 2, and amplitudesaj :

I(x, t) = a1 sin(k1 · x + ω1t) + a2 sin(k2 · x + ω2t)

wherex andt denote 2D spatial position and time, and andk ·x denotes the usual dot product.

Formulate the brightness constancy equations in order to estimate constant image translationv

within a region containing pixels{xn}N
n=1. Place the equations in matrix form, giving names

to the matrices, and give 1 line of Matlab code to solve for the velocity.

(d) - 3 marks Specify under what conditions on the sinusoidal parameters,a1, a2,k1,k2, ω1, ω2, the
aperture problem occurs and one cannot uniquely constrain the optical flow.
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5. Epipolar geometry and camera calibration [17 marks]

Assume you are givenK 3D points{Xk}K
k=1, that project to 2D pixel coordinates{xL

k }K
k=1 and

{xR
k }K

k=1 in left and right images of a stereo image pair. The fundamental matrixF captures both
intrinsic and extrinsic information about the stereo camera geometry.

(a) - 1 marks How many corresponding points are required for Hartley’s eight-point algorithm?

(b) - 6 marks Derive the fundamental matrix in terms of the intrinsic and extrinsic calibration ma-
trices for the left and right cameras.
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(c) - 2 marks What is the maximum rank of the fundamental matrix?

(d) - 3 marks How many essential degrees of freedom (unknowns) are there in the fundamental
matrix? Briefly explain your answer.

(e) - 2 marks Briefly define the termepipolar line, and explain the relation between epipolar lines
and the fundamental matrix.
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(f) - 3 marks The change in coordinates from one camera to another can be expressed as a transla-
tion of the camera center and a rotation of the image plane. Show that epipolar lines obtained
from the fundamental matrix do not depend on the magnitude or sign of the translation between
camera centers.
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6. Orthographic factorization [14 marks]

Suppose you are given a collection ofK 2D image points inF frames, i.e.,{xk,f} for k = 1...K and
f = 1...F . Assume that the data are organized so that for eachk, the points{xk,f} for f = 1...F

are scaled orthographc projections of a 3D pointXk.

(a) - 3 marks Express the scaled orthographic projection ofXk ontoxk,f in terms of a projection
matrixMf . ExpressMf in terms of intrinsic and extrinsic camera parameters.

(b) - 4 marks Write the form of the data matrix and its relation to a factorization in terms of shape
and image projection matrices. What is the rank of the data matrix? Explain your answer.
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(c) - 3 marks Explain what is meant by affine reconstruction of shape, and explain the mathematical
basis for the affine ambiguity.

(d) - 2 marks Explain how properties of the projection matrixMf can be used to resolve the affine
ambiguity.

(e) - 2 marks What are the remaining ambiguities in the reconstruction?

END OF EXAM

page 15 / 15


