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ExAaM COMPUTER VISION, INMCV-08
November 8, 2010, 14:00 hrs
-0 040000010
During the exam you may use the lab manual, copies of sheets, provided they do not contain any notes.

Put your name on all pages which you hand in, and number them. Write the total number of pages you
hand in on the first page. Write clearly and not with pencil or red pen. Always motivate your answers.
Good luck!

Problem 1. (2.0 pt) Consider an image E with grey level distribution given by
E(ug,vg) = A sin{wug) )]

at t = 0 (up and vp denote position at ¢ = 0), with w the spatial frequency of the pattern, and A the
amplitude. The motion ficld in the image plane is given by

i=1, =2 @

a. (0.5 pt) Give an expression for E(u,v,t) (Hint: first obtain expressions for u(t) and v(t)).

b. (0.5 pt) Compute the observed temporal changes in irradiance 22 as a function of v and v (Hint: if

Bt
you did not solve part a., use the Horn-Schunck equation).

c. (1.0 pt) Given the temporal changes (optic flow) obtained in part b., can the motion field be recovered
completely using the Horn-Schunck equation? If not, would addition of smoothness constraints solve
this problem? Explain your answer,

Problem 2. (2.5 pt) Consider the following inference problem. Given a perspective projection of a cube
with three sets of four parallel ribs each, with unknown orientations B G and (2, and three
corresponding vanishing points X, Y, Z in the projection plane, see Fig. 1. Two of these points are known
( & (y)) = (1, 2), (ug),vgf)) = (0, —2). The camera constant f is unknown.
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Figure 1: Perspective projection of a cube with three vanishing points.

Compute the three orientation vectors 1 (X), @ (YD, 15 (%),
Hint: First compute the camera constant f.
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Problem 3. (2.5pt) A binary area opening I'y is a connected attribute filter, which removes all connected
components in an image with an area smaller than some threshold parameter A € R. The grey scale
counterpart -y, is computed by threshold superposition:

(A () = V{h < flz)|e € TA(XA ()} 3)
in which X} (f) is the threshold set at level h, given by
Xn(f) ={z € E|f(z) 2 h}. )

These grey-level area openings v, remove any regional maxima smaller than a given area A. We will study
the set of area openings {~,} indexed by area threshold A from R*.
Consider the six axioms of scale spaces, and the three for granulometries.

a. (0.5 pt) Argue that all 7y, are anti-extensive, i.e., (va(f))(z) < f(z)
b. (0.5pt) Argue that all -y, are rotation invariant

¢. (1.0pt) Show that the absorbtion property holds, i.e:
')’s(’)’t(f)) = '7Max(s,t)(f) Vs, t 2 0.

d. 0.5pt Argue that this granulometry is contrast invariant in the sense that

Yalaf) = an(f).

with ¢ an arbitrary positive constant.

Problem 4. (2.0 pt) Consider a spherical surface of radius r centered at the origin with equation

z2=d— /1%~ 22 92 z?+y? <r (5)

The surface is Lambertian with constant albedo pg = 1, and is illuminated by a light source at a very large
distance, from a direction defined by the unit vector (a, b, ¢), with ¢ negative. The camera is on the negative
2-axis. Show that the image intensity under orthographic projection is given by

azx + by — cy/r? — 22 — y?
Be,y) = = :

6

- ®)

“ If we measure the above light distribution in an image, and know the surface is Lambertian, can we
then infer that the surface has the form in (5)? Explain your answer.




