
Computer Vision (CSL840) Minor I February 5, 2005

Note: Answer Questions 1 and 2 in the class and submit the others within one week. Please
submit hard copies of your answers. If you collaborate with some of your class mates on the entire
paper, please submit jointly. Please include a declaration of degree of originality and indicate the
names of the people with whom you may have discussed and the extent of help you have taken. The
grading will be relative to your prior background in computer vision. Please note the programming
assignment in Question 10.

1. Try to find plausible explanations for

(a) why a portrait’s eyes “follow you around the room”. [Hint: Think in terms of an image
of an image]

(b) why images of “infinitely” distant objects like stars and the moon stay fixed on your
retina as you translate, but change with rotation.

2. Consider the three photographs in Figure 1 of the library area:

(a) (b)

(c)

Figure 1: Click on the images to obtain the jpeg’s.

1

http://www.cse.iitd.ernet.in/~suban/vision/minor1/math1.jpg
http://www.cse.iitd.ernet.in/~suban/vision/minor1/math2.jpg
http://www.cse.iitd.ernet.in/~suban/vision/minor1/math3.jpg


(a) Indicate how it may be possible to find the following information from single-view anal-
ysis of the photographs in (a) or (b). State if any additional information is required
(like a measurement in the world, or the camera EXIF information), or if the task is
impossible.

i. Affine measurements on any one of the faces of the ‘Mathematics’ building.
ii. Euclidean measurements on any one of the faces of the ‘Mathematics’ building.
iii. Ratio of the heights of the ‘Workshop’ and the ‘Mathematics’ buildings.
iv. The absolute location and height of the ‘Workshop’ building in Euclidean terms.
v. The angle of the plane at the top of the stair-case in the ‘Mathematics’ building.
vi. A Euclidean wire-frame model of the ‘Mathematics’ building including a model of

the ‘saddle’ structure at the top.
vii. The camera internal calibration matrix K.

(b) Assuming that the photographs in (a) are (b) are related by a pure zoom, indicate how
it may be possible to estimate the zoom factor.

(c) Assuming that the photographs in (b) and (c) are related by a pure rotation, indicate
how it may be possible to obtain the rotation angle and the axis of rotation. Also find a
transformation to interpolate an in-between image between the two in terms of a rotation
angle φ from the first image.

3. Show that a projective transformation can be decomposed into a chain of transformations
(Euclidean, affine, projective):

H = HEHAHP =
[

sR t
0T 1

] [
B 0
0T 1

] [
I 0

vT v

]
=

[
A t
vT v

]
with A a non-singular matrix given by A = sRB + tvT , and B an upper-triangular matrix
normalized as det(B) = 1. The decomposition is valid provided v 6= 0, and is unique if s is
chosen positive.

Show that HP (2 dof) moves the line at infinity; HA (2 dof) affects affine properties but does
not move the line at infinity; HE is a general similarity transformation (4 dof) which does
not affect affine or projective properties.

Show that the reverse order of decomposition is also possible though the values will obviously
be different.

4. Show that given two intervals on an imaged line with known length ratios the vanishing point
of the line can be determined.

5. Hartley and Zisserman [3] (pages 35,37) give a method for metric rectification of a planar
scene via the estimation of the dual conic C∗

∞ (see Figures 2(a) and 2(b)).

If the point transformation from the world to the image is x′ = Hx where the x frame is
Euclidean and the x′ frame is projective, C∗

∞ transforms as C∗′
∞ = HC∗

∞HT . Using the
decomposition for H

C∗′
∞ = (HPHAHE)C∗

∞(HPHAHE)T = (HPHA)(HEC∗
∞HT

E)(HPHA)T

= (HPHA)C∗
∞(HPHA)T

=
[

BBT BBTv
vTBBT vTBBTv

]
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(a) (b)

Figure 2: (a) original image (b) metric corrected [3]

Once C∗′
∞ has been identified on the projective plane, the rectifying homography can be

directly estimated. Writing C∗′
∞ as (use SVD)

C∗′
∞ = U

 1 0 0
0 1 0
0 0 0

UT

we get the rectifying homography as H−1 = U−1.

Hartley and Zisserman [3] suggest that we determine C∗′
∞ on the perspectively imaged plane

by specifying five orthogonal line pairs (shown in Figure 1(a)) and fitting a conic (using the
constraint lTC∗

∞m = 0). Let the five constraints marked in the image be (i), (ii), (iii), (iv)
and (v) in row major order.

(a) Show that the constraint specified by (iv) can be deduced from (i), (ii) and (iii).

(b) Can constraint (v) also be deduced from (i), (ii) and (iii)? If not, what extra information
does it provide?

(c) A student from a previous batch stacked up the five constraints in a 5 × 6 matrix for
conic fitting (see [3] - page 9). He claimed that the matrix is of rank 5. Is this possible
in view of the fact that one or more of the constraints can be deduced from the others?
Did he do some gadbadi?

(d) He also claimed that not only can he fit the conic, but his metric rectification was also
perfect. What do you think might be happening?

6. In [1], Criminisi et al. carry out an uncertainty analysis in Section 4 and suggest robust
estimation of parameters. Why do they minimize the Mahalanobis distance? Can a similar
analysis be adopted for the various computations in Assignment 1? Illustrate how.

7. Consider the methods for single view reconstruction in [1, 2].

(a) Note that in [1] the basic method for estimation of the camera projection matrix requires
the user to specify - (i) the vanishing line of a plane and (ii) the vanishing point of a
direction away from the plane. In contrast the basic method in [2] requires the user to
register two planes by clicking six points.
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(a) (b)

Figure 3: Click on the images to obtain the jpeg’s.

Are the two methods equivalent? Comment of how they may be different.

(b) Does the eight point method in [2] provide any extra information?

(c) Give an example of a situation where the method in [1] is more suitable than the eight
point method in [2].

(d) Give an example of a situation where the eight point method in [2] is more suitable than
the method in [1].

(e) Show that basic methods of probing length ratios along a reference direction used in the
two methods are essentially the same.

8. Akash et al. [2] present a method for single view reconstruction of a general surface of
revolution (SOR) assuming that the following are known - (i) the camera projection matrix,
(ii) the direction of the axis of the SOR and (iii) a point on the axis.

(a) Is a reconstruction possible if (iii) above is not known? Will there be any ambiguity in
the reconstruction?

(b) Is a reconstruction possible if nothing is known? (a good original answer to this question
will fetch an ‘A’ in this course straight-away).

9. Akash Kushal also claimed that given an image of an instance of the crescent moon, he can
recover the direction of the sun relative to the camera. Presumably he was assuming that the
moon is a spherical object. Is this indeed possible or was he doing bakwas? Does he need to
know the camera internals? Can he find these out?
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10. Programming:

(a) Develop Matlab code for the tasks of Question 2 above and demonstrate the results.

(b) Carry out a Euclidean reconstruction and construct a VRML representation for the
newly constructed Bharti-CSE building from the photographs of Figure 3.
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