
Computer Science in Practice
Exercise No. 4

Due: Friday, June 22, Ross closing time

This exercise should be submitted in pairs. See submission instruc-

tions at the end of the exercise description.

In this exercise you will implement the Factorization method for 3D re-
construction under orthography (Tomasi-Kanade) in Octave:

1. Generate a sequence of random dots drawn from the surface of a trans-
parent cylinder rotating around its central axis: (1) Draw random
points from the surface of the cylinder. (2) Create F frames of these
points rotating around the central axis of the cylinder. The projection

matrix onto the first frame should be

(

1 0 0
0 1 0

)

). The points should

undergo a rotation around the central axis of the cylinder between any
two successive frames. The rotation angle between frames f and f + 1
should be randomly drawn between 0 and α for each pair of successive
frames.

function [W,R,S] = generate_cylinder(F,N,r,h,alpha);

% [W,R,S] = generate_cylinder(F,N,r,h,alpha);

% Generate a sequence of random dots drawn from the surface of a

% transparent cylinder rotating around its central axis.

% F is the number of frames to generate, N is the number of points,

% r is the radius of the cylinder, h is the height of the cylinder,

% alpha is the maximal angle between successive frames,

% W is the 2FxN observations matrix (containing the 2D locations

% of all points at all frames, R is a 2Fx3 matrix containing the

% first 2 lines of all rotation matrices, S is a 3xN matrix

% containing the 3D coordinates of the N points in the scene.
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2. Visualize the sequence you created. Write a function that gets the
matrix W as input and plots the sequence on the screen (plot all the
frames one after the other in the same figure with a delay of 0.1 seconds
between successive frames). You may want to use plot, axis, hold off,
sleep/pause.

function [] = plot_sequence(W);

% [] = plot_sequence(W);

% plot the sequence of points that the matrix W represents.

3. Use Toamsi-Kanade factorization to reconstruct motion parameters
and 3D structure from the matrix W :

function [M,S] = TK(W);

% [M,S] = TK(W);

% W is a 2FxN matrix containing the 2D locations of N points

% along N frames M is a 2Fx3 matrix containing the first 2

% lines of the 3D motion matrix at time F. S is a 3xN matrix

% containing the 3D coordinates of the N points.

Use the metric constraints to find M , S after you factorize W : Let
Mi be the ith row of the matrix M . The matrix M should satisfy
MiM

T
i = 1, MiMi+F = 0 (for i = 1 . . . F ). Align the first frame with

the X and Y axes of the 3D reference system (apply a rotation matrix

such that the first two rows of M will be

(

1 0 0
0 1 0

)

). You may use

the function alignMat that we supply.

4. Test the influence of noise on the accuracy of the 3D reconstruction:
Create a sequence of F = 20 frames with N = 100 points drawn from
the surface of a cylinder with radius r = 5 and height h = 10. The
maximal rotation angle between two successive frames is α = π/30.

Add normally distributed i.i.d noise to the matrix W (Compute W ′ =
W +E where Ei,j ∼ N(0, σ2)) for σ = 0, 0.1, . . . 2. Reconstruct the 3D
from the noisy matrix W ′.
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Plot a graph of the square reconstruction error (‖S − Ŝ‖2
F where S is

the true 3D structure matrix and Ŝ is the reconstructed 3D matrix) as
a function of σ.

What happens if you add correlated non uniform Gaussian noise to
the matrix W (for example if you add the 2D noise vector ei,j ∼

N(

(

0
0

)

,

(

1 0.5
0.5 1

)

) to the x and y coordinates of point j in frame

i) ? Explain. How do you compare the noise level between the cases of
diagonal and non diagonal covariance matrices ? You can use the func-
tion mvnrnd to draw samples from multivariate normal distribution.

5. A list of things to submit:

(a) Submit your code electronically in a tar file called ex4.tar. The tar
file should contain the files generate cylinder.m, plot sequence.m,
TK.m each containing the corresponding function. You may use
additional functions if you want, in this case include the relevant
files in the tar file.

(b) Submit a printout of the graph from question 4 with explanation
of the results and an explanation of the case of correlated non
uniform Gaussian noise. Make sure that your name, login name
and id are clearly written on your submission. Submit this paper
to the course box at -2.
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