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Question 1. [75 points]

1. [5 points] Name the area of the retina that functicry well in
the day but poorly at night.

2. [5 points] Name the learning algorithm used in the Viola and Jones
face detection.

3. [5 points] The epipolar equation was encountered when trying to
solve which problem?

4. [5 points] What would be the difficulty with using Hough trans-
form to find ellispes in an image?

5. [5 points] What is the advantage of methods RRNSAC and M-
estimators?



6. [5 points] The corner estimator we descibed in class uses2a 2
matrix. Where else did we encounter this same matrix?

7. [5 points] In tvo occasions wedctored a matrix. In the one we
factored it in a product of a rotation matrix and a symmetric matrix
and the other in a product of a rotation matrix andesvsymmetric
matrix. What were these occasions?

8. [5 points] Name a situation where we need to factor a matrix into a
product of a rotation matrix and a triangular matrix.

9. [5 points] What is a practical approximation for the Laplacian of
Gaussian of an image.

10. [5 points] What algorithm was the integral image used in?



11. [5 points] What is the apperture problem?

12. [5 points] In the least squares formulation of the optical flo
problem we added somets terms. These were the squares of the
derwvatives of the flav. What was the purpose?

13. [5 points] Name the twvobsenations that alle us to educe the
eight solutions to the Structure from Motion problem to a single solu-
tion.

14. [5 points] What series of osamorphological operators do we use
to eliminate small holes in an object in a binary image?

15. [5 points] What problem did we use itevdly re-weighted least
squares for?



Question 2.
[60/75 points]

1. [15 points] The fundamental constraint for an optical #gstem

for a certain application is that the gradient (the vector of the spatial
derwvatives) of the intensity remains constant (as opposed to the inten-
sity remaining constant).

(1) Writethe flov equation(s) for this application.
(2) How mary equations and h@ marny unknowns?



2. [15 points]

Consider the abhe@ feature (in Vbla-Jones style). If you arewgh the
integral image, compute the feature. The weights-arer —1.



3. [15 points] An alternate way to denve the optical flev equation is
to start from the requirement of constant intensity expressed as

I[x+u,y+v,t+1] =1[X,Yy,t]

We want to decrease the sensitivity of the opticalvflsgjuation to
large interframe motion and we use a symmetric version of thexabo

u \Y u \Y
I[X+§,y+§,t+1]—I[X_E,y_é,t]

Derive this “new” optical flav equation using Taylor seriexgan-
sion.



4. [15 points] In a 2-D wrld, the rigidity equation and the structure
from motion look slightly diferent. First of all we cannot reas the
motion and depth from twvcameras

1 Explain very briefly wly we cannot receer motion and depth
from two cameras.

We will consider three cameras (or one camera three frames). The
rigidity equations for a 2-D world poiit are

P2 = R]_Pl +T1
P3 = R2P1 +T2

whereR; andT, is the motion between the first and the second cam-
era,R, andT, the motion between the first and the third camera and
P, P, andP; are the 2-D coordinates of the world point in the corre-
sponding camera coordinate systems.

2 Himinate the depths from the alejuations. Since there is no
cross product in tev dimensions, you can usg, and p3 to de-
note vectors perpendicular B and ps.



5. [15 points, GRADS] The Cholegkactorization decomposesyan
symmetric positie definite matrixA into

A=LLT
wherelL is an upper triangular matrix. Use this to decompose matrix
Q, where

Q=CR
andC is a calibration matrix an a rotation matrix.



