
CSE166 – Image Processing – Final
Instructor: Prof. Serge Belongie

https://sites.google.com/a/eng.ucsd.edu/cse-166-fall-2012/
3:00pm-6:00pm Wed. Dec. 12, 2012.

On this exam you are allowed to use a calculator and two 8.5” by 11” sheets of notes. Write all your
answers in your blue book. The total number of points possible is 40. Good luck!

Part I: Fill in the Blank (1 pt. per blank, 20 pts. total).

1. True or False: k-means is a key step of the Eigenfaces approach.

2. The of a covariance matrix represent the variances along each of the principal
axes.

3. A matrix is positive semidefinite if all of its entries are nonnegative.

4. The word ‘aperture’ is another word for ‘small hole’ in the context of optical flow.

5. True or False: The projection of the motion field of a moving object onto your retina is, in
general, the same as the measured optical flow.

6. If X is an n × k matrix with k < n, the trailing n − k eigenvalues of matrix XX> are equal
to .

7. The covariance matrix is the same as the centered moment matrix.

8. True or False: Huffman Coding assigns frequently occurring symbols short codewords.

9. True or False: the period of a waveform is inversely proportional to the spatial frequency.

10. The coefficients of the polynomial (x+ 1)n are also known as an n-tap filter.

11. True or False: an affine transform can transform a square into a trapezoid.

12. True or False: PNG is recommended for compressing pages of scanned text.

13. True or False: Lucas-Kanade optical flow includes corner detection as one of its processing
steps.

14. The purpose of the Hough Transform (as it was originally proposed) is to detect
in images.

15. True or False: Nyquist and DC refer to the same component in the DFT matrix.

16. Because the 2D DFT is , we can compute it by first transforming the columns
of an image and then transforming the rows of the resulting half-transformed image.

17. A so-called “Ideal” lowpass filter may be a perfect box in the frequency domain, but in the
spatial domain it produces an undesirable artifact known as .

18. True or False: Any even-symmetric function can be expressed as a weighted sum of cosines of
different frequencies.

19. A weighted coin with P (H) = p and P (T ) = 1 − p has maximum entropy when p is equal to
.

20. True or False: A 2D median filter is linear but not shift invariant.
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Part II: Written problems.

1. (6 pts.) This problem pertains to the basic stages of Canny edge detection.

(a) What method did we use to pre-process the image for noise reduction?

(b) What operation did we apply to look for the presence of possible edges?

(c) How did we threshold the output of the preceding step to get a final result?

2. (8 pts.) This problem pertains to clustering. Assume you have a simple, cartoon-like color
image depicting a house, a lawn, a tree and the sky.

(a) What method did we learn in class to perform unsupervised clustering of data into k
groups?

(b) Describe how to use this method to partition the image approximately into groups roughly
corresponding to each object.

(c) Suppose there is a ball on the lawn that is the same color as the sky. Describe two ways of
ensuring that the ball will not get lumped into the same group as the sky (i) by modifying
what you give to the clustering algorithm and (ii) by postprocessing the output of the
clustering algorithm.

(d) This clustering approach is known to produce some undesirable behavior in image regions
that have smooth shading, e.g., if the sky color varies from light blue to dark blue from
one side of the image to the other. What is the name of this phenomenon? What simple
method of fixing it did we discuss in class?

3. (6 pts.) You are given an image f(x, y) of size 256 × 256 and a kernel h(x, y) of size 15 × 15.
Explain the steps necessary to compute the convolution g = f ∗ h using frequency domain
filtering, with zero padding to avoid aliasing. Provide clearly labeled illustrations to support
your answer.

4. (10 pts) Consider the 7 × 7 binary image shown in Figure 1 in which black=1 and white=0.
Assume the top left coordinate is (0, 0).

(a) Sketch the Hough Transform for this image using the normal line (ρ, θ) parameterization.
On your drawing, let ρ range from 0 to 10 and let θ range from −π/2 to π/2.

(b) Indicate the points of intersection on your sketch and explain what they represent in the
input image.

(c) Now suppose you compute the scatter matrix C for these 5 points. Write down the entries
of C. How would C change if you were to remove the pixel at (3, 3)?

Figure 1: 7 × 7 binary image. The coordinates of the five nonzero pixels are: (0, 3), (3, 0), (3, 3),
(6, 3), (3, 6).
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