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

https://sites.google.com/a/eng.ucsd.edu/cse-166-fall-2013/
12:30-1:50pm Thursday November 7, 2013.

On this exam you are allowed to use a calculator and one 8.5”×11” sheet of notes. The total number
of points possible is 35. In order to get full credit you must show all your work. Good luck!

1. (10 pts) Indicate T for True or F for False for each question and provide a brief justification
for your answer.

(a) Luminance is 2D and Chrominance is 1D.

(b) The system H[f(x)] = xf(x) + (1− x)f(x− 1) is shift invariant but not linear.

(c) The first and last rows of the DFT matrix W are conjugates of one another.

(d) The binomial kernel is a discrete approximation to a Gaussian function.

(e) An even-symmetric function can be expressed exclusively as a sum of cosines.

(f) If f(x) is a box of width A, then f(x) convolved with itself is a box of width 2A.

(g) Trichromacy theory did not offer an explanation for color afterimages.

(h) Hysteresis thresholding and histogram equalization are roughly equivalent operations.

(i) The 128-point DFT of f(x) = 1 + cos(πx/2) has exactly 3 nonzero values.

(j) The Fourier transform of f(x) ∗ h(x) is given by F (u)H(u).

2. (5 pts) Consider the system H[f(x)] = 1
4 [f(x− 2)− 2f(x) + f(x+ 2)].

(a) Is this system linear? If it is linear, what is the impulse response?

(b) Is this system shift invariant?

3. (10 pts) As discussed in class, histogram equalization works perfectly in the continuous case,
but only approximately in the discrete case.

(a) What is the quantity that is either continuous or discrete in this problem?

(b) Write down the expression for histogram equalization in both cases.

(c) The transformation used in histogram equalization corresponds to a well known function
in probability and statistics. What is this function?

(d) Explain why histogram equalization only works approximately in the discrete case. Pro-
vide an illustration to support your answer.

4. (10 pts) Suppose you are given an image f(x, y) and you produce a new image g(x, y) by
subtracting f(x, y) from a copy of itself shifted one pixel to the right.

(a) Is this operation on f linear? Is it shift invariant?

(b) Writing this operation in the form g = f ∗h, what choice of h will produce the desired g?

(c) Let f represent an image of a black square on a white background. Sketch f and ‖g‖.
(d) Suppose you apply a 3× 3 median filter to g from part 4c. Describe the result.

(e) Explain how g is related to the gradient of f .


