ECE468: EXAM 1

NAME:

INSTRUCTIONS

« This is a 45 minute exam containifgHREE problems: 1.1-1.5; 2; and 3.1-3.2

« For the exam, you may use the textbook, one letter-size belets calculator, and pens/pencils

« Cheating during the exam will result in a failing grade foe thntire course

Problem | Max points| Earned points
1.1 30pts
1.2 Spts
1.3 10pts
14 20pts
1.5 5pts
2 20pts
3.1 20pts
3.2 10pts
TOTAL 120pts




flz,y) —— H(u,v) —— g(z,9)

Fig. 1. A discrete-space system.

Problem 1 — @5pts)

Consider a discrete-space system, shown in Fig. 1, wherey) is input,g(z, y) is output, andd (u, v)
is the filter transfer function in the frequency domain, defiras

H(u,v):%[sin(%ru/M)—sin(QWU/N)], vu=0,1,....M—1, v=0,1,...,N—1.

The input image is corrupted by stationary, additive, Gausroise,n, as f(z,y) = fo(z,y) + n, where
fo(z,y) is the original image. It is known that noisghas the Gaussian distribution with meanand
variancecs?, and that it is stationary.

1.1. (30pts)

Compute the nine elements 8fx 3 spatial filteri(x,y) that represents the spatial-domain equivalent
of H(u,v).



1.2. (5pts)
Can we usé:(z,y) for image smoothing? Why?

1.3. (10pts)

Compute the expected value and variance of input imggey), where the original imagef(z,y),
is assumed deterministic. I§x,y) stationary?



1.4. (20pts)
Compute the variance of the output image:, v).

1.5. (5pts)
Does filterh(x, y) reduce the noise? Why?
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Fig. 2. Probability density functions of pixel values: {Jeb.(r) is for the input image; (rightps(s) is for the
output image.

Problem 2 — Q0pts)

Suppose we are given an image with pixel intensities in thenal [0, 1]. The values of pixels in
the image,r, are characterized by a probability density function (pgf(r) = 2r for » € [0,1], and
pr(r) = 0, otherwise. Our task is to transform the intensity levelshi$ image, so the pixel values in
the new images, are characterized by another pgf(s) = 3s? for s € [0, 1], andp,(s) = 0, otherwise.
The plots ofp,(r) andp,(s) are shown in Figure 2. Assuming that pixel values can takeimoous real
values in[0, 1], find this transformation in terms of inputand outputs values.



Problem 3 — @0pts)

Let Fi(u,v) and Fy(u,v) denote the DFT of imageg (x,y) and f»(z,y). The relationship between
these two images is given in the frequency domain as

sin(3mu) sin(37v)
3mu 3w '

Fi(u,v) = Fy(u,v) (2 -

3.1 (20pts)
Compute the relationship betwegn(x, y) and f»(z,y) in the spatial domain.



3.1 (10pts)
« Which image,f;(x,y) or fo(x,y), will have sharper edges? Why?

« What is the name of filtering that transfornig(x, y) into fi(x,y)?

« Which image, fi(z,y) or fo(x,y), will have sharper edges if their relationship in the fragme
domain has changed to

Fiw.) = Fy(u, o) <1 ~ sin(3ru) sin(37rv)) |

3mu 3mv



