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a.

ECE 438 Final Exam Spring 2016

You have 120 minutes to work the following five problems.
Be sure to show all your work to obtain full credit.

You do not need to derive any result that can be found on the formula sheet.
However, you should state that it can be found there.

The exam is closed book and closed notes.
Calculators are not permitted.

It will be to your advantage to budget your time so that you can write something for
each problem. Please note that the problems are arranged in the order that the topics
were covered during the semester, not necessarily in the order of difficulty to solve
them.

(25 pts.) Consider a system described by the following equation

yln]= %x[n] +y[n—1].

-

a. (8) Find the response y[#] to the following input
I 20
x[n]= J " .
l 0, else
b. (8) Find a simple expression for the frequency response H (@) for this system.

o

. (6) From your answer to part (b), determine simple expressions for the
magnitude and phase of the frequency response.

d. (3) Is this system bounded-input-bounded-output stable?
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1. (continued — 1)
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. ' . 1
2. (25 pts.) A discrete-time LTI system has transfer function H(z)= 22 +1 h
z"+
a. (5) Sketch the locations of the poles and zeros for this system in the complex z-

plane.
b. (15) Using the graphical approach, find the magnitude | H(w)| and phase

/H(w) at the frequencies w =0, 7 /4, 7 /2, and x radians/sample. You need

only simplify your answers to the extent that is reasonable without the aid of a
calculator.

c. (5) Find a difference equation for y[#n] in terms of the current and previous
inputs and previous outputs that could be used implement this system.
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2. (continued — 2)
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2. (continued — 1)
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3. (25 pts.) Consider a random variable X with density function

mx):{ o, J+f <1

0, else

a.  (6) Find the mean and variance of X.

Suppose we generate a new random variable ¥ = |X| .

b.  (7) Find the mean and variance of Y.

c.  (7) Determine the correlation coefficient p,, between X and Y.

d. (5) Find the density function f,(y) for Y.
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3. (continued — 1)
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4. (25 pts) Consider the 2-D signal f(x,y) =1+ cos(27(90x +10y)). Here the units of
x and yare inches.
a.  (7) Sketch what this signal would look like. Be sure to dimension all

important quantities. (Your sketch doesn’t need to be a piece of artwork. You
only need to convince us that you know what the signal looks like.)

We sample f{(x,y) with an ideal sampler at 100 samples/inch to generate a new
signal f,(x,p)=comby, o0 [£(x.)]-
b.  (9) Find a simple expression for the CSFT F,(u,v) of £ (x,y). Your answer

should not contain any operators. Sketch what the spectrum F,(u,v) would
look like. Be sure to dimension all important quantities.

We reconstruct a continuous-space version of £, (x,y) by convolving f.(x,y) with

the function /2 (x,y)= sinc(]OOx, 100 y) to generate the reconstructed signal
JACSHE

c.  (9) Find a simple expression for f:(x,y). Your answer should not contain any
operators. Sketch what £ (x.y) would look like. Be sure to dimension all
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4. (continued — 1) l% ?owm,
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5. (25 pts) Consider a spatial filter with separable point spread function A[m,n] given
below

h[m,n]| -1 0 1
-1 -1/8 -1/4 -1/8
m 0 1/2 1 1/2
1 -1/8 -1/4 -1/8

a. (10) Find the output g[m,n] when this filter is applied to the following input
image. You may assume that the boundary pixel values are extended beyond the
boundary. You need only calculate the output over the original 11x 11 set of
pixels in the input image.

0000 O0OO0OOO0OTO0OO0
06011 11100O0O0O0
01111110000
01111t 1 11000
0111 1t 1 11100
0111t 111110
01111111100
01111111000
01111110000
01111 100O0O0O0
000 0O0OO0OO0OOTOTG OO

b. (12) Find a simple expression for the frequency response H (x, v)of this filter,
and sketch the magnitude |H (4, v)| along the paxis, the v axis, the |1 = vaxis,
and the u=—vaxis.

¢. (3) Using your results from parts a) and b), explain what this filter does. Relate
spatial domain properties to frequency domain properties. Be sure to examine
what happens at each edge of the region of 1’s above, and how this relates to the
frequency domain, as well as what happens in the center of the region of 1’s and
in the border of 0’s that surrounds the non-zero portion of the image.
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5. (continued — 1)
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5. (continued —2)

b) H‘(/«,D): —i’CZ Cbs/g)([-(-]) — Z—(_OS/g

- h(/ﬁ,o)

“Zes UV

B C/":"v”‘a (Z i (/'/))(f-rcos ’U) - 1 (2 —cc>4/> ((‘”—05 7/): H[”/'v}
SOUM-Q aus a_éﬂ).e |
rical AerechR
- M)‘WF/)ZC/* (571&“;{;:5 s '(’(\QUC
) gm:tl ﬂC:/ )Wf [6;:} .(fa,ss ‘e tlhee mea,awhp/ JJMﬁhL nfﬂl(,j n,

a4 ..,..(eus\ e along A aud suvo st across Ap /Hso e center
5‘2’77 1 bCaxa,;e— ST [mul= 1('[‘\6 PC level (3 pres



