20 April 2016 Name:

ECE 438 Exam No. 3 __ Spring 2016

*  You have 50 minutes to work the following four problems.
*  Be sure to show all your work to obtain full credit.

. The exam is closed book and closed notes,

*  Calculators are not permitted.

1. (25 pts.) Consider a random variable X with density function
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fx(x)={ |II< ) ?(f-’.
0, else

a. (9 Find the mean and variance of X .
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Suppose we generate a new random variable ¥ = Q(X) by quantizing X accordmg |
to the following quantizer: ‘
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b.  (8) Find the mean and variance of ¥, 3%

¢.  (8) Determine tEc correlation coefﬁcienf! Pyy between X and Y. :_éi{
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1. (continued - 1)
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2. (25) Let X[n] be a wide-sense stationary sequence of random variables with zero
mean and autocorrelation function

1, n=0
ralnl=4=, |n|=
0, else

Suppose that this sequence is processed with the following filter to generate the
output sequence ¥[n]:

y[n]= %{x[n] +x[n—1])

2. (3) Find the mean of the sequence Y[x].
b.  (12) Find the cross-correlation r ,,[n] between X and Y.

c.  (10) Find the autocorrelation 7yy(n] of the output Y.
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2. (continued - 1)
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5.0

(25) Consider the continuous-time signal

x(1) = 1eP, 100 [ rect (¢ / (1/200) ] cos(27(8300)z)

a. (4) Sketch x(t). Be sure to label all-important quantities. Assume that the units
of the time variable ¢ is seconds.

b. (5) Using transform relations, find a simple expression for the CTFT X(f) of
x(2). '

c. (4) Sketch X(f).Be sure to label all-important quantities.
d. (4) Suppose that x(z) is a model for a speech waveform for a voiced epoch of
speech. What would be the vocal tact response, pitch period, and formant

frequency?

Define the short-time, continuous-time Fourier transform of x(#) as

X(f )= [ x(rwe-v)e " dr
where for our particular problem, the window is defined to be
w(T)=rect(T/(1/200).
e. (4) Find a simple expression for X(f,0).

f. (4) Find a simple expression for X(f,1/200).
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3. (continued - 1)
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3. (continued - 2)
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4. (25) Consider the 2-channel filter bank shown below
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Assume that (@) =G, (@), H,(®w)=G,(w), and these filters have frequency
responses as shown below:
G,() G (@)
1 1 ’
= \

.
wl2 T om iz T w

Here we assume that G,(@)=G,(-w) and G,(w)=G,(-w), and of course, the

frequency responses are periodic in @ with period 27 . Assume also for purposes
of this problem, that Channels 1 and 2 do nothing, i.e. they are identity functions.

Suppose that the DTFT X(@) of the input x[n] to the filter bank is given by:

X{w)
1

] >

T/?2 T m

Define the DTFT of the signal at points (a)-(i) in the filter bank diagram above as
X, (@), where k=a,b,c, ..., 1. Note that X.(®)=¥(m).

Sketeh X, (@), for all nine cases, where k=a, b, ¢, ..., i. Be sure to label all

important dimensions in your sketches. (The plots are worth the following: (a) and
(b) — 5 pts, (c) and (d) - 5 pts, (¢} and (f) - 5 pts, (g) and (h) - 5 pts, (i) - 5 pts.)
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4. (continued - 1)
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4. (continued - 2)
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