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EE 438 Exam No. 3 Spring 2000

. 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 permitted.
1. (25 pts.) Let X and Y be two independent random variables which are each
uniformly distributed on the interval [0,1). Define a third random variable Z=XY.

a. (12 pts.) Find the mean and variance of Z.
b. (13 pts.) Find the correlation coefficient between Z and X.
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1. (continued)
b) (cont.)
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2. (20 pts.) Design a complete digital system that will generate a voiced phoneme with
a pitch frequency of 100 Hz, a first formant frequency of 2 kHz and a weaker
second formant frequency of 1 kHz. The digital system is to operate at a sampling
frequency of 8 kHz. Be sure to show full details of the system, including:

a. (10 pts.) a fully labeled block diagram
b. (7 pts.) pole and zero locations for any digital filters that are required.

As in any design problem, you will have to make some choices. I have not provided
sufficient information to uniquely specify the solution.

c. (3 pts.) For the signal generated by your system above, sketch what a
narrowband spectrogram would look like.
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2. (continued)
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3. (30 pts) Consider the STDTFT defined as
X(w,n)= Zx[k]w[n - k]e_jWk ,
k

where x[n] is the speech signal and w[n] is the window sequence. Let
cos(n/3), n=-100,...,100
x[n]=
0, else

and
1, n=-10,...,10
win] = 0, else

a. (20 pts.) Find the magnitude of the STDTFT for Inl < 90.
b. (2 pts.) Find the magnitude of the STDTFT for Inl > 110.
c. (3 pts.) Sketch the spectrogram corresponding to X(w,n)for all a.

Now suppose we define a new signal y[n] according to

y[nl= ix[n —400k]

k=—00

where x[n] is defined as above.
d. (4 pts.) Sketch the spectrogram corresponding to this signal for all .
e. (Il pts.)Is it a wideband or narrowband spectrogram?
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3. (continued)
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4. (25 pts.) In class, we talked about linear prediction in a deterministic setting. It is
also possible to define a linear predictor for a random signal. Let X[n] be a wide-
sense stationary random signal with the following autocorrelation:

1, n=0,

2/3, Inl=1,

ryy [n]1= E{X[m]X[m+ n]}= 173 Inl
0, else.

Let X [n] be a linear predictor for X[n], based on the observed values of X[n—1]
and X[n-2], i.e.

X[nl=aX[n—1]+ bX[n - 2],

where a and b are constants. Find values for a and b that will minimize the expected
mean-squared error:

£ = E{Iﬁ[n] -~ X0l }

£ = a1(axtn-(j+5x[h_zj_Mj)q.—i

= €3 02X [n-1 4+ 2abX0n-13 Xln-2] - 2 a X[nr - ] XL
+b* X*lh-2] - 2b Xln-2) X[, ] + X2[n] §

- 2
= a" 4 zab % -24.2 +b* -2b.L +
dlo 3 4 -3
4 4
a 4 \W\~! T4
3 —| 3 S Q ~ z 3 3
2 =
£ =z ]lk) |3 b 1 2 %
2z 4\ | -4 _4 q_
3 - I = 3 |4 2 3 _ |
3 2 R i SR B S N Y
s

|\»

by

—



October 20, 1999 8 EE 438 Exam No. 2

4. (continued)
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