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ECE 438 Exam No. 3 ' Spring 2013

. 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 two random variables X and ¥ which are jointly distributed
according to the following bivariate density function

2, 0<y<1-x,0<x<1

0, else

fxr(x:y)‘—‘{

a.  Sketch fi(x).
b.  Find the marginal densities f,(x) and £,(3).
(1) Cc. Are X and Y independent?

(15)d.  Find the mean and variance of X and Y and the correlation coefficient p,y
between them.
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17 April 2013 4 ECE 438 Exam No. 3

2. (25) Consider a random process comprised of an independent, identically

X,y —eo<n<eo with mean H#x and

2
variance Ox . Suppose we define two new random processes Y. and % according

to the equations

distributed sequence of random variables

1
Yn = E(Xn +Xn—l)

1
7 = E(Xn -X,.)

n

a. (15) Find the means Hyln]= E{Y"}’ Hzln]= E{Z"}’and autocorrelation

tylmnl=E{Y,Y },r,Imnl=E{Z, Z

functions m "} for these two random

processes.

b. (10) Find the cross-correlation function 'z Lm.n]= E{YmZ"
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Note: The solution for part a. below B I Page 5
is correct; but it is a brute-force AU“XZ [m]

approach. A much simpler and more

efficient way to solve the problem l’Xy[Vl] = h[n]* VXX[H]

would be to use the formulas from 1y [n] = h[n]# ry [-n]

the formula sheet shown to the right.

2. . E Z:Yh]: E[EL (Y “’Xu—l)] :‘—2L EZXM]+}!—E£XMﬂ]
:j,{,

ELZ.=EL3 Chu— )= 2 EDMT = €D =0

Y\r‘i KW/VO = E[\{W\Xn]

= EZ_ (%&VW{” Kot \) . ‘12” (Xw X )]

It

2 E [ Xon + YomXiag + Yot Yo +Xommt Yourt )

Zf omN, E DnXa)= ELXm Yua 1= TuPe py?
ET XYt T = ET Xona Y] = ED¥on) E Do) =t

7 Pegmn) = 7# (206" + 2 +2¢7) = é()"xz'l'}"xz

M e, EDfm %)= ED%r Xt J= i = E LK pust Yon]
ET¥%n Xh—i]: D_xl—!- /sz

{
=/ ey (M, n) = 74:_( %/M*nz =} WXL‘F}A,@Z ) = ’g‘;'ﬁ\xz ”"’/lel

H om=ntl  ED¥on oD = BT Yoy 1= oo o= @
E[\(\Mﬂﬁqj: Q)"xl-z“}/[xl

=2 | 2 2 3 1
=4 %9 (we,n) = I ( U + 0% + Mx >: YA'WZT}AX

ehse E [¥mYun) =B YouYu ) =EL Kurt Yu] =ET LYot Yur )= //ﬁc

;@sﬁf( g (mm) = % ‘Z],’(/Mx—f—}/tx f}Ax-{'JAx") }Ax


allebach
Text Box
Note: The solution for part a. below is correct; but it is a brute-force approach. A much simpler and more efficient way to solve the problem would be to use the formulas from the formula sheet shown to the right.

allebach
Stamp

allebach
Typewritten Text
Page 5


Page 6

_ r&% (WI,V\) = E[ng»]: EZ%(M"X’“‘!)%(M—XM-{ )]
= -ﬂ:* ELXm¥n —Yim¥uq — Yout1 X+ Yot X ]

, Usﬁu] A Q”WU'IW MMW

[ 2z T 7
Hom=n rerlmin) = (202 2uxt) = T 0y

I omend Nexlmn) =GP0 i — od= i) = - 7 o
l]c m=rH  Tgg bmw) = 7 (ape — = Ox- )=~ ou”

@ the P W)= o Cula d= " + ) =0

() P2 (mn) = ELNn %o J= ELE (Xym+¥m1) - S (X =oem )]
= 2 E L %m Yon = Xoma Yot + Yoma Yo = Yo ¥ont J
U(sfruj Yo cuwe oot o5 part ()
1f M= Yz (mu) = 0
Hom=wd razlmm) = F 00 — o) = = 0%
If ment] Pz ) = 2 ((OF 4t 1) = 20

else relmw) =g ("= -+ij2—//1>:‘> =0


allebach
Typewritten Text
Page 6


Page 7

17 April 2013 7 ECE 438 Exam No. 3

3. (25) Consider a voiced phoneme for which the time-domain continuous-time vocal
tract response v(¢) and corresponding frequency response (CTFT) V(f) are given

below.

NS V()

.
—p

L 4 s 1 ; ;_,; M
é/“b““) $ (kH*-’)
a. (7) Assume that the pitch frequency for the speaker is 200 Hz. Sketch what the
continuous-time domain speech waveform s(¢) would look like in this case. Be

sure to dimension all important quantities in the speech waveform.

b. (9) Suppose that we sample the speech waveform s(z) above at a 10 kHz rate,
and compute the short-time discrete-time Fourier transform (STDTFT) using a
window of length 25 samples. Carefully sketch the resulting spectrogram. Be
sure to dimension all important quantities in your plot. Is this a wide-band or
narrow-band spectrogram?

c. (9) Suppose that we sample the speech waveform s(z) above at a 10 kHz rate,
and compute the short-time discrete-time Fourier transform (STDTFT) using a
window of length 1,000 samples. Carefully sketch the resulting spectrogram. Be
sure to dimension all important quantities in your plot. Is this a wide-band or
narrow-band spectrogram?


allebach
Typewritten Text
Page 7




allebach
Typewritten Text
Page 8


Page 9

17 April 2013 9 ECE 438 Exam No. 3

4. (25) In class, we derived conditions for perfect reconstruction using an L-channel
modulated filter bank in which the /-th channel has unit sample response

h,[n]= ho[n]e'i 2l where h,[n] is the unit sample response of the O-th channel.

Thus the frequency response of each channel is just a shifted version of the
frequency response of the 0-th channel.

In this problem, we will consider the more general type of 2-channel filter bank
shown below:

Gy (o) @-» Channel 1 »@—»Hl(w)

x[n] { ylx]

+

G,(w) Channel 2 H, (o)

a.  (19) The filters G,(w) and G,(w) are referred to as the analysis filters, since
they analyze the signal x[n] into its constituent frequency components (in this
case, usually the low-pass and high-pass bands, respectively). The filters
H,(w) and H,(w) are called the synthesis filters, since they are used to
synthesis the complete signal y[n] from the frequency band components of
x[n]. Derive conditions on the frequency responses of these four filters that
guarantee perfect reconstruction with this system, i.e. y[n] = x[n].

b.  (6) Show that two ideal band-pass filters (low-pass and high-pass) with cutoff
at 7 / 2 radians/sample will satisfy these conditions.

Note that the channels at the center of the system are only shown to indicate where
quantization, coding, and transmission, or storage would take place. Here we are
only interested in the filter bank; so you should assume that both channels are ideal,
and have no effect on the signal.
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