19 April 2004 Name:

ECE 438 Exam No. 3 Spring 2004
. You have 60 minutes to work the following four problems.
. Be sure to show all your work to obtain full credit.
. The exant is closed book and closed notes.
. Clalculators are permitted.
L. {25 pts.) Consider a random variable X with probability density function £ (0
shown below,
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a. (8 Find the mean & and variance Py for this random variable.

b, (6) Suppose that we quantize X to the two output levels =143 and 173, Find the
IMCAN S(UATS QUANLIZanion error using the approximate expression derived in
class.

¢. (2) Find the signal-to-noise ratio due quantization based on your answers above.

d. (9) Find the exact mean-sqguare quantization error,
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I {continued)
d) €ms = j(a(&)-%)z—ﬁx(x)dx
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2. (25 pts.)

Consider two random variables X and ¥ with mean zero, variance unity, and

. apar . - - '} £
correlation coefticient s . Let us define two new random variables U and V as

follows:

{l=X+V
V=X-V

(a) (8) Find the means and variances of & and Vin terms of Fu .

(b) (6) Find the correlation coetticient 7 for U and Vin terms of P

(¢) (2) Show that it is possible to recover X and ¥ from U and V',

{d) (5 Suppose that we wish to quantize X and ¥ each at a fixed level of
quantization noise power 107 Further, suppose we set the range of each
quantizer to be 6 times the standard deviation of the random variable being
quantized, i.e from =3¢ to 30 where s the standard deivation of the
randon variable being quantized. How many bits will be required to quantize
both X and ¥?

- |00 - U

(¢} (3) Now assume that ¥'x *.and suppuose that instead, we quantize U and
Vi, inthe sume manner as we quantized X and Y in part (d) above, i.e. we

. . . = .
want the quantization noise power to be 1072 and we set the range of each
(uantizer to be & times the standard deviation of the random variable being
quantized. How many bits will be required (o quantize both & and V7

(fy (1) Discuss the significance ol your results.
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2. (continued)

b) b - eluv] Moy ELUV]
(O Vu Vo VvV,
eluvl =€l Xt -y2 ) =9, ~Vy =0
= Puv = O
D K= UtV - U-V
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Since Ty -:.qj = | ) B - #4936 . andmj up

% bits are neaded for each off X and Y,)

:Qq'o(g.S,%-th): g.399 =
O puyzon, BB usny s g

By = %(3'0-2"0‘9 - (2% S>F
Ziﬁa.o(z)
(‘FM:-O\Q, B.=~7 and By~ 9.

[A total_of I bits IS needed. |

Since +he same num ber of total bits are nedd to
F %uqn-l-i%e XandY ond UandV , ond KondY ave recoverable

From UandV, using Xandy or UamV Is esSentially eguivalent.
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3.

(25) A voiced speech wavetorm has pitch 100 Hz, and three formant frequencies at

I klz, 2 ktiz, and 5 kHz, which decrease in amplitude with increasing trequency.
.

{71 Sketch a wideband spectrogram for this wavetorm. Be sure to label and
dimension all important quantitics.

.

(7) Sketch a narrowband spectrogram for this wavetorm. Be sure to label and
dimension all important quantities.

(11) Draw a block diagra of a digital system that could be used 1o synthesize
this speech wavetform, Assume that the system operates at & 20 kHz sampling

rate. Be sure to define all components of the system and define all important
parameters as accurately as possible.
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4. (25 pts) Consider the signal SORNESINEIEY - We want to approximate this

signal over the interval 9 == Ly the signal O =ay + ol

a) {12) Determine values for the coellicients “o and ¢ that will minimize the

mean-square approximation error integrated over the range 0 < <1
by (7 Carefully sketch the two functions Oy YO o the same axes

¢} (6) Compute the mean-square approximation error for the coetficient values
that you determined in part a) above,
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4. {continved)
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