Name: KC VA
[

Section: 5511

EE432 Fall 2009 Exam 1

Problem Possible Score
Points
1 25
2 25
3 25
4 25
Total 100

Turn this in by Friday, Oct. 2, 2009 at the beginning of class.

This is an open book, open notes and open computer exam. USE ONLY YOUR COURSE
TEXTBOOK (“A Digital Signal Processing Primer”), and your notes from this course. You can
also use the “Introduction to MATLAB 7” book by Dr. Etter, and MATLAB Help.

You must show your work to get full credit for problems. Don’t just write answers. Use
additional sheets as necessary.

Label your plots carefully, and turn in all of your code when using MATLAB.

If you are stuck on a problem, you may ask for guidance...but it might cost you in points. You
ask your question, and I will let you know how much it will cost. Then you can agree to obtain
the guidance for the specified number of points off of your final score, if you wish.
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1.

(25 pts) Sampling & Quantization. An analog signal contains frequencies of 200 Hz, 600 Hz, 900
Hz and 2300 Hz.

’ verting this signal to digital, what is the minimum sample frequency to prevent
aliasing ?
7,><1Q_, - 2.2300flz = 4.6 HZ)

b. If the analog signal is sampled at 5 kHz, what alias frequencies will appear out of the A/D?

/C > 2 foky =>|ne aIlQ.Y//IjJ

c. If the analog signal is sam;led at 1.1 kHz, what alias frequencies will appear out of the A/D?

e LooHz alases s (500 He
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A 0 pl 00
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d. Ifthe analog signal is sampled at 1.1 kHz, what is the highest frequency that can appear out of

the A/D?
.

e. Unrelated question: If the sample rate in an A/D system is 2.5 kHz, name 3 frequencies in an
input analog signal that could show up as aliased to 1 kHz frequency in the digitized signal?

e 1500 a,(afes 'h 1000 H't, 50
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f. Ifitis desired that the input signal be quantized with 11 bits, and the input signal varies from
+3 Volts to -3 Volts, what is the maximum expected quantization error?
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% prob 2
fvtool ([1 0 0 0 0 0 O -(0.8)"7],1)
roots([1 0 0 0 0 0 0 -(0.8)"71])

A° d° d° o° o© o° o° o°

o\

.7208
.7208
.1780
.1780
.8000
.4988
.4988
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.34711
.34711
.77991
77991

0.62551
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.62551
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PolelZers Plot
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3. (25 pts) Feedback Filters.

a. Find the transfer function (in positive powers of z) for a system that has input/output equation
¥, =0.5x, - 0.3x, , +0.6x,_, +0.2y,_, - 0.5y,_, +0.25), ;.

(5) V= 0.5X-032"K+ 062K roaYe -osYe ti0esYE®
N ({—0.22"+ 0.5’?,'"2/0.’52‘3) =Y (0,5_0.32"' ¥ 0.62'3)

What are its poles and zeros? H(Z) - \’(— . 0-5-03 27506773 (2 SJ

X 1~-022 'to.sz 2-0.252 27

€ros:

,. oTt ey Ng) - 0.52°-032°50.6
(- 0.8157 23022 0.52 - 025
(3) Poles:
—0.1007 L p 7623/
g:{ 0762&
0. 4214

—Use MATLAB to generate a plot of the magnitude response, and a pole-zero plot. Give the
( 5) plots a title that includes your name and the problem #. Turn in these plots with your exam.

—>If a digital signal that has been sampled at 48 kHz is input to the filter, what frequency of
the digital signal is the most amplified? What frequency or frequencies are most attenuated?

oz b - 2ukHz

Most amplified:
g ’
0.55 /{/\; O.YS'(QL{}LHZ) -

Most attenuated:
(3) oot b= G2 kHz) - A2
~0.95 //\/ =
(\ 3 ) —»Is this a stable filter? Why or why not?

Yes — a// /045 mS!é um,écmcé,
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% prob 3

denom=[1 -0.2 +0.5 -0.25];
num=[0.5 -0.3 0 0.6];
fvtool (num, denom)

Wegnitude Response (JE)
I
1= L -

Nomalized Frequency: 05533447
Magnitide: 8.080232
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4. (25 pts) More Feedback filters. A feedback filter has the following 6 poles and 6 zeros:

Zeros: Poles:
z=0.25% ;0.9 z=0,0 (2 poles)
=1.13+;0.8 +;%
e 2=0.75¢">
z=e’® z=0.2%;0.8

a.  Determine the system transfer function in positive powers of z. Your answer should have its
numerator terms multiplied out, and its denominator terms multiplied out.

56 aayG 25+ 2. gor0 2 -2, 0005253340 2 05022 1 E7AS

H() = 26 145254159252 013502 v 382527

b. Use MATLAB to plot its magnitude response and its pole-zero plot. Give the plots a title that
includes your name and the problem #. Turn in these plots with your exam.

c. Isthis filter stable? Why or why not?

}/55- 4// /0(!5 /nﬁ& L(,ntlf‘//‘&((.

d.  This filter was designed to remove (or at least severely attenuate) an annoying 550 Hz tonal
from an analog signal. What should the sample frequency in the A/D be in order for this filter
to remove the 550 Hz annoying signal?

most N/ A\f/ s of g 257K

550 He = 0.6254

so p
558 _eqofle
b 0.625

50/2521413
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% prob 4
z1=0.25+3*%0.9;,2z2=0.25-3*%0.9;
z3=1.13+3*0.8;,2z4=1.13-7*%0.8;

z5=exp (J*5*pi/8);,z6=exp (-J*5*pi/8);

numl=conv ([l -z1],[1 -z2]);
num2=conv ([1 -z3],[1 -z4]);
num3=conv ([1 -z5],[1 -z6]);
num=conv (numl, num?2) ; , num=conv (num, num3)

pl=0.75*exp (j*pi/3);,p2=0.75*exp (-J*pi/3);
p3=0.2+3*0.8; ,p4=0.2-3*%0.8;

denl=conv ([l -pl], [l -p2]);

den2=conv ([l -p3],[1 -p4]l):;

den3=conv ([l 0],([1 07]);

den=conv (denl, den?2) ;,den=conv (den, den3) ;
fvtool (num, den)

Magniude Responss (dE)

Nomalized Frequency: 0324452
Hagnide: 1320821
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