ECES503 Final Exam

Your Name: SoLuTioN Your box #:

April 30, 2012

Tips:
e Look over all of the questions before starting.
¢ Budget your time to allow yourself enough time to work on each question.

e Writc neatly and show your work! Points will be deducted for a disorderly presentation of
your solution.

e This exam is worth a total of 500 points.
e This exam is to be completed in 180 minutes.
¢ You are permitted to consult your textbook, two handwritten “cheat sheets”, and a calculator.

o Attach your “cheat sheets” to the exam when you hand it in.

problem 1 problem2  problem3  problem 4 total final exam score

100 points | /120 points | /130 points | /150 points 500 points




1. 100 points. Suppose you have a discrete-time system with impulse response
h[n] = 0.9"u(n|

where u[n] is the discrete-time unit step function. If an input

z[n] = cos (% )

is applied to this system, determine the output y{n].
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2. 120 points total. An LTI system has a transfer function H (z) given by

3+0.227!
H =
@) =7 —0.7z-0)(1 + 1.62-1)

(a) 30 points. List all of the possible regions of convergence for this transfer function.

Rocl + |z2]< 0.7
Roc2 - 07< |2)< 1.4

Roc3 +  Lb < |2

(b) 30 points. Can this transfer function to be stable? Explain.
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(c) 60 points. Determine the impulse response of this system assuming a region of conver-
gence |z| > 1.6. Is this system causal? Is this system stable?
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3. 130 points total. Suppose you need to design a linear time-invariant discrete-time lowpass
filter that satisfies the following specifications:

008< [Hw)| <lfor0<w<

NE

|H(w)| < 0.02 for % <w<w

(a) 30 points. Would the impulse invariance filter design method be appropriate here?

Explain.
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(b) 100 points. Suppose you decide to use the Butterworth lowpass filter design technique
to compute an appropriate analog filter and the bilinear transform to convert this analog
filter to a discrete time filter. Recall that Butterworth lowpass filters have a magnitude
squared response

1
2N
1+ (&)
where Q. is the 3dB cutoff frequency and N is the filter order. Determine Q. and N
such that the discrete-time specifications will be satisfied afger the bilinear transform is
applied H(s) = H(z). Note: You do not need to compute H(s) or perform the bilinear

transform in this problem. You just need to determine . and N for the analog filter.
Show your work.
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Extra page for calculations (if needed)...

l

. 0. %2849 \2N = - -1 =
() = (RE)T T Gyt s e G
. 11§97 VN [ L |

(u.) = ( -n-c.) " (0.02)* b=k (4v)

e T

i) 28(eg(08287) = oy (20)) = Aog @ (v)

(4v) » 2n ( Lo5( 1.1547) ~Log(ne)) = Log b

2N (f05 (0,3?.3‘/) —loj(/»lg‘/7)) = A («) “/‘05(4‘)

,QOD (a)-joj{L)
N = ——— = [4.58
2 (’on (0.9 29"/)»155(/,,13‘77)>

hernce we Should splec+ M;l'?J

£ we match pessloand specs exac-H\7/ we  have

2417 ( Loy (0.828Y) -Log(Rc)) = Loga

dog a
Jog (2.) = Log(0.825y ) - -—;%—' =

_ﬁm (pessband exac-ﬁ)

4 we match e S‘,'D)aloaua‘ specs c’xac”y , we have

2"7(103 (1.1547) _Jiog(JZ()) = Jor)'o

b
fog () = Rogli15u7) - 2222 =

=[S, = 0, 9173} (s+op bandd exac+)
6




4. 150 points total. Suppose you are given a linear time invariant IIR filter with the transfer
function
Y(2)
H(Z) = m
0.6(1 — z71)2(1 — 22712
(1 -(0.7+0.75)271)(1 - (0.7 - 0.75)2"1)(1 — (0.4 + 0.95)2~1)(1 — (0.4 — 0.95)21)
0.6 —3.6271 +7.8272 — 7.2273 + 2.4274
1-2.2271 43,0722 — 2.1422-3 + 0.95062—4

Note that j = v—1.

(a) 50 points. Suppose you wish to implement this filter as a direct form I filter with all
filter coefficients stored as signed 8-bit fixed-point numbers. How many fractional
bits should your filter coefficients have to minimize the coefficient quantization error?

Explain.
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(b) 100 points. Draw a “Direct Form II — Second Order Sections” realization of H (2)
assuming infinite precision filter coefficients (each second order section should have
real-valued coefficients). Draw neatly and label everything accurately for full credit.
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