
EE 451 Exam 3 Fall 2000

EE 451 - Exam 3

November 15, 2000

Name:

Closedbook.You mayusea calculator, onepageof notesandtheclasshandoutson FIR filter designusing
Kaiserwindows andIIR filter design.Show all work. Partial creditwill begiven.No creditwill begivenif
ananswerappearswith no supportingwork.

1. YouaredesigninganaudiosystemwhichusesaDSPchip. Thesystemusesasamplingfrequency of
50 kHz. Becauseof thespeedof theDSPchip, your FIR filters canhave a maximumlengthof 129.
For (a)and(b) below, assumeyouaredoingyour designusingaKaiserwindow.

(a) You needa stopbandattenuationof 70 dB, anda passbandripple of 0.1 dB. Also, you needa
low-passfilter whichpassesall frequenciesbelow 8 kHz. Whatwill thestopbandfrequency be?

(b) If you designa low-passfilter which passesfrequenciesbelow 8 kHz, andstopsfrequencies
above 10 kHz, whatwill bethepassbandripple andthestopbandattenuation?(Notethat these
numbersprobablywill bedifferentthanthenumbersspecifiedin Part (a).)

(c) If you needmoreattenuationthanyou areableto achieve in (b), shouldyou usean IIR filter
instead,or shouldyouusea faster(andmoreexpensive) DSPchip?
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2. A continuous-timesignalis to befilteredby adiscrete-timesystemasshown below:

y   (t)
a aFilter
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x   (t)
x(n) y(n)

Thefilter mustsatisfythefollowing specifications:

(1) Thesamplingfrequency is 20 kHz.
(2) Thefilter is to beaband-passfilter.
(3) Thefilter passesfrequenciesbetween4 kHz and6 kHz.
(4) Thepassbandripple is atmost0.5dB.
(5) Thefilter blocksfrequenciesbelow 2 kHz andabove 8 kHz.
(6) Thestopbandattenuationis at least60 dB.

Youarerequiredto designanIIR Butterworth filter usingthebilineartransformation.

(a) Whatarethediscrete-timepassbandandstopbandfrequencies?

(b) Whatarethecorrespondingcontinuous-timepassbandandstopbandfrequenciesof thelow-pass
analogprototype?
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(c) Whatis theorder
�

of theanalogprototype?

(d) Whatis the3 dB frequency ��� of theanalogprototype?

(e) Wherearethepolesof theanalogprototypelocated?

(f) If theanalogprototypehasa pole at �����
	���
��
	���� , wherewill thecorrespondingpole(s)be
locatedin thediscrete-timefilter?

(g) Doesthediscrete-timefilter have any zeros?If so,wherearethezeroslocated?
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3. A continuous-timesignalis to befilteredby adiscrete-timesystemasshown below:
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Thefilter mustsatisfythefollowing specifications:

(1) Thesamplingfrequency is 20 kHz.
(2) Thefilter is to beaband-passfilter.
(3) Thefilter passesfrequenciesbetween4 kHz and6 kHz.
(4) Thepassbandripple is atmost0.5dB.
(5) Thefilter blocksfrequenciesbelow 2 kHz andabove 8 kHz.
(6) Thestopbandattenuationis at least60 dB.

Youarerequiredto designanFIR filter usingthewindow method.

(a) Whatis theimpulseresponseof theidealfilter youwill use?

(b) Whichof thecommonwindowsdiscussedin classwill beableto meetthespecifications?Why?

(c) Assumeyoudecideto designthefilter usingaKaiserwindow. Whatlength � of filter will you
need?

(d) Whatvalueof � will youuse?
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