EE 451 Exam 3 Fall 2000

EE 451 - Exam 3
November 15, 2000

Name:

Closedbook. You mayusea calculatoy onepageof notesandthe classhandouton FIR filter designusing
Kaiserwindows andlIR filter design.Show all work. Partial creditwill be given. No creditwill begivenif
ananswerappearsith no supportingwork.

1. Youaredesigninganaudiosystemwhich usesa DSPchip. The systemusesa samplingfrequeng of
50 kHz. Becausef the speedof the DSPchip, your FIR filters canhave a maximumlengthof 129.
For (a) and(b) belaw, assumeyou aredoingyour designusinga Kaiserwindow.

(a) You needa stopbandattenuatiorof 70 dB, anda passbandipple of 0.1 dB. Also, you needa
low-passfilter which passesll frequenciedelov 8 kHz. Whatwill thestopbandrequeng be?

(b) If you designa low-passfilter which passedrequenciesbelonv 8 kHz, and stopsfrequencies
above 10 kHz, whatwill bethe passbandipple andthe stopbandattenuation{Note thatthese
numbersrobablywill bedifferentthanthe numbersspecifiedn Part (a).)

(c) If you needmore attenuatiorthanyou areableto achiere in (b), shouldyou usean IR filter
instead por shouldyou usea faster(andmoreexpensve) DSPchip?
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2. A continuous-timesignalis to befilteredby a discrete-timesystemasshavn below:

x(n) Discrete y(n)
> Time >
Filter

| !

Thefilter mustsatisfythe following specifications:

Xa(t) ——>» CD D/IC |—> ya(t)

(1) Thesamplingfrequeng is 20 kHz.

(2) Thefilter is to beaband-paséilter.

(3) Thefilter passedrequenciebetweet kHz and6 kHz.

(4) Thepassbandippleis atmost0.5dB.

(5) Thefilter blocksfrequenciedbelov 2 kHz andabove 8 kHz.
(6) Thestopbandattenuatioris atleast60 dB.

You arerequiredto designanlIiR Butterworth filter usingthe bilineartransformation.

(a) Whatarethediscrete-timgpassban@ndstopbandrequencies?

(b) Whatarethecorrespondingontinuous-timgassbandndstopbandrequencie®f thelow-pass
analogprototype?
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(c) Whatis theorderN of theanalogprototype?

(d) Whatis the3 dB frequeny 2. of theanalogprototype?

(e) Wherearethe polesof theanalogprototypelocated?

(f) If theanalogprototypehasapoleats = 0.5 + 0.55, wherewill the correspondingole(s)be
locatedin thediscrete-timdilter?

(g) Doesthediscrete-timdilter have ary zeros?f so,wherearethezeroslocated?
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(1) Thesamplingfrequeng is 20 kHz.

(2) Thefilter is to beaband-paséilter.

(3) Thefilter passedrequenciebetweet kHz and6 kHz.

(4) Thepassbandippleis atmost0.5dB.

(5) Thefilter blocksfrequenciedbelov 2 kHz andabove 8 kHz.
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You arerequiredto designan FIR filter usingthewindow method.

(a) Whatis theimpulseresponsef theidealfilter youwill use?

(b) Which of thecommonwindows discussedh classwill beableto meetthespecificationsWhy?

(c) Assumeyou decideto designthefilter usinga Kaiserwindow. Whatlength M of filter will you
need?

(d) Whatvalueof g will youuse?



