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Part | Filter Design

An analogsignal consistsof the sumof two componentse; (t) andzs(t). The approximatespectral
characteristicef z(t) areshavn in the sketchof Figure1. The signalz(t) is bandlimitedto 40 kHz
andit is sampledat arateof 100kHz to yield the sequence:[n]. Notethatthefigureis for illustration
purpose®nly; it doesnotdefinethesignalz(t).
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Figurel: Spectrunof thesignalz(t)

Supposehatwe wish to suppresshesignalzs(t) by lowpass-filteringhe sequence[n]. Assumethat
the allowable amplitudedistortion (introducedby the DT processingpn the spectrumX; (f) is +2%
overthefrequeng rangel < |f| < 15 kHz. Above 20kHz thefilter musthave anattenuatiorof atleast
40dB. Theobjectie of this projectis to explore severalwaysof designingadiscrete-timdowpasdilter
to meetthesespecificationsParts(a)-(f) belav leadyou throughthe designprocesdor threedifferent
filters. For eachdesignyour writeup shouldinclude:

e Nameof the Matlabfunctionusedin thedesign;
¢ Inputdesignparameters;
¢ Plotsof the magnitudeandphasecharacteristicef thefilter;

e Brief discussiorof actualspecificationge.g., passbandipple) achiezed by the design.

(@) Determineandsketchthe specificationdor the discrete-timdilter.

(b) UsetheParks-McClellanalgorithmto designthe minimum-ordedinearphaseFIR filter thatmeets
the specifications.



(c) FortheorderM obtainedn part(b), designanFIR digital lowpasdilter usingthewindow technique
andthe Hammingwindow. Doesthisfilter meetthe specifications not, find the smallestorder
Hammingwindow designthathasthe desiredcharacteristics.

(d) UsetheKaiserwindow methodto designa filter thatmeetsthe specifications.

(e) Designtheminimumorderelliptic filter thatmeetshegivenamplitudespecificationsComparehe
frequeng responsef theelliptic filter with thatof the FIR filter in part(a).

(f) Comparethe complity of implementingthe FIR filters with the IIR filters obtainedin part (e).
Assumethatthe FIR filters areimplementedn thedirectform andthattheelliptic filter is imple-
mentedasacascadef first- andsecond-ordesections Usestoragaequirementandthenumber
of multiplicationsperoutputpointin the comparisorof complexity.

(g) Briefly discussthe relatve merits of eachof your designs. Your writeup for this part be a short
memo,written for abosswho needgheinformationbut doesnot have muchtime to readit.

Optional
If you have extratime, you maywantto experimentwith the Butterworth andChebyche IIR designs.
If youdo,includethemin yourcomparisongn part(g).

Hints:

¢ Beforestartingthe FIR designproblem,you maywantto determineapproximaterequiredorder
usingEq. 7.1040n page502 of OppenheimandSchafers text.

e Youwill probablywantto make useof thefollowing Matlabcommands:

renez Parks-McClellanoptimalequirippleFIR filter design
firl Filter designusingthewindow method

hamm ng Hammingwindow

ellip Elliptic (Cauer)digital/analogfilter design
ellipord Elliptic filter orderselection

butter Butterworth digital/analodfilter design

buttord Butterworth filter orderselection

chebyl1, cheby2 Chebyshe digital/analogyfilter design
chebylord, cheby2ord Chebyshefilter orderselection

freqz Frequeng response

type Typesoutalisting of anM-file



Part I1: Filtering a Periodic Signal

In this partyouwill designa highpasdilter sothatyou canmodelthe periodicsignalfiltering problem
(problem2) on Exam2. Thepurposes to getmorepracticewith filter designandto reinforceimportant
Fourierseriesandfiltering concepts.

(@) OnExam2youcomputedhediscreta-ourierseriegepresentatiofor thesignalwith periodN = 4
shawvn in Figure2 below. UsetheFourierseriesynthesigquatiornto generate vectorcontaining
z1[n] for n = 0 ton = 200. If youthink carefully aboutit, you shouldbe ableto generatehe
signalusinga matrix multiply (ratherthanusingaf or loop to implementthe summation).Plot
your resultsusingthe st emcommandandverify thatyour vectoris equalto 201 samplesf the
periodicsequenceNote: your z;[n] vectorwill probablycontaina very smallimaginarypart.
You mayignorethis by settingx1=r eal ( x1) .
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Figure2: Periodicsignalz1[n]
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(b) DesignanFIR highpasdilter usingthewindow designmethod(Matlab’sf i r 1 program)usingthe
idealfrequeng responseshavn in Figure3 belown. Thechoiceof thewindow andthelengthis up
to you. Pleasecommenion howv you make thesechoices.(Note: you maywantto try thefiltering
in partc with severaldifferentfilter designsbeforedecidingon one.)

H (&)

—1—3m/4 3n/4 7

Figure3: Frequeng responsef systemfor Problem2d

(c) Computey[n], theoutputof thehighpasdilter, givenz, [n] astheinput. How doesyour resultdiffer
from theanalyticalsolutionfor in problem2, partd?

(d) Extracredit DesignanliR highpasdilter to meetthe specificationgivenin parta. Useit to filter
the periodicsignalandcompare/contrashe resultswith thosefor the FIR filter.



