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Matlab Project 3: Discrete-Time Filter Design

Issued: Monday November27,2000 Due: WednesdayDecembes, 2000

The analogsignalz(t) consistf a sinusoidaicomponentanda randomnoisecomponent.The frequeny
of the sinusoidalcomponents unknawvn, but it is guaranteedo belessthan100Hz. Noiseis concentrated
atfrequenciesigherthan100Hz. After anti-aliasfiltering with a cutoff of 500Hz, this signalis sampledat
arateof 1000Hz andstoredin thevectorz|n).

Thegoalof this exerciseis to designandimplementa lowpassfilter to remove noisefrom z(t). As apartof
this processyou will experimentwith several differentFIR andIIR discrete-timdilter designtechniques.
Thelowpasdilters you designshouldmeetthefollow specifications:

e Thefilter mustpassall frequenciesip to 100Hz. Allowable amplitudedistortion (ripple) is +2%,
i.e.,0; = 0.02.

¢ Above 175Hz, thefilter musthave anattenuatiorof atleast40dB, i.e.,20 x log,(d2) = —40.

Part | below leadsyou throughthe designprocesdor four differentfilters (two FIR andtwo IIR). In the
secondpart, you will implementthesefilters in Matlab and usethemto filter a “mystery” signalthatis
downloadabldrom the coursewebsite.

|. Lowpass Filter Design
A. Determineandsketchthe specification®f the discrete-timdilter.

B. FIR Designs:Parks-McClellarvs. Window Method

In parts(i) and(ii) below, youwill designtwo differentFIR lowpassfilters usingthe optimal Parks-
McClellanmethodandwindow method.Thewriteupsfor eachfilter shouldincludethe namesof the
Matlab functionsusedin the design,the valuesof the input parameterso thosefunctions,andplots
of themagnitudeandphasecharacteristicsf thefilter. In particular thereshouldbeazoomedplot of
both passban@dndstopbandclearly shaving amountof ripple andconfirmingthatthe designmeets
the specificatiomat the pass/stofppandedges|t is importantthatthe magnitudeand phasecharacter
istics are plottedas a functionof continuous-timdrequency(in Hz) sothat proper comparisonsan
bemadeto thedesignspecificationgwhich are alsogivenin Hz). Notethatthef r eqz commanawill
returna frequencyectorin Hz if youspecifythe samplingfrequency

() UsetheParks-McClellaralgorithmto designthe minimum-lengtkfilter thatmeetshe specifica-
tions. You maywantto usethe approximatdilter lengthformulaprovidedin classasa starting
pointfor yourdesign.

(i) Using samelength (M) obtainedin part (i), designan FIR lowpassfilter usingthe window
methodwith a Hammingwindow. Doesthis filter meetthe specifications?If not, find the
smallestengthHammingwindow designthathasthe desiredcharacteristics.

C. lIR Designsvia theBilinear Transformation
In this part, you will usethe Bilinear Transformatioron a Butterworth filter andan elliptic filter to
obtaintwo IIR lowpassfilters that meetthe specificationgrovided abore. Again, the writeupsfor



eachfilter shouldinclude the namesof the Matlab functionsusedin the design,the valuesof the
input parameters$o thosefunctions,andplots of the magnitudeandphasecharacteristicef thefilter
(includingzoomedpass/stopbandslt is importantthat the magnitudeand phasecharacteristicsare
plottedas a functionof continuous-timdrequency(in Hz) so that proper comparisonsanbe made
to the designspecificationgwhich are alsogivenin Hz). Notethatthef r eqz commandwill return
a frequencyectorin Hzif youspecifythe samplingfrequency

() UsingtheMatlabfunctionbut t er , designthe minimumorderButterworth filter thatmeetshe
given amplitudespecifications.You may usethe commandout t or d to computethe required
filter orderandotherinput parameterso thebut t er function.

(i) UsingtheMatlabfunctionel | i p, designthe minimumorderelliptic filter thatmeetsthe given
amplitudespecificationsYou mayusethecommandel | i por d to computethe requiredfilter
orderandotherinput parameterso theel | i p function.

Note: Both the lIR filter designprogramsreturnfilters with a maximumamplitudeof 1. To obtain
a passbandipple of 1 £+ 0.02, you will needto scalethe filter specificationsand thenrescalethe
coeficientsyou obtain(asdiscussedh class).

D. Comparisons

For thefollowing comparisonsassumehattheFIR filters areimplementedn thedirectform andthat
theelliptic filter is implementedasa cascadef first- andsecond-ordesections.It maybe helpful to
sketchtheseformsbeforeansweringhe questionselow.

() Determinethe numberof storageregistersrequiredto implementeachof your designs.

(i) Determinethe numberof multiplies and addsrequiredper outputpoint for eachof thefilters.
You will needto sketchthe appropriateblock diagram(or equivalently look at the difference
equationyor eachfilter to determinghesenumbers.

(iii) Briefly discussthe relative meritsof eachof your designse.g.,the computationacompleity
(numberof multiplies/adds)storagerequirementsmaximumripple, etc.

I1. Removing Noise From a Sinusoidal Signal
In this part,you will testthatyour lowpassfilters areworking properlyandusethemto remove noisefrom
a“mystery” sinusoidakignal.

A. TestSignals

Createseveralsinusoidatestsignalsusingthesanp_si ne functionthatyou developedfor Project2.

Processhesesignalsusingthelowpasdiltersyoudesignedn partl. UseMatlab’sf i | t er command
to implementthe processing Verify thatyour filters are passingsinusoidswith frequenciedessthan
100Hz andattenuatingsinusoidswith frequenciesigherthan175Hz. Includetwo or threetestplots,

alongwith a shortexplanationof your findings,in your writeup.

B. MysterySignal

Downloadthe file nyst ery. bi n from the coursewebsite. Changethe extensionfrom . bi n to
. mat . Typel oad nyst ery toloadthecontentf thisbinaryfile into your workspaceThe noisy
signalis containedn thevectorx andthetime indicescorrespondingo the samplesarecontainedn
thevectort . Plotthenoisysignalasafunctionof time to seewhatit lookslike.



(i) Processhenoisysignalusingeachof thefiltersdesignedn Partl. Again,useMatlab'sfi | t er
command.

(i) Plottheprocesseautputfor eachof thefilters.
(iii) Fromyourtime seriesplots, estimatehe amplitudeof the mysterysinusoid.

(iv) Computethefrequeng responsef thefiltered signalsandusethatto estimatehefrequeng of
the mysterysinusoid.Draw on the experienceyou gainedin Project2 to explain theresolution
of your frequeng estimate.

(v) Compare/contraghe resultsfor eachof the 4 filters, i.e., how arethe filtered outputssimilar?
how arethey different?Canyou explain thesedifferences?

Hints:
Youwill probablywantto make useof thefollowing Matlab commands:

remez Parks-McClellanoptimalequirippleFIR filter design
firl Filter designusingthewindow method

hamm ng Hammingwindow

ellip Elliptic (Cauer)digital/analodfilter design

el I'i pord Elliptic filter orderselection

butter Butterworth digital/analodfilter design

buttord Butterworth filter orderselection

freqz Frequeng response

type Typesoutalisting of an M-file

| oad Loadsworkspacevariablesfrom disk



