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Matlab Project 3: Discrete-Time Filter Design

Issued: Monday, November27,2000 Due: Wednesday, December6, 2000

Theanalogsignal ������� consistsof a sinusoidalcomponentanda randomnoisecomponent.Thefrequency
of thesinusoidalcomponentis unknown, but it is guaranteedto belessthan100Hz. Noiseis concentrated
at frequencieshigherthan100Hz. After anti-aliasfiltering with acutoff of 500Hz, thissignalis sampledat
a rateof 1000Hz andstoredin thevector ��� �
	 .

Thegoalof thisexerciseis to designandimplementa lowpassfilter to removenoisefrom ������� . As apartof
this process,you will experimentwith severaldifferentFIR andIIR discrete-timefilter designtechniques.
Thelowpassfilters youdesignshouldmeetthefollow specifications:

� The filter mustpassall frequenciesup to 100 Hz. Allowableamplitudedistortion(ripple) is ��
�� ,
i.e., ������������
 .

� Above 175Hz, thefilter musthave anattenuationof at least40dB, i.e., 
������ �"! �$# � �&% � �('*)�� .

Part I below leadsyou throughthe designprocessfor four differentfilters (two FIR andtwo IIR). In the
secondpart, you will implementthesefilters in Matlab andusethem to filter a “mystery” signal that is
downloadablefrom thecoursewebsite.

I. Lowpass Filter Design

A. Determineandsketchthespecificationsof thediscrete-timefilter.

B. FIR Designs:Parks-McClellanvs. Window Method
In parts(i) and(ii) below, you will designtwo differentFIR lowpassfilters usingtheoptimalParks-
McClellanmethodandwindow method.Thewriteupsfor eachfilter shouldincludethenamesof the
Matlab functionsusedin thedesign,thevaluesof the input parametersto thosefunctions,andplots
of themagnitudeandphasecharacteristicsof thefilter. In particular, thereshouldbeazoomedplot of
bothpassbandandstopband,clearlyshowing amountof ripple andconfirmingthat thedesignmeets
thespecificationat thepass/stopbandedges.It is importantthat themagnitudeandphasecharacter-
isticsare plottedasa functionof continuous-timefrequency(in Hz) sothat propercomparisonscan
bemadeto thedesignspecifications(which arealsogivenin Hz). Notethat thefreqz commandwill
returna frequencyvectorin Hz if youspecifythesamplingfrequency.

(i) UsetheParks-McClellanalgorithmto designtheminimum-lengthfilter thatmeetsthespecifica-
tions. You maywantto usetheapproximatefilter lengthformulaprovidedin classasa starting
point for yourdesign.

(ii) Using samelength ( + ) obtainedin part (i), designan FIR lowpassfilter using the window
methodwith a Hammingwindow. Doesthis filter meet the specifications?If not, find the
smallestlengthHammingwindow designthathasthedesiredcharacteristics.

C. IIR Designsvia theBilinear Transformation
In this part, you will usetheBilinear Transformationon a Butterworth filter andan elliptic filter to
obtaintwo IIR lowpassfilters that meetthe specificationsprovided above. Again, the writeupsfor
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eachfilter shouldinclude the namesof the Matlab functionsusedin the design,the valuesof the
input parametersto thosefunctions,andplotsof themagnitudeandphasecharacteristicsof thefilter
(includingzoomedpass/stopbands).It is importantthat themagnitudeandphasecharacteristicsare
plottedasa functionof continuous-timefrequency(in Hz) so that proper comparisonscanbemade
to thedesignspecifications(which are alsogivenin Hz). Notethat thefreqz commandwill return
a frequencyvectorin Hz if youspecifythesamplingfrequency.

(i) UsingtheMatlabfunctionbutter, designtheminimumorderButterworthfilter thatmeetsthe
givenamplitudespecifications.You mayusethecommandbuttord to computetherequired
filter orderandotherinputparametersto thebutter function.

(ii) UsingtheMatlabfunctionellip, designtheminimumorderelliptic filter thatmeetsthegiven
amplitudespecifications.You mayusethecommandellipord to computetherequiredfilter
orderandotherinput parametersto theellip function.

Note: Both the IIR filter designprogramsreturnfilters with a maximumamplitudeof 1. To obtain
a passbandripple of ,-�.������
 , you will needto scalethe filter specificationsand then rescalethe
coefficientsyouobtain(asdiscussedin class).

D. Comparisons

For thefollowing comparisons,assumethattheFIR filtersareimplementedin thedirectform andthat
theelliptic filter is implementedasa cascadeof first- andsecond-ordersections.It maybehelpful to
sketchtheseformsbeforeansweringthequestionsbelow.

(i) Determinethenumberof storageregistersrequiredto implementeachof yourdesigns.

(ii) Determinethe numberof multiplies andaddsrequiredper outputpoint for eachof the filters.
You will needto sketch the appropriateblock diagram(or equivalently look at the difference
equation)for eachfilter to determinethesenumbers.

(iii) Briefly discussthe relative meritsof eachof your designs,e.g.,the computationalcomplexity
(numberof multiplies/adds),storagerequirements,maximumripple,etc.

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

A. TestSignals

Createseveralsinusoidaltestsignalsusingthesamp sine functionthatyoudevelopedfor Project2.
Processthesesignalsusingthelowpassfiltersyoudesignedin partI. UseMatlab’sfilter command
to implementtheprocessing.Verify thatyour filters arepassingsinusoidswith frequencieslessthan
100Hz andattenuatingsinusoidswith frequencieshigherthan175Hz. Includetwo or threetestplots,
alongwith ashortexplanationof yourfindings,in your writeup.

B. MysterySignal

Download the file mystery.bin from the coursewebsite. Changethe extensionfrom .bin to
.mat. Typeload mystery to loadthecontentsof thisbinaryfile into yourworkspace.Thenoisy
signalis containedin thevectorx andthetime indicescorrespondingto thesamplesarecontainedin
thevectort. Plot thenoisysignalasa functionof time to seewhatit lookslike.

2



(i) Processthenoisysignalusingeachof thefiltersdesignedin PartI. Again,useMatlab’sfilter
command.

(ii) Plot theprocessedoutputfor eachof thefilters.

(iii) Fromyour time seriesplots,estimatetheamplitudeof themysterysinusoid.

(iv) Computethefrequency responseof thefilteredsignalsandusethatto estimatethefrequency of
themysterysinusoid.Draw on theexperienceyou gainedin Project2 to explain theresolution
of your frequency estimate.

(v) Compare/contrastthe resultsfor eachof the4 filters, i.e., how arethefilteredoutputssimilar?
how arethey different?Canyouexplain thesedifferences?

Hints:
Youwill probablywantto make useof thefollowing Matlabcommands:

remez Parks-McClellanoptimalequirippleFIR filter design
fir1 Filter designusingthewindow method
hamming Hammingwindow
ellip Elliptic (Cauer)digital/analogfilter design
ellipord Elliptic filter orderselection
butter Butterworth digital/analogfilter design
buttord Butterworth filter orderselection
freqz Frequency response
type Typesouta listing of anM-file
load Loadsworkspacevariablesfrom disk
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