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Part I: Filter Design
An analogsignalconsistsof the sumof two components��������� and �
	������ . The approximatespectral
characteristicsof ������� areshown in the sketchof Figure1. The signal �
����� is bandlimitedto 40 kHz
andit is sampledat a rateof 100kHz to yield thesequence�
� ��� . Notethat thefigureis for illustration
purposesonly; it doesnotdefinethesignal �
����� .
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Figure1: Spectrumof thesignal �������

Supposethatwe wish to suppressthesignal �
	������ by lowpass-filteringthesequence��� ��� . Assumethat
theallowableamplitudedistortion(introducedby theDT processing)on thespectrum� ������� is �����
over thefrequency range����� � � �"!$# kHz. Above20kHz thefilter musthaveanattenuationof at least
40dB.Theobjectiveof thisprojectis to exploreseveralwaysof designingadiscrete-timelowpassfilter
to meetthesespecifications.Parts(a)-(f) below leadyou throughthedesignprocessfor threedifferent
filters. For eachdesignyourwriteupshouldinclude:

% Nameof theMatlabfunctionusedin thedesign;

% Input designparameters;

% Plotsof themagnitudeandphasecharacteristicsof thefilter;

% Brief discussionof actualspecifications(e.g., passbandripple)achievedby thedesign.

(a) Determineandsketchthespecificationsfor thediscrete-timefilter.

(b) UsetheParks-McClellanalgorithmto designtheminimum-orderlinear-phaseFIR filter thatmeets
thespecifications.



(c) For theorderM obtainedin part(b),designanFIR digital lowpassfilter usingthewindow technique
andtheHammingwindow. Doesthisfilter meetthespecifications?If not,find thesmallestorder
Hammingwindow designthathasthedesiredcharacteristics.

(d) UsetheKaiserwindow methodto designafilter thatmeetsthespecifications.

(e) Designtheminimumorderelliptic filter thatmeetsthegivenamplitudespecifications.Comparethe
frequency responseof theelliptic filter with thatof theFIR filter in part(a).

(f) Comparethe complexity of implementingthe FIR filters with the IIR filters obtainedin part (e).
AssumethattheFIR filtersareimplementedin thedirectform andthattheelliptic filter is imple-
mentedasacascadeof first- andsecond-ordersections.Usestoragerequirementsandthenumber
of multiplicationsperoutputpoint in thecomparisonof complexity.

(g) Briefly discussthe relative meritsof eachof your designs.Your writeup for this part be a short
memo,written for abosswho needstheinformationbut doesnothave muchtime to readit.

Optional
If you have extra time, you maywant to experimentwith theButterworth andChebychev IIR designs.
If youdo, includethemin yourcomparisonsin part(g).

Hints:

% BeforestartingtheFIR designproblem,you maywant to determineapproximaterequiredorder
usingEq.7.104onpage502of OppenheimandSchafer’s text.

% You will probablywantto makeuseof 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
cheby1, cheby2 Chebyshev digital/analogyfilter design
cheby1ord, cheby2ord Chebyshev filter orderselection
freqz Frequency response
type Typesouta listing of anM-file



Part II: Filtering a Periodic Signal
In this partyou will designa highpassfilter sothatyou canmodeltheperiodicsignalfiltering problem
(problem2) onExam2. Thepurposeis to getmorepracticewith filter designandto reinforceimportant
Fourierseriesandfiltering concepts.

(a) OnExam2 youcomputedthediscreteFourierseriesrepresentationfor thesignalwith period&('*)
shown in Figure2 below. UsetheFourierseriessynthesisequationto generateavectorcontaining�+��� ��� for � ' � to � ' ���,� . If you think carefullyaboutit, you shouldbeableto generatethe
signalusinga matrix multiply (ratherthanusingafor loop to implementthesummation).Plot
your resultsusingthestem commandandverify thatyour vectoris equalto 201samplesof the
periodicsequence.Note: your �+�$� ��� vectorwill probablycontaina very small imaginarypart.
You mayignorethisby settingx1=real(x1).
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Figure2: Periodicsignal ���0� ���

(b) DesignanFIR highpassfilter usingthewindow designmethod(Matlab’sfir1 program)usingthe
idealfrequency responseshown in Figure3 below. Thechoiceof thewindow andthelengthis up
to you. Pleasecommentonhow youmake thesechoices.(Note: youmaywantto try thefiltering
in partc with severaldifferentfilter designsbeforedecidingon one.)
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Figure3: Frequency responseof systemfor Problem2d

(c) ComputeA � ��� , theoutputof thehighpassfilter, given ���0� ��� astheinput. How doesyourresultdiffer
from theanalyticalsolutionfor in problem2, partd?

(d) Extra credit DesignanIIR highpassfilter to meetthespecificationsgivenin parta. Useit to filter
theperiodicsignalandcompare/contrasttheresultswith thosefor theFIR filter.


