
ECE-486 Test 2
Fall 1999

Due 5:00 PM, Dec. 7� Do your own work. Do not discusstheproblemswith any otherstudent.Do not talk about
thetestwith any otherstudentuntil afterthedue-time.Don’t evensaythingslike “Number
2 seemshard”, or “Did number3 seemtrivial to you?”. Do not incur the wrath of the
instructor!Beanhonestperson.� Unlessotherwisestated,you may useMATLAB or MATHCAD for any of the problems.
Please do so. Numericalerrorswill beharshlygraded.Checkyour answers!� For eachproblem,make(labeled)plotsillustratingthatyourfilter designshavemetthestated
specifications.

1. Designa 6th orderlowpassfilter with passband
���������	�
���

andpassbandgainbetween
-0.2dB and0 dB. Settheminimumstopbandattenuationto 60 dB, andmake thetransition
betweenpassbandandstopbandasnarrow aspossible.

Specifyyour solutionasa cascadeof threesecond-ordersections,all with realfilter coeffi-
cients.

2. A 17 kHz bandwidthanalogsignalis to be reconstructedfrom a discrete-timesignal 
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(samplerate ��������� � ksps)usingthesystemshown below.
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The signal 
��&�'� containsthe desiredsignalaswell asundesiredsignalcomponentsat fre-
quenciesabove23 kHz. Becauseof hardwareconstraints,theDAC andreconstructionfilter
maybeshown to havemagnituderesponse( ��# �)�*� ( � +�,"-/. �!01�324�5�01�324� 6 + ��879�)�;:�� �<����� �>=?6A@)BDC 24�E���%:<�$�E�GF �IH�HKJ s

The lowpassfilter passbandresponseis to be modified to “equalize” the linear distortion
whichthehardwarewill introduce.Designalinearphasefilter

�L� � � � suchthatthecomposite
system(

��� � � � and
��# �)�*� ) is flat ( M 0.1dB) in thepassband(

�N� � � �%O kHz), andsothat
all signalsat frequenciesabove23kHz will beattenuatedby at least70 dB.



3. A signal 
 # �! "� hasbeensampledusinga samplefrequency of �1PQ�R��� � ksps. The signal
containsa lowpasssignal of interestwith bandwidth3 kHz, and a numberof undesired
signalsthroughoutthe0-60kHz band.

A “downsampler”is to bedesignedwhich reducesthesamplefrequency by a factorof 16,
to �TSU� ��� � :V�%WX�YO �
� ksps. This probleminvolvesattemptingthe designusingseveral
structures,andevaluatingeachof theapproaches.Eachof thestructuresmustleave the0-
3 kHz bandunchanged( M �V� � dB), andmustattenuateany termswhich lie above the new
Nyquistfrequency of 3.75kHz by at least80dB.

(a) First, designthedownsamplerusinga singledecimate-by-16stage.UseanFIR filter
in your implementation.

(b) Second,designthedownsamplerby following a decimate-by-8stagewith a decimate-
by-2 stage.Again,useFIR filters for your implementation

(c) Third, designthedownsamplerby implementinganIIR filter astheanti-aliasingfilter
running at the original 120 kspssamplerate. No FIR filter is then neededfor the
decimator.

In eachcase,show how you designedtherequiredfilters (includinghow you selectedfilter
designparameters),give thefilter ordersthatarerequiredfor eachfilter, andprovidemagni-
tudefrequency-responseplotsfor all requiredfilters. Evaluatethecomputationalcomplexity
of eachof the above designsby specifyingthe numberof multiply/accumulateoperations
requiredper (decimated) output sample. Whichof theaboveapproachesis mostefficient?

4. Specifywhetherthefollowing statementis trueor false.Justifyyouranswer.

If thebilineartransformationis usedto transforma continuous-timeall-passsys-
tem to a discrete-timesystem,the resultingdiscrete-timesystemwill alsobean
all-passsystem.


