ECE-486 Test 2
Fall 1999
Due 5:00 PM, Dec. 7

e Do your own work. Do not discussthe problemswith any otherstudent.Do not talk about
thetestwith any otherstudentuntil afterthe due-time.Don't evensaythingslike “Number
2 seemshard”, or “Did number3 seemtrivial to you?”. Do not incur the wrath of the
instructor! Be anhonestperson.

¢ Unlessotherwisestated,you may use MATLAB or MATHCAD for ary of the problems.
Please do so. Numericalerrorswill be harshlygraded.Checkyour answers!

e Foreachproblem male (labeled)plotsillustratingthatyourfilter designshave metthestated
specifications.

1. Designa 6th orderlowpassfilter with passband < f < 0.05 andpassbandjainbetween
-0.2dB and0 dB. Setthe minimum stopbandattenuatiorto 60 dB, andmalke the transition
betweernpassban@ndstopbandasnarrav aspossible.

Specifyyour solutionasa cascadef threesecond-ordesectionsall with realfilter coefi-
cients.

2. A 17 kHz bandwidthanalogsignalis to be reconstructedrom a discrete-timesignal z(n)
(samplerate F, = 120 ksps)usingthe systemshavn below.
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F, = 120 ksps H.(f)

The signalz(n) containsthe desiredsignalaswell asundesiredsignalcomponentst fre-
guenciesabove 23 kHz. Becausef hardwareconstraintsthe DAC andreconstructiorfilter
may be shovn to have magnituderesponse

sin(m F'Ty) 1 12
H,(F)| = T,=1/F, = 8.
Ha(F)l ( TFT, ><1+(F/20000)8> o= 1/F =833 us

The lowpassfilter passbandesponsas to be modifiedto “equalize” the linear distortion
whichthehardwarewill introduce.Designalinearphasdilter H( f) suchthatthecomposite
system(H.(f) andH,(F)) is flat (+0.1dB) in thepassband0 < F' < 17 kHz), andsothat
all signalsatfrequenciesbove 23 kHz will beattenuatedby atleast70 dB.




3. A signalz,(t) hasbeensampledusinga samplefrequeny of F, = 120 ksps. The signal
containsa lowpasssignal of interestwith bandwidth3 kHz, and a numberof undesired
signalsthroughouthe 0-60kHz band.

A “downsampler’is to be designedvhich reduceghe samplefrequeng by a factorof 16,
to F, = 120/16 = 7.5 ksps. This probleminvolves attemptingthe designusing several
structuresandevaluatingeachof the approachesEachof the structuresnustleave the O-
3 kHz bandunchanged+0.1 dB), and mustattenuateary termswhich lie above the new
Nyquistfrequeng of 3.75kHz by atleast80 dB.

(a) First, designthe downsamplemusinga singledecimate-by-16&tage.Usean FIR filter
in yourimplementation.

(b) Seconddesignthedownsampleby following a decimate-by-&tagewith a decimate-
by-2 stage.Again, useFIR filters for yourimplementation

(c) Third, designthedownsampleby implementinganlIR filter asthe anti-aliasingfilter
running at the original 120 kspssamplerate. No FIR filter is then neededfor the
decimator

In eachcase shov how you designedhe requiredfilters (including how you selectedilter
designparameters)jive thefilter ordersthatarerequiredfor eachfilter, andprovide magni-
tudefrequeng-responselotsfor all requiredfilters. Evaluatethe computationatomplexity
of eachof the above designsby specifyingthe numberof multiply/accumulateoperations
requiredper (decimated) output sample. Which of the above approachess mostefficient?

4. Specifywhetherthefollowing statemenis true or false.Justify your answer

If thebilineartransformations usedto transforma continuous-timeall-passsys-
temto a discrete-timesystem the resultingdiscrete-timesystemwill alsobe an
all-passsystem.



