ECES535DIGITAL SIGNAL PROCESSING
Problem Set 9
Spring2001

Issued: TuesdayApril 10,2001 Due: TuesdayApril 17,2001

Readingn Oppenheim and Schafer
Weekof 4/10/01 — Chapter7
Section5.7
AppendixB

Although this problemset may seemlong, notethat problems9.2, 9.3, and 9.4 require VERY short
answers.

Problem 9.1

Thedecimation-in-timd=FT algorithmwasdevelopedin Section9.3for radix2,i.e.,, N = 2. A similar
approacheadso aradix-3algorithmwhenN = 3”. Draw aflow graphfor a9-pointdecimation-in-time
algorithmusinga 3x3 decompositiorof the DFT.

Problem 9.2

Oppenheim and Schafer, problem7.3, partaonly

Problem 9.3 Supposeve designa discrete-timdilter usingtheimpulseinvariancetechniquewith aCT

lowpassdfilter asa prototype.The prototypefilter hasa cutof frequeng of 2. = 27(1000) rad/secand
the impulseinvariancetransformatiorusesT” = 0.2 ms. Assumethat aliasingeffectsare negligible.

Whatis the cutof frequeng w, of theresultingdiscrete-timdilter?

Problem 9.4

We wish to designa discrete-timelowpassfilter using the bilinear transformationon a continuous-
time ideal lowpassfilter. Assumethat the continuous-timeprototypehasa cutof frequeny Q. =

27(2000) rad/seandwe choosethe bilineartransformatiorparametefl’ = 0.4 ms. Whatis the cutof

frequeny w, of theresultingdiscrete-timdilter?

Problem 9.5

Designasingle-poldowpasdiscrete-timdilter with a 3-dB bandwidthof 0.27 usingthebilineartrans-
formationappliedto theanalodfilter

where(. is the 3-dB bandwidthof theanalodfilter.

(a) Designthefilter, i.e. determineH (z).

(b) Sketcha structurefor realizingthisfilter.

Problem 9.6
Supposéhatyou have a causalcontinuous-timdilter definedby the systenmfunction:
s+0.1
H.(8) = ———.
)= Gronz+e

(8 Useimpulseinvarianceto determinethe systemfunction, H(z) of adiscrete-timdilter.



(b) Sketchthepole-zergolot andthefrequeng responsenagnitudeof theresultingdiscrete-timdilter.

Problem 9.7

Considerdesigninga discrete-timdfilter with the systemfunction H(z) from a continuous-timdilter
with rationalsystenfunction H.(s) by thetransformation

H(z) = HC(S) s=(1—272)/(14+2-2) - (91-1)

(i) Whatcontourdoesthe Q2 axisin the s-planemapto in the z-plane?Justifyyour answer

(ii) Determinethe mappingbetweer2 andw definedby thistransformationSketch) asa function of
w.

(iii) Supposdhatthe continuous-timdilter is a stablelowpassfilter with passbandrequenyg response
suchthat
1-6 <|H()| <1+ for |Q] < 1.

If the discrete-timesystemis obtainedby thetransformatiorin Equation9.1-1above, determine
thevaluesof w in theintenal |w| < 7 for which

1—0; < |H(e)| <14 4;.

Doesthis transformationprovide a reasonablavay to designDT lowpassfilters from analog
lowpasdfilter prototypes?



