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A METHOD FOR ALIASREDUCTION IN CASCADED FILTER BANKS
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ABSTRACT

This papershavs a new way to reducealiasingin crit-

ically sampledcascadedilter bank structures. Un-

like standardtree structuredmethods,which lead to

mary aliasingcomponentsn the final subbandspur

approachreduceghe effect by cancelingaliasingele-
mentsamongsubbandsOur interestlies in compres-
sion applicationswherewe can apply the schemeto

obtainanunequalr non-uniformbandsplitting using
uniform cosinemodulatedilter banks.In anexample
it is shavn thata reductionin aliasingof over 40 dB

comparedo atraditionaltreestructuredilter bankcan
beachieved.

1. INTRODUCTION

In signalcompressiorapplicationspften afilter bank
with unequalbandsplitting is desiredto obtainmaxi-
mum codinggain. In audiocodingapplicationspand
splitting also determineshow well the time and fre-
queng shapeof the quantizatiomoiseafterdecoding
the signal canbe matchedto the thresholdof human
hearing. Hereit is desirableto obtain a higher fre-
gueng resolutionat lower frequenciesand a higher
temporalresolutionat higherfrequencies.

To obtain non-uniformband splitting, frequently
treestructureof cascadedilter banksareusedto im-
plementwavelet transformg[1], wherethe lower fre-
queng bandis further split into subbands Otherap-
proachesncludeemplgying a uniform filter bankand

10n leave from the University of Hannover, Hannoer, Ger
mary, atthetime researclwasperfomed.
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Figurel: A cascadefilter bankactingonsignalz(n).
Eachbranchrepresentsnefilter of thefilter bank,in-
cludingdownsampling.

joining several subbandsnto one wider bandto in-
creasebandwidth[2]. But this doesnot increasethe
temporalresolutionsuficiently for mary signals.An-
otherapproachs combiningseveral piecesof different
uniform filter banksby transitionfilters [3]. But this
leadsto anincreasedompleity andto non-perfecte-
construction.

A cascadedilter bank hasdifferent uniform fil-
ter banksfollowing eachotherto obtainvarying fre-
gqueng andtime resolutions,asillustratedin Fig. 1.
The problemis that the filters of the first stagesof-
tenhave alimited stopbandattenuatiorandtransition
bandswhich spanseveral of the bandsat the output
of the cascade.Hencethe downsamplingafter each
subbandilter, which is neededor critical sampling,
leadsto aliasing. Thatis, signalswith enegy outside
the passbandire “mirrored” into the passbanaf the
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Figure2: A “stacked” cascadedilter bank, with the
samenotationasin Fig. 1.

filter. If this mirroredsignalis in the passbanaf the
subsequentilter, the attenuatiorof the signalis only
determinedby thefirst filter of the cascadeAlthough
this aliasingdoesnot affect the perfectreconstruction
propertyof the combinedfilter bank aslong aseach
sub-systems a perfectreconstructiorfilter bank, it
leadsto a poorfrequeng selectvity. Thiscanbeseen
in Fig. 9, which displaysthe magnituderesponseof
band13 of afilter bankasin Fig. 1, consistingof a
cascadevith 128bandsn thefirst stageand8 bandsn
thefollowing stage.Thisleadsto atotal of 1024bands
if all subband®f the first stageare split. The alias-
ing shaws ashigh peaksin the magnituderesponsen
both sidesof the mainlobe. As a comparisonthe de-
siredmagnituderesponse&anbeseenn Fig. 8, which
shavs band13 of a 1024banduniform filter bank.An
approachio reducethis type of aliasinghasbeenin-
corporatednto the MPEG-1/Layer3 audiocoder[4].
In that coder a cascadedilter bankis used,with 32
bandsin the first stageand6 or 18 bands(switchable)
in thesecondstage.For this specialtype of filter bank
a butterfly-like structureis usedat the output of the
secondstageto reducethe aliasingbetweenadjacent
bands[5]. While this methodworks for reducingthe
aliasingin neighboringoandsijt only reduceghealias-
ing from oneneighborandonly in specificfilter banks,
wherethe aliasing of neighboringbandshasa phase
shift of 0 or 180degrees.In the presenpaperwe ex-
tendthisideaof aliasreductionto acton morethanone
neighboringband.Our applicationhasthe addedben-
efit thatit doesnot requirea fixed phaserelationship
betweeradjacenbands.

2. NEW SOLUTION

Foragivenanalysidilter bank,thesynthesigilter bank
obtainsperfectreconstructiorby using a suitablede-
signto cancekhealiasingcomponentbetweerall sub-
bands.This principle canbe usedto cancelor reduce
the aliasing only betweena set of neighboringsub-
bands.To obtaina higherfrequeng resolutionfrom a
setof subbandsthe signalsenteringarefirst fedinto a
synthesidilter bankfor thereductionof aliasingin this
set. Assumethe first stagefilter bankis a modulated
uniformfilter bankwith M; bandsandthe setconsists
of M, bands,so thatthe secondstagesynthesidilter
bankfor aliasreductionhasM>, bands.To obtainalias
reduction,the secondstagesynthesisfilter bank has
to have the same(or similar) frequeng responseas
the first stages perfectreconstructiorsynthesidfilter
bank,but with the frequeng scaledby theratio of the
samplingrates,M; /My. We assumehatthe uniform
filter banksarecosinemodulated Thatmeanghesec-
ond stagesynthesidilter bankshouldhave a window
function (basebangrototypefilter) with a frequeng
responsedentical (or similar) to the low frequenyg
portion of the synthesisprototypefor the first stage.
After thesynthesidilter stageusedfor aliasreduction,
an analysisfilter bankfollows to obtaina higherfre-
gueng resolution. Thisis shavn in Fig. 2. As anil-
lustration,Fig. 6 shavs the low frequeng partof the
magnituderesponsef the window function of a 128
bandsynthesidfilter bank. Fig. 7 shavs the magni-
tuderesponsef the 8 bandsynthesidilter bankused
for aliasingreduction. It canbe seenthatthe (scaled)
magnitudaesponseareverysimilar. Thesamds also
true for the phasegnot shavn here). This thenleads
to reducedhliasing.

Aslongasananalysidilter bankexistswhichforms
a critically sampledperfectreconstructiorsystemto-
getherwith the synthesisfilter stage,the perfectre-
constructionpropertyandthe critical samplingof the
cascadedilter bankaremaintained.

3. PROPOSED IMPLEMENTATION

The questionis how to obtain a suitablefilter bank
with alower numberof bandsanda similar scaledre-
queng responsewhile still achieving overall perfect
reconstructionAs describedn [6, 7], ary cosinemod-



ulatedfilter bankcanberepresentethy a formulation
usingZero-DelayandMaximum-Delaymatrices.This
leadsto acompositiorwhich consistof nested? band
sub-structureskFig. 3 shavs anexamplefor a4 band
filter bank,andFig. 4 the correspondingynthesidil-

ter bankfor perfectreconstructionT isa M; x M;

DiscreteCosineTransform(DCT) type 4 [6], in this
caseof size4 x 4.

Onceafirst stagdfilter bankis designedthis struc-
turecanbe“thinnedout” by only keepingevery M /M, th
sub-structureThis canbeseerin anexamplein Fig. 5,
wherea 2 bandsynthesidilter bankis generatedrom
the 4 bandillustrationin Fig 4. Here Ty isa2 x 2
DCT. Theresulting2 bandfilter bankis a perfectre-
constructiorfilter bankby itself, becausets structure
is invertible. It alsohasthe desiredsimilar frequenyg
responsdo the 4 bandfilter bank, but scaledaccord-
ingly, andhencecanbe usedfor aliasreduction.

Thevalues! of the structuredeterminethe result-
ing window function or basebangbrototypeof thefil-
ter bank. Sincethis smallerfilter bankis obtainedby
downsamplinghestructurejts window functionis ob-
tained by a similar operationin the first stagefilter
bank. Sincethe sub-structuresre symmetricaround
thecenterof ablock of length M, theresultingdowvn-
samplingof thewindow functionappearsn ananalog
fashion,downsamplingeachintenal of length M; of
thewindow functionsymmetricaroundeachintenal’s
center For example,assumehe first stagefilter bank
has4 bands(M; = 4), andits window function has
theform

1,2,3,4,4,3,2,1.

If the secondstagefor alias cancellationis to have 2
bands,its window function canbe obtainedby sym-
metric downsamplingin eachblock of 4 samplesas
follows:

2,3,3,2.

Sincethe structuralformulationis valid for all co-
sine modulatedfilter bankswith perfectreconstruc-
tion, the downsamplingrule is alsovalid for this en-
tire classof filter banks. Thatmeansf a correspond-
ing synthesisfilter bank and a window function are
given for the first stageanalysisfilter bank, the win-
dow function obtainedby the non-uniformsymmetric
downsamplingautomaticallyleadsto a perfectrecon-
structionfilter bank. Furthermoreit reduceghealias-
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Figure3: Exampleof a 4 bandanalysidfilter bank.

ing afterthefirst stage.

This methodis illustratedwith the following ex-
ample. The goal of this exerciseis to obtaina res-
olution of 128 (uniform) bandsin the first stageand
a resolutionof 1024 bandsin the final stage. Fig. 8
shawvs an enlagementof band13 of a uniform 1024
bandfilter bank,without cascading With the stacled
cascadedilter bankour goalis a frequeng response
similar to Fig. 8 after the final stage. Fig. 9 shawvs
an enlagementof the samechannelbut for a tradi-
tional cascadedilter bank,with 128 bandsin thefirst
stageand 8 bandsfollowing in eachsubbandin the
next stage. The aliasingis easyto seeashigh peaks
on both sidesof the mainlobe. To reducethe alias-
ing, we take a look at Fig. 6. It shavs the low fre-
queng portion (the bottom1/16 th) of the magnitude
responsdor a basebangrototypeof a 128 bandsyn-
thesisfilter bank (perfectreconstruction).The struc-
ture of this synthesidilter bankis thendowvnsampled
to obtainan 8 band synthesisconstructionto reduce
the aliasingacross3 neighboringbands.Its frequeng
responsecan be seenin Fig 7. It canbe seenthat it
is very similar to thelow frequeng portionof the 128
bandfilter bank,down to approximately-50 dB. The
resultleadsto a structureof a 128 bandanalysisfilter
bankin thefirst stage 8 bandsynthesidilter banksfor
aliasreductionin the secondstage and64 bandanaly-
sisin thethird (final) stage.Theoverall synthesidilter
bankfor this structurecontainsthe reversesteps.The
resultingreductionin aliasingcanbe seenin Fig. 10,
which shawvs the sameportion of the spectrumasFig.
9, but for astacked cascadedilter bank.It canbeseen
thatthealiasingfrom cascadings reducedo about-50
dB, whichis areductionby over 40 dB.
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Figure4: A 4 bandsynthesidilter bank.

4. CONCLUSIONS

Corventionalcascadedilter banksintroducealiasing
in thesubbandsvhich reducethefrequeng resolution
andthe codinggain in coding applications. Our ap-
proachintroducesa suitableintermediatestagewhich
reducesliasingeffects,withoutrequiringafixedphase
relationship.

On the analysisside, this intermediatestagecon-
sistsof smallsynthesidilter bankswhich areobtained
from thefirst stagesynthesidilter bankfor perfectre-
construction.Due to the additionalaliasingreduction
stage,the proposedtechniqueintroducessomeaddi-
tional compl«ity anddelay However, thesefactors
areoutweighedby the advantagethat a suitableinter
mediatestagecanreducethe aliasingsignificantly in
our example by over 40 dB. This way it is possible
to obtain a filter bank with a combinationof bands
with a high frequeng resolutionand selectvity, and
of otherbandswith the hightemporalresolutionof the
fist stage.
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Figure5: A 2 bandsynthesidilter bankobtainedfrom
the 4 bandsynthesidilter bank.
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Figure7: Magnituderesponsdor the basebangroto-
typeof an8 bandsynthesidilter bank.
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Figure 8: Enlagementof band13 of the magnitude
respons®f a 1024bandfilter bank.
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Figure 9: Enlagementof the magnituderesponseof
band 13 of the final stagefor a cascadedilter bank
with 128*8 bands(128 bandsfirst stage 8 bandssec-
ondstage).Thealiasingcanbe seenashigh peakson
bothsidesof themainlobe.
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Figurel0: Thesameenlagemeniasin Fig. 9, but for a
staclkedcascadefilter bankwith 128/8*64bandg128
banddirst stage 8 bandssynthesistage 64 bandfinal
analysisstage).It canbe seenthatthe aliasingin the
neighboringbandss muchreduced.



