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ABSTRACT

Filtersareusedto implementsignaltransformsand Iter design
is averyimportantpartof thesignalprocessingeld. Therearecur-
rently 2 typesof lters available: the nite impulserespons€FIR)
Iter , andthein nite impulserespons€lIR) lter. While FIR I-
tershave desirabletraits suchasstability (an absencef poles),lIR
Iters areableto generateutputsmoreef ciently. This papercom-
binesthe two typesof Iters by introducingan outputslopetrigger,
to make a hybrid impulserespons€HIR) Iter with desirabletraits
from bothFIR andIIR lters.

1. INTRODUCTION

Filtering techniquesare widely usedin Digital Signal Pro-
cessing(DSP) aswell asin daily life. For example, lters
areusedto implementtransforms suchasthe wavelettrans-
form [1]. Filtersareoftenusedto remove unwantedpartsof
a signal, suchasrandomnoise,or to extract useful partsof
the signal,suchasthe componentsying within a certainfre-
gueng range.

A digital lter is programmabl@ndcanbeeasilychanged
without changingthe hardware. It is easyto design,testand
implement. Digital Iters aretolerableto humidity andtem-
perature andarestable. Thus, digital lters areversatilein
their ability to processsignalsin avariety of ways.

Classi edby thestructureof the lter , therearetwo types
of lters: the nite impulserespons€FIR) lter, andthein-
nite impulseresponselter (IIR). The FIR lIter is stable,
while the lIR Iter is moreefcient, sinceit usesfeedback.
ThisimpliesthatthellR Iter hasalongerlastingeffectona
signal,andsometimeshereis no cut-off pointwhereit stops
responding.In this paper the authorsproposean improve-
mentonthellR Iter, whereit selectvely usesfeedback.As
aresult,the proposedlter is neitheranlIR noranFIR I-
ter, but somethingn betweenThereforeijt is calleda hybrid
impulserespons¢HIR) lter.

This papercomposedf ve sections. The next section
explainsthe FIR andlIR Iters, their structuretransferfunc-
tion, advantagesnddisadwantagesThethird sectionpresents
theHIR Iter, andhow it relatesto theother Iter types.The
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HIR lter simulationresultsandanalysisappeaiin thefourth
section,andthe fth sectionconcludeshis paper

2. FIR AND IIR FILTERS

This sectionhighlightsthe differencedetweerexisting Iter
types.

2.1The Finite Impulse Respons€FIR) Filter

FIR digital Iters useonly currentandpastinputsamplesand
noneof the Iter' spreviousoutputsamplesto obtainacurrent
outputsamplevalue[2]. The equationfor the FIR Iter is
givenin Equationl. representshe input samplesand
representshe outputsampleswheren denoteghe
sample.The valuesspecifythe Iter coefcients, andcan
bealteredto give differentcharacteristicto the lter .

Eq.1

Thetransferfunctionde nestherelationshipbetweerthe
inputsto a systemandits outputs.It is typically writtenin the
frequengy domain,ratherthanthetime domain. Thetransfer
function of an M-stageFIR lter is expressedn Equation2
where is the normalizedradianfrequeng representedy
theanglearoundthe unit circle.

Eq.2

This transferfunction indicatesthat the FIR Iter may
have zeroeshut no poles.lts frequeny responsavill bezero
undercertaincircumstancedyut will nevergive anin nite re-
sponseThereforejt is stable,anda desirablaypeof lter to
use.

2.2The In nite Impulse Respons€lIR) Filter

A secondypeof lter istheln nite ImpulseResponséglIR)
Iter [2]. It differsfrom theFIR Iter becausef onefunda-
mentalingredient:feedbacK3], allowing it to usepreviously
computedresultsto in uence the currentoutput. The result



is thatit may be ableto give anin nite durationof non-zero
outputsevenif theinputbecomesll zeroes.

ThellR Iter is composeaf two parts,the feedforward
partandfeedbaclpart,where valuesarefeedbaclcoef-
cients.Thetime seriesoutputof anlIR Iter is givenin Equa-
tion 3. Equation4 shaws thetransferfunction. The value of

and representhenumberof feedforwardandfeedback
coefcients, respectiely. Thus,thellR Iter is essentiallyan
FIR Iter with feedback.

Eq.3

The problemwith 1IR lters is that they arenot stable.
The transferfunction revealswhy this is the case.The Iter
coefcients canbe positive or negative. If the feedback
partof the lter resultsin avalueof 1, thenthe denominator
become®, resultingin anin nite responsegalledapole.

Eq.4

2.3ComparisonBetweenFIR and IR Filters

An IR Iter canachieve the sameoutputasanFIR Iter, but
usefewer Iter coefcients. In fact, IR lters require5 to
10 timesfewer coefcients thanthe corresponding-IR Iter
in controllingamplituderesponsg4]. This resultsin a more
ef cient implementationBut thefeedbackpathscanproduce
polesin the transferfunction which makesit unstable. The
factthatthe IR outputdependon both input samplesand
previousoutputscanalsoresultin theaccumulatiorof errors.

In systemswherea signal has changingcharacteristics,
adaptve ltering is usedto maintaina stablesystemperfor
mance[5]. Our lter is adaptve in the sensehatit changes
its outputaccordingto sensedstability. Thisis notto becon-
fusedwith adaptve Iters, which use methodssuchasthe
leastmeansquarealgorithmto changehe Iter' scoefcients,
for example,to mimick a lter with unknowvn coefcients.
Thistypeof Iter canbeusedfor noiseor echocancellation.
TheHIR Iter doesnotchangdts coefcients, it justchanges
its outputresponseThereforejt is nottruely anadaptve I-
ter.

3. HYBRID INFINITE/FINITE IMPULSE RESPONSE
FILTER AND ITS DESIGN

Previously, we explainedthe useof a zero-countecircuit [6]
wherethe zero-countmadethe HIR Iter behae asanFIR
Iter on anlIR lter, dependingon the numberof zeroes
receved asinputs. In the zero countertechnique,a “zero
counter” circuit countsthe numberof zerovaluesin the in-
put stream. Whenit reacheghe maximumamount,set by
the Iter designerit would triggera clearingof all feedback

registers.The zero-counteworked, but it is not perfect.One
practicaldrawbackof this approachs thatthe incomingsig-

nal cannotberelieduponto returnto 0. It is possiblethatthe

inputcouldoscillatecloseto zero,suchaswhenamicrophone
picksup backgrounchoise.With thisin mind, we alteredthe

triggeringmechanismNow thefeedbackegistersarecleared
baseduponthe outputslope.

We choseoutput slopeto be the triggering mechanism
sincethe responseof an IIR lter rapidly approachesn n-
ity (or negative in nity) whena poleis reached.At a pole,
thedenominatonof thelIR transferequation(eq. 4) becomes
0, resultingin a steepslope. The outputfrom the HIR Iter
will containasmallspike whenit is triggered.This hasto do
with the natureof the outputbeforethe correctionis made.In
otherwords,theoutputwill alreadycontainaspike beforethe
feedbackregistersarecleared. The ideahereis to minimize
the spike. Without the slope-triggerthe Iter' s outputcould
approachin nity . With the slope-trigger the Iter' s output
will bestoppedeforeit getsverylarge. How soontheslope-
triggerresetshefeedbackegistersis upto the Iter designer

The clearsignalcontrolsthe HIR lter' s responsey re-
settingall registersin the feedbackpart of the device. By
controlling the clear signal, the performanceof the HIR can
rangefrom a pureFIR, somekind of combinationof FIR and
IIR, andapurellR. The Iter architecturds shavnin gure
1. It is muchlike thelIR lter [2], exceptfor the memory
clearingandslopetriggeringcapabilities.
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Fig. 1. TheHIR lter usingslopetrigger

The outputslopetechniqueusesthe slopeof the output
signalas an indicator of the Iter' s stability. Whenthe I-
ter becomesunstablejts time-domainimpulseresponseill
rapidly approachn nity (or negative in nity), which means
the time seriesoutputsignalwill have a large absolutevalue
of slope. If we have a presetslopevalue,the absolutevalue
of the slopeof the outputsequencés comparedvith the pre-
setslopevalue,k. Whenthe slopeis lessthank, the lter is
undercontrolandit is stable otherwisejt is consideredo be



unstable.Whenit is unstable,t setsall the feedbackregis-
tersto zero,which will shutdown the feedbackpartandwill
reducethe absoluteslopeof the output. The Iter thenbe-
havesasanFIR. As the absolutevalueof the outputis below
the presetslopevalue, the feedbacksectionwill restart. By
choosingdifferentpreseslopevalues theperformancef the
HIR lter canbeadjusted.

Figure 1 shavs the HIR Iter with the slopetrigger in
place. A close-upof the slope-triggeris shovn in gure 2.
The “add/sub” unit performsan addition or subtractionop-
erationbaseduponthe “control” signal(1 for subtraction0
for addition). This follows from an add/subunit designed
with XOR gates(to conditionally negatethe input) and full
adders,commonly seenin computerarchitecture[8]. The
rst add/subunit always performsa subtractiorbetweerthe
currentand the previous outputs,i.e. contoll is aways 1.
Thesecondadd/suhunit shouldperformsubtractiorwhenthe
most signi cant bit of the is
0, i.e. . This correspondgo a
positive Yresult While the add/subunit generatesll bits of
the subtractionof Yresultand the slope-thresholdonly the
most-signi cantbit of this resultis needed.Thatis,

; theclearsignalis set

whenYresultis greatetthanthe slope-threshold.
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Fig. 2. TheSlopeTrigger

4. RESULTS

The HIR Iter with a slope-triggethasbeensimulatedwith
Matlah For comparisonFIR andIIR lters are alsosimu-
lated.

Referto gure 3. Theoriginal signalis shawvn in partA,
alongwith its frequeng contentin partB. PartsC andD cor

respondo the FIR Iter, andshav the time-domainimpulse
responsépartC), aswell asthefrequeny responsépartD).

Likewise, partsE and F shav the time-domainimpulsere-
sponseof IR lter, andits frequeng responsetespectiely.

Figure3F shovsthatthellR Iter isimplementedvith band-
passlter coefcients. The rst half of thefreg-responsés a
mirror-imageof thesecondalf. Thisis normalandexpected.
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Fig. 3. Resultsof anFIR andlIR lter

In gure 4, part A shavs the time-domainimpulse re-
sponseof HIR Iter whenthe valuefor the slope-triggeris
setlow, and part B shaws the frequeng response.The re-
sultis thatthe HIR Iter behaesjustlike anFIR lIter, for
a low trigger threshold. Next, the slope-triggenvalueis set
high. Part C shows the time-domainimpulseresponseainder
this condition, while part D shows the frequeng response.
Note thatthe HIR lter is behaing exactly like anlIR Iter
does.Next, the slope-triggelis givenanintermediatehresh-
old value,andthe true performanceof the HIR lter canbe
seen.Part E shavs thetime-domainimpulseresponsewhile
part F shows the frequeny responseof the HIR Iter. Part
3E shaws the output oscillating towardsin nity , while part
4C showvs thatthe HIR Iter cando this, part4E shows that
it will not, for areasonablslope-triggealue. This demon-
strateghatthe HIR lter canbe setto work with anarbitrary
precisionasDSPapplicationsequire[9], [10].
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Fig. 4. HIR lter resultsusingtheslopetrigger

5. CONCLUSIONS

TheFIR Iter is stablebut lessef cient thananlIR lter. The
IIR Iter is efcient butis unstable Someeffort hasbeenput
into makingthe FIR Iter moreefcient or makingthe IIR
Iter stable.For example,Evanspresents parallelbuilding
block suitedfor implementing lters whereeachof the coef-
cient valuesis a sumof differenceof several power of two
terms[11]. Theuseof thehighly constrainedoefcient val-

uesyieldsextremelyef cient andhighspeedmplementation.

Johnsoranalyzedhetechniquedo designstable minimum-
compleity, nearlinear passbanghaseresponsdIR lters
[3]. In our paperanovel techniquehatincorporatebene ts
of boththeFIR andIIR lIters into asingle lter isintroduced.
We call thiskind of Iter Hybrid (Finite/In nite) ImpulseRe-
sponselter , or HIR for short[6].

In application,the IR Iter is a goodchoicein designs
whereamplituderesponser real-timeprocessings the pri-
mary criteria. ThellR Iter hasmoreeffectonthegainover
frequeng thantheFIR lter, for agiven Iter length.TheFIR
Iter is stableandis the preferredchoicein systemswhere
phaseresponseas animportantparameterThereforea lter
thathasthe stability of anFIR Iter with theefciency of an
IIR lter isdesirableTheHIR Iter deliversthisfeatureact-
ing aslIR until theinputis correctedoy the slope-triggerFor

systemswvherestability is neededput anlIR lter is desired,
theHIR lter is anexcellentsolution.
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