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ABSTRACT

Filtersareusedto implementsignaltransforms,and�lter design
is avery importantpartof thesignalprocessing�eld. Therearecur-
rently 2 typesof �lters available: the �nite impulseresponse(FIR)
�lter , andthe in�nite impulseresponse(IIR) �lter . While FIR �l-
tershave desirabletraitssuchasstability (anabsenceof poles),IIR
�lters areableto generateoutputsmoreef�ciently . This papercom-
binesthetwo typesof �lters by introducinganoutputslopetrigger,
to make a hybrid impulseresponse(HIR) �lter with desirabletraits
from bothFIR andIIR �lters.

1. INTRODUCTION

Filtering techniquesare widely usedin Digital Signal Pro-
cessing(DSP) as well as in daily life. For example,�lters
areusedto implementtransforms,suchasthewavelet trans-
form [1]. Filtersareoftenusedto remove unwantedpartsof
a signal,suchasrandomnoise,or to extract usefulpartsof
thesignal,suchasthecomponentslying within a certainfre-
quency range.

A digital �lter is programmableandcanbeeasilychanged
without changingthehardware. It is easyto design,testand
implement.Digital �lters aretolerableto humidity andtem-
perature,andarestable. Thus,digital �lters areversatilein
their ability to processsignalsin avarietyof ways.

Classi�edby thestructureof the�lter , therearetwo types
of �lters: the �nite impulseresponse(FIR) �lter , andthe in-
�nite impulseresponse�lter (IIR). The FIR �lter is stable,
while the IIR �lter is moreef�cient, sinceit usesfeedback.
This impliesthattheIIR �lter hasa longer-lastingeffectona
signal,andsometimesthereis no cut-off point whereit stops
responding.In this paper, the authorsproposean improve-
menton theIIR �lter , whereit selectively usesfeedback.As
a result, the proposed�lter is neitheran IIR nor an FIR �l-
ter, but somethingin between.Therefore,it is calleda hybrid
impulseresponse(HIR) �lter .

This papercomposedof � ve sections.The next section
explainstheFIR andIIR �lters, their structure,transferfunc-
tion,advantagesanddisadvantages.Thethirdsectionpresents
theHIR �lter , andhow it relatesto theother�lter types.The
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HIR �lter simulationresultsandanalysisappearin thefourth
section,andthe�fth sectionconcludesthis paper.

2. FIR AND IIR FILTERS

This sectionhighlightsthedifferencesbetweenexisting �lter
types.

2.1The Finite Impulse Response(FIR) Filter

FIR digital �lters useonly currentandpastinputsamples,and
noneof the�lter' spreviousoutputsamples,to obtainacurrent
output samplevalue [2]. The equationfor the FIR �lter is
given in Equation1.
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 valuesspecifythe �lter coef�cients, andcan
bealteredto givedifferentcharacteristicsto the�lter .
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Eq. 1

Thetransferfunctionde�nestherelationshipbetweenthe
inputsto asystemandits outputs.It is typically written in the
frequency domain,ratherthanthetime domain.Thetransfer
function of an M-stageFIR �lter is expressedin Equation2
where � is the normalizedradianfrequency representedby
theanglearoundtheunit circle.
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 Eq. 2

This transferfunction indicatesthat the FIR �lter may
havezeroes,but nopoles.Its frequency responsewill bezero
undercertaincircumstances,but will nevergiveanin�nite re-
sponse.Therefore,it is stable,anda desirabletypeof �lter to
use.

2.2The In�nite Impulse Response(IIR) Filter

A secondtypeof �lter is theIn�nite ImpulseResponse(IIR)
�lter [2]. It differsfrom theFIR �lter becauseof onefunda-
mentalingredient:feedback[3], allowing it to usepreviously
computedresultsto in�uence the currentoutput. The result



is that it maybeableto give an in�nite durationof non-zero
outputsevenif theinput becomesall zeroes.

TheIIR �lter is composedof two parts,thefeedforward
partandfeedbackpart,where(

 )�'#

valuesarefeedbackcoef�-
cients.Thetimeseriesoutputof anIIR �lter is givenin Equa-
tion 3. Equation4 shows thetransferfunction. Thevalueof

*

and + representthenumberof feedforwardandfeedback
coef�cients, respectively. Thus,theIIR �lter is essentiallyan
FIR �lter with feedback.
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Eq. 3

The problemwith IIR �lters is that they are not stable.
The transferfunction revealswhy this is thecase.The �lter
coef�cients (

 )�4#

canbepositive or negative. If thefeedback
partof the �lter resultsin a valueof 1, thenthedenominator
becomes0, resultingin anin�nite response,calleda pole.
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Eq. 4

2.3ComparisonBetweenFIR and IIR Filters

An IIR �lter canachieve thesameoutputasanFIR �lter , but
usefewer �lter coef�cients. In fact, IIR �lters require5 to
10 timesfewer coef�cients thanthecorrespondingFIR �lter
in controllingamplituderesponse[4]. This resultsin a more
ef�cient implementation.But thefeedbackpathscanproduce
polesin the transferfunction which makesit unstable.The
fact that the IIR outputdependson both input samplesand
previousoutputscanalsoresultin theaccumulationof errors.

In systemswherea signal haschangingcharacteristics,
adaptive �ltering is usedto maintaina stablesystemperfor-
mance[5]. Our �lter is adaptive in thesensethat it changes
its outputaccordingto sensedstability. This is not to becon-
fusedwith adaptive �lters, which usemethodssuchas the
leastmeansquarealgorithmto changethe�lter' scoef�cients,
for example, to mimick a �lter with unknown coef�cients.
This typeof �lter canbeusedfor noiseor echocancellation.
TheHIR �lter doesnotchangeits coef�cients, it justchanges
its outputresponse.Therefore,it is not truely anadaptive �l-
ter.

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

Previously, we explainedtheuseof a zero-countercircuit [6]
wherethe zero-countmadethe HIR �lter behave asan FIR
�lter on an IIR �lter , dependingon the numberof zeroes
received as inputs. In the zero countertechnique,a “zero
counter”circuit countsthe numberof zerovaluesin the in-
put stream. When it reachesthe maximumamount,set by
the �lter designer, it would triggera clearingof all feedback

registers.Thezero-counterworked,but it is not perfect.One
practicaldrawbackof this approachis that the incomingsig-
nal cannotberelieduponto returnto 0. It is possiblethatthe
inputcouldoscillatecloseto zero,suchaswhenamicrophone
picksup backgroundnoise.With this in mind,we alteredthe
triggeringmechanism.Now thefeedbackregistersarecleared
basedupontheoutputslope.

We choseoutput slope to be the triggering mechanism
sincethe responseof an IIR �lter rapidly approachesin�n-
ity (or negative in�nity) whena pole is reached.At a pole,
thedenominatorof theIIR transferequation(eq. 4) becomes
0, resultingin a steepslope. The outputfrom the HIR �lter
will containa smallspike whenit is triggered.Thishasto do
with thenatureof theoutputbeforethecorrectionis made.In
otherwords,theoutputwill alreadycontainaspikebeforethe
feedbackregistersarecleared.The ideahereis to minimize
thespike. Without theslope-trigger, the �lter' s outputcould
approachin�nity . With the slope-trigger, the �lter' s output
will bestoppedbeforeit getsvery large.How soontheslope-
triggerresetsthefeedbackregistersis upto the�lter designer.

TheclearsignalcontrolstheHIR �lter' s responseby re-
settingall registersin the feedbackpart of the device. By
controlling theclearsignal,the performanceof the HIR can
rangefrom a pureFIR, somekind of combinationof FIR and
IIR, anda pureIIR. The�lter architectureis shown in �gure
1. It is much like the IIR �lter [2], except for the memory
clearingandslopetriggeringcapabilities.
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Fig. 1. TheHIR �lter usingslopetrigger

The outputslopetechniqueusesthe slopeof the output
signal as an indicatorof the �lter' s stability. When the �l-
ter becomesunstable,its time-domainimpulseresponsewill
rapidly approachin�nity (or negative in�nity), which means
the time seriesoutputsignalwill have a largeabsolutevalue
of slope. If we have a presetslopevalue,theabsolutevalue
of theslopeof theoutputsequenceis comparedwith thepre-
setslopevalue,k. Whentheslopeis lessthank, the �lter is
undercontrolandit is stable,otherwise,it is consideredto be



unstable.Whenit is unstable,it setsall the feedbackregis-
tersto zero,which will shutdown thefeedbackpartandwill
reducethe absoluteslopeof the output. The �lter thenbe-
havesasanFIR. As theabsolutevalueof theoutputis below
the presetslopevalue,the feedbacksectionwill restart. By
choosingdifferentpresetslopevalues,theperformanceof the
HIR �lter canbeadjusted.

Figure 1 shows the HIR �lter with the slopetrigger in
place. A close-upof the slope-triggeris shown in �gure 2.
The “add/sub” unit performsan additionor subtractionop-
erationbaseduponthe “control” signal(1 for subtraction,0
for addition). This follows from an add/subunit designed
with XOR gates(to conditionallynegatethe input) andfull
adders,commonlyseenin computerarchitecture[8]. The
�rst add/subunit alwaysperformsa subtractionbetweenthe
currentand the previous outputs,i.e. control1 is always 1.
Thesecondadd/subunit shouldperformsubtractionwhenthe
most signi�cant bit of the
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Fig. 2. TheSlopeTrigger

4. RESULTS

The HIR �lter with a slope-triggerhasbeensimulatedwith
Matlab. For comparison,FIR andIIR �lters arealsosimu-
lated.

Referto �gure 3. Theoriginal signalis shown in partA,
alongwith its frequency contentin partB. PartsC andD cor-

respondto theFIR �lter , andshow the time-domainimpulse
response(partC), aswell asthefrequency response(partD).
Likewise, partsE andF show the time-domainimpulsere-
sponseof IIR �lter , andits frequency response,respectively.
Figure3FshowsthattheIIR �lter is implementedwith band-
pass�lter coef�cients. The�rst half of thefreq-responseis a
mirror-imageof thesecondhalf. This is normalandexpected.

Fig. 3. Resultsof anFIR andIIR �lter

In �gure 4, part A shows the time-domainimpulse re-
sponseof HIR �lter when the value for the slope-triggeris
set low, andpart B shows the frequency response.The re-
sult is that the HIR �lter behavesjust like an FIR �lter , for
a low trigger threshold. Next, the slope-triggervalue is set
high. Part C shows thetime-domainimpulseresponseunder
this condition, while part D shows the frequency response.
Note that theHIR �lter is behaving exactly like an IIR �lter
does.Next, theslope-triggeris givenanintermediatethresh-
old value,andthe true performanceof the HIR �lter canbe
seen.Part E shows thetime-domainimpulseresponse,while
part F shows the frequency responseof the HIR �lter . Part
3E shows the outputoscillating towardsin�nity , while part
4C shows that theHIR �lter can do this, part 4E shows that
it will not, for a reasonableslope-triggervalue.This demon-
stratesthat theHIR �lter canbesetto work with anarbitrary
precision,asDSPapplicationsrequire[9], [10].



Fig. 4. HIR �lter resultsusingtheslopetrigger

5. CONCLUSIONS

TheFIR �lter is stablebut lessef�cient thananIIR �lter . The
IIR �lter is ef�cient but is unstable.Someeffort hasbeenput
into making the FIR �lter moreef�cient or making the IIR
�lter stable.For example,Evanspresentsa parallelbuilding
block suitedfor implementing�lters whereeachof thecoef-
�cient valuesis a sumof differenceof severalpower of two
terms[11]. Theuseof thehighly constrainedcoef�cient val-
uesyieldsextremelyef�cient andhighspeedimplementation.
Johnsonanalyzedthetechniquesto designstable,minimum-
complexity, near linear passbandphaseresponseIIR �lters
[3]. In our paper, a novel techniquethatincorporatesbene�ts
of boththeFIR andIIR �lters into asingle�lter is introduced.
Wecall thiskind of �lter Hybrid (Finite/In�nite) ImpulseRe-
sponse�lter , or HIR for short[6].

In application,the IIR �lter is a goodchoicein designs
whereamplituderesponseor real-timeprocessingis the pri-
marycriteria. TheIIR �lter hasmoreeffect on thegainover
frequency thantheFIR �lter , for agiven�lter length.TheFIR
�lter is stableand is the preferredchoicein systemswhere
phaseresponseis an importantparameter. Therefore,a �lter
thathasthestability of anFIR �lter with theef�ciency of an
IIR �lter is desirable.TheHIR �lter deliversthis feature,act-
ing asIIR until theinput is correctedby theslope-trigger. For

systemswherestability is needed,but anIIR �lter is desired,
theHIR �lter is anexcellentsolution.
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