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Abstract

The presentedalgorithm detectschanges of the loud-
speaker enclosure microphone(LEM) systemin an acous-
tic echocancellationsetupundernon-stationarynoisecon-
ditions. Changesof the LEM systementail a mismatch of
thecancellationfilter, consequentlymakingthebeforehand
cancelledechosaudibleagain. Thenew algorithm avoids
the reductionof the adaptationspeedafter thesechanges.
Systemchangesaredetectedbymonitoringthedifferentbe-
haviorof twocoherences:Thesechangeshaveonlya small
impacton the coherencebetweenthe microphoneand the
loudspeaker signal,whereasthey significantlyinfluencethe
coherencebetweenthemicrophonesignalandtheoutputof
thecancellationfilter.

1. Intr oduction

In many countries,theuseof amobilephonewhile driv-
ing acaris alreadyprohibitedby law. Therefore,hands-free
communicationwill soonbea featureof moderntelephone
systemsthat is takenfor grantedby thecustomer. Though,
thelimitationsof hands-freetelephonesystemsin a caren-
vironmentarevery challengingdueto the non-stationarity
of theenvironment,thehighnoiselevel and,becauseof the
longdistancebetweenloudspeakerandmicrophone,theap-
pearanceof acousticechos.For that reason,the combina-
tion of noiseandechocancellationsystemsis still thetopic
of muchactiveresearch[1][2].

Themostpopularconceptfor echocancellationis based
on adaptive filtering. Here,the loudspeaker enclosuremi-
crophone(LEM) systemis estimatedvia thecorrelationbe-
tweenthe loudspeaker signal and the microphonesignal.
Dueto thefactthatnoisecancellationsystemsusuallywork
in thefrequency domain,afrequency domainechocancella-
tion algorithmsuchastheonebasedonthefastleast-mean-
square(FLMS) algorithmis preferablefor combinedecho
and noisecancellation(Fig. 1). Unfortunately, additive

noisesuchasenvironmentalnoiseanddouble-talkseverely
affect theconvergenceof theadaptive filter. Double-talkis
definedasthesituationwhereboththeremoteandthelocal
speakerareactive. Therefore,thestep-sizeof theadaptation
algorithmhasto beadjusteddependingon thenoiselevel.
Severalstep-sizecontrolalgorithmshave beenproposedin
thepast[3]- [7].
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Figure 1. Basic frequenc y domain echo can-
cellation system

Changesof theLEM systemareparticularlydifficult to
handlefor mostof thesealgorithms.This resultsfrom the
fact thatboth thechangeof theLEM systemanda sudden
increaseof the noiselevel leadto an increaseof the error
signal. The increasingerrorsignalthenentailsa reduction
of thestep-size.Hence,insteadof quickly adaptingto the
changedLEM systemandtherebycompensatingthe echo
again,theadaptationslowsdownandtheechosreappear. To
circumventthisbehavior, thedetectionof systemchangesis
indispensable.

We proposea methodfor controlling the step-sizeof
anFLMS echocancellerthat incorporatesthedetectionof
LEM systemchanges.Thestep-sizeis setaccordingto the
coherencebetweenthemicrophonesignalandtheoutputof
thecompensationfilter andthecoherencebetweenthemi-
crophoneandtheloudspeakersignal.



Thenext sectionintroducesbriefly thebasicconceptof
frequency-selective step-sizecontrol basedon the coher-
encefunction. In Section3, theconceptis extendedby the
specialtreatmentof thebeginningof theadaptationandthe
detectionof LEM systemchanges.Section4 presentsthe
simulationsanddiscussestheresults.A conclusionis given
in Section5.

Definitions The power ratio } betweenthe echosignal~<����� and the local speechsignal is definedsimilar to the
signal-to-noiseratio (SNR):

����� � �����x��� ����
� ����)�q��� (1)
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The definition of the systemdistance � ����� betweenthe
LEM system  ����� andtheadaptivefilter ¡ ����� is:

� ����� �£¢   �����¥¤ ¡ ����� ¢ �
¢   ����� ¢ � (2)

2. Frequency-selective step-sizecontrol

In echo cancellationsystems,the coefficients of the
adaptive filter ¦ ����� are adjustedaccordingto the cross-
correlationbetweentheinput signal § ����� andtheerrorsig-
nal ¨ ����� [8]. Additive noisethat is not correlatedwith the
inputsignaldoesnotdisturbtheadaptation.Dueto thelim-
ited lengthof theobservationinterval in real-timeapplica-
tions,thisassumptiondoesgenerallynotholdandacorrela-
tion of theadditive noisewith the input signalis observed.
Hence,additive noisecanleadto misadjustmentandeven
divergenceof theadaptationalgorithm.Asaresult,thestep-
size © ���ª� needsto becontrolleddependingon thepowerof
theadditive localsignals(compareFig. 1).

As the noisesignal « ����� is not availableseparately, we
evaluatethecoherence¬ �­-® � « � betweenthemicrophonesig-
nal ¯ �����

¯ ����� �±° �����³² § �����µ´ « ����� � ~������¶´ « ����� (3)

andtheloudspeakersignal § ����� :
¬ �­�® � « � � ¢ � ­-® � « � ¢ �� ­�­ � « � � ®)® � « � (4)

� · ¬ �­-� � « � ·¸�
to estimatethe noiselevel in eachfrequency bin [7]. ” ² ”
denotestheconvolution.Previously, thecoherencefunction
hasbeenusedto detectdouble-talksituations[9].

Thecoherencebetweentwo signals§ ����� and ¯ ����� is de-
finedasthenormalizedcross-spectraldensitybetween§ ���ª�
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Figure 2. Averaged and smoothed coher -
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distance (infinite SNR)

and ¯ ����� [10]. Therefore,it dependson both the cross-
correlationbetweenthe loudspeaker signal and the noise
andthe noisepower. Thus,the coherencefunction canbe
usedto controlthestep-sizeof theadaptationalgorithmde-
pendingon the level of theadditive noise[7]. For low co-
herencevalues,the power of the noisesignal « ����� is high
andthestep-size© ���ª� needsto besetto a low value. The
sameis trueviceversa.

Dueto theshortobservationintervalsandthecompara-
tively long impulseresponseof theLEM system,thecoher-
encebetweenthe loudspeaker signal § ����� and the micro-
phonesignal ¯ ���ª� , althoughfully correlatedin a noise-free
environment,showsasignificantinfluenceof theLEM sys-
temanddoesnot reachthetheoreticallimit of ¬ �­�® �Ç�

.
In orderto reducetheeffect of theLEM system,in our

case,the coherenceis evaluatedbetweenthe microphone
signal ¯ ����� andthe output È~����ª� of the compensationfilter¦ ����� : È~������ � ¦ �����µ² § ������É (5)

This implies the assumptionthat ¦ ����� and
° ����� aresimi-

lar, which is trueaftera few adaptationsteps.Assuminga
systemdistanceof at least ¤ �-��ÊÌË , thesignalsareaffected
by very similar filters

° ����� and ¦ ����� resultingin a negligi-
ble influenceof thesefiltersonthecoherencebetweenthese
two signals.Thisbehavior of thetwo coherencescanbeob-
served in Fig. 2. Note that theblock index � corresponds
to theblocksprocessedby theFLMS algorithm.Thecoher-
ences¬ �­-® � « � and ¬ �®ÎÍ� � « � , in fact frequency-domainfunc-
tions,have beenaveragedover all frequency bins « to ob-
tainonecoherencevalueperblock � . ¬ �­-® and ¬ �®ÎÍ� havealso
beensmoothedoversomeblocks.

By applyingthecoherencefunction,thenoiselevel can
beevaluatedin independentfrequency bins. Thus,the co-



herencefunction enablesus to control the step-sizeinde-
pendentlyfor eachfrequency bin. As boththeloudspeaker
andthe noisesignal,especiallyin the caseof double-talk,
arenot spectrallyflat, frequency-selectivestep-sizecontrol
improvesnot only the speedof convergencebut also the
quality of the processedspeech:in frequency bins where
adaptationfails becauseof a high noiselevel, the echois
coveredby thenoise.In everybin with alow noiselevel the
adaptationcanstill takeplace.

3. Step-sizecontrol in non-stationary envir on-
ments

The step-sizecontrol basedon the coherencebetween¯ ����� and È~<����� hastwo major drawbacks. The first occurs
at the beginning of the adaptation.Here, the coefficients
of thecompensationfilter ¦ ����� areequalto or only slightly
greaterthanzero.Thus,theassumptionthat ¯ ���ª� and È~������
areaffectedby similar filters doesnot hold anymore. The
large differencebetweenthe two signalsresultsin a very
low coherenceeven in the absenceof additive noise. As
a consequence,the step-size© ���ª� is low andthe speedof
convergenceis very poorwhich is especiallycounteractive
at thebeginningof theadaptation.

A similar problemariseswhentheenvironmentis time-
variantandthe LEM systemchanges(e.g. by openingthe
car window). This resultsin a significantincreaseof the
residualechosignal.To reducetheresidualechoagainto a
tolerablelevel, thecompensationfilter hasto adaptquickly
to thenew LEM system.Unfortunately, theassumptionthat
both signals ¯ ����� and È~������ have passedequal linear sys-
temsdoesnot hold in this situationeither. The coherence
will be low andwill leadto a low step-sizeandthusslow
convergence.Therefore,asystemfor thedetectionof LEM
changesis required.

Previously proposedalgorithmsto detectchangesof the
LEM systemaretime domainalgorithms[5][11]. For that
reason,they arenot suitablefor usewith the FLMS algo-
rithm. We exploit the effectsof linear systemson the co-
herenceto detectchangesof the LEM system. As stated
in Section3, for limited observation intervals, linear sys-
temshaveasignificantimpacton thecoherence.To control
the adaptation,we assumedthat the compensationfilter is
adjustedto the LEM systemandhencethe coherencebe-
tweenthe microphonesignal ¯ ����� and the compensation
filter outputsignal È~������ is only affectedby additive noise« ����� . Consequently, the coherence¬ �®ÎÍ� � « � will be larger
thanthe coherence¬ �­-® � « � . Deviationsfrom this expected
behavior indicatea misadjustmentof thecompensationfil-
ter.

Controlling the beginningof the adaptation At thebe-
ginning of the adaptation,the assumptionthat

° ����� and
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Figure 3. Coherence and system distance
with a system chang e in block no. Ï�Ð � . The
simulation was carried out with infinite SNR.

¦ ����� are similar obviously cannotbe made. Therefore,
we estimateboththecoherence¬ �®�Í� � « � betweenthemicro-
phonesignal ¯ ����� andthe compensationfilter output È~Ñ�����
and the coherence¬ �­-® � « � betweenthe input signal § �����
andthe microphonesignal ¯ ����� . As long asthe compen-
sationfilter is not adaptedto theLEM system,¬ �­-® � « � will
belargerthan ¬ �®�Í� � « � . Thus,thestep-sizewill becontrolled
by ¬ �­�® � « � until ¬ �®ÎÍ� � « � is as large as ¬ �­�® � « � showing that
theadaptationhasproceededsignificantlyandtheprevious
assumptionis now applicable.Thebehavior of thetwo co-
herencesdependingonthedecreasingsystemdistanceatthe
beginningof theadaptationcanbeseenin Fig. 2. As men-
tionedbefore,thecoherencevalueswerehighly smoothed
in order to reducethe varianceof the estimationand that
only blocks with voice activity in the loudspeaker signal§ ����� werecounted.Thecoherence¬ �­-® � « � is independentof
thesystemdistanceandremainsconstantwhereas¬ �®ÎÍ� � « � is
ataverylow level at thebeginningof theadaptationandin-
creasesto thetheoreticallimit for infinite SNR ¬ �®�Í� � « � �Ò�

.

Detection of systemchanges In a similar manner, sys-
temchangescanbedetected.Thecoherence¬ �­-® � « � is only
slightly sensitive to changesof the LEM system. How-
ever, the coherence¬ �®�Í� � « � is highly influencedby system
changesbecausethey leadto a violation of theassumption
that the filters

° ����� and ¦ ����� are identical. As a conse-
quence,the coherence¬ �®ÎÍ� � « � drops. It might even drop
below thevalueof thecoherence¬ �­-® � « � dependingon the
extent of the systemchange. This decreaseof the coher-
ence¬ �®ÎÍ� � « � canbeexploitedto detectchangesof theLEM
system.

Fig. 3 shows thetwo coherenceswhentheLEM system



changes.In block no. Ï�Ð � of thesimulation,thefilter
° �����

usedto simulatetheLEM systemwasshiftedby two taps.
The impactof this shift on thecoherence¬ �®ÎÍ� � « � is signif-
icantwhile thecoherence¬ �­-® � « � remainsunchanged.The
correspondingplot for thesystemdistance� ����� showsthat� ����� risesabruptlyafterthechangeandthenquickly drops
backto its previousvalue.A changeof theLEM systemis
detectedassoonasthecoherence¬ �®�Í� � « � dropsbelow acer-
tain thresholdand,at thesametime, thecoherence¬ �­�® � « �
remainsconstant.In orderto reducethevarianceof theco-
herenceestimates,a smoothingover consecutive blocksis
necessary. This alsoresultsin a delay in the detectionof
systemchanges.Therefore,the degreeof smoothingis a
trade-off betweenthereductionof thevarianceandthe in-
ertiaof thealgorithm.

An important issue is the differentiation of system
changesfrom simpleincreasesof thenoiselevel asfor ex-
ampleduringdouble-talk:In oursystemsetup(seeFig. 1),
a rise of the noisesignal « ���ª� not only affects the coher-
ence¬ �®�Í� � « � betweenthe compensationfilter outputsignalÈ~Ñ����� andthemicrophonesignal ¯ ����� but alsothecoherence¬ �­-® � « � betweenthe input signal § ����� andthe microphone
signal ¯ ����� . Thus, it is possibleto differentiatebetween
changesof theLEM systemandincreasesof thenoisesig-
nal by comparingthebehavior of thetwo coherences.This
is illustratedin Fig. 4. Here,in blockno. Ï�Ð � a localspeech
signalat a power ratio of } �Ó��ÊÎÔ

wasadded.As canbe
seen,bothcoherencesareaffectedin the sameway by the
additivespeechsignal.This is in contrastto thebehavior of
thecoherencesaftera LEM systemchange(Fig. 3), where
thecoherence¬ �­-® � « � remainsconstant.
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in
block no. Ï�Ð � . No additional local noise was
present.

Controlling the step-sizeafter a system change The
purposeof the detectionof systemchangesis to avoid the
reductionof theconvergencespeeddueto a low step-size.
In ordertoachievethis,thedifference× � « � betweentheco-
herences¬ �®ÎÍ� � « � and ¬ �­�® � « � is monitoredin eachfrequency
bin. As soonas a systemchangeis detected,the mean
value Ø× � « � over someblocks � beforethe systemchange
is computed.Thisdifferenceis addedto thecoherenceval-
ues ¬ �­-® � « � which werenot affectedby thesystemchange.
This adjustedcoherence¬ �­�® � « ��´ Ø× � « � controlsthestep-
size after the systemchange. As a result, the adaptation
speedwill remainon a constantlevel despiteof thesystem
change.With proceedingadaptation,thecoherence¬ �®ÎÍ� � « �
will riseto its previousvalue.Fromthatpoint on, thestep-
sizewill againonly bedeterminedby ¬ �®ÎÍ� � « � .

4. Simulation results

For the simulation, a recordedmale voice signal was
usedasinput signal § ����� . Both theLEM system

° ����� and
theadditive noisesignalhave beenmeasuredin a car. The
noiselevel wasset to

�����Ù�Ú����ÊÎÔ
. In block no. ÏÛÐ � ,

the filter
° ����� wasshiftedby two tapsto simulatea LEM

systemchange.Fig. 5 comparesthebehavior of thesystem
distancefor threedifferentstep-sizecontrol strategies: A)
manuallyset fixed step-size,B) frequency-selective step-
size control without the detectionof systemchanges,C)
frequency-selective step-sizecontrol with the detectionof
systemchanges.
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Whennostep-sizecontrolis used,theperformanceis the
worst,becausethefixedstep-sizehasto besetto aconstant
small value in order to prevent the algorithmfrom diver-
gence(curveA)).

Beforethesystemchanges,thereis nodifferencein per-
formancewith and without the useof the detectionalgo-
rithm(curvesB) andC)),althoughtheperformancewith the
frequency-selective step-sizecontrol is clearly betterthan
without any step-sizecontrol. After the systemchange,
the adaptationwith fixedstep-size(curve A)) outperforms
theadaptationwith frequency-selectivestep-sizecontrolbut
without the detectionof systemchanges(curve B)). The
reasonis the automaticsettingof a low step-sizeasmen-
tionedin Section4. This behavior is overcomein caseC):
Whensystemchangesaredetected,thealgorithmconverges
muchfasterthanin casesA) andB).

5. Conclusion

We presentedan algorithm that improves the perfor-
manceof a frequency-domainecho cancellationsystem.
The coherencesbetweeninput/microphonesignalandmi-
crophonesignal/outputof the cancellationfilter are esti-
matedandmonitored. By this, the detectionof LEM sys-
tem changesin a non-stationaryenvironmentcanbe com-
binedwith thestep-sizecontrolof theechocancellational-
gorithm.Boththedetectionof systemchangesandthestep-
sizecontrolareperformedin thefrequency domain.Thead-
vantageis thattheechocancellationalgorithmcaneasilybe
mergedwith afrequency-domainnoisecancellationsystem.
Also, thefrequency-selectivity of thestep-sizecontrolleads
to a fasterconvergenceof the adaptationandan improved
hearingimpression.In thisnew algorithm,aseparatedetec-
tion of double-talksituationsis not necessary. Double-talk
is dealtwith by the algorithmas “normal” additive noise
andthusneedsnot to betreatedseparately.
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