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1. INTRODUCI'ION

Amficmkumopifimhummembjwofmfiwmchmmepmmo
deades[14].Anoumomofmishasbemmedevdopnnmofsymmnmhighlyxdiahh

www.mdwmsmissionofspeechovamlephmedimdsfifl.m:

mmMMMmbjecmdmdegmdafimbywfimmAmom

Muhammaflu.mdmmflmmvmmmmmhas

aowdbabblecrothflformsofbackyumdsounds.

Themainefleuofmedumdfilmismespewfldismtfionduemam-flufiequemy

respmsehmepm-banimmnifimpmblemismatchamdfikachmouisficsdamge
undomlyfiommemflmmmerJhiscanleadmusipifimmmmmmenhing

mmmmoesfiommnsmnnspeakHJEhnfimmmdmemseqmmh
thevaifimfinnm.myakomuhduemlheundesindnoisemmwdabweor

Wofinvolmmyspcakugmfimmiafionssmemmmficspeamvuifimfionis

bdngconsidaedfmmhimpommappflcafionsasmlephmebankingmdmto
mnfidmfiflhfwmfimmdmhminsbdiewdmumanployabksymmzbeablem

exhibit an acceptable level ofmbusmms undavatying operational conditions.

Thispapapxesemsmhmdgafiminwmcmodsforhnpmfingmepufwmmeofspeaku
vu-ifiufimunduadvusemndifionsAnumbuofnppmacheswnfiduedfmmispurposeue

mammdmflsofflnexpaimmlwmkandmsuhsmm

2. LINEAR SPECTRAL DISTORTION

Adpifimmpmblmhdnaummaficspeakuvuifimfionopmfimhpncfimlappfimfim
“mummisgluemthevafiabimyofflzechmmisficsofducommimflmdmnd
film. It has been found that the short-term spectral features (ag. cepstnl. Incl cepscral.
mmflfinwpefiuiwm)upsufl)wmpflfiomwenwhwspewhdyflsm

mmdedmdadanandmfionmwndifimsmwflnmblewsuchvafiafions [7-9].To

Wemmblmnnumhuoflxhnithavebeendcvflnpedwmidiaimmmm

robustness innospecuulfeamms[9~11]. Mostofmeseatébasedonmepost-pmoessing ofdle
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mmmmmemofmmgm-mmmmmmsmum ‘

ofdnmnfismwhAnefiecfivememodinflfiscawgoryisthecepsmlmnmflhafim

[1.6.12].Sinoethechnmdfilmmgnimdemsponseisnddifivehthelogspecmdomamm

efiwsmbenininfisedbymvhgmcglobalmnofmehgspmmwpmachwhich

ishasedmmeassumpdonthatmcchnmdisbothflmmddmeinvnfimginvolvesflm
Mufflebiaswnwmofthcoepsuflfeamevmmsisarfledombympufingm

mgeoepsuflfeamvecmrmsmey'veaumnoe,andmmnodngthisfiom
Wvambefmeufingdmnfiorthegenaafimoanmoddm

mndmfingavaifioadontefllfi].1heopanfimmbedcsaibedmfimfimflybyaqmsfing

meefi'ecisthechnnnelfilteronthaoepsu‘alvectmsas:-

E,=c,+h, ISISM (1)

mimmeobsmedeepsuuvecmqmmehpmwhcepmflvmliism

dlmdfilnaoepsflalvector,mdMisfltemmheroffeamevmwifllhflxegivm
menace.

The compensated oepstml vectors are obtained by:-

é,=i:“-'€_. lSiSM (2)

when 2'. istheglobalmnvectords.

-.. l “ ..
c. =§§q -

Wmminmahodflsommoavmespeechspecmwhidtmmm

spedficinfomafimfiendmefieaotdfismflnvaificafimpafmmmigmu
pmfiwladysigfifimmwhmtheumnoesmmoshofllfl].Ithamdwofiuhmm

demonmwdthm[14,15]meglobalmnofflxespewhfumvmsuhihhdgifim

hm-speakavuiabiflzymdmnismymvomblyaflmmevuifioaflonmmcy.
Mummemnspewhspwuumisinflnmedbyvafiafimdnemspeechefimmd

heddillzlJtismaefmemmmdedmatmcuseofmonhavcmhhodwifiadanwh
mflmhmmmmfimofmehtmsessimvwiahflhymndformlephwcqmmyspmh
mmmmemdmmmgwwmmmm

nemfimmmmefimmymummmmd
dslnoepsu'alpmmeml15,16].’rhemiginalmfivafionfmtheuseofdflmoq)suflvmn
wasmmpunememsifimflspecnflfeaumofspeecthesevecmmobmimdume
weighmdwmbinafionofthodifiaenoesbetweenxpainofmeobsavodoepmdvecm

whichmZkfi-amesapm where k=l.2,....K.i.e.
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Ac, =92“?M —EH), 1515M (4)
H

where Ac, isdxen‘delmocpsualvecwrandfi‘ isaooefidmtwhosevaluedependsonlyon

K.

Ifchechanndfihaisasstmedwbefinearandfime-invadmgthenbasedonequafion (l)it

bwomesevidmtmndelmoepsn-alvecmmechmneliuvnfiannie.

r
A“: =CK§k(cM—CH)I (5)

Ithas.howevu.beendemonmwdmminmusesmbiningdelmoepsnlmdmn-

nmmafisedoepsualfeagnesdoesmtleadwadgnifinmimpuvmmtmusingmn
nmnalised oepsnl feamms alone [12].

ISiSM

3. SPEECH VARIABILITY DUB1D ANOMAIDUS EVENTS

Anomavuylmpwmmfnmrmounsiduhmwmadcspcakervuifimfinnisdmofmdedmd
vafiafiomhspeechchmuisficsduemammflouswmm'flwseanmflesmmgefim

chmdandawimmmlmisemmhmcmisficspewhsomdsfimfiespeaka‘he

resmmmnflmmhbawemthemespondingmandmmgpamsishownwmduoe

dieva-ifisafionancuacysignifimflyll7-l9].

Duewrheahseneeofaocmhfmmnfionabommemmdandnmofspeech
degradedonhpmcfimlappflcafimithasbempmposedmhmdnoembmessinmme

verification operation by nurmalising the ven'ficalinn scores appropriately [18-21]. The

nppmchishasedonrhewnceprmatifammalouswenxshlhewstumnoecausea

speakefsscmeegaimfifihahwnmdelwdegmdmmmemobminedfmmem

mammaamhmemmmmmmemmanmm
memdoofmescmeformemrgetmodelmamfisficofmfinromaoonsiduedmdds

tunainsrelafivelymchanged._’l‘heuseofmisnfioinsneadofthenbsohmmformemrgez

speakushoddmuefmbearpemdmimpxwemevaifioadonpflfwmmwnfiduably.

Aneffecdwwommmlisafimmhodfmmeabovepmwseisthnbasedonmgme

giveuuestuueraneeagainsuhemodelofthepxoposedspeakmnsmflns.againnlhenndels

of: cohort of other speakers assiyled to that paniuflnrspeaker [19]. The assigned speakers

mthosewhosemodelsaremostsimilarlothatoflheproposedspeakernndmselecteda

pfloriJnmistechniqueJhenfioofdmsoonfortheproposedspenketwlhemnoohm

membewmpuedagainstapre-setmresholdforlhevuificufimpurpose.

Proc.l.O.A. Vol 18 Pan 9 (1996) 401  



Proceedlngs of the Institute of Acoustics

SPEAKER VEUFICATION [N TEIEPHONY

Amhmdifimuppmachhmismegoryfll]consisxsofnmmafisingthcscorefonhe
pmposedspeakubylhuvmgeofmemprmesforaumengismmdspeakmintheseL
Asawnsequndynmnicnmmfimfionfacmispmvidedbyaflowlngthe selectionofthe
madwmmhmhmmdwmdmmwmdwmmmpmmiom

WmmmmmMVemmwmhdmtmammve
efl'ecfimesshunmpnvimmybeenhwsfigamn‘ismmpmposedmmmm
pafiuunanoeofmelwoapprwnhesmidmfimlnpaimmlwndifionsnmmofdfis-
empamfivesmdyisptesmwdhsecfimihmemindaofmispapermcsenmfisafim
methodsmmfandmlscohmtandunconstminedoohmmpecfivdy.

4. SPEEU-l DATA AND FEATURE EXTRACTION

mmeechdamadapwdformissmdywasambsetoftheBTBmtdmhase[61.Thesubset
wastmdd47wpefidonsofdigitummmemnimandmspokmbyllmfleand9
Emalespeamhwasooflecuedfiommlephonecaflsmadebyspeakusfiumvmiaus
bcafioanmeachspeaka.mefim3umncempefifions.wmchwmmeoxdedMafingle
mmmmmnemfiningunpcdfimwnemmwpuwwmm
Mfumfins.

Formepmposeofflwalpaimmlmdymmnmmmhafisedufingnfimm
digiulfiltajanhumncemthenscgmmwdinmfifimuinmlsoflflm
udngnMngwindownndsubjmdmalZ‘mduflmpedicfimmalMW
mmmwmgmmmmmwhmmmwmy
mummgalo‘mmmammafimmmmmmmm
meme: 3 lZ‘oxdaml-fieqnency ccpstnl feannevecmr [22.23].

hmdermndueetheefiectsoffimarspecuflshapingimposedbythecomnmnjmfion
mmmwmwmmhjmwmemmmnmmqumm
inxectinnz.

5. ECPERJMENTAL WORK AND RESULTS

hissecfimpmfidesmdflaihnndmmmofmeexpaimnwnducwdwmnfinemc
etfecfivamsoftheeonsidmdmlisafion methodsforspeakcrvcfificafimintelephony.
Thesmdywascufiedommingnm-dcpmdmtlfiddenMMkmModdammspeaku
vaifimflonwmSpeaksswmnndelledbyasuoffour—mwlefitorifiul-MME

digitumm. The observation probability formalism: was a
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continuous density function described by a mixture of two Gaussian densities. 'Ihe covariance
matrixoftheprobabilitydisuihutionwasassumedto bediagonnLandtheinifialmodel
parametas were estimated using a modified K-meaus algorithm [24].

The cxpetimmtal work consisted of speaker verification trials using digit utterances.

Themainaimsofthesetests wereto comparedieperfomaneeofthecohonanduneonstrained
whmnmhsafimmchniques,andabowexaminemedependemeofflidrefiecfivmm

the size of the set of competitive speakers.

For the pmpose ofeohort normalisation the selection and assignmtofoompefitive speakers
wascmfiedoutinmefoflowhgmmnthevuifimdmsyswmwasmnedforiiflividml
speakers. and then, for each digit utterance, the training repetitions'fium each speaker were
wmpmedagainstmemspandingmodehoffllomaspmkgphthesetmspeakuswho
were most competitive‘with each registered wee selecwd using the pair-wise
comparisonmethod[191.111eprocesswasrepeatedtentimeatoooveralldifiumttendigit
umneesAsalesulLeachregisteredspeakerwasaasigredasetoftext—dependemspeakfl
cohorts. Forunoonstrained cohort nonnalisation, on theotherhand.eompetitive speakers were
determinedduring theacmaltesttrials.

'Ihehaselineverificationscoreswereexpressedaslog

Il=l°gLi (6)

where L, denotestheflkefihoodformef'speaker.Thenmmafisedscomswaeobminedby:-

.. 1 N I
4:1, -—210gL, (7)

N,“I

whereNiathesiuoftheadopted setot‘competitive speakers and L; are the likelihoodst

these.

'l‘hefirstsetofverifimfionexperimentswaseonductedbyincrementingNfivmuminimumof
ltoamaidnnmof19.1hiswasduemmefamthattheteweteonly20speakersintheset.

Figurelillumiestheresults—ofthissmdyintermsoftheavmgeequaleuorratemnsa
fimcfinnofN.heacheonsidaedcase.TheEERohainedu§ngmnmafisedvuifinfion

semesisdwgiveninmisfigmeasfltehasefinefiesensultsclemiywufirmthudte

vuificefionwcmcymbefiyfifimnflyimpmedhynmafldngmemmappmpfiamly.
ItisobservedthattheEERfor the eohorttnethoddecreases almost exponentiallybyineteasing
N from 1 to 15. As the cohort size is himsedbeyond IS. the verification error starts to

increase gradually. Figure 1 also shows that only for values ofN of up to 2thiserrorrateis
largerthanthatohtained using unnormalised verification scores.
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Avuyimpmmpmofmeexpaimmmlmultsismemsidmbkdifiumbuwecnme
Wafflwmomxmafisaflanmchrflthfavowoftheumnminedwhon
appmacmpMmIHnyormuvaluesofNjorverylargevalufiof N.d1elwomcflwdsare
mmmmmmmmmg.mmmomemmm
eohcnmethodisbelievdlobeductodwwayflwcompedfivespeakmmselecmdinflfis
metho¢Alflnughitcanbearguedthatinthccaseofuuespeammetwomemmm
umequallyefiecfivaWhmthemstumnoeisspokmbymimOsmflnmmmhed
WWMwmammemhmmmfihh
mewhmapmhmmpedfiwmkusnmdamdwhhmgismdspeahmmmtpw
munmuwnspeakmfiomvfiflfinthemmhubecndmcaminmm
expuimfidmmeidmfizyofmotherspeakmhc$heflsvuyfikdywmflgh¢
minnhisma)awnmdaLnndalsopatapsnguinstsomeoflmmndekhmcsegm
mummnesmaumobminedwithdfismdfmmymuvflmofN.
andinpmimlnrforavalueofNofl,confirmstheabwntg\mL
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canon-luau

figure LVm'ificationpaformmeofcohonmdunoonmined
cohonnntmlisuionmethodsbasedondrfiwinsimposm
fmmwithinflmsetoflegismedspeakus.

hpmdmlappfimfimthcimposwrsmmflkdymbefivmtheomfidcmesetof
lep‘medspcaknthnnthe Insuch cases. the uncommitted cohonmethodwouldngnin
bccxpectedmpmduoealowerfalseacceptanceenordlandteoohmmemmsisbecmse,
www.mmmmmmcspeakmmmemwhosemdekmmehsemthe
imposwfsunemncetocompetevmhthemgetmddItisthonghtdmifthespeakersetis
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adequately large. there is always a high pmhabflity that an imposwr targeting a particudar
speaker.wfllscomhigheragainstoneormmemdelsinthesetotherthandzetargetoneJn
mewhmmuhomontheodlahMthecompedfivespeakusmthosewhosemodelsue
closesttothemgetspeakernndeLandnotnecessafilytotheimpostorsumnce.Asa
wnscqummmeimposmfsmeagninameseoompefifiwspeakmmynotnecessuflybe
higherthanthatagninstthetargetspeaker.

hmdthvesfigatemiscasem,mmmwuewadnaedbydividingthespeaku
minmmoequnypopmmdsummmefimsetofexpdmumevedfiufionsym
wasninedfmspeakashmbsetl,nndfltehnposmwmdmwnfiumsubsaZAseoond
saufapuimmswasfltmeaxfiedontbyinuchangingfltemlesofspeamhmewo
wbsemResultstitheseexperimentsmgiveninthmez.
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(I) (b)
Figural. Pqualmnlesinspeakavuificafinnexpuimeatsuxingimpomsflumoutside

the gmup oftegismred speakers. '

(a) Subset I: reg‘stered speakers. Subset 2: imposum.

(b) Subset I: impostms. SubsetZ: registered speakers.

It isobserved thatin bothcases meRsobtainedfcrnormalisedvuifiwionsemesdmse
alums: exponentially with an increase ill N. The mum also show that the ER for the
unconstrained cohort method is consistently Iowa- than that for the cohort method. This. as
suggested earlier. is due to the lower false aweptance error in the former method. It is,
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howevu,seenthatsimeinthepmsemcascsflzeimposmmdmwnfiumflwoutsidemset
ofngiswmdspeakusfiheEERsobmhedwifilheumsnaiuadwhoflmmhodforacohm
_simoflmnatassmallasbefme.

6. CONGJJSIONS

 

Anhvesfignfinninmmcpafimmmofmficspeamvuificafimhtdqnnnywas-
mmmmdyhehfledamoffieMMmevafiafimpafmmofm
ummammmmmmmgmmmmofmimfingm
cfimofnfimflbawmmemupondhgmmnhhgmmmm
mmigmmmmmmmmmm

Vaifimfimfidsmwnhcwdusingimposmfimnfieuifihuwdlnwflhammcwd
nwmmmdmehmmmmmmm
wuflbedgnifimfiyimpwedbymfisingmevaifiufimmmmpfimy.m
Mummmmmofmmwmmmwmu ‘
msistmflywpaimmthofthewhonmethmmsisbefiwdmbeduemthefimflm
theth methodnmpxswimpmvethevedfimfionamcyonlybymdndngthefalse
:ejecfimm.1hunmnmnincdcohonmedwd.mmmhnnd.ndmbofllfnlse
'WWWWmMamfiammmmmumm
mismethod.
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