[ ]

T T (O

oo Lot

A FUZEY LOGICAL MODEL OF SFEECH PERCEFTION

Program in Experimental Psycholgy, University of Californin,
Sanla Cruz, Colifernia 95064 LL5.A.

A / Y
{. l:"""f]'l—nl--J --'-:I [ {1""'{' lq-ilii'lz'ln--_-l:lr\.'.I lIIFI;r?
EHERTES DL W MASSARD
ARSTRACT

Specch poiccption id viewed a8 having avsilable multiphe
sogrces  af  indosmation  supportiag s deailicalion  amd
interpretation of the language input. The resulis from 3 wide
vanely of expenmems can be desonbed within a (remeswork of o
Ty fogical medel of perception. The atsumpdions ceniral b e
mosdel are 1) each source of informatios is cvalassed o give the
dejired 1o which thal soerce speciies vanous allemtives, 2} the
wwrces of infarnaton e evaleaed ndopendendy of cne another,
3) e souircesd anc snbegraed w0 provide an overal] degree of suppon
for each diematve, and 48 petveplial  sdenufeation  and
interpretaiian follows the reladive depeee ol sappodt among the
slicmatives. & fvmsization of those aoumgisans i applicd W@
resulis of an expenment manpuialeng audible  @d eable
charzceenscs af the syllables /o amd My, In aldition, the revules.
are wsdid wo best oan alematve calcgoncal medcl o spocch
percepuan. The pood descrpison of ihe mesubis by the fuecy logical
meodels ambcae tha the sources of supgon provide contimeoas
ralbet than catcporical infoamasoin. The micgeaison of the multple
sources rosali B ke leam smbepguous seces having the most
Enpach on procossing, These msults provides major consicaing fo
b met by iheorcs of speech perception e languape processing

INTRODUCTION

Spcocch percepion 8 a2 homan sl ikl avals our eaher
inepressive achievemcras.  Even alicr dseades of mierse ¢ffen,
specch moogniton by macdhune wimans ar indenor e heman
performance.  The central thes of fhe present propasal 8 thal
there are multipde sowrccy of imlomnzicn supporing  specch
perceplian, and the pepcesver cwalupes and ntegraics all of thee
surces b schiove perecplaal recognition. Coesider recopgnition of
e wionid performmice in the spodon senienoe

Thr aetrest wa pradyed fue bir cuiuanding performuonce.

Recoprnenn of the chiscal wond m achiesed wia 3 vancly al
tponiup and top-down sources of inlormatsin.  Top-Jown
spufycs anchude semannic, syniactiy, -kl phomnologscal Consirnnis
anid Tssioamup sounces anclude amdibds and visible festures of the
ot w i w il

v THECRETICAL
RECUENITION

A cordang oo the presem framowork. wsell-leamad pasicms a0
pocogmecd i astoniance wah 2 peneral alpondhm, regangles al
e meslilily or paiculsl masans of the paserms [1, 2. 3] The
nundel b reocived suppom an a wale vanely el domaing Jded
comiss of b operaians m poercepeual (prmaryd woegstion
fesmre evaluation, Rawre isdopraison,. amd paikem clnsifaion
Contineously wvalucd  Ralens  are ovalased, micprted, o)
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malched against prooaype  desnpiom in memory, o 35
ientifcation decison 15 made o e basas of the nlajve goodnes;
ol maich of the wimuhis informateon wih the felevant protatype
descnptions.  The model a8 called o luzry lopgecal smodel of
e prion Cabbeewiated FLAIPL

Contral g the FLMP are wammary descriplions of (ke
perceptual unis of the language. These summary descripbon am
called projetypes and dhey contain & conjusction of varioe
propgenics called Beaturcs. A prdolype 4 3 calpory and the
features of the peotodype corpipond o the idcal valuo tha 3
exemplar should have il i s & member ol ha category. The euag
fnem of the reprcsoniaticn of o propemics ik mol koo and may
nover be knownl Howover. e asSmory fpreacetalsen sust bhe
compaishle with the sesmsody fepdt=rmanon resulting from e
mamsduction of the Judibls and viubie speech. Compathlity
recessary because the twib mpresentalions mus ke relaied woone
anoiter, To recepnze e dyllable Mol the potociver mus b able
w elaie b miwmalion pEovided by e syllable el o seme
menry of the calcgory fhal

Protoiypes ane gencrated Tor the tasi an haml, s speoch
percepiion, for example, we maght envision aotivasica of all
prosalypes corresponding 0 e perceplual uhiss of the language
heing spoken, For cise of capoidion. conmder 3 Spesch sepnal
pepecenting a single pereepsual unit. such as the syblable /bal The
sersiey Aviiems iransduce b physical event and make avaalable
wvarius sources af information Gilfled fesures. Dunng the i
eperasion in the maodel, the fiatuncs are evalewascd ki of the
pratcdypet in memaory. For cach feavare and for ¢ach prodolype,
featersd cvatualbon provides information shout the degroe 1o shich
the feawane o e speech signal maiches the festunl value of th
profoiype.

Gosen e peccssanly lege vanely of ks, bl i docesary
1o huwe a common el representing the degee of maich of cach
fesure. The syltable fbal, for cazmple, maghl have vl e [calured
miormanon relscd 10 e clisiag of the lips snd aadible
enformsion  corrcspesuling e the sewond and thind  forman
wamsbnions. These two leatenss mant dhane s commen meng (f they
wwpmyally are poeng @ be hdsed 1o o anoaher. Toowerve thi
purpene, fuery tnsh vaboes (4] ane wsed because they peoside 2
mistutal epresmiation of the degren af makch. Fuzey iruih valess b3
potacen fofa and ong. comcaponding o o proposdion Beg
compicicly falie aml complescly . The valee 3 corredponds b
a compleicly ambigEnis sluatson wheeeas T senuld be mone e
s false amd wo on Fasey ineh sabues. iheteione. not oaly &m
fegiesenl cumiinuous raiher than jusd calegencal snfosmaion, thy
alsa con represend difTorent kands of nformaien,  Ancsher
svansage of fogry trath voless s that they couch iafonzaion &
tishemaical s for 2t keasi inoa quanialabiee e, This dlees
e maural development of 3 guamiative desenalion of B
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Featene evalumion prowides the deprer i which cach feature
i the yliable muiches the comespanding feaiwee meach progolype
4 meEisry, The gosl, of coume, W @ delermine 1he overall
oo of maich of cach prosoiype with the syllabke, All al she
jossures arg capable of copanbaing 0 this progess and the seconil
ppormbion of die moded s called fesund integration, That &, ihe
features (actually the degrees of matches) corcsponding io cach
profotype are combuned (of onjemned in logical twems), The
putceme of Seafide ifspration il of the Sgres o which cach
proigype matches the syllable In the mosdel, 3 fracones conenburne
i e dingl walve, but wilh the propeny ot U ot aovbipeous
feanares have the most mpact on 1he ouloome.

The thand operzieon duning recognition processEg S palicn
classtlicmsan.  Dusing ihis siape, the ment of eath ilevan
peotodype is evaluaied relative 1o the sam of the ments af the olber
micvard prodplypes. This relative poodness of maich gives the
propoduian of nmes abe syllable is ienfified 23 = irstance of the
prostype.  The wolaive goodress of mawch coukd abo b=
srrermined from 2 mang judgmen indicaung the degree o which
ot syllshle malches ibe calegory. The palem classifeanon
opcralbon 35 modeled  afier Luce’s (5] chowe mile, e
panidomansum-hike 1emis [0, we maght say fhat @ s nol baw loud
wme denwan b8 shouting bul riher the relative loodness of thai
demon in ke coowd of relevand deimahs. AR impanant predscion
af the model s that one fealen: bus i preses) elfeoy when a
sepond fostuee B af BE most ambigeous fevel. Thus, e o
milarmative feahere bad the proslest impadt on the padgmenl

v = L ey

Flgare 1. Schemais avpresemaen ol te tror operatien
wwabrpd i percrpual reoguiuen,

Fipuse | ilusicies the throe stages msdlved i@ palicm
recornuion.  Audicory and wisual sources of mlomiaban are
mprescnied By oppercase lefers.  The evalustion  process
iranslarms these en peychological valees indicaicd by lowcrease
fciers) ghat are ithen inecgrascd o pive am overall walve. The
cRmsslication operation maps 1Bus valoe ingo Adme respanee. such ag
4 discrete dechsion or 3 ming. The maodel coalmits wcveral
kpeaant s i descnbing speech percoption. Cie e has 1o
doy with whethet muluple sources of infommuanon ae evaluied in
specch perception. Twa other fsucs have 1o do smhthe evaluaton
of the wources in thal we ask whether coatipsous mfommatson 13
availzhle from cach wowrce and wheihed the output of cvalusuon of
o souEte i conamindicd by the oeher warce. The inue of
cxeporical voram comtinucms percepison can b be abed with
respect oo the outpud of the inegrauen process. Cuestions: abous
mnlegraion aoess whethes i componems passed on by dvaluation
are antegrased anbe scene ghcr-onder neprescmsnion and hos il
oo suees of information ane mtcgrated.

The ibcorueal frsmesoik of e FLAE bos peoses w B 2
valhmble (ramework (or the wudy of spocch  ponoopissn.
Espemmens desigred im ihas framewark have peowsded wnpoie
infarmason conceming e sourtes of iniommaan i geech
perecplbn, afd hiw these sources of infrmation Jie proceiscd o
support specch peeeption.  The evyponments kave sbodied 3 broad
ange aof informatian sources, including Boilom-up sources sach as
muidible and visibde chomcicnsiies of speech ard 1op-doan womeed,
inchodang [,i'mrlng;lnl lexical, syniacia, and wemardic consinings
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A cuamples. cipenments hadwe aocuvied the comnbaiens ol
formanl stnacture &nd duration of vowcl @ ovosel dentication
[7]. e eole of wowel durdicon and coasorond Jucstica o il
iksmlilicaieon afl podlovocabic sop consonans (K, 9] and Incalives
FLOE, b dniegration of volce onsel ams el foaaas srcture of
sopmend- infial aop consonzsis |11, 12] and frcatives [13L These
pestelin ame e lemsed 1o weslem languagess cxpenmonis hase
sbwiwn ha Beih pisch Beipht and pach comtour comnbaie @ the
percepisnn of Mandann Chinese lexical pane |14), Experiments
hanve alsd fevealed the micpration of nemedipry soarces of
aformastion, weh Js perinding posturcs, swth audisory spufces [15]
Several expeniments have alvo addeessed e mlstive contibutions
ol acoustie information and ligher-order comarunls 5 the patte.
Thete expenments Bave mcloded  fomnas  stroctore and
phomalogical comstramnis in the wdemificaion of glides [IAL, the
{ormant sinucture and lexical corsimings i ihe kienmification of
sop consonys [IT) sepmenial infonmxsion and symacic
constraEns o ihe demificaion of wends [ 18], scmaniss coomraings
I wishl kdemiidieation (190 amd wonl onler, aniemacy, and noun.
weih agreemenl {8 senlenee Enempretasion [ M),

EXPANDED FACTORIAL DESIGN

An expanded Fattonal deshgn wilh open-onded  response
diematives offers the potendial of addsesing imponan iwues in
speech porcephion. | owill descnbe an enperimenst manipulating
sudidnry sl wisaal miarmation in 3 speech perception sk, The
novel design illustrated in Figure 2, slong with open-ended
mespone lermatives, has ool boon used previously in o spocch
peecgian reseaich and it provides 3 unsque method 0 addness the
teaies ol evaluason and inesgrabon o audible and visible
infaimation in specch perccplion,

Eight collepe usdens from the Unmversity of Cafiformia,
Sania Crux, panicipaicd Tor one howar in the experimend, Al pesi
stimuli were negorded on videctape. On gach inal the speaker sail
gither /haf ar e or nobing, oo cued by 3 video iemmingd ander
compueer coneral.  YWhen the speaker was Sand 16wy notking, a
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Figuse L

Expmnimon of o mypscal Dosonal deugn 1o mncludes
sudaory and visusl condmon prescme) aloss, The ning
levels dong the soddory dontnuum reproscnl sposch
soundy vanying in cqual weps borween bl and AL,

compuler-contmlied inne was reconded o the audin chaanel of the
wvideodape HMlmsec aler the onsy of the meutral cuc. The ongingl
ausdio track of ihe valooape wos replaced with symheie speoch. A
FuRe-gd M 80 Al saditory coftineam wa wed o oreplace (b
eoipingl sadin, By aicrng b paranicing infarmaison specifyEg
if Bt B0 mrsce of the consonant-vorecl syilable, 2 sei of ning 4010
mise syllables cowening the mage from dhad o e was created

Tre eapenencntal vidootapes wore made by copying the ouginal
tape amd peplcing the onpiml sound irack wih the symilwitic
speech. The presenestion of the symibetic speoch was synchroeized
with the onginal auds eRck on i widootape,



