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A KNCMLEmE-BASED SYSTEM FCR VOICELESS :PLa)IVE JE(X)DING 

Charles Barrera*. 

A local learning system for acoustic phonetic decoding of French voiceless plosives is 
described. A rule-base is worked out from both a labelled acoustic phonetic data-base arrl a 
statistical one. 

Locally, rules using tlE concept of fUZl:iness are arrived at throug:h: 
- yielding automatically (based on statistics) restriction boundaries for each pPFi 

nenbership ftmction that is associated to a (parameter P, ftmction F) pair, 
-w)rldng out a syntlEtic, arborescent AND/CR rule ••• 

Globally, an autOOBton is defined for each p'honetre whose states refer to a part of tlE 
rule-base. 

Operating within a decoding proceiure, this system allows to define rules and to 
test the various parameter/ftmction pairing combinations. 

mmooauw 

Nowadays ~ have, available, an acoustic phonetic data-base ( ref 1) that is set up as 
follows: the vocal signal, being processed through a filter bank, yields a spectrtml that 
tm.dergoes an automated pre-segnentation into h:>nngeneous infra-poonenic tm.its. In turn, 
tlEse units becane specified, in terms of aroustic, phonetic, syllabic properties, through 
labels that are applied by a skilled phonetician, as so many tags (macro-class, phonemic 
code, acoustic phonetic realization modality (fricative, nasal, ••• ) contextual attrih.ttes, 
acoustic phases, syllabic code (ref 2). This latter procedure is t~ keystone of the whole 
system: upon it, depend.s tre creation of references; tl'us allowin,g to adapt any further use 
of the data-base to a wide variety of units; i.e., syllable, phoneme, infra-phoneme, etc •• 

Initial results have been extractErl (ref 3), through various types of statistical 
analysis (discriminant, main-component analyses, automatic classification), and stocked 
within a statistical data-base. ~ can show it is possible to go further, atrl sinnltaneously 
make use of both the data-bases described above, in order to practice both semi-automatic 
learning arrl acoustic phonetic decoding. 

1. LOC'AL I.F.ARNIK; (Fig. 1) 

1.1 ~coding Plosives ~ currently concentrate on French voiceless plosives. We are 
aware that, durlng occlusion proper or within the area i.ttneiiately follCMing the ensui.ng 
b.trst, depending upon whether the location of the articulation target is labial, dental or 
velar, discrimination cues ( ref 4, 5) display different behaviors -lx>th spectral and 
temporal (V.O.T.). H<Mever, all three categories do share an energy curve and a spectrum 
that are both definitely non-continuous and characteristic. Tins, while labelling, ~ 
proceeded according to three separate acoustic phases (E implosion, T partial or total 
occlusion, 0 coda with or witoout hurst, release with or witoout aspiration, friction). 
Leaming begins with this observation, arrl operates locally as it creates per-pho11€11E and 
per-acoustic phase rules. 

* Iaboratoire C.E.R.F .I.A., UA 824-<NRS rnECO, 118 Route de Narbonne, 
31062 Toulouse cedex, France 
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1.2 Setting up rules The tt..ser has, availahle, both a set of parameters (acoustic cues: 
aeute/grave, elosed/open, ••• , fonnants, prosadie parameters, ete.) and evaluative flmetions 
(min., TJl3X., mean, derivative, ••• ). Thus, for the occlusive part, the "mininun" of "enerpy" 
ean be retained; whereas, for the burst, the "derivative" of the cue "Acu.te/Grave" and/or of 
"energy" will be preferred. 

The para.ITEters are organized into a hierarchy by means of a statistical analysis; namely, 
their relative importanee is detennined through a main-cornponent anal ysis (MCA). Rules are 
then set up in two stag-es: 

-automated ereation --based on elementary statisties-- of membership-funetions (ref 
6) pPFi, that correspond to a ( parameter, ftm.ction) pair. Both the SUPport and the core of 
the fuzzy flm.ction are calculated; using mean, standard deviation, mininun and nmdrrun over 
several files. 

-arborescent and/or human- or expert-contmlled organization of p.PFi ftmctions. A 
decoding rule, therefore, ernerges as an agregate of fuzzy objectives. Fach such obiective is 
weighed according to its relative :importance by means of the MCA coefficients. 

However, membership-funetions arrount to standards that rray be altered aceording to 
eontext. For instanee, within a fricative context, the cue "acute" should be de-emphasized. 
Within the system, this translates either as an alteration of the pPFi ftmetions (applying + 
or - linguistie operators, ••• ) , or as an inereasing/deereasing eriterion weight along the 
rule-tree. learning does not pmeeed blindly: on the eontrary, it is assisted by knowledge 
issuing from the expertise phase, invol ved in labelling. 

1.3 Evaluation The parameters, the rule refers to, are COII1Jllted over speetral 
infra-phonemie units and storerl within a tanporary mrk-base. The setting in corresporrlence 
of a paranEtric value with a fuzzy form pPFi, yields a belonging-value. An overall score is 
tren atributed to the eomplete rule, whieh eombines tl'E various fuzzy eriteria togetrer, 
thanks to min. (AND) and max. ( OR) Operators. Since weight-coefficients are issued from 
statistics, they impart a rrore obiective charaeter to tl'E various corrbinations. The decision 
conceming phoneme-phase is secured through a simple comparison wi th a set threshold. 

For each phase, rules are independently tested over the already labelled spectrrm; and 
this allows to evaluate their quality. Through canparing with the score, obtained for 
previous rules, tll= defini tion of selected ~les can be refined; therefore, retaining those 
that perform best. Similarly, it is possible to consider other paraneters, to ccmplete 
statistical analyses and to test the rules over a !arger number of COI1X!ses. 

2. GWBAL I.FARNDC .AND JEroDJN:; (Fig. 2) 

Once rules have tlus been defined, i t is tren a tmtter of setting th:!m into a temporal 
arrangement, in the form of an automaton ( ref 7) that represents the associated phonetre. 
This automaton is made up by several states ( the various acoustic nhases) along with tlE 
transition between them. Both a beginning- and an end-state are fictitiously slapped on. The 
sequence should be capable of taking into acealmt the various positions the plosive may 
assl..DIE within th:! phrase -initial, between tm v~ls, final. For the t:i.n'E being, clusters 
wh.ose detection is rrore difficult are not taken up. If located between tm VOilels, a plosive 
will successively go through the phases E, T arrl Q. H~ver, if it is located in the initial 
position, direct access to phase T is allowed. As well, in the case of an imperceptible 
occlusion, direct aceess to tll= eoda Q is possible. Similarly, it is possible to exit from 
the automaton at tll= transition T-F, w't'r=never the burst is weak, etc... • Moreover, since an 
acoustic phase can consist of a string of infra-phonemic lmits, it is also possible to loop 
iteratively over each state; although there is a duration rule that steps in to stop this. A 
coda state Q can be dealt wi th as a whole or explode:l into sub-automata; taking into account 
finer phenorrena in the vicinity of the hurst -- e.g., miero-cue detection (ref 8). 
Furthenmre, the states are in one-to-one correspondence with the rules, described above. A 
transition between two successive states is triggered either by excessive duration in one 
state or by the local score achieved by a rule that is too weak. 
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The system herein described brings tagether several knowledge sources(ref 9): labelling 
expertise, acoustic phonetic data and statistical results. It affords a structuring of 
par~ters, thanks to local rules that are linked up in the form of an automaton. Altering 
rules is made easier through both the trodular and the convivial character of the system. 
Irrleed, the package is written in Turbo-Pascal, arrl it is equipped with powerful graphic 
interfaces that include pop-up menus and windows for the acquisition of both automata and 
rules. 

This system is akin to an e:xpert system, since it displays the same COtJlX>nents; nanEly, a 
fact-base (acoustic arrl phonetic data-base), a rule-base (here, erectai in strata) and an 
inference generating- device (here, a rule applicator that mrks both locally -when looking 
for relevant rules- and globally -when linking up the tanporal phases of a phoneme. This 
system is devised for voiceless olosives, but it can easily be adapted to other phonemes. 

I wish to thank J .F. Malet of CSU Sacranento for translating the original French text arrl 
for his kind suggestions. 
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