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AT LEAST TWO MACRORHYTHMIC UNITS ARE NECESSARY FOR
MODELING BRAZILIAN PORTUGUESE DURATION: EMPHASIS ON
AUTOMATIC SEGMENTAL DURATION GENERATION °

PLINIO ALMEIDA BARBOSA
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Et le vent, la vague, l'étoile, l'oiseau, I'horlogesous
répondront, il est I'heure de s’enivrergour ne pas étre les
esclaves martyrisés du temgsiivrez-vous, enivrez-vous sans
cesse de vin, de poésie, de vertu, a votre guise.

Les Petits poémes en progtharles Baudelaire

ABSTRACT: By modeling Brazilian Portuguese acoustic durgtihis work presents
two arguments in favor of macrorhythmic units. Eirthe emergence of distinct
durational patterns for lexical and phrasal accer@scond, the homogeneous
lengthening (shortening) effect of segments cotirgjasyllables at lexical stress and
IPCGs at phrasal accent. A two-stage model of satgheluration generation is
derived.

RESUME: La caractérisation de la durée en portugais disiB(PB) permet de faire
émerger une typologie accentuelle signalant la egmé@s de deux unités
macrorythmiques. Les maxima descoresde la syllabe coincident avec la position de
I'accent lexical tandis que les maxima descoresdu GIPC démarquent les frontiéres
prosodiques de I'énoncé. Un modéle a deux étapesettant la génération simplifiée
de la durée segmentale du PB en est dérivé.

RESUMO: O modelamento da duracé@o acustica no portugu&rakl (PB) tornou
possivel a emergéncia de uma tipologia acentualreysla a existéncia de ao menos
duas unidades de programacdo macrorritmicas: has#tao GIPC. Os pontos de
maximo dosz-scoresda silaba coincidem com a posi¢do do acento legrgguanto os

“A shorter version of this paper is published on Ereceedings of theS1ESCA Tutorial and
Research Workshop on Speech Production Modelind’ &geech Production Seminakutrans, France,
May 20 to 24, 1996, under the titleAt least two macrorhythmic units are necessaryniodeling Brazilian
Portuguese duration.



pontos de maximo dasscoresdo GIPC (coincidindo com posicdo de acento lekical
demarcam as fronteiras prosodicas do enunciadomiddelo ritmico possibilitando a
geracdo automatica e simplificada da duracao segim&mroposto para ser integrado
em um sistema de sintese da fala em PB.

INTRODUCTION

Recently, van Santen’s work (1994) convincinglywged that it is not necessary
to consider the existence of (macro)rhythmic progréng units (RPU) in order to
generate segmental duration. His phoneme-base@agpinvolves, however, a huge
computational cost. In early work, on other han@rid®sa and Bailly (1997) have
shown that the durational structure (expressed bsgylble size z-score model)
associated with a set of read sentences reveastanckind of organization over the
segment level. We were able to propose an approaaturation generation that takes
into account the macrorhythmic organization of ghbeand drastically simplifies the
mechanism of duration assignment.

As has already been demonstrated for French, nmingathe acoustic duration of
consecutive segments points to an organization imggher order units whose
boundaries are two consecutive vowel onsets (BarBoBailly 1994). This unit was
named inter-perceptual-center group (IPCG) by esfee to research on p-centers
(Marcus 1981; Pompino-Marschall 1991), whose figdirsuggest that their optimal
location is the vicinity of the vowel onset, as tsnobserved by careful examination of
Pompino-Marshall’s figures and can be confirmedimore ecological work (Janker
1995).

Normalized durations are obtained through Campbzitcoremodel (1992). The
z value of each segmesis computed by writing:

Dur=exp (s+ z0y) Q)

where Dug is the segment duration angs,(0s) stands for the average and the
standard-deviation of the log-transformed duratiohsll s realizations in arad hoc
corpus The strong elasticity hypothesis in Campbell’'sdelcsays that all segments in a
syllable frame have the same z-score: a singleevafiz per syllable can then be
computed by writing:

Dur (syllable) =2 exp {is+ z.0) 2)

French data allow us to propose a weaker elastigippthesis where the rhythmic
unit is the IPCG, not the syllable. Brazilian Pguese (BP) data, on the other hand,
indicate that at least two macrorhythmic units aeeessary to model the durational
structure of read sentences. BP rhythm can thend slight on the
segmental/suprasegmental controversy thanks tgreeter complexity of its accentual

typology.
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In BP, lexical stress can be assigned to the fipahultimate or antepenultimate
syllable. Stressed syllables can be enhanced gsateeuttered by carrying phrasal
accent. Only lexically stressable syllables can pbsasal accent.

The acoustical correlates of stress are often teatgr duration of the stressed
unit and the decrease of intensity in the poststé syllables (if any) (Massini 1991)
Massini also says that stress is carried by tHaldgl as a whole — and not by the vowel
alone— but our data reveal a slightly more complaation.

The results shown below are based on the analjdiscocorpora A nonsense
word corpus meant to capture the speaker durational charsiits; and a read-
sentence corpus, meant to analyze utterances’minyttructure.

SPEAKER’S DURATION STATISTICS

Segmental durations were determined from a 1195emse wordcorpus
containing all BP phonemes (and also some of thalBPhones) of a native 30-year-
old professional speaker (from the Paulista digleStatistical analyses were then
performed. The results on Table 1 confirm currembwledge on duration in BP
(which is in agreement with universal trends: L&hi&970): (a) for front and back
vowels, the higher the vowel, the shorter its agerduration; (b) post-stressed vowels
(fe, 1, ul) are shorter than their stressed counterpaatsi,((1/); (c) nasal vowels are
longer than their oral counterparts; (d) voicelemssonants are longer than their voiced
counterparts.

Table 1: Mean duration (and standard-deviation) of theplRBnes (in ms) for our
speakef.

i 145(37) v 111(45)| ¥ 209 (25) tf 149 (20) f 138(14) n 76 (15)
e 170(36) 1 98(44) | & 229(26) k 121(21) s 143(26) p 103 (24)
e 17532 v 77(19)| @ 2159 b 86(17)| § 143(16) r 47 (16)
a 165(28) j 92(10)| 3 136(14) d 71(17)| v 78(16)| r 81(12)
u 134(42) w 97(25) | w 139(23) d3 109 (18) z 87 (21) | ¥ 62 (15)
o 168(35) & 174(46) p 120(20) ¢ 67(16)| 3 89(12)| 1 73(16)
o 183(29) ¢ 210(44) t 113 (20) T 90 (12) | £ 77 (14)

The log-transformed versions of these data werd istrmula (2) (whersyllableis
either phonological syllable or IPCG) to compute #scores of syllables and IPCGs
of 100 sentences read by the same speaker. This@ras manually segmented and
carefully labeled by the author (a total of 2,058lables). Sentence length varies
between one and 84 syllables. Syntactic boundavee also marked using a set of
eight hierarchical labels (obtained by the progattiof a surface tree - from a

'Fundamental frequency is not an acoustic corretdtdexical stress but is a cue of phrasal
prominence.

2The /r/ phoneme was realized as a trill ([r]) itiatyle-final position and as a fricative (transetibas
the uvular ]) elsewhere (e.g. inarro or rosa).
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dependence grammar where the root is the verb er thve paradigmatic axis. See

Barbosa & Bailly 1994 for a more detailed descoptof these labels).

EXTRACTING DURATIONAL CONTOURS FROM Z-SCORE EVOLUTI ON
Segments were grouped into two kinds of RPU’dablé and IPCG. By using the

raw duration of each group in formula (2) aboves zhscoreswere computed for all
RPU’s in each sentence. An example is shown inrEigu

36



Sentence: O cowénio permite o inter cdm bio porque visa a integragdo
entre alu nos de cutu ras diferen tes.

—— |PCG
—A—syllable

RPU

Figure 1: Z-scores (vertical axis) for IPCG’s and syllablasthe sentence “O convénio permite o intercamhoogpe visa a
integracdo entre alunos de culturas diferenteSh€"agreement allows for interchange since it atntghe integration among
students from different cultures.”). Lexically stsed syllables are italicized. Tick marks on thezomtal axis represent the vowels
along the sentence (signaling both syllables an@dB; NB: orthographic-io — in convénio and intercambio — is a
semivowel/vowel cluster). Note that the greatestares for the syllable correspond to lexicallgsted vowels.
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In all 100 rhythmic contours, syllable z-scoredidate the (lexically) stressed
syllables of the utterance: the highest z-scordimvieach word coincides with the
lexically stressed syllable. On the other handhéf highest IPCG z-scores within non-
clitic words at lexical stressed positicare taken as a criterion for boundary placement
and as a measure of boundary strength, coheresbgimgroups are obtained for all
sentences in theorpus In Figure 1, the strongest boundary (IPCG z-sadrevi in
visa) splits the sentence into two chunks of 16 IPC@ach. The property of
eurhythmicity is very clear and the coherence betwghis result and those of
Grosjean’s performance trees (1993) is notorious.

IPCG z-scores delimitate accentual groups (prosedicds) where rhythmic
pattern is characterized by frequent alternatiom-s€ore values at the beginning of the
accentual group followed by a duratiorescendq(starting at least on the penultimate
syllable) towards the last stressed syllable ingttoeip.

STATISTICAL CONFIRMATION OF THE RESULTS

Statistical analyses confirm that actual segmentalores (by using raw segmental
duration into formula 1) are strongly correlatedRPU frames. For these analyses,
phrasal boundaries were marked by choosing positiorthe utterance corresponding
to IPCG z-score maxima (coinciding with lexicallfressed RPU) and by carefully
hearing the utterances in order to confirm theselicates to prominence.

The results in table 2 show that, in phrasal acpesition,onset/nucleusegment
sequences (in the syllable) are negatively coedlgt31%) whereasmucleus/coda
segment sequences (necessarily in the rhyme) aivpty correlated (76%). On the
other handpnset/ nucleusndnucleus/codasegment sequences confirm that lexically
stressed syllables not bearing phrasal accent farrhomogeneous unit. In non
prominent positions, VC and V#C sequences seenmuggest that the IPCG is a
homogeneous unit whose rhyme component is enhaiqatasal accent position.

Table 2: Correlation (in percentage) between consecutivaneatpl z-scores
according to accentuation degree. Segments weegaaed for each phonological
syllable with three labelsonset,for each segment in onset positionicleus for the
vowel nucleus, anadoda for each segment in coda position. Sequencesuagus-
onsetspan necessarily over syllable boundaries. Thigdestress category refers to
lexical stressed RPU not bearing phrasal accenty @ significant values are
reproduced here.

| lexical stress phrasal accent other positions
onset/nucleus 63 -31 4
nucleus /onset ns 26 56
nucleus /coda 48 76 63
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These results corroborate Campbell’s predictior898) only in part: since he
adopts the syllable as the RPU, onset segmentdlables at prosodic boundaries are
overpredicted. The observed final lengthening &ffélce rhyme, not the onset. This is
produced by lesser articulator stiffness associatithl closure movement (Edwards,
Beckman, & Fletcher 1991).

NEURAL NETWORK ARCHITECTURE, TRAINING AND TEST

RPU z-scores can be a means of deriving the seghduntations of a particular
sentence (if formula 1 is applied by setting z..0r Z = Zecg). The above durational
contours can be easily generated by neural netwagksnplemented by the author for
French (Barbosa & Baillypp.cit). In this work segmental durations were comptited
a second stage by sequentially applying formula® B (these two steps constitute the
so-called repartition algorithrm) with the IPCG duration delivered by the network
output (this two-stage model is proposed in Can892).

For French, a sequential, recurrent network wagl uselearn to associate a
phonological, prosodic description of the sentetc¢he respective rhythmic pattern
expressed by the evolution of IPCG duration overdbntence. This method allows for
preservation of macrorhythmic unit durations maimtey the rhythmicity of the
original sentence. Although the vowel quality o€ thyllable nucleus is sequentially
described at the network input, only the numbethefintervening consonants between
two vowels and not their nature are represented iffiplicitly means that consonant
nature is not important to derive IPCG duratiorth@lgh microrhythmic differences in
segmental duration can be captured in the secaeé &ty the repartition algorithm).

For BP, a simpler network was used by implemensingultilayered perceptron
(Rohani, Chen & Manry 1992). At the perceptron inpa phonological, prosodic
description of each sentence is used to infer éte/ark output, the IPCG and syllable
z-score evolution over the sentence.

Thanks to a greater coherence between accentudbgypand z-score patterning,
the network learning was, in fact, faster. Furthamm z-score patterns are smoother
than that of RPU duration. But original RPU durasi@re no longer preserved. What is
preserved in this framework is the rhythmic struetas represented by the z-score
patterning. In a typical consonant contrasti/@$, for instance, different consonants (/t/
and /b/) induce different RPU durations, since shme RPU z-score delivered by the
network allows to obtain different consonant dumasi in the repartition algorithm but
the same vowel duration for /i/. In the early Fiterersion an identical duration for the
pair ti/bi would have been imposed and different durationgtfo/b/ and /i/ would have
been obtained.

Our model of segmental duration generation wasiegb the learning and also
to the testorpussubsets. The model was capable to generalizevelven lexical stress
position was manipulated.
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The 17 formal neurons used at the perceptron isfand for a phonological,
syntactic description of each sentence. They adedovith real numbers between 0 and
1 and are briefly described below.

Internal clock. This is a measure of the utterasmeech rate. This value is
computed per sentence by averaging the IPCG duogatiot associated with a syntactic
marker,

Declination line. (Decreasing) number of IPCGsweetn the current
position and the final in the sentence. Normalmafactor: 100;

Lexical stress (pre-stressed, stressed and pessetl) 3 IPCGs before the
current position;

Lexical stress (pre-stressed, stressed and pessetl) 2 IPCGs before the
current position;

Lexical stress (pre-stressed, stressed and pesssetl) immediately before
the current position;

Lexical stress (pre-stressed, stressed and pesssetl) at the current
position;

“Declination line” associated with the current gbe. (Decreasing) number
of IPCGs between the current position and the sgxtactic marker;

Syntactic marker that dominates the current phrase

Syntactic marker that dominates the next phrase;

Vowel nature 3 GIPCS before the one at the cupesition;

Vowel nature 2 GIPCS before the one at the cupesition;

Vowel nature immediately before the one at theenirposition;

Vowel nature at the current position;

Number of consonants in the IPCG immediately lefbe current one;

Number of consonants in the current IPCG;

Number of consonants in the coda of the syllabienédiately before the
current one;

Number of consonants in the coda of the currdiutsg.

3The syntactic boundaries were marked manually (#oraatic assignment can be obtained with a
parser). A set of nine distinct markers were exé@drom a dependence grammar analysis whereethé h
is the verb (Tesniére 1965, Martin 1981). Thisised modified version of Bailly's markers (Barbog&a
Bailly 1994). These markers are obtained by prajgahe surface tree nodes over the syntagmati @kie
strength between adjacent nodes is indicated bgependence relation between them. The markerdrare:
(the two adjacent nodes come from distinct treegchwlis common with strong ponctuation signs and
coordinated clauses); TF (the two adjacent nodesiaminated by the verb); DF (the dominated nede i
the right of the dominant verb. Example: betweerb\and complement); GF (the dominated node is&o th
left of the dominant verb. Example: between subgent adjacent verb); ID (the two adjacent nodesate
directly related but are in the same tree); DD @hminated node is to the right of the dominant, eviéch
is normally a noun. Example: between noun and pssip adjective); DG (the dominated node is to ¢fte |
of the dominant one, which is normally a noun. Eglanbetween anteposed adjective and noun); IT (the
two adjacent nodes are dominated by a same nodehvhinot the verb); FF (sentence ending). Here two
examples: “O gatinho <GF> bebeu <DF> leite <TF> auigela <DD> verde <FF>." e “Ontem, <IF> o
calmo <DG> gatinho <DD> preto <ID> bebeu <DF> left€F> numa tigela <DD> verde <IT> e rosa
<FF>.”
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The number of (formal) neurons in the hidden lay25) was estimated by
Manry’s software (for a global learning error 050This error is computed between the
desired IPCG and syllable z-scores - previouslgutated using formula 1 - and the
IPCG and syllable z-scores obtained at the netwatkut). The 2 nodes at the output
stand for the IPCG and syllable z-score correspundd a current position in the
sentence (current syllable and IPCG sharing thesaowel).

During the learning phase, 39 sentences were iadlud the training (these
sentences constitute the learnggocorpus The remaining ones, the testbcorpus
They contain 663 RPUs presented iteratively tortigvork by examples. An example
is a pair formed by the linguistic descriptiontbé& current RPU (performed by the 17
nodes described above) at the input and the cameapy IPCG and syllable z-scores
at the output.

The network computes at each iteration the errdwdsen the original and the
estimated z-scores (for IPCGs and syllables). Tdnor allows to modify the
connections’ weights in the direction of a bettppraximation between estimated and
original outputs.

The degree of convergence for this process isfaetiisy, as can be seen by the
gradation of estimated rhythmic patterns modifiagi in the sequence of figures 3, 4
and 5 (for IPCGs only). The sentence in these eleanis: “As taxas de juros no
mercado interno estéo subindo bastante.”

41



Sentence: As taxas de juros no mercado interno est&ubindo bastante.
10 iterations

fan

ju ca

—e—original
—— estimated

IPCG

Figure 3: Comparison between original IPCG z-scores (presktat the network as the output element of thisrgat@) and IPCG
z-scores estimated by the network after 10 itenatidlotice the distance between original and estichehythmic patterns. After 10
iterations the phrasal accent at “-ter” (from “me”) is already reproduced. Syllable (insteadREG) orthography is indicated at

corresponding positions for ease of reading.
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Sentence: As taxas de juros no mercado interno estdubindo bastante.
200 iterations

3
z A
1
0

] //.\\W/ \ ——
origina

£ W/ o | estimated
¥ 9
-2
-3

IPCG

Figure 4: Comparison between original IPCG z-scores (presktat the network as the output element of thisrgat@) and IPCG
z-scores estimated by the network after 200 it@natiNotice that the pattern corresponding to fimd& was improved compared to
the one in the previous figure. In 200 iteratidms $entence rhythmic pattern is well reproduced.
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Sentence: As taxas de juros no mercado interno est&ubindo bastante.
8956 iterations

—e— original
—=— estimated

IPCG

Figure 5: Comparison between original IPCG z-scores (presetat the network as the output element of thisrgte) and IPCG
z-scores estimated by the network after 8956 itarat Although the pattern is not perfectly welpreduced, the network captured
the saliences of “ju-" (from “juros”, 'Bposition) and “subindo” (16, 17" and 18" positions).
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Sentences: As taxas de juros no mercado interno &stsubindo bastante. (original)
As taxas de juros no mercado interno est@wbindo bastante. (modified)

ju
2 J i . —&— modified
—— original
7 01 7 ) —A— estimated
-2 V ' ~
4 xas
-6

syllable

Figure 6: Comparison between the rhythmic patterns for ttlatdes in the sentence “As taxas de juros no edwdnterno estédo
subindo bastante.” (original) and “As taxas de gurm mercado interno estdo subindo bastante.” iadyli Notice that the
accentual peak (learned by the network) on “tath (2osition) migrates to the 3th position (corremiog to “xas”). The next z-
scores are maintained close to each other (comgar@ning positions for estimated and modified arss).
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The evolution of the syllable z-scores has the sdeggee of coherence and can
be seen in figure 6 (compare original and estimatsdores). As it is shown here, the
network is capable of learning the sentence rhythpdtterns (actuajestalten by
estimating from the input what is more importantiedermine the desired output. It can
be said that the neural net is a data-driven systerause it learns from the empirical
domain represented by the speeolpora

Generalizing still more means to be able to capthee underlying mechanism
allowing to associate input and output, that isle@@rn to pacemake from a symbolic
representation. In order to test this capacity,adlifitation from the original sentence
“As taxas de juros no mercado interno estédo sublradtante.” is introduced here. The
lexical stress on “ta-” (from “taxas”) is placedthé next syllable (“-xas”), creating the
pseudo word “taxas”. The results are shown below.

Figure 6 shows that the neural net is able to minibythmic pattern very well.
Nevertheless, the non exact matching between afigand estimated patterns
introduces additional errors to the segmental thmageneration model when the
network works together with the repartition algiomit

SEGMENTAL DURATION GENERATION

A program in C language was developed to integitsetwo stages of duration
prediction (perceptron and repartition algorithm).

All segmental durations in the learning and sgicorporawere predicted by the
model. It is also important to note that the estédaz-scores can generate a segmental
duration (by using formula 2) smaller than the mum allowed by the phonatory
system. In order to prevent this serious error minmim duration associated with each
segment is computed from the corpora and usedtta®shold. No segmental duration
is generated for a particular phone below that mmimn.

The error means between original and estimatedtidaravere -1 ms for the
learning subcorpus and 2 ms for the test subcafipath are not statistically different
from 0). The standard-deviations are 32 ms, forl¢heningsubcorpusand 36 ms, for
the test one. As was said before, the standarditiens are greater than that obtained
at the output of the repartition algorithm alon&he closeness between standard-
deviations for the twsubcorporais a sign of a good performance in generalizing.

Segmental durations predicted by the model areepted below for two sentences
(in table 3, a learningubcorpusutterance and, in table 4, a tegsbcorpusone).
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Table 3: Natural and estimated segmental durations (in Esfjmation performed by the Barbosa-Bailly modéhwhe sentence
“As taxas de juros no mercado interno estdo suhliradtante.”, one of the sentences in the learsingcorpus

Segment a S t a § e zZ ds 1 3 u r

Original 75 104 69 137 84 70 47 41 50 85 118 25
duration

Estimated 108 97 78 108 71 40 38 53 46 92 147 59
duration

Segment U z n U m e r k a d U

Original 58 44 28 39 44 64 45 83 99 39 28
duration

Estimated 46 51 a7 38 49 88 47 82 107 31 33
duration

Segment i t € r n U I S t € w s

Original 75 86 175 54 35 38 68 86 46 51 49 106
duration

Estimated 105 57 133 51 63 46 53 81 79 124 93 114
duration

Segment u b i d U b a s t € tf 1

Original 75 86 175 54 35 38 68 86 46 51 49 106
duration

Estimated 105 57 133 51 63 46 53 81 79 124 93 114
duration
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Table 4: Natural and estimated segmental durations (in Es)mation performed by the Barbosa-Bailly modehwthe sentence
“As operacdes de crédito continuam.”, one of theeees in the learningubcorpus

Segment a ] 0 p e r a ] 0 j z ds 1
Original 64 62 70 81 71 16 78 140 71 77 35 56 24
duration

Estimated 75 38 79 60 69 17 59 59 105 66 34 85 118
duration
Segment k r € dz 1 t U k o tf 1 n u

Original 126 52 175 70 44 78 38 78 99 85 24 44 163 100 34
duration

Estimated 99 54 117 74 74 76 45 69 103 66 55 47 126 102 83
duration

)
5
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EVALUATION OF THE RHYTHM GENERATION MODEL

The results presented here show clearly how ibisible to obtain a segmental
duration generator integrating two important chemastics for a speech synthesis
system: automation and correct reproduction oBtRenatural rhythm. The capacity of
the model to generalize to new sentences was katsons

The network learning can be continued. A typicahpatation lasts 30 minutes for
about 1,000 iterations. Nevertheless, for this ggoe, the performance of the entire
model will never be better than the performancehef repartition algorithm alone
(standard-deviation of 24 ms). But the results\amg satisfactory. We cannot forget
that a experimented phonetician makes mistakesafittut 10-ms standard-deviations
when segmenting the speech signal (Leung & Zue4)198

A perception test was also performed in order @late the model of segmental
duration generation. An ABBA test allowed us to leate 10 utterances whose
segmental durations were modiffedly analysis-resynthesis with the Hybrid Model
(Boeffard & Violaro 1994). Segmental durations wassigned to utterances presented
in pairs according to two models: our rhythmic moafesegmental duration generation
(utterances of typemode) and a model with the same error distributias our
generator but having durations assigned according Gaussian number generator
(utterances of typeandom) What is being evaluated when these two models are
compared is the tendency for our rhythmic generdtorpreserve homogeneous
lengthening of syllables at lexical stress andREGs at phrasal accent. This tendency
is not taken into account by the random model.

The ten pairs of utterances were presented tcefifiesteners. Each pair has a
model utterance and a random utterance ramdomigredd Utterance pairs are also
randomly organized in a sequence for each listdbaring the session, each pair is
heard twice by the listener via headphones (in tiaise, in the same order). After
listening, the subject must decide which utterssemmed less unnatural (the first or the
second one) by writing down on a specific sheetloA’t-care option could be used if
the two utterances seemed identical. Some listemarmments were taken at the
session end.

The results point to a preference of about 67%nifogntly different from
chance) for the utterance modified by our segmetiightion generator. All subjects
said that the utterances sound quite artificiahigTaspect is inherent to the Hybrid
Model, which is in phase of improvement.)

This weak - but stable - preference for our model be explained by the type of
test prepared. Both models have a 27-ms standaidtide for segmental durations. If
the perception thresholds for durations (30 msvibwels and 40 ms for consonants)
proposed by some authors like Goedemans & van hhe(h&95) are taken as true, an
important amount of the utterances’ duration erreesild be very close or under the
threshold. If this assumption is true, it is veryrdh for the listeners to perceive any

4Fundamental frequency and intensity were unchanged.
S0ur generator presented a gaussian-like distribuifaerrors when comparing original and predicted
durations. The two models have same means andasthdeviations.
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difference between the two versions of the origintéérance. A great amount dbn't
careoptions reinforces this hypothesis.

CONCLUSIONS

The systematic findings correlating lexical str@ssyllable frames and phrasal
accent in IPCG frames constitute arguments in fa¥dhe existence of rhythmic units
above the segment level.

These distinct macrorhythmic units are also anendé for a lexical and a post-
lexical rhythm component, as suggested by Keatl®9%), and point to the need for a
rhythm tier where rhythmic nodes dominate differémguistic units in explicit models
of speech production (as outlined by ArticulatohyoRology in Browman & Goldstein
1990). (This is equivalent to saying that modelspéech production should receive
explicit linguistic input. And, from this point f @iew, this work insists on the need for
cognitive theories of phonetics.)

The persistence of rhythmic homogeneity of lexicaltressed syllables at the
utterance level may be explained by a strong caimston phasing of articulatory
gestures (Browman & Goldstein 1986; 1990; 1992} timerates on lexical units (a
microrhythmic adjustment in order to enhance thessed syllable of lexical entries, as
suggested by Perkell 1980) and broadly maintaiesféhmer phase relations at the
utterance level.

Post-lexical metrical (macrorhythmic) readjustmeats the Rhythm rule and
microrhythmic readjustments as external sandhi srulgery common in BP)
manipulating the gesture constellation would indéeer during the elaboration of the
connected-speech plan for each utterance.

Finally, teleological production (and perception)ded readjustments may also
intervene. Their function has a connection with treed for monitoring utterance
production and for ensuring that articulatory moeets are produced comfortably (low
in articulatory cost). (A connection with the nefedl ensuring listeners comfortable
decoding would also have an important communicdtimetion.) Research insisting on
the existence of a interfiatlock enabling and monitoring rhythmic productiengh as
speech may favor the former assumption (Turveynfth& Rosenblum 1990; Pdppel
1989; Semjen, Schulze & Vorberg 1992; Leiner, Lei&dow 1991). Research as the
one carried out by Edwards, Beckman & Fletcher,119%howing that increased
duration at phrasal final position is realized Wffreess decreasing of VC units
confirms the latter assumption and the IPCG homeigeat the phrasal accent level.

The comfortable speech production would be realizgdallistic closure (jaw)
movements contained in the VC frame (the jaw O-Cvenment is the articulatory
correlate of macrorhythmic unit succession). Irs théquencing, vowels are the most
important segments as it is pointed out by B&G (@,99. 352): “The X-ray data we
have analyzed (...) have consistently supported d¢batention that consonant
articulations are superimposed on continuous vavgtulations, which themselves

5The wordinternalis used here in cognitive terms and means “irbta@”.
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minimally overlap.” (In our work this is confirmelly the closeness of the vowel z-
score contours with the IPCG ones. Syllables zescontours are never correlates of
phrasal accentuation.)

Under these assumptions, IPCGs and syllables hatieadl status: the former are
ease-of-production-and-monitoring units (or telgadal units) at the phrasal level and
the latter, gestural units (in the sense of thecéxorientation of Articulatory
Phonology) at the word level. In the utterance fwork, accentual groups are
delimited by IPCG duration increasing followed bgwrational contour reset (a typical
alternationerescendacontour. Whether this duratiamescendds related to a stiffness
descendpis a matter of investigation. But see Edwards;K®an & Fletcher, 1991,
note 2). Accentual group (AG) boundaries shouldo atielimit regions where
phenomena as sandhi rules or V-to-V coarticulationld be possible (but not across
the AG boundaries).
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