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ABSTRACT
The paper illustrates a TTS-oríented model of prosody generation for ltalían, which
tries to accountlor the relations linkíng the prosodic paftuneters to relevant línguístíc

features. A proper rule development system allows to express contextuol rules and to
n ainta¡n the aligtùt ent between dfurent linguistic representation levels.

INTRODUCTION
The prosody generation model of the TTS system for Italian developed at CSELT (for
more details see Balesni et al,, 1993) ûies to account for the relations linking phoneme

duration and fundanpnøl ûequency to phonetic sttuctu¡e, stress positions, syntax, and

applicationdependent pragmatic requirements of the message. High-level linguistic
information is provided to the prosodic processor by the TTS module devoted to text
processing, or by the application software which may select the appropriaæ prosodic
style or insert syntactico-prosodic markers in the æxt of the message. By analyzing the

surface structure of the text and by making use of a lexicon, the text processor is able to
perform thc following steps: text segmentation according to punctuation marls;
üanslation of numbers and abbreviations in leters; recognition of thc grammatical

category for verbal forms and ñnctional words; Iexical stress assignmenq syntactic

boundary detection. Acronym pronunciation rules and phonetic úanscription rules a¡e

then performed. The TTS prosodic processor marks any syllable carrying lexical stress,

functional words excluded, and groups words into prosodic phrases relying on

punctuation ma¡ks and NP/VP boundaries. So far, only one stress level is considered,

whereas two diffeænt strength categories are assigned to phrase boundaries, depending

on the presence/absence of pauses, Weak phrase boundary is recognized between short
NP and VP, before nunprical expressions and between the two words of a double

sumr¡¡nc, and involves no pause. SEong phrase boundary requires the insertion of a short
pause (50-300 msec.) and ib located in correspondence with comma o¡ colon and anyway

between long NP and VP. Sentence boundary corresponds to semicolon, full stop,

exclamativc and question marks, and is always accompanied by a long pause (500-1000

msec.). Finally, the prosodic processor distinguishes six sentence melodic modalities,

The rules managing such information a¡e written in an abstract fo¡malism and

translaæd into C procedures by SCYLA (Lazzuetto and Nebbia, 1987), a specially

designed rule developnnnt system which allows: to exp¡ess contextual relations between

sequentially organized elements by nrcans of variables affecting different descriptive
linguistic levels, hiera¡chically organized; to maint¿in data structures alignment between

the different descriptive representadons of the sentence; to associate duration and fl)
values to each phonenrc through a sequence of steps. As long as the position of a given

segment is crucial for effectiveþ determining prosodic parametet variations, suitable
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counters are activaþd which detect step-by-step the units'location within the higher level
unit thcy belong to, i. e. phonencs inûo syflable, syllables into phrase and sentence
(counting sEessed syllables is equivalent to counting phonological words), phrases inûo
sentence. The variables pertaining to the several descriptive levels can be indifferently
used for speÆifying the context in any procedure. A proper audiovisual debugger is

available fo¡ rule testing, allowing to scan up to ten paramet€rs for each phonerrrc, to
interactively change parameter's values in every point of the phoncnr string and to list€n
to the speech output,

DTJRATIONRULES
The linguistic model underlying the duration rules (Salza and Sandri 1986, Salza 1988),
is based on the principle of superposition of effects and on the possibility of nndifying
speaking rate, as previously illushatcd (Nebbia, 1990). Standard rate corresponds to that
used by speakers in aloud ßading (about 5 syllables per sec.), but it can be continuously
varied from -50Vo lo +507o. If the sentance length is <= 5 syllables an automatic conEol
slows the rate by 20%. Fvrther specifications have been recently included into the
general model coming from the analysis of dedicated natural speech corpora for the
application of TTS to the reading of sumames, acronyû¡s and addresses in the
automation of telephone reverse directory service. New rules proved to contribute
dramatically to the improvenrnt of TTS intôüigibility @alestri et al., 1992).

Three separatc procedures are devotcd to assign, respectively, Inrinsic Du¡ation of
phonenæs @i), Phonetic Context Coefficients (Cph) and Syntactic Context Coefficients
(Csy) to a target which is usually thc single phonenn, rarely a wholc class of speech
segr¡Ents. The context is expressed by nrans of the variables lisæd below, affecting five
descriptive levels. In parentheses are sþned the procedures involved,

lævel Phoneme¡ individual phonenr label; phoneme articulatory (manner and locus)
clæses; voicing; inrinsic length, i. e. firll vowel, semiconsonant, reduced vowel, single
consonant, geminaæd consonant (Di, Cph).

l¡vel Syllable: stressed/unstressed; opery'closed (Cph, Csy).

l¿yglJÈcrd: grammatical category (Cph, Csy),
læyel-Pbfssg: unitlength, i. e. shortphrase, fullphrase; boundary shenght, i. e. weak

phrase boundary, súong phrase boundary, sentence bound¿ry (Cph, Csy).
Level Sentence: nplodic modality, i. e, affrmative, interrogative, etc,; further

specification, i. e. isolated word, long sentence, reverse directory service (Cph, Csy).
By making efficient use of SCYLA facilities, the maximum contoxt extension now

reached by the rules is 5 units, target phoneme included.
The mÒst important phonetic context (microp¡osodic) phenomena covered by rules

a¡e the following. Both snessed and unsEessed vocalic segments appear longer in vowel
clusters than in diphthongs and in interconsonantal position. Inøeasing of consonant
du¡ation is apparent when they are in clusters, SÍess realization involves: vowel
lengthening from 50Vo to l50Vo, according to the sunounding phonetic context,
semiconsonants longer in sressed diphthongs than in unstressed ones, slight duration
increasing of intervocalic consonants. Like in rnany european languages, vowel duration
is fairly influenced by voicing and articulaûory class of the following consonanl

As for so called syntactic conlext effects, adjacency to sentence and phræe
boundaries deærmines a generalized duration lengthening of the involved syllables, on
the average more noticeable in final than in initial position, larger in ûnal position for
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vowels, in initial position for consonants. Sent€nce/phrase final segments lengthens from
20% to 1807o, stressed segments less than unstressed ones. In prcsencc of weak phrase

boundary rules assign to segments in pre- and post-boundary positions slight
lengthenings (from207o ¡o 40oh). Heavier increasings are assigned in prcsence of stong
phrase boundary. Moreover, the final vowcl of the first word in long NP lengthens by
607o, Sentence boundary deærmines even more consistent duration lengthenings on
adjacent segments. In isolated words every variation is sEonger than in long sentences.

INTONATION RTJLES
Intonation rules have been developed relying on a multiJayered description of intonation
(Avesani, 1990). An abstact phonological description of the linguistically relevant fl
modulations, which can be Eaced back to Pienehumbert intonation model
(Pienehumbert, 1980), is well suiæd to r€pr€sent the correspondence between tonal
elements and süuctural events such as stressed syllables or syntactico-prosodic
boundaries. A less abstract approach ('t Hart et aL, 1990) has been adopted both as a
mettrodological guideline for the experimental analysis of nan¡ral f0 curves and as a
framework for rule implerrrcntation. This detailed phonetic and acoustic interpretation of
tones is perspicuous in drawing the exact shape of pirch variations, which seems to be
perceptually relevant and should be reproduced by the TTS systern Finally, the actual
computation of f0 values takes into account those (physiological) features, such as piæh
range and declination, which can be mathematically modeled as global trends of the il
curve.

The intonation rules intcrpret the abstract tonal elements as predefined
configrnations of stylizcd þitch movements', cl¡ssified according to their di¡ection,
di¡rension and timing with rcspect to shessed syllables and boundaries. Separaæ
procedures, to bc sequentially applied to the whole sentence, respectively:

- rcprcsent sentence intonation as a sequence of pitch conñgurations determined by
the syntactico-prosodic structure;

- convert each conñguration into a sequenc€ of pirch move¡nents by associating to
the proper phonenrs the targets of pirch variations, expressed as differences (in
semitones) with r€qpect to a reference baseline;

- combine targets Eith the cu¡rent baseline, which depends on pitch range,
declination and rcsct points;

- linearly inteçolab target f0 values in order to obtain the complete f0 curve.
Declarative sentcnccs are rcalized as a sequcnce of þinted hat' configurations

aligred with sEessed syllables, with a bontinuation rise' on the last syllable preceding a
phrasc boundary and with a 'flat hat' final configuration on the last two words.
Phonologicall¡ declarative contours can be rcpresented as follows:

((H* ) LH% ) (H*) H* H+L*LL%

Phonetically, H* is inærpreted as a rise starting on the pretonic syllable and reaching a
peak at the end of the stressed vowel, followed by a fall on thc posûonic syllable. The
continuation rise L H% is realized as a low risc on the last vowel before the boundary.
The flat hat H* H+L* L L% is a rise on the prctonic and shessed syllables of the
penultimaæ word, followed by a gradual slight fall till the last stressed syllable, a steep
fall on the last suessed vowel and a further slight fall till the end of the sentence. Special
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cases of decla¡ative sent€nces are isolated words, which are realized with a high plaæau

followed by a steep fall on the sFessed vowel and a furthe¡ fall on the postonic syllables,

Inærrogative sentences are realized with peculiar initial and final configurations and

with 'rcduced poinæd had configwations on inærnr.diate stressed syllables. As a final
configuration a fall is realized on the syllables preceding the last stressed vowel, followed
by a steep rise on the sFessed vowel and a high plateau till the end of the sentence

(higher in yn-questions), Different initial configurations are assigned to yn- and wh-
questions. A rise-fall is realized on the first two words of yn-questions, rcaching its peak
at the end of the fìrst sEessed vowel and coming back to the baselinc aftrer the second

stressed syllable. Two kinds of wh-questions are distinguished. If the wh-word is

unsEessed a rise is realized reaching its peak at the beginning of the first shessed vowel
of the sentence, followed by a steep fall on the stressed vowel and the postonic syllables.
If the wh-word is stressed a gßdual fall is ¡ealized on it, starting well over the baseline at
sentence beginning and reaching the baseline on the pretonic syllable of the second word.

CONCLUSION
Current research aims at realizing a moæ sophisticated text-analyzer which would give a

richer and mo¡e reliable representation of the prosodic structtrre of sentences,

Experimental analyses are also in progress in order to enhance the modelling of duration
and intonation in long sentences, accounting for: destressing and graduation of stress

levels, contexhral speaking rate variations, idcntification of semantic focus, closer
cor¡elations among variations of differcnt parameters for realizing prominence. As an

altemative to rule systems, adaptive systems a¡e also under investigation. Some

encouraging results have already been obtained in the application of Neu¡al Nets and

CART to the prediction of phoneme du¡ation.
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