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Abstract

The present paper describes a module for rule-based segmental
synthesis of French, i.e the module which converts an allophonic string
into an acoustic parameter file to be sent to the synthesizer. This study
used tools and procedures originally developed for a Dutch text-to-speech
system and was conducted in the multilingual synthesis framework of the
POLYGLOT project.(ESPRIT project 2104).

1. Introduction

The ESPRIT-POLYGLOT project aims at developing a multilingual Text-
To-Speech system based on a common phonetic approach and a common
architecture for all the languages. This paper presents the first results we
obtained in designing a French phoneme-to-parameters conversion module,
and discusses the process of adapting synthesis rules from Dutch to
French.

In the first part, the working environment, the phonetic bases and the
speech material are presented. The second part describes a first module that
makes it possible to divide allophones into sub-elements and model
specific transition types. The third part concems the coarticulation rules
module.

2. Phonetic ‘bases and speech material

This first part discusses the choice of the parametric synthesizer,
the phonetic bases of the rule set and the speech material used. The

Nijmegen TTS system (3), (4) uses a context-sensitive rule set in order to

convert an allophonic string into synthesizer control parameters.

The synthesizer originally used was a serial pole-zero synthesizer.
For this work, a hybrid casacade/paraliel synthesizer (close to the Klatt
model (1), (2))was chosen. On the one hand the control and the phonetic
relevance of a pole-zero structure for oral vowels and many consonants are
problematic ; on the other hand a parallel branch was preferred for the
synthesis of some consonants.

The rule set is based on a phonetic feature approach.(5) The
feature matrix was designed with respect to the following phonetic

description : vowels are described using, the front/back, rounded/
unrounded, oral/nasal contrasts, and four values on the open/close scale.
Consonants are described using the place and manner of articulation and
the voiced/unvoiced contrast. Table 1 gives the feature matrix in which +,
- indicate whether the feature is present or not for the segment. A 0 value
indicates that the feature is not distinctive for the segment.
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An array (see Table 2) contains the default, specifications of the
control parameters for the phonetic segments : formant values F1 to F4,
bandwidths Bl to B4, a nasal pole-zero pair FNP/FNZ and the
corresponding bandwidth BNP/BNZ pair, amplitude of voicing AV, of
sinusoidal voicing AVS, of frication AF and resonator amplitudes Al to
A4, Duration values are stored in this table, more specifically : the total
duration (Duur), the durations of left-side and right-side transitions.
Transition durations for F1 are independent (Fltransl, Fltrans2). F2 to
F4 have common transition durations (Trans1, Trans2). Amplitudes of
voicing, of sinusoidal voicing and of frication have their own transition
duration values (Avtransl, Avtrans2, Avstransl, Avstrans2, Aftransl,
Aftrans2). Table 2 contains about 1200 target values extracted from a
male speaker speech database.

A three part database was recorded, by one male and one female
speaker, containing : 1/ A VCV logatom corpus with all the consonants
preceded and followed by the same vowel among the extreme vowels /a, i,
u/; 2/ a minimal pair corpus with a total of about 300 utterances
(recorded twice) ; 3/ a word corpus. The word corpus consists of a list of
about 350 words : each vowel appears within a final syllable and a non
final syllable (with two sub-cases, depending on whether the syllable is
terminated by a consonant or not) ; each consonant appears in syllable
initial or final position and in absolute initial or final position.

Acoustic parameters, like formant values and transition durations
were extracted from this speech material using LPC and spectrographic
analyses. The sampling rate was 16 KHz. The default target values were
set according to the most frequent value for various contexts, instead of an
average of all the values. At least five values for each formant were
extracted in order to model coarticulation : at the beginning and end of the
left-side transition phase, at the centre of the steady-state phase, at the
beginning and end of the right-side transition phase. In many cases, as will
be further explained, intermediate values were needed.

3. Segments and sound elements.

It seemed necessary to decompose the allophones into sub-elements,
called here sound elements, because on the one hand some allophones
include several acoustic phases and on the other the smoothing procedure
by linear interpolation requires several target values in order to describe the
complex formant motions observed in natural speech.

The function of the first rule set is to divide the discontinuous
allophones (plosives) into sound elements. Although three phases
corresponding to a silence, a burst and an aspiration were needed for Dutch
plosives, we used only the first two for the corresponding French one. A
rule assigns a percentage of the total duration to each sub-element, as
follows :

p-> 2 /p/ =90
/P/:=10/ ---
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which means that the segment p is decomposed into two sound elements
/p/ and /P/, that the duration of /p/, corresponding (o the silence, is set to
- 90% of the total duration and that /P/, corresponding to the burst, is sct to
10% of the total duration.These sound elements have their own acoustic
values within the default table. For continuous allophones, like vowels,
three sound elements were used in order to model some complex
evolutions between two allophones. An example of such a rule is :

a-> 3 /af ;=30
Ja/ := 40
/a/ =30/ ---

which means that the segment a is decomposed into three parts written
fa/\/a/, fa/ with corresponding percentages of the total duration.

This decomposition makes it possible to draw different transition types.
Fig.1, for instance, shows a rapid transition followed by a slow transition
within the same vowel.

Although this decomposition causes an increase in the total number of
rules, it offers a large degree of freedom for the duration and coarticulation
rules development.

4. Coarticulation rules

The main module applies a coarticulation rule set using the default values
table and produces the synthesizer control parameters every Sms. A
coarticulation rule is written as follows :

Value

Focus -> N  Param  Oper

Param  Oper Value /L ---R

in which,

- The focus represents the object involved in the rule, being one or several
phonetic segments, written {afi/e} for instance, and/or phonetic features
written [+v0C,+back] for instance ;

- N represents the number of parameters (Param) modified by the rule ;

- The operators (Oper), + (addition), - (subtraction), = (assignment) or %
(computing a percentage) apply to the numerical value (Value) ;

-L and R are the left and right contexts, which consist of one or several
phonetic segments and/or phonetic features.

The rules with a more general context, for instance --- [+voc] , are
applied first and the rules with a specific context, for instance --- {i}{t} ,
are applied later.

The serial branch was used for synthesizing the 15 French vowels with the
pole-zero pair for the three nasals / €, a, 0 ,[2 .

The paraliel branch was used for the synthesis of the consonants.

Initially, we optimise the default values in order to obtain, a first
evaluation of the intelligibility and to check the perceptual quality,
without computing any rules. It was clear that the target values alone are
completely insufficient for some allophones, for instance /p/ and /k/.

A small subset of rules that have been applied for the synthesis of the
logatom /iki/ follows.
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> 5 EQFORMI :=1

EQFORM2 := 1

EQFORMS3 := 1

EQFORM4 := 1/ --- +voc
(i} -> 3 TRANS2:=0

FITRANS2 := 0

AVTRANS2 := 0/ --- {i} {i}
i} > 3 TRANSI1:=0

FITRANSI := 0

AVTRANSI := 0/ (i} (i} -~
{k/g} -> 1 FORM2 +:= 200/ - {K/G} (i)
{(K/G} -> 1 FORM2 +:= 200/ --- (i}

Fig. 2 displays the formant tracks according to the target values only, and
Fig.3 displays the formant tracks modified by these rules ; F2 of /k/ and
/K/, the transitions durations and the formant values at boundaries were
changed.

5. Conclusion

This paper reports some work towards the design of a French phoneme-to-
parameters rule set, starting from a Dutch rule set. As the TTS system is
based on a phonetic feature approach, one might think that it would not be
very hard to build a rule set for French from the Dutch one, at least for the
common allophones. Actually, the phonemic description is not sufficient
1o take into account the individual and phonetic differences between a
Dutch allophone, pronounced by a speaker, and the corresponding French
one, pronounced by another speaker. A common rule formalism and
compiler were used, but, finally, we designed an entirely new rule set.
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; - PPbBtTADKKgGfvszSZmnINlrieEaAyxF@uoO~QjwH&

Consonantal/cons 00++++++++++++++d++ttttttdtococm e
Vocalic /VOC  00=—mm e e bttt bbb bbbt bbb ——
Sonorant /son O0-—=-=-=--s~cs—cao~o s 2 L R B o e
Coronal /cor 00=—=—+4+t+t———m—- R Sy
Anterior /ant  00++++++++————tttt——dto—bmmm o m e
High /haut 00--==-m—w s a L STl BT
Low /bas 00——==mem e ————————— A S S
Back /jarr 00-=-==v-~ FHttmmm— - e Rttt ae S LTS
Rounded /rond O0=~mem—re e —————— bbb
Nasal /nas O00-=—=—~-e——m——————— e e}
Continuant /cont 00------w—w-—- e o o T e T S S o o 0 o o o o
Voiced /Vvois 00-—++=~—++——tt—tet=tittttttttttt bbb+
Mid~high  /mht 00-==———memmm e pommm o ————
Mid-low /mbs  00-m———mmmm—m e e tom—————— t—————
Segmental /seqg =—=+++++tdttrbbbbbbbtbtb bbbt bbb

The matrix wuses the Sampa alphabet except for the nasal
vowels, ~ (E~), Q(O~), &(A~). )

Table 1.
/' |
i i i k K i i i .
Fig.3 Formant tracks modified

\
\
i i i k K | i i
Fig.2 Formant tracks for  /iki/
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