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so all the references to durations will be given in
ABSTRACT milliseconds.

In this contribution we propose a segmental duration The outline of this paper is as follows: in section 2, we
model for the Galician language. We have focused our will give a brief description of the corpus; in section 3 a
work on the study of allophonic durations in their distinction among several types of sentences is done
syllabic environment. Firstly, a study of the speech rate based on several measures of speech rate; section 4 deals
over a recorded corpus led us to consider different with a previous analysis of several factors determining
behaviours in certain types of sentences. Secondly, the duration and, finally, a model for assigning durations is
corpus was analyzed in order to determine the main proposed in section 5.
factors affecting duration (phonetic class, context, ...).
Prosodic factors (stress and final lengthening) were 2. CORPUS DESCRIPTION
found to be the most determinant, in quantitative terms,
to predict timing. Finally, a model for assigning Our work is based on the analysis of the durations of
segmental durations is proposed. many allophonic segments which were obtained by the
segmentation of a read corpus.
Keywords: timing, duration modelling, prosody, text-to-
speech. This corpus consists of 300 short sentences (14,000
allophones) and although it is mainly composed by
1. INTRODUCTION subject + verb + predicate structures, it also considers
some other types of constructions with enumerations,
Galician is a Romance language spoken by three million defining and non-defining clauses and so on. The whole
people in the northwest of Spain. This language, which corpus was recorded twice by the same speaker who had
comes from the same root as Portuguese and resemblegecorded the speech units for our concatenative speech
this language in lexicography and grammar, is closer to synthetiser, and the sentences were read in a normal
Spanish at the phonetic level, in fact, they share most of speech rate. In order to check the consistency in the
their phonemes. Furthermore, a great percentage of speech-rate of the speaker, we have carried out some
Galician speakers are bilingual, and this fact surely simple tests comparing the means and standard
affects prosody. deviations of the allophones between the two recordings.
Not only did the results confirm the consistency of the
Its being a Romance language suggests that its behaviourspeaker rate but the consistency of the phonetic labellers
will be that of one syllable-timed language. In addition, as well.
our perception of the timing in this language suggests an
a priory behaviour similar to Spanish. During the labelling stage some difficulties came up,
such as the contractions and ellipsions of some segments
The lack of previous works in this language leads us to as well as the problem of tagging the closure of the
consider the generalities of the phonetic behaviour of plosive sounds at the beginning of an utterance. This fact
other languages, especially Spanish. An early work in obliged us to differentiate, or, at least, mark this
this language is described in [1]. segments.

Our approach to the study of duration deals with the The phonetic segments were automatically labelled
segments extracted from read utterances (connected readaccording to the lexical accent of the word, syllabic
speech) and not with isolated words spoken in structure (number of allophones in the syllable, position
“laboratory conditions”. No transformation has been within the syllable), broad phonetic class (plosive,
applied to timing wunits in contrast with log- vowel, ...) and the syllable position within the breath
transformation in [2] and z-score transformation in [3], group and the accentual group. Another important factor



is the position of the segment with respect to the next allophone is mainly influenced by its manner and place

pause, either phrase internal or final. of articulation. There are also contextual factors that
reflect the influence of the adjacent phonetic segments
3. SPEECH RATE and, finally, prosodic factors such as stress and the effect

of final lengthening.
In unrestricted texts many different sentence structures
may appear and any text-to-speech system must be The main problem in modelling durations is that there
prepared to deal with them. are many possible factors, each one with many possible

levels, which causes sparsity of data [2] and makes
The perceptual hearing of sentences suggests differentdifficult the treatment of incomplete datasets. The
speech rates depending on the sentence type, so our firstconsideration of the identity of each allophone is perhaps
task is to test whether this is true, because this the factor that more expands the number of possible
consideration could drive us to regard sentence type as acombinations of levels (the phonetic system of Galician
new factor. comprises 7 vowels and 22 consonants). So as to avoid

this problem, and considering well known facts such as
As broad measures of the speech rate we have appliedthe manner of articulation, we have clustered the
three different estimators for each phonic group in the phonetic identity into some broad phonetic classes.
corpus: simple speech rate, corrected speech rate, andWhen testing this assumption by means of ANOVA
allophone rate. The first one is the number of syllables methods and by maintaining constant the phonetic
per second. As Galician does not suffer from the environment and conditions of stress and position within
phenomenon of ambisyillabicity, the use of this measure the utterance, the results did not reveal a significant
is not difficult. The purpose of the second estimation is relation between phonetic identity and duration. For
to take into account the fact that a syllable can be example, in vowels the phonetic identity explained only
composed by 1,2,3,4 or even five allophones. As in (rY) 14,56% of variability. Besides, looking at the
Galician the most frequent length is 2 allophones, the difference between the mean of different vowel
first estimation is multiplied by a correction factor of 2 identities, Bonferroni's corrected t tests (testing every
and divided by the average of the number of allophones two vowel identities for equality) did not show any
per syllable in the sentence. The third estimation significance. The same procedure was also applied to the

represents the rate of allophones per second. other phonetic classes and, finally, we have considered 7
broad classes: vowels, voiced stops, unvoiced stops,

sentence type sp. rate | corrected allophones nasals, liquids, fricatives, and africates. The resulting
sp. rate second classes follow the general trends of durations signalled

statements 6,16 6,75 13,50 by Coleman for Dutch [4] and Chang for English [5].

y/n questions 7,62 8,52 17,04

wh- questions 6.77 7,88 16,77 Some other effects such as the inverse relation between

alternative questions 6,58 7.56 16,72 the duration of a vowel and its height could not be

commands 6,01 6,86 14,91 established with this small database, although a slight

exclamations 6,03 6,96 13,93 higher duration was observed in the phoneme /al.

Another effect also observed was a very little increase of
duration (about 3-4 msec.) in vowels when followed by a
voiced allophone, which we think is not relevant.

Table 1. Estimations of average speech rate for different
sentence types.

In table 1 we show the values of these three estimators
classified by the type of sentence. It can be observed
that, apart from questions, where the speech rate is
notably higher, there is no significant difference among

the values that were obtained for the other types of
sentences. Taking into account these previous statistics
we decided to set questions apart from the other types of
sentences in our computations.

An important observation was the reduction of
allophone durations depending on the number of
allophones within the syllable, as it is shown for the /i/
vowel in the table 2.

number of allophones per syllable
1 2 3 4 5
duration (msecs. 96 89 64 58 6P

Other suppositions, as the higher speech rate in long
sentences versus short sentences, were not concludin

looking at our database gTable 2. Compression of /i/ vowel in stressed non final syllable

as function of the number of allophones in the syllable.

4. SOURCES OF VARIATION IN Nevertheless, the most important cuantitative factors
ALLOPHONE DURATION affecting durations are lexical stress and the distance to

) ) the end in prepausal syllable which are studied in more
The duration of allophones can be estimated by detail in the following section.

considering several groups of factors. The most
important is intrinsic duration, because the duration of an



affect every allophone in the syllable. In onset position,
we cannot observe a significant duration increase in |u_plovofri
voiced_obstruent within syllables with the structure
voiced_obstruent+vowel. The same holds for liquids in Table 3. Allophone duration (msecs.) in several syllabic

onset position in 2-allophone-length syllables. structures (non final syllables). Key: u_plo=unvoiced plosive;
v_plo=voiced plosive vo=vowel; li= liquid; fri=fricative;
nas=nasal;

4.1 Durations on stressed syllables frivo 2| 5163 83| 857 1,98
vofri 1 51 53,5 0,37 2,05
A great many studies have been done on what unit is [vofri 2 45| 68,03 1,65 2,05
lengthened when a word is stressed. For example in [6], [ piovonas 1 7711 8964 131 201
it is suggested that stress Iengthe_nmg in Scaottish Engh;h o plovonas ST 2977 6176 3.48 501
affects not only the syllable bearing pitch accent, but it | 3 se3 5035 3 55
also extends to the following syllable. This is not the [Y-Plovonas %6, : 57 01
case for Galician, where it only affects the lexical [u_Plovo 1| 4654 6647 942 1,97
stressed syllable. u_plovo 2| 83,103 80,62 0.80 1,97
) _ nasvo 1 64,16 74,88 2,00 1,98
ﬁ\s |tt_can lfae observeldtm tablef 3, I\Ilvrl;e_zre tthe tallophone nasvo 2l 5561 7981 536 108
urations for several types of syllabic structures are |- 1 6846 15 .45 506

shown, the lengthening of a syllable does not always
u_plovofri 2| 43,92 6291 2,87 2,06

3

54,07 56,58 0,26 2,06

In nucleus position, the vowel tends to increase duration
in all cases if we except the vowel+fricative structure.
The limited amount of data did not allow us to test this
behaviour more accurately. This increase in duration was

observed to be about 20 to 30 milliseconds in the Final lengthening (before a pause) is a common feature
majority of cases. for many languages and a lot of work has been done in

this area [7].

4.2 Lengthening in prepausal syllables

In coda position we have only tested two different ] ]

syllabic structures that exhibit different behaviours. The table 4 shows the final lengthening effect for
Nasals tend to be lengthened but not fricatives. As the different syllabic structures. It shows a great increase of
presence of a coda almost always implies that the length duration as it can be observed in the value of t tests (all
of the syllable is 3 allophones, in this case the tendency the values are significant) especially in the final
of allophone compression comes into play. When segment. The segmental duration in this position can be
analysing the behaviour of fricatives in coda position, from 2 to 3 times the duration in non-final non-stressed
the results were contradictory. For example, preceded by @llophones. This large increment must be examined with
voiced_obstruent+vowel the fricative did not seem to be More accuracy because the position of the mark just
lengthened, but it did when preceded by a liquid+vowel. Pefore a pause may fluctuate depending on the

segmentation procedure.

In other cases, (non tested with t-tests and not listed in

_ _ syllable | position | mean mean t critical
th.ehtable) SLTIChb.aS groups_ of 3 allk())phon(;:-j Iehngthhsyllables structure | whitin | duration | duration | student value
with tautosyllabic group, it was observed that there was the in in for 0.05
lengthening both in the liquid (about 10 milliseconds) syllable | non pre-| pre-
and in the vowel belonging to an unvoiced_plosive + pausal | pausal
liquid + vowel structure. syllable | syliable

v_plovo 1 48 69 4,85 1,97
To summarise, it was found a clear relation between the |V_Plovo 2 52 125 13,78 1,97
increase in the duration and the consonant broad classes|v_plovofri 1 49 57 1,71 2,14
in which voiced classes seem to have a general trend to[v_plovofri 2 52 91 5,54 2,14
increase in lesser quantity than unvoiced classes. v_plovorri 3 69 53] 521 213
Syllable | Position | mean mean t critical u_plovo ! 83 100 3.45 197
Structure | whitin | duration | duration | student | value u_plovo 2 46 1101 17,71 1,97
the in in for 0.05 u_plovofri 1 75 94| 2,27 2,20
syllable non- |stressed
stressed | syllable u_plovofri 2 50 74 3,73 2,20
syllable u_plovofri 3 54 149 6,66 2,20
v_plovo 1| 48,33 52,87 1,26 1,97
v_plovo 2( 52,71 8578 9,32 197 Table 4. Allophone durations (msecs.) in several syllabic
livo 1| 49,72 47,21 0,52 1,98 structures depending on prepausal or non prepausal position
o o[ 5949 9160 750 198 (non stressed syllables).
frivo 1| 94,24| 105,95 2,12 1,98




The final lengthening was also found to be noticeable [9]. This algorithm allows accurate modifications of the
and significant in the onset of a 3-allophone length segmental durations. Informal tests did not reveal
syllable. relevant perceptual errors and the duration model has
been included in our Galician text-to-speech system.
5. THE PROPOSED MODEL
6. CONCLUSIONS
In order to assign durations, our approach has been to
classify each allophone according to the number of A simple, but efficient method that combines exploratory
allophones in the syllable, its position within the Statistics and prediction has been proposed to study
syllable, its broad phonetic class and its stressed/non- allophone durations. This work has shown that phonetic
stressed and prepausal/non-prepausal features. With thissegments can be clustered into broad phonetic classes
information, we estimate the syllable duration for every Without affecting largely the prediction of the allophone
distinct sequence of broad classes, taking into account durations. Moreover, the most important factors
other features such as stress and prepausal position.affecting duration have been found to be the prepausal
Then, the syllable duration is splitted into the allophone Position and the lexical stress, which are prosodic
durations according to its average percentage of duration factors.

within the syllable. It is important to emphasize that the predicted durations

are affected by two main sources of “noise” that make
difficult to obtain an accurate model: the natural
fluctuations of the speaker and the inaccuracies and
uncertainties in the segmentation.

Our model is based on a look-up table, where we have
stored the mean value for each cell. At least five cases
were employed to estimate the mean value of the
different cells.
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