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B cTtatbe paccmatpuBaloTcd nNpobsemMbl CO34aHUs CUCTEMbI CMHTE3a, OCHOBAHHOW
Ha BblOOpe eauHNLL U3 KOpnyca 3CTOHCKOro A3bika (TeKCT-peyb). ABTOpPLI NpegnaraioT
npasuna TPaHCKPMOMPOBAHUS 1 NPUHLUMMLI POHOIOMMYECKOr0 CTPYKTYPUPOBaAHUS, 00-
neryatwoLiye BbIOOp A3bIKOBbIX eanHuL,. ccnenyeTca Takke MHTEHCUBHOCTL KOJloKa-
UMK (CoO4eTaeMoCTun) B 3aBUCMMOCTM OT TEMMA peyun 1 paspadaTbiBalOTCA COOTBETCTBY-

owme Mmoaenn annMTenbHOCTN.

1. Background

Around the turn of the millennium (1997-2002)
the first generation of Estonian corpus-based TTS syn-
thesizer was developed (Mihkla et al. 1999). This time
the basic speech units were diphones, chosen as sourc-
es of natural phone transitions. With this undertaking
we also became part of the international MBROLA proj-
ect. Although our first-generation synthesis was also
corpus-based, its database provided no more than one
diphone for each transition. It has been argued — and
proved in practice — that the large number of concatena-
tion points make the synthetic speech sound unnatural,
even if the spectral discontinuities have been minimized
by carefully smoothing the concatenation points, consid-
ering phonetic criteria (Donovan, Woodland 1999).

Two years ago a new project of corpus-based syn-
thesis of Estonian was launched in the framework of the
national programme “Language technological support
of Estonian”. The aim is to develop a high-quality sec-
ond-generation speech synthesizer, based on unit selec-
tion. Our ambition is to create on the bases of moderate
speech corpus (up to 60 minutes) high quality Estonian
speech synthesizer for male and female voices. The new
synthesizer, however, draws its acoustic material from
the whole speech corpus. The idea of corpus-based
or unit-selection synthesis is that the corpus is searched
for maximally long phonetic strings to match the sounds
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to be synthesized. As compared to diphone or triphone
synthesis, corpus-based speech tends to elicit consid-
erably higher ratings of naturalness in auditory tests
(Nagy et al., 2003). As the corpus in its entirety provides
the acoustic basis for such synthesis, the development
of an optimal corpus represents an essential task of cor-
pus-based synthesis.

Our speech corpus (Piits et al. 2007) contains pho-
netically rich sentences and various phonological struc-
tures of Estonian. The corpus includes words which con-
tain all Estonian diphones and many numerals, along-
side with frequent Estonian words and expressions.
Development of a unit selection based TTS system for
Estonian take place in two directions: on the one hand
the system is developed in the Festival environment with
Cluster unit selection. On the other hand we would like
to test just how far we can go by using a high-quality cor-
pus and good algorithms of unit selection without any
synthesis engine, just applying some very simple meth-
ods of signal processing. Both applications demand high
quality speech corpus, thus the development of an opti-
mal corpus represents an essential task of corpus-based
synthesis. A system with a good selection module and
a high-quality speech corpus may yield output speech
of extremely high quality, even if the signal processing
module is rather simple (Bozkurt et al., 2002).

In order to convert an Estonian written text into
synthesized speech we have to solve the following
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tasks: to convert an orthographic text into a phonetic-
phonological one and to compile rules or models for the
control of segment durations and FO contours. The most
difficult problem is: how to find the third quantity de-
gree Q3 and palatalization automatically in the written
text. We also investigate how collocation strength might
correlate with speech rate and what role it might play
in duration models. In order to optimize the unit selec-
tion algorithm and to guarantee the necessary qual-
ity of the synthetic speech the whole speech database
as well as the utterance to be synthesized is represented
as a phonological tree.

2. Transcription rules for fluent speech
corpus

When transforming an orthographic Estonian text
into a pronounced text one should take into account
that not every phonological opposition is spelt out in Es-
tonian. This applies, for example, palatalized vs. unpal-
atalized consonants and, in a general case, to the 2nd
and 3rd quantity degrees. In Estonian long stressed syl-
lables can be pronounced with (third quantity degree:
Q3) or without (second quantity degree: Q2) prosodi-
cal quantity. In principle, both palatalization and word
quantity are marked in the lexicon, after morphological
analysis of the sentence. Still, there are cases where the
phonetic quantity and palatalization defined on the ba-
sis of the lexicon need additional adaptation to meet the
rules of fluent speech.

In Estonian, which is considered a stress-timing
language, the foot (1-3 syllables) carries such prosodic
phenomena as stress and quantity. Two- or three-syllable
words may be classified into first-, second- and third-
quantity words, whereas the mono-syllabics have, theo-
retically, all been marked out for the third quantity. Actu-
ally fluent speech is characterized by a considerable num-
ber of monosyllabic words (pronouns, conjunctions, ad-
verbs) capable of either adhering to other words in longer
feet or occurring in an unstressed position as clitics in the
speech flow (Hint 1998:145-146; Lehiste 1997:11).
Therefore the more frequent pronouns and conjunctions
are not subjected to the general rules of transcription, but
treated as special cases, e.g the conjunctions et ‘so as to’
[ett, not et:t], kui ’if; than’ [kui, not kui:]; the pronoun
neid ’he/she Part. P1.’ [neit, not nei:t]. At the same time,
the third quantity is retained in content words of a simi-
lar structure, e.g. vett "'water Part. Sg.’ [vet:t].

The Estonian language has four palatalized speech
sounds: the palatal lateral approximant [I'], the palatal
nasal [n’], the alveolar ejective fricative [s’], and the
voiceless palatal plosive [t']. Our orthographic spelling
makes no difference between the palatalized and un-
palatalized sounds, even though there are several cases
where palatalization does have a distinctive function
as, for example, in palk ‘salary’ [palk:k] and palk ’log’
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[pal’k:k]. In addition to the lexicon-based palatalization,
palatalization is a feature added automatically to such
I, n, s, t that, preceding i or j, immediatedly follow ei-
ther the vowel of a main stress syllable or a palatalised
consonant, e.g. hiilima ’to sneak’ [hii:lima -> hii:l'ima],
kasti’box Gen. Sg.’ [kas’ti -> kas’t’i], but kunsti’art Gen.
Sg.” [kun’sti].

Foreign letters are transcribed according to the Es-
tonian tradition: the fricatives z and £ (voiced retroflex
fricative), for example, sound voiced in many languages,
but not in Estonian, where their pronunciation does not
differ from that of s and § (voiceless retroflex fricative).

The long tiii (close front round vowel) is diphthon-
gized if followed by a vowel or j, like, e.g., in miiiijad
‘salesperson Nom. Pl [myi:jat], hiiiie ‘shout’ [hyie].
If a vowel follows a long ii or an i-final diphthong,
it is pronounced as if preceded by the glide j, e.g. saiu
"white bread Part. P1.’ [sai;ju]. A similar rule works for
a long uu and an u-final diphthong, where the u is pro-
nounced as if followed by the voiced labiovelar approxi-
mant w, e.g. suue ’(river) mouth’ [suuwe].

If three stops happen to meet on a word boundary,
the single plosive phonemes are usually reduced to such
an extent that, as a rule, a dissimilatory loss can be diag-
nosed, e.g. the sequence kolblik kokk ‘a fit cook’ is tran-
scribed as kol:plik kok:k, not as kol:plikk kok:k. Dissimi-
latory loss may also be found in vowels, e.g. the phrase
ma ei tea ‘I don’t know’ is pronounced as [maitea].

The letters k, p, t, t, f and § occurring between
voiced sounds on syllable boundary or at the end
of a word are transcribed doubly, whereas in the im-
mediate neighbourhood of a voiceless sound as well
as at the beginning of a word they remain single, e.g.
kokpit ‘cockpit’ [kokpitt], Aafrika ‘Africa’ [aaffrikkal],
part ‘duck’ [part:t], kaselott ‘cachalot’ [kasSelot’:t’].

3. Structuring the speech corpus

In order to optimize the unit selection algorithm
and to guarantee the necessary quality of the synthetic
speech the whole speech database as well as the utter-
ance to be synthesized is represented as a phonological
tree. Figure 1 represents a fragment of the database tree.
Our phonological tree has the following levels: pho-
neme, syllable structure, syllable, foot, word, phrase,
and sentence (cf. Breen et al. 1998, Taylor et al. 1999).
Search for appropriate speech units involves all those
levels, beginning from the higher ones, e. g. preferring
longer units.

The free word order and close intertwinement
of the Estonian syntactic phrases frustrates, as a rule,
the attempts to build a binary tree between the word
and sentence levels. For the present project a phrase
is defined as a clause that is separated by an intrasen-
tence punctuation mark or conjunction and that in-
cludes a predicate.
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Figure 1. Fragment of the phonological tree

Black and Taylor's phonological structure has been
criticized for fixed representation of word boundaries
(Mo6bius 2000). True, there are some Estonian (com-
pound) words (e.g. raudtee ‘railway’, 6unapuu ‘apple-
tree’) with co-articulation occurring on word boundary,
yet the basic unit in Estonian speech is the word and thus
an emphasis on the marking of word boundaries pres-
ents no problem for speech synthesis. But there is an ex-
tremely rich morphology to consider. Thus we first at-
tempted a joint use of the phonological tree and a mor-
phological one consisting of word forms divided into
stem and grammatical morphemes. Unfortunately the
representation of phonological and morphological infor-
mation in one and the same tree turned out too compli-
cated a task, because morpheme and syllable boundaries
do not coincide. So we had to keep to the phonological
tree after all. Still, our consideration for morphological
information had been not quite in vain, providing great
help in finding phonologically suitable units.

In some ways the branching of the phonologi-
cal tree on sub-syllable levels is also morphologically
bound. Syllable division starts from separating the coda.
This enables the use of the onset and nucleus in word
form synthesis even in case the coda is wrong. Thus,
after separating the coda we can use the word form ka-
la-1 ‘fish Adess. Sg.’ to form, e.g. ka-la-s ‘fish Iness. Sg.’
ka-la-st ‘fish Elat. Sg.’ or ka-la-It ‘fish Ablat. Sg.'

4. Effect of collocational strength
on speech rate

While recording an Estonian corpus for corpus-
based synthesis some fluctuations of the speech rate were
observed, even though the text was read out by a profes-
sional radio announcer. The slowings down could be due
to difficult clusters (the corpus was required to contain all
diphones possible in Estonian, however rare (see Piits et al.
2007), which could, in turn, occur in rare words. A quick-
ening rate, however, could have to do with frequent words
as well as collocational phrases. It has been argued before
that the high frequency of a word and the predictability
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of its context may have a reducing effect on the pronun-
ciation of the word (Pluymaekers et al. 2005, Bell et al.
2003). In some cases the effects of word frequency and
contextual predictability on word duration have been
studied in combination (M. L. Gregory et al.1999).

In Estonian, the word has a very important role
both in grammar and phonetics, while the morphology
is extremely rich. The aim of the present study is to find
out if, apart from word frequency, Estonian word length
could in any way depend on the collocational strength
between the words.

We set up the following hypothesis: collocation-
al strength between words in Estonian has an effect
on word duration, i.e. words occurring side by side more
often tend to be pronounced more rapidly. Our scrutiny
is focused on the verb olema ‘be’ as the most frequent
word in Estonian.
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Figure 2. Relation between duration of stem
sounds and collocational strength.

We investigated how collocation strength might
correlate with the durations of olema forms and what
role it might play in predictive models. Figure 2 shows
the relation between duration of stem sounds of verb
olema ‘be’ and collocational strength (in logarithmic
scale). The hypothesis was tested by means of different
statistical methods (linear regression, CART trees), en-
abling to disclose small, hidden, but possibly significant
effects between input and output (Sagisaka 2003).
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Figure 3. CART model of durations of the verb olema ‘be’.

A simple durational model was compiled to pre-
dict the duration of the verb olema ‘be’ from collocation
strength, length of phrase, position of the verb in the
phrase, and a binary characteristic indicating wheth-
er a concrete verb form had just one syllable or more
(Fig. 3). According to the resulting models there were two
features — the binary one and collocational strength —
that were significant in all models. Consequently, in the
material studied collocational strength does have an ef-
fect on the durations of the verb olema ‘be’.

5. Conclusion

The aim of the speech corpus described was to de-
velop an acoustic basis for a relatively naturally sound-
ing synthetic speech. To reduce the number of concat-
enation points in the synthetic utterance it was neces-
sary to create a speech corpus enabling searching for
units larger than diphones. The phonological structure
describes different levels from where the units were
found. The rules for transforming an orthographic Es-
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tonian text into a pronounced text should certainly
provide for the perception of phonologically essential
distinctions. Yet apart from that the transcription rules
should not overlook some additional features, which,
without being distinctive, still play an important role
in making fluent speech sound natural. The study also
demonstrated that the strength of collocation between
words shortens the duration of the Estonian verb olema
‘be’ and that contextual predictability is a significant
feature to be considered in developing models of word
duration. Whether this indicates a stable relation be-
tween input and output or an occasional hidden one
is a question pending further research involving mea-
surement of collocation strength and durations of other
words on more copious speech material.
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