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ABSTRACT

The paper describes how the Swedish Core Language
Engine, a general-purpose natural-language process-
ing system was used as a preprocessing system for
a polyphone-based speech synthesizer. The interface
between the two systems utilizes the grammatical in-
formation obtained by the NLP system to improve
the quality of the speech produced by the synthesizer.
The interface is built in a modular fashion, with the
first modules using the NLP information in order to
assign sentence accent properly on phrase and word
level, while the final modules decide on which entries
from a polyphone library should be used and calcu-
late the pitch pulse information used by the synthe-
sizer.

1. INTRODUCTION

The paper describes a project the aim of which has
been to construe the modules necessary for an inter-
face between Swedish Telecom’s (Telia Research’s)
polyphone-based speech synthesis system [4] and
the Swedish Institute of Computer Science’s (SICS’)
general-purpose natural-language processing system,
the Swedish Core Language Engine (S-CLE) [7],
which is the Swedish version of the “Core Language
Engine” from SRI International [1j.

The synthesizer interface allows for an improved syn-
thesis since it gives the synthesizer access to the infor-
mation that the language processing system already
has been able to extract from the input text. This
information may for example be the syntactic anal-
ysis tree and grammatical functions such as subject
and predicate. An overview of the entire system is
given in Figure 1.

The purpose of ‘In interface’ is simply to convert the
output from the NLP system to the format used in
the other modules. The ‘Focusation’ module then
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does all the processing on the phrase and word levels,
which mainly involves sentence accent assignment,
while the processing on syllable and phoneme level is
done by the ‘Assimilation’, ‘Realisation’ and ‘Poly-
phone’ modules.

The first of these decide how different phonemes are
influenced by their context (coarticulation), the sec-
ond module works with the realisation of the sen-
tence accent, i.e., decide the fundamental frequency
contour (FO) and the length of the phonemes. The
‘Polyphone’ module in parallel to this decides which
specific polyphones (stored groups of phonemes) that
should be used to build up the utterance at hand.
The ‘Out interface’ finally calculates the actual infor-
mation on pitch pulses and excitations by the vocal
chords which is used by the synthesizer, Psynt.

The processing chain is described in somewhat more
detail in the rest of the paper with Section 2 describ-
ing the NLP-system and modules closest to it. Sec-
tion 3 describes the phonological processing proper,
that is, the processing on both phrase and word level
and on syllable and phoneme level in the interface
system. Section 4 briefly outlines the calculations
undertaken before the output is passed to the syn-
thesizer, while the final section of the paper sums up
the previous discussion.

2. THE LANGUAGE INTERFACE

The first step in the processing chain is an interface
to the language processing system called the “Core
Language Engine” (CLE), which is, as its name indi-
cates, a system built with purpose of being the “core”
(the heart) of an NLP system of any kind, for exam-
ple a machine translation system, a query-interface
to a database, the back-end of a speech understand-
ing system, or the front-end of a speech synthesis
system. The first three types of application are de-
scribed in for example [2, 6, 8], respectively; here we
will concentrate on the fourth kind.
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Figure 1: The overall text-to-speech interface

The main functionality of the CLE is the same as
for most NLP systems, namely to translate strings
of tokens in a natural language (e.g., English or
Swedish) into some kind of internal representation.
In the CLE, this representation is called “quasi logi-
cal form”, QLF [3] and is a language akin to higher-
order predicate logic. Transforming a text-string into
a QLF is a multi-step process including lexicon look-
up, morphological, syntactical and semantical pro-
cessing. The grammar of the CLE is of the reversible,
unification-based kind and the entire system is writ-
ten in Prolog. The lexicon used in the synthesizer
interface is a version of the regular CLE lexicon ex-
tended with the words’ transcriptions.

The information extracted by the CLE includes
the syntactic analysis tree (with all categories and
feature-value settings) and (in the QLF) grammati-
cal functions such as subject, object and predicate.
This information is extracted in the ‘In interface’ and
passed on in processing chain. An area of future re-
search would be to extend the QLF in order to repre-
sent the distinction between given and new informa-
tion, which of course would further aid the synthesis.

3. PHONOLOGICAL PROCESSING

The phonological processing of the system is divided
into a range of modules, the first being the ‘Focu-
sation’ module, which undertakes the processing on
phrase and word level. This is followed by three
modules which together (and partially independent
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of each other) compose the processing at the syllable
and phoneme levels as further described below.

3.1 Phrase and word level

The ‘Focusation’ component uses the information ex-
tracted by the S-CLE to add to the analysis spe-
cific features for the sentence accent (sa) assign-
ment. The focusation rules work on the same type
of structures as the S-CLE grammar, allowing for
the assignment of sa on entire phrases or on spe-
cific words. The sa feature takes on values in the
range from —1 (for deaccentuated words, e.g., de-
terminers) to 3 (for the focused words, e.g., the ob-
ject). This is further described in [5], but as an exam-
ple, consider the Swedish sentence “ Vilka kontinenter
har de kortaste kvdllarna” (“Which continents have
the shortest evenings”), which if input to the S-CLE
would give as output a rather elaborate syntax tree
(along with a QLF) with all S-CLE grammar feature-
value pairs set. After the preprocessing phase having
stripped off the superfluous features and put the spe-
cific extra feature instantiations obtained from the
QLF in place, the rules of the focusation component
produce a derivation tree as shown in Figure 2.

3.2 Syllable and phoneme level

The ‘Assimilation’ component realizes coarticulation
by changing the transcription string for the entire
utterance. The module uses specific coarticulation
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vilka [-1] kontinenter[0]  har([0] det [0] nbar[3]
det[0] ordinal[0] kvéllarnal3]
del-1] kortaste[0]

Figure 2: The sentence accent (sa) derivation tree for “vilka kontinenter har de kortaste kvillarna?”

rules, which treat both assimilation and reduction.
These rules may specify both general principles and
specific cases for a particular phoneme occurring in
a particular context.

The sentence accent assigned by ‘Focusation’ is im-
posed on the transcription string in the ‘Realisation’
component by specification of tonal (FO-declination,
FO-variation) and temporal features (segment dura-
tion). Each feature on the utterance, phrase, word
and syllable levels is propagated down to a corre-
sponding feature on the phoneme level and used to
plot points on the FO-declination and FO-variation
functions and for the calculation of the start and fin-
ish time points of the phonemes.

The most interesting calculation is the one for the
FO-variation which consists of deciding on a point
in time for the variation level and a frequency for
it. Within an utterance, the frequency may take on
four relative values depending on the accent level of
a phoneme. This may be defined either in absolute
terms (due to for example the sentence accent, or the
stress level within a word), or in terms relative to the
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frequency of the preceding phoneme.

The ‘Polyphone’ module traverse the transcription
string produced by ‘Assimilation’, adds silence inter-
vals at the beginning and end of it, duplicates con-
sonants at syllable borders, and possibly adds some
diphones as “glue”. The resulting polyphones (which
may be of arbitrary length) are looked-up in a stored
database.

4. THE SYNTHESIZER INTERFACE

The final step in the processing chain is the in-
terface to the synthesizer. This ‘Out interface’
produces the fundamental frequency contour (FO0)
by superimposing the FO-variation on the FO-
declination. The time points for the vocal chord
excitations are then calculated from the result-
ing frequency function. The relation between FO,
the variation and the declination is defined as
FO(t) = FOgeci(t) * FOyqr(t)
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Figure 3: FO and F0-declination functions

As an example, suppose that F0ge.;{t) starts at 120
Hz and ends at 80 Hz. FO(t) is 1.8 times the decli-
nation at the time point ¢ = 2817 ms and 1.6 times
the declination at ¢ = 1827 ms and ¢ = 2544 ms.
FO(t) returns to the declination curve at t = 1953
ms, t = 2649 ms and ¢ = 3013 ms, i.e., the values
that would be produced for the sentence Vilka konti-
nenter har de kortaste kvéillarna?. The function thus
gets the form shown in Figure 3.

5. CONCLUSIONS

This paper has described a system which utilizes
grammatical information obtained by a natural lan-
guage processing system (the Core Language En-
gine} to improve speech synthesis (a polyphone based
speech synthesizer). This is done by extracting a syn-
tax tree along with certain semantic information and
assign sentence accent to words in an utterance. That
information is then passed on to modules for coar-
ticulation, fundamental frequency contour (F0) cal-
culation and polyphone determination before finally
being realized as soundwaves by the synthesizer.
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