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ABSTRACT

PHRITTS is a text-to-speech synthesizer consisting of a-

grapheme-to-phoneme conversion, an accentuation, a duration
control, an intonation contour generator, and a speech synthe-
sizer based on diphones. After some text preprocessing the
grapheme-to-phoneme conversion performs a morph decom-
position. For the rule-based conversion of the resulting
morphs a special compiler is used. A word class assignment
is made for the following focus-accent-based accentuation,
which provides locations for pitch accents and phrase
boundaries, followed by a simple context dependent
calculation of the phoneme durations. The intonation contour
is calculated from the accent pattern using rules derived from
natural German speech. It consists of triangular or trapezium
shaped pitch moves, placed on a simple pitch declination.
They are calculated by linear interpolation in the logarithmic
frequency domain. The diphone synthesis is based on 1573
German diphones, extracted from nonsense words spoken
with a constant monotonous pitch, which makes it possible to
directly concatenate the diphones by interpolation in the time
domain, after calculation of the optimal phase at diphone
boundaries. Pitch and duration are manipulated using a TD-
PSOLA technique. Compared to an existing LPC-based

synthesizer version, TD-PSOLA results in much more natural..

speech. The TTS-synthesizer is written in C-Code and runs in
real time on a standard 486 PC with a DSP-board for AD-
conversion.

Keywords: German text-to-speech synthesis, accentuation,
intonation, diphone synthesis

0. INTRODUCTION

One of the major applications of text-to-speech (TTS) synthe-
sis is speech output in automatic services in telecommunica-
tion. In most cases it is either impossible to do all speech
output using prerecorded synthetic speech, since the vocabu-
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lary might be unlimited, or the costs for recording and storage
of natural speech are too high. However, in such services
TTS synthesis must have a very high quality because a novice
user has not much time to adapt to the synthetic speech.
With the PHRITTS synthesizer (PHRITTS standing for
Philips, Ruhr-Universitit Bochum, IPO text to speech) we
have assembled and further developed existing technologies to
reach higher quality. This is achieved by reducing spelling
errors in the automatic letter to phoneme transcription and by
increasing naturalness and intelligibility in the creation of
intonation contours and synthesis of a speech signal by TD-
PSOLA manipulated diphones. The used modules, grapheme-
to-phoneme conversion, accentuation, intonation contour gen-
erator, duration control, and diphone speech synthesizer, are
presented in this paper. First applications of the system are
described.

1. THE TEXT-TO-PHONEME CONVERSION

The text-to-phoneme component of the PHRITTS system is
based on SyRUB, the Bochum speech synthesis system /1,2/.
After text preprocessing (working a.0. on an abbreviation list
with approximately 550 entries), a morph decomposition is
performed, based on a morph list with at present over 7000
entries. The following morph-oriented grapheme-to-phoneme
conversion is rule-based.

All parts of the text-to-phoneme conversion system work on
a common data structure which enables synchronization of all
kinds of information encountered during the analysis process:
text, grapheme, phoneme, syllable, morpheme, word, clause,
sentence. From every synchronization point every information
layer can be accessed directly, i.e. rules can incorporate (con-
text) information on different levels. Thus blackboard-like
storing and retrieving of information is possible.

The German language with its innumerable possibilities for
word concatenation requires an efficient mechanism for defin-
ing rules for word segmentation. Thus the rule compiler has
been given special attention. An elaborate rule formalism
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enables the formulation of rules using several layers of the

data structure, e.g. the levels <grapheme; morpheme;word> in"

the assignment of syntactic categories:
<isch;=SUFFX;> -> <;;*ATT+ADV>

The above rule means: a word containing the suffix ’-isch’
belongs to the categories ’Attribute’ and ’Adverb’.

The same rule formalism is applied to several information
categories:

- morph decomposition and affix determination
- grapheme-to-phoneme conversion

- syntactic class assignment

- coarticulation

In German, the assignment of lexical stress is mostly driven
by affixes, i.e. stressed/unstressed prefixes and suffixes. If no
affix is present, stress is usually located on the first syllable
(however, this rule does not apply to proper nouns, which are
treated by separate sets of rules).

Finally, each word is segmented into its syllables following
Ortmann’s rules /3/. This step is important for the following

duration assignment, because not only the vowel but also the. .

consonant duration is changed when the syllable carries an
accent.

For our applications in announcement and information sys-
tems, the text-to-grapheme conversion has been enhanced by
special rule files for first names, street names, location names
and company names /4/.

2. ACCENTUATION

Assignment of Syntactic Categories
PHRITTS as a general purpose text-to-speech system requires
a widely usable method for assigning sentence focus. The
absence of a dictionary containing detailed syntactic classes
forces us to restrain the number of categories to those which
can be automatically generated and disambiguated.
However, for intonation assignment no elaborated category
system is necessary, as prosodical structure seems to be more
shallow than syntactic structure (/S/).
Therefore function words as a closed set are classified in
more detail, while heuristics are used for content words. At
present, 27 classes are distinguished. Disambiguation is done
by broad syntactical analysis.

The Grammar and the Parser
Two similar approaches are available to us at present, both
based on focus-accent theory, the PROS3 Parser and the
SyRUB Parser /2,6/.
Both are deterministic syntactic parsers, using context-free
grammars to assign a hierarchical syntactic representation to
an input string. Whereas PROS3 maps this syntactic represen-
tation onto a binary-branching metrical tree, SyRUB trees
may have more branches. In both systems sentence constitu-
ents are assigned a focus, then the location of sentence ac-
cent(s) and prosodic boundaries is determined.
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Assignment of Prosodic Markers
Both approaches rely on Focus/Accent theory /7/ and roughly
use the following procedure:
First, syntactical objects that may carry an accent (e.g. a
prepositional phrase) are defined, they are given a FOCUS
marker. Then the accentuated part of a syntactical object is
defined and given a STRONG marker. FOCUS and STRONG
markers control the accent assignment: starting from a FO-
CUS node in the tree, only the STRONG links are followed
and eventually lead to the accented word(s).
The example shows the simple rule for the accentuation in
noun phrases (/2, p.110/).

NP+FOCUS
_is_, DETIPRN, ADJ_GRP, NOM+STRONG
_or_, ADJ_GRP, NOM+STRONG
_or_, DETIPRN, NOM+STRONG
_or_, NOM+STRONG
_or_, PRN,
_end_,

Thus, the noun is the strong element of a noun phrase (which
carries a focus).

In SyRUB syntax prosodic boundaries are assigned very
restrictively (only when two sentences are combined with a
conjunction), whereas PROS3 generates more potential
boundaries, which then have to be postprocessed in order to
avoid very short phrases.

The performance of the accentuation was tested on several
texts. First results of a comparison between the two systems
show that a similar performance is achieved in accenting
(PROS3 has a slightly higher number of accented words),
mainly nouns carry accents, verbs and adjectives/adverbs are
accented in few cases only (which corresponds to natural
accentuation). The PROS3 system assigns its accents using a
more elaborate rule formalism and thus performs slightly
better with more complicated syntactic structures.

However, in the assignment of prosodic boundaries, the per-
formances differ considerably: while SYRUB rarely puts
phrase boundaries (except for explicit boundary markers, like
commas), PROS3 provides a number of strong and weak
phrase boundaries. It proved difficult to deal with the sugges-
tions. Conservative assignment of prosodic boundaries enables
easier mapping of those boundaries to their acoustic corre-
lates: i.e. it is more acceptable to leave out boundaries than to
insert e.g. pauses where they are not expected.

We found that to reach an intermediate acceptable quality it
is sufficient to determine the accented words and generate the
corresponding fO contour without taking into account prosodic
boundaries other than those given by punctuation.

At present we are experimenting with various strategies for
interpreting prosodic boundaries, as there are:

- insertion of pause: only when boundary is very
strong

- lengthening of phrase-final syllable

- reset of declination line: should go together with
pause and only be used in very long utterances,
where location of reset is safe’
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Summarizing our experience, automatic accentuation yields
acceptable results, while the present prosodic boundary as-
signment requires improvement.

Anyhow, it is always possible to override the antomatically
generated prosodic markers by hand-accentuation.

3. DURATION CONTROL

In the synthesized speech signal the duration of each phoneme
is calculated relative to the duration after the concatenation of
the corresponding diphones. A very simple duration control
does a context dependent calculation of the phoneme
durations. The length of pauses is modified according to the
type of punctuation mark (clause-final, sentence-final), vowels
of stressed syllables are lengthened, consonants and
unstressed vowels are shortened.

We are working on a more sophisticated version of these
simple rules.

4. INTONATION CONTOUR GENERATION

The contour of the intonation of natural speech can be ap-

proximated by straight lines in the log f-time area. The
intonation model of our synthesizer which is based on a
model of LM.H. Adriacns /8/ uses such contour elements
called pitch moves in the following, to create an intonation
contour.

The pitch moves are placed in a frame work of three declina-
tion lines. Independent of the duration, start and stop
frequency of the basic declination line are 220 Hz and 140 Hz
for a female speaker and 118 Hz and 75 Hz for a male
speaker. The second and third declination line have the same
slopes but are located 7.5 and 12.5 semitones above the lower
declination. All pitch moves start and stop on one of the
described declination lines.

The automatic accentuation creates three different accentua-
tion markers. A (°) describing an accent of a syllable, a (,)
describing the end of a phrase boundary (clause), and a (?)
describing a final rise in the intonation contour. If none of
these markers occurs, the intonation model will create just
one pitch move which followes the lower declination line. If
one accent () occurs in a sentence without a phrase bound-
ary, five pitch moves as shown in Figure 1a will be created.
The main pitch move has a length of 180 ms. It starts 60 ms

before the onset of the vowel that is accentuated on the lower™

declination line and stops on the middle declination line.
From here a 10 ms move on the middle declination line is
created, followed by a move falling to the lower line again
with a length of 180 ms. In front of and after the described
accent moves, pitch moves along the lower declination line
will be created. If the sentence has more than one accent, the
following pitch moves will be created (see Figure 1b). For the
first accent a rising move is created as described above. The
other accents get a rising move of the same length but starting
already 210 ms before the onset of the accentuated vowel.
Between the rising moves falling moves are inserted always
starting at the end of a rising move on the middle declination
line and ending at the beginning the next rising move on the
lower declination line. After the last accent, a falling move of
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180 ms followed by a move along the declination line is
inserted. If the space between two accents is lower than 400
ms, a single "hat shaped” contour will be created consisting of
the described rising move at the first accent and a falling
move at the second accent which are connected by a move
along the middle declination line.

If a (,) marker occurs, a phrase boundary will be created. That
means, that after the (*) the declination will reset to their start
values. Before this boundary a continuation rise described by
a move of 180 ms ending at the middle declination line will
be created (see Fig. 1c). If this clause has one or more ac-
cents, the falling move of the last accent will not have a fixed
length of 180 ms but will reach to the begin of the
continuation move. A clause ending with an (?) marker is
treated similar as a clause ending with a (,) marker but in this
case the final rise has a length of 300 ms and ends on decli-
nation the upper declination line (see Fig. 1d).

»

Figure 1a-d: Contour of normal phrases with one and
three accents (marked by ) and two phrases having two
accents plus a continuation and a question rise.

5. DIPHONE SYNTHESIS

A commonly used method to obtain high quality speech is to
concatenate relative small time-domain elements such as
phonemes, diphones, demisyllables.

Especially for German, where consonant clusters are quite
frequent, the transitions between the phonemes are crucial for
speech perception and naturalness. Therefore the transitions
between the phonemes, the so-called diphones are quite
suitable as elementary speech units. Nearly all German words
can be synthesized with 41 phonemes and 1573 diphones,
even those with infrequent phoneme combinations.

For text-to-speech synthesis we use pitch-synchronous
waveform processing techniques /9,10/. These algorithms are
based on a pitch-synchronous overlap-add (PSOLA) approach
for the concatenation of diphone waveforms and for the modi-
fication of speech prosody. Speech signals can be modified
either in the frequency domain (FD-PSOLA) or directly in the
time domain (TD-PSOLA). The TD-PSOLA approach can be
used for the time-scaling as well as for the pitch-scaling of
speech. Since the computational complexity of TD-PSOLA is
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quite low and our applications run in real-time we decided to
use the TD-algorithm for diphone synthesis.

The Diphone Database
The German diphones are extracted from nonsense words,
spoken by a female speaker. Since the PSOLA-concatenation
of diphones requires normalized pitch frequency at the bound-
aries, the nonsense words are spoken as monotonously as
possible to avoid unnecessary PSOLA-manipulations. The
nonsense words were digitized at 8KHz sampling frequency.
Since the diphone database for such a concatenation based
system is rather large (3.3min of speech for German) we

decided to use the ALAW-coding algorithm to compress the

storage size to 1.6MB.

Pitch-synchronous analysis

The digitized speech waveform s(n) can be decomposed in a
sequence of short-time signals, obtained by multiplying the
signal with pitch synchronous analysis hanning-windows
centered around the so-called pitchmarks. The length of the
Hanning-window is twice the local pitch period.

In voiced parts of a speech signal the pitchmarks are set at a
pitch-synchronous rate, in unvoiced parts at a constant rate.
They are not connected to a distinct position within a phase.
Since both pitch and duration can be changed in voiced parts
of a speech signal, while in unvoiced parts only the duration
can be changed, voiced/unvoiced parts are defined in the
analysis signal. The pitchmarks are estimated using an auto-
matic program /11/. After the automatic estimation an
interactive graphics editing program is used to manually
control and correct the accurate position of the pitchmarks.
Since for the concatenation of diphones a normalized pitch at
the diphone boundaries is necessary, all stored speech signals
are modified to a constant pitch ( about 200 Hz for female
and 125 Hz for male speakers), using the PSOLA algorithm.

An automatic speech segmentation program /12/ extracts the

phoneme and diphone boundaries for each German diphone
from the input utterances. Some manual postprocessing is
necessary to control and improve the phoneme and diphone
boundaries.

Pitch-synchronous synthesis and prosodic modification

The synthesis speech signal is obtained by overlap-adding the
analysis shont-time signals (ST-signals) according to an
appropriate pitchmark relation. This relation maps the desired
new pitchmarks onto the pitchmarks of the original analysis
signal.
A time-scale modification of the signal can be performed by
the repetition or elimination of analysis ST-signals, a pitch-
scale modification by increasing or decreasing the delay
between analysis ST-signals as described by the PSOLA
algorithm. The manipulation of duration and pitch can be
done simultaneously.

Diphone concatenation
Since all diphones are normalized to the same pitch, but are
not in phase, a phase optimization has to be done for
concatenation. The last period of the already concatenated
speech signal is compared to the first period(s) of the next
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diphone. The minimum city block distance is used to find the
optimal phase, the signal of the added diphone is shifted
according to this phase. The concatenation of the two
diphones is achieved by interpolation in the time domain.
Since pitchmarks are not connected to distinct positions
within a phase, it is easy to reposition them after this
concatenation.

6. APPLICATIONS

Typical application areas of speech synthesis are all kinds of
information systems for the public telephone network.

Since the general text-to-speech synthesis still needs better
quality for general acceptance, we mostly use synthesis to
produce keywords embedded in carrier sentences of natural
speech /13/. This allows us to generate unrestricted
application-specific information, based on a set of fixed
announcements.

At Philips several applications with speech synthesis and
speech recognition have been built for the public telephone
network, e.g. a postal code inquiry system, a wakeup service,
an ordering system, an automatic call-distribution.

Further applications can quickly and easily be implemented
using a flexible dialogue creation system developed at PKI.
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