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ABSTRACT

The present study deals with the development of a
scheme for synthesizing near-to-natural Fy contours
of German utterances by rule. It is based on the
results of analysis of Fy contours using a quantita-
tive model of the production process of the Fy con-
tour. The analysis is conducted with respect to ear-
lier works on German intonation which are expanded
by qualitative and quantitative formulations for in-
tonation patterns on the accent and phrase levels in
terms of accent and phrase command parameter val-
ues. We discuss the way prosodic rules are produced
by analysis of natural Fy contours and construction
of a regression tree for every model parameter and
explain how the Fy contour for a given utterance can
be generated, taking only the text of the utterance
itself as input.

1. INTRODUCTION

In German, as in many other languages, the funda-
mental frequency contour (henceforth the Fy contour)
is an important acoustic correlate of intonation. It
can greatly contribute to the intelligibility and natu-
ralness of synthetic speech. Although great effort has
been made to introduce prosodic control into speech
synthesis, still most systems rely on rather detailed
phonetic descriptions of accent features provided in
addition to the text of the utterance to be synthesized
[1,2] and yet fail to produce a high quality, especially
in prosody. In contrast, the current approach can
maximally reduce the input of prosodic information
by applying a set of linguistic and phonetic rules to a
text. Before we explain the scheme itself we discuss
its linguistic and experimental background.

2. LINGUISTIC BACKGROUND

Isacenko and Schidlich 3] found strong perceptual
evidence that most linguistic functions of German in-
tonation (i.e. marking of sentence type, segmenta-
tion, disambiguation, focussing) could be realized by
a set of tone switches between two constant levels of
Fy connected to accented syllables. Tone switches can
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occur early or late in the accented syllable. Phrase
boundaries were realized by pitch interrupters. Stock
et al. [4] further developed Isagenko’s approach by
proposing a set of ‘intonemes’. (combinations of tone
switches bearing a communicative function) and for-
mulating rules by which a given German sentence can
be segmented into prosodic phrases (accent groups)
and the phrase accents and possible secondary ac-
cents can be determined. To a certain extent, quali-
tative predictions of Fy contours can be done as far
as the locations and directions of tone switches are
concerned.

3. ANALYSIS OF NATURAL F
CONTOURS AND RULE GENERATION

In earlier works [5,6] we successfully applied a
quantitive model of the production process [7] of the
Fy contour to the analysis and synthesis of Fy con-
tors of German utterances. The model, displayed in
Fig. 1, has been shown to be capable of producing
close approximations to a given contour from two
kinds of input commands: phrase commands (im-
pulses) and accent commands (stepwise functions).
Here we give a short explanation of the most impor-
tant model parameters:

Ajp: phrase command magnitude
To: phrase command onset time
Ag: accent command amplitude
T1: accent command onset time
T>: accent command offset time

In order to synthesize the Fy contour for a given
text, we must derive rules, by which these model pa-
rameters can be computed from the linguistic con-
tents of the text, taking into account the timing and
the sounds of the corresponding segmental string. In
our formulation, every major transition of the Fy con-
tour (‘tone switch’) connected to an accented sylla-
ble is defined by either an on- or offset of an accent
command whose amplitude indicates the degree of
prominence an accented word receives in a given con-
text. Additional tone switches may occur at syntactic
boundaries.
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Fig. 1. A quantitative intonation model [7].

3.1 SPEECH MATERIAL

In order to generate rules for our synthesis scheme
we collected data from the analysis of readings of
three speech corpora:

Corpus 1. A set of utterances containing the short
sentence with declarative word order “Sie haben
den Wagen geliehen.” — “They have rented the

.” The sentence was uttered either in state-

ment or question intonation with narrow focus

on the constituents ‘sie’, ‘Wagen’, or ‘gelieher’.

car

Corpus 2. A short story in the form of a mono-
logue containing sentences of varying complexity
and type. (Sample: “Ich kam vor drei Jahren
zum ersten Mal nach Tokyo. Damals verwirrten
mich die vielen verschiedenen S- und U-Bahn
Linien. Da ich nur wenig Japanisch konnte, ...”
— “T came three years ago for the first time to
Tokyo. At that time I was confused by the large
number of different city train and subway lines.
Since I knew only little Japanese, ...").

Corpus 3. A set of three-syllable words (‘be-
fahren’, ‘beschweren’, ‘bepflanzen’, etc.) with
word accent on the second syllable, designed to
examine the effect of varying syllable structures
on the timing of accent commands.

Taking into account the fact that individual varia-
tions, especially of A, and A,, are vast, we decided
to conduct a statistical analysis of three productions
of all utterances by the same speaker, rather than
averaging over samples of many speakers.

3.2 RESULTS OF ANALYSIS
Here we concentrate on some important results

from Corpus 2 which were incorporated into the
prosodic rules. The corpus consists of 13 sentences
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(9 declarative, 2 w-questions and 2 yes/no-questions)
containing 37 prosodic phrases, and was designed to
examine the phrasing and accentuation of longer neu-
tral (non-contrastive) utterances. We shall call every
part of speech (a clause, for instance) that begins in
the vicinity of a phrase command onset and ends in
the vicinity of the next phrase command (or the seg-
mental offset of the utterance) a ‘prosodic phrase’.

The duration of a prosodic phrase is defined as the
duration of its segmental string plus an optional pause
before the segmental onset of the prosodic phrase. We
introduce three degrees of phrase boundaries:

(1) boundaries without orthographic delimiters
(2) boundaries with delimiters ‘,” ¢’ " -’
(3) boundaries with delimiters *.> ‘77 P

An analysis of the following parameters was con-
ducted: Ap, To, Aamain (amplitude of phrase accent),
Aasec (amplitude of secondary accent), Agpng (am-
plitude of boundary tone). By ‘boundary tone’ we
mean an accent command onset that is not necessar-
ily connected to an accented syllable and indicates
incompleteness (‘non-terminal rise’) or produces the
‘question-terminal rise’.

We examined the dependency of A, on the du-
ration of the current prosodic phrase (dur_cur_phr),
the duration of the preceding prosodic phrase
(dur_prec_phr), the number of the current phrase
(phr_no) and the degree of the left phrase bound-

Table 1. Correlation coefficients for A,

parameter P

dur_cur_phr 0.22
dur_prec_phr 0.44
phr_no -0.35
bnd._deg 0.57
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Fig. 2. Regression tree for calculating A,.

Table 2. Accent command values for the utter-
ance-initial phrases.

Accent command type | p o

Agmain 0.51 | 0.12
Aasec 0.37 | 0.19
Aabng bnd deg 1, 2 0.50 | 0.14
Agbng bnd deg 3 098 | 0.14

ary (bnd_deg) and found that the last factor has the
strongest influence. A, decreases slightly for phrases
later in the utterance. Table 1 gives the correlation
coefficients of A, with various factors. We found that
for declaratives, w-questions and non-final phrases
of yes/no-questions, Agmain, Aasec and Agpng de-
crease towards the end of the utterance. Table 2
gives mean values and standard deviations for the
utterance-initial phrases.

By means of linear regression analysis a decision
tree for every model parameter can be constructed [§]
which takes the contributions of all factors into ac-
count (phrase length and position, degree of phrase
boundary, etc.) This leads to a set of quantitative
rules which can be applied to the synthesis of arbi-
trary Fp contours. Figure 2 shows a regression tree
for calculating the value of A, for a given sentence.

4. THE PROPOSED SYNTHESIS SCHEME

Figure 3 displays the block diagram of the pro-
posed scheme for synthesizing Fy contours. First, a
given sentence is being analyzed by a tagger to yield
information about word types. In the second step,
a syntactic analysis is conducted to determine word
groups belonging to the same syntactic phrase (sub-
ject phrases, adverbial qualification, etc.). This in-
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Fig. 3. Blockdiagram of the scheme for synthesizing
Fy contours.

formation together with punctuation marks from the
text leads to a segmentation into prosodic phrases.

Linguistic rules based on Stock’s work are then
applied to the prosodic phrases to determine the
constituent word bearing the phrase accent. Words
which may receive a secondary accent are also de-
termined. Considering the accent placement and
the type of prosodic phrase (statement final, yes/no-
question final, non-terminal), accent commands are
determined by rule, taking into account the temporal
relationship with the segmental string. This is done
by relating on- and offsets of accent commands to
the respective accent syllable duration. Table 3 gives
typical timing values for all types of tone switches
expressed in terms of percent of the accent syllable
duration. The values apply to accent-syllables which
are not word-final.
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Fig. 4. Example of a synthesized Fy contour for the German sentence ‘Ich kam vor drei Jahren zum ersten Mal
nach Tokyo.” (I came three years ago for the first time to Tokyo).

Table 3. Timing of tone switches.

Type T1{%] | T2{%]
Fall after high accent syllable - 100
Fall within accent syllable - 0
Rise within accent syllable 35 -
Rise after low accent syllable 80 -

Accent command amplitudes are determined ac-
cording to the results of analysis discussed before.
The command for each prosodic phrase is calculated
by relating its timing to the segmental onset of the
phrase and its amplitude to the degree of the phrase
boundary. :

At present, the system is being tested and modi-
fied by generating Fy contours for the utterances in
Corpus 2. The utterances have been analyzed by
means of LPC and are re-synthesized using the syn-
thesized F contours and checked for acceptability.
Figure 4 shows an example of a model-based, rule-
generated F contour. At the top of the figure, the
speech waveform is displayed. The solid line indicates
the synthesized Fy contour, the voiced parts of which
are marked using + symbols. The phrase component
is drawn using a dashed line and the rule-generated
accent commands are displayed at the bottom.

5. DISCUSSION AND CONCLUSIONS

A scheme for synthesizing Fy contours has been
proposed that is based on a model-based quantitative
analysis of natural Fy contours. It is aimed at reduc-
ing the input to a text-to-speech system to the text it-
self and still generate naturally sounding Fy contours.
We are aware of the fact that the speech data used for
deriving the prosodic rules are still rather limited and
that the implementation of different speech rates and
speaking styles requires further investigation. Work is
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in progress towards full automatization of the process
of linguistic analysis as well as perceptual validation
of the rules and parameters for synthesis.
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