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Abstract

In this paper we discuss some recent extensions of the prosody model used in the
research project ‘Prosodic Segmentation and Structuring of Dialogue’. In our
current modelling of dialogue intonation we are using both model-based re-
synthesis and text-to-speech. The idea is to be able to regulate the influence of
discourse and dialogue structure on prosody and intonation. In the present con-
tribution we report on some aspects of overall FO trends in dialogues and its im-
plications for the model. We also report on our work to incorporate dialogue-

related rules in our text-to-speech system.

Model-based resynthesis

The research reported here is conducted within
the ongoing research project ‘Prosodic Seg-
mentation and Structuring of Dialogue’ sup-
ported within the Swedish Language Technol-
ogy Programme (HSFR/NUTEK). The object of
study in the project is the prosody of dialogue in
a language technology framework. The specific
goal of our research is to increase our under-
standing of how the prosodic aspects of speech
are exploited interactively in dialogue — the
genuine environment for prosody — and on the
basis of this increased knowledge to be able to
create a more powerful prosody model.

In our model-based framework, described in
detail e.g. in Bruce et al. (1994), Bruce et al.
(1995) we currently label word accents, focal
accents, and boundary tones (in a ‘tonal’ layer),
and phrase boundaries (in a ‘phrase’ layer).
Modelling of FO contours can then be done
using these labels together with a set of para-
meters that control the timing and frequency of
accents as well as the overall FO trend of a
phrase.

So far, these parameters have been set inde-
pendently from phrase to phrase on an experi-
mental basis. We want to be able to govern this
parameter setting in a way that incorporates in-
formation on discourse and dialogue structure,
in order to model the prosodic structure of dia-
logues. A step in this direction is the intro-
duction of a separate layer of labels which can
be used to generate a rule-based set of para-
meters that will be used in the modelling of a
given phrase.

We need to take into account some aspects
of the overall characteristics of FO for a larger
stretch of spontaneous speech, e.g., a dialogue,
in writing the rules of parameter generation for
the discourse layer. One way to gain some in-
sight into this is to utilize the analysis-by-
synthesis method described in Bruce et al.
(1995). We have employed this method by
taking a larger stretch of a dialogue and mod-
elling the FO contour for each successive phrase
in that dialogue using two different approaches:

1) a ‘default’ contour, where the frequency
parameters are held constant for each successive
phrase. The only inter-phrasal variation is thus
the timing and the identity of the labels. The
motivation for using default parameters is that it
gives us a similar reference level for all phrases,
which can be used for comparisons (see also
below).

2) a ‘fine-tuned’ contour, where the fre-
quency parameters are set individually for each
phrase. The values of the parameters are based
on measurements in the original FO contour of
that phrase.

The difference is visualized in Fig. 1, which
shows the original, the default, and the fine-
tuned pitch contours for three successive
phrases. Note the simnilar heights of the peaks in
the default curve, whereas in the fine-tuned
curve there is variation between each phrase.

Three kinds of comparison can be made
from these contours:

a) original contour - default contour
This provides a way of normalizing. Since
speakers continually vary their register and
range, straightforward frequency comparisons
are not reliable. However, if the original is
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Figure 1. Original, default, and fine-tuned FO contours of an utterance containing three successive
phrases (eng. translation: ‘shall 1 tell you about my about that blouse that | thought I'd sew out of
that checkered material’). At the bottom is shown the corresponding transcription in terms of phras-
ing, prominence (tones) and orthography. The fall at time 8.5 (before "blusen’) is extralinguistic {a

clearing of the throat) and is thus not labelled.

compared with a reference contour, it is pos-
sible to compare the magnitude of differences.

b) eriginal contour - fine-tuned contour
This comparison enables us to inspect: I) how
the timings of the modelled accents comelate
with the original, II) the differences in the
shapes of accents between model and original,
and III) what global effect it has to base the
frequency tuning on local measurements.

c) default contour - fine-tuned contour
The nature of the accent labels and the timing
are identical in these two kinds of display.
Therefore, they will only differ with respect to
FO (range and register). Since the parameters
are held constant from phrase to phrase in the
default contours, these contours can be viewed
as ‘reference contours’ against which deviations
of the fine-tuning can be matched. It is then
possible to localize recurring patterns of devi-
ation that can be matched up with discourse and
dialogue structures.

Analysis method

In this study, trends of average FO for a large
number of successive phrases in a dialogue
between two female speakers were analysed.
The difference between two separate contours
of the same phrase, referred to as the difference
contour, was estimated by computing the dif-
ference in FO at each point and then calculating
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the overall mean and standard deviation within
each phrase. Means and standard deviations of
each successive difference contour were then
plotted as a function of their temporal occur-
rences in the dialogue. This resulted in an
overview of the entire analysed dialogue. In
total, the dialogue was segmented into 140
phrases.

Results & discussion

Figure 2 shows the standard deviations of the
difference contours between default and fine-
tuned contours. The magnitude of deviation of
each phrase gives us an indication of how to set
parameters for later modelling. If we regard the
default as a reference, the interpretation is that a
larger standard deviation implies a greater dif-
ference between the contours. Since the fine-
tuned contours have properties of the original,
our modelling should aim at approaching the
fine-tuned parameters. Thus, a large deviation
in a phrase means that parameters should be set
so that its FO contour differs more from the
default of that phrase. Large deviations in a
phrase also means that the default parameters
are inappropriate in modelling that phrase,
while a small deviation means that the default
parameters yield a good modelling of the
phrase.
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Figure 2. Standard deviations of the difference contours between default and fine-tuned contours for
each phrase (each group of identical neighbouring symbols represents one speaker turn).

In figure 2 we see that standard deviation
varies greatly through the dialogue. Almost
every speaker turn contains phrases with both
small and larger deviations. Also, the phrase-to-
phrase ratio is very variable.

Explanations for this variation have been
sought in the relation between phrase and the
accent types (acute, grave, focal) it contains, but
no correspondence could be found. We have
also examined lexical properties of this dialogue
segment, but no systematic variation was found
there either. The distribution of the standard
deviations must be accounted for by other phe-
nomena, such as dialogue structure and
given/new information.

As for the means, if we maintain the view
that the fine-tuned contours should be ap-
proached, the results are interpreted as follows:
a positive mean difference indicates that the
default contour is higher than the fine-tuned
contour. Parameters should thus be set so as to
produce a lower contour. The converse applies
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Figure 3. Means of the difference contours
berween default and fine-tuned contours for
each phrase (see text for explanation of
grouping and trendlines).

to the negative mean differences.

Figure 3 shows the means of the difference
for all phrases. The dialogue is split into three
different subtopics (by means of a textual
analysis), and phrases are grouped after this
rough partition of conversational topics. The
linear regression of the means of each subtopic
15 then calculated. The equations of the re-
gression lines give us the possibility to calculate
what average FO to strive for in the modelling.
For instance, the line of the first group is de-
scribed by the equation:

y=1.6514x - 31.749

If x is regarded as a phrase's number in tem-
poral order, the negative of y indicates how
much the average FO of a modelled contour of
that phrase should differ from the average of the
default contour. This works best with a high
validity of the regression. The calculation of R?
(a measurement of the validity of the re-
gression) of each group is given below:

Subtopic 1 0.43856924
Subtopic 2 0.13223696
Subtopic 3 0.00280279

This means that the regression is most valid for
the first group, less so for the second, and least
valid for the third group. This reflects the fact
that the variance between phrases within a
group grows with each subtopic. In addition, we
see that the regression goes from negative
means (fine-tuned is higher than default) in the
beginning to positive means (default is higher
than fine-tuned) in the end, thus the fine-tuned
average FO decreases within each group of
phrases.

In view of these statistical indications, it
seems that each subtopic should be modelled
separately. If this case study proves to be repre-
sentative of Swedish dialogues, the phrases in
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Figure 4. A slightly simplified version of the utterance displayed in Fig. 1. a represents the default
prosody of the TTS system with the addition of focus markers. b is the same sentence with discourse
markers inserted in the orthographic text. The text input is: Ska jag beritta om min mmm om den
ddra blusen som jag tinkt jag skulle sy av det dar rutiga tyget? The positions of the main content

words are indicated above the first illustration.

the first subtopic should be modelled so as to
show a declining FO trend, while the modelling
of the following subtopics should have a suc-
cessively less marked tilt.

Text-to-speech

In parallel with the analysis-resynthesis method
described above we are developing an enhanced
version of the KTH text-to-speech (TTS) sys-
tem. The TTS system was originally designed to
provide default prosodic patterns in “neutral” '
single-sentence utterances. In addition, markers
can be inserted into the text to regulate degree
of emphasis and focus placement.

The aim is that the enhanced system should
also be able to accommodate discourse and dia-
logue features of the text by taking into account
prosodic features observed in both man-man
and man-machine dialogues. In order to achieve
this, the default synthesis has been extended by
introducing a set of parameters that regulate the
main prosodic parameters of FO, segment du-
ration and pause duration. With this enhanced
system it is thus possible to vary overall pitch
level, FO range on accented syllables (both focal
and non-focal), as well as the FO properties of
initial and terminal juncture. In addition,
segment durations and the durational relation
between vowel and postvocalic consonant(s)
can be specified to reflect phonologically
relevant rhythmical properties as well as
settings associated with individual speakers.

With this system we can reproduce good
representations of the kind of prosodic variation
that typically occurs in dialogues. Based on
studies of the Waxholm database (Bertenstam et
al. 1995) and of the speech material used in our
analysis-by-synthesis work, we have defined a
number of parameter settings which correspond
to observed prosodic behaviour. These settings
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are coded in symbols that are stored in the sys-
tem’s fixed lexicon. By inserting these symbols
manually in the orthographic text we can thus
generate by text-to-speech prosodic patterns
representative of man-man and man-machine
dialogues. We are planning to link this facility
to an automatic discourse generator, so that
relevant codes can be automatically inserted in
the input text to be spoken by the TTS system.

Fig. 4 shows the same sentence as that dis-
played in Fig. 1. Fig. 4a represents the default
prosody of the TTS system with the addition of
focus markers. Fig. 4b is the same sentence with
discourse markers inserted in the orthographic
text. These affect the initial juncture and the
prefocal stretches leading up to the phrase-final
and focally stressed words blusen and tyget. The
text input has been simplified by omitting the
noise arising from the clearing of the throat and
the pause before this. Note that the FO register
has been transposed to a level more represen-
tative of a male speaker. Durational aspects
have not been manipulated in this particular
example.
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