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Abstract

Despite of the existence of high quality unit selection speech
synthesizers, they are based on a reading style approach. How-
ever, new applications such as Speech-to-Speech Translation or
Speech User Interfaces demand a talking style which is more
natural in these contexts. Disfluencies are a major characteristic
of talking style so that it is convenient to be able to generate
disfluent speech. In the present paper a preliminary analysis
of pitch and segmental duration in repetitions and filled pauses
is presented. Simple rules to predict these prosodic features are
derived from the previous analysis and used for synthesis. Eval-
uation shows an increase in naturalness while overall quality is
decreased.

1. Introduction

Speech synthesis systems have already reached a high quality
performance on reading text. Unit selection systems reach high
levels of naturalness and intelligibility close to natural speech
[1, 2]. Moreover, they are usually designed to read text and
evaluated in such task. In fact, we have been building reading
machines. However, some applications, such as Speech User
Interfaces, Speech-to-Speech translation, or even film dubbing,
request for a talking machine instead.

It is well known that humans do not write as they speak,
reading and talking styles are produced under different rules.
While speaking is more spontaneous, writing is more planned
and do not benefit from other communicative tools such as
prosody or gesture in addition to words themselves.

Therefore, there is a need to turn from reading to talking
speech synthesis. A major factor that discriminates talking from
reading is the use of disfluencies. “Most spoken disfluencies
are not problems in speaking, but the solutions to problems in
speaking” [3]. For this reason, in the present paper we will
focus on pitch and segmental duration of disfluencies in order
to work toward their synthesis.

The present work has been performed under the TC-STAR
project. It is therefore, focused on a Speech-to-Speech Trans-
lation (S2ST) task in the parliamentary domain. This task has
some particular conditions that makes from disfluencies, in our
opinion, an interesting research field. There are two major
characteristics to take into account when working in speech-
to-speech translation in the parliamentary domain. In one hand,
input and output are in a spoken style rather than written. On the
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other hand, recognition and translation systems may introduce
errors to the text. Therefore, the Text-to-Speech (TTS) system
has to take these errors into account.

This two elements affect both naturalness and intelligibility.
If we intend to generate exactly the same meaning the speaker
wanted to transmit, it is necessary to generate all the elements,
also the ones that are not contained in words. Pitch, for exam-
ple, but also disfluencies, they would also contribute to a more
natural speech. Furthermore, intelligibility is affected by recog-
nition and translation errors.

Text coming from the output of an statistical machine trans-
lation is usually hard to understand due to errors and due to un-
structured sentences. Sometimes it is even hard for a human to
read aloud text coming from the output of such systems. Hu-
mans can finally understand it if all the necessary words are
present but it takes longer to do so.

Therefore, it would be helpful to be able to mark whether
what the system is saying is considered to be hard to understand
or not (for instance, if the translation confidence is very low).
Disfluencies might be used to mark it or to give more time to
the listener to decode what is being said as it has been already
pointed out by different authors [4, 5, 10].

In summary, speech synthesis of disfluent speech may help
to make voice more natural and to understand unstructured
texts. For these reasons here we present an approach to syn-
thesise two different kind of disfluencies: filled pauses and rep-
etitions. First, an analysis is presented in Section 2, setting the
overall framework for the present work. Then, the proposed
synthesis approach is presented in Section 3 and evaluated in 4.
Finally all the work is discussed in Section 5.

2. Analysis of Speech Disfluencies

Disfluencies in speech has already been analysed from differ-
ent points of view, either linguistics, cognitive or engineering
[7]. We must take profit from all these research fields in order
to build a model that allows us to synthesise disfluent speech
in a useful way for the listener. For example, and as has been
mentioned in previous section, it could help to understand un-
structured sentences as in S2ST systems.

2.1. General Framework

Disfluencies are “phenomena that interrupt the flow of speech
and do not add propositional content to an utterance” [4].
There already exist several studies on how classifying and mod-
elling them [8]. Here we will use the standardisation presented
on [8] based on the Reparandum(RM), Interruption Point(IP),
Editing Phase(EP) and Repair(RR) structure shown below:



iIP
Iwill leave  um leave on friday.
RM EP RR

The RM is the speech to be repaired, the IP corresponds to
the time at which the speaker realises something is going wrong.
The EP may or may not exist, and it might be used as an editing
function such as “I mean” or it might just contain a filled or
unfilled pause used for re-planing. Finally, RR has a relation to
the RM and is the onset of the fluent speech.

Therefore, it is possible to list some disfluencies and relate
them to this structure as shown below:

o Substitution: Repair is different to reparandum.

e [nsertion: Repair repeats reparandum adding new ele-
ment.

e Deletion: Part of reparandum or all of it is removed in
the repair.

® Repetition: Repair is equal to reparandum.
o Filled Pause: Editing phase is a filler.

Here in the present paper we will focus on filled pauses and
repetitions. We will acoustically analyse them from real speech
in order to extract a small set of rules that will allow us to gen-
erate them. The work presented explores the segment duration
and pitch modelling of these disfluent events. There already ex-
ists literature about acoustic analysis of disfluencies [7]. How-
ever, here we have tackled the analysis problem as well as the
synthesis.

2.2. Acoustic analysis

An acoustic analysis of both duration and pitch characteristics
of disfluent speech has been made. The purpose for such study
is to investigate on how to model prosodic features of disfluent
speech. We do not intend to build an exhaustive model, but a
simple one instead, that would allow to generate disfluencies
in a general way. For this purpose a database of 37,000 words
from the European Parliament in Spanish has been recorded. It
is a framework with rich speeches. However, due to its formal
style, it is not foo much spontaneous, what would have made
it too difficult to study. These recordings contain 67 different
speakers. The number of filled pauses found are 300 (1%) and
the number of repetitions of one single word is 56, mostly func-
tion words.

First, the acoustic analysis for filled pauses is presented and
afterwards the one for repetitions.

2.2.1. Filled Pauses

Filled pauses are considered disfluencies where the EP is a filler
(such as uh, um, ehh, etc.). RM and RR may or may not con-
tain anything. Therefore, filled pauses (FP) may be a disfluency
on their own or they may be part of another kind of disfluency
such as deletions for example. Furthermore, in the present work
filled pauses are studied with respect to their context words.

The pitch contour and the duration have been extracted for
each disfluent event, Figure 1 shows four examples. Mean and
standard deviation of the contour have been calculated. Then,
three mean values (f0,, ;, f_Ofp, f_OwH) and standard devia-
tions (0w—1,0fpow+1) for each contour are obtained, one for
previous word, one for the filled pause and the third one for the
next word after the filled pause.
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Figure 1: Pitch contour examples for Filled Pauses.

We are interested on the prosody of the FP with respect to
their adjacent words. It has been stated previously that pitch
of filled pauses is systematically lower than their context [7].
This can also be observed in examples in Figure 1. To analyse
this hypothesis, correlation between mean values has been ob-
tained. f_Ofp has a 0.51 correlation with respect to f0,,_, and
0.52 with respect to f( 0,,11- Therefore, there is a clear relation
between pitch of FPs and their context.

Following this observations a factor that relates the pitch of
the filler with its context pitch is calculated and named Filler
Pitch factor (F'Py) as shown in Equation 1, its histogram is
shown in Figure 2.

2. f0,,
fowfl + f0w+1

We can observe in the histogram how most of the values (aprox.
80%) are under 1. Around 45% of the values are between 0.8
and 1. This supports the hypothesis that pitch of filled pauses
are generally lower than their contexts.

From duration values of filled pauses and their previous and
posterior words (dp, dw—1, dw+1). Correlation values across
them are too low to be able to predict duration of the filled
pause from the duration of the context words. However, Fig-
ure 2 shows that most of filled pause durations go from 100ms
to 200ms. Then, a representative value of filled pauses could be
their median, for this database it is 180ms.
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Figure 2: Histograms for pitch factor in Equation 1 and filled
pause durations



2.2.2. Repetitions

Repetitions are disfluencies where RM and RR are the same.
They can be uttered by a speaker because he needs more time
for planning, to emphasise the word repeated, or to restart again
a sentence with a previous new intention. EP can be empty
or not in repetitions. In the present work we will study only the
RM and RR parts of repetitions. EP should be studied aside. For
example, if EP is a filled pause it has been treated in previous
section.

Pitch contours and durations from RM and RR have also
been extracted here (fOras(t) and fOrg(t)) and temporally
normalised from O to 1. Some examples are shown in Figure 3.
Correlation and RMSE have been calculated across both repeti-
tions for each example. They are presented as an histogram in
Figure 4. It can be observed how *40% of the examples anal-
ysed gave a correlation bigger than 0.75 and RMSE lower than
< 15Hz. This indicates that both pitch contours are quite sim-
ilar to each other in most cases. This fact can also be observed
in example of Figure 3.
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Figure 3: Four pitch contour examples of repetitions.

Durations have also been analysed. In Figure 4 the his-
togram of RR duration with respect to RP (drr + dras) has
been plotted. It can be observed that in most times the RM is
longer than the repair. This must be taken into account when
modelling repetitions.

Another important thing is to know whether the reparandum
is longer than usual or the repair is shorter. In order to discuss
this, repetitions of the word /a and the word de have been stud-
ied. The mean duration of word la in fluent speech is 135ms,
while for repetition when it is in the RM is 422ms and 163ms
when it is in the repair. For word de values are 147ms for flu-
ent speech, and 284ms and 136ms for RM and RR respectively.
It can clearly be observed how RR duration is closer to fluent
speech and RM is lengthened with respect to it.

3. Synthesis of Speech Disfluencies.

This section focus on synthesis of disfluencies. This may
be useful for different purposes such us making unstructured
speech more clear, or simply to achieve a more expressive or
natural speech. Disfluencies cannot only show problems on
generating speech but also change the actual meaning of a sen-
tence [9].

The purpose of the present work is to find simple relations
between disfluency units and their context in order to be able
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Figure 4: Correlation and RMSE histograms for Repetition.

to synthesise the disfluencies from fluent realisation adding the
modifications described by the rules. We present results for two
different types of disfluencies: filled pauses and repetitions.

Prediction of disfluencies is out of the scope of the present
paper [10], we aim instead to generate them properly. The ap-
proach presented here is based on a Speech Synthesis Markup
Language that indicates the type and elements of the disfluency.
Other works can be found in the literature that tackle the pre-
diction problem [10].

It is clear from Section 2.2 that there exists a relationship
between pitch and duration of disfluencies and their context. We
propose thus here an approach to synthesise disfluencies based
on these findings and on the definition of disfluency.

Disfluencies are generally due to a need for planning what
will be said, or entered by a need to correct what has already
been said. They are usually co-articulated with what had to be
said in the original plan. Therefore, we propose, based on a unit
selection framework, to have a prosodic model for fluent speech
and use it to predict the prosodic features of the structured text.
Afterwards, a disfluency model, based in presented findings and
by means of simple rules, could add new units and their desired
prosody before the selection and concatenation is performed.

In the case of repetitions, these rules consist on considering
the units generated by the synthesiser as the RR and add new
units for the RM. New units have now same pitch contour as
the RR but their length iS 7quration times the duration of the
RR. 7quration 1S the median of ‘ZRM distribution in Figure 4.
Rules are summarised in Tablel.

Repetition
FO0 Contour FO0Contourry = FOContourgrr
D dRM = Tduration - ARR
Filled Pause
F0 Contour || FOContourpp = 222 - (f0,_, + f0,.,)
D drn =constant value

Table 1: Disfluency generation rules.

Filled pauses consist on one single unit modelled by one
single pitch value obtained by multiplying the mean pitch value
of adjacent words by a factor rp;¢cn corresponding to the me-
dian of distribution in Figure 2. Filled pauses duration is a con-
stant value obtained corresponding to the median value of dura-
tion distributions in Figure 2.

Input text contains XML marks with information about the
elements of the disfluency (DF) and each of its elements (DFE),



as in the example shown bellow:

I will

<DF TYPE="repetition">
<DFE TYPE="RM"> leave</DFE>
<DFE TYPE="EP"> um </DFE>
<DFE TYPE="RP"> leave</DFE>

</DF>

on friday

The TTS system generates the desired prosodic features for
a fluent sentence. Afterwards new units are added and new fea-
tures are predicted from the context in the fluent sentence. Fi-
nally, selection and concatenation is performed as usual.

4. Evaluation

It is now necessary to evaluate results from previous sections.
The analysis presented in this paper is a first approach to the
problem of disfluent speech synthesis. We attempted to find
simple rules for the prosodic modelling of repetitions and filled
pauses.

Therefore, they must be perceptually evaluated. We have
synthesised a set of ten sentences, chosen from transcriptions
of real speeches and which contained disfluencies. Also a para-
graph has been selected and synthesised. Speeches came from
the European Parliament and were in Spanish. In order to evalu-
ate the performance of the proposed method informal tests have
been done and findings are presented in this section.

Sentences have been generated by modifying synthetic
speech using praat [11] and its PSOLA functionalities in order
to implement rules from Table 1. This was done as a preliminary
step to their implementation inside the synthesis system. How-
ever, the paragraph was synthesised using a unit selection syn-
thesis system [12], but without any specific pitch nor duration
modelling. Although findings were consistent across speakers
in the analysis step and listening tests have shown promising
results, the desired performance has not been reach.

There are a variety of effects that we consider contributed to
these results. On one hand repetitions had concatenation prob-
lems, since RM was copied and modified from RR. Some repe-
titions were perceived more like a synthesis error than disfluent
speech. This may be due the fact that the model is too sim-
ple. On the other hand filled pauses showed more encouraging
results, they have shown to be easier to generate because it is
possible to add a small silence before and after it, thus avoiding
co-articulation problems.

A closer to talking style have been perceived, however the
overall quality of the system has decreased, and therefore in-
telligibility is reduced. It must be noticed that synthesis of the
paragraph showed better results than the sentences.

5. Discussion

The analysis of repetitions and filled pauses have shown a con-
sistency across speakers of some simple rules for the prediction
of pitch and duration. Pitch of filled pauses is systematically
lower than their context, and reparandum in repetitions is sys-
tematically longer than repair and fluent realisations of same
words.

An informal test has been performed and it highlighted
some problems of the system presented. Filled pauses presented
few listening problems and helped the rhythm of the speech.
However, repetitions present major problems as they were con-
sidered synthesis problems rather than disfluencies. Further

studies must be performed for more than one word length rep-
etitions and in order to find more complex models for disfluent
synthesis.

Findings are somehow encouraging, despite the decrease
of intelligibility when applying the rules proposed, the use of
disfluencies clearly lead us to a style closer to talking speech.

In summary, in this paper we presented a preliminary ap-
proach to disfluent speech synthesis, simple rules have been de-
rived from disfluent speech analysis and used to generate syn-
thetic speech. Despite consistent rules have been found they
have shown not to be enough for synthesis purposes. How-
ever, the synthesis of disfluent speech is promising within the
framework of speech-to-speech translation technologies, since
they break the usual monotony of speech synthesis, and makes
it more suitable to be listened for a longer time than reading
style speech synthesis.
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