15th ICPhS Barcelon:

Expressing vocal effort in concatenative synthesis
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ABSTRACT

A new diphone database with a full diphone set for
each of three levels of vocal effort is presented. A the-
oretical motivation is given why this kind of database
will be useful for emotional speech synthesis. Two hy-
potheses are verified in perception experiments: (I)
The three diphone sets are perceived as belonging to
the same speaker; (IT) The vocal effort intended during
database recordings is perceived in the synthetic voice.
The results clearly confirm both hypotheses.

1 INTRODUCTION

1.1 Motivation: Synthesis of emotional speech
A major problem for the expression of emotion in con-
catenative synthesis is that the voice quality inherent
in the diphones is inappropriate for certain emotions
[1]. This can be addressed by treating emotions holis-
tically and making recordings of specific emotion cat-
egories [2, 3]. While this approach is straightforward
and is likely to lead to highly natural emotion expres-
sion, it suffers from a severe shortcoming, namely a lack
of flexibility: Only the emotional states which have
been recorded can be generated.

We pursue an alternative approach, namely to model
the vocal correlates of emotions [4]. This undertak-
ing starts with a decision on how to represent the
emotional states themselves [5]. We have chosen to
use emotion dimensions [6, 7], a continuous framework
for the representation of essential properties of emo-
tional states. The two emotion dimensions which have
emerged from a large number of studies are evalua-
tion (sometimes called valence or pleasure) and acti-
vation (sometimes called arousal). The main task in
our approach is to find a mapping from a point in the
emotion-dimension space to the corresponding acoustic
correlates [4], and to realise these in synthetic speech.
The question under investigation in this paper is re-
lated to the latter aspect.

The emotion dimension best conveyed in speech is acti-
vation [8, 9]. Apart from prosodic effects such as raised
FO and speaking rate, activation is known to affect
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phonation [10], particularly in terms of vocal effort,
caused by higher muscle tension. The spectral change
caused by varying vocal effort, to a certain extent cor-
responding to voice quality, is perceptible [11, 12].

The importance of voice quality modelling for express-
ing emotions in synthetic speech has been a matter of
discussion (summarised in [13]).} Voice quality by it-
self appears to be an indicator of emotional tendency
rather than of specific emotions: Gobl and Ni Cha-
saide [14] found tense and harsh voice qualities to be
rated as aggressive and aroused, while breathy, whis-
pery and creaky voice were rated as unaggressive and
relaxed. This fits well with our goals formulated above:
to express emotional tendencies, primarily the activa-
tion dimension. We do this by recording different levels
of vocal effort.

1.2 Choice of synthesis technology

Our approach to expressing emotions, using a model-
based mapping from continuous emotion dimensions
onto acoustic correlates, requires fine-grained con-
trol over the prosodic parameters of the synthesised
voice. This requirement is currently incompatible with
state-of-the-art unit selection synthesis systems: They
draw their naturalness from not interfering with the
recorded speech signal, and thus rarely allow for an
explicit modelling of prosody. Even conceptually, con-
trolling prosody in such systems is only possible within
the limits of the units recorded in the database, un-
less signal manipulation techniques are used, which in-
variably lead to a reduction in the quality of the syn-
thesised speech. Rule-based formant synthesis, on the
other hand, does allow for a wide array of acoustic
parameters to be modelled. For this reason, it has
been the technology of choice for a number of emo-
tional speech synthesis untertakings [13]. However, due
to lack of naturalness, it has nearly disappeared from
the landscape of commercial speech synthesis systems.
There are promising new approaches, such as data-
driven formant synthesis [15], but these are still in an
early development phase.

LA tentative conclusion is that some emotions are conveyed
mainly through voice quality, others mainly through prosody
[1, 13].
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An imperfect, but viable compromise is the use of di-
phone synthesis, which allows for fine-grained prosody
modelling, with a limited degree of distortion. Since
there is so far no means of modelling voice quality in
diphone synthesis (although there are some promising
developments pointing towards future possibilities in
this domain, e.g., [16, 17]), we recorded separate di-
phone databases for three levels of vocal effort.

2 METHOD

2.1 Diphone recordings

One male speaker of standard German produced a full
German diphone set for each of three degrees of vo-
cal effort. For simplicity, we refer to these as “soft”,
“modal” and “loud”.

A modified version of the FESTVOX toolkit [18] was
used for the voice recordings, prompting the speaker to
produce nonsense words on a constant pitch. Record-
ings were carried out using an AKG D330 BT micro-
phone and a Sony MZ-R900 minidisc recorder serving
simultaneously as a session log and as a pre-amplifier.
Each utterance was recorded directly onto the harddisk
of a computer, and was then played to four experts
who verified vocal effort, pitch constancy and phonetic
correctness. Immediate re-recordings were requested
when necessary.

The data was automatically labelled, hand-corrected,
and converted to the MBROLA [19] format. The re-
sulting synthesis voice, referred to as de6, is available?
free of charge for non-commercial use.

2.2 Perception test I: Speaker identity

A first perception test was carried out to test the hy-
pothsis that the three diphone sets are sufficiently sim-
ilar to be recognised as belonging to the same person.

A pair of sentences was designed to share a minimal
number of phones, making sure that the second sen-
tence could be a suitable answer to or continuation of
the first: (1) “Der Mann ist gut zu erkennen” (The man
is easy to recognise, [deeman?istguitsui?ekenon]|) and
(2) “Die Frau ist eher verschwommen” (The woman is
rather blurred, [di:fsay?ist?erefefvomon]). These were
synthesised using each of the three diphone sets, along
with two additional male voice diphone databases, re-
ferred to as de2 and de4, with both normal (115-74 Hz)
and raised (161-103 Hz) pitch.

The resulting 20 stimuli (one voice with three levels of
vocal effort and two reference voices, all at two pitch
levels, two sentences) were paired in all 55 possible
combinations in the order: sentence (1) — sentence
(2), and sorted into four pseudo-randomisations.

2http://tcts.fpms.ac.be/synthesis/mbrola/dba/de6/de6.zip
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The test consisted of a training session using two fe-
male voices (8 stimulus pairs), one block of 20 pairs out
of the 55 duplicated for the purpose of habituation, and
the test proper. 16 native German speakers (8 naive
and 8 expert, 4 male and 4 female each) indicated in
a forced-choice task whether the stimuli in each pair
were produced by the same speaker or by two different
ones. Stimuli were presented over headphones. Each
subject was presented one of the four randomisations
only.

2.3 Perception test II: Perceived effort

A second perception test was carried out to test the hy-
pothesis that the effort intended during the recordings
is perceived in the synthesised material.

12 stimuli from test (I) were used in this test (3 levels
of vocal effort * 2 pitch levels * 2 sentences).

20 subjects (13 male, 7 female) participated in this
test. They were all native German speakers, and none
of them had taken part in the first test.

Stimuli were presented over headphones in a self-paced
test, using a graphical user interface, in which subjects
rated the stimuli on a continuous scale from “without
effort” to “with great effort”. Since the stimuli were
amplitude-normalised, subjects were instructed to base
their ratings on the “sound of the voice” rather than
the “loudness”. The test consisted of a short training
phase using 6 stimuli from a female voice, followed by
one presentation of each of the 12 stimuli in random
order.

3 RESULTS

3.1 Speaker identity

Pairs of sentences with identical settings (same voice,
same pitch, same vocal effort) were perceived as the
same person in 99.5% of the cases. This value can serve
as a reference with which to compare the distortions
introduced by varying the different parameters.

With a constant pitch, 79.9% of stimulus pairs differ-
ing in vocal effort were recognised as produced by the
same person. This highly significant effect (Chi-square,
p < .001) confirms the central hypothesis in this test,
namely that the three diphone databases differing in
vocal effort are still perceived as the same speaker.

Several interesting effects were observed which are in-
directly related to the research question. One is the
differentiation of the different voices, independently of
vocal effort. With a constant pitch, the three voices
were distinguished from each other 63.2% of the time.
The voices differed markedly in their similarity: The
de4 voice was easily distinguished from our voice, de6
(83.3% correct with constant pitch), and from the de2
voice (72.9% correct). On the other hand, de2 and de6

2590



were perceptually very similar (only 46.5% correct, i.e.
same/different judgments close to chance level). This
similarity is greatest between de2 and the “modal” di-
phone set of de6 (only 29.2% of subjects think these are
different voices), followed by the “soft” (45.8% correct)
and “loud” (64.6% correct) diphone sets.

Another interesting observation relates to the effect of
pitch on the assignment of speaker identity. This effect
was greater than the effect of vocal effort: only 45.5%
of the pairs differing only in pitch were rated as the
same speakers. This effect also seems to depend on
the “distinctiveness” of a voice: While pairs consisting
of two de4 or two de6-loud utterances differing only in
pitch were correctly identified as the same speaker in
56.3% of the time, this was less the case for de2 (31.3%
correct) and for the de6-soft and de6-modal diphone
sets (37.5% and 40.6% correct, respectively).

A further interesting observation is the fact that al-
though there were considerable differences across sub-
jects, there was no significant effect of experience
with speech synthesis, with one exception: In the
same voice/different pitch condition, experts (cor-
rectly) rated the stimuli as the same speakers in 57.1%
of the cases, compared to only 33.9% for non-experts.
This difference is significant (Chi-square, p = .014).

3.2 Perceived effort

The mean effort ratings of the stimuli are shown in Fig-
ure 1. Intended vocal effort, pitch, and sentence were
entered as independent variables in an ANOVA. The
main effect of intended vocal effort is highly significant
(F(2,228) = 53.1,p < .001). The effect of pitch is not
significant (F'(1,228) = 1.8,p = .18). There was also
a main effect of sentence (F'(1,228) = 14.3,p < .001):
Sentence (1) was consistently rated as involving more
effort than sentence (2). The only significant interac-
tion effect is between intended vocal effort and pitch
(F(2,228) = 3.8,p = .025), and appears to be due to
the fact that for soft and modal, but not for loud di-
phones, higher pitch is perceived as expressing more
effort.

Post-hoc Tukey t-tests of the intended vocal effort vari-
able showed that all differences between diphone sets
were as expected (i.e., effort ratings for soft diphones
were lower than those for modal or loud diphones,
and effort ratings for modal diphones were lower than
those for loud diphones) at a highly significant level
(all p < .001).

4 DISCUSSION

Both hypotheses have been confirmed: Test (I) has
shown that perceived speaker identity is little affected
by intended vocal effort as manifested in the three di-
phone sets. Test (II) has confirmed that the vocal ef-
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Figure 1: Effort ratings, on a scale from 0 (no effort) to
100 (maximum effort).

fort is perceived as intended. These results indicate the
appropriateness of our general approach to expressing
vocal effort in concatenative synthesis.

It is true that the method we used for recording the
different levels of vocal effort is not well-controlled, but
relies on the speaker maintaining a constant level of
effort and on the expert listeners perceiving deviations.
This method is particularly vulnerable to slow changes
of voice quality during a recording session. It would
be desirable to have access to technology verifying the
consistency of a recorded utterance’s voice quality with
the previously recorded data. However, we are not
aware of any such software being publicly available.

The fact that there were differences in effort perceived
across the two sentences could be interpreted as a ran-
dom difference, introduced during the recordings of
the diphone inventories used. While this interpreta-
tion cannot be excluded, it seems somewhat unlikely
given the fact that the effect is present for each of the
three diphone sets.

This study also reveals a general problem regarding the
use of digital signal processing in concatenative speech
synthesis, namely the distortions introduced: A mod-
ification of pitch slightly beyond the range typically
used in non-emotional synthesis (but still moderate in
view of emotional speech) caused speaker identity rat-
ings to drop to around or below chance level. This
raises the question of the usability for emotional speech
of diphone synthesis, or indeed of any concatenative
synthesis based on digital signal processing.

As mentioned above, the two available alternatives,
formant synthesis and unit selection synthesis, suffer
from equally severe problems. It would appear, there-
fore, that any approach to emotional speech synthesis
will currently be confronted with import limitations of
the selected synthesis technology. In our case, this has
the practical consequences that we should take care to
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avoid large abrupt shifts in FO across sentences, and to
use markedly distinct voices when synthesising spoken
dialogues.

5 CONCLUSION

This paper has reported on the creation and perceptual
evaluation of a new German diphone voice with three
full diphone sets expressing different levels of vocal ef-
fort. Despite distortions from the MBROLA signal
manipulation algorithm, the vocal effort is perceived
as intended, and the diphone sets are perceived as be-
longing to the same speaker.
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