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Abstract

This paper discusses some ideas for the requirements and meth-
ods of conversational speech synthesis, based on experience
gained from the collection and analysis of a very large corpus of
conversational speech in a variety of real-life everyday contexts.
It shows that because variation in voice quality plays a signifi-
cant part in the trangmission of interpersonal and affect-related
social information, this feature should be given priority in future
speech synthesis research. Several sclutions to this problem are
proposed.
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1. Introduction

The JST/ATR Expressive Speech Processing project took place
over a period of five years from July 2000 to March 2005 [1],
In that time, 1,500 hours of natural unprompted conversational
speech was recorded in a variety of everyday situations using
the voices of up to forty paid volunteers as they went about
their normal daily activity. Recordings were made directly to
DAT or MD using high-guality head-mounted close-talking mi-
crophones and all the speech was transcribed manually to form
the JST/ATR ESP corpus {2]. A subset of the corpus was further
manually labelled to annotate speaking-style and affect-related
features.

Given such a large pool of speech samples, including more
than 600 hours of speech from one adult female volunteer, a
concatenative speech synthesiser was built and tested. The as-
sumption being that given five-years of one person’s daily con-
versations, the system should already contain and so be able to
accurately generate mast of the speech needed for the sixth or
future years from that supply. This turned out not to be the case,
but from this work it was discovered that a large amount of the
speech was used for expressing interpersonal relationships and
affective information [3], rather than propositional content, and
considerable effort has since been put into producing a dictio-
nary and a grammar of that mode of nonverbal speech.

2. The Function of Conversational Speech

If speech synthesis is to be developed for conversational ap-
plications, such as virtual agents [4], speech translation [5], or
‘customer-care’ types of two-way spoken interactions, then it
will perhaps need to cover the full range of vocal activity en-
countered in human conversational speech. In other words, it

will need to be able to express ‘personal feelings’ as well as to
transmit linguistic information. This will require a degree of
prosodic control for which we are currently not well prepared.
Many speech synthesis applications assume a ‘broadcast’
maode of speech, where the synthesiser speaks and a human lis-
tens, with little interaction between the two sides. The focus in
broadeast speech is on cormectly rendering an input text so that
its prosody expresses the syntactic and semantic relations of the
component words and their linguistic organisation [6]. Its func-
tion is to transmit linguistic information. Contrast this with a
conversational mode [7], where the synthesiser also has to take
on the role of a listener, providing feedback sounds to signal
comprehension (i.e., adequate processing by the dialogue sys-
tem of the recognised input speech stream), agreement, sympa-
thy, interest, alarm, etc., and their opposites. In this latter “par-
alinguistic” mode of speech, the verbal content is limited but its
prosodic impact is great. In real interactive speech, laughs and
other affect-bursts are common, and ‘grunts’ take the place of
more formal semantics. Phatic communion [8, 9] is as common
as (or even more so than) the transfer of linguistic information.

2.1. Non-Verbal Speech Sounds

From the analysis of the ESP corpus, it was leamed that approx-
imately half of the conversational-speech utterances are difficult
to comprehend from their transcriptions alone. That is, a knowl-
edge of their prosody and voice quality; i.e., of iow they were
spoken, is necessary before an interpretation of their meaning
and the speaker’s intention can be formed,

A dictionary listing the 100 most frequent utterances in
this conversational speech corpus [10] contains words such as
“yeah”, “okay”, “maybe”, “gotcha”, “uhuh” (i.e., their Japanese
equivalents), as well as many laughs, intakes of breath, grunts
(such as “ummm”, “hmmm”, “ooh”, etc) and greetings. This
list alone is sufficient to cover half of the speech data in terms
of utterance frequency. Such non-verbal speech sounds are ex-
tremely common. Expanding the list to include similar but less
frequent utierances gives at least 2,000 entries excluding laughs,
which if we include verbatim (where haha is distinguished from
hahaha and hahahaha) involves a further 2,000 types or more.

2.2. Synthesis of Non-Verbal Speech Sounds

Several methods have been tested for the synthesis of such
sounds using speech data from the ESP corpus. Being concate-
native, they entails Hule signal processing or prosody or voice-
quality manipulation, and simply require the construction of an



efficient index to retrieve suitable speech samples from the cor-
pus for replay intact. Although no phone-level concatenation is
required for these short complete and self-contained utterances,
this method arguably sill falls under the umbrella of ‘speech
synthesis’ as it entails the generation of interactive speech ut-
terances by use of a computer system.

The selection of a phatic speech utterance obviously can-
not be done just by text alone, as the style and nuance of such
speech sounds is much more variable {and informative) than
their textual representation. Even something as literal as a greet-
ing, e.g., “Good Morning!”, becomes a delicate indicator of
speaker-state and speaker-listener relationships through subtle
differences in prosody and tone-of-voice, when its phatic role is
considered.

Hand-in-hand with the task of selecting appropriately ex-
pressive waveform segments is the problem of input; since a
computer keyboard (which is limited to the generation of plain
text as input) may not be the most appropriate device. Assum-
ing for example that many of our users might prefer to use a
portable telephone keypad as their input device of choice, we
tested an icon-based menu interface, ‘NATR’, whereby com-
mon conversational utterances could be chosen by toggling
the selector button up, down, lefi, or right (using the thumb)

and then pressing a function key to send/synthesise the target

speech (see Figure 1). An extended version, ‘Chakai’, for use
with notebook computers with space for occasional free input
{shown in Figure 2) has been described elsewhere [11].

Common to both these input devices is a matrix of valency
and activation for selection of an appropriate utterance, with
icons depicting characteristic features of the utterance in a non-
text-based manner. This is because a fundamental assumption
of this form of unit selection for conversational speech seg-
ments is that the target speech sound is consirained by a set
of discourse and interactional features that determine not only
its resulting prosody and voice quality, but also the text of the
utterance itself. The greeting above is only one form such an
utterance might take; when spoken to a close friend it might
instead be realised as “Hi!”, or clipped down to “momin’ * if
the speaker is not feeling too bright. The selection of a phatic
utterance should therefore result in a complete and appropri-
ate discourse event, rather than being thought of as determining
the prosody and speaking style for a predetermined lexical se-
quence. This gives the sleection procedure a greater freedom
to produce what is most common in the corpus, provided that
the labels can effectively constrain selection by representing the
factors that generate such an event in the real world.

3. Characteristics of Non-Verbal Speech

In previous work [13] it was proposed that the structure of con-
versational speech can best be explained as an intermingled se-
quence of “wrappers’ and ‘fillers’ such that linguistic content is
chunked into small segments that are ‘wrapped’ by the com-
mon and frequently repeated non-verbal speech segments so
that both the propositional content and the intended interpreta-
tion of the linguistic sequence can be simultaneously conveyed
through speech, allowing even a listener unfamiliar with the
speech habits of the speaker to be able to interpret the subtle
affective changes expressed through micro prosodic and voice-
quality variations.

In this paper, we focus more on the lexical, syntactic, acotss-
tic and prosodic characteristics of these ‘wrappers’ in an at-
tempt to explain how they function and how they might be used
to produce natural-sounding utterance sequences for conversa-

Figure 1: Input device using portable telephone.
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Figure 2: Input device using notebook computer. Note the space
in the centre of the two bottom rows for the input of free text.

tional interaction between a person and an agent or agents using
speech synthesis,

3.1. Wrappers and Fillers - Interaction Devices

Erm, this might seem obvious, but, err, we don’t usvally use
‘wrappers’ in text, do we? The previous sentence could better
be expressed by seven words (those from ‘we’ to ‘text’ inclu-
sive, i.e., what we are calling here the ‘“fillers’), but nine were
added to make it more conversational in style. Contrary to
the theory of least effort, it seems that people produce much
more speech than ‘necessary’ (sic) to communicate their in-
tentions. This has been discussed in linguistic science under
the competence-performance framework [12], and even today
many non-verbal speech sounds are considered to be ‘noise’; re-
moved from a recording, not transcribed, covered by a “garbage-
model’ in speech recognition, or similarly downgraded and ig-
nored. Errm, one does NOT start a sentence with ‘errm’!

And yet these sounds perform a very useful function in dis-
course. Hesitation is a way of indicating politeness for exam-
ple, and starting an utterance with ‘errm’ (or its equivalent) o
indicate hesitation is therefore a form of politeness in speech.
Stating the obvious, similarly, should not be necessary. How-
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Figure 3: Speech & silence plots for the first nine minutes of a
conversation between two inale speakers, IMC and JMB, show-
ing fragmentation of the discourse and progressive bur nor ab-
solute alternations of speaker dominance. Each line shows one
minute of speech, with speaker JMC’s speech activity plotted
above and that of speaker JMB plotted below. White space in-
dicates lack of speech activity

ever, “this might seem obvious, but ...” hedges the utterance; it
is not redundant but a part of the discourse where the speaker
can express affective information, relating to the listener, and
to his or her confidence and purpose in speaking. In much the
same way ‘“‘do we?" functions to bring the listener closer into
the discourse and to personalise it. It is not a question but a
phatic tag.

Furthermore, the very frequency of such tags as “do we?”
(here we are including them in the more general term ‘“wrap-
pers’) allows precise variation in expressivity to carry consid-
erable weight of information in the discourse, enabling the
speaker to express the degree of belief which the statement is
intended to carry. In other words, the linguistic content (i.e., the
filling of the utterance) is wrapped in paralinguistic segments
that serve to lighten it and to add speaker involvement. This
form of speech is limited to conversational styles, and is not
found in broadcast modes, where the voice is used solely to por-
tray the content of the text rather than the feelings or attitudes
of the speaker.

Such non-verbal (or fringely verbal) use of speech is also
particularly common when listening. Active listening demands
that the listener chip in frequently to confirm attention, under-
standing, agreement, etc., and if these phatic sounds are not pro-
duced as expected, then most people will simply stop talking,
They *dry-up’, asking if the “listener’ is alright perhaps, and the
discourse fails as an interactive two-way event,

Figure 3 shows a plot of such two-way activity during a
telephone conversation between two people who do not know
each other very well. It is probably clear at any given moment
in the time sequence who is the dominant speaker, but there is
considerable overlap as the listener verbally nods to the speech.
Here the same “um” (which is by far the most common utter-
ance in the corpus) can mean yes, no, maybe, just ‘I'm listen-
ing”, ‘go on’, etc., from differences in intonation, timing, loud-
ness, and voice quality. These are the new challenges for the

Table 1: Results of a principal component analysis of the speech
features. We see a decrease in the standard deviation (sd) of the
rotated variables as the component number increases, and a de-
crease in the proportion of the variance (pov) that each compo-
nent accounts for. By PC7 we note that 82.6% of the cumulative
proportion of the acoustic variance (cp) in these data can be ac-
counted for.

Importance of components:

PCl pcz PC3 PC4 PCS PC6 PC7
sd 1.86 1.62 1,35 1.18 1.05 1.00 0.95
pov 0.23 0.17 0.12 (.09 0.07 0.06 O0.086
cp 0.23 0.40 0.53 0.62 0.69 0.76 0.82

PCB PCS PCl10 PCl1l PCl2 PCl3 PCl4
sd 0.87 0.74 0.64 0.59 0.51 0.39 0.31
pov 0.05 0.03 0.02 0,02 0.01 0.01 ©0.00
cp 0.87 0.91 0.°94 0.% 0.98 0.9% 1.00

Rotation:
PC1l PC2 PC3 PC4 PC5 PCa BCT

fmean -0.35 0.23 0.31 -0.13 0.06 -0.11 0.01
fmax -0.33 0.15 0.36 -0.11 0.08 -0.14 0.02
fmin -0.02 0.132 -0.10 -0.52 -~0.52 -0.15 -0.11
fpet -0.20 0.04 0.05 -0.10 0.38 -0,43 -0.57
fved 0.1% 0.27 0.05 0.55 0.11 0.02 -0.19
pmean 0.03 0.34 0.0% 0,11 Q.00 0.26 0.01
pmax -0.24 0.34 0.28 -0.07 -0.11 0.31 0.04
pmin .17 0.44 -0.21 -0.12 -0.04 0.09 0.12
ppet 0.05 0.03 -0.09 -0.34 0.67 0.02 0,49
hlh2 0.22 -0.06 0.43 0.15 -0.19 -0.41 0.27
hla3 0.43 -0.01 0.35 -0.21 0.03 0.01 -0.04
hl 0.42 0.i0 0.30 -0.08 0.02 -0.21 0,07
a3 -0.16 0.25 -0.22 0.33 -0.03 -0.46 0.26
dn -0.11 -0.26 0.37 0.13 0.067 0.37 -0.10

synthesis of conversational speech. It is not easy to specify the
intended variant from text input alone.

3.2. Acoustic features of Wrappers and Fillers

This paper uses the term “non-verbal” for these speech sounds,
but rather than strictly limiting the term to laughs and grunts
alone it should be interpreted in its wider meaning to include
phrases used more as discourse-gesture than as linguistic con-
tent. The example above gave “this might seem obvious™ and
“dowe?” as examples of speech segments that might look like
linguistic content but which are actually used more for phatic
rather than propositional information transfer. They wrap the

-linguistic content and give conversational speech its charac-

tertistic ‘broken’ or so-called ‘ill-formed’ structure illustrated
in Figure 3.

Since these non-verbal wrappers function more to carry
prosodic and voice-quality information, it is necessary to cat-
egorise them primarily by their acoustic features for unit selec-
tion in concatenative conversational speech synthesis. Whereas
the prosody of a sentence for broadcast-mode speech synthe-
sis can be largely determined from an analysis of its syntac-
tic, semantic and lexical compenents and their interactions, the
prosody of a phatic grunt for conversational speech synthesis
has to be determined independently of (and arguably even be-
fore) its lexical composition.

To facilitate the use of acoustic features in unit selection, we
used a short program written in Tel/Tk-Snack [14] to extract the
main acoustic and prosodic characteristics of each non-verbal
utterance in the corpus to represent its speech waveform as a



vector of 14 values (see details in [15]). These include five val-
ues (fmean, fmax, fmin, fpct, and fved) to represent the pitch
contour (fundamental frequency of the speech waveform), four
(pmean, pmax, pmin, and ppct) for signal amplitude {power),
one for duration, and four to represent spectral characteristics
(h1h2, hla3, hl, a3) of the entire utterance.

The fourteen acoustic and prosodic features thus extracted
were then subjected to a principal component analysis to re-
duce the complexity of the data and io determine the strength
of any interactions between the factors, For this, the “pmcomp™
function in “R” [16] was employed (pe=preomp(feats, reix=T,
center=T, scale.=T) which yielded results as shown in Table 1.

3.3. Voice quality and Acoustics

While we see from Table 1 that the principal component analy-
sis allows us to reduce our search space to a smaller number of
dimensions, we also note that spectral features rank very highly
in explaining the acoustic variation. The data shown in Table
1 were all from the single utterance “umm”, the most common
word in the corpus, so there is no inherent phonetic variation to
be expected that might account for the spectral differences. In-
stead, the difference in voice quality or breathiness in the speech
were used to differentiate between different interpretations of
the utterance in the discourse.

“Umm’” is used in Japanese, as in English, to mean ‘yes’,
‘I'm listening’, ‘T understand’, ‘I agree’, ‘1 don’t agree’, ‘Idon’t
understand’, I'm surprsed’, and so on ..., with each intended
meaning unambiguous to the listener but indistinguishable from
the text alone. The table shows that more than 50% of this
acoustic variance can be accounted for by the first three princi-
pal components alone, and that more than 809 can be explained
by the first seven. This greatly facilitates search for an appro-
priate unit.

The table also shows that the first principal component is
dominated by hla3 (ie., the difference between energy mea-
sured at the first harmonic and that measured at the third for-
mant = 0.43), hl (energy at the first harmonic = 0.42), fmean
(mean fundamental frequency of the utterance = 0.35), and
fmax (maximum fundamental frequency = 0.32). Power domi-
nates the second principal component, and duration (or speak-
ing rate) the third. Whereas there have been some interesting
proposals for modification of spectral tilt in the speech sig-
pal (and hence breathiness and “force’ in the speech; see e.g.,
[17, 18]} the interactions between these four components of
prosody is so great that the present author maintains their mod-
ification results in unacceptable degradation to the perception
of naturalness in the resuiting speech and loss of this impor-
tant voice-quality dimension that is so important for signalling
affect and social relationships.

4. KeyTalk

In order to explore the problem of synthesising with a very large
number of utterances having a limited number of textual repre-
sentations but considerable variety in their prosodic expression,
and hence in their meaning, we tested a system using a midi-
keyboard devise as input for unit selection (see Figure 4).

This system, ‘KeyTalk’, addresses the problem of grouping
related utterances and also of selecting among them by use of
a ‘force’ feature to represent prosodic strength of the utterance.
Being coded in the midi language, it allows sequences to be
recorded and replayed at a later time or modelled statistically
for further synthesis development.

Figure 4: The KeyTalk setup alongside the NATR conversational
speech synthesis interface.
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Figure 5: KeyTalk sample mappings. Groups of keys provide
input for related utterances. The keys are touch-sensitive. See
text for an exlanation.

4.1. Grouping Related Utterances

Whereas the data for KeyTalk are complex, the software for the
synthesiser itself is very simple. The small piano-like keyboard
offers a compact view over the full range of several octaves.
Each octave section is grouped into sets of seven and five keys,
and alternating within each group are the black and the white
keys. The keys are touch-sensitive so a strong keypress will
produce a different output-value from a weak keypress, with up
to 64 intermediate stages of touch sensitivity.

Each group of keys was mapped deterministically to a
group of related and frequently-used conversational utierances,
as illustrated in Figure 5 in Japanese. The first group of five keys
on the left of the figure represent ‘greetings’, the next twelve
map to ‘replies’, the next seven map to ‘opinions’, and those on
the right to ‘initating’ or ‘calling” utterances.

By default, the white keys represent the more positive vari-
ants, and black keys their negative equivalents, reflecting the
major/minor distinction on a musical keyboard, However, it



is not always the case that such simple pairings exist; for ex-
ample the greetings (white keys) map to morning, afternoon,
and evening variants respectively, with the black keys for say-
ing farewell.

Clearly, considerable further work would be required on
the selection and grouping of the utterances if this were to be
implemented as a commercial system for general use, but as a
testbed for experimentation the present working prototype al-
lows ‘touch-and-feel’ hands-on experience for the selection of
individual utterances within a real-time interactive framework.

4.2. Touch-sensitive Selection

The mapping from key to utterance is only a token mapping
with no guarantee that the exact word mapped to the key (drawn
on the key in Figure 5§ for illustration) will be the word that is
ultimately spoken by the system. Several modifiers come into
action to determine the precise prosody and phrasing of the final
utterance. These are governed by global, local, and keypress
settings.

Every midi kayboard is also equipped with two roller
wheels, one {the ‘pitch’ wheel) with both positive and nega-
tive settings sprung to return to the centre position after each
use, and the other, for scalar settings, with no spring, retaining
its previous value until further changed. For use as a speech
synthesiser, these rollers allow the user to modify the affec-
tive profile of each utterance to determine the segment for out-
put. As explained in [11), a three-dimensional control space is
posited for conversational speech, whereby the content and style
of the utterance are determined from (a) the affective state(s)
of the speaker, (b) the character the speaker wishes to display
to the listener or conversation partner, and (¢) the underlying
pragmatic and discoursal intentions of the utterance [19]. This
constraint-based unit selection is implemented by ranking can-
didates for each group of utterances in the database.

As all the speech in the corpus has been transcribed, itis a
simple matier to select and group all utterances having an oc-
currance frequency above a predetermined threshold. These are
then ranked according to values of the three principal compo-
nents described above. The settings of the roller-wheels in com-
bination with the force of the keypress determine which utter-
ance segment from the many ranked candidates will be chosen
for playback. The group of candidates from which this selection
is made is determined by the key being pressed.

4.3. Evaluation

No formal evaluation has been performed on this system,
because ecach utterance synthesised is a complete and self-
contained natural-speech segment, There is no concatenation,
except at the phrase level, where utterances are separated natu-
rally by pauses, no prosody modification, and no signal process-
ing. By definition each utterance is natural. Judging how infor-
mative it is would be a research issue in itself, because there
is as yet no formal grammar of non-verbal utterances against
which a sequence of such sounds could be measured. A test of
its fun value was carried out in two public demonstrations, one
at NAIST (the Nara Institute of Science and Technology) as part
of the Open Campus demonstrations in 2006, and again at ATR
in the same year as part of the Open House exhibition. In both
these cases the keyboard attracted a large number of people and
many, especially the younger ones stayed quite a time playing
with it, laughing at the sounds that came out, and testing the
variety of expression that differences in force of keypress pro-
duced.

Bl Awareness of  [S%)
R

Socially trained filter

b e ]

Y

Expressive speech
Figure 6: A model of the constraints (rectangles) and drivers
(ovals) underlying the expression of a conversational utterance.

A different form of evaluation needs to be performed at
the level of system design; to find an optimal mapping from
keys and clusters of related keys to common utterances in a dis-
course, and on the mappings between their acoustic character-
isatics and the perceived intentions of the speaker, but this re-
quires a formal grammar of spoken language that incorporates
non-verbal utterances, and so remains as future work.

5. Discussion

For the system to be of use in an automatic speech synthesiser,
a control madel must be designed for the generation and inte-
gration of non-verbal utterances into the speech stream. One
such has been proposed in [21] and is illustrated in Figure 6.
Here, two elemental forces are considered as jointly having an
influence at the most basic level of the desire to speak. These
(marked by ovals in the figure) are hidden and not subject to
conscions awareness but must be included in the control model
as causative factors.

Below them in the figure are a series of filters (marked by
rectangular boxes) representing the constraints that determine
the coding of an utterance. This coding is at both the lexical
and biomechanical level, resulting in the word sequence and its
prosody, simultanecusly.

The filters or constraints are of three kinds: (a) the message,
i.e the intended pragmatic force of the utterance, what is to be
conveyed by the speech, but not yet its precise wording, (b}
the social impact of the utterance, on the listener, and in the
discourse, and (c) the speaker’s character and inhibitions, both
trained and innate, as well as the facets of that character to be
portrayed (revealed or hidden) in the speech through its content
and style. The model assumes emoticn and intention to be co-
drivers of an utterance, but places most of the control at the level
of the constraints.

6. Conclusion

There is growing need internationally for the synthesis of ex-
pressive speech, not just in speech translation environments,
which are now well developed, but also in the growing area
of virtual agents, such as Second Life, where animated beings
function in a world of their own, interacting both with each
other and with the human sponsors of their communities. The



business needs for lifelike conversatical speech synthesis are
great, and very large amounts of real money are already being
spent in the virtual communities by a growing number of people
across the world.

This paper has described some recent attempts to model the
characteristics of conversational speech for use in concatenative
speech synthesis, using a very large database of recordings cov-
ering a variety of natural environments and interpersonal inter-
actions, Rather than propose a single prototype system, which
would be application-specific, it has described several factors
that might be taken into consideration in the design of a generic
conversational speech synthesis system on the basis of experi-
ence gathered from the analysis of the corpus of 1,500 hours of
human spoken interactions.

A key theme of the paper is that interactive speech requires
different uses of speech prosody from broadcast-mode synthe-
sis, particularly for the expression of affect, interpersonal rela-
tionships, and discourse control. Furthermore, in a dialogue
system employing conversational speech synthesis, modules
will be required for ‘active listening’ wherein the synthesiser
is required 1o make frequent non-verbal speech sounds to reas-
sure the speaker, to maintain a steady flow of incoming speech,
and to control the dialogue. This is an area of discourse which
has been little studied, particularly within the engineering and
speech technology communities.

The paper has described some of the acoustic features found
10 be important for the selection of non-verbal speech segments
for conversational speech synthesis and has shown that a prin-
cipal component analysis reduces these to a small manageable
number that can be easily ranked and directly used for prosody-
based selection of discourse units. The paper has further de-
scribed some previous attempts at designing novel input devices
suitable for use in a conversational environment, both by human
users and by computer programs.
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