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Abstract. Attempts to add expressivity to synthesized speech is one of the main
strategies in speech technologies. This paper summarizes our researches on
modeling Vietnamese prosody, with the goal of improving naturalness of synthe-
sized speech in Vietnamese, as well as integrating expressivities (i.e. emotion/
attitude). Based on the concept of “rendez-vous” between linguistic levels and
prosodic functions, the prosody of utterance is proposed to be decomposed into
several components. Therefore, each component is step by step modeled by an
independent model: a dynamic linear segment model for tones, a relative registers
model for FO level of syllable, a rule-based approach for phrasing modeling and
a FO stylization modeling for the expressive function. All proposed models were
integrated in speech Text-to-speech systems and also were evaluated by percep-
tion experiments.
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1 Introduction

Speech is one of the fundamental human behavior events that simultaneously conveys
linguistic information as well as the speaker’s affective variability (e.g., mental, inten-
tional, attitudinal, emotional states). Attempts to add expressivity to synthesized speech
have existed for more than a decade. For a tonal language like Vietnamese, acoustic
parameters implied in the linguistic and affective functions of prosody (typically FO,
intensity, timing) also play an important role at the phonemic level for lexical access.
Moreover, the Vietnamese tones can imply some voice quality cues that have been
shown to be used in the morphology of some attitudes (and emotions) in other
languages [1].

The main task of the prosody generator of a TTS system is to provide an acoustic
representation of prosody from linguistic information. It is well known that, for a tonal
language like Vietnamese, Chinese, the fundamental frequency (F0) contour of a
sentence always consists of local tonal components and the intonation of the sentence.
Thus the variation of the FO in the sentences for tonal languages seems more complicated
than that of non-tonal languages. The Vietnamese prosodic contour could be generated
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automatically by using the Fujisaki model [2, 3] or a linear FO model combined with
relative registers [4]. But there is no model that can generate the prosodic contours of
tones combined with expressive prosodic contours.

According to the prosodic model proposed in [6], the intonation is considered as a
result of superimposed and independent prototypical gestures belonging to hierarchical
linguistic levels: sentence, clause, group, sub-group etc. That concept is called the
“rendez-vous” between linguistic levels and prosodic functions of utterance [6, 7]. This
theoretical model allows the generation of complex prosodic contours using a superpo-
sition process directed by functions. It was applied in the speech synthesis for 3 modal-
ities (declaration, question, surprise), in the automatic generation of 6 expressive
prosodic attitudes for French [7] and in the prosody generation of tonal language such
as Chinese [8].

Our approach to Vietnamese expressive speech production consists of applying the
“rendez-vous” concept above to combine the variation of many prosodic functions such
as tone, phrasing, sentences modality and expressivities (attitude/emotion). Each
component is modeled by three separated model:

1. adynamic linear segment model for tones;

2. arelative registers model for FO height of syllable;

3. arule-based approach for phrasing modeling and a FO stylization modeling for the
expressive function.

The next sections will present step by step our proposal models for these prosodic
components. All proposed models were developed separately and evaluated in the
speech different Text-to-speech system.

2 Modeling the Prosodic Contour of Vietnamese Tones
in Continuous Speech

In order to build an intonation model for the Vietnamese language, we begun our studies
with modeling FO contours of tones of isolated words.

2.1 Overview

The Vietnamese language has 6 tones as shown in Fig. 1: level (1), falling (2), broken
(3), curve (4), rising (5) and drop (6). Tone 5b and 6b correspond to tone 5 and 6 on a
syllable ended by a stop consonant. Moreover the Vietnamese tonal system can employ
some production of voice quality, within FO. That is the co-occurrence of glottalization
during the production of tone 3 and tone 6: tone 3 is accompanied with harsh voice
quality due to a glottal stop (or a rapid series of glottal stops) around the middle of the
vowel; tone 6 has the same kind of harsh voice quality as tone 3; however, it is distin-
guished by dropping very sharply and it is almost immediately cut off by a strong glottal
stop [9].



Modeling Vietnamese Speech Prosody 275

500 500 500 500
400 400 400
) _ 300 300
______ E L.
] i ST 200
100 100 100 o
% 200 400 0 200 400 % 200 400
500 suU S0U 50U
400 400 400 400
300 - PR 300 300
S S e EL.-. g
= 200 pb——o - - S omb Saf 0
100 100 100 \‘\ 100
% 200 200 0 200 %00 % 200 400 % 200 400

time (ms) time (ms) time (ms) time (ms)

Fig. 1. Examples of contours of 8 Vietnamese tone representations from a female subject [9].
From the left to right, top to bottom: tone 1, 2, 3, 4, 5, 5b, 6, 6b.

In the continuous speech, the FO contour of the Vietnamese tones with the influence
of tonal coarticulation effect can be described by the linear FO model (as in Fig. 2)
combined with relative registers of Vietnamese tone, as proposed in. This method is
used in our work to generate the prosodic contour in the syllable level, which correspond
to the tonal function of prosody.
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Fig. 2. The normalized linear contour of tone 3

2.2 Linear Segment Model of Vietnamese Tone

2.2.1 Vietnamese Tones Model in Isolated Mode

Several models of generation of FO contour for Vietnamese tones were presented in the
work of [2, 3, 10]. In study of [10] the average FO contours are used as contour templates
for tones. The speech synthesis systems presented in the work of [11, 12] employ the Fuji-
saki model to generate the FO contours of 6 tones, but the systems meet difficulties in
generating FO contours of Tones 3 and 6 caused by phenomena of glottalization during
their pronunciation. In addition, the three researches — were based on analysis of variation
of FO in voiced syllables, and on the hypothesis that the tone has an effect on the entire
syllable. Under these conditions, the patterns of tones concern only voiced syllables. The
results of these three studies did not indicate whether these patterns could be used for all
types of Vietnamese syllables, particularly for syllables that begin with unvoiced consonants.
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Fig. 3. Three variants of tone 3 in respect to the duration of the syllable

To build the FO contour patterns for Vietnamese tones, we apply the results of a study
[13] about the influence of tone on the syllable. The results showed that the initial
consonant of the syllable does not carry the information of the tone, and the Vietnamese
tone affects only the final part of the syllable.

Based on the results of [14] about the shapes of FO contour of the six Vietnamese
tones, we got average values of FO contours of the six Vietnamese tones and then we
constructed linear FO contour models for the Vietnamese tones (Fig. 2 shows a linear
contour model for Tone 3). These models only describe the FO evolution of a final part
of the Vietnamese syllable, this is different from studies [2, 10] which model the FO
contour of tones on the whole syllable.

The process of tone modeling composed of three phases:

— Calculating average values of FO at specific points, the number of points N is
dependent on the complexity of tone;

— Normalization of average values, the mean values are divided by the average value
of the initial point;

FOY" = FO,/F0, i=1..N (4.1)
— Connecting the points by the lines, the value of FO of the middle points are calculated
by the equation:

FO() = FOY +a; %t (1 =t1,—1,) (4.2)

To generate the FO contour for a tone, the normalized FO contour is firstly calculated,
and then normalized values are multiplied by a specific factor, for example the average
value of the fundamental frequency of the speaker.

The detail information on the FO patterns and results of the perception tests is
presented in [15].

2.2.2 Dynamic Model of Vietnamese Tones in Continuous Speech

Figure 3 presents three variants of Tone 3, which depend on the length of the syllable:
it is easy to see that these three variants differ greatly from one another. In order to
describe more clearly these differences, and also to compare with other tones, we
normalized the FO contours of the three variants (Fig. 4). The FO value of 3th point was
chosen as the reference value because of its stability.
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Fig. 4. The normalized FO contours of (a) tone 4 and (b) tone 5 with the different durations of
the syllable

The FO contours of variants of the five remaining tones were also normalized.
Concerning Tones 4 and 5, three FO contours change in a larger range (Fig. 4), they can
be classified into two groups, and each group is represented by an only form.

The same process of tone modeling in isolated mode was carried out for Vietnamese
tones in dynamic mode. But in this case, each tone can have more than one model; it
depends on the duration of syllable carrying tone.

2.3 Generation of FO Contour in Continuous Speech

Based on results from on variation of Vietnamese intonation in continuous speech, we
believe that it is necessary to consider the four following factors when analyzing and
modeling the contour of FO an utterance in Vietnamese:

— Tones that make up the statement;

— Register for each tone;

— The influence of the phenomena of tonal coarticulation;
— The duration of the syllable;

A method for the generation of the FO contours for Vietnamese text-to-speech based
on the assumption: “The tonal coarticluation effect takes place from begin to the end of
each phrase, and after a pause it is cancelled”.

Suppose that a phrase of N syllables (S; S, ... Sy) will be synthesized. The FO contour
of the phrase is obtained through 3 steps (Fig. 5).

Step 1: Theregister of all the syllables in the phrase is calculated, based on the phonetic
information and position of syllable in the sentence
Generation of the tonal contour for each syllable by using tone patterns. The
tonal contour is then placed on the register contour.
The FO contour of the phrase is smoothed. For smoothing the discontinuity of

the FO contour, the transition pattern Exclusive Carry-over is applied.

Step 2:
Step 3:
And finally the normalized contour of FO is scaled with a specific factor. For example,

in the Fig. 5b, the value of factor equals to the initial FO value (250 Hz) of the original
phrase.
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Fig. 5. (a) Generated register contour (dashed line) and the superimposed tone patterns. (b) FO
contour generated by the proposed model and the FO contour of target speech.

2.4 Evaluation

In order to evaluate the performance of the proposed model on the natural characteristic
of synthetic phrase, a perceptual test based on MOS test was performed. Thirty sentences
were selected and re-synthesized in different ways. For each phrase, only the contour of
FO is manipulated by applying TD-PSOLA algorithm to have 4 variants. Thus, a speech
corpus which contains 5 groups of 30 sentences was built:

— Group 1 contains 30 natural sentences.

— Group 2 includes 30 re-synthetic sentences. Their contour of F0 is generated by
applying all of 3 steps the proposed method.

— Group 3 contains 30 re-synthetic sentences whose contour of FO is generated by
applying the first and second steps.

— Group 4 includes 30 re-synthetic sentences whose contour of FO is generated by
applying the second and the third steps. In these sentences, the relative registers of
all tones equal 1.

— Group 5 contains 30 re-synthetic sentences whose FO contour is generated by
applying only the tone patterns (step 2). Like the sentences of group 4, the relative
registers of all tones equal 1.

Twenty persons participated into the test. The listeners were asked to rate the natural
quality of each perceptual sentence on a scale 1-5, where 1 is bad and 5 is completely
natural.

Figure 6 presents the naturalness scores of the five groups. Group 1 which contains
the natural sentences has the highest score; this is a predictable result. The next is Group
2 whose sentences are re-synthesized by applying all 3 steps. This is a good result for
an intonation model. The lowest score group is belong to Group 5, which applies only
the tone patterns. By comparison the score between Group 2 and Group 4, and the score
between Group 3 and Group 5, we found that, by applying the relative tone register for
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the generation of the FO contour, the naturalness score of synthetic sentences of Group
2 and 3 (3.84 and 3.72) is significantly higher than that of Group 4 and 5 (3.11 and 3.10).

5 485
4t 3.84 3.72
3.5 1 B © T S O T ¢y

Group1 Group2 Group3 Group4 Group5

Fig. 6. MOS test result

With respect to the influence of the smoothing FO contour on the naturalness of re-
synthetic sentences, we can see a difference only in the sentences which have a quite
natural quality. This is presented clearly when comparing the scores between Group 2
and 3 (3.84 vs. 3.72), and between Group 4 and 5 (3.11 vs. 3.10). Therefore, the obtained
results show that, for a tonal language like Vietnamese, the relative tonal register is an
important parameter for generation of FO contour.

3 Vietnamese Phrasing Modeling

Phrasing modeling plays an important role in improving the naturalness for speech
synthesis. Many researchers have been working on prosodic structure generation for
Chinese [16, 17], pause/break modeling for French [18], German [19], Russian [20] or
modeling style specific break [21, 22]. They may use rules or machine learning with
lexical information (e.g. POS tagger) or contextual length. However, to the best of our
knowledge, there is no such work for Vietnamese, a tonal language. It is believed that
there is an interface between syntax and prosodic structure [23—27]. Recently, much
effort has been devoted for Vietnamese syntax parsing with some has proven fruitful
results [28-30].

3.1 Corpus Preparation

Resources of Vietnamese language is messy and lacking of unified and big-enough
corpus, especially for speech processing [31]. To have a preliminary experiment for
prosodic phrasing modeling, we adopted the existing corpus, “VNSpeechCorpus for
speech synthesis” [32], for analyzing. In this corpus, there are 630 sentences that are
recorded by a Vietnamese female broadcaster from Hanoi at 48 kHz and 16 bps
(~37 min). Audio files in this corpus are transcribed, time-aligned at the syllable level,
and annotated for perceived pauses. Text files are parsed and represented with syntax
trees in XML format. These tasks are semi-automatically executed.
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3.2 Proposal Syntactic Rules

From the corpus, we discover two types of rules: one between two constituents in phrase
structure grammar and the other between two dependents in dependency grammar.
Hypotheses are proposed for constituency syntactic rules (Table 1) and for dependency
syntactic rules (Table 2) [33]. The IP (Intonation Phrase) boundaries are put for hypoth-
eses either if the left constituent is or contains a clause (HC1, HC2) or both left and right
dependents are predicates (HD1) or head elements (HD2). Other cases are made decision
based on the syntactic information or number of syllables in the left or right element.

Table 1. Constituency rules and intermediate boundaries

# Intermed@te Left constituent Right constituent
boundaries
a SBAR or a constituent .
HCl 1P whose child is a clause any constituent
HC2 a S >= 6 syllables any constituent
HC3 any phrase >= 7 syllables |a phrase >=4 syllables
a C following by a
HC4 any phrase constituent >= 5 syllables
HCS5 PhP a PP >= 3 syllables a C or AP/NP/VP
a S having 3 to 5 syllables .
HC6 or C following by S any constituent
a C ‘rang’ whose parentis | i
HC7 4 SBAR any constituent

Table 2. Dependency rules and intermediate boundaries

# |[Boundary Left dependent Right dependent
HDI a predicate a predicate
HD2 P a H element >= 4 syllables |a head element
an adjunct >= 3 syllables  |any dependent that is a
HD3
phrase

HD4 a H element: 2-3 syllables |a head element

C an adjunct having 2-3 a subject >= 2 syllables
HDS5

syllables

3.3 Evaluation

Based on the proposed model of prosodic phrasing and analysis results on the speech
corpus (presented in detail [33]), two new prosodic features are introduced: break levels
and syllable position relative to phrase. Table 3 presents our proposed break levels and
syllable relative positions used as training features for an HMM-based TTS. The break
levels “0”, “1”, “5” and “6” are easily identified by POS tags or punctuation marks at
the end of sentence whereas others (“2”, “3”, “4”) need syntactic rules for prediction.
Syllable positions are distinguished for the boundaries above the Word (1) and above
the Intonation phrase boundaries (“2”).
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Table 3. Break levels as training features

Break (Syllable

.. Prosodic hierarchy Rule
level |position
0 0 |Within word Betweep 2 consecutive pho-
nemes in one word
1 0  [Word Between 2 consecutive words
1 |Clitic group HD4, HD5
3 1 Phonological phrase | HC3, HC4, HC5, HC6, HC7
After a punctuation mark in the
4 1 |Intonation phrase middle of the sentence or
HC1, HC2, HD1, HD2, HD3
5 2 |Utterance boundary After punctuation marks at end

of sentence, not of paragraph
2 |Paragraph boundary | At the end of paragraph

For evaluations, the MOS test was carried out with two versions of TTS system and
a natural speech reference, presented in random order. 19 subjects (8 females) partici-
pated in the tests. All subjects are from the North of Vietnam, living for a long time in
Hanoi. Participants were 2035 years old and reported normal hearing. In the test corpus,
40 sentences are chosen so that each sentence covers only one hypothesis for ease of
analysis. There are three to four examples designed for each hypothesis.

Subjects were asked to score “5-Excellent, 4-Good, 3-Fair, 2-Poor and 1-Bad” for
the naturalness after listening to an utterance. The experimental results illustrated in
Fig. 7 show an increase of 0.35 on a 5 point MOS scale, for the new prosodic informed
system (3.96/5) compared to the previous TTS system (3.61/5).

[ PreviousVersion
. ProposedModel

. Natural

MOS score

c@

IP (4) GlobalResult

PhP (3
Intermediate boundaries

Fig. 7. Results of naturalness using MOS test.

4 Modeling Prosody of Attitude in Vietnamese

As mention above, our approach to Vietnamese expressive speech production consists
of applying the “rendez-vous” concept in order to combine the local variation of tones
and the global prosodic contours of attitude.
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4.1 Vietnamese Attitude Corpus

Our first work is the construction of first corpus for Vietnamese attitudes. This corpus
was not only constructed to be used in speech synthesis, but also to conduct fundamental
studies on Vietnamese social affects. In the face-to-face interaction, attitudes are
expressed within the multimodality of speech such as speech, face, gestures, etc. Thus
this corpus was done not only in audio modality but also in visual modality, in order to
investigate the relative contribution of audio and visual information in the generation
and perception of Vietnamese attitude.

Based on research on attitudes in Vietnamese and other languages [34, 35], 16 atti-
tudes have been represented for Vietnamese in our corpus (Table 4). To observe the
effects of tone and tonal co-articulation on attitudinal expression, the corpus contains 8
sentences of one-syllable length, corresponding to the 8 types of Vietnamese tone, and
72 sentences of two-syllable length, which correspond to all combinations of two tones
among the 8 Vietnamese tones. The remainder of the corpus is based on 45 sentences
of 3- to 8-syllable length and systematically varied in their syntactic structure: single
word, nominal group, verbal group and a simple structure “subject-verb-object”. That
means that the corpus is built from 125 sentences without specific affective meaning
produced with all the 16 attitudes and balanced in terms of tone position. These sentences
were recorded (both audio and video, but only audio is focused in this paper) by one
male speaker native of the Hanoi dialect (standard pronunciation). The whole corpus
thus contained 2000 sentences corresponding to more than 90 min of signal after post-
processing.

Table 4. 16 selected Vietnamese attitudes, with their abbreviations

Declaration DEC | Irritation IRR
Interrogation INT | Sarcastic irony SAR
Exclamation of neutral surprise EXo | Scorn SCO
Exclamation of positive surprise | EXp | Politeness POL
Exclamation of negative surprise | EXn | Admiration ADM
Obviousness OBV | Infant-directed speech IDS
Doubt-incredulity DOU | Seduction SED
Authority AUT | Colloquial COL

4.2 Modeling

The prosodic contour of attitude represents the attitudinal function of prosody and it
corresponds to the sentence level. According to [6], the forms of these contours are
independent of others linguistic factors (syntax, tone) and depend only on the type of
attitude. Therefore, we propose that the form of the prosodic contour of attitudes can be
obtained by the mean value of prosodic contour of the neutral-tone sentences (all syllable
produced with tone 1).
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Figure 8 shows an example of the mean FO contours of neutral-tone sentences with
the length from 1 to 8 syllables. In observation the mean value of FO contours, duration
and intensity of all attitudes, we found that for each attitude, the FO contour remains a
common form when the number of syllables in the utterance increases. This common
form can be divided into three parts: initial, middle and final part. The initial and final
parts cover typically one or two syllables. The difference between FO contours of 16
attitudes are mainly represented in these two parts. For all attitudes, the middle part is
stable and can be simply represented by a line connecting the initial and the final part.
For the duration and intensity, the differences between 16 attitudes are also mainly
characterized by the duration and the mean intensity of the first and the last syllable.

Time (normalised)

Fig. 8. Mean and deviation of FO contours of 1-5 syllables sentences uttered with the attitude
authority.
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Fig. 9. An example of stylization FO contour of attitude

The description given above enables us to stylize the prosody of attitudes when the
number of syllables in the utterance increases:

e The FO contour is stylized by 6 points as in Fig. 9. The mean values of 6 point and
the relative distance between them represent the common form of FO contour for each
attitude.
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e The duration and intensity of each attitude is characterized by the mean value of the
first and the last syllable.

4.3 Perceptual Evaluation

An experiment was designed to perceptually evaluate the predicted prosody of attitudes,
generated with the proposal model.

As mentioned above, in the face-to-face interaction, attitudes are expressed within
the multimodality: audio and visual information. In this experiment, we aim to evaluate
our prosodic model on the attitudes which are well transferred by the audio information.
Using the result of the perception test on 16 attitudes with both of audio and visual
modality (presented in [36]), we chose 4 attitudes well recognized with audio informa-
tion for this experiment, they are: Declaration, Exclamation of neutral surprise,
Authority and Sarcastic irony.

Four sentences (with tone and non-tone) from 3 to 8 syllables are used for this
experiment. Using these sentences, the synthetic utterances corresponding to 4 selected
attitudes above are generated generation with the speech synthesis system developed by
the Institute MICA [5].

The prosody synthetic utterances (with 4 attitudes) are predicted by using the
proposed model. The 32 synthetic utterances (4 attitudes, 4 sentences, 2 methods) above
are then used in a perceptual test in order to examine whether the listeners can indicate
the attitudes of synthetic utterances or not. Twenty Vietnamese listeners participated in
this experiment. All subjects listened to each stimulus only one time.

Figure 10 presents the mean recognition rates of synthetic utterances (with tone and
without tone) generated by re-synthesis method and by the MICA speech synthesis
system. Overall, for both type of synthetic utterances and both type of sentence, the
recognition rates are over 60 %. The sentences without tone are better recognized than
the sentence with tone. That means that the local perturbation by tones increases the
complexity of the global cues of prosody of the sentence. The perception result on the
utterances generated by re-synthesis method is slightly better than on the utterances
generated by MICA speech synthesis system.

B Without tone  ® With tone

% recognition

Re-synthesis MICA Speech synthesis

Fig. 10. The recognition rate (%) of synthetic utterances generated by re-synthesis method and
by MICA speech synthesis system.
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Figure 11 shows the recognition rates for 4 attitudes with difference lengths of
sentence. Except in the case of Authority, the length of sentence shows no affect on the
perception of attitude. The attitudes Declaration and Sarcastic irony have very good
result (recognition rate >90 %). The attitude Authority has the lowest recognition rate
(from 30 to 60 %).

M 3syllables  m 5 syllables 8 syllables

% recognition

]

Declaration Surprise Authority  Sarcasticirony

Fig. 11. The recognition rate (%) of synthetic utterances with four attitudes.

5 Conclusions and Perspectives

This paper presents our preliminary attempt of modeling the completed prosody of Viet-
namese speech. Based on the concept of superposition the prosodic contour, a prosodic
model was proposed to encode the attitudinal function of prosody for Vietnamese atti-
tudes. This model was applied in generation the prosody of attitudes in Vietnamese. The
predicted prosody of attitudes using this model was well recognized in the perception
experiment. This result shows us the ability of applying the proposed model in generation
the prosody of attitude for the tonal language such as Vietnamese. With this result, the
hypothesis of global prosodic contours encoding speaker attitudes is also verified.

However, this work concerns only with the three basic parameters of prosody (FO,
duration, intensity). The future work will also have to analyze the role of voice quality
in the production and perception of attitudes, in order to characterize the voice quality
of attitudes and to be applied in expressive speech synthesis for Vietnamese.
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in the frame work of the paper and of the research group.
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