
Synthesis of Emotional Speech
Using Prosodically Balanced VCV Segments

Yasuhisa Niimi, Masanori Kasamatu, Takuya Nishimoto and Masahiro Araki

Kyoto Institute of Technology
Matsugasaki, Sakyo-ku, Kyoto, 6068585 Japan

{niimi, nishi, araki}@dj.kit.ac.jp

Abstract

This paper describes a system to synthesize emotional
speech based on TDPLOSA. The system has a database
of VCV (vowel consonant vowel) segments for each of
three emotions; anger, sadness and joy. These segments
have emotional speech quality. The database contains
four kinds of VCV segments which are prosodically bal-
anced in the sense that their concatenation can generate
any accent patterns of Japanese. The system also has
a duration formula for each phoneme and each emotion
that can estimate the length of that phoneme given its
phonemic and linguistic context. For these purposes we
collected a speech corpus for each emotion. Using the
corpus, we derived a guideline for designing the VCV
databases and performed a multiple regression analysis
to derive duration formulae. Seven utterances were pro-
duced for each emotion, which were heard by twelve lis-
teners. The emotions were correctly recognized with an
average rate of 84% as the intended emotions.

1. Introduction

Speech signals contain not only linguistic information but
para- linguistic information. Briefly speaking the lin-
guistic information is conveyed by spectral features of
speech signals, while the para-linguistic information is
conveyed by prosodic features. We can perceive the at-
titude, mood and emotion of a speaker by referring to
the para-linguistic information. It is well known that the
paralanguage sometimes plays more important roles in
human-to-human communication than the language it-
self.

These days our society becomes more and more com-
puterized. As our activities in the society become much
more related to the internet, many intelligent agents will
take more active parts in the web. We think the para-
linguistic information also plays important roles in the
communication between human and such agents. This
paper reports an approach to synthesizing emotional
voices which has been performed from this point of view.

There has been many attempts at artificially produc-
ing emotional voices. I. Murray and J. Arnott reviewed
studies related to emotional speech and listed acoustic
correlates to emotions: fear, anger, sadness, happiness,
and disgust [?]. Based on their study, they developed a
computer program ”HAMLET” for producing emotions
in synthetic speech [?]. J. Cahn built the ”Affective Ed-
itor”, a computer program that takes acoustic and lin-
guistic description of an utterance and generates synthe-

sizer instructions for a formant synthesizer to produce
speech with a desired emotion [?]. In listener studies,
the emotion of sadness was correctly recognized 91% of
the time. The other emotions were correctly recognized
approximately 50% of the time and mistaken for simi-
lar emotions 20% of the time. E. Rank and H. Pirker
investigated the influence of the emotion on acoustic pa-
rameters other than prosodic parameters, using an LPC
speech synthesizer with demisyllable inventory [?]. A.
Iida et al. tried to synthesize speech with emotions using
a corpus-based synthesizer ”CHATR” developed at ATR
[?]. Some emotional voices they produced can be heard
through the web [?].

This paper describes an approach to synthesizing
emotional speech based on TDPSOLA (Time Domain
Pitch-Synchronous Overlap-Add) method [?], which can
produce three emotions; anger, sadness, and joy. First we
collected a fundamental speech corpus for each emotion,
which contains about four hundred linguistically unbi-
ased utterances produced with that emotion by a male
speaker, then analyzed utterances in the corpora to de-
rive a guideline for designing VCV databases, and to de-
rive an equation for each phoneme which can predict its
duration based on its surrounding phonemic and linguis-
tic context. After these preparation we built a system
which can produce speech with three emotions, and pro-
duced several utterances for each emotion, which were
heard by twelve listeners. The emotions were correctly
recognized with the average rate of 84% as the intended
emotions.

This paper is constructed as follows. Section 2 out-
lines the synthesis system of emotional speech and section
3 describes the speech corpora we collected and analyzes
them on the fundamental frequency and the duration of
phonemes. Section 4 shows the result of a listening test
and section 5 concludes the paper and presents some fu-
ture work.

2. A Synthesis System of Emotional
Speech

2.1. Principle of the Proposed System

In this section we compare two representative speech
synthesis methods based on concatenation of wave seg-
ments: corpus-based method and TDPSOLA method.
In the former method, wave segments that are most op-
timal in their phonemic, prosodic and linguistic context
are selected from a large amount of database, and then
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concatenated with deformation to a least extent to pro-
duce an utterance. Thus this method requires a large
amount of speech corpus to cover a variety of the phone-
mic context and the prosodic context as well, and much
more to cover the emotional context.

On the other hand, in a simple version of TDPSOLA
method wave segments in a database have fixed pat-
terns like VCV (Vowel- Consonant-Vowel), the size of the
database is not large in comparison with a corpus-based
method, and there is no difficult problem in selection
of wave segments. However, the pitch and duration are
controlled by adding, deleting, and deforming unit wave
elements. If the extent of these operations is beyond a
limit, the quality of synthetic speech is degraded. Since
it is necessary to modify wave segments to a great extent
in producing speech with emotions, the degradation of
speech quality will be salient.

In this paper we propose a new method to remedy
this problem. The solution is a combination of the two
methods mentioned above, and is to use multiple sets of
VCV wave segments for each emotion.

2.2. Outline of the System

First we briefly explain the word accent of Japanese. One
of most dominant acoustic correlates for the accent is the
fundamental frequency. Either high tone (H) or low tone
(L) is assigned to each mora of a word. Furthermore,
there are two rules on the accent of Tokyo dialect. The
first and second morae of a word have different tones,
and there is only one part of successive high tones in
a word. Accent patterns like HHLL and HLHH do not
exist. Thus an F0-contour of an utterance is such that
rectangular patterns of words are superposed on a phrase
component which declines gradually from the beginning
of an utterance (or a breath group) to the end.

Thus if we have four sets of VCV segments for an
emotion such that the accent patterns of the VCV seg-
ments are LL, LH, HL and HH, we can generate any
accent patterns of Japanese. These databases are called
prosodically balanced in this sense. In addition to the
databases, the synthesis system has an equation, call a
duration formula, for a phoneme and an emotion that can
estimate the durational length of that phoneme given its
phonemic and linguistic context.

An input to the system is an emotion and a sentence
we want to produce. A sentence is described by Japanese
phonetic letters and segmented into words, each being
labeled by accent symbols. The system retrieves those
VCV segments which are necessary to describe the sen-
tence from one of the databases decided by the emotion.
Fig. 1 shows a word of which the accent pattern is LH-
HHLL is constructed by connecting five VCV segments
of which the accent patterns are LH, HH, HH, HL and
LL. Then it decides the duration of each phoneme in-
cluded in the sentence using the duration formula for
that phoneme and its context. Then it generates con-
trol signals to drive a PSOLA synthesizer based on these
two kinds of information, and produces an intended emo-
tional speech sound. The present version of the system
does not have a function to control the intonation and
loudness of an utterance.
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Figure 1: Concatenation of VCV segments.

3. Fundamental Corpora

3.1. Collection of Fundamental Corpora

We collected speech corpora for a preliminary study on
the synthesis of emotional speech. We selected about four
hundred sentences at random from newspaper articles.
The linguistic content of these sentences is neutral in the
emotion. The average length of them is fifty one morae.
The typical structure of morae is a form of consonant-
vowel (CV) in Japanese. Thus most parts of a sentence
have a form of CV...CV.

A male speaker who has undergone acoustic training
read these sentences with each of three emotions: anger,
sadness and joy. Those sentences which were not heard
fully empathetic were read again. Thus we had three
speech corpora, which are called fundamental corpora
hereafter.

3.2. Analysis on the Fundamental Frequency

Utterances in these corpora were transformed into mel-
cepstral coefficients every 10ms, and segmented into
phonemes by using the speech recognition tool, HTK2.1.
Then segmentation errors were manually corrected. We
built the ”Pitchmark Editor”, a computer program that
takes voiced parts of an utterance and marks time points
of the glottal stop which are detected by using a wavelet
transform [?]. It has a function to manually correct er-
rors in pitch-marking. Using the Pitchmark Editor, we
computed average fundamental frequencies in sustained
parts of vowels. Fig. 2 shows a distribution of average
fundamental frequencies in two successive vowels in ut-
terances, where the ordinate represents the average of the
precedent vowels and the abscissa represents the average
of the following vowels.

In PSOLA method the quality of synthetic speech
is degraded if the fundamental frequency and/or dura-
tion of wave segments are modified beyond a permissi-
ble limit. T. Kawai, N. Higuch and M. Yamamoto [?]
showed that this permissible limit can be expressed by
an inequality −0.2 ≤ r ≤ 0.2 for the fundamental fre-
quency and −0.5 ≤ r ≤ 0.1 for the duration, where
r = log2(modifieddata/originaldata) (data means the
fundamental frequency or duration).

Here we introduce a term to simplify the explanation



Figure 2: A distribution of F 0-points for sadness with
three ideal VCV segments.

which will follow. Denoting the average fundamental fre-
quencies of V1 and V2 in a V1CV2 segment by F1 and
F2 respectively, we call a pair of F1 and F2 a ”F0-point”
of the segment. Then the permissible limit on the fun-
damental frequency within which a VCV segment can be
modified without degradation of the quality can be rep-
resented by a rectangle containing the F0-point of the
segment near its center. Fig. 1 shows that the distribu-
tion of F0-points of VCV segments contained in one of
the fundamental corpora can be covered by three such
rectangles if their centers are selected appropriately. In
other words, we have only to have as a speech database
for an emotion three sets of VCV segments of which the
F0-points are located near the three centers of the illus-
trated rectangles. With consideration for this finding we
asked the speaker who provided the fundamental corpora
to produce VCV segments with the F0-points specified by
asterisks in Fig, 2. He could produce such wave segments,
but could not produce wave segments with a specified F0-
point and in addition sounding in a specified emotion.

3.3. Prosodically Balanced Databases

Considering the property of Japanese prosody, we
changed plans for collecting VCV segments as follows.
The speaker were asked to produce VCV segments of
which F0-points were specified not by two frequency val-
ues, but by one of the four tone pairs, that is, LL, LH,
HL and HH. This time he succeeded in producing VCV
segments with specified emotions. Thus we had four sets
of VCV segments for each of the three emotions. Fig.
3 illustrates some examples of F0-points collected VCV
segments and their coverage rectangles for an emotion,
sadness.

3.4. Analysis on the Duration

The aim of this section is to derive a formula for a
phoneme and an emotion which can predict the duration
of that phoneme based on its phonemic and linguistic
context. We will name such a formula a duration for-

Figure 3: A distribution of F 0-points for sadness with
some VCV segments.

Table 1: Factors which influence the duration of a
phoneme

∗pi : a phoneme under consideration
∗pi−2, pi−1, pi+1, pi+2 : context of pi

∗sp : part of speech of w
∗Lw : location of pi in w
∗Lb : location of pi in bg

∗Ls : location of pi in s
Nw : number of morae included in w
Nb : number of morae included in bg

Ns : number of morae included in s

mula. Such formulae have been studied related to text
to speech systems of Japanese [?], but analyses on emo-
tional speech have shown the duration of phonemes at the
beginning and end of an utterance differs between emo-
tional speech and read speech. Therefore, we apply the
multiple regression analysis to the derivation of duration
formulae.

Let pi denote a phoneme under consideration,
...pi−2pi−2(pi)pi+1pi+2... denote phonemes surrounding
pi, and w, bg and s denote a word, breath group and sen-
tence including pi respectively. Table 1 lists factors which
are considered to influence the duration a phoneme pi.
These factors are decided by consulting studies on TTS
systems and analyses on emotional speech. To consider
the location of a phoneme within a word (breath group,
sentence) as a factor, we divided the word into five equal
subparts (the equality being measured by the number of
phonemes included in a subpart). The value of the factor
is described by one of five subparts at which a phoneme
pi locates. The factors marked with an asterisk in Table
1 represent qualitative data, while the factors not marked
represent quantitative data.

In the present multiple regression analysis a depen-
dent variable denoted by y is the duration of a phoneme



Table 2: Accuracy of Duration Formulae(%)

emotion t=0.2 t=0.3
anger 62.3 80.2
sadness 64.2 80.5
joy 64.3 81.6

which is quantitative, while of independent variables de-
noted by xi(1 ≤ i ≤ M) some are quantitative and the
others are qualitative. Dummy variables were used for
the qualitative factors. A regression equation is repre-
sented by

y = a0 +

MX

j=1

ajxj (1)

aj(0 ≤ j ≤ M) are called regression coefficients,
which are decided so that a sum of square errors between
observed durations of a phoneme and values computed
by Eq.(1) is made minimum. Since Eq.(1) includes many
independent variables, it is necessary to select effective
variables. For this purpose we used the following crite-
rion: (1) xj is highly correlated to y, and (2) the ratio
of a regression coefficient aj to its standard deviation is
large.

We examined the accuracy of the derived duration
formulae using a relative error of a duration predicted by
the formulae, which is defined by the ratio of an abso-
lute error between an observed duration and a predicted
duration to an observed duration. Let n0 be the number
of observed samples of a phoneme, nt be the number of
samples of which relative errors are less than a threshold
t. Table 2 shows the relation of nt/n0 to t. It follows from
Table 2 that derived duration formulae can estimate the
duration of a phoneme with an accuracy of less than 30%
for samples of 80%.

4. Listening Test

To test the proposed system we used seven sentences for
each emotion, which are neutral in the emotion. The
context of these sentences was made different in every
emotion to avoid listeners to compare same sentences in
different emotions. Twenty one synthetic utterances were
presented to twelve listeners at a random order. Each
utterance was successively repeated three times. The lis-
teners were asked to choose one of the three emotions.
This listening test showed the rate of correctly recogniz-
ing the emotion was 65.4% for anger, 96.4% for sadness
and 90.4% for joy. The most of utterances with anger
were mistaken for utterances with joy. Comparatively
high recognition rates of emotions could be obtained.
This is partially because the number of synthesized emo-
tions is three, and partially because the database of VCV
segments is appropriate in the emotional speech quality
and the dynamic range of fundamental frequencies.

5. Conclusions

This paper reported a system to synthesize emotional
speech based on a TDPSOLA method. It can gener-

ate one of three emotions, anger, sadness and joy. It has
for every emotion a prosodically balanced VCV segments
and a duration formula for a phoneme that can estimate
the duration of it given its phonemic and linguistic con-
text.

In studies on emotional speech in which formant syn-
thesizers are used, it is important to find acoustic corre-
lates for emotions. On the other hand, in corpus-based
approaches, it is essential how a database is designed to
produce emotions in synthetic speech without increasing
the size of the database. We think the proposed method
has attained this goal although the number of produced
emotions is small.

The present version of the system is so primitive that
it cannot control the intonation and loudness of synthetic
speech. The implementation of this function is remaining
as future work. It will be necessary to add a function to
prosodically emphasize specific portions of an utterance
as often observed in human emotional speech.
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