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ABSTRACT

Affective speech-to-speech translation (S2ST) is to preserve
the affective state conveyed in the speaker’s message. The
ultimate goal of this study is to construct an affective S2ST
system that has the ability to transform the emotional states
of a spoken utterance from one language to another lan-
guage. A universal automatic speech-emotion-recognition
system is required to detect emotional state regardless of lan-
guage. Therefore, this study investigates commonalities and
differences of emotion perception across multi-languages.
Thirty subjects from three countries, Japan, China and Viet-
nam, evaluate three emotional speech databases, Japanese,
Chinese and German, in valence-activation space. The re-
sults reveal that directions from neutral to other emotions
are similar among subjects groups. However, the estimated
degree of emotional state depend on the expressed emotional
styles. Moreover, neutral positions were significantly differ-
ent among subjects groups. Thus, directions and distances
from neutral to other emotions could be adopted as features
to recognize emotional states for multi-languages.

Index Terms— Spoken human-human interaction with
multi languages, commonalities of emotion perception in
multi-languages, human perception.

1. INTRODUCTION

Speech-to-Speech Translation (S2ST) is the process by which
a spoken utterance in one language is used to produce a spo-
ken output in another language. The conventional automatic
speech translation consists of three components: converting
the spoken utterance into a text using an automatic speech
recognition system, then the recognized speech is translated
using a machine translation system into the target language
text, and finally, resynthesizes the target language text using a
text-to-speech (TTS) synthesizer [1, 2]. Therefore, the tradi-
tional approach for S2ST focused on processing of linguistic
content only by translating the spoken utterance from the
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source language to the target language without taking into
account the paralinguistic and non-linguistic information like
emotional states emitted by the source. Conventional S2ST
systems output speech usually produced in neutral voice,
which is unchanged even if the input speech changes from
one emotional state to another. However, for a natural com-
munication, it is important to preserve the emotional states
expressed in the source language [3].

To produce an output of the S2ST system colored with
emotional states of the speakers at the source, firstly, it is re-
quired to detect the emotional state at the source, then, modify
the acoustic features of the neutral speech produced by TTS
system to emotional speech. Changing the source language
requires changing the training language for the Speech Emo-
tion Recognition System (SERS), i.e. adapting the system a
for different language. Therefore, the required SERS should
enable the source and target languages to be used interchange-
ably, i.e. it should possess the ability to detect the emotional
state of the source regardless of language [4, 5].

People can still judge the expressive content of a voice
for one language, such as emotional states, even without
the understanding of that language [6]. Several studies have
indeed shown evidence for certain universal attributes for
speech [7], not only among individuals of the same culture,
but also across cultures. Therefore, the aim of this study is to
investigate commonalities of human perception for emotional
speech among multi-languages. These investigations can help
us to acquire fundamental knowledge on how human beings
perceive emotional states of different languages. Understand-
ing human perception for multi-languages will be able to
guide us to construct a global automatic emotion recognition
system.

2. STRATEGY OF THE STUDY

In the literature, the emotional states are represented as cat-
egorical items such as happy, anger, or are represented as a
point in n-dimensional space, such as Valence-Activation (V-



A) space [8]. Emotion categories can be represented by re-
gions in the V-A space, where the neutral state lies in the cen-
ter, and other emotions lie in a specific region in this space
[9]. For example, happy is represented by a region in the first
quarter, in which valence is positive, and activation is high.

Several studies compared human perception for emotional
speech among multi-languages using the categorical repre-
sentation, although, using this representation for investigat-
ing human perception will not reflect the similarity and dif-
ferences among different languages. However, the dimen-
sional representation using V-A space is more convenient for
the task of comparing human perception among different lan-
guages for the following reasons. (1) In V-A space it is easy to
compare the relative position of emotional states, for instance,
to compare neutral positions among different languages. This
information can be used to normalize acoustic features in or-
der to adapt multi-languages. (2) To determine the direction
from neutral to other emotional states which can help us find
the common directional acoustic features among different lan-
guages.

3. EXPERIMENT

In this Section, the commonalities and differences in human
perception of emotional speech among multi-languages will
be investigated in the V-A space. Therefore, the values of va-
lence and activation are evaluated for three emotional speech
databases using three different languages: Japanese, German
and Chinese. These language were selected because it is usu-
ally not the second language for many people. Thirty sub-
jects from three different countries: Japan, China and Viet-
nam evaluated the emotional contents using listening test.
Four emotional states: happy, angry, neutral, and sad were
selected from the three databases. The central positions for
these emotions are calculated by the average value of valence
and activation for each emotion category separately. The cen-
tral positions of all emotional states are compared for the three
listener groups, for each database individually. This compar-
ison can guide us to find the commonalities and differences
among languages. Moreover, the differences between lan-
guages can be used to normalize acoustic features extracted
from multi-languages in order to construct a universal auto-
matic SERS for the recognition part of an S2ST system.

3.1. Database

Three emotional speech databases were selected for conduct-
ing this study, Japanese, German, and Chinese, and all of
them consisted of acted emotions. In order to compare the re-
sults among the three databases only similar categories were
selected. Therefore, the four similar categories are neutral,
happy, anger and sad. The Japanese database is the Fujitsu
database produced and recorded by Fujitsu Laboratory. In this
database, a professional actress was asked to produce utter-

ances using 5 emotional categories, i.e. neutral, happy, cold
anger, sadness, and hot anger. There are 20 different sen-
tences, each sentence has one speech utterance in neutral and
two speech utterances in each of the other categories. Thus,
for each sentence, there are 9 utterances and for all 20 sen-
tences, there are 180 utterances. Therefore, for the Japanese
database the selected utterances were as follows: 20 neutral,
40 happy, 40 anger and 40 sad, a total of 140 utterances.

The German database is the Berlin database, which com-
prises seven emotional states: anger, boredom, disgust, anx-
iety, happiness, sadness, and neutral [10]. Ten professional
German actors (five females and five males) spoke ten sen-
tences with an emotionally neutral content in seven different
emotions. These sentences were not equally distributed be-
tween the various emotional states: 127 angry, 81 bored, 46
disgusted, 69 frightened, 71 happy, 61 sad, 79 neutral. Fi-
nally, in total, 200 utterances were selected from the Berlin
database, 50 utterances of four similar emotional states as the
Japanese database.

The Chinese database of emotional speech was produced
and recorded by CASIA by 2 professional actresses and 2
professional actors. For each speaker, there are 6 different
emotions: neutral, happy, anger, sad, fear and surprise. The
four speakers spoke 400 sentences once using one emotional
state. Therefore, 192 utterances were selected from the Chi-
nese database as follows: 48 neutral, 48 happy, 48 anger and
48 sad.

3.2. Subjects

The three databases were evaluated in terms of valence
and activation using listening tests with thirty subjects: 10
Japanese, 10 Chinese, and 10 Vietnamese. All subjects are
graduate students, 5 subjects of each nationality were males
and the other 5 were females. Subjects ages are from 20 to
35. No subjects have hearing impairments.

Japanese and Chinese subjects were selected to com-
pare the evaluation results of native speakers with non-native
speaker. However, it was difficult to find German speakers to
participate as subjects. Therefore, Vietnamese subjects were
selected to investigate whether subjects can recognize the
emotional state without understanding all the used languages.
No subjects have any knowledge about the German language.
Japanese and Vietnamese subjects do not have any knowledge
about the Chinese language.

3.3. Procedure

Most of the existing emotional speech databases were anno-
tated using the categorical approach, including the selected
databases. Therefore, listening tests are required to anno-
tate each utterance in the used databases using the dimen-
sional representation. Thus, the three emotional databases
were evaluated through listening tests in terms of valence and



activation. Each emotional speech database was evaluated
three times by the three listener groups: Japanese, Chinese,
and Vietnamese. For valence and activation evaluations, a 5-
point scale {-2, -1, 0, 1, 2} was used. Valence scale is very
negative (-2), negative (-1), neutral (0), positive (1), and very
positive (2). Activation scale is very calm (-2), calm (-1),
neutral (0), excited (1), and very excited (2). Before starting
the experiment the basic theory of dimensional representa-
tion was explained for subjects following the work of Mori
et al. [11]. Then they took a training session to listen to an
example set composed of 16 utterances, which covered the
five-point scale. The purpose of this training set is to let sub-
jects understand the dimensional representation. A pre-test
was conducted to test the subjects’ ability to score the emo-
tional sensitivity. In this test, subjects were asked to evaluate
another set of 16 utterances different from those used in the
training. Subjects who gained more than 60% accuracy in the
pre-test were allowed to participate in the main-test.

In the main-test, a MATLAB GUI was used for evalua-
tion. All stimuli from the three databases were presented ran-
domly through binaural headphones at a comfortable sound
pressure level in a soundproof room. Subjects were asked to
evaluate their perceived impression from the way of speak-
ing, not from the content itself, and then choose a score on
the five-point scale for valence and activation individually in
two different sessions. The average of the subjects’ rating for
valence and activation was calculated per utterance.

3.4. Agreement between subjects

The inter-rater agreement was measured by means of pairwise
Pearson’s correlations between every two subjects’ ratings,
separately for valence and activation. Subjects who gained
lower than 0.60 correlations with other subjects were removed
from the final analysis. Finally, it was found that all subjects
agreed from moderate to a high degree for valence and acti-
vation.

4. EXPERIMENTAL RESULTS

The results of the listening experiments for the three subject
groups in the V-A space were compared as follows. Each
emotional state (E) represented by ellipse in the V-A space,
where the center of this ellipse is (zg,yr) and where =g
and yp are the average of valence and activation of the emo-
tional state E. Moreover, the horizontal and vertical radius
of this ellipse are the standard deviation of valence and acti-
vation, respectively. The center of each ellipse was consid-
ered the central position of the represented emotional state.
Figure 1 shows the position of emotional states: happy, an-
gry, neutral and sad in V-A space for the three databases:
(a) Japanese, (b) German, and (c) Chinese. The colors Red,
Blue and Green represent the three subjects groups Chinese,
Japanese and Vietnamese, respectively.

o Anger |
Happy
[
i)
20
g Nedutral
T® ’
Sad —Chinese
ot —Jgpanese
Vietnamese
-2 -1 0 1 2
Valence

(a) Japanese Database

2 Anger 1
( ' A \} Happy
——
1k € g ++ y ] J
C
=}
S o &
2 Neutral
- t'@ |
—Chinese
ol Sad — Japanese
Vietnamese
-2 -1 0 1 2
Valence
(b) German Database
2, -
/Anaer
1 \O N __Happy ]
c \/ -
8 £\
© Neutral
<
Sad — Chinese
o : —Japanese |l
Vietnamese
-2 -1 0 1 2
Valence

(c) Chinese Database

Fig. 1. Emotional states position in valence-activation space.

4.1. Neutral position

In order to investigate whether the position of neutral states
are the same or not for the three listener groups, statistical



analysis was used. Analysis of variance (ANOVA) was con-
ducted to check whether there is a significant difference be-
tween the neutral positions among subject groups. The results
were as follows: For the Japanese database, a significant dif-
ference among the three groups was observed for both valence
and activation: valence (F[2, 57] = 5.54, p < 0.05), activa-
tion (F[2, 57] = 39.52, p < 0.05). Moreover, the results for
the German database were as follows: valence (F[2, 147] =
4.89, p < 0.05), activation (F[2, 147] = 8.60, p < 0.05). For
the Chinese database there was a significant difference for the
position of activation (F[2, 141] = 7.69, p < 0.05). How-
ever, the results for valence were not significant. Therefore,
the results for each pair of subjects were compared to check
the difference between each pair. It is found that the there is
a significant difference between the Chinese and Vietnamese
where (F[1, 94] = 4.78, p < 0.05).

For the Japanese database it is clear from Fig. 1(a) that
the Japanese response is in the center of the V-A space but, the
Chinese response is negative and calm while the Vietnamese
response is positive and exited. For the Chinese database as
shown in Fig. 1(c), the Chinese response is in the center,
but other listeners responses are positive and strong. For the
German database as shown in Fig. 1(b), since German is
not the mother language for any of the subjects, all listeners
responses are negative; Chinese and Japanese are calm but
Vietnamese are exited. These results reveal that the positions
of neutral states in three languages are different i.e. the neutral
positions depend on the subjects-native language.

4.2. Direction from neutral to emotions

In order to investigate whether the direction from the neutral
state to other emotional states are similar or not among listen-
ers, the angle between the direction from neutral to emotional
state and the horizontal direction towards positive valence is
used as a metric. This angle is calculated by the following
equation:

rp — TN

angle = arctan

where (zg,yg) is the center of the emotional state E, and
(xn,yn) is the center of the neutral state N, as explained
above. Table 1 lists the angle between the direction from neu-
tral to other emotional states and the horizontal direction to-
wards positive valence for the three subject groups. By com-
paring these results, it is clear that the direction from neutral
to other emotions was similar for the three listener groups,
for all databases. For example, in the case of the Japanese
database as shown in Table 1(a) the directions from Neutral-
to-Anger are very similar: 132°, 129° and 133° for Japanese,
Chinese and Vietnamese subjects, respectively. The same
trend was observed for all emotions in the German and Chi-
nese databases as shown in detail in Tables 1(a), 1(b) and
1(c). Therefore, we can conclude that directions from neutral

Table 1. Angles between direction from neutral to other emo-
tions and horizontal direction towards positive valence.

(a) Japanese Database.

Angle (deg.) Japanese | Chinese | Vietnamese
Neutral-Happy 41° 44° 38°
Neutral-Anger 132° 129° 133°

Neutral-Sad 230° 223° 229°

(b) German Database.

Angle (deg.) Japanese | Chinese | Vietnamese
Neutral-Happy 53¢ 47° 49°
Neutral-Anger 130° 126° 125°

Neutral-Sad 229° 227° 233°

(c) Chinese Database.

Angle (deg.) Japanese | Chinese | Vietnamese
Neutral-Happy 32° 39° 35°
Neutral-Anger 121° 125° 128°

Neutral-Sad 233° 222° 227°

state to emotions on V-A space are similar among languages.
This result suggests that we can perceive emotional states cat-
egorically even not understanding languages. However, from
this result it is not clear if human can also perceive the same
or different degree of emotions. Therefore, in the next sub-
section we will investigate whether different listener groups
perceive the same degree of emotional state or not.

4.3. Degree of emotional state

The distance from the neutral to each emotional state in the
V-A space represents the degree of emotional state. The
greater the distance is, the stronger the emotion and vice-
versa.Therefore, in order to investigate whether the degree
of the emotional state is similar or not among different lan-
guages, the Euclidean-distance between the neutral state and
other emotional states, happy, anger and sad, is used as a
metric. The distance between the center of each emotional
state and the center of neutral state is calculated using the
following equation:

d(E,N) =+/(zg —2n)2+ (y& — yn)? )

The definition of the symbols is the same as in Eq. (1). The
results are listed in Table 2. By comparing the degree of emo-
tional states for the three subject groups for each database
individually, it was found that the degrees are similar for the
three groups for the Japanese and German databases. For the
German database, as listed in Table 1(b) the distance between
anger and neutral was very similar: 2.00, 1.94 and 1.87 for
Japanese, Chinese and Vietnamese subjects, respectively.
However, for the Chinese database there are differences
among listeners as follows: (1) the distance between Neutral-
Happy which represents the degree of happiness varied from




Table 2. Distance between neutral and other emotional states.
(a) Japanese Database.

Distance Japanese | Chinese | Vietnamese
Neutral-Happy 1.46 1.85 1.58
Neutral-Anger 241 2.55 221

Neutral-Sad 1.59 1.49 1.73
(b) German Database.

Distance Japanese | Chinese | Vietnamese
Neutral-Happy 1.45 1.60 1.51
Neutral-Anger 2.00 1.94 1.87

Neutral-Sad 1.55 1.77 1.72
(c) Chinese Database.

Distance Japanese | Chinese | Vietnamese
Neutral-Happy 0.44 0.85 0.61
Neutral-Anger 1.05 1.52 1.35

Neutral-Sad 1.41 1.80 1.49

0.44 for Japanese listeners to 0.85 for Chinese listeners, (2)
the degree of anger varies from 1.05 for Japanese listeners to
1.52 for Chinese listeners, (3) the degree of sadness ranged
from 1.41 to 1.80 for Japanese and Chinese, respectively.

These results suggest that the reason behind these vari-
ation is how well each emotional state in each database
well performed. The Japanese and German database were
recorded using professional actress and actors; therefore, the
emotional state was well-performed which indicates why the
degrees of emotional stat are similar. However, the Chinese
database was recorded by non-professional actors; therefore,
the emotional degree varies from speaker to the speaker.
These results indicate that subjects using different languages
perceive different degrees of emotional state depending on
how well performed the emotions were. However, native
listeners can perceive the strongest degree of emotional state,
as can be seen with the Chinese database.

S. DISCUSSION

In the previous section we investigated the commonality and
differences of human perception for perceiving emotion for
different languages in the V-A space. In order to discuss
the obtained results, we try to answer the following three
questions. First, are the neutral positions the same or differ-
ent among different languages? Second, whether the direc-
tions from neutral to other emotional states are similar or not?
Third, whether human subjects can estimate the degree of
emotional states for different languages i.e. cross-lingually?
Regarding the first question which investigates whether
the position of the neutral state is language dependent or not,
the results of statistical analysis using ANOVA tests reveal
that the neutral positions are significantly different for acti-
vation for all subject groups: Japanese, Chinese and Viet-

namese. However, the results for valence were statistically
different for the Japanese and German database. From Fig.
1, it is clear that the position of neutral is different among
the three subjects groups. For example, evaluation for neutral
for the Japanese database as shown in Fig. 1(a) shows that
Japanese evaluation is in the center of V-A space; however,
Vietnamese evaluation is positive as represented by the Green
ellipse. On the other hand, Japanese neutral was negatively
evaluated by Chinese subjects as represented by the Red el-
lipse. For the German database the neutral positions for the
three subjects were negatively evaluated since German is not
the native language for any listeners. Therefore, the answer
of the first question is that neutral positions were significantly
different among the three subject groups, which indicates that
neutral position depends on the subjects’ native language.

The direction from neutral state to other emotional states
and the horizontal direction towards positive valence were
compared for the three subject groups. The results reveal that
directions from neutral to other emotional states were similar
for the three subject groups for all databases. Thus, the an-
swer of the second question can be summarized as follows:
directions from neutral state to emotions on V-A space are
similar among subject groups. This result indicates that sub-
jects can recognize emotional categories even without under-
standing the speaker language.

Moreover, the Euclidean-distance between the neutral
state and emotional states, happy, anger and sad, is used as
a measure for the degree of emotional state. The results in
Tables 2(a), 2(b) and 2(c) indicate that subjects’ estimation
for the distance between neutral and other emotional states
were quite similar when the emotion was expressed by pro-
fessional such as with the Japanese and German databases.
For the Japanese database all emotional styles were very well
preformed and responses from the listeners are similar for sad
and anger. However, for happy, the responses of the Japanese
listener group are weaker than others. The German database
is similar to the Japanese database in that the emotional styles
were well-performed. Thus, it seem that there are no differ-
ences in each emotion style. However, for Sad, the response
of the Chinese listener group is stronger than others.

Emotional styles in the Chinese database are not so clear
and there are some differences among listeners. Therefore,
this database is suitable to discuss listener responses in real-
life. For the Chinese database the responses of Japanese were
weaker than the Vietnamese responses, which was moder-
ate; however the Chinese response was the strongest. This
study suggests that cultural differences are the main reason
behind these results because Chinese listeners’ responses are
stronger and Japanese listener responses weaker, even in the
Japanese and German databases. The reason why the Chinese
responses are stronger should be investigated in more details
in the future. Thus, the answer of the third question is that
the degree of emotional state depend on the clearness of the
emotional database and the needs of more investigation.



The most important results from this study are that hu-
man perception for different languages is identical in the V-A
space i.e. the directions from neutral voice to other emo-
tional states are common among languages. However, the
neutral positions are different among languages. Thus, direc-
tions could be adopted as features for recognizing emotional
states in multi-languages. Moreover, it is also important to
normalize the features of emotional states by the features of
neutral state for each language individually. These findings
can be used for adapting emotion recognition system for dif-
ferent languages, which can be used in the recognition part of
S2ST system.

6. CONCLUSION

In this paper, we attempted to find the commonalities and dif-
ferences in human emotion perception for multi-languages
on the valence-activation space. Therefore, three emotional
speech databases in three different languages, Japanese, Ger-
man, and Chinese, were analyzed in valence-activation space.
Four emotional states, happy, angry, neutral, and sad, were
selected from the three databases. Thirty subjects from three
different countries, Japan, China and Vietnam, evaluated the
three databases in terms of valence and activation. The cen-
tral positions of all emotional states were calculated by the
average of valence and activation. The results reveal that the
directions from neutral to other emotions are similar among
subjects groups.

It also found that subjects estimation for the degree of
emotional state depend on the expressed emotional styles.
The perceived degree for all listeners is similar when the emo-
tional styles are clearly expressed by professionals, while the
perceived degree varies when the emotional styles are not
clear i.e. expressed by non-professional, such as with the
Chinese database. The positions of neutral states were signif-
icantly different for the three listener groups, which indicates
that neutral position depend on the subjects’ native language.
The most important results are that, directions from neutral
state to emotions could be adopted as features to recognize
emotional states in multi-languages; moreover, the results of
neutral positions indicate that the acoustic features extracted
for emotional speech in multi-languages should be normal-
ized by the acoustic features of neutral. This adaption can
help us construct a general speech emotion recognition sys-
tem, which can be used to detect the emotional states of the
source language in a speech-to-speech translation system.
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