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ABSTRACT

In this paper, the relation model which relates the physical
changes caused from the speech including emotion to the
emotional content perceived from the speech is proposed.
Using the statistical bases extracted from each physical pa-
rameters and emotion words instead of themselves, the model
enables to relate them independently on how to choose those
variables. Also in this model, emotion which are shared
among the listeners, so to speak the emotion stereotype, is
considered as the standard in stead of the emotion intended
by the speaker, accordingly the emotion can be supposed
to be observable and reproducible. In this study, first, the
physical parameters are calculated and emotional contents
of several speeches are obtained through a psychological
experiment, and they are processed by the statistical meth-
ods to get the orthogonal bases respectively. Second, these
bases are related linearly by the multiple regression analy-
sis. Consequently, the relation information which enables
transformation between physical parameters and emotional
content of the speech is obtained.

1. INTRODUCTION

Recently, the remarkable progress of the information com-
munication infrastructure and the various development of
the multimedia technology enables to provide many levels
and kinds of information communication services to con-
sumers. The “objects” in such services not only carry terri-
ble and routine tasks out, but extend its role to the partner
for the mental metabolism in the communication. In order
to provide a kind of comfortability of a life through human
machine communication, it is supposed to be necessary of
the objects to understand, so to speak, the human factors
such as emotion and also to imitate them. In the past studies,
many researches concerned with emotion information car-
ried by speech have been conducted aimed to such human-
friendly technologies [3, 4, 5, 8, 9]. Almost of them are to
formulate the relation between the physical parameters and
the emotional content, and to synthesize emotional expres-
sion on the neutral speech, but not enough results have been

obtained. Because the psychological quantity of emotion
have the decision factors such as cultural background of the
participants of the communication, situational context, vo-
cal personality and meanings of words and so on, so a kind
of the limitations or the conditions are required in order to
treat it engineeringly and the differences among the view-
points of the studies are reflected in such constraints. In the
past studies, such constraints have rarely been investigated,
accordingly it is supposed to have been difficult to clarify
the relation among results of the studies.

The constraints which should be considered are that 1)
the definition of the emotion which is appropriate to the
engineering approach, 2) how to choose the observed vari-
ables, it means that what kinds of emotions are related to
what kinds of physical features of speech?, and 3) the method
of modeling the relation between emotions included in the
speech and physical quantities of the speech.

In this paper, the solution about these constraints is pro-
posed and the computational model which relates the phys-
ical changes of speech caused from including emotion to
the emotion perceived from the speech is implemented, in
which the relation between the psychological and the physi-
cal aspects of the speech which carries emotional content is
defined as the relation information.

In section 2, the proposed model is briefly explained.
In section 3, the statistical methods to obtain the relation
information are shown, the model is implemented in section
4. In section 5, the results of the statistical methods are
shown and the efficiency of the model is discussed. The last
section concludes this study.

2. THEORY

2.1. Relation model

In communication, it is supposed that two types of emo-
tion exist; one is the subjective one which is intended by
the speakers, and the other is the emotion stereotypes which
is rearranged or shared among those who observe the emo-
tional expression objectively. The former, which is affected



by the outer factors such as the environment, the inner fac-
tors such as physiological conditions and also the previous
emotional state, is difficult to observe because it is impos-
sible to determine the causality among those decision fac-
tors. Meanwhile many of the past studies put the emotion
standard on the former emotion. To the contrast, the latter
is supposed to be observable through the statistical meth-
ods such as the subjective experiments [2]. Accordingly, it
is supposed to be effective to evaluate the emotional content
of the speech from the viewpoints of the listeners, especially
for the purpose of measuring the psychological quantities of
emotion. This study regards the latter one as the standard of
emotion.

It is in fact necessary to select the limited number of
the observed objects of physical parameters and emotion
words for the experiments, and the selected objects mean
the representatives of the object space. In past researches,
the observed emotion words are selected based on so called
the fundamental emotion [1, 10, 11] which had been pro-
posed by the specified psychologist, while there have never
been the studies which based on the emotion stereotypes. In
this study, the emotion words from the past references and
the results of the preliminary experiments are all gathered
and used in the subjective evaluation experiments and a set
of emotion words which are approximately independent on
each other is obtained as the representatives of the stereo-
types of the emotion. About the physical parameters, the
physical features of the speech which include emotions have
been investigated in the past studies [1], and in the results of
them, it has been said that the prosodic components of the
emotional speech is the carrier of para-linguistic informa-
tion such as the intention of the speaker and non-linguistic
information such as emotion. Accordingly also in this study,
the prosodic components of speech is analyzed in order to
measure physical aspects of an emotional speech.

On the other hand, the correlation among the prosodic
parameters or emotion words has rarely been considered in
the past studies. From the results of the preliminary statis-
tical experiments here, however, it has clarified that there
are strong correlation among prosodic parameters, more-
over among emotion words. It indicates that the physical
parameters and emotion words used for relating themselves
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Figure 1: Proposed relation model

include redundancy and they are likely to be partial in the
physical and psychological space respectively. So in this re-
search, these observed parameters are regarded as the points
in the coordinate system of the orthogonal bases. It is sup-
posed to be efficient to summarize physical parameters to
the several basic components because it becomes possible
to get relation information which is independent on how to
choose the observed variables. Fig.1 shows the proposed
model, the relation information is obtained by the process
indicated as the solid line part.

2.2. Relation information

The past studies have mattered the evaluation values e in the
subjective evaluation experiments and the physical parame-
ters p themselves when they are related, while in this study,
e is analyzed by the factor analysis to extract the factors
which are basic vectors of the psychological space, and the
factor scores f, which is obtained by mapping e to the basic
space, and the factor loadings matrix A, by which e can
be transformed to f, are both estimated. And p is analyzed
by the principal component analysis to extract the principal
components which are basic vectors of the physical space,
and the principal component scores ¢, which is obtained by
mapping p to the basic space, and the eigen vectors A,
by which p can be transformed to ¢, are both calculated.
Then the multiple regression analysis where ¢ and f are re-
garded as the predictor variables and the criterion variables
respectively is conducted to obtain the partial regression co-
efficients matrix A, as the relation information (Fig.1). By
using the relation information, it becomes possible to calcu-
late the emotional content of the speech from the prosodic
parameters and to obtain the physical changes given to the
neutral speech to synthesize the desired emotional speech.
In the following section, the statistical methods used to ob-
tain the relation information are shown.

2.3. Statistical methods
2.3.1. Factor analysis

In this study, it is assumed that the emotional concepts de-
scribed by the emotion words consist of the linear combi-
nations of the basic factors. Accordingly the factor analysis
which is called ‘analytic analysis’ is applied in order to ex-
tract the basic factors. Eq.(1) describes the factor analysis
model.

e = Zaijfj + o;, (D
J

where e = {e;|i = 1,---, s} stands for observed variables
which is described by the linear combination of the common
factors f = {f;|j = 1,---,m;m < s} and the original fac-
tors 0. o denotes a component of the factor loading matrix




Ay (s x m), where s, m stands for the number of variables
and factors respectively. The purpose of factor analysis is
to estimate this factor loading matrix Ay and the common
factor scores f.

Observed variables here are the subjective evaluation
values for emotional content of speech. Extracted common
factors f; is called emotional concepts as the basic concepts
of the stereotype shared among the listeners of emotional
speech. In this study, the main factor method and the re-
gression estimation method are applied to estimate common
factors and factor scores respectively.

2.3.2. Principal component analysis

It is assumed that bases of prosodic changes caused from the
speech including emotion consist of linear combination of
several prosodic parameters, and principal component anal-
ysis is applied to extract the bases. The model of principal
component analysis is described in Eq.(2).

cr = Z Bripi, @
[

where p = {p|l = 1,---,t} is observed variables, and the
principal component scores ¢ = {cglk = 1,---,n;n < t}
is described by linear combination of p;. [j; stands for a
component of eigen vector matrix A.(n X t), where ¢, n
denotes the number of parameters and principal components
respectively. The purpose of principal component analysis
is to calculate eigen vector matrix A..

Observed variables here is delta of prosodic parameters
of speech from neutral state. Principal component scores cy,
is called emotional parameters here as basic physical com-
ponents which carry emotional information on speech. In
this study, the main factor method is applied to estimate
principal components.

2.3.3. Multiple regression analysis

It is assumed that several emotional parameters contribute to
communicate emotional concept by speech here, and multi-
ple regression analysis is conducted in which the former is
regarded as the criterion variable and the latter is as the pre-
dictor variable. Obtained partial regression coefficients is
considered as the relation information. The model of multi-
ple regression analysis is described in Eq.(3).

£i = vikck, 3)

k

where 7, denotes a component of the partial regression co-
efficients matrix A,,(m X n). The purpose of multiple re-
gression analysis is to estimate the combination coefficient
matrix A,y,.
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Figure 2: Obtaining the relation informations.

Table 1: Emotion words

1. anger 17. tolerance 33. satisfaction
2. joy 18. gloat 34. boring

3. disgust 19. disappointment | 35. painful

4. contempt |20. scolding 36. hope

5. funny 21. sorrow 37. happy

6. worry 22. fear 38. favorite

7. kind 23. hateful 39. dislike

8. relief 24. scorn 40. displeased
9. outrage 25. delight 41. discouragement
10. shame 26. cynicism 42. criticism
11. calm 27. indifference 43. anxiety
12. admiration | 28. praise 44. surprise
13. irritation |29. pride 45. flurried
14. complaint |30. love 46. amazed
15. longing 31. grief

16. pitiful 32. flattery

3. OBTAINING RELATION INFORMATION

Fig.2 indicates the flow of obtaining the relation informa-
tion. The left side of of the figure shows about extracting
bases of emotion space, the right side about extracting ba-
sis of physical space and the lower side about relating those
bases. For the purpose of getting the relation information, it
is necessary to prepare the neutral speech and the emotional
speeches which include various emotions.

3.1. Collecting emotional speech

Because any of emotional speech databases in japanese do
not exist yet, it is necessary to collect emotional speech
data for the experiments. In this study, 4 words of /omae/,
/sonna/, /miroyo/ and /hayaku/ are spoken by 4 actors, who



are instructed to utter many kinds of emotional speech re-
ferring to the emotion words in Table 1. In this study, the
words which consist of one syllable are used for avoiding
the effect of the context, and which are used in usual life
with various emotion expressions. 10 kinds of utterances
per words, 445 speech data in all are stored. Each speech is
sampled by 44100 Hz and quantized in 16 bit linearly.

3.2. Extraction of emotion words
3.2.1. Subjective evaluation experiment

Although it is necessary to obtain the evaluation values for
more number of speech stimuli than the number of the eval-
uation terms, but about 2 x 10* evaluation (445 speeches and
46 emotion words) should cause in distortion of the fairness
of the evaluation by tiredness of subjects. Accordingly, it
is actually appropriate to decrease the number of emotion
words to several significant number.

Then the subjective evaluation experiment is divided to
two steps. At first, the several significant evaluation terms
(emotion words) are selected by using all words in Table 1
in the preliminary experiment. Second, the subjective eval-
uation experiment is conducted using the selected words,
and the obtained psychological data is analyzed by the fac-
tor analysis to extract the factor. The number of speech data
is also decreased at the preliminary experiment.

The subjects consist of 18 students (16 males and 2 fe-
males). They are instructed, “Please evaluate the speech
about how extent it includes each emotion relative to the
reference speech and check the correspondent number on
the questionnaire”. If the objective speech is presented only
once before evaluation, it is difficult to evaluate all 46 terms
equivalently. And if the objective speech is repeated to keep
the impression, it is afraid the effect of paralysis occurs. So
in this experiment, the set of the reference speech and the
objective speech is presented repeatedly because it can be
assumed that the subjects are initialized by listening to the
reference speech every time.

On the other hand, in order to avoid the effect caused
from the order of the evaluation terms on the questionnaire
(Fig.3), it is randomized about all subjects, and the pre-
sented set of speech is also randomized about three groups
of the subjects. The psychological data is summarized by
calculating the medium values of the subjects.

3.2.2. Extraction of emotional concepts

The psychological data obtained in the subjective experi-
ment is analyzed by factor analysis to extract factors (emo-
tional concepts). The number of factors is determined by
the cumulative contribution which exceeds 70% here.

never verylittle  little cannot slightly almost quite
included included included judge included included included
joy 1 2 3 4 5 6 7
anger 1 2 3 4 5 6 7
. .
° o
. .

Figure 3: Sheet format for evaluation of emotion
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Figure 4: Structure of speech data

3.3. Extraction of emotional parameters
3.3.1. Prosodic parameters

The prosodic components of the speech means height, strength,
rhythm and tempo, and in this study, Fp, short-time aver-
age power and velocity of an utterance are calculated as the
prosodic parameters. F{ and short-time average power are
calculated in log scale for whole part of the speech, and the
average value and the dynamic range of the temporal tran-
sition and its first differentiation are calculated. Fj is esti-
mated for the voiced part judged automatically using FFT
cepstrum, where the frame length is 1024 points and the
frame interval is 512 points.

Fp and power amplitude is transformed to log scale based
on Weber—Fechner’s law.

3.3.2. Extraction of emotional parameters

The prosodic parameters of the emotional speech are nor-
malized by those of the neutral speech, and analyzed by
principal component analysis to extract the principal com-
ponents (emotional parameters). The number of the princi-
pal components is also determined by the cumulative con-
tribution which exceeds 70% here.

3.4. Relating bases

Based on the assumption that the extracted factors (emo-
tional concepts) consist of the linear combination of the



Table 2:_Selected emotion words
1. anger

cynicism

fear

SOITOW

surprise

flattery

calm

funny

e e A o

principal components (emotional parameters) which are the
physical carrier of emotion, the multiple regression analy-
sis is conducted where the factor scores are regarded as the
predictor variables and the principal component scores are
as the criterion variables.

4. RESULTS OF PROCESSING

4.1. Chosen emotional words and speech data

As the result of a subjective evaluation experiment in which
all words in Table 1 are used, 9 words in Table 2 were
chosen by means of that the correlation coefficients were
calculated among all evaluation value vectors correspon-
dent to each words in Table 1, and those which have large
positive coefficients were interpreted as similar words and
merged, while those which have large negative coefficients
were interpreted as positioning opposite side of psycholog-
ical space and remained.

Then more than 10 speeches is necessary to keep relia-
bility of factors for 9 words statistically, accordingly speeches
of 445 speeches in Table 3 which seem to include emotions
easy to judge and different each other are selected in order
to reduce the load for the subjects in the 2nd step of subjec-
tive evaluation experiment.

anger fear calm joy
-0.9185 -0.4050 +0.7470 +0.9283
1.0 H—— : 1.0
-0.7457 +0.8104
sorrow funny

Figure 5: Positioning of evaluation terms for the 1st emo-
tional concept

Table 3: Speech for obtaining relation information

# Speaker  Word
1. A /miroyo/
2. A /sonna/
3. A /sonna/
4. B /hayaku/
5. B /miroyo/
6. B /miroyo/
7. C /miroyo/
8. C /omae/
9. D /miroyo/
10. D /omae/
11. D /omae/
12. D /sonna/

Table 4: Extracted factors (Emotional concepts)

factor# | C[%] | CC[%]
1 44757 | 44.757
2 | 30444 | 75.202
3 12.655 | 87.857

4.2. Result of extraction of emotional concept

As the result of factor analysis for psychological data ob-
tained using 9 words in Table 2, the factors in Table 4 were
extracted, where C and CC are abbreviations of contribution
and cumulative contribution respectively. The positions of
the factors which have relatively large factor loading on the
factor loading axes and shown in Fig.5 and 6, where factor
loading were estimated by varimax rotation.

In Fig.5, ’joy’, "funny’ and ’gentle’ position at +1.0 side
and ’anger’ and ’sorrow’ at -1.0 side, therefore the 1st fac-
tor axis can be identified as ’pleased-displeased’ axis. And
in Fig.6, ’cynical’ and, though it has small absolute value,
’funny’ exist at +1.0 side and ’fear’ and ’surprise’ at -1.0

side, therefore the 2nd factor axis can be interpreted as "tension-

slackness’ axis. Moreover in Fig.7, emotions of ’fear’ and
’surprise’ and those of ’gentle’ and ’funny’ position at op-
posite side of the axis, so it can be interpreted as the 3rd axis
“attention-refusal’ reported in past studies [1]. These factors
extracted here are consistent with basic concepts reported in
psychology [10].

4.3. Result of extraction of emotional parameters

Prosodic parameters mentioned in 3.3.1 are calculated for
all speeches in Table 3, which are normalized by neutral
one and analyzed by principal component analysis. The re-
sult is shown in Table 5, and the positioning of prosodic
parameters which have relatively large principal component



fear  surprise funny cynicism
-0.8561 -0.6802 +0.4209 +0.9442
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Figure 6: Positioning of evaluation terms for the 2nd emo-
tional concept
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Figure 7: Positioning of evaluation terms for the 3rd emo-
tional concept

loadings on the principal component axes are shown in Fig.8
and 9.

In Fig.8, average of F{y and power negatively contribute
to the 1st principal component and average of differential
of power contour positively contributes to it, therefore the
1st principal component can be interpreted as ’loudness of
whole speech’ (sign inverted) axis. Also in Fig.9, the 2nd
principal component doesn’t have any parameters which have
large loadings, but dynamic range and differentiation of Fjy
contour strongly contribute to it on the positive side in stead,
accordingly it can be interpreted as ’inflection’ axis. The cu-
mulative contribution exceeds 70%, so these two principal
components are supposed to be dominant in physical space.

4.4. Result of relating bases

Factor scores and principal component scores were estimated
for all speeches in Table 3 and these were analyzed by mul-
tiple regression analysis to obtain the partial regression co-
efficient matrix A,,, shown in Table 6. Numbers in () are
the standardised partial regression coefficients which indi-
cate importance of each predictor variables. Examining par-
tial regression coefficients in Table 6, it is found that the
louder and the more inflective the speech changes, the more
"pleased’ emotion is included, and the more silent and the

Table 5: Extracted principal components

principal component# | C [%] | CC [%]
1 44.63 | 44.63
2 2558 | 70.21

Fo average
-0.9185

power average
-0.4050

power difference average
+0.7470

10 | +1.0

-0.8651
power dynamic range

Figure 8: Positioning of prosodic parameters for the Ist
emotional parameter

Fo difference average Fo dynamic range

+0.4161 +0.9192
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Figure 9: Positioning of prosodic parameters for the 2nd
emotional parameter

calmer the speech changes, the less ’slackness’ emotion is
included. Moreover it can be said every factors (emotional
concepts) weights on loudness of speech from the values of
the standardised partial regression coefficients.

On the other hand, in order to evaluate the accuracy
of multiple regression analysis, multiple correlation coeffi-
cients and coefficients of determination, which are modified
in terms of the number of speech, are calculated as shown in
Table 7. Multiple correlation coefficients means the correl-
ative relation between the factor scores estimated from the
prosodic parameters of speech and the factor loadings esti-
mated from the subjective evaluation values, and as shown
in Table 7, though it is a little insufficient in its accuracy for
the 1st factor, almost good analysis result was obtained for
the 2nd factor.

5. DISCUSSION

5.1. Concerned with the result of relating processing

The reason why the accuracy of relating processing was
insufficient is supposed that variance of the psychological
data includes not only emotional component but personality

Table 6: Partial regression coefficients

Ist prin. comp. 2nd prin. comp.
Ist factor | —0.1717 (—0.3441)* | +0.1123 (+0.1704)
2nd factor| +0.3039 (+0.6091) |—0.0849 (—0.1288)

* numbers in () means standardised partial regression coefficient



Table 7: Evaluation of the multiple regression analysis

factor# | mult. corr. coeff. | coeff.of det.
1 0.38 0.15
2 0.62 0.39

or meanings effects, because speech were uttered by sev-
eral speakers using several words. On the other hand, linear
model has been assumed here, it also can be supposed to be
one of the reasons to ignore the nonlinear relation among
physical parameters.

Accordingly it is supposed to be effective to use the
speech uttered by only one person using a meaningless word
and to incorporate some nonlinear methods such as neu-
ral networks without changing the framework in this study
which transform observable emotions and physical parame-
ters to bases to relate them.

5.2. Validity of factor interpretation

To verify the validity of interpretations given to factors, emo-
tion included in speech is evaluated again based on the in-
terpretation of factors and the correlation with the factor
scores. The 1st factor is examined here, because it was
given an interpretation which seems to be easy to recog-
nize for human. In the subjective experiment, the 5 subjec-
tives other than those in 3.2.1 were instructed to evaluate
speeches in Table 3 on the questionnaire with 7 steps for
rating for ’pleased-displeased’ measurement, which is the
interpretation of the Ist factor. In Fig.10, average values
among 5 evaluation values is on the horizontal axis and the
normalized 1st factor scores estimated for each speech in
4.2 is on the vertical axis. The correlation coefficient be-
tween these axes is 0.6056, it can be said that the interpreta-
tion word ’pleased-displeased” describes this factor almost
well. Also in order to examine the correlation relation be-
tween the subjective evaluation values and the factor scores
calculated by the relation model implemented in this study,
the points for the same horizontal axis of Fig.10 and the 1st
factor scores calculated from physical parameters of speech
based on the relation information on the vertical axis were
plotted on Fig.11.
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Figure 10: Relation between the evaluation values on
‘pleased—unpleased’ axis and the estimated 1st factor scores
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Figure 11: Relation between the evaluation values on
‘pleased—unpleased’ axis and the 1st factor scores

From Fig.11, positive correlation (correlation coefficient is
0.4434) can be seen between these axes though it is small.
Accordingly it can be said that the validity of the interpreta-
tion word given for the 1st factor is verified.

6. CONCLUSION

In this paper, the relation model is proposed, in which the
emotion perceived by listeners from speech is related to the
physical changes caused from the speech including emotion
through orthogonal bases. This model gives a solution to the
issue of relating emotion carried by speech to the physical



changes caused from it, which is unavoidable when emotion
is engineeringly treated in emotion information processing.

As the result of implementing this model, the emotion
stereotype shared among listeners are summarized in 9 words,
and the basic concepts obtained from these words through
factor analysis are 3 of "pleased-displeased’, "tension-slackness’
and ’refusal-attention’ axes which are consistent with the
basic emotions reported by Schlosberg [10], which was based
on facial emotional expressions, so it is interesting that the
same basic concepts were obtained beyond different media
types. And it was also found that the components of ’loud-
ness’ and ’inflection’ are significant in physical changes caused
from the speech including emotion.

In the future, as mentioned in 5.1, it is necessary to im-
prove the accuracy of the relation information and to con-
struct the system [7] which is able to recognize and synthe-
size vocal emotion by means of using parameters suitable
for speech synthesis.
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