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ABSTRACT

We have developed three ¢orpora of emoiional speech which
were designed to maximize the expression of cach emotion
(expressing joy. anper, and sadness) for use with CHATR, the
concatenative speech synthesis system being developed at ATR.
A perceptual experiment was conducted using the synthesized
speech generated from each emotion corpus and the results
proved to ba significantly identifiable. Authors® current work is
to identify the local acouwstic feamares relevant for specifying a
particular emotion type. FO and dumtion showed sigmificant
differences amzong emoton types. Also. AV (amplimde of
voicing source) spd G (glottal noise) alse showed differsnces.
This paper descrbes the corpus design, the porceptual
experiment, and reports on the rasults of the acoustic analysis.

1. INTRODUCTION

Emotion plays an importans role in communication, and vocal
expression 15 one of the fundamenral expressicns of emorion, on
a par with facial expression. The realization of speech synthesis
with. cmotion it a diffcult task but it can lead o many wseful
applications such 4s commupicadon wols for people with
gpeaking dissbilities. Developing a speech corpus for CHATR
and havipg theceby CHATR synthesize cmotional speech Is a
step in this direction.

1.1. A Natural Speech Re-sequencing

Synthelic spesch clote to pamral sounding that can be heard
today is concatenative. The CHATR synthesis system of ATR,
gencrates soch speech. Being a  Ie-scquepcing  speech
symthesizer, CHATR produces an index for a random-access
retgieval of waveform sequences from the externally stored
corpns (o select target units and create new utterances. In so
doing, it removes the necessity tor signal proczssing but Instead
Tequires a larper libraty of souree units {11,

Three steps are taken for indexing. Conversion of onthographic
1ranscription te a phonemic represeniation of the speech,
alignment of the phonemes o the waveform to provide a key to
the prosedic featurs extraction, and production of a featurc
vector for each phone (identifying label, access information, 0,
duration and power). After indexing, CHATR calcuiates the
weight of each featurs per phone to determing optimal selection
of a unit. CHATR holds cepstral distance, f0. doration and
power informaton of the cumrent. previous and following

segments af each phone. The Selection of a unit is done 1o
maximize continuity and minbmnize the rarger dispance. Two
functions are used: “Targer cost” is an esimare of the
differénce berween a database unit and “concatenation cost” is
an esrimare of the quality of 2 join between consecutive mnits.

1.2. Emotion and its Vocal Expression

Emotion is described as a change in the stare of readiness for
meintaining or modifying the relationships with the environment
There are various types of emotion, snd cateporizing them if &
difficelt task. The voecal cue iz one of the fundamental
cxpressions of emotion, on a par with facial expression.
Humen can express their feeling by corying, laughing, shouting
and also by more subtle characteristics of their speech.  Murray
and Armott have conducted 2 literatare peview on human vocul
cmotion and siates that in general, the acoustic characterigrics
noted ara consistent among diffecent studies carried out, with
miinor differences being apparent. The tendencies of acoustic
features such zs 10, power and speech rate of the primary five
emotions (enger, happiness, sadness, fear and disgust) are |
summaxized in their work [2]. Voics quality, pitch chanpes
and articulation arc also roviewed, The acoustic tendency of
emotionsl speeck cxamined dbove can dlso be obscrved in
studics in Japan such as Kitahars [3] and Hirose and others [4].
The relatiomship between emotions] speech snd ite perceptus]
impression is described in Iida and others [5]-

2. DESIGNING AND TESTING A CORPUS

We have devcloped three corpora of emotiopal speech
(axpressing joy, anger, and sadness) which were designed to
maximize the expression of cach cmotion when read. Pereepiual
cxperiments were condueted to identify the emotion Lype of sach
speech corpus, and of the resynthesized speech fom CHATR
wilen using cach corpus in tumn &y 2 source datubuse, For bofh
EXperimen(s, results proved 1o be significant.

2.1 Designing a Corpus of Emetions

When svathesizing with CHATR, the ideal size of the soures
datshase is yet to be explored but preferably 30,000 o 50,000 in
phonems level. This size appesrs o cover the phonemic and
prosodic variagons encountered in Jgpanese,

Althongh thers were various kinds of emotions, joy, sadness and
anger were cheson 2s.a first trial since thesc appear to be the



fundamental emolions that at Teast people with speaking
disability might wish 1o express [S]. When emortional variation
15 taken inle account the main rexi-level requirement for a
corpus is 1o be able 1o induce namural emotion in the speaker
when read.  To include proper linguistic and scmantic contents
is essential. bur 1o be able o Inducc a matural cxpression of
emotion rather than 1o simply require an acted or simulated
emotion is preferred, We, therefore gafhered texts expressing
Jo¥, #ngex, and sadness from newspapers, the WWW and self-

published zutobiographics of disabled people. Monologue s’

were choseh so that a particular emotion could be sostained for
relstively long periods of time. Some expressions typics! to each
emotion were ingerted in appropriste placs in the text in order to
maximize the expression of éach target emotion [6). To meset the
size requirerrent for CHATR. databage, more than 30000
phonemes were collected for =ach corpus (Table 1).

Texts | Sentcncs Moras Phonemes
Joy 12 461 21676 40916
Anger 15 495 21085 39171
Sadness g 426 16189 31840

Table 1. Structure of Text Corpus

Altheugh it is becoming s standard to use identicsl texts
instudics of emotional voles, prionly was given lo the
naturalness of the speech and as a resul, all thres corpora
contain completely diffzrent wxis. The authors knew that this
would not present a problem, since the main objectives of these
COIPOIR Were to gerve ns a source database for CHATR, where
the basic umit for usé it not.the text but the phone-sized
waveforo segment. - Below is an example from Joy corpus.

Mattaku teashi po wupolanai watashi nimo jibun de
yasera kofoga dekita no desu. “Sugoizo, sugoizo! 0i,
konna keto mio dekiruze! Miteraye, iika? Hora, mou
ichido yaitemirukarana! Iys, gokigendayo, koret™
{Even I, whose body is completaly paralyzed. conld do
. “Ir's grear! Just gremil Hey, I can do things liks
this, toal Laok ut me, are you ready? See, Ul do it
gpain. Ok, it’s absolurely fanrastic!”) )
Table 2: Example 1ex1 from oy corpus

The phonctic balance of csch corpus was not considered for this
wial, again duec to giving priority 1o vaturalness. If we wy o
balance the Tumber of phonemes in ¢ach corpus, it would got be
possible w gather texts from natural sources. We also believe
that the phoncme combinations in a gufficient amount of
gathered marerisls are adequate to ropresent the combinations
that would alse appear in nsturl uttersnces under sach emotion
type. Inm fact, our sssumption worked as expecred with the
CHATR’s unit sclection rule of maximizing continuity nsing
concatcnation Costs.

Neither actors nor aciress were used for recording to gvaid
exaggerated exprassion.  An adulr female (the first anthor) read
all texts in & sound treated room where pood recording level was

maeinined and the speech was digitized ar a 16kFx 16bit
sampling rate.

To summarize, the following fs the our desigm policy:

1. Develop only the besic emotions for initial trials.
Gather texts written fo express natural emotion.
Target zize of each corpus iz 30,000 phonemes.
Include rypical phrases of the target emotion.
Avoid exaggerated expression.

Nao specific consideration for the phioneric balance
needed at this size.
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2.Z

Evaluation of the Corpus in Text Level

72 student volunteess were asked to judge the cmeton category
of each component text from the combined corpus.  All rexas
but bao were correctly judged a5 representng the cmotion types
which the corpus designer classified. This confirms thar the
content of the passages is sufficiently emotionrich to be
unambigious. The remaiuing question now is whether there
are clues from the volce quality of emotional speech that alsa
help ro distinguish the component emotions.

Testing a Corpus of Emotional Speech

Evaluation of a Corpus of Entotional Speech

We performed an cvaluzrion of whether emotion type could bs
recognized from the speech, In order 1o avold any conmzexmaal
imterference, all sentepess im the combined origigal corpus of
emotional speech were mndomized snd presented to 29
upiversity students for ap emotion-Lype classification.

Since it was impossible to separate the conten: of an nerance

. fromm the style of its speech, we gave respondents a rwro-part wak.

The purpose of this is 1o determine rhe degree 1o which emotion
could be recognized from the wording of (e uilernce and the
degres to which it is recopnizuble from the voice. Students werc
first given a forced-choice selection of joy, unger and sadness
for sach. In addition, a% an option, any of the following riders
were given: "Cannol be claseified as any of the three”, "Mo
marked emotion", "Can b judged from the ltxtual content” and
“Typical expresgion for a oortain emotion type". For these
opiional riders, students were aliowed 1o seleet muliiple answers
or to leave blanks for any scmtences they felt could not be
desciibed by the sbove categorics, Result showed joy: 80%,
zuper: 86%, snd wmdness: 93% comectly recognized at a
sigmificanes of p 0.01 (Fip. 1). :

Evaluation of CHATR, Synthesized Speech

Using the three corpora of emotional speech, we created a
source darabage ar emotional synthesizing speech nging CHATR.
To test the validity of this system, 18 university students were
asked ro identify the cmorion types of five context-independent
(i.z., text-nentral) synthesized uticrances praduced with source
corpora from the three difforent emotdons  (Joy, anger, sadness).
To create the scntences, we chosc scmantically neual texs,

-yninarked for emotion, #uch z¢ "Chatay wa jroire na koc de

shabery kotono dekiry atarashii onsci gosci no shisuternu desu.
(CHATR is a new speech synthesizer which can speak in various
voices).” Unerances were then synthesized for each text using
speech segments selected from each of the three different



cmotion databases, Resols showed joy: 51%, anger: 60%,
sadness: B2% coprcotly recognized al & Significance of p
0.01(Fig. 5). Chance resnlts can be expected ta be around 30%.
so we conclude that the chapacrerisiics of the emotion are weil
preserved in the spesch,

Discusstion

Although randomly pregented, 47% of sentences In the corpus
evaluation were marked "Can be judged from the 1ext content,”
for the source corpus of human emotionsl speech while only
13% were similatly recognizable from the text in the sentences
used for the CHATR speech synthesis. Furtherinore, 23% of
seqitences in the evalvarion were marked "No cmotion,” for the
corpus of human emotional spsech, compared with 27% for
CHATR, although the idemtifying rate was the same as those
-with go mark for that itern.  Along with the significant seores in
emotion identification, this indicates that subjects judged
emotion categories not from fhe explicit content of the
individual niterances, but from the phonetic informaton in the
specch and that certain information about emoticn is included in
she speech units (1.c. phonemes) themsalves.
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Figure 1: Test Result of Emotional Human Speech
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3. ACOUSTICS OF THE CORPUS

We analyzed duration, power, formants 2nd glotral parameters.

Here, our objective is to seck relevant features for specifying a

particnlar emotion and if any, to specify in 2 parawetric way.

1, Duration and Pawer
Means and standard deviations (SD) of £, duration and power
per phone for each corpus were measared (Table 5} Mean

fundatmental frequency (f0) of the 'sad’ corpus was lower, and
SD was smaller than those of 'anger’ and ‘joy” (Fig 6).
Dumtion per phone for “sadnsss’ was the longest and that of
‘anger’ was the shortest. Means Comparisons by ANOVA
showed that all three types of emorions wers significanily
different from one another for ). ‘anger” and ‘Joy" appeared
significantly different than “sad” for duration, snd, na diffcrencc
for power.

10 Puration RMS
Mean SD Mean $D Mean SD
Joy 2352 | 52.6 64,8 314 683 0.63
Anger | 260.1 1 560 66.1 286 6.77 0.59
Sad 240.8 | 38.2 734 318 652 .03
Table 2: Mean and SD of 0. Duration and Power

The duration of pansges within each sentence were also measured,
and it was found that pavses for the 'sad’ corpus were
consistently longer then thosz of Soy'and ’anger’ corpora.
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Figure 3:  Doration of Pausge per Emolion

We jnvestigated the mesn of f0, intcnsity and duration of the
vowels where characteristics above age maintained for I and
dueation. Means of I and duradion are shown in Fig. 4.
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Figure 4z Mecans of 10 and Duration of Vowcls

Formants

Formants were analyzed nsing ESPS  (Biiropic Rescarch Eab.
Inc) and ARX = (Auto-Regressive with Exogenons: Inpuf)
anslysis system [7]. Gloual patameter analysis was done by
ARX, Fig, 9 to 11 shows not the absolute frequency bur a
relasive frequency of means of entire vowels per cmotion talang
that of angry vowels as 1.0, As canbe seen in Fig. 9 and 10, f1
and 2 of "sud’ vowels were lower than for the ather emotions in
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Figore 5:  Mean F1, F2 of Yowels per Emotion

most of the vowels snd there seems 10 be some cofrelation
between formanis and 3. Funher, formants of synthesized /a/
extracted from the most comectly identified CHATR sentence
(The sentence shown in previous section of which identified rate
wns 77% ) were analyzed. FO is in the same order as the above
datz although formants for this panticular vowe] did not show
correlation with 0. Analyzing formants in natorsl speech i a
difficuli task.  Vowels in the emorional corpus were very short,

and most of them are oocupied by mansidon effected by the

ncighbosing consopants and as 2 consequence, formant
undershoot maight have raken place.

Gloftal Parimeters

Glotta] pavameters were analyzed with ARX for the followings.
"Sankake", of human gpeach which werce in all three cmotional
corpora, CHATR synthesized semtcuce mentioned sbave,
another CHATR sentence, “Ab, tsukarcta (Oh I'm ured),” with
second Inipghest identify score of 74% Mcasured parameters
were AV (amplitude of voicing source), OO (open quorient), TL.
{gloual 1ild), STL (spectral 61t} and GN (glotal noise) and 0.
Means ifor all emotion rype data were compared by ANOVA.
The result showed that no significant difference in 0Q, TL and
STL baur therz were differcnces in AV, GN, apd {0, From this
resulf, farther analysis in gloftal parsmetsrs are encouraped
paying anention to AV, GN in addition to {U.cam be
concentrared on three features, ’

AV GN 0
Homan jorame Ag) axi»s
CHATRI | jzaf>s ax [l s>§ o> =i
CHATR2 | jsal]l>s j>all>s s> | >5
Table 3: Value order per smetion. For all featuges for

Human voiee, three types of émotion are significantly different
from one another. [’ partitions two groups where the former is
significantly different than the Tater.

Attempt to Miniimize the 0 Emotional Cue

Two kinds of modulated speech were synthesized with CHATR
1o limit the cffect of fU emotional cne as much as possible [10].
1) Set wirget 10 to 220Hz, and 2) Set rarget 10 of ‘joy' and “sad’
o that of “anger.” Although target 10 is sct, CHATR pets the
nearcsi 0 and as & result, the possibility of upmarural
concatenation ¢xonol be aveided 5 subjects compared the
differences for both sets and for ser I), emodonal differcnces
were jdenrified. For ser 2), subjects could tell thers wore
differences but could not judge if it is derived from emotianal
differcnce or wnmatural conestenation.  From this trial, we can
infer that afthough f0 is a powerfu] cue o emotion, other
features 2lso Eerves A5 cHIOHOR LUSS.

CONCLUSION

A context-independent corpus of three different types of
cmotional speech hias been created and its validity for synthesis
of cmotional speech was confirmed through perceprual
cxperiments.  Acoustic analysis indicated 0 and durarion
gerves 85 8 powerful featare to cuc cmotion, and formancs,
AV and GN also showed diffcrences among thiee types of
cmiotion. Further effort to specify features are relevant for
vpeciflying = particular ¢motion in s psramewic way is
encouraged so that those feanures could be included as selection
criteria for CHATR, allowing us to combine the three databases
into onc corpus which results in smaller sized database, Also, in
each corpus, there are speech sepments which are less marked
for any purticular emotion aud if those ¢ould be, those could be
used for synthesis of goncral mpocch. The carrelation between
cmotion types and formants/glotts] parameters is yot to be
sadied in depth along with analysis method.
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