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ABSTRACT

In this pap er, we propose the linear no del of the rel ation-
ship between the physical changes inspeech and perceiwed
enotional concepts. We mak e use of orthogonal bases in
spite of enotional words and physical paraneters them

sel wes in order to avoid dependence on the netho d of se-
lectingwords and paraneters. Furthermore we regard the
emotions that listenerspercel e fromspeech as the standard
of enwtional concepts because the enwtions that speakers
intented rel yon personality and tenp orary psychol ogical s-
tate [1]. Fv aluation for rel atie information indicates that
the proposed linear no del isrepresentable for the rel ation-
ship between physical quan titiesand psychol ogical quan ti-
tiesinspeech.

1. INTRODUCTI ON

Recently the informations calledhunman factorssuch as e-
mtion or KANSH have been much inportant in man y
fiel ds [ 2] such as H. To achieve friendl yman-mac hine com
muni cation, nac hines shoul d have the structure of enotion-
al evaluation for partner’s facial and/or vocal expression.
Then 1t1isnecessary to obtain kno wtedges about rel ation-
shi p between observed physical infornmation and enwtional
content.

In the past researches, 1t is assuned that the enotion
belongs to the speaker. b wever the emotion that the s-
peaker i ntended isnot al ways comn unicated to the listener.
Moreover, regardi ng speaker’semotion as the standard con-
tains sone uncertain factors such as speaker’spersonality
and speaking situation. Then obtained rel atieinfornation
between the emotional content and physical parameters of
speech l acks of generality and reproducibilit. On the other
hand, the number and the ki nd of paraneters and enwtional
words are actuallylimted for observation, ithas domnan t
effect on the confidence of obtained rel atieinformtion. In
the past studies, a fewenotional words and parameters are
used, and they are chosen by the worker’staste or citation
from “primary enotions” [2,3, 4]. The primry enotions
are alsoextracted in different no dality of comn unication,
they are not necessarilysuitable for representing vocal e-
motion [5,6].

In thispaper, the sol utionfor nen tioned problens ispro-
posed. In stead of the speaker’semotion, the listener’se-
motion, so tospeak, rearranged emotion isregarded as the
standard [1]. And relatie informtion isprovided not be-
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tween enotional words and speech paraneters themsel ves
but between orthogonal bases extracted from them respec-
tiely sing orthogonal bases, relatie infornation isinde-
penden t of the way and the kind of choose enotional words
and speech paraneters. We propose linearno del that asso-
ciates psyc hol ogi cal bases with physical bases statistically

Inthe follsing chapters, we show the rel ati onshi pno del,
and the netho ds of obtaiming relatie informations in the
no del are presented.

2. RELATI ONS HI RIODEL

K g. 1 shovs the relationshipmo del. Tt mak es use of ex-
tracted orthogonal bases inspiteof the observation objects
of enotional words and speech parameters.

3. CONSTRUCTI ONOF THE MODEL

K g. 2 shows netho d for extracting the orthogonal bases.
Factor anal ysisisconducted for the eval uation val ues e ob-



Table 1. Speech data for system construction.
#  speaker word
mi-ro-yo
son-na
SoI-na
ha- ya- ku
n-ro-yo
n-ro-yo
n-ro-yo
o-ma-e
n-ro-yo
o-ma-e
o-ma-e
SoI-na
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Table 2. Questionnaires

1 anger 24  scorn
2 joy 25 delight
3  disgust 26 cymcism
4 contenpt 27 indifference
5 fumy 28  pralse
6 worry 29 pride
7 kind 30 love
8 relief 31 grief
9 outrage 32  Aflattery
10 shane 33  satisfaction
11  calm 34  boring
12 admration 35  painful
13 irritation 36 hope
14 conplain t 37 happy
15  longing 38 favorite
16 pitiful 39 dishik
17 tolerance 40  displeased
18  gloat 41  discouragenen t
19 disappointmen t | 42 criticism
20  scolding 43 anxiety
21 sad 44  surprise
22 fear 45  flurried
23 hateful 46 amazed

tained by subjectie experinent. And extracted factors f
are called”emotional concepts”. Principal conp onent anal -
ysisisdone for the physical changes p of speech including
emotions. MAnd extracted principal conp onents ¢ are called
“enotional parameters”. The mul tipl eregression anal ysis

rel atesboth bases ¢ and f.

3.1. Speech data

Four mle speakers(one actor included) recorded words
in Table 1 at a sanpling rate of 44.1 kHz wth 16-bit res-
olution. Before uttering words, the speakers were taught
the questionnaires in Table 2 about which subjectseval v
ate speech. Without being specified enotions, the speakers
uttered freel y(alout 10 kinds for each 8 words, 445 speech
data inall and 12 speeches were picked up here).

3.2. Emotional concepts
3.2.1.

The 18 listeners(16 mles, 2 femles) were graduate stu
dents who wereinstructed to fill inthe eval uation on ques-
tiomnai res about inpressed emotion on each speech. FHg. 3

Subjective erp eriment

Judgement

Not at all Very much impossible
Joy 1 \{ 3 4 5 6 O
Anger 1 2 3 04 5 6

[a)

Figure 3. Questionnaire

Unit
Silent Silent
1.5[s] 3.0[s]
Reference Sample
data data
(NEUTRAL) (EMOTIONAL)

FHgure 4. Data structure

isone of the questiomnaires which are based on the seven
steps neasure for rating.

Speech was structured indicated in Hg 4 of pairing off
neutral speech and enotional speech wth silencebetween
them FEach speech was repeated untilallsubjectsfinish to
answer for all terns in Table 2. The order of 46 words is
randomzed and 18 subjectsisdividedinto three groups and
the order of 12 speeches israndomzed among the groups
inorder to avoid distortioncaused by the order.

322 Fador addysis

e=A¢f+o0 (1)

Factor anal ysis estinates factor 1 oading matrix Ag and ex
tracts factors(factorscores) f in K. (1) simmltaneously. e
indi cates eval uation val ues for 46 usual enotional words in
Table 2. Ag isthe relatie information between the emo-
tional basic concepts and usual enotional words.

It isassuned inthis research that usual enotional con-
cepts are consistsof 11 near combi nation of several basic con-
cepts, thereforeitissuitableforitto apply the factor anal -
ysisno del .

3.3. HEwtional paraneters
331 Phsic d par adters

Table 3 shove the physical paraneters used here. Fac h
character inTable 3 neans as follws:

Short-time average power

Htch frequency extracted by FFI' cepstrum
Length

Krst order differentiation

AV erage

Dmamc range

Accen t-part 1n each word

Fhd-part ineach word

wlol-" S wluloke

ex.1 TF A neans an average pitch frequency for accent-part
ex.2 FR means dynamc range of pitch frequency fortotal -

part



Table 3. Physical parameters

# | parameter | # | paraneter
1 | FA 15 | FDA
2 | FR 16 | FIR

3 | FDA 17 | TFA

4 | FIR 18 | TFR

5 | TFA 19 | TPD A
6 | TFR 20 | TPDR
7 | TFD A 21 | EPA

8 | TFIR 22 | EPR

9 | EFA 23 | EPD A
10 | FFR 24 | EPDR
11 | FFD A 25 | L

12 | EFIR 26 | 1L

13 | PA 27 | EL

14 | PR

8.3. 2. Princt ml component anal ysi s

c=Acp (2)

Princi pal conp onent anal ysisestinates eigewectors Ac
and extractsprinci palconp onents ¢ in Fy.(2). p neans
phsysi calchanges of t he speech 1 ncl udi ngnotions i nTabl e
3. Ac i1sthe rel atieri nformati onbetween the enotional
basicparaneters and physicalparaneters’ changes.

It isassuned inthisresearh that several physicalpa-
raneters shoul d be contributedto the enotional parane-
terswhi ch expl ai nphysicalchanges caused by the speech
incl udi ngenotions, itis,thereforesuitabl oritto apply
the princi palconp onent anal ysisno del .

3.4. The relationshi petween enotional concepts
and enotional paraneters

8. 4. 1. Mul tepleegressionanal ysi s

f:AmC (3)

In the presernt researh, the predictorvariabl es sthe e-
motional paraneters ¢ and the criteriowariabl edsthe e-
motional conceptst. Mul tipl eegressi omnal ysisestinates
the partialregressiowoeffici et matrix Am inFy. (3).

Itisassuned that several physicalchanges areinegrat-
ed to contributeto convey the psychol ogi calquantiy of
enotion. Itis,thereforesuitabl o apply the mul tiplee-
gressiomnal ysisw del forpredi ctiowf enmti onal concepts
by emotional paraneters.

4. EVALUA TION (F THE RELA TONSSHP

4.1. Result of factoranal ysis

The primary factor had the large rate of contribu-
tion(33.70[%])Rl one. Fg.5shows positioni ngef sone e-
motional words on the one-di nensional axis. The prinary
factorcan beimterpretedas descri bi ng pl easaint to anot her
— unpl easart to anot her” fromthe ki nds of the posi tioned
words.

4.2. Result of principalconp onent anal ysis

The primary and secondary princi palconp onent had the
largerate of contributions(35.79]%nd 12.58[ %, respec-
tiely).Fig. 6and Fig. Tshows positioni ngef sone physi-
cal paraneters on the one-di nensi onalaxi sforeach conp o-
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Hgure 5. Prinary enotional concept with position-
ing eval uati onwords.
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Hgure 6. Prinary enotional paraneter with posi-
tioni ngphysicalparaneters.

nents. The primary princi pakonp onent can beinerpreted
as represetii ngphysi calchanges caused by i ncreasi ngpower
on the speech, and we callit”l oud” paraneter. The sec-
ondary princi palconp onent can be imterpretedas stand-
ingforphysicalchanges caused by extendi ngl engthof the
speech, and we callit”extension”paraneter.

4.3. Result of mul tipl eegressiomnal ysis

Tabl €4 shows theresul tof mul tipl eegressi onnal ysidor
each emntional concepts. From the resul tof fact oranal ysis,
itcan be expectedthat the primary factorhas solargerate
of contributionthat itsprecisionsdomnant to totalone,
theninTable4, the prinary factorhas 1 argeval ues.

5. CONLUBION

In thispaper, we proposed the linearrel ationshi po del
between the enotions, which the listenerpercei®d from
speech, and physicalchanges caused by the speech incl ud-
ingemotions. The orthogonal basesinenotional space are
extractedt hrough factoranal ysisand obtainedrel atievi n-
formation which translatesthe enmtional bases from the
enotional eval uationsto usual words. Fiwotional param
etersare extractedthrough princi palconp onent anal ysis,
and obtai nedrel atievi nf ormati onwhi ch transl ates he eno-
tional paraneters fromphysicalparaneters. The relatiev
informationwhi ch transl ateenotional conceptsfromeno-
tionalparaneters are obtai nedthrough mul tipl eegression
anal ysis.By appl yi ngtheserel atieri nf ormati ons gnoti on-
al expressiomtransfornedfromneutralspeech, forexanpl e,
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FHgure 7. Secondary enwtional paraneter w th po-
sitioni nof physicalparaneters.



Table 4. Multiple cordaian ® dfiden ts ad o -
fidem ts d dtamimtian

multiple correl ation determmi stic
Factorsf coefficient coefliien t
1 0.89 0.56
2 0.82 0.26
3 0.81 0.26
4 0.84 0.34
5 0.76 0.08
6 0.85 0.39
7 0.72 -0.07
8 0.91 0.61
9 0.87 0.45
10 0.82 0.30
1 0.81 0.26
12 0.89 0.52
13 0.77 0.09
14 0.83 0.30

and evaluation for emstional content for arbitrary speech
are availabe.

In the future, we also determne the neutral speech based
on listeners’ evaluations. Itisexpected that the no del holds
corsistency . Then the emtional amal ysis/syn thesis system
wll be comstructed uwsing prop osed relatiomship mo del.
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Inthipaprweprogpsd hd i nemadeloft hael ation-
shiletweett hplysi cchhngaess peltander c eids-
motiomwmlncepWemakusefort hogobmaslass pite
ofemotiomakdandphysi cpdr amet & hes ms ekivn
ordermavoi depndenonrt hanet hbofsel ectwomgs
andparamet efmgt hermoveeegatde moti otnlsat
listeperseifvrompeltasthestandaofdmoti onal
concepexauddhemotiotnbas pakrs hetedel y
onpersonphnd e mpr arps yheol o gisctaalt[t]. Eval -
natidorel adii wf or ma i inolm ¢ attheast hepr ops e d
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