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ABSTRACT

In thi s pap er, we prop ose the l i nearmo del of the rel ati on-
shi p between the physi cal changes i n speech and percei ved
emoti onal concepts. We mak e use of orthogonal bases i n
spi te of emoti onal words and physi cal parameters them-
sel ves i n order to avoi d dep endence on the metho d of se-
l ecti ngwords and parameters. Furthermore we regard the
emoti ons that l i stenerspercei ve f romspeech as the standard
of emoti onal concepts because the emoti ons that speakers
i ntented rel yon personal i ty and temp orary psychol ogi cal s-
tate [1]. Ev al uati on for rel ati ve i nformati on i ndi cates that
the proposed l i nearmo del i s representabl e f or the rel ati on-
shi p between physi cal quan ti ti esand psychol ogi cal quan ti -
ti es i n speech.

1. INTRODUCTI ON

Recentl y, the i nformati ons cal l edhuman factors such as e-
moti on or KANSEI have been much imp ortant i n man y
�el ds [ 2] such as HI. To achi eve f ri endl yman-mac hi ne com-
muni cati on, mac hi nes shoul d have the structure of emoti on-
al eval uati on for partner's f aci al and/or vocal expressi on.
Then i t i s necessary to obtai n knowl edges about rel ati on-
shi p between observed physi cal i nformati on and emoti onal
content.

In the past researches, i t i s assumed that the emoti on
bel ongs to the speaker. Ho wever the emoti on that the s-
peaker i ntended i snot always comm uni cated to the l i stener.
Moreover, regardi ng speaker' semoti on as the standard con-
tai ns some uncertai n factors such as speaker' s personal i ty
and speaki ng si tuati on. Then obtai ned rel ati ve i nformati on
between the emoti onal content and physi cal parameters of
speech l acks of general i ty and reproduci bi l i ty. On the other
hand, the number and the ki nd of parameters and emoti onal
words are actual l y l imi ted for observati on, i t has domi nan t
e�ect on the con�dence of obtai ned rel ati ve i nformati on. In
the past studi es, a f ew emoti onal words and parameters are
used, and they are chosen by the worker' s taste or ci tati on
f rom \primary emoti ons" [ 2, 3, 4] . The primary emoti ons
are al so extracted i n di �erent mo dal i ty of comm uni cati on,
they are not necessari l y sui tabl e f or representi ng vocal e-
moti on [ 5, 6] .

In thi s pap er, the sol uti onformen ti oned probl ems i spro-
posed. In stead of the speaker' s emoti on, the l i stener' se-
moti on, so to speak, rearranged emoti on i s regarded as the
standard [ 1] . And rel ati ve i nformati on i s provi ded not be-
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Fi g u r e2. Obtai ni n gt h er e l a t i ve i n fo r ma t i o n s

tween emoti onal words and speech parameters themsel v es
but between orthogonal bases extracted f rom them respec-
ti vel y. Usi ng orthogonal bases, rel ati ve i nformati on i s i nde-
penden t of the way and the ki nd of choose emoti onal words
and speech parameters. We prop ose l i nearmo del that asso-
ci ates psychol ogi cal bases wi th physi cal bases stati sti cal l y.
In the fol l owi ng chapters, we show the rel ati onshi pmo del ,

and the metho ds of obtai ni ng rel ati ve i nformati ons i n the
mo del are presented.

2 . RELATI ONSHI PMODEL

Fi g. 1 shows the rel ati onshi pmo del . It mak es use of ex-
tracted orthogonal bases i n spi te of the observati on ob j ects
of emoti onal words and speech parameters.

3. CONSTRUCTI ONOF THE MODEL

Fi g. 2 shows metho d for extracti ng the orthogonal bases.
Factor anal ysi s i s conducted for the eval uati on val ues e ob-



Table 1. Speech data for system construction.
# speaker word
1 A mi-ro-yo
2 A son-na
3 A son-na
4 B ha-ya-ku
5 B mi -ro-yo
6 B mi -ro-yo
7 C mi -ro-yo
8 C o-ma-e
9 D mi -ro-yo
10 D o-ma-e
11 D o-ma-e
12 D son-na

Tabl e 2. Questi onnai res
1 anger 24 scorn
2 joy 25 deli ght
3 di sgust 26 cyni ci sm
4 contempt 27 i ndi �erence
5 funn y 28 prai se
6 worry 29 pri de
7 ki nd 30 l ove
8 rel i ef 31 gri ef
9 outrage 32 
attery
10 shame 33 sati sf acti on
11 calm 34 bori ng
12 admi rati on 35 pai nful
13 i rri tati on 36 hop e
14 compl ai n t 37 happ y
15 l ongi ng 38 favori te
16 pi ti ful 39 di sl i ke
17 tol erance 40 di spl eased
18 gl oat 41 di scouragemen t
19 di sappoi ntmen t 42 cri ti ci sm
20 scol di ng 43 anxi ety
21 sad 44 surpri se
22 f ear 45 
urri ed
23 hateful 46 amazed

tai ned by sub j ecti ve experimen t. And extracted factors f
are cal l ed"emoti onal concepts". Pri nci pal comp onen t anal -
ysi s i s done for the physi cal changes p of speech i ncl udi ng
emoti ons. And extracted pri nci pal comp onents c are cal l ed
"emoti onal parameters". The mul ti pl eregressi on anal ysi s
rel atesboth bases c and f .

3. 1. Speech data

Four mal e speakers(one actor i ncl uded) recorded words
i n Tabl e 1 at a sampl i ng rate of 44. 1 kHz wi th 16-bi t res-
ol uti on. Before utteri ng words, the speakers were taugh t
the questi onnai res i n Tabl e 2 about whi c h sub j ects eval u-
ate speech. Wi thout bei ng speci �ed emoti ons, the speakers
uttered f reel y(about 10 ki nds for each 8 words, 445 speech
data i n al l and 12 speeches were pi cked up here).

3. 2. Emoti onal concepts

3.2.1. Subjective experiment

The 18 l i steners(16 mal es, 2 f emal es) were graduate stu-
dents who were i nstructed to �l l i n the eval uati on on ques-
ti onnai res about impressed emoti on on each speech. Fi g. 3
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Fi gure 4. Data structure

i s one of the questi onnai res whi c h are based on the seven
steps measure for rati ng.
Speech was structured i ndi cated i n Fi g. 4 of pai ri ng o�

neutral speech and emoti onal speech wi th si l encebetween
them. Each speech was repeated unti lal l sub j ects �ni sh to
answer for al l terms i n Tabl e 2. The order of 46 words i s
randomi zed and 18 sub j ectsi sdi vi ded i nto three groups and
the order of 12 speeches i s randomi zed among the groups
i n order to avoi d di storti oncaused by the order.

3.2.2. Factor analysis

e = Aff + o (1)

Factor anal ysi s estimates f actor l oadi ng matri x Af and ex-
tracts f actors(f actorscores) f i n Eq. (1) simul taneousl y. e

i ndi cates eval uati on val ues f or 46 usual emoti onal words i n
Tabl e 2. Af i s the rel ati ve i nformati on between the emo-
ti onal basi c concepts and usual emoti onal words.
It i s assumed i n thi s research that usual emoti onal con-

cepts are consi stsof l i nearcombi nati on of several basi c con-
cepts, theref ore i t i s sui tabl e f or i t to appl y the factor anal -
ysi s mo del .

3. 3. Emoti onal parameters

3.3.1. Physic al par ameters

Tabl e 3 shows the physi cal parameters used here. Eac h
character i nTabl e 3 means as fol l ows:

P Short-time average power
F Pi tch f requency extracted by FFT cepstrum
L Length
D Fi rst order di �erenti ati on
A Av erage
R Dynami c range
T Accen t-part i n each word
E End-part i n each word

ex. 1 TFAmeans an average pi tch f requency for accent-part
ex. 2 FR means dynami c range of pi tch f requency for total -

part



Table 3. Physical parameters
# parameter # parameter
1 FA 15 FDA
2 FR 16 FDR
3 FDA 17 TFA
4 FDR 18 TFR
5 TFA 19 TPDA
6 TFR 20 TPDR
7 TFD A 21 EPA
8 TFDR 22 EPR
9 EFA 23 EPD A
10 EFR 24 EPDR
11 EFD A 25 L
12 EFDR 26 TL
13 PA 27 EL
14 PR

3.3. 2. Princi pal component anal ysi s

c = Acp (2)

Princi pal comp onent anal ysi s est i mates ei genvectors Ac
and extractspri nci palcomp onents c i n Eq.(2). p means
phsysi calchanges of the speech i ncl udi ngemoti ons i nTabl e
3. Ac i s the rel ati ve i nf ormati onbetween the emoti onal
basi cparameters and physi calparameters ' changes.
It i s assumed i n thi s research that several physi calpa-

rameters shoul d be contri butedto the emoti onal parame-
terswhi ch expl ai nphysi calchanges caused by the speech
i ncl udi ngemoti ons, i t i s ,theref ore,sui tabl ef or i t to appl y
the pri nci palcomp onent anal ysi smo del .

3. 4. The rel ati onshi pbetween emoti onal concepts

and emoti onal parameters

3. 4. 1. Mul t i pl eregressi onanal ysi s

f = Amc (3)

In the present research, the predi ctorvari abl esi s the e-
moti onal parameters c and the cri ter i onvari abl esi s the e-
moti onal concepts f . Mul ti pl eregress i onanal ysi sest i mates
the parti alregress i oncoe�ci ent matri x Am i nEq. (3).
I t i s assumed that several physi calchanges are i ntegrat-

ed to contri buteto convey the psychol ogi calquanti ty of
emoti on. I t i s ,theref ore,sui tabl eto appl y the mul ti pl ere-
gress i onanal ysi smo del f orpredi ct i onof emoti onal concepts
by emoti onal parameters .

4. EVALUATION OF THE RELA TIONSHIP

4. 1. Resul t of f actoranal ysi s

The pri mary f actor had the l arge rate of contri bu-
t i on(33. 70[%])al one. Fi g. 5 shows posi t i oni ngsof some e-
moti onal words on the one- di mensi onal axi s . The pri mary
f actorcan be i nterpretedas descri bi ng"pl easant to another
| unpl easant to another" f romthe ki nds of the posi t i oned
words.

4. 2. Resul t of pri nci palcomp onent anal ysi s

The pri mary and secondarypri nci palcomp onent had the
l argerate of contri buti ons(35. 79[ %]and 12. 58[ %] , respec-
t i vel y). Fi g. 6and Fi g. 7shows posi t i oni ngsof some physi -
cal parameters on the one- di mensi onalaxi sf oreach comp o-
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nents. The pri mary pri nci palcomp onent can be i nterpreted
as representi ngphysi calchanges causedby i ncreasi ngpower
on the speech, and we cal l i t "l oud" parameter. The sec-
ondary pri nci palcomp onent can be i nterpretedas stand-
i ng f or physi calchanges caused by extendi ng l engthof the
speech, and we cal li t"extensi on"parameter.

4. 3. Resul t of mul ti pl eregressi onanal ysi s

Tabl e4 shows the resul tof mul ti pl eregress i onanal ysi sf or
each emoti onal concepts. Fromthe resul tof f actoranal ysi s ,
i tcan be expectedthat the pri mary f actorhas so l argerate
of contri buti onthat i tspreci s i oni s domi nan t to total one,
then i nTabl e 4, the pri mary f actorhas l argeval ues.

5. CONCLUSION

In thi s paper, we proposed the l i nearrel ati onshi pmo del
between the emoti ons, whi ch the l i stenerspercei ved f rom
speech, and physi calchanges caused by the speech i ncl ud-
i ng emoti ons. The orthogonal bases i nemoti onal space are
extractedthrough f actoranal ysi s ,and obtai nedrel ati ve i n-
f ormati on whi ch transl atesthe emoti onal bases f rom the
emoti onal eval uati onsto usual words. Emoti onal param-
etersare extractedthrough pri nci palcomp onent anal ysi s ,
and obtai nedrel ati ve i nf ormati onwhi ch transl atesthe emo-
ti onal parameters f romphysi calparameters . The rel ati ve
i nf ormati onwhi ch transl atesemoti onal concepts f romemo-
ti onalparameters are obtai nedthrough mul ti pl eregress i on
anal ysi s .By appl yi ngtheserel ati ve i nf ormati ons,emoti on-
al express i ontransf ormedf romneutralspeech, f orexampl e,
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Table 4. Multiple correlation co e�cien ts and co ef-

�cien ts of determination.

Factor#
multiple correlation

coe�cient
deterministic
coe�cien 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
11 0.81 0.26
12 0.89 0.52
13 0.77 0.09
14 0.83 0.30

and evaluation for emotional content for arbitrary speech
are avai lable.
In the future, we also determine the neutral speech based

on l isteners' evaluations. It is expected that the mo del holds
consistency . Then the emotional analysis/syn thesis system
wil l be constructed using prop osed relationship mo del .
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I nt h i sp a pe r ,we p r o po s et h el i n e a rmode lo ft h er e l a t i o n -
s h i pbe twe e nt h ep hy s i c a lch a n g e si ns pe e ch a n dpe r c e i ve de -
mo t i o n a lc o n c e p t s .Wema ke u s eo fo r t h o g o n a lb a s e si ns p i t e
o f e mo t i o n a lwo r d sa n dp hy s i c a lp a r a me t e r st h e ms e l ve si n
o r d e rt oavo i dd e pe n d e n c eo nt h eme t h od o fs e l e c t i n gwo r d s
a n dp a r a me t e r s .Fu r t h e r mo r ewe r e g a r dt h ee mo t i o n st h a t
l i s t e n e r spe r c e i ve f r o ms pe e ch a st h es t a n d a r do fe mo t i o n a l
c o n c e p t sbe c a u s et h ee mo t i o n st h a ts pe a ke r si nt e nt e dr e l y
o npe r s o n a l i ty a n dt e mpo r a r yp s y ch o l o g i c a ls t a t e[1 ].Eva l -
u a t i o nf o rr e l a t i ve i n f o r ma t i o ni n d i c a t e st h a tt h ep r o po s e d
l i n e a rmod e li sr e p r e s e nt a b l ef o rt h er e l a t i o n s h i pbe twe e n
p hy s i c a lqu a nt i t i e sa n dp s y ch o l o g i c a lq u a nt i t i e si ns pe e ch .


