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ABSTR.ACT 

III this papcar we clisc.Iws a mcl,l~otI for ctxt,racting emotional 
st.ate from I IIC speech signal. LVe clesc.ribe a mrt I~c~tlolog~ 
for obtairlirlg emotive: speech. and a method for identi- 
fyillg t.he emotion prrsc:nt in tl~c: signal. This 11~c~t11oc1 is 
baaec] 011 analysis of t.hc signal over sliding windows. and 
extract iiig a rcpi.c,sent.at,ivc: parameter scl. A set. of basic 
c:motionsis clefinc,cl. and for each stlch emotion a rcfcrence 
point, is c:orllput.eci. .At eacll inst.allt, t.he distance of t.he 
iiieasurc:cl parameter set. from t,hc: referenw points is cal- 
c.ulat.ecI. and uwcl to compute a frizzy nic:inbership index 
for rat-II emotion. which \vc’ term the “emotional index”. 
Preliminary rc~sult,s arc present.ttd, which clemonst.rnte t.hc, 
cliscrirnilLive abilil.ies of I.llis mc‘1 lwcl whc:lc appliccl to a 
r~urnhc~ of speakctrs. 

1. INTRODUCTION 

:\lthougll the mairl role of the voice is IO con1mllllicat.e. 
voice: is also a11 indic:at,or of I IIC: psyc:hological and phys- 
iOl0giCill 5tat.e of the spc:ilker. ‘Tile idcwl,ificatioll of the: 
perl inent. fi!ilt ilres in the spc*c,c:h Sigllill may Ihereforc: ill- 
low t.l~e evaluac ion of I.lir persoil’s emot.ional sl ilk. 

:\ rnong the C:lIlOti0nill st.ates. t,he most, noticral)le one 
itlent,ificcl long ag0 as rc:llc!cted in subjc=c:t’s speech was 
stress. I’revious studies c~oncent,l~i~t,ecl OII specific- st.ress 
rc:latetl correlates sllch as provokrd anxiet,y [I]. workload 
clcmancl [Z] and lit: cleteclioii [3]. II was reported for c:x- 
ilI~l~I1~. l.llat. she hiiiclanient ill freqiicncy (pit.&). and vocal 
intensity ~lOiidnc:ss) incrcasecl sigrlificant,ly wit,h wc~ikloacl 
demiulds and wre robust in showing diffwences for incli- 
vitlual sut.).jc:c:l,s. 

III a recent, review on humall vocal c:mot.ion. Murra> 
and Arnot,t [s] suggested that it, possible to build up from 
t.hr fragmentccl reports an acollst ical pic:l,ure of tl~c human 
voice during the expression of a numl)c:r of emotions. TIlc: 
ciiiotions most corn rnc~nl~ acwpt.ecl as “basic” (happiness. 
sadrless. anger. fear acid disgust). also considerrcl t.0 he t,hcs 
I)riiriary c:mot ions. ill’C! I.he emot.ions most studiccl. As onct 
variable lllil~ exhibit llie same behavioiir for more than 
OIIC: emotion. it. is clriir t.hat orlly an int.c:raction of several 
variables ran cliscrimillilt~e reliahl? betwccil emotions. It is 
only recently [(;I[71 that, quantil ative at t c:mpt.s WC~IY: made 
to illlill~Ze t.hc speech signal for indications of emotion. 

‘I‘he OVC:rilll aim of l.llc prewnl, st,udy WilS to dC:VC~lop a 
sprc~41 analysis algorit.llm that (‘all analyze: the sllt),icsct’s 
emotions in rrill iime, so illl inclicilr ion Cilll be conl.iliil- 
011sly obl.aillc>cl regarcling t.he clc:gree t.0 which t.hcs sul,ject 

is espcriencing CilC.11 of t,he five, criiotional statw. I:illfilling 
t,his objcctire requires finding t hc answers to s~\:cwll basic 
quest.ions, namely: IS there a SCA of acoust,icA r>arameters 
thal, rcf1ect.s a 9lbject.s emol.ion reliably illld consistent.ly’? 
Do I,llc:se parameters behave consist.enl.ly for a single SIII)- 
ject,? 

To this end, we define t.wo procedllrw: a dat.a collc:c:- 
tion procedure. iuld an automatic classification procrdllrc:. 
In t,his paper WC describe tllc> method applied t,o collect illg 
il dat,abasc of em01 ional ut.tcriiiices in a Illilllll<!l~ reliablc~ 
as possible. A cwlain degree: of validation is obtained t,! 
measuring several physiologic:al variables Ilaving a kno\vIl 
corrc:lation to emotion. \Ve present. ill1 algorithm Ilwd 
t.o analyze the spc~~h signals and classify t.hc!ir amotiorlal 
content The approach is dilli:rcrlt to thOsc* previously r(‘- 
I)ortecl ill t,lie IiterilLllre. in Illill. Ihe classific~at.iofl is not. 
IGiiary (i.c:. angry/not, angry. silcl/not sad. c:t.c:.). Each 
cwotion is graded I)y 1111 “emO~.iollal index” twl wen 0 
and 1 1 so t hill. different. degrees of wnotion can Iw de- 
tected. Finally wc’ present. il set of rc5rilLs obtainctl tq 
t.llis met,hocl. 

2. DATA COLLECTION - MATERIALS AND 
METHODS 

2.1. Subjeck 

‘I’\vent,y four (12 ITlilIeS and I 2 [emales) hctaltlly st.udcnr s 
{age 23 t.0 :$I. mean ‘5.5) servecl in this study ilh subjects. 
‘l’he suhjcct.s werr explained t,tlc csperimcnt.al I)rOcedill-c: 
and girvc informc:cl consent for the expwimctnt.. Tone: 01 
t,he subjects took any drug irl the last t I1rcc clays prrwcliug 
t,lie csperimcwl.. 

2.2. Plivsiotogical exiiminatioii 

‘I’tlc: followiug physiological meas\Irw were aswssc:cl: Fort>- 
head electromyography. lleart, rat.c: (TtR) and ( ;alvanic 
Skin Resistance (GSR). 

2.3. Pretest training 

The su1~ject.s wwe told tld Lhe aim of t lie experimcllt, was 
to rwall an emolional event and expcric:rwe t,he San,<’ feel- 
ings Lllilt they fcslt when t hc:y part.icipal.ocl in this t’vc:IIt. 
They wre asked t 0 try t.o kcq) their ctyc~ c:lc~sed and IX- 
count all event, whiles the physiological nl~asc~r(:lclents NYYY: 
r~sc:tl as indicators lo cxxamine whc:t.her the slll).jcsc:t,s wer‘ct 
indeccl c~xpericncillg t,he dcscrihed emot,ioll. If thr sul),jc%c.t 



tlitl Ilot. show suc:l~ physiological i1c.t ivity, he was asktrcl to 
t 1.y ilgain and grl more involved in the recalled cvcnt. If a 
sIIbj& did not C~VOICC t.he exprc+tl physiological response 
IN: was exciIsc\tl illltl did no1 I)art.icipat,e in I tic experimriil.. 

2.4. Procctl~lro 

‘IlIe psl:chol)h~siologic asscts?;Inent was iIIit,iat.ecl wit II t.11~ 
rc:c:orcling of I)aseline m(tasiIres. followc~d by five ~w~~sccu- 

tivc, script trials. ‘l’hey were ilsked to rCC’illl an event I.llilt 
th(:y took part. iII and evoked one of lh fire eniot.ioits: 
happiness. anger. sorrow. fear 01‘ disgust.. 

Su~),icct.s were asked t.o keep their eyes closed and talk 
about t.he evc:IItZ partiripal,e emotionally and feel t IIe Same 
fc:c:lings that. I.l~t~y felt wlIc:II it occurr(‘(l. 

3. ACOUSTICAL ANALYSIS 

A careful r(!vi(~w of t.hr lit csrat,ure rc:vc:als that t.1Ic:I.e is no 
agrcoc-I method of analyzing I.lIc speech dilh to give ii reli- 
able indication oft hc emotional state. A number of palw3 

state SOIIIC qimlitative guidelines suggesting t,lial. the emo- 
t i0fIiIl state is intlicat.ecl 1)). 1)it.A. intensity. pitch I’illlge. 

ancl less rigorously dcfinccl terms such as inflc:ction. a&- 
ulation, iul(l sl~ech ral.c*. Only rccc7It.ly has I.ltcsre been 
work carriecl out. in an attempt, to quarIt.ify this lypc of 

analysis [G][i]. ‘I’horIgh both of these papers att,empt. I.0 
charact c*rizc each of t IN: primary c:IrIotions clIIarItitat,iv(~l~. 
t,lIe classilic:at,ion is hinar,v: either I,l~c emot,ioII is present 
or not. ‘l’hc: q)proaclI taken in this paper seenIs to parall(\l 
cvc’nts morr closely: in t.lli~t each emotion is c~lilracterized 
1-y an c:rIIot.ional “irIdcx” t.hat can occupy a certain well 
defined I‘illl#!! say bc:t.ween 0 ant] 1. In any c:ilSe, the Clllill- 

it! of t.1II: analysis c:l(:arly depeIIds on the* correct choice of 
I)ararnetctr-s and t,hr acc:lIracy wit.lI which thy are eval II- 

ilt (‘Cl. 

3.1. Examination of Spcwh paramoters 

Most of t.he pxil1IIcters iqqx:ilring in I.lic 1iteral.III.c: are 
I,asetl 011 either I IIC pit.& or tllc interisit.?: of the s~~c:rch 
signal. ‘I‘lierefore I.hcse two arc c:xt.ractcd from t.he sigllill 

as a fiIIItlaIIirnta1 St.il1.t ing point. The spccc:l~ signal wits 
SilIllplCXl ilL X lihz. ait tI 8 bit,s per sample. Thcs pit,& dr- 
t.ccl.iott Ijrogram was set. up to I>rovide ~10 pitch va111c:s per 

SecoIItl. Pitch anal?;sis was pcv4’orrnecl on \villdows of 400 

samples! with an overlap of 200 samples. IIItensity was 
illSO CalClIlilt cscl. and noI~riInlizecl for pitch periocl length. 

3.2. The pzwameters IISMI 

‘1’11~ speech pariltrlcter.5 usc~l were based OII [5]! wit II (‘ct.- 
t.ain ~ill~iiltiOIls, sinw t Ite work irt [5] presenkd only a qllill- 

it,at,ivc tl(sscript,ion of t.he paramct,crs. To erIable contimI- 

OHS analysis. they WC-K c:oInput.cd over sliding windows of 
I)esween 2 t 0 G; seconcls. ‘Ihese pi1riLmet~ers arc:: 

I. F’it.rlI average: Tltc: average pitch in a window. 

2. I’ir cII variance: I)itch variallcc! was usc:d ilS a mea- 

sIIre of pitch range in a window. This was fount1 to 
Ix: tnore usefill than siniplcr measure> of maximum 
pitch minus millimum pit c-h. since it girvc nluch less 
wAglIt to any spIII.ious results in the piMt curve. 

3. 

4. 

5 . 

6. 

i. 

.Jit 1.~: This is a measure of tremor in t.he spc~41 
signal. Jit,ter was oht.ainc:d by c:ottrtl.ittg III<, II~IIII- 

ber of changes in sigrt of L~IC pitch clerivativc in a 
window. 

Specctl I-ilk: Speech rate was eStilniltcd by I.lic frc:- 

qIIc:IIc~ of occurencc of uiiwiwd pc:riods. ilk0 in- 
f’c:rrcd from t.he pit rh sigttal. 

Intensity: t.hc: relative intensit,y averaged over‘ il wilt- 
(low was calciIlat.c*tl I)! summing the squares of 1.11~: 
speech samples, for voiced segments only. TIIC IY- 

suit was normalized t 0 ilccOUnt for the relative leiigt II 

of voiced speech iII I,lw analysis window. 

Mensit y variance: as for pikh Vill.iiLIIC:C!. over voiced 

segment 5 ord,v. 

Tremor: t IIis is a measurr of I rcmor in the iII(.erIsit! 
ra(Iic7 Uian in t.lic pil.c:tt. ( Aculatecl similary I.0 
jit.trr. bul. over the InLciIsity cIirv(:. 

Each of t IIC above paraniclcrs is init.ially computetl 
on a11 absolute scab. III order t.o make! comparisotts be- 
tween clilli:rent speakers. il. is necessary I.0 nornlillizc~ it 
with respecl. 1.0 a baseline value: I’or each specific spcakc~r. 
l’or this purpose c~:h speaker must. bc rc:co~~derl at a “neu- 
t ral” emot.ioIIal level. t.akcn a< the baseline. l’hc ~nc~nsr~r~cd 

~AIIeS are then normalized as follows: 

3.3. Relating speech data to emotions 

I%ased on rev&s such as [5]. t,l~e measured paramot cr.‘; are 
all correlated to il certain extent. I.0 the emotional bl ilt v 

of t,he speaker. ‘This correlation dors not tlctcrmine how 

all of thr parameters (,ogc:ther can be c~otrtl)inc:cl t.o oh- 
kin a sir&: measure for C!iH:tl emotion: wtlictl \vc t.crIn an 

c:Iriotional it&x. 
In [6] ~11~ ;IIIthors aclopl c:tl a binary approa(:lI I o cmo- 

t ion classificat ioIIZ i.e. each IIt tc:rillIce was define(I il5 IX+ 
IongiiIg or not. I~c~longing t.0 a (.(‘rt~ililI rIIiot,ional class. III 

reaiil.y I.lle emot.ional 81 ihe is not IlCCCSSillily il hinary coII- 
cept - ill1 iIlcliviclual call Ix: in one or $(‘\:(‘l’id c:Iiiot~ional 
st at,(~s at t.he same time. and to a diKerent. degree for cil(:lI 
emol,ion. Thercfor-c:, in this lvork WC: t,ook t.he approacll 
of measuring the &tgree of each crnot,ion as an index 011 

some arbil Iary scale. 1~IIrl.lIc~r.mor.e. In this work t tI(: clas- 
sification Lva.7 performed at il c:ollstnnt rclfe of 20 l.irrtc3 
per second. rat,lI(:r [IIan on complct c IIt terances. 

3..3.1. The DM method 

This method has a c:eItain resemt)laIIce to that, used in [(il. 
N-tuplcs (with N=7) iii this case arc c:iilc~ilatecl constiml~l~ 
at a rat f: of 20 pc:r strcond from t.tIcs speech signal. ‘1’1Ic 
distances of each N-tuplc from 3 refcrcncc: N-t,i~ples (onr 
for each emotion) arc t.11~11 calculat ctl. illltl processed I.0 

obt.ain I IIe emotional iIIclices. It. rcmaiIIs to determinct: 

I. how t.0 fintl Lhe reference: poiilts; 

3 A. which distance measure giv(:s t,l~e best. results: 

3. how I,0 calculat C: I.lle indices tlic~iiI~.c~lves. 



The referrr1c.c: points were found by averaging 111~ \;a- 
IK:S for all of the N-t.uples in a file or scrics of files ,judged 

t,o r-cpresent. each cmol.ion. This process introduces a CW- 

t.air~ irlaccuracy, si1lc.c: it, is not clear I Ililt the speakers arc 

in the rcquircd emot.iorlnl state during I Ilc cnt.ire ut.t.er- 
awe. F11r.t her-more. in this rnct.hod the refcrc:rlce point. is 
,~ucIged to I’(, r.tlcs “ultimal c” degree of each vrnotion: if for 
Illstancr tlrlriilg a test IltI.(!~illlU5 t,he spcak(‘r is IrlorF all- 
gry I hill1 in the refercilcc: utt,erance. I I](: tlistance frolrl 1,1lc 
reference illIgc!r point. will increase instead of decreasing. 

The* distance mrilsure is 0btnincYl by first normalizing 
each parameter wil.ll respect to its variance and comput- 
ing a Ylahalanobis tlistance to each reference: point. This 
is defined by: 

\vhere .Y is I Ile refercncr vector. 1’ is t,he measurc- 
ment vcct or! illltl C’s is l.llc covariancc nlill,rix of t.hC Ill(‘il- 

slir‘emenls [or 111~: emot.iorl. ‘he emotio1liil index is t )I(:11 

~~ill~~~llilt~d using 1 tt(: fuzzy meritbcrship index: 

I 

11 - 
‘/;f(.x,.\‘,) 

I3 - c “:,(:,.‘;) 

(3) 

/ 

where X, is the refcrcllce vector for the j’t.h emotion. 
\;; is a measllrcrnc7~t. vector. ard U,, is l.IIc ,j’th emotiortill 
illtlcx. This algorithm performs normalization with IV- 

specl to I11c variance iltld t,akes c:orrclat.ion I’ct.wcen the 
paramel crs illI. RCCOIIII~.. X further atlvantagr I.0 this 
mt:i.~d is t.hat if WC wish I o decide whidl emot.ion is 
51 rorlgest. at, a givcrl moment - choosing 1 ht: emotion wit II 
the higllest emot~iorlill index corrcsponcls C’Xi1CTt.l~ to Inilx- 

imilrn likelil~oocl f5t imat.ion. 

4. R.ESULTS 

4.1. Data collection 

I~I’oIY any analysis was performed. the physiological data 
for each recording was examilled. FOII~ subject.s (16 pc:r- 

cenl ) cxhibitecl no I’llysiologicall,v correlatetl activity dur- 
ing the cvcllt recount.. ilnd Ivere tliscilded at t.hc: oil&et. In 

atldition. eight stll),jects (16 percent,) did 1loL Show chilllgc~s 

ill al least two event recounts. Basetl on peer jutlgc:- 

mctllt . our general impression was that. eve:,’ for somr 01 
the rcv’rclings whic+l did show 1 hca expected ph?;siological 
act ivil,y. in an unformal listenilig trst. the spcY:ch signal 
was riot always jurlgctl as reflecting I.lle appropriate emo- 

t,iOrl. 

All of this sho\vh I tlat. t.he prol)lciii of obtairiillg reliable 
t.rst. dac.a is not. 1.0 I’(: taken lightly. somt: other studirs 

use lll.l,~!l~ilItWS prodllc.vtl by professional actors [Xl. usuall! 
withollt. physiological vcrificat,ion. It remains Lo be seen 
which mc*t Itotl is most. rcliahle. 

4.2. C)uantitat,ivo results 

In t.tlis stage. t.ltc oiltire analysis was performed on il single 
sp(:ilk(%r at a tirnc. III ot.hrsr ~VOI&. the recordings Of One 

sp(~ak(!r were first. analyzed for pitch ant1 int.ensity. I’WIII 

which tllc acoust.ic: features wcrc extract cd. ‘The rrfcr- 

encr j)oints for eacli ctnotion wcrc t.nken as their average 

Figllrc: I: 3 examples of rmot ional ill(licrb 

\.idl1(!+ over t,he approl)riat e file. The covariancc mil~.ric.c+s 

w’crc illSO calculat,cd from IJlese files. Next. thr: cmol.ioltal 

intliccs were computed its a fmiction of t.imc Over lh: .somr‘ 

files. ‘I‘hc objective of lhis iUlill~SiS was t.0 examine I I](: 

degree to nllicli the acoustic. feat IIIY:~ wcrc consistent for 
(%a(:h emotion. for a single speaker. ‘I’ll0 i~c:sult,s for one: 
spcakcr is preaentc(l irl figures 1. lvhere illI I 11~3 splash files 

exaniiid were approximatdy 1 minute long. .A l.empO- 

ral plot is shown for (*iKtl ulterance. In the plol.. five: lines 
are intlicatd~ represent ing tl~c: cont.inuous changes of (:dl 

emOt,io1lill index. 

4.3. Emotion discrimination 

One I)ossibility is lo ilse the emot.iOnid ititlicu 1.0 obbain a 

glOt)ill decision for C!ilCll file. relating i 1. I.0 il spcdic emo- 

t.ioll, as done by [6]A Ilumber of methods il1.c possible: 
using tile averagr VilIIIC (.A\.) of t.hesr in(lic:c:s over I Ilc en- 

tire file! choosing the emol ion to be the one who’s iiltlcx 
is largest. ilIl0t her possihilit y is IllCilSUrillg the percent ilfl,CZ 

of time: (TP) for \vllic:ll ii specific index is .I I)oirlt s ithove 

the rest., where 5 can bc: set. arbitrarily, ai~tl it ‘h ullirs are 

the fuzzy membership urlils, between 0 and I. ‘I’a~‘l~~ 1 
summarizes XL’ for two sI>(!ilk(!rs: 

High values on t.he diilgollal int1icat.e good dihcrimi- 
rlation. Tyor (til<tl speaker the ‘1’1’ measure was performc~tl 

three t.imvs;. with .I: choseu ilS 0.01. 0.1. 0.2. The rcs11lts 

are s~~rnrnai~i~etl in table 2 for t hc same two .speakrrs: 

For t,llcsse two spcakcrs, AV proved t.o bc il gootl over- 
all cliscrirnil’ator. Using ‘T’I’. the threshold x clrt crrrlirles 
t.he resillt. Lo a large ext t’rit ‘Ilie minimum l.hreslloltl foi 

which a \.iSllill decision wollld agree wit,h I.he c:ornl)llt~ecl 
decision is ilr0lItId 10%. Wc do not attempt. at t.his Sklge 

t.0 dctcrmine iltly specific t.hreshol(l iltld time perccnl.ilge 
t 0 bc used as tlccisive values. 

4.4. Discussiou 

‘This st rrcly. togrthcr with [6] i c emonst 1’ill.c’ that automal,ic: 
classification of em01 ions is possible. :\ rcvien; of the lil.cl.- 



sl)(‘ilker 1 

ttl,l.erance: --t ilIlgC?t jo\ Siltlllt!SS fear disgust 
em. itttlax 4 
hN(;I-:,I< .56 ‘0 i !I 8 
<JOY 11 xi 11 I-l 10 
S.4DNRSS -1 1:s 49 II 23 

FEAR 6 I5 1:3 56 10 
r)ISC;~-sT 4 IO 22 9 55 

speaker 2 
ul.l.crance: -+ ilnger joy sadness li!ilI' disgust 
vttt. index 4 
:lX(.:lXl~ 34 19 II 19 17 
JOY I 9 38 15 I.5 12 
S.ADXSS I2 I.5 4:3 I7 13 

I~‘EAR 1.5 I !1 1.1 3i I.5 

I)ISG~YI‘ 13 I 3 1.5 12 .I6 

.J’al)lc I : -41. for idI utterances of two sp(!iik(!I.s 

a1.111.e on t.he prol~lctn reveals bItat, these I,wo are nearly t,ltc 
only (lttiltttitat.ive stttdiw publishotl on t.he srtl)ject.. ‘The 
current, work brings to light. a ttttmber of problems. 

First. the automatic classification t:iltl only be as good 
a.* I tte reference (lilta. This is a weak link, in the scnst: 
that it involves peer judgement. ‘l‘his makes it difficult to 
c’otttpare s~~\:(d tlifferent. rttt:1 hods carried out. by tlifl’crent 
resc~archers. on difrerent datilt)ases. :\s iii fields suctt ilS 

imngr or’ auclio cotnprc:ssion. a itttiversal agrcotl databasr 
widely available w011ld be very Itt:lpful in t.ttis case. 

Svcottd. creatitig il mapping t)etween Ittttttan juclgr- 
tnc‘ttt of emotion and an absolltte scalcx is I)roblemat it:. 
Psytiol0gist.s havr defined t,ltc‘ t)ilSiC “spat:c* of emol.ioiis 

as cottiposecl of 4 or 5 basic ctttot,ions. hut it is clear l,liaL 

t.hcr-c: are no “p~~rc:” emotions and emol,iotts can o~t~tdilp 

or appc:ill‘ in various tlcgrees. 

Due I o lack of d&a on t,hese issues, a rat Itw “engi- 
neering” approach was adopted. wtlere we made a number 
of ilti tloc assuml)hons that facilitated tire analysis. ‘I’tte 
most. succeSsfIll tt~ct~hod usctl in this work was has~d 011 

t \vo asstttnl~t.iotts: The SII~~I of t.hr: itdices for all of t.he 
c.ttiotions is ill\Va~S one’. tllte t,o thr form of the fuzzy dis- 
tancr: tttc’asur‘e; and t ttc: reference: points for CilCtl emotion 
reprchscnt. the higttcst degree of that emot.iott. 

‘I‘he firsl. ilssutnpt.ion ncccssariiy tncatis that. whc:tl illl 

speaker 1 

x: .Ol .I .2 
ASGEH IO0 100 !)i 
.JOY I 00 99 9.5 

S:lDN I:,%? 99 !I, 84 
FEAR 100 99 98 
r)Iscius’l 100 99 !)G 

sp(‘illtr~r 2 
Z: .Ol .I .2 

XNC:I*:I< 90 55 ” 

.JOY 9‘1 91 48 
S.ADNFSS IO0 95 66 
t:EA R IO0 8X 26 

DIS(;1:S.I‘ 100 9X xi 

‘Ihblc 2: TP for all ut.terancrs of (.wo speakws 

index for one cmot,ion grows. some others must shrink. 
which implies a negative type of coupling between emo- 
tions. This itas ttot been verified or disproved on t,h~ 
psychological Icvel. and it. definitely merits further explo- 
ration. From 1.ltc practical point of view it, means tllilr. 

any of the c:tnol,iottal indices can receivr a large valttt~ OIII! 
when the pnratttelers for that emotion cot~cspor~d c~losc:l~ 

only t.o t,hr reference for t,hat, emohm. if 1.11crt: cxixts a 
stat.e in wltictt an individual is bol.i~ vc:ry tiisgttsl.c:(l and 
very afraid, at the most both indiws (:iltt II~VC iitt itttlcx 
of 0.5 at the SilttIC! the. 

‘I’he srcotitl assumption is ilcl Ililll~ rcla1ctl to I he fact 
mentiotictl above that il. is difliciilt to define an objrc- 
t.ive RCRIC! for subjective: pltc:ttotttet~a. Across a wide range 
ol’ subjects. For Otis reason we believe lh: iltld~Si< IM:I‘- 

formed well on an itttlividual basis for cxh sl>~idi(‘r. yet 

st ill proved proMetnat.ic if applird ilt:t‘t)ss sc:veral stat )ject.s. 
Despite l,itc ilt)OW assumpt.ions illltl imcrviltions, the 

I)ottom line is I hat the automat it. c:lassificiil.ion agreed well 

wit tt Ihe human classificat.ion, over 1.11~ t.attgt: of ctttobions 
st.udirtl. I*itrther work will probably be carried out itt ittt- 

proving t.he set of speech parameters t)c:ittg used. in tuning 
the dist.attcc tncasure defining t,itc speech indices. in reactt- 
ittg a l)ett.er. undcrs~.anding of how emot ions i1t.c’ vxl)tvssed 
from il l~sychological point of view. and compiling il gootl 
dat.abasc of recordings. 
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