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Introduction

Oneofthenmost interestingaress inthestudyofvoice signals is the influence of the psydo-
physiological stateon thewoice signal characteristics. Newmethods for signalsdigital
processing have been recently developed that could be examinedwith respect to their
applicabi Ity for similar purposes. Oneof themis themetihod for signalsamalysiswith the
helpofwave transformations.

In the time periodwhen the vocal signal canbe considered stationary (10-20ms),
onephoneme isgenerated. The transitions tonards different phonemes and their intonation
aretraced by the socal led trajectoriesof the formants and the contour of themain tune.
Investigations have beenaccomplished, inwhich itisnoted that theformants trajectories
reflectdifferent transitiosamongdifferent saunds anddeperd onthe phrasestudied,, whille
the contour of themain tune depends on the intonatiion.. The study of theemotional status
isdonewith respect toany conditionaccepted asnormal . This research usesmethods for
Tormants separation (by linear prediction, quickFourier transformationor kepstral
analysis[1]) ormethods determining themaintune (auto-correlation, cepstral methods,
transitions throughazero level andsoon) .-

Characteristicfeaturesofwave transformattions application

The advantages of wave functions use in theanalysis of sharp changes inthe signals are
well known. The good localization intime and in frequency enables the exact time
determination of the shorthigh-frequency components and exact frequency determination
of lovfrequencies components. It canbe acoepted that thevave transformationsareclose
to the physiological mechanisms of hearingand are appropriate to investigate speech
signalsfrantheviewpointoftheirpsychohysical (includingenctional) characteristics.

*The present investigations are sponsored by the National Fund for ScientificResearch, Contract
No TH-467/94.
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Forthispurpose framal I theexistingbasicvwavelets, themostgppropriate foranalysismust
beselected|[3, 6, 7, 8, 9, 13] .- They havetobewrthgood frequency and time localization,
linear phase and acceptable froma canputing viewpoint.

Thewavelets of Battle-Lemarie have beenselected inthe case. Their application
Tol lons the classical diagramofwave analysis [9],, and namely —ascaled function is
selected, thefrequency characteristicsof the correspondingvaveletand quedratic-mirror
filtersaredefinad, thecoefficientsof thepulsedaracteristicsof trefiltersalso, whichcan
be used tocarpute the decarposition. Theapplicationof this typeofwavelets foranalysis
withdifferent levelsof resolutionare based on the use of polynomial spline functionsof
2pt+1 order. They have been studiedat firstby Lemar i e [11] and independently by
Battlealso, andthenusedbyMal l at [4, 12]. The approach and the denotations of
Mal 1at[4]will be used toexplaintheway of fi lter coefficients computing.

The linear space of al I the functions of L2(R) is considered, that are p-times
differentiable andare equal toapolynomof 2p+1 orderwithineach interval [k, k+1] .-
Thescalled function, connectedwith thisspace, isdescribed inthe freguency domainby
theepression:

@ Y(@)=———===== ,  n=2p+2,

and the functionS () -as
© 1
@ T (@)= 2 e -
k=—ow (@ + 2km)"

Thefrequency dharacteristicsofthe lov-frequency quadratic i herH(w) iscomected
withthescaledfunctionby theequality:

(&) Y(2w)=H(w) Y(o),
fromwhichH(w) is dbtainedas:
Z:Zn( )
o o= | =S
22n zzn(w)

The computiing of the functiion S (@) canbe real ized finding the n—-2 derivativeof
thefuction

© L= :
Wavelets formed by cubic splines (p=1, n=4) have been used in the present

Investigations. Inthiscase it isnecessary toootain S (w) andH(w) by formula(4) . After
mathematical transfoms it isobtained:

315- 420u+ 126u?-4u®

© Hw)= 2Q-uw’ ,
315- 420v+ 126v2—-4v?
where u=sir(w/2), v=sirfo.

The pulse characteristicsof the filter h(n) isobtained by the inverse Fourier
transformation. Itissymetrical withrespectto thenull andisof infinite length, but it
attenuates exponential lyand canbe imited toafinite nurber of coefficiernts for practical
calculations. The coefficients of the mirror filter are obtainedwith the helpof the
relation[4]

O g(M =D h(@-n).
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ThealgoritimofRioul hasbeen chosen as abasis of the software realizationwith
theuse ofmirror—quadratic fi lters forwave transformation corputing.

Thefiltercoefficients of Battle-Lemarie canbe gppl ied inalgorithns, enabling the
computing of expansionswith redundancy (pseudo-continuous) [5, 10].- Theyawvoid the
decimationofthe high-frequency output fi lIters and ingoing doan the lor~frequency part
of the expansion pyramid, make Fi ltrations separation, fol lowed by adequate time re-
orderingoftheoutput coefficients. Itshouldbe noted that due to the noncausal character
ofthe filtersgandh, continuattionat theends of the T Iter sequences isnecessary - Mallat
[4] recomends amirror continuattion. Inother research studies continuation of the two
two end values (X(-L) = . .. =x(-1) =x(0) and x(NofPts+L) = . .. =x(NofPts) =
x(NofPts-1)) isapplied, where L is theTilter order and NofPts is the Ti ltered sequence
length. Addingof zeroes is alsopossible, whichhas the advantage, that itdoesnotbring
additional (non-existing) energy tothesigal .

The computing expenses are determined by the Fi lter length and the lengthof the
sequenceanalyzed. Foradiscretewave transformationatone point, for thecurrentscale,
2 multiplicationsare required (L is thernunberof the fi lter coefficients for-fi Hersofegual
lengths) . Sincethe Inputpoints for the sucoessive scales decrease by adegree of two due
tothedecimation, LQ+1/2+1/4+. . +1/27Y) =21 (1- 23) nultiplicationsarenecessary
foradiscretevave transformation atone pointand Jscales. Themultiplicationsnurber
declines towards 2L with the increase of the number of scales. The total number of
multiplications is2LNfor N input samples (proportional to the inputdatanumber) .

Bqperimental investigations of testwvoice signalsof enotional character
with the helpof Battle-Lemarievavelets

The method described, usingBattle-Lemarie”’swaveletsandRioul >salgoritmis
accepted as a base for thedesign of asoftware module forvwave transformations, with the
help of which experimental study has been accomplished. The module real izes wave
decomposition for quickwave transformationwith the helpofRioul "salgorithmusing
quedratic-mirror filters. Thefollovingocoefficientsofaguedratic filterof Battle-L arerie

areused:

H(0) =0.766130 H(8) =0.008685
H(1) =0.433923 H(9) =0.008201
H(2) =-0.050202 H(10) =0.004354
H(3) =-0.110037 H(11) =0.003882
H(4) =0.032081 H(12) =0.002187
H(5) =0.042068 H(13) =0.001882
H(6) =-0.017176 H(14) =0.001104

H(7)=-0.0017982  H(15)=-0.000927

57 fileswith test signals have been analyzed (27 with positive emotion, 21-with
neutral and9 —with negative enotiion) . After thewave transformations, thesignals for
seven successivescales have been dotained, thatareequal inlength tothe inputsignal and
areofreal values. Theyarecal ledoctave signals. Thereweredotained 7 files foreachscale
ortotal ly 399 filesthat cangive qual itative ideaabout the character of theexpansionsof
thevocalsselected.

Themaximums existing in the octave of the basic tune (characterizedwith values
claose tothemaximum) , can beused todetermine theal terationswithin the period of the
maintune, whichon ftsside cangive the emotional component of the signal studied.
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These files, that containsignals of the octave Inthemain tunecofawice signal,
gererated by one and the same source withdifferent enotional content, have been chosen.
Thisenables the use of any base for carparison. The nurber of the similar characteristic
Tileshasbeen 12 total ly for the vocals“E’and“0”, pronounced by different sourceswith
different emotions. The softwaremodulle, decarposing the signals studied, hasbeenthus
expanded that it computes the length of themain tune period (the distance between two
successive maximuns) . Thealterationof the period of the basic tune has been recarnputed
asanalteration inthe frequency of themain ture (the discretizationfrequency/length of
the period) and visual izedgraphical ly. The trajectories of themaintune frequencyofone
and the same sourcewithdifferentemotions in taregiven inthe (Figs. 1-8).

The fol loving conclusions can be made onthe basis of the trajectoriesof themain
tune frequency of vocals spoken with different emotions by one and the same source
(g.6):

1. There isdifference inthecunses, characterizing theseparate enctional states. The
aune, corresponding topositiveenotion, Ischaracterizedwithhigher frequencies inthe
main tune than that witth negattive emotion, while the curve of neutral emotiion is between
both.

2. Atthisstageof the research, only qual itative differencescanbeaccountted, since
thequantitative alterationsdepend on the individual characteristics of the person,
pronouncing thevoice signal beinganalyzed.

3. Thesequal itativedifferences canbealsoobserved when takinganequal base - one
and the same vocal , pronounced by one and the same personwithdifferent emotions.

4_Thoughthequal itativedifference ispresenaed, thereisquantitativedifferenceeen
at repeated pronouncing of one and the same sound wi'th the same emotions by one and
the same person — as seen from the graphs for the vocal 0 of the source A inthe First
andsecondvariant.

An attempt has been made to compare the pronouncing of one and the same sound
(the vocal “0”) withone and the same emottiion by different sources. The corresponding
graphs of the trajectories of themain tune frequency are shown in (Fig- 7).

Theconclusions fromthisareasfollows:

1. There isagainatendency observed tonards higher frequency of themaintuneat
positiveerotion.

2. The individual differences inthepronunciation lead to thedecrease of the frequency
differencesbetween the neutral andnegattive enction.

3. Itfollons, that thedetermirationof tre differentenotional ity ofavoicesigal, de
toquantitativedifferences inthemaintune frequencywould be relevant enoughat the
presence of an equal base for camparison-—one and the same signal source.

The individual differences in the pronouncing ofone and the same vocal withoneand
thesame enction by different sources canbe seen in the sinultaneous visual izationof the
trajectories of one and the sameemotion for different sources (Fig- 8).

The conclusions made are:

1. The tendency mentioned for increased frequency of themain tune at positive
emotion ishere cortfirmed.

2. Thedigital values arehighlly dependenton the speaker”s individual ity.

3. Theextracting of adequate conclusions for thewoice signal enotional ity depends
onthe relevance of the base accepted for comparison.

The fol lowing conclusions can be done concermiing the analysismethod selected:

1. TheBattle- emarie’swaelet isdescribed by filter coefficientsad theanalysis is
realizedwiththehelpofefficientoomputingalgoritins. Signalsfor sucoessiveoctavesare
obtained that are of real values and can be used for qual itative corparison.
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2. Thewavelets are appropriate for determining the moments of glottal closingand
openingand the periodof themaintureaswel l, thealterationsofwhichcanontheirside
be used todefine the enctional ityof thevoicesignal .

3. Themethod used al lows the programming and automation of the investigations
tosoreextent.

4._ Thenon-stationarities inthesignals analyzeddonot inflluence theanalysis. The
presence of noise in thesignals analyzed does not inflluence the lowv (lov-frequency or of
highscale) permissions used todefine the alterations inthe main tune periodasa
qualitativemeasure of the enotiional ity . Thewave transformationhere isbetter thanthe
auneaoftheminimizederror dueto linearprediction, which isnuchnore sensitive tonoise.

Conclusion

Treapplicabi lity of thevave transformations inthe analysisof voicesignalsenotional ity
isproved. Thereexistqualitative differences inthe tragjectoriesof themain tune frequency
atemotional lydifferent speechsignals. Whenabase of comparison isavai lable (oneand
the same source, one and the same vocal , known trajectory of the neutral status), the
quantitativedifferences inthedifferent trajectoriescanbepractical ly gplied.
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[IpyMeHEeHME BOJIHOBOM TpaHChopMaly IPpY ONpelesIeHMM
SMOLIMOHAJIBHOCTM PEUEBLIX CUTHAJIOB

VBaH MycTakepoB, ATaHac I'oyeB, 30paBKO HUMKOJIOB

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(

PeswomMe)

[Ty6nukalmsa cBsa3aHa C OIpeneJieHrMeEM ICUXOQU3MUE CKUX ocoBeHOCTeN CUTHAJIOB
T'OJIOCA IPe MIOMOILM XapaKTEPMCTUKY OCHOBHOT'O TOHa CUI'HaJIA . [IoKasaHo MprMeHeH e
MeTOIa BOJIHOBBIX Tpchc_bopMam/UZ, KOTOpb]IZ JEKOMIIOZVPYET CUMI'HAaJI B TaK Ha3BaHHBIX
OKTaBHBIX CUT'HaJIax. [lpemyiokeHa I'MroTresa, 4TO M3MEHEHMA B OKTaBE OCHOBHOT'O
TOHa XapaKTepuUs3MpyoT SMOLMOHAJIBHOE COCTOAHME CUT'HasNa . [IpencraBJiieHsl
IIPOIPaMMHEIE CPpellCTBa IJI4d 9TOI'O aHaJ3a.
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