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Introduction

A lotof proocesses have highdegree of periodicity intheir performance. Thisperiodicity
canbe disturbedunder the influence of some paral lel ruming, notwel I knomnorufamiliar
processes. Asameasure of this inflluence the degree of periodicitydistructioncanbeused,
regardedas cortinuous functionaftime or Its respective representation inthe frequency
damain. Thetremor of the basic tune inawoice signal isatypical example forasimilar
jrocess.

Thistremor isexpressed inthe continuous alterationof themain tune frequency, the
timedependence of this change havingexpl icitlyexpressed individual ityand increased
dependence onthe psychophysical (emotional) state of the vocal signal source. These
relations canbe usedas andbjective estimate inspeaker’s identification and inthe
evaluation of speaker”s enotional status aswel I . Some typical processeswithslovly
dhanging periodicityare theheart riytim, the respirationrhytim, thegenerator frequency,
therevolutionsor vibrationsofdifferentmechanisns.

Process model

Theclassical gpproach inthe study of quasi—periodical processes inthe frequency area,
‘though giving anadeguate representation, leadstocomplicated interpretationsof the
results. The time-frequency representation—aFourier transformation orany typeofwave
transformation can lead todifficult for interpretationdata. The present paper considers
only theprocess periadicity, nottaking imntoaccount its form. Thisperiadicityconmtainsan
weight canponentand avariablewhichcanbedescribed analytical ly asadeterminant of
atimestochasticfunction. Inthisvay, theproocesscan be regardedwithrespect tothe time
asapointprocess, consistingofaseriesofDirakpulses:

*The present investigations have been sponsored by the National Fund of ScientificResearch,
contract No-527/96.
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o ()= 15 (t-t).
J=x

Here t, is the beginning of each new cycle. We assume that every period can be
represanted Inthe type
t, -t =T+al (O dt,
® h 1
IX(®] <1, a<1, E[x(t)]=0, WX<—T,

whereT isthe average process periodandV istheefficient frequency bandof x(t). The
last one canbe definedas the second moment (inertial radius) of the Fourier image:

X =Fx®].

o 1
[F2|x(F) pdf | °

[Ix(F) pof

Thus the constraints introduced in themodel describea processwithouta large deviation
franthepurely periadical one, withaconstant average frequencyand slovalterations of

the moment frequency - The moment frequency here isaccepted asf(tj): v -t ).

The purposeof the Investigation istofind thefunction x(Y), usingthevaluesof t,,
andifitisarandonvalue, rtsspectral daracteristics. Incaseal I trerelationsareussdad
It isassured that t =0, the process isrepresented inthe form

o t
1) g(t) = T3 [t—jT—of x(t) dt].
t=—o o

Replacing z(t):t—af tx(t) dt, z°(O)=dz()/dt=1-ax(t) isdotaired. Itisassured
that z(t) 1samonotonously increasing function, whichmeans that theper iod of the process
camnotacceptnegative values. This follorsdirectly franconstraints (2) asvel L.

Having thus introducedanewvariable z(t), 1hebegiming(erac:hc,ycleslartsa[ttJ ,
forwhich z(©)=jTand £ =21 (JT) .

Thevariable
V,[2®1=U,[z(D-]jT]
is introducedwhere U is theHeaviside function,

J 1ife0
U=
l0ift0.
Having inmind that dU(t)/dt =46 (t) , the following relation isobtained:
dv, du. dz |
=L =5 [()-§T1Z,

dt at dt
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ItfolIoz\sfrcmihedefﬁnitimcrf\/j ,that

av.
_1-3 (t—tj)
dt

and inthisway the process becomes of the form:
9= %6 (t-t)= Zéti [z®O-1T1z° (1),

9O =[1-ax(® Zté [z-JT].-
Wirth the introducedvariable, the function X 5[z (£) — jT] becarescorpletely perio-
T
dical withrespect toz(t) and it canbedeveloped asaFourier series.

+00
g(® =[1-a x(t)] b el @/=®_

n=—oc
1, T=0 1
6 b, = —[8(2) ei@ndz, dz=—.
T -0 T

1 400
g =—I[1-a x(D] 2ei@m=®
T

n=—oc

Having inmind the symmetry of g(t) wirth respect to z(t) , the expression becomes:

1 0 T
® g(t) =—[L-o x(OJ[L+2Xcos @r/TN[ t-af x(7) dr].
T n=1 0

Itcanbeseen inthis representationof theprocess that It isasuperpositionofsaveral
moreelementary processes:

a—aconstant component,

b— amodulating oscillationox(t),

c— anetworkof frequency-modulated asci llationswithan average frequency n/T,
moment (I/T) n [1—a x(©)]; n=1+oc, and anpl itude-modulated with the modulating
osci llation. The frequencymodullation is the reasonfor theblurringofthe basicand side
spectral lines, butfor o<<1, theefficientwidthof thisblurring isnotaonsiderableand is
much narrower than the main frequency and it can be neglected.

Theoscillationg(t),, represented inthe frequencydaomain, (Without theconstantterm),

getstheform
o +oc n 1 « n
©) G(FH) =—X x(F- —) +— X5[F-—).
T n=—oc N=—oc T

The frequency spectrunof X(T) is repeated through intervalsof 1/T.

Restorationofthecscillationg(t)

The frequency bands do not cover for W << 1/T. When g(t) is passed througha low-
frequency filter withbound frequencies W , the outputsignal gets the form:

G*() =(a/THX(F), X(F)=F[C(D]
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and canbedirectlydotained byan inverseFourier filtration.

Whendetermining X(F), there isalwaysa limited real ization, whichcauses frequency
leakage andhence, Inaccuracy inthe restoration. Anveighting function isused inorder
todecreasetheseerrors.

Let thedbservation interval be T, N(T_/T)—thenurber of the cyclesdosernved, h()
—theweighing function (with spectrunH(T)) . Atwindowprocessing, the oscil lation
consideredwi H get the form:

6D =&DHD = (/T X HE- (VD) - (/)] X HOX (F- (V)
Whi le keeping the constraint T >>T, after enteringa lov-frequency filterwitha
limited frequency of | , theoutput signal will get the form:

&P = (W HD - (/M H X ).
The fol loving eXpression canbe acocepted as anestimate of the spectrumof x(t):

(¢3) X(F) =aH (HXEF) =-TF) +H ().

The intraducingofawindow leads to thealteration of the spectral daracteristicsof
X(T) - The spectral features of thewindow are added on one side and on the other — the
estimate itselfisaresultofthe covolutionbetween thereal spectral characteristicsad
that of the window. The deformations in the spectrunmare lesswhenthe spectral energy of
thewindow isclose tonull, whichunder equal other conditionsmeans that the real ization
of theprocess T is longer incomparisonwith thewidth of the autocorrelation function
1/ of the process X(T) . ITthedifference betweenthem isbigenough, it canbeaccepted,
that the influence of thewindow isnot so strongand its spectral characteristicH () can
be accepted witha zero phase inthe computations below given:

%(f) = ZNh(ti) etz 3 hN(ti) coswt — j X %(ti) sinwt,
i=1 i=1 i=1
(©))

A N N
X(F) =T T h(t,) coswt, +H(P) + JT h(t,) sinwt; .
i=1 =1

At frequencyenable AT, defined by the parametersof thewindow, thepower spectrum
of the process for frequencymA T isdefined by the expression:
N
S (MAT) = (T2/N?) [X h(t,) cos2nmA T t, - (N/T OH(mAF)]? +
i=1

(V)
N
Z/NHLX h(t) sin2nmAT £, P, m=1+ (W /AF).
i=1

The average frequency of the process isdetermined by theexpression T=T /N. As
expected, theoutput parameters, whichdefine theprocess X(T) , are themoments of star ting
anewcycle t, , the durationof the sample T and the number of conplete cyclesN.

The process x(t) can be determined by the expression:

W (O = FLX(D]=3X A e,

m=1
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Inordertodefine )A((t) or thespectrumS(Y), it isnecessarytodefineexactly the
moments t, , atwhichanewcycle isstarting.

Conclusion

The study accompl ished has shown that rather precise representation of the cyclic
alterations inquasi-periodical signalsas aresult of the action of time-dependent
oscillation, ispossible. Thisoscillation isrestored both inthe timeand frequency domain.
Itisassuned inthe Investigationthat thebegimingofeachcycle isquitepreciselydefined.
Infact this determination canbe aseparate procedure based on stochastic methods.
Thestudywi 11 continuewith experimental determination of thevocal signals tremor

and i'ts dependence on the psychophysical (emotional) status of the speakers.
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BoccTaHoOBJIEHME MONYJIMPYIoIEeN QyHKLINN
KBa3UNIEPUOIMUE CKIUX [TPOLIECCOB

BnpaBxo HukoJjioB, VBaH MyCTakKepoB

UHCTUTY T MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PeswomMme)

PaccMaTprBaeTCca UCCIeloBaHMe KBaSUIIEPHOOINYECKMX [TPOLIECCOB, KaK HallpuMep
TPEMOP OCHOBHOTI'O TOHA CHMI'HaJla OMKTOpa, CepnequHZ P1UTM, 4aCcTOTa I'eHepaTopa
" Op. PesysnbTaTH B obJlacTy KaXOoT'o U3 Hal3BaHHBIX IIprMMeproB MOT'Y T HaAWTU
VHTEPECHEBIE MPAaKTUYECKHME [IPVMEeHEHM A . Tak HalprMep M3MeHEHVE YaCTOTEL T'OJI0Ca
XapaKTeprnsmpyeT NICUXOMU3MUECK/E OCODEHOCTHM CUT'HAaJIa (ero sMOLIMOHAJILHOCTE) U

VCIIOJIb3yEeTCA ITPU M,HeH‘I‘M(i)MKaLUAM IVIKTOPOB .
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