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Introduction

The study of speech spectrum and vocal tract is
important to voice technologies used in human-computer
interaction. One of these technologies is speech synthesis.
Speech synthesis is concerned with many disciplines such
as: signal technologies, communication and information
theory, linguistics, physiology and computer science [1].

The research is related with problems of speech
synthesis and possibilities to use electronic circuits for
solving these problems. The most actual areas connected
with speech synthesis are: aid for disables, medical
applications, learning activities, telecommunications and
computer assisted (administration and service) work
places.

Speech synthesis allows for disabled (visually
impaired, with motional disorders) to access computer-
aided job places and various information systems. Speech
synthesis in learning activities can help to improve
learning process or can help in speech therapy. The largest
market where speech synthesis can be wuseful is
communication and administration facilities [2].

Earlier author’s articles also were related to spectral
movement of vowels [3, 4]. In articles [3, 4] authors found
out the most significant parameters which influence
spectral movement of vowels.
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Model of speech tract is described in [5, 6]. One of
it’s practical realizations in Mathworks MATLAB is given
by Childers [7].

Time domain methods of speech signal production
allow to take into account more details and simulated
speech signal is more precise. In our research the cascade
connection of many T form LCR circuit was used to
construct the speech tract filter. Integration of a system of
differential equations was used to obtain speech signal,
which was used for formants analysis. The results were
compared with formants obtained using two-ports model of
the vocal tract.

Method

The model of electronic acoustical tube consists of
two parts. The first part is excitation model and the second
speech tract model. Excitation model is shown on Fig. 1,
speech tract model is shown on Fig. 2.
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Fig. 1. Excitation model
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Fig. 2. Speech tract model
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Voltage source in excitation was used for modeling
atmospheric pressure. Current sources in T segments used
to incorporate extra air flow because of movement of vocal
tract pieces.

RLC circuit arranged parallel to main capacity used
incorporate movement of vocal tract walls

Relation between speed of air volume (analogue
electric currency) and pressure of air (analogue of voltage)
can be interpreted via impedance Z using resistance,
capacity, and inductance. The mass of air is compressible
and inertial. Compressibility can be equated to capacity
and inertness can be equated to inductance. The capacity,
inductance of A area tube and load resistance are described
in paper [8].

The model shown on Fig. 2 and described in this
paper can be used find out transition of areas of cross-
section of speech tract during transition between vowels.

The mathematical model of acoustical tube consists
of state variable method, where variable are voltage in
capacity (correspond pressure of sound) and current in
inductance (corresponds rate of air volume). Every one
segment has the first order differential equation.
Coecfficients on the right side are dependable on time. The
changing of coefficient is slow because of slow excitation.

Using Kirchoff’s rules the equations of currency for
nodes and equations of voltage for loops were wrote.

Voltage on inductance can be denominated as
derivative of inductance current multiplied by inductance
also current in capacity can be dominated as derivative of
voltage on capacity multiplied by capacity. Using these
denominatives all equations were rewritten, see equations

(1) and (2)
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Equations (1) and (2) can be directly integrated, but
such integration gives unstable solutions. On this situation
indirect integration was choused; derivatives were changed
into finite alteration also was used averaging of state
variables of neighboring time moments. The future values
of time moment calculating using system of linear
equations. The system of linear equations is simplified and
reorganized
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The matrix of system of linear equations and column
of free members created from equation system.
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Fig. 3. Transition of of cross-section areas between short and
long Lithuanian vowel [i]

T

(@)

The most important solution of linear equations is
next-to-last. This solution indicates the air flow in the
output of speech tract and the first order derivative
according time is speech signal in time domain.

Also this model gives opportunity to simulate
transition of cross-section squares between two vowels. In
Fig. 3 is shown transition of cross-section areas of vocal
tract between short and long Lithuanian vowel [i].

Also a cascaded two-port was used to describe the
acoustical tract.

The algorithm using two-port A parameters was
proposed. A parameters were calculated using acoustic
tube section electrical T form model (Fig. 4).

In equation 3 is shown calculation of C and L
-5,

pc

P

L=E Ax,
s
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here, p — density of air, S- cross-section of tube section, Ax
— length of tube section, ¢ — velocity of sound in air.
The A parameters for network shown in equation 4:
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Fig. 4. T form model of acoustical tube section

Impedance of load makes influence on frequency
characteristic of acoustical tube. Impedance of load consists of
parallel connected inductance L, and resistance R. Values of L,
and R found from equation below[7]:
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Amplitude frequency response was calculated using
sing A parameters of cascaded two-ports

Results and discussion.

Using an electronic acoustical tube model the
transition from the short to long vowels in time domain
and frequency domain were simulated.

In table 1 is shown the frequencies of first five
formants and their standard deviations.

In Fig. 5 simulation results of “a” vowel, when
simulating the transition from the short to long vowel in
time domain is shown. In Fig. 6 and Fig. 7 simulation
results of “a”, and “u” vowels, when simulating the
transition from the short to long vowel in frequency
domain are shown. Formant variation in a continuous line
derived from the use of modeling two ports. Roller marked
formant values obtained from simulated time domain
signals using LP analysis implemented in Praat program.
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Table 1. Frequencies of simulated formants and standard
deviations of stationary vowels

Vowel | F;, Hz F, Hz F;, Hz F,, Hz
a  [509.248.1[1293.6+£3.3 [2437.743.6 |3446.4£17.6
a: |668.4+1.3|1081.3£7.6 |2378.948.5 [3398.9+26.1
e |487.6+2.3|1396.7+11.82293.3+5.6 |3503.1£1.5
e: [595.9+£8.6|1471.3£5.0 |2281.849.3 |3358.5+16.0
i 398.945.7[1551.6£9.9 [2297.6+£3.5 |3500.5+8.2
i |405.1£5.9]1588.0+1.5 [2354.4+£3.1 |3617.7+6.9
0: |578.4+2.1|934.84¢1.6 |2365.6+18.9|3315.8428.5
o |401.7£5.4|1000.1£1.0 |2414.2+24.8|3399.9+7.9
u: [378.3+2.0 | 1128.5+8.2 |2221.6+19.8 | 3609.3+45.1
u  [294.945.3[891.0+£3.8 |2151.4+35.8]3522.6+145.8
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Fig. 5. Transition between short and long vowel ,,a“
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Fig. 6. Transition between short and long vowel ,,a* (Formant
from bottom F,, F,, F3, Fy)

The beginning of transition is at 0.04s and the end of
transition is at 0.08s. During transition from a short to long
vowel in time domain the change of amplitude is observed,
and in frequency domain change of formant frequency is
observed.

The same result of simulation of transition for both
methods achieved in vowel “a”. For other vowels some
difference results between methods were observed. In Fig.
5 the error of formant determination using LP method is
observed. The frequency of first formant was too low and



was ignored, so the formants were shifted up by one
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D. Balbonas, G. Daunys. Simulation of Spectral Movement of Vowels using Acoustical Tube // Electronics and Electrical Engineering. — Kaunas:
Technologija, 2009. — No. 8(96). — P. 85-88.

A vocal tract can be described using the serially connected electrical circuits of T-type. Its frequency response was obtained by two ways: simulation
of the signal and later calculation of the spectrum, and calculation of frequency response of serially connected two-ports. In the first case, a mathematical
model of the acoustic tube was built using a state variable approach, where the state variables are capacitor voltages (equivalent to sound pressure) and
the inductance currents (equivalent to air volume speed). An obtained system of linear differential equations was integrated by indirect method. In the
second case, two-ports “a” parameters were used to obtain all system frequency response. During vowel pronunciation the areas of the vocal tract cross-
section are obtaining changes over time. In both methods formant trajectories were extracted from the vocal tract frequency response. The results of both
methods were compared. The trajectories of formants are more stable, when they are obtained using a second approach. Ill. 7, bibl. 8, tabl. 1 (in English;
abstracts in English, Russian and Lithuanian).

. Banoonac, I'. Taynuc. MoaeiupoBaHue U3MEHEHHH CHEKTPA IVIACHBIX HCHOJIb3Ys AKYCTHYECKYI0 TPYOyY // DJIEKTPOHHMKA M YJIEKTPOTEXHUKA.
— Kaynac: Texnomaorus, 2009. — Ne 8(96). — C. 85-88.

BoxanbHbIi TPAKT MOXKET OBITh ONMUCAH C UCIIOIb30BAHUEM CEPUANTBHO CBSI3aHHBIX NEKTpHueckuX nened T-tuma. Ero yactoTHas XxapakTepucTHKa
OblTa MOJIydeHa ABYMs CHOCOOaMH: MOJEIHPOBAHHEM CHTHAlNa C HOCIEMYIOIHMM PAacdeTOM CIIEKTPa U BBIYMCICHHEM YacTOTHOH XapaKTEePHCTHKH
CHCTEMBl CEpPHAJIbHO CBS3aHHBIX YETBIPEXIOJIBHHKOB. B mepBoM ciydyae, MaremaTHyeckas MOJeNb aKyCTHYECKOH TpyObl Oblia HOCTpOeHa C
HCTIONB30BAaHHEM METOaM NE€PEMEHBIX COCTOSHHUS, TAe IePEMEHHBIE COCTOSHUS - HAPsHKEHUS Ha KOHIEHCATOpaX (IKBUBAICHTHI 3ByKOBOTO JABIICHUS) U
TOKH 4Yepe3 HWHIYKTHBHOCTH (IKBHUBAJICHTHI CKOPOCTH oObeMa Bo3xyxa). IlomydeHa cucremMa NMHEHHBIX Iu(QepeHInanbHBIX ypaBHEHHH Oblia
MHTETPUPOBaHA KOCBEHHBIM MeTOJoM. Bo BTOpoM ciydae ,,a“ mapaMerpsl YeTHIPEXIOJILHUKOB OBUIM HCIONB30BAHBI JUISl MONYYEHHs] aMILIUTYIHO-
JaCTOTHOU XapaKTepPUCTHKU BCeH CHCTeMbl. Bo Bpems mpousriamieHus INIAcHBIX IUIOMAAN CEYSHHH BOKAJIbHOTO TPAKTa M3MEHSIOTCS C TEUCHHEM
BpeMeHU. B oboux cmydasx Tpaekropuu (HOpPMAHTOB OBLIM MOJy9eHBI M3 JACTOTHBIX XapaKTEPHCTUK. Pe3ynbTaTbl 000MX METOJOB OBLIM CPaBHEHBI.
IMosy4eHo, 4TO TpaeKTOPHH (HPOPMAHTOB MOJTYUEHBI C IIOMOIIBIO BTOPOr0 MOAX04a, Oonee crabuibHbL. Wi, 7, 6ubim. 8, Taba. 1 (Ha aHTIIHICKOM SI3bIKE;
pedepaTbl Ha AaHTIIMICKOM, PYCCKOM H JINTOBCKOM $13.).

D. Balbonas, G. Daunys. Balsiy spektro kitimo modeliavimas naudojant akustinj vamzdj // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2009. — Nr. 8(96). — P. 85-88.

Kalbos traktas gali blti atvaizduotas, naudojant nuosekliai sujungtas T tipo elektrines grandines. Dazninés charakteristikos buvo modeliuojamos
dviem buidais: modeliuojant signala bei skaiCiuojant jo spektra ir skai¢iuojant nuosekliai sujungty keturpoliy dazning charakteristika. Pirmuoju atveju
matematinis akustinio vamzdzio modelis sudarytas taikant biisenos kintamuju metoda, kai biisenos kintamieji yra kondensatoriy jtampos (atitinka garso
slégius) ir induktyvumy srovés (atitinka oro tlirio greiCius). Gauta tiesiniy diferencialiniy lyg€iy sistema integruojama netiesioginiu metodu. Antruoju
atveju skai¢iuojami visy keturpoliy ,,a“ parametrai ir i§ ju gaunama visos sistemos dazniné charakteristika. Tariant balsius, kinta kalbos trakto
skerspjtiviai, todél elementy parametrai laikui bégant kinta. Abiem metodais gavus kalbos trakto daznines charakteristikas, buvo nustatyti formantai.
Abiem metodais gauti rezultatai palyginti tarpusavyje. Modeliuojant antruoju metodu, gaunamos pastovesnés formanty kitimo kreivés. Il. 7, bibl. 8, lent.
1 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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