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1 Introduction

Coarticulation during speech production takes place in both the physiolog-
ical level concerned with articulator’s properties and the planning stage for
generating motor commands. This study focuses on investigation and mod-
eling of coarticulation at planning stage of speech production to implement
human mechanism in controlling a physiological model. A “carrier model”
was proposed to describe the mechanisms of coarticulation, in which the
vocalic movement is considered to be the primary component as a “car-
rier wave” and the consonantal movement as a “modulation wave”. We
attempt to quantify the parameters of the model using articulatory ob-
servations obtained from the electromagnetic articulographic system.The
articulatory point of the central vowel was dragged towards the articula-
tory point of the bilateral vowel. Parameters for the proposed mode were
evaluated using the articulatory data.
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2 Separation of articulatory movements about con-
sonants and vowels

Carrier model was verified by separating the movement ingredient about
vowels and consonants and reconstructing each articulatory movements.
Moreover, the interaction of articulatory movements about vowels and
consonants is examined. In this research, much phoneme environments
was taken into consideration by a creating average phoneme environment
by the technique of a frequency addition average, and reconstructing the
waveform of articulatory movement.

The waveform of articulatory movements in from frequency domain to
time domain was reconstructed by giving a double complex Fourier series
from the spectrum which it is led by frequency addition average.

N/2
Try(t) = ap + Y ajcos(2m foit) + bysin(27 fyit) (1)
i=1
a; = 2real(C;)/N b; = —2imag(C;)/N (2)
a=Cy/N k=1,2,3 i=1,,,,,,N/2—1 (3)

C,,'The value calculated by the addition-average of frequency, N The number
of points of Fourier transform, foFrequency resolution.Separation of artic-
ulatory movements about vowels and a consonants was aimed at using
the waveform of typical articulatory movements. The waveform of ar-
ticulatory movements relatively seen from the reconstructed speed of an
articulatory waveform and the central point between observing points was
shown. They can be considered that articulatory movements of prompt
consonant is what is depended on superimposing after that a quiet vowel’s
articulatiory movements.

3 carrier model

This model adopts spatial targets in the control strategy. Modeling of
coarticulation is focused on the coarticulation taking place in the target



planning stage while the coarticulation in the physiological level is expected
to be realized by the physiological properties in a physiological articulatory
model. To plan articulation based on the concept of a “carrier” movement
superimposes “modulation” movement, it requires us to separate a given
utterance into vowel and consonant sequences. For a given utterance, there-
fore, the vowels and consonants are separated into two phoneme sequences
as the following. To construct the “carrier wave”, articulatory movement
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Figure 1: carrier model

is considered as a continuous movement from one vowel to another. The
resultant target of consonant C; is dependent on a “tug-of-war” of the
neighboring vocalic targets, and thus a virtual vocalic target GG; should be
generated in the position of C;. This procedure is described by this Figure

Gi=aV;+ Vi1 a<p (4)

Based on the look-ahead mechanism, the following target has stronger
effects on the virtual target than the preceding one in the targetplanning
stage. Therefore, the coefficient 3 should be larger than «. The second
process accounts for the effect of the consonants on the vowels, where only
the immediately adjacent phonemes are taken into account. Here, the
crucial feature in the consonantal target is first constructed according to
the typical feature C; and virtual feature G;, where no change happens
in the indecisive features.This processing is carried out by the following
formula.

= (dczCZ + Gl)
b dci +1

(5)

where d.; is a weight coefficient based on the degree of the articulatory
constraint of crucial C;. Second processing in this step is to account for
the effects of the following consonant on the preceding vowel via the look-



ahead mechanism.
a — vdeiCi + 7dy;V;
' (f)/dci + Tdvj)

In this study, the values for both v and 7 are set as 0.5.We have to lead
the degree of degree of the articulatory constraint for applying a model to

TRy (6)

a physiological model.

3.1 Distance using the distribution of an articulatory position
which paid its attention to the vowel

To estimate the parameters for the carrier model, phoneme sequence of
V,CV.CV,;, where Vy is a vowel in both sides, V. is the central vowel, and
C is a consonant, are segmented out from the read sentences. The bilateral
vowels move the central vowel from its average position. To evaluate the
interaction between the adjacent vowels, the displacement of the central
vowel apart from its average location is calculated and shown in Table.
The value of each column indicates how large of the effect the central one

Table 1: the bilateral vowels move the central vowel from its average position

Vi\Ve | Ja/ | Jif | Ju/ | [e/ | [o/
/a/ | 0.152 | 0.058 | 0.106 | 0.124 | 0.107
/i/ | 0.288 | 0.059 | 0.236 | 0.281 | 0.389
Ju/ 10.238 | 0.122 | 0.196 | 0.180 | 0.184
/e/ 1 0.085 | 0.130 | 0.117 | 0.029 | 0.101
Jo/ | 0.226 | 0.016 | 0.143 | 0.092 | 0.201

is affected. The value of each row shows the effect of the bilateral vowel
on the central vowel. The values in the rows correspond to the degree of
articulatory constraint (DAC). The lager of the value, the stronger of the
DAC. If using the average displacement of each row as a measure for the
DAC, after normalizing,DAC is this Table.

Table 2: ‘VOWGI’S DAC
/a/ | [i/ | Ju/ | [e/ | /o]
DAC| 1227|2010 1.5




3.2 Distance using the distribution of an articulatory position
which paid its attention to the alveolar

To estimate the parameters for the carrier model, phoneme sequence of
V,CV.CVy, where C is a vowel in both sides, V. is the central vowel,
and C is a consonant, are segmented out from the read sentences.The
bilateral consonants move the central vowel from its average position. To
evaluate the interaction between the adjacent vowels, the displacement of
the central vowel apart from its average location is calculated.But, since
there were few samples — even [ vowel | — one — receiving — the gum — the
distance of a consonant was found.In order to treat equally the number
of the distribution which determined the consonant of both ends, all the
things of the group which determined the consonant of both ends were
added, and the average value was equalized by dividing by the total number
of samples.

e d;:distance x samples of the selected phoneme
e N:samples of all alveolar’s consonants

e n:number of groups of alveolar’s consonants
1 n
D = N Z:l d; (7)
When close to the value as compared with the distance in a vowel, it

Table 3: Distance between the average value calculated using the parameter near tongue

tip
C\V /a/ | Ji/ | Ju/ | Je/ | [o/
C:alveolar’s consonants | 0.289 | 0.020 | 0.407 | 0.007 | 0.246

considered as the degree of the same restraint.Moreover, when value is a
small value, the degree of articulatory constraint was set to 1.
3.3 Evaluation of a parameter

Articulatory targets for which it led by the carrier model was led to the
distribution using the articulation position for which it led by the actual
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Table 4: tongue tip the degree of articulatory constraint about alveolar’s consonants

DAC\V | /a/ | [i/ | Ju/ | [e/ | /o]
DAC |27 | 1 [27] 1 |27

physiological utterance model.In order to confirm the adjustment of this
distribution for which it led, it investigated how much it would pile up with
a distribution and would overlap.Moreover, analytic data differs the data
when building a physiological utterance model, and this time. Therefore,
I think that compensation of a grade is required.Then, the central point of
a distribution was arranged this time.

A=T1—u (8)
e u:Average as a result of simulation

e Ti:Average of observation data,

T, =T, + A (9)
e Ty :Value acquired through imitation

e T;:Value of the imitation to which compensation was applied

The result of simulation showed carrying out behavior which is appropriate
to /a/, /i/, and /e/.However, it is thought that it was not able to confirm
since the physiological utterance model did not correspond to what mainly

speaks only in one utterance organ which is changed in case lips also ar-
ticulate like /u/and /o/.

4 Summary

In this research, the coarticulation based on articulation movement was an-
alyzed.Consequently, the same result as precedence research was brought.Moreover,
it was shown clearly that vowel’s articulatory movement is not quiet, and
its influence is storng relatively but consonant’s articulatory movement is
quiet and its influence is not storng relatively. Furthermore, it was shown
clearly that we can reappears positions of articulation which considers coar-
ticulation through this simulation although there is exceptional phonemes.
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