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Abstract

MRI techniques have been used to obtain
mid-sagittal cuts of vowels uttered by several
French speakers. These data have been
compared with data coming from X-ray studies
made by Bothorel et al. [7]. Area functions and
derived formants have been evaluated by a
comparison with formant frequencies extracted
from vowels in a session different from the MRI
recording sessions.

1.Introduction

Accurate measurements of vocal tract (VT)
shape during phonation is an important part in
the study of speech production. In recent years,
magnetic resonance (MR) techniques were used
to measure 3 dimensional VT shapes, Rokkaku
et al. [1], Matsumura and Sugira [2}, Baer et al.
[3], Matsumura [4], Yang and Kasuya [5] and
to obtain mid-sagittal images of the VT,
Demolin and Segebarth [6]. These techniques
are particularily useful to obtain, in a non-
invasive and harmless way, the dimension of
the VT.

This investigation was made at the MR
unit of Hopital Erasme, Free University of
Brussels. The system used was an image maker
Gyroscan S15 (Philips, 1.5 Tesla). Measures
have been made with the antenna RF “brain”
used for RF excitation and to detect nuclear
signals. In a first examination location of 10
adjacent coronal sections of 10 mm thickness is
carried out, acquisition time is 1.53 minute.
Examination itself consisted in a § mm thick
mid-sagittal section whose acquisition time is 12
seconds. The technique is a spin-echo (SE) with
a repetition time of 200 ms (the minimum
possible on the machine); echo time is 25 ms,
visual field 250 mm and the acquisition matrix
128%*256.

2. MRI data

EUROSPEECH ’95, Madrid, Spain, September 1995

This study was made to compare mid-
sagittal images acquired by MR with data
obtained by X-Rays presented in a study of
French vowels Bothorel et al. [7] and also to
obtain area functions and transfer functions
from MR images. One of the aims of this
research is to determine if sustained vowels
produced by our subjects during acquisition of
MR images are comparable with data from X-
rays studies where images are obtained from
non-sustained vowels.

The MRI study was carried out with 10
french speaking subjects living in Brussels.
However, only two subjects (one male, one
female) have been included in the present sudy.
MRI images were obtained from subjects
sustaining vowels during 12 s. Comparison
with tongue position of vowels from X-ray data
show that results of MRI and X-ray studies are
comparable at first sight. However there are a
number of problems generated by the MRI data.
Calcified structures containing little mobile
hydrogen are not visible on the cut. Thus teeth
position has to be estimated when drawing
contours from mid-sagittal MRI cuts. Also there
might be a gravitation effect provoked by the
position of the subjects who are lying in the
machine. This problem has been mentioned
before by Baer et al. [3] and by Demolin and
Segebarth [6] but no particular effect was
found.

3. Extraction of mid-sagittal distances

The sagittal cut was measured on a semi-
polar coordinate system with a program
designed for this task, Lecuit [8]. In this
program, the outline of the tract is introduced in
the computer by means of a digitalization tablet.
The most important aspect of the program is the
definition of a suitable system of coordinates
upon which one surimposes the tracing of the
vocal tract. Indeed, the sections must be as
perpendicular as possible to the midline and the
angle between the mandible and the pharynx
wall varies with the subject. Since the vocal tract
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Figure 7 This chart displays the values of F1, F2, F3
for cach of the ten french oral vowels uttered by one male

0 speaker in Bothorel’s data (Subject 4). The horizontal
3000 segments represent the LPC formants extracted by
Bothorel.
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Figure 5 This chart displays the values of F1, F2, F3 of .
for each of the ten french oral vowels uttered by the male
speaker in our data. The horizontal segments represent u 9 o A & o ® v e i

the LPC formants extracted from the mid-sagittal MRI
cuts. The four points represent formants values measurcd

in a separate session. Figure 8 This chart displays the values of F1, F2, F3

for each of the ten french oral vowels uttered by one
female speaker in Bothorel’s data (Subject 3). The

o0 : : : : ; : ‘ : horizontal segments represent the LPC formants

0 5 : ; ; i : ; ‘ extracted by Bothorel.

o e is shaped as a bent tube the coordinate system
T 0 pe B should display the same shape. The semi-polar
g coordinate system suggested by Heinz and
L JT) S S - Stevens [9] was chosen (see figures 1 and 2).

1000 Frm The coordinate gridlines are spaced by 1,5 mm

IR P in the two linear regions. The degree .of

o o= opening, 0, between the two straight sections is
0

adjusted to the speaker, and the number of
o 5 o a f o0 & y e i gridlines specified for this polar part detemines
the angle between two gridiines. The coordinate
system remains in a constant position, the
contour is moved into the right position. The
method used to obtain the midline in figures 1

Figure 6 This chart displays the valucs of F1, F2, F3
for each of the ten french oral vowels uticred by the
female speaker in our data. The horizontal scgments

represent the LPC formants extracted from the mid- and.2 15 the followmg. Thq moment qf each
sagittal MRI cuts. The four points represent formants section delimited by two adjacent gridlines of
values measured in a separate session. The horizonial the coordinate system is evaluated. The midline
segment is missing for vowel [¢]. is then computed as the line joining the

moments, Fant [10]. The length of the vocal
tract is measured on the midline. The accuracy
of the in the input process has been checked in
Lecuit [8].

4. Area functions

Frequency [Hz]

The area function is derived from the
measurement of the distances between the upper
and the lower boundaries of the sagittal cut from
S S s e . the glottis to the lips using the transformation
: N N R R N R R proposed by Sundberg [11], [12]. Treatment of
the lips is carried out with another
u .o o a & o & y ¢ | transformation designed by Fant [13]. The
tormant frequencies of the so-obtained area
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Figure 1 Contour cntered onto the coordinate system
for vowel [o] uttered by the male subject. The four black
spots are the landmarks-centered with the contour. The are
respectively, starting from the glottis, the larynx, the
cpiglottis, the oro-pharynx, and the upper tooth
landmarks. In the middle of the vocal tract lics the
computed midline.

Figure 2 Contour entercd onto the coordinate system
for vowel [u] uttered by the female subject. The four
black spots are the landmarks entered with the contour.
The are respectively, starting from the glottis, the
larynx, the epiglottis, the oro-pharynx, and the upper
tooth landmarks. In the middlc of the vocal tract lies the
computed midline.

EUROSPEECH ’95, Madrid, Spain, September 1995

Figure 3 Midsagittal vicw obtained by mcans of two-
dimensional MRI. Calcified structures contain little
mobile hydrogen, thus only the bonc marrow inside is
visible. This view represents vowel [o] uttered by the
malc subject. Figure 1 has been drawn from this cut.

Figure 4 Midsagiual view obtained by means of two-
dimensional MRI. This view represents vowel [u] uttered
by the female subject. Figure 2 has been drawn from this
cut.
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function were obtained by the variational
formulation proposed by Jospa [14].

5. Comparison of the X-Ray and MRI
methods upon the basis of formants

To evaluate the VT area function,
formant frequencies of vowel signal for each
subject were also measured but in a different
session because the noise generated by the
machine is too high during imagery. Subjects
were asked to pronounce the words and vowels
used as references during MRI sessions both in
lying and in normal position. Figures 5 to 8
show that the adequacy between the computed
formants and the LPC formants is comparable
when data coming from X-ray and MRI studies
are compared. However both methods show
that the performance of the sagittal cut to area
function transformation, in terms of acoustic
properties derived from the area frunctions, is
rather poor to reach the expected formants.

6. Conclusion

Although the data provided by MRI
could be a powerful tool in future studies, many
problems remain to be solved both in the
acquisition of the data and in the use of sagittal
cut to the area function transformation.
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