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ABSTRACT Nevertheless, exposure of healthy subjects to ionizing rays
This paper presents a preliminary version of a large X-ray  rapidly posed an ethical problem, as this was not in conformity
database thet is currently being elaborated at both the Institut de  with the legislation of many countries. Moreover, the time
Phonétique of Strasbourg and the Institut de la Communicatiegsolution of cineradiography does not exceed 50 frames per
Parlée of Grenoble. It currently contains 4 movies that presesécond, which is insufficient for a precise analysis of the timing
over 2000 images. These X-ray data focus on different phonet€ consonants, and particularly of plosives. For all these reasons,
issues in French: juncture, nasality, and coarticulation in VC¥esearchers looked for new experimental devices their.
sequences. The database contains 3 kinds of digitized daThe X-ray Microbeam system minimizes exposure of subjects to
cineradiographic data, acoustic signals and hand-drawn sagiitalizing rays by focusing X-ray beams on very specific regions
contours of the vocal tract. All files are phonetically labeled andf the vocal tract [9]. Electro-palatography records the palatal
stored on CDROMs. Management of the database is develomsgghtacts at 100 or 200 Hz ([10]; [11]). Ultrasound techniques
for Windows NT or Windows 95 with "Microsoft ACCESS", [12] provide 3D data at a sampling rate of around 100 Hz, in a
and a version for Macintosh is in progress. The data are accestited part of the vocal tract. Electro-magnetometer ([13]; [14])
via a user friendly interface, developed under JAVA, that sendonitors displacements, of 5 to 10 points in the vocal tract, at a
requests in SQL language to the database, displays the selesttlpling rate that can exceed 1 kHz. All of these techniques
X-ray images and the corresponding hand-drawn vocal tracffer a good spatial resolution, and temporal resolutions superior
contours, and also plays the corresponding video QuickTime that of cineradiography. They have significantly contributed to
movies. a better understanding of motor control in speech. However, they

all have a common drawback: neither of them allows acquiring
1 1. INTRODUTION simultaneous information from the entire vocal tract.

A systematic study of the control of speech production implie§uclear Magnetic Resonance Imaging (M.R.l.) could be
acquiring significant amount of data at different levels, namelgarticularly useful in overcoming this limitation [15].
the physiological, articulatory and acoustic domains. Aginfortunately, dynamic M.R.1. is still in its infancy (less than 10
concerns articulatory acquisition techniques, numerous am@mes per second in the best of cases, with a low spatial
varied experimental setups have, indeed, been developed ?@@blution).
refined within the international speech community in the lasfoday, cineradiographic data are still of utmost use. Currently,
decade. A priority in elaborating such techniques has mainbnly such data provide, simultaneously, a correct spatial and
been the whish to obtain good spatial and temporal resolutiofémporal resolution of the entire vocal tract in the sagittal plane.
while minimizing potential negative effects on subjects’ health. They are at the basis of geometric models [16] and are highly
In fact, until the seventies, apart from the use of well-knowpseful in the study of the spatio-temporal co-ordination of
self-observing methods with mirrors, by precursors like Hellwagrticulators ([17], [18], [19], [20]). Now, health legislation
[1], basic techniques for acquisition of articulatory data reliegkstricts acquisition possibilities of new X-ray data. However,
essentially on palatography and radiography. Palatography h@@re are many such databanks in various laboratories. It is our
the advantage of being simple and inexpensive. However, it WgSority to ensure their easy access to the speech community.
static until the seventies, and, by essence, it restricts the domgignhall and colleagues [21] accomplished a remarkable
of observation to the vocal tract regions where tongue and palgi@servation and distribution of cineradiographic data that were
are in contact with each other. On the contrary, radiograpkytquired in North America, and essentially at Laval University
required sophisticated medical equipment, but it gave a fulh Quebec in Claude Rochette group.
representation of the vocal tract, in the sagittal plane, from the France, the Phonetics Institute of Strasbourg offers an
glottis to the lips ([2]; [3]). Moreover, at the end of the fifties,exceptional opportunity. This Institute has accumulated, since
radiography ~ became dynamic, with the advent ofhe end of the fifties, more than 40 cineradiographic recordings,
cineradiography, which allowed, for the first time, a fairlyfor a large number of languages. Supported byrthénierie des
precise observation of the movements of the articulators apéngues programnst the C.N.R.S., we have thus started to
other speech structures. This explains why cineradiography W@ganize these data with the following aims: (1) ensure their
very often preferred to the other experimental tools, and was i¥bservation by storage on a high quality video, and by
the basis of reference works on the articulation of Soundéi,gitization and storage on CDROM (after their acquisition, they
especially in France with the studies by Geoges Straka [4] a@gre stored on 35 mm films and audio tapes); (2) facilitate their
colleagues ([5]; [6]). For the study of English sounds, precurs@halysis by including sagittal profiles that were hand-drawn by
researchers were Moll [7] and Perkell [8]. expert phoneticians, showing vocal tract contours; (3) ensure



easy access and processing of these data by integrating them into
a database for distribution.

2 PRESERVATION PROCEDURE AND DATA
DIGITIZATION
2.1 Preserving the movies
The first step consists in elaborating a data transfer procedure,
from a 35 mm cinematographic standard, to one that is more
resistant and can be more easily duplicated. The chosen standard
is the professiona Betacam SP, which is a reference in the
domain of the preservation of cinematographic documents, and
aso ensures an optima image accuracy. Two types of movies
that differ in speed of image acquisition, 64 or 50
images/second, are available, while the European video
standards restore images at 25 images per second, in the form of
interlaced frames at 50 frames/sec. The technique adopted, still
with the requirement to preserve the quality of origina
recordings, associates a full video image (2 frames) with each
origina cineradiographic image (the spatial definition is, thus,
preserved) and keeps all images (the temporal definition is, thus,
preserved). This procedure obviously provokes a slowing down
of the video by a factor of 256 (for the movies a 64
frames/second) or of 2 (movies a 50 frames/second). This, of
course, does not have any effect on the data, but it should,
however, be taken into account for any possible tempora or
spectral analysis that may be directly based on the video files.
Originaly, the images and the sound were recorded on two
different media. Recordings of pips of "image synchronization"
on one of the audio recording tracks, allowed conserving traces
of their original synchronization. This method, together with the
expertise  of  phoneticians who  detected temporal
correspondences between images and sounds (labial contact for
labia plosives, tongue-palate constriction for palatal fricatives)
dlowed a high quality post-synchronization. The sound is
consequently slowed down by the same factor as that of the
video.
22 Acquiring sagittal tracings
Determining sagittal contours of the vocal tract in the sagittal
plane (hard palate, soft palate, velum, pharynx, larynx, epiglottis
and tongue) is not an easy task. A few works have been
developed to elaborate automatic contour extraction techniques
([22]; [23]). However, the task remains very difficult and, quite
often, calls for assistance or correction by an expert.
Consequently, as a specificity of this project, it was decided to
associate a certain number of sagittal tracings of the vocal tract
with the raw X-ray data. These tracings represent an additional
value of the data (see Figure 1). They can, thus, be analyzed by
all the speech scientists, even by the ones having no experience
with X-ray data, or can serve as a starting point for drawing new
tracings.
2.3 Digitizing the data
231 Digitizing the tracings.
The hand-drawn tracings were in parallel digitized by a scanner,
and by a software that separately stores the contours of the hard
palate, the soft palate, the pharynx, the tongue, the teeth and the
lips. It is thus possible to automatically recover this information
for subsequent data processing.

232 Digitizing the video movies.

The movies were digitized according to the MJPEG standard.
These data were then transformed into QuickTime video files
and into JPEG files (static images). The QuickTime standard
allows visualizing articulatory movements. However, it
corresponds to a differential video coding, and consequently
does not offer the required spatial precision for subsequent data
processing. Thus, it was decided to aso furnish the images, one-
by-one, coded in JPEG dstandard, without any loss in
information.

3 INTEGRATION INTO A DATABASE
To ensure a large distribution of these data and to facilitate their
exploitation, the conception of the database had to satisfy a
number of requirements, which are as follows: (1) the final
product should be arelational database using a database manager
of a reasonable price, that is operationa on standard machines
(PC or Macintosh types) and affordable by any speech
laboratory; (2) search procedures should be based on requests
that specify the phonetic characteristics of the sound
(vowel/consonant, voiced/voiceless, open/closed...), or the
phonetic transcription of the sound, in isolation or in a given
context (less than 5 phonemes); (3) the elaboration of the
requests should be simple for the users, and should not, in
particular, necessitate any knowledge about the database
programming.
For PC machines, Microsoft ACCESS was used, with a user
friendly interface developed under JAVA. This interface allows
formulating requests through questionnaires that can be filled out
in a very ergonomic way, without requiring knowledge on
databases. A user's manual was also written in HTML language,
which allows a quick search of the desired information.
This interface allows integrating, in a very simple way,
additional data into the database, together with labeling them
phonetically. We used large phonetic labeling and determined
the time intervals (from imagé to imagel+1), where the
desired phonemes are located. Transitions are not labeled, unless
when explicitly related to a time variable phoneme (in the case
of liquids for example).
When a user makes a request, the software displays the relevant
QuickTime sequence and, if they exist, the corresponding hand-
drawn tracings. The user can then note the name of the video
that matches, as well as the numbers of the selected images
retained. He may then copy the adequate JPEG images from the
CDROM, together with the files containing the digitized
tracings, the sound of the complete video and the QuickTime file
for subsequent analyses.

4  CONCLUSION

Four movies of a few minutes, each associated with about 550
X-ray tracings, were thus processed and included into the
database. The corpus of these movies focus on the following
problems: The effect of juncture in French [24], French plosives
[25] and French nasals [26].

The database will be distributed for free by the Phonetics
Institute of Strasbourg, who is the owner of the data.



Figure 1. X-ray of [m] in [mi]. Figure on left.
Sagittal tracings of the samefigure. Figureon right.
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