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ABSTRACT 
Acquisition of speech data using X-rays constitutes a major 
and more complete means of collecting articulatory 
information for the study of speech sounds and for 
computational modeling. Moreover, even if it requires 
sophisticated technical and medical equipments and is 
subject to some reserve regarding the use of radiations, 
with recent developments in digital X-ray technology, this 
experimental procedure permits nowadays not only to 
record speakers' productions with low ionizing rays and 
less radiation diffusion, but also to obtain very high quality 
images with better contrasts and more details for further 
exploitation. The data are collected under medical care. 
Preliminary results obtained from speakers producing 
French rounded vowels in different consonantal contexts, 
allow comparing, with a better level of preciseness, 
previous findings dedicated to the study of anticipatory 
movements in speech (IPS X-ray database, based on 35 
mm films). 

1 INTRODUCTION 

For nearly four decades, research at the Phonetics Institute 
of Strasbourg has largely focused on the study of 
movements of articulatory organs during speech 
production. These studies are based on cine-radiographic 
data for different languages of the world. This technique 
has been developed to collect data related to positions of 
articulators and the geometry of the entire vocal tract 
during speech production. The information obtained is 
related specifically to the shape and size of the supra-glottal 
cavities, the position and shape of the tongue, the lips, the 
incisors, the maxilla, the soft palate, and the hyoid bone. It 
is necessary to underline the importance of these 2D views 
of the vocal tract in the sagittal plane in understanding 
production mechanisms and in elaborating articulatory 
models of speech production (Fant, 1960[1], Maeda, 
1989[2,13]). If investigation systems like electro 
palatography (Hardcastle, 1984[3]), EMMA (Perkell et al., 
1992[4]), X-ray microbeams (Westbury et al., 1994[5]), 
M.R.I. (Baer et al., 1991[6]) have largely contributed to a 
better understanding of motor control principles in speech, 
none of them offers global information on the entire vocal 

tract, 
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with a high temporal and spatial resolution.  

t works, e.g. in Sweden, show the interest of using 
igital X-ray films: Stark, Ericsdotter and Lindblom 

[7]) used X-ray data to calibrate their APEX 
latory synthesis model (see Branderud et al., 1998[8]). 
 2002, research on spatio-temporal controls and 
ments of articulator gestures at the Phonetics Institute 
trasbourg gradually integrated preliminary data 
ed from this new protocol into the already existing 
 database (see Vaxelaire et al., 1999[9], for X-ray and 
tic data in anticipatory activity). 

TECHNICAL AND EXPERIMENTAL 
PROCEDURES 

ROM A 35 MM FILM TO DIGITAL DATA 
lately, the acquisition system used consisted in the 
nation of a 35 mm and a video camera, including a 
ic synchronization method (Brock, Simon, 
fizadeth, 1984[10]). During this period, many 
pments were focused on graphical matching 

en images and sound. At the end of each acquisition 
n, the film was developed, mid-sagittal profiles were 
ted on a screen and articulatory contours were 
drawn by expert phoneticians. Because of the 
eness of the Institute’s X-ray database and of the 
nt of work that had been carried out in collecting such 
the priority, for the last five years, has consisted in 
ving this patrimony (over 20 movies for a good 
nt of languages). The project consists in storing 
latory and acoustic data on high quality videos and 
OMs and in elaborating a scientific and accessible 
se. This one offers the possibility to access easily to 
modal information and request: QuickTime 
nces, JPEG images, audio recordings or hand-drawn 
l profiles. This work carried out in collaboration was 
rted by the Ingéniérie des Langues programme - 
 (Arnal et al., 2000[11]). 

 the end of year 2001, substantial advances in 
ch have been made with recent developments in 
adiographic technology. With such progress in X-ray 
logy, two factors emerged in relation to recordings: 
crease of ionizing rays and radiation diffusion. The 



new X-ray films, together with simultaneous video and 
audio recordings of the subjects’ productions are obtained 
under medical care at the CMCO (Centre Médico 
Chirurgical et Obstétrique), Hospital of Schiltigheim. 

A software that handles an entire set of recording 
parameters necessary for the study of the dynamics of 
speech has been purposely elaborated (see Figure 1). It 
allows recordings at different rates. The usual clinical 
exploitation is normally restricted to not more than 12 
frames per second but our experimental procedure is 
configured with the higher rate possible with this 
equipment, that is 25 frames per second. In fact, the limit 
could be fixed at 50 frames/s but such a rate needs a special 
configuration that is technically (and financially) 
impossible at the present time. 

 
Figure 1: The phonetics set-up at CMCO 

X-rays are not emitted continuously but by impulse: the 
duration of an X-ray pulse is 3ms/image. The frame 
resolution recorded on the computer is 512x512, with a 
theoretical bounding of 1024x1024 for 25 frames/sec films.  
At the end of the session, each sequence is digitally stored 
on a CD in a DICOM format (Digital Imaging and 
Communication in Medicine). This type of file contains a 
lot of information: a header that stores elements concerning 
the subject, the parameters of the movie, etc., and the image 
data (with information for two or three dimensions). 

Acoustic data are recorded on a DAT and simultaneously 
on a video recorder: one channel is reserved for the audio 
and the other one for a target-impulse, if needed. Indeed, 
for the first recordings, the impulse was presented to the 
speaker and constitutes a warning signal to utter a given 
segment of the corpus (sentences, words). Thus, this 
warning impulse-signal appeared acoustically on the tapes, 
visually on the frames generated by the X-ray system and 
facilitated synchronization. In the long run, the display of 
the graphic signal became extremely difficult to operate. In 
order to make synchronization post-production much easier 
and precise, it was finally necessary to add a physical index 
on the images. Close to the brilliance amplifier, a long and 
light stick, drove by an electromagnet was installed. A 
microphone, recording the noise of the backward 
movements of this stick, was positioned at the basis of the 
amplifier. Thus, it allows us to synchronize exactly the 
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e (low position of the stick) and the audio channel 1 
on the DAT).  

urther scientific and pedagogical exploitations the 
es were recorded simultaneously on a high quality 
-tape (S-VHS/BETACAM). 

  
ure 2: Synchronizing the image and audio marker. 

ECORDING SESSION 
peaker is seated between the optical block and the 
 tube (see Figure 3) on a special chair especially 
ed to maintain his head in a fixed position during 

h production.  

e the beginning of the session, low-dosage 
scopy pictures, visible on a control monitor allow the 
imenter to verify the subject’s position and the 
ncy of the filter (see Figure 1). The subject has a lead 

 on to protect him from diffused radiation. He is 
ed a few centimeters (10-20 cm) away from the 
l equipment (X-ray receptor and brilliance amplifier) 
 because of the set-up constraints (special chair, 
er). The brilliance amplifier not only captures the 

ions of the X-ray field, modified by the density of the 
d tissues, but also transforms these fluctuations of 
ity into proportional light variations.  

 
e 3: X-rays hardware at CMCO and recording session 

er to evaluate optical distortions and to convert 



subsequent measurements, a few pictures are recorded at 
the end of the session, within a reference grid (a square of 
20 cm by 20 cm; see Figure 4) placed in the speaker’s 
midsagittal plane. 

To optimize the recording of each region of the vocal tract 
and to cope with differences in the density of tissues, 
different filters are placed (with several layers of lead) at 
the output of the radiation tube, filtering X-rays and 
enhancing image contrast (see Figure 4). Finally, a 
unidirectional microphone (Sennheiser) is placed at about 
10 cm from the subject and plugged onto the audio system 
acquisition. 

In order to evaluate the new system and to obtain 
preliminary exploitable data, a 'movie' was made in 
February 2002 that examined consonantal assimilation in 
Brazilian Portuguese (one subject produced 105 short 
sentences). Other digital recordings have recently been 
stored (November 2002), comprising three subjects for 
French and Wolof (64 sentences and nonsense words). 

 
Figure 4: Lead filters and reference grid 

3 IMAGE AND SOUND ANALYSIS 

A complete work-station, including visualization tools, 
analysis of cine-radiographic and acoustic data, tracing of 
contours of the different articulators has been specifically 
designed.  

The use of this cine-radiographic digital system presents a 
good amount of advantages. First of all, if it is difficult to 
obtain graphic resolutions that equal 35 mm films, there is 
no doubt that the digital movies offer much better contrasts. 
This gain in contrast is also visible on the video recording. 
Secondly, the acoustic signal obtained with this new 
technology is also of a higher quality, simply because 
background noise that came from an analog camera is no 
longer present. 

However, the most significant progress is the possibility to 
directly access data, that are stored in digital files in a 
DICOM format, either as a complete dynamic movie or as 
an individual static image (see Figure 5). Such recordings 
imply the use of software, designed purposely for image 
processing. Many options are available depending on 
further processing. 

Osiris, distributed by the Unité d’Imagerie Numérique de 
l’Hôpital Universitaire de Genève, Switzerland offers an 
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ay to process and analyze such data. One advantage 
s software is that it is quite adaptable to different 
rms (Unix, MacOS, Windows) and is open to various 
ical formats. Moreover, it presents a large number of 
and processing possibilities (image and parameter 
ications, filters, coordinate calculations, etc.) that 
 image exploitation and instant data collection. 

n the framework of the “Cognitique” research 
m, and in order to obtain rapidly usable data on 

patory labial gesture for further processing in a 
uting environment (graphic and numeric computation, 
 processing) like MATLAB (Nguyen, 2000[12]), we 
ed to develop suitable procedures.  

the films have been delivered by the hospital, the 
 and the video are resynchronized. First, the DICOM 
re transformed into an AVI (Audio Video Interleaved) 
rmat, allowing opening it in Virtual Dub, a software 
 used for - inter alia - interleaving video and audio 

hat were initially independent from each other. Thus, 
VI and WAV files are synchronized using the two 
rs previously quoted. This operation truncates the 
 file in order to ensure that the two files are of the 
length. Then, the sound tracks are extracted and saved 
V format. It is thus possible to carry out articulatory 
is of the movies using an interface developed under 
AB, that combines techniques used by the Phonetics 
te of Strasbourg and by Maeda (1989[2,13]). The 

y of acquired images enables the expert to directly 
t contours without having to initially hand-draw 
l tracings. 

4 CONCLUSIONS 
equired technological transfer, from 35 mm films to 
l acquisition represents, at the same time, significant 
es in previous recording set-ups, and also in all 
ic engineering know-how accumulated and 
ized during the last decades at the IPS. However, it is 
opportunity to integrate technical advances into more 
nt research methodologies. It indeed allows 
ving significantly on quality (high temporal, spatial 
raphic resolution) and on processing of articulatory 
all data being collected in a strict medical 
nment. In one year, a complete protocol, from X-ray 
ition to digital and semi-automatic analyses of the 
tract has been developed. Preliminary results, 

g articulatory gestures to acoustic data, have been 
ed, particularly within the study of anticipatory 

ty in different languages (see Figure 5).  
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