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Introduction

Electropalatography (EPG) is a technique for gathering data about the dynamic variations of the tongue-palate contacts in the production of speech [START_REF] Hardcastle | New developments in electropalatography: a state-of-the-art report[END_REF][START_REF] Marchal | La Palatographie[END_REF]. In this domain, a great deal of attention has been recently devoted to the problem of data reduction [START_REF] Fontdevila | The contact index method of electropalatographic data reduction[END_REF][START_REF] Hardcastle | EPG data reduction methods and their implications for studies of lingual coarticulation[END_REF]. EPG provides us with a vast amount of information which most often needs to be compressed. In the Reading EPG system for example, which we have used in the present work, tongue-palate contact patterns are recorded using a 62-electrode arti cial plate, at a common sampling frequency of 200 Hz. When an experiment involves a large corpus and/or a large number of speakers, EPG recordings necessarily have to be transformed into a more manageable set of measurements. Moreover, besides its practical importance, EPG data reduction has also signi cant theoretical implications. Thus, previous studies on lingual movements in speech have led to the assumption that the tongue is characterized by a limited number of degrees of freedom. This hypothesis can be partially assessed by showing that it is possible to subdivide empirically the spatial arrangement of linguo-palatal contacts into a small number of independent components, by means of a statistical analysis [START_REF] Nguyen | Modeling tongue-palate contact patterns in the production of lingual consonants[END_REF]. In this perspective, EPG data reduction methods can allow us not only to cut down the amount of information to be processed, but also to better understand how tongue movements are controlled.

Many methods of EPG data reduction have already been proposed (see Hardcastle

Gibbon & Nicolaidis, 1991, for a review). To our knowledge however, no attempt has yet been made to apply to EPG data the techniques that are commonly used in the domain of image processing, although palatograms are images of a certain kind. In this paper, we present a new method for reducing EPG data based on such a technique, namely the bidimensional discrete cosine transform.

2 Representing an EPG pattern as a weighted sum of basis pictures

In this work, it is assumed that an EPG pattern can be regarded as a binary image, in which activated electrodes are represented as black dots and unactivated electrodes as white dots. Our method consists in extracting the main features of this image by means of a two-dimensional spectral transform. It is well-known that 1-D spectral transforms, such as the discrete Fourier transform (DFT), are commonly applied to speech sounds, to determine how the acoustic energy is distributed on a frequency scale. In such transforms, the signal is converted into a weighted sum of orthogonal basis vectors (sampled sine and cosine functions in the case of the DFT).

Analogously, an EPG image can be submitted to a 2-D transform which gives the possibility of characterizing the spatial arrangement of the tongue-palate contacts.

In two-dimensional processing, the signal is also represented as a set of orthogonal components, which are called basis pictures (hereafter BPs). Interestingly, it is possible to interpret some of these pictures in articulatory terms, as will be shown below.

In our approach, EPG images are characterized using the so-called discrete cosine transform (DCT). This transform is easier to handle than the DFT, as it only involves real numbers. When applied to a two-dimensional array of 8 8 elements, such as an EPG image 1 , the DCT is computed as follows [START_REF] Clarke | Transform Coding of Images[END_REF]:

C pq = C 0 p 2 8 7 X k=0 7 X l=0
f kl cos((2l + 1)q 16 ) cos((2k + 1)p 16 ) p = 0; : : :; 7; q = 0; : : :; 7 and more interestingly, Figure 2 shows that the three highest coe cients correspond to BPs that have been identi ed above as having articulatory signi cance, namely picture 1, picture 3, and picture 6. Conversely, note that picture 2, that we have also interpreted in articulatory terms (lateral asymmetry), was associated with a rather small DCT coe cient. This might indicate that, for our speaker at least, the linguopalatal contact patterns were relatively symmetrical on average. Finally, one other coe cient, namely coe cient 8, appears to account for a rather signi cant part of the image energy. Figure 1 indicates that this coe cient might re ect the presence of a semi-circular occlusion, such as that involved in the production of an alveolar stop, for example (although this will be true only if this coe cient has a negative value, since a positive value will correspond to a semi-circular pattern oriented in the opposite direction). In general, it seems plausible to assume that high DCT coe cients are related to articulatorily-relevant dimensions in an EPG pattern.
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Conclusion

The main advantage of the method proposed in this work resides in the fact that the DCT BPs are completely orthogonal. In other words, multiplying these BPs with one another always gives an entirely white image as a result 2 . Therefore, the four indices that we have devised are related to dimensions which are completely independent from each other. In that sense, the information they provide us with about the spatial con guration of linguo-palatal contacts is maximized.

Another interesting feature is that our indices are quite robust, and are de ned in a way which does not depend on any speaker-speci c characteristic. In this respect, our method could be usefully employed in studies on defective utterances, for which more classical EPG parameters might prove to be more di cult to measure.

Footnotes 1 The Reading electropalate has 62 electrodes arranged in eight horizontal rows, with six electrodes only in the frontmost row. For the sake of simplicity however, an EPG \image" is considered here as having eight rows and eight columns (the two supernumary dots being always white).

Figure captions

1. First nine basis pictures for the discrete cosine transform (after [START_REF] Clarke | Transform Coding of Images[END_REF].

The pictures are ordered according to spatial frequency. White corresponds to numerical values comprised between 1 and 0; black corresponds to values between 0 and 1. 

  Figure2gives rise to several remarks. First, the main part of the image energy resides in the lowest-order coe cients. Not surprisingly, this means that the con guration of the tongue-palate contacts most often formed a simple pattern, composed of one connected component only, with no gaps or irregular boundaries. Second,

  Figure 1, respectively, and they are computed as follows: SSU = 1 8 7 X k=0

2.

  Root mean square values of the DCT rst 48 coe cients calculated over a set of 2524 EPG frames. 3. EPG patterns for /k/ onset (upper panel) and for /l/ release (lower panel) in the production of the sequence /akla/. The normalized values of the indices are indicated above the corresponding basis pictures. Each picture has been weighted by the associated index value. 4. EPG patterns for /s/ in /asa/ (upper panel) and for / R / in /a R a/, with the corresponding index normalized values.

In mathematical terms, this means that the product of the two corresponding matrices is a matrix only composed of zeros.
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