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INTRODUCTION

Epilepsy is characterized by the sudden abnormal synchronization between a large group of neurons [START_REF] Witte | Special issue on epileptic seizure prediction[END_REF]. Temporal lobe epilepsy (TLE), the most common form of partial epilepsy in adults, is refractory to medical treatment in 20% to 30% of the cases. Surgery, which consists in removing the epileptogenic zone (EZ), is then the last resort for about half of patients suffering from it [START_REF] Iasemidis | Epileptic seizure prediction and control[END_REF]. Localization of epileptic seizure onset is thus a really important point before considering a surgical operation [START_REF] Engel | Research on the human brain in an epilepsy surgery setting[END_REF][START_REF] Ebersole | Localization of temporal lobe foci by ictal eeg patterns[END_REF]. Actually, the base of the surgery is that EZ and the epileptic network is stable for all seizures of a patient. Many techniques are used to produce a reliable diagnosis, from clinical signs to imaging (MRI) [START_REF] Asano | Ictal localization of temporal lobe seizures with scalp/sphenoidal recordings[END_REF][START_REF] Knake | Ictal functional tcd for the lateralization of the seizure onset zone -a report of two cases[END_REF][START_REF] Lee | The lateralizing and surgical prognostic value of a single 2-hour eeg in mesial tle[END_REF]. Among these techniques, electrophysiological methods are the most adapted to better understand the organization and propagation of the brain electrical activity of a seizure (Wendling et al., 2001b). Electrophysiological methods are di-vided into two groups: scalp ElectroEncephaloGraphy (EEG) and invasive techniques StereoElec-troEncephaloGraphy (SEEG), ElectroCortiGraphy (ECoG).

Signal processing methods have been successfully used on SEEG to complete visual inspection of seizure, in several studies (Wendling et al., 2001b;[START_REF] Van Der Heyden | Non linear analysis of intracranial human eeg in temporal lobe epilepsy[END_REF][START_REF] Wu | Segmentation and classification of eeg during epileptic seizures[END_REF]. It was showed that seizure evolution was closely linked to EZ organization and allowed to objectively characterize the seizure. The implantation of electrodes directly in cerebral structures let the electrophysiological signal be recorded directly at his source and then its evolution inside temporal lobe is relatively easy to described. Few similar researches have been proceed on scalp EEG. This may be explained by at least two factors. First, scalp EEG is a global reflection of cerebral activity, so during seizure, EEG signal correspond to a projection of the brain activity on scalp electrodes. Second, surface EEG signal is often artefacted, especially during seizures while uncontrolled muscular and eyes movements may occur. The main difficulty for the signal processing is then the extraction of a non-stationary event from a non-stationary noise. In this context, classical pattern extraction (mean detectors, spike detection method, ...) that have been applied to scalp EEG, prove to be non sufficiently robust. Another approach could then be the use of the decorrelation property between epileptic event and noise. As scalp EEG data is multidimensional, relationship between EEG channel could reinforce epileptic event hypothesis.

Measure of relationships between scalp electrodes is a technique often used in neurophysiological applications to point out the way cerebral structures work together. Concerning partial TLE, several methods of relationship measure have been successfully applied to SEEG signal [START_REF] Lehnertz | Non-linear time series analysis of intracranial eeg recordings in patients with epilepsy -an overview[END_REF][START_REF] Mormann | Epileptic seizures are preceded by a decrease in synchronization[END_REF]Wendling et al., 2001b;[START_REF] Chavez | Spatiotemporal dynamics prior to neocortical seizurres : Amplitude versus phase couplings[END_REF] in order to better understand interdependencies between anatomical structures during TLE seizures. The depth synchronization may be expressed by correlations on scalp electrodes, even if the transfer function of electrophysiological activity from depth to surface is only partially defined in literature. This assumption is reinforced by [START_REF] Franaszczuk | Application ot the directed transfer function method to mesial and lateral onset temporal lobe seizures[END_REF], who shows that the cause of the rhythmic activity, observed in ECoG, is an increase of functional couplings between a certain amount of brain regions.

The aim of this study is to characterize the evolution of TLE using scalp EEGs, in order to enhance preoperative diagnosis. In literature, several parametric and non-parametric methods are described to estimate these synchronizations at seizure onset: Directed Transfer Function in ECoG by [START_REF] Franaszczuk | Application ot the directed transfer function method to mesial and lateral onset temporal lobe seizures[END_REF], the non-linear regression method introduced by Pijn (1990) and applied to SEEG by (Wendling et al., 2001b), phase synchronization developed in [START_REF] Chavez | Spatiotemporal dynamics prior to neocortical seizurres : Amplitude versus phase couplings[END_REF],.... In this study, non-linear non-parametrical methods are preferred because they take into account nonlinearity in observed electrophysiological system [START_REF] Ansari-Asl | Quantitative comparison of signal analysis methods for characterization of brain functionnal connectivity[END_REF]. In [START_REF] Wu | Segmentation and classification of eeg during epileptic seizures[END_REF], authors developed algorithms to group seizure of similar morphology using scalp EEG. They based their method on computation of the edit distance, to give a quantitative information on seizure similarity. After adequate signal coding of non-linear regression signal, the method described in [START_REF] Wendling | Extraction of spatio-temporal signatures from depth eeg seizure signals based on objective matching in warped vectorial observations[END_REF] is employed to compute the similarity.

It the second section of the paper the procedure used for data base collection is summarized. Signal processing methods used to point out non-linear correlation between electrodes is explained. Signal encoding that leads to the extraction of similarities between two seizures is shown in following subsection. In third section results intra and inter patient is shown. Finally, these results are discussed and the conclusion on this work is presented.

MATERIAL AND METHODS

Patients

Seizures of forty three patients presenting TLE are studied. Two seizure for each patients were recorded in order to be able to point out intrapatient reproducible patterns. They are aged 16-45 years old and all underwent long term preoperative EEG recording at the neurology unit of Nancy's CHU (France). A comprehensive evaluation including detailed history and neurological examination, neuropsychological testing, magnetic resonance testing (MRI) study and interictal and ictal SPECT has been performed for all of them. The diagnosis of a partial TLE has been confirmed and they all underwent successful surgical resection of the EZ.

Data selection and signal acquisition

EEG signal was recorded on a Micromed system, according to 10/20 system using a 24 channels referential EEG montage. Data are sampled at 512Hz and recorded to hard disk. For further signal processings, eight couples of electrodes of the longitudinal montage are selected with the help of the neurologist. In order not to loose any usefully epilectical information that may be contained in EEG signal no pre-processings are applied, except a digital filtering in the [0.5 -30]Hz frequency band. As frequency of interest are under 30Hz, data are digitally filtered by a [0.5 30]Hz band-pass FIR filter and downsampled to 256Hz, to improve the signal processing time. Data files are then divided into two groups:

• 27 patients (55 seizures) were used to develop our methodology and optimize parameters 

Seizure comparison by similarities extraction

The different steps of the signal processing methodology that leads to the extraction of reproducible patterns between TLE seizures will be detailed in the following. The methodology may be divided into three main steps: a) First, the nonlinear correlations between some EEG channels are computed to characterize the synchronisation of cerebral regions at the seizure onset. b) Then, the evolution of the correlation is encoded. c) Finally, the similarities between encoded seizures are extracted by a dynamic programming algorithm.

Characterization of correlations Before a seizure, structures of the brain organize themselves in synchronized neural network (Wendling et al., 2001b;[START_REF] Van Der Heyden | Non linear analysis of intracranial human eeg in temporal lobe epilepsy[END_REF]. The seizure activity can then be seen as a flow of energy from one part of the brain to another [START_REF] Franaszczuk | Application ot the directed transfer function method to mesial and lateral onset temporal lobe seizures[END_REF]. To measure the relationship that is established in such cases, two main types of techniques have been used:

• Techniques based on parametric methods (for example AR-modelization of the system), • Techniques based on non parametric methods in the correlation space.

Both kind of methods are joining themselves in the aim, which is identifying interdependency of groups of neurons that are working together, through the exchange of energy flow. ARmodeling techniques present the main disadvantage to first search a model that suits the signal, implicating all problems such as the choice of model order, error in the parameters identification, definition of a time of quasi-stationary duration, etc... . All these not-well-defined parameters tend to make validation of the method more difficult. In this paper non parametric method are then preferred.

In (Wendling et al., 2001b), the non-linear correlation method introduced in 1989 by (Lopes da [START_REF] Lopes Da Silva | Interdependence of eeg signals: Linear vs. nonlinear associations and the significance of time delays and phase shifts[END_REF], was successfully used to identify coupling between cerebral region on SEEG. The basic principle of this method is the identification of a non-linear dependency between two signals X and Y.

The non-linear correlation coefficient h 2 XY is obtained by considering the amplitude of signal Y (t + τ ) as a perturbed function of the amplitude of the signal X(t). The variance of this perturbed function is assumed to be the conditional variance of Y (t + τ ) given X(t) normalized by the variance of Y (t + τ ). This quantity is subtracted from 1 to obtain the quantity so called h 2 XY :

h 2 XY = 1 - var[Y (t + τ )/X] var[Y (t + τ )] (1) 
where

var[Y (t+τ )/X] = argmin(E[Y (t+τ )-g(X(t))] 2 )
g is the approximation of the mapping function from x to y.

The computation of h 2 Y |X , is reiterated for different values of a time shift τ between x and y. The use of this time shift gives the information of "delay" between both signals.

h 2 * XY = max τmin<τ <τmax [h 2 Y |X (τ )], (2) 
The values of h 2 * XY are comprised between 0 (Y is independent of X) and 1 (Y is linearly or nonlinearly dependent of X). In case of linear relationship between X and Y , h 2 * XY reduce to common linear correlation coefficient r 2 XY . Generally, h 2 * XY is not symmetric and △h 2 = h 2 * XY -h 2 * XY = 0. As described in [START_REF] Arnhold | A robust method for detecting interdependences : application to intracranially recorded eeg[END_REF], causality relations between X and Y can be deduced from △h 2 and τ giving and indication on coupling direction.

In theory, the energy flow between two parts of the brain, generated during epileptic seizure is then well characterized by its level (correlation) and direction (coupling direction). That would be right if the stationarity hypothesis was verified on X(t) and Y (t). In practice h 2 XY is computed on a 5s sliding window, as X(t) and Y (t) are considered quasi stationary, with an overlap of 0.5s. h 2 XY (t, τ ) was calculated for all values of delay τ included in an interval [-40 40]ms around current time t, and only the maximum value for h 2 XY (t, τ ) was kept (see fig. 1).

Signal coding

The goal of the method is the identification of reproducible epileptic patterns in h 2 XY signal. Before, these patterns may be highlighted by a similarity extraction method, described in next subsection, the first step is the encoding of data.

An important synchronization (respectively desynchronization) between temporal lobe structures is traduced on scalp EEG by a significatively high (respectively low) correlation coefficient h 2 * XY . The level of correlation is considered significatively important if the signal oversteps a predefined threshold Γ XYH . Its choice should answer to two major points:

• allowing the detection of high correlation coefficients corresponding to seizures • encode as less artifacts as possible

The definition of an absolute threshold for all channels does not suit because the level of correlation is highly dependent on channel pairs. Moreover, artefacts sometimes generate higher correlations than those observed at the seizure onset. To adapt to each channel, Γ XYH is chosen through analyse of its statistical distribution. The threshold Γ XYH is then defined as follows:

Γ XYH = h 2 XY (γ) ( 3 
)
where γ is given by

γ i=1 N i N p = α% (4)
With N p the total number of samples of X or Y and N i the points number in each class i of the histogram of h 2 XY . Definition of the low level threshold Γ XYL is similar, the difference is in the choice of α. Once Γ XYH and Γ XYL are set, encoded signal S eXY (n) is defined as follows:

       S eXY (n) = a if h 2 XY (n) > Γ XYH , S eXY (n) = x or y if Γ XYH > h 2 XY (n) > Γ XYL , S eXY (n) = c if Γ XYL > h 2 XY (n).
(5) a, x, y and c are characters of the coding alphabet in which h 2 XY is transcript. In the description of an epileptic process, only high and low correlations are important. The extraction of similarities should then only occur on high and low coding levels. A different coding (x or y) is then needed in both seizures, in order not to extract similarities due to their preponderance in the h 2 XY coding matrices intermediate level.

Extraction of similarities

The goal of the similarity extraction between two seizures is to find epileptic patterns in coding matrices. As shown by [START_REF] Wendling | Extraction of spatio-temporal signatures from depth eeg seizure signals based on objective matching in warped vectorial observations[END_REF], a particularly well adapted algorithm is the Wagner and Fisher [START_REF] Wagner | The string to string correction problem[END_REF] extension to multichannel case. This algorithm allows the determination of the "distance between two strings of symbols as measured by the minimum cost sequence of edit operations needed to change one string into the other".

In the multichannel case, presented here, the operations are done on matrices, coded as sequence of vectors, instead of strings. Three edit operations are defined: insertion, deletion and substitution. All these operations have a certain cost chosen as follows:

• deletion and insertion: 1 • substitution: 2 if characters to substitute are different, 0 if they are the same

The edit distance is found through the computation of a cost matrix by a dynamic programming algorithm which iteratively estimate the lowest trace operation cost. A second algorithm, is then charged to extract the trace of minimal cost from the computed cost matrix. The characters that are found similar (substitution with cost 0) are outlined as shown in figure 2. A freedom degree may be let on extracted patterns as shown. For example, on fig. 2, pattern (4-5) lasts 2 samples in second matrix, but 5 samples in the first matrix.

Fig. 2. Example of similarity extraction by the use of Wagner and Fisher algorithm on simulated matrices. One can notice, that both matrices don't need to be the same length, and that some time distortion is allowed in subsequences recovering.

In figure 2 application of the Wagner and Fisher algorithm is presented on simulated matrices.

Only the costless result is shown, but some other possible sequence may be obtained with a change in the costs of the basic edit operations.

RESULTS

For all the results presented here, value used for α in equation 4 is chosen with the a priori information that temporal lobe seizure lasts for about 50s on the 500s of the file duration. To compute high threshold, α is set to 90% in order to keep only 10% of the highest correlations. As low correlations are rare threshold α is set to 5%.

In figure 3, result of Wagner and Fisher algorithm on two real seizures of a same patient is presented. Similarities can be extracted on eleven out of twenty-eight channels. Similarities are also extracted before the seizure but are caused by artefacts. What make artefacts and seizure different after similarity research is the length of the longest subsequence. Another important point, is that onset of the seizure indicated by neurologist does not exactly correspond to the same instant in both patterns extracted from each seizure.

To avoid subjective decision, concerning pattern recognition, one can use an objective index based previous remark. It is defined by the ratio of similarities observed in a seizure by those observed everywhere else defined as: 

Sim index = channels

DISCUSSION

An important point to notice, is that correlation, previously applied to SEEG signal (Wendling et al., 2001a;[START_REF] Chavez | Spatiotemporal dynamics prior to neocortical seizurres : Amplitude versus phase couplings[END_REF] can be used on scalp EEG with good results. That was unsure because scalp EEG signal is the recording of a global information whereas SEEG is the recording of a focal activity.

The similarity method described here to characterize seizure onset proves to be efficient as more than 83% of the seizures presented a high level of similarities. Only 17% of seizures (15 out of 87) presented a really poor similarity index (less than one). Comparing these seizures with clinical files of the patients, one can notice that for the most part of them, they are either multifocal or bilateral.

In [START_REF] Caparos | Automatic laterlization of tle based on non-linear correlation on scalp eeg: Study on 43 patients[END_REF], authors showed that most important information on seizure were contained in its early seconds. Results obtained with a [-10,+20] second window seem to confirm it as longest windows give worst results. For example with a [-30,+30] s window only 60% of the seizures have a similarity index greater than 2. This percentage quickly fall to less than 50% with the augmentation of the window size. With [-150,+150]s window results obtained have no sense as practically all the file is used to compute index. This information let then the pattern discrimination be easier for short windows.

Results obtained for the measure of the edit distance computed intr-patients gives more difficult to analyse results, as mean of the edit distance is 0.95 (s.d. 0.03). Patient with a low edit distance (under mean-std) are not obviously patients that present a high Sim index . Actually, data with many artefacts have generally a low edit distance, that don't reflect what happens during the seizure. Result obtained for Wagner and Fisher algorithm reflect the similarity of the whole data file. To overcome this problem a more local edit distance should maybe be used. Smith and Waterman algo-rithm [START_REF] Smith | Identification of common molecular subsequences[END_REF], for example may be able to localize more local similarity zones.

As reproducible patterns can be extracted at the onset of seizures, the extraction of similarities may reinforce the medical diagnosis. This assumption is the base of the surgery that only works because the EZ and the neuronal network involved in several seizures are stable for a given patient. The next step of similarities study on scalp EEG is to realize a seizure classification based on the coupling of intra cerebral structure measured between surface electrodes.

  Fig. 1. Evolution of h 2 coefficient before and during seizure. Appearance of first epileptic given at 350s by a neurologist, on the figure one can see a sort of "spike" and then a sudden decrease in correlation. This is one of epileptic patterns observed.

Fig. 3 .

 3 Fig. 3. Result of the similarities extraction on encoded matrices (each line of a seizure represent a encoded h 2 XY ) by Wagner and Fisher algorithm on two seizures of the same patient. Black regions are those which were found the most similar in both seizures. Onset of the seizure indicated by neurologist is indicated by a vertical line.