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Takens Theorem [START_REF] Takens | Detecting strange attractors in turbulence[END_REF] The ACM is effective in motor imagery EEG-BCI classification even with a low number of electrodes and reduced training samples.

Toward everyday BCI:

Augmented Covariance Method in a reduced dataset settings

METHODS
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Augmented Covariance Method (ACM) can improve the performance in a reduced dataset setting?

Brain Computer Interfaces or BCI can be defined as a technology that measures brain activity and translates that signal into instructions for a digital system. We will focus on non-invasive (EEG)-based BCI (BCI-EEG).

A key goal of BCIs research is to make such devices comfortable and reliable for everyday life, so we need to solve several challenges to enable their widespread use. As such, it is critical to achieve a high level of performance while reducing the number of electrodes and recuding the training data available.

In fact having too many electrodes can introduce various problems: increased complexity, higher risk of noise; higher cost, and finally a decrease in the user comfort and longer calibration time. Collecting data can be a time-consuming process, as it involves recruiting participants, setting up the equipment, and ensuring that the data is of high quality.

. We consider multiple Motor Imagery BCI dataset consisting of several subjects for each datasets and several sessions. We test on different task, different evaluation procedure. In order to increse the reliability of our approach we use the MOABB framework [START_REF] Jayaram | MOABB: trustworthy algorithm benchmarking for BCIs[END_REF].

TAKE HOME MESSAGE RESULTS

Reduced Training Sample (All Electrodes) Reduced Number of Electrodes (C3, C4 and Cz)

Derive the Yule-Walker equation that in matrix form:

Augmented Covariance Matrix (ACM) [START_REF] Igor | Classification of BCI-EEG based on augmented covariance matrix[END_REF] SPD matrix

The ACM model [START_REF] Igor | Classification of BCI-EEG based on augmented covariance matrix[END_REF] defined here depend on 2 hyper-parameters: order of the autoregressive model (p) and delay ( ).

To compute such parameters we apply 2 different strategies:

-Grid Search -Approach based on Takens Theorem [START_REF] Takens | Detecting strange attractors in turbulence[END_REF] (Traditional and Unified).

The approach of Grid Search shows better results, while the Takens approaches are more stable and robust regarding different subjects and datasets.
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