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Abstract: This work presents a novel control paradigm for EEG-based brain-computer interfaces (BCls). This
new approach combines P300-evoked responses and steady-state visual evoked potentials (SSVEPSs) to
decode the brain activity. The proposed paradigm was used to operate an autonomous wheelchair in different
scenarios, including office buildings and open places.

In this paradigm, target places and other navigation commands are selected with a P300-based interactive
menu, whereas the wheelchair is stopped by modulating SSVEP oscillations. To reduce the risk of producing
inadvertent commands when the user is not using the interface, the P300-based BCI can only be used after
unlocking this function with the SSVEP-based BCI. The main advantages of this hybrid design compared to
P300-based interfaces are that the wheelchair can be stopped quickly without cognitive effort, and false
positives for the options of the interactive menu are reduced to a level close to zero.

The control of false positives in the SSVEP-based BCI is also addressed in this work. To this end, it is
proposed a new method for detecting SSVEP-related activity which requires minimal training and is easy to
adapt. This new approach only requires resting state data to find the parameters of the classifier that
maintains the false positive rate below the desired level. In the worst cases, no more than 0.067 false
positives per minute were detected in the online tests with the wheelchair.

Another problem discussed in this research to improve the performance of brain-controlledapplications is the
auto-calibration of P300-based BCls. The implemented interface includes a new strategy for detecting a
training set without user’s intervention. The auto-calibration, combined with an auto-adaptation step, allows
operating the interface in optimal conditions and reduces the influence of non-stationarities in long
experimental sessions.

The results obtained in this research demonstrate that the proposed paradigm is very efficient in
communicating the user's intentions to the autonomous device, even when the wheelchair navigates in
unfamiliar places. It is shown that subjects without a priori knowledge of BCI technology can master the
interface after a few minutes of training and achieve accuracies of 100%.
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