brain connectivity methods for an actual and imaginery finger tapping task
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A Brain – Computer Interface provides an alternative communication channel between the human brain and the computer by using signal processing methods to convert brain signals into computer commands. In the aim of restoring communication between a disabled person and its environment, one if its focus is to detect the intention of movement. This approach is based on the fact that movement causes changes in the oscillatory EEG activity of sensorimotor neural populations. Similarities have been found to exist in the brain oscillatory activity between a real movement and the imagery of it. There is evidence however that in addition also there exists a common neural substrate exists between imagined and real movements. 

In our protocol we recorded electroencephalographic (EEG) activity during a finger tapping task but also during the imagination of it, on healthy volunteers, with an auditory stimulation giving the pace. A sequence of 120 auditory stimuli were recorded for both the real and imagined condition, with a constant interstimulus interval of 1,5 sec. The experiments have been conducted in the Neurophysiology Unit, of Patras Medical School with a 64 channel Neuroscan system.

The analysis consisted of visualization of the Εvent-Related Synchronization and Desynchronization in the time-frequency space, where the dominant frequencies were detected for each subject. In this work we focused on the beta band. The Directed Transfer Function (DTF) and Partial Directed Coherence (PDC) methods, based on autoregressive modelling, were used in comparison with a phase analysis approach that calculates synchronization of the phases (Phase Modelling, PDM) in order to extract information on the connectivity and the direction of information flow. Theoretically this approach is found to describe better the weakly coupled oscillators. 


When comparing the imagery and actual finger tapping task, similar connectivity patterns were shown to exist with all three methods analyzed for the contralateral hemisphere. We found that the DTF PDC and PDM methods result in with similar connectivity patterns, however the directionality of information flow is different between them. The differences count for the different quantities they measure. Our results indicate that connectivity can be used as an extra feature of a BCI system in order to code movement intention. 
