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INTRODUCTION OBJECTIVES

. Kinesthetic motor imagery (KMI) is a mental task often used in Brain-Computer 1. Understand the brain activity due to visual and VT
Interfaces (BCI). stimuli before using it as feedback for KMI-based BCI.

- KMI is a hard task lacking kinesthetic feedback. Vibrotactile (VT) feedback may 2. Define the VT configuration that better corresponds to
help the user and support MI [1], but the required intensity and activation the virtual environment and offers the best user
sequence choices remain vague. experience.

« VT stimulation elicits electroencephalography (EEG) modulations [2], yet, it is * Number of motors
unclear whether the EEG activity depends on the vibration intensity and activation « Activation pattern
pattern. 3. Ensure the vibrotactile stimulation is coherent and

 We assessed the effects on EEG signals of coupling VT and visual stimuli synchronized with the visual stimulation.
and its associated perceptual coherence. 4. Study the effects of the vibration on the EEG signals.

METHODS

Experimental Procedure . . . . Offline Analysis
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Vibration was applied on the left arm and the virtual hand Sequential Pattern Perturbations (ERSPs) topographical analyses.
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Table 1: Levels of the bimodal stimulation
RESU LTS Fig 4. EEG offline processing pipeline
User evaluation Activity in delta
Users preferred the 3-motor device configuration and the sequential A transient ERS was present in delta (1-4 Hz) activity during the Medium
activation pattern. and High stimuli in central areas only at the beginning of the stimulation.
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| Fig 7. ERSPs topographies of the brain activity averaged over the first
_ second of the stimulation (t=0-1000 ms) in the 1-4 Hz delta band.
| Statistic threshold p < 0.01.
DISCUSSION
. 3 Motors 2 Motors Simultaneous . Sequential

« We did not observe significant differences in the EEG activity among
the VT configurations, thus we may choose the configuration
Activity in alpha and beta preferred by the users: the 3-motor sequential.

« Contralateral occipital ERDs in alpha may be due to action observation
of the left virtual arm.

« Delta activity may be an indicator of attention increase due to the
vibration [2]. As we only saw it in Medium and High conditions,
attention may depend on the vibration intensity.

« These results may favor giving delayed feedback after KMI so that
the BCI may differentiate the KMI-related brain activity from the

Fig 5. User evaluation of the bimodal stimulation

- Bilateral ERDs are elicited by visual and VT stimulation in alpha and
beta.

« Contralateral ERDs in alpha+low beta are present in the 4 levels while
the ipsilateral ERD was present only in Medium and High conditions.

« Contralateral occipital ERDs are present mainly in alpha+low beta.

° Medium Statistics _ )
stimuli-related one.
alpha+ Lo  The next step is to evaluate visual, VI, and bimodal feedback after
OW peta . .
8 — 15 Hz the KMI, its effects on the EEG, accuracy, and user experience.
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