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While virtual reality (VR) BCI systems offer promising avenues for post-stroke rehabilitation, most current solutions focus on single-user expe-
riences. This limits opportunities for social interaction, which is a key factor in motivation, engagement, and recovery. Introducing collaborative
BCI in shared VR environments can address this gap by enabling real-time interaction, cooperation, and competition with peers or therapists.
Such socially enriched rehabilitation has the potential to enhance neural plasticity and improve functional outcomes.

A. Scientific and technological developments

B. Clinical targets

« We designed and developed a series of HMD-based
virtual reality occupational therapy protocols

e Advanced ML and Al tools combine active and pas-
sive BCI into a compact algorithmic procedure that
enables seamless human-computer and human-to-
human interaction

o We specifically focus on training neurophysiological

rhythms that are closely associated with motor acti-
vation

Collaborative Virtual Reality Component

« We carried out a series of pilot, clinically well-
controlled neurorehabilitation experiments.
A larger clinical study starts in autumn 09/25.

o A supportive passive BCI system assists a thera-
pist by monitoring the patient’s mental state, per-
formance, and engagement, guiding both decision-
making and training strategies.

o We validate end-user acceptability and comfort of
use of the tested system

Brain-Computer Interface Component
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Experimental Setting and Results

sub 207, 84 yrs. old male, left-hand hemiplegia

Step1: Mental Fatigue - Passive BCl Component

Train with Mirror-Box

Step 2:
Extract PARAFAC Atoms

Step 3:

Train in VR
el e EEG and N-way Partial Least Squares (N-PLS) were used to classify fatigue

states during extended BCI-HMD sessions.

e Achieved 82.4% classification accuracy.

e Fatigue-related changes observed in alpha activity over occipital and sensori-
motor areas.

All trials: 300 trials / 10 days
Successful: 186 trials / 10 days £
—~=—">_Unsuccessful: 114 trials / 10 days /
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The Box and Block Test o
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Temporal analysis revealed progressive fatigue accumulation.

e Supports real-time fatigue monitoring for adaptive neurorehabilitation.
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Other Components Development and Work In Progress

* The study on the system’s usability, acceptability, and user experience has
started and is ongoing with a broader cohort of young and elderly participants.
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The collection of graphical scenarios is being expanded to enhance VR immer-
sion and support social interactions, with an emphasis on two-person tasks.

Exploration of latent space and explainable AI approaches is in progress to
achieve stable representations of EEG motor activity-related components.
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The newly developed tensor-based artifact removal algorithm, SPECTER, has
been validated and integrated into the processing pipeline.




