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Calibration methods during EEG signal acquisition
and their impact on motor imagery decoding
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Introduction: Motor imagery (MI) based brain-computer interfaces (BCI) enable users to
spontaneously send a command to a device by imagining a movement [1]. To reliably decode
MI for an individual, sufficient data from this person is necessary to train or fine-tune a
machine learning (ML) model [2]. Furthermore, a balance between qualitative data and data
that are representative of real-life conditions is desirable. However, data acquisition is a time-
consuming process that currently requires the involvement of specialized technicians [3].
Improved methods for calibrating a decoding model are therefore necessary to ensure reliable
decoding and an optimal user experience.

The aim of this research is to develop a calibration procedure that is both user-friendly and
effective. For this purpose, the amount of data that is necessary to achieve satisfactory
decoding accuracy without over-fitting and finding the best approach to calibration regarding
user experience were investigated.

Materials and Methods: Electroencephalography data were acquired from 15 participants (14
male, 1 female) aged between 18 and 50 years. Each participant visited the laboratory for 5
sessions. The first two sessions were familiarization and the remaining sessions consisted of
data gathering with feedback. Feedback entailed a textual cue indicating whether the predicted
movement matches the requested movement. Several ML models using common spatial
patterns and linear discriminant analysis were trained on data from individual participants and
fine-tuning methods that also include data from other participants were investigated.

Results: Using data from individual participants, an average decoding accuracy of 0.67 was
achieved using 15 training samples per movement without feedback and 8 samples per
movement with feedback. The decoding accuracy greatly varies between individuals with a
standard deviation of 0.15 and a maximum and minimum of 1.0 and 0.33 respectively.

Discussion: The results show that it is possible to train an M1 decoding model with limited
data. However, due to variability in the data and changes in the users signals over time,
multiple recalibrations will likely be necessary. Hence, it would be advisable to focus future
research on making the calibration process practical and feasible for the user, and
automatically detecting when recalibration is necessary while limiting the calibration time.

Significance: Introducing a new user to a BCI control system should be a straightforward
process that the user should be able to perform without any assistance beyond donning the
recording equipment. Therefore, determining the optimal methods for user calibration, with a
focus on user experience should be an essential step towards real-life BCI control systems.
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