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High hopes for future BCI-applications
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Mind-reading devices can now
S access your thoughts and dreams —
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BrainDriver allows you to drive your car by thought



BC(ClIs today

e Slow

e Longlearn and
calibration times

e I|nvasive sensors
sometimes used

e Often captures
‘perception’ instead of
‘intention’
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Project Goal

Improved learning time, performance and
robustness of EEG-based BCls.

Possible applications in cognitive neuroscience, diagnostic
medicine, forensic contexts, education, and beyond.
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State-of-the-art
EEG-based Brain Computer Interfaces

Feature extraction ] = [ Classification ] —>  Output 9
lime-frequency Scalp Multichannel
representation EEG montage

topography
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Example on improved resolution

a) Transient components
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c) Wavelet spectrogram
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b) Transient, SNR=10 dB
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Spatial-Temporal Cognitive Models

A. Functional specialization B. Reversed information flow perception and imagery
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Memory Retrieval Analysis (from EEG only)

Multivariate Pattern Analysis of EEG data reveals the contents of memory retrieval
(Bramao & Johansson (2018) eNeuro)

A. Encoding/perception B. Memory retrieval
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Flow of information

99
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Early Peak time Late

Visual Spa ce Frontal

J-R. King, V. Wyart, The Human Brain encodes a Chronicle of Visual Events at each Instant of Time
bioRxiv 846576; doi: https://doi.org/10.1101/846576

See @jrking0 for tweet with movie. EEG -> source reconstruction \/\//\S ) | o T
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https://doi.org/10.1101/846576

Recent Progress in Cognitive Modelling

-ty

fMRI + EEG
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Riemannian Geometry-based methods

Tailored Distance Metrics

Cleverly chosen metric captures properties of the
EEG data manifold

Winner in 5 recent BCl competitions
& trontiers ShichiAL poieanc)
in Human Neuroscience o 10.3380nhurn 2013.00141
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A Riemannian Modification of
Artifact Subspace Reconstruction for
EEG Artifact Handling

Sarah Blum*, Nadine S. J. Jacobsen, Martin G. Bleichner and Stefan Debener

Neuropsychology Lab, Departrment of Psychology, European Medical School, Carl von Ossietzky Universtty of Oidenburg,
Oldenburg, Germany
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BCI 2.0 — feedback control
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Time-frequency Multichannel
representation topography EEG montage 5
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We investigate the use of cognitive modeling and feedback control to

+ optimize time-frequency and feature representations for increased
resolution and reliability

* increase learning speed using transfer learning and dual adaptive control
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For more information

Bo Bernhardsson
bo.bernhardsson@control.lth.se
control.lth.se/BCI

Maria Sandsten
maria.sandsten@matstat.lu.se
maths.lu.se/staff/mariasandsten/
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