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Introduction:

A major problem in motor-imagery (Ml) brain-computer interfaces (BClIs) relates to the non-
stationarity of brain signals. Consequently, the performance of a classifier trained for an
individual subject on a certain day deteriorates during the following days. The traditional
approach is to recalibrate the algorithm every session, limiting the wide use of BCls.

Materials, Methods, and Results:

Here, we use an autoencoder (AE) convolutional neural network to identify a low dimensional
representation of the EEG signals from the first day (or days) and show that this allows for
stable decoding performance on the following days without resorting to recalibration.
Furthermore, we demonstrate that the residual signals, namely the difference between the
original and reconstructed EEG, can be used to accurately discriminate among different
recording sessions. In line with that, the reconstructed EEG cannot be used to discriminate
among recorded sessions. This implies that the reconstructed EEG reflects an invariant
representation of the subject's intent, whereas the residual signals reflect a non-stationary
component, which differs from one session to another. Results from an application to Ml
data from a stroke patient are depicted in Figure 1. As can be seen, the performance of our
algorithm with no recalibration (green) is equivalent to that of a benchmark classifier which
is recalibrated (blue). In contrast, training a Naive classifier with no recalibration (red)
achieves poorer performance.
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Figure 1: Analysis of longitudinal data (134 daily sessions) from a stroke patient. A) Mean accuracy of different models. The cross-session (red) and AE
+ cross-sessions (green) models were trained on an increasing size of the training set and were tested on the remaining sessions. The within-session

benchmark (blue) is the score of the cross validation on the test set (no inference on new sessions). The shaded area represents the standard error of
the accuracy across sessions. B) Mean accuracy of origin session classification using the original signals, reconstructed de-noised, and residuals signals.

Discussion:

Autoencoders can be used to identify a low-dimensional invariant representation of subject
intent, which can minimize or eliminate recalibration. Analyzing the residual signals can
provide further insights into the sources of signal non-stationarity. The approach can be
generalized to incorporate weakly-supervised methods.

Significance:
The approach relies on an unsupervised learning framework which can be easily

incorporated (without additional data collection) to increase the stability of BCls and bring
them closer to wide adoption.

Published by Graz University of Technology Publishing House Article ID: 144275


mailto:shrikio@bgu.ac.il

	Proceedings2023_V8
	Proceedings2023_V7
	Proceedings2023_V6
	Proceedings2023_V3
	Proceedings2023_V2
	DeArmond-BCI 2023-abstract book-v101-cover

	IMPRESSUM_Vorlage_Englisch_2023-2

	Foreword_Version2-mod
	Proceedings2023_V3
	Proceedings2023_V2
	combined_all
	abstract_pdf_143022-mod
	abstract_pdf_143180-mod
	abstract_pdf_143454-mod
	abstract_pdf_143644-mod
	abstract_pdf_143720-mod
	abstract_pdf_144069-mod
	abstract_pdf_144070-mod
	abstract_pdf_144071-mod
	abstract_pdf_144114-mod
	abstract_pdf_144115-mod
	abstract_pdf_144169-mod
	abstract_pdf_144178-mod
	abstract_pdf_144185-mod
	abstract_pdf_144186-mod
	abstract_pdf_144270-mod
	abstract_pdf_144272-mod
	abstract_pdf_144274-mod
	abstract_pdf_144275-mod
	abstract_pdf_144290-mod
	abstract_pdf_144292-mod
	abstract_pdf_144296-mod
	abstract_pdf_144300-mod
	abstract_pdf_144309-mod
	abstract_pdf_144314-mod
	abstract_pdf_144318-mod
	abstract_pdf_144319-mod
	abstract_pdf_144320-mod
	abstract_pdf_144326-mod



	Proceedings2023_V5
	Proceedings2023_V3
	Proceedings2023_V2
	combined_all
	abstract_pdf_144328-mod
	abstract_pdf_144329-mod
	abstract_pdf_144334-mod
	abstract_pdf_144336-mod
	abstract_pdf_144341-mod
	abstract_pdf_144342-mod
	abstract_pdf_144360-mod
	abstract_pdf_144362-mod
	abstract_pdf_144364-mod
	abstract_pdf_144365-mod
	abstract_pdf_144367-mod
	abstract_pdf_144371-mod




	abstract_pdf_144375-mod-new
	Proceedings2023_V5
	Proceedings2023_V3
	Proceedings2023_V2
	combined_all
	abstract_pdf_144376-mod
	abstract_pdf_144377-mod
	abstract_pdf_144378-mod
	abstract_pdf_144385-mod
	abstract_pdf_144399-mod
	abstract_pdf_144400-mod
	abstract_pdf_144406-mod
	abstract_pdf_144409-mod
	abstract_pdf_144415-mod
	abstract_pdf_144416-mod
	abstract_pdf_144418-mod
	abstract_pdf_144420-mod
	abstract_pdf_144421-mod
	abstract_pdf_144422-mod
	abstract_pdf_144423-mod
	abstract_pdf_144424-mod
	abstract_pdf_144426-mod
	abstract_pdf_144430-mod
	abstract_pdf_144431-mod
	abstract_pdf_144432-mod
	abstract_pdf_144433-mod
	abstract_pdf_144435-mod
	abstract_pdf_144436-mod
	abstract_pdf_144437-mod
	abstract_pdf_144438-mod
	abstract_pdf_144439-mod
	abstract_pdf_144440-mod
	abstract_pdf_144441-mod
	abstract_pdf_144445-mod
	abstract_pdf_144446-mod
	abstract_pdf_144447-mod
	abstract_pdf_144448-mod
	abstract_pdf_144452-mod
	abstract_pdf_144453-mod
	abstract_pdf_144454-mod
	abstract_pdf_144456-mod
	abstract_pdf_144457-mod
	abstract_pdf_144459-mod
	abstract_pdf_144460-mod
	abstract_pdf_144462-mod
	abstract_pdf_144463-mod
	abstract_pdf_144464-mod
	abstract_pdf_144467-mod
	abstract_pdf_144468-mod
	abstract_pdf_144469-mod
	abstract_pdf_144470-mod
	abstract_pdf_144472-mod
	abstract_pdf_144473-mod
	abstract_pdf_144474-mod
	abstract_pdf_144475-mod
	abstract_pdf_144476-mod
	abstract_pdf_144477-mod
	*200 avenue de la Vieille Tour, 33405 Talence, France. E-mail: marc.welter@inria.fr

	abstract_pdf_144478-mod
	abstract_pdf_144479-mod
	abstract_pdf_144480-mod
	abstract_pdf_144481-mod
	abstract_pdf_144482-mod
	abstract_pdf_144483-mod
	abstract_pdf_144484-mod
	abstract_pdf_144485-mod
	abstract_pdf_144486-mod
	abstract_pdf_144487-mod
	abstract_pdf_144488-mod
	abstract_pdf_144490-mod
	abstract_pdf_144491-mod
	abstract_pdf_144492-mod
	abstract_pdf_144495-mod
	abstract_pdf_144496-mod
	abstract_pdf_144497-mod
	abstract_pdf_144498-mod
	abstract_pdf_144499-mod
	abstract_pdf_144500-mod
	abstract_pdf_144501-mod
	abstract_pdf_144502-mod
	abstract_pdf_144503-mod
	abstract_pdf_144504-mod
	abstract_pdf_144505-mod
	abstract_pdf_144506-mod
	abstract_pdf_144507-mod
	abstract_pdf_144508-mod
	abstract_pdf_144509-mod
	abstract_pdf_144510-mod
	abstract_pdf_144511-mod
	abstract_pdf_144513-mod
	abstract_pdf_144514-mod
	abstract_pdf_144515-mod
	abstract_pdf_144516-mod
	abstract_pdf_144517-mod
	abstract_pdf_144518-mod
	abstract_pdf_144519-mod
	abstract_pdf_144520-mod
	abstract_pdf_144521-mod
	abstract_pdf_144522-mod
	abstract_pdf_144523-mod
	abstract_pdf_144524-mod
	abstract_pdf_144525-mod
	abstract_pdf_144526-mod
	abstract_pdf_144527-mod
	abstract_pdf_144528-mod
	abstract_pdf_144529-mod
	abstract_pdf_144530-mod
	abstract_pdf_144532-mod
	abstract_pdf_144533-mod
	abstract_pdf_144534-mod
	abstract_pdf_144535-mod
	abstract_pdf_144537-mod
	abstract_pdf_144538-mod
	abstract_pdf_144539-mod
	abstract_pdf_144541-mod
	abstract_pdf_144543-mod
	abstract_pdf_144544-mod
	abstract_pdf_144545-mod
	abstract_pdf_144546-mod
	abstract_pdf_144547-mod
	abstract_pdf_144548-mod
	abstract_pdf_144549-mod
	abstract_pdf_144552-mod
	abstract_pdf_144553-mod
	abstract_pdf_144554-mod
	abstract_pdf_144555-mod
	abstract_pdf_144556-mod
	abstract_pdf_144557-mod
	abstract_pdf_144558-mod
	abstract_pdf_144559-mod
	abstract_pdf_144560-mod
	abstract_pdf_144561-mod
	abstract_pdf_144562-mod
	abstract_pdf_144564-mod
	abstract_pdf_144565-mod
	abstract_pdf_144566-mod
	abstract_pdf_144568-mod
	abstract_pdf_144570-mod
	abstract_pdf_144571-mod
	abstract_pdf_144572-mod
	abstract_pdf_144573-mod
	abstract_pdf_144575-mod
	abstract_pdf_144577-mod
	abstract_pdf_144579-mod
	abstract_pdf_144581-mod
	abstract_pdf_144582-mod
	abstract_pdf_144583-mod
	abstract_pdf_144584-mod
	abstract_pdf_144585-mod
	abstract_pdf_144586-mod
	abstract_pdf_144587-mod
	abstract_pdf_144588-mod
	abstract_pdf_144590-mod
	abstract_pdf_144592-mod
	abstract_pdf_144593-mod
	abstract_pdf_144594-mod
	abstract_pdf_144595-mod
	abstract_pdf_144597-mod
	abstract_pdf_144598-mod
	abstract_pdf_144599-mod
	abstract_pdf_144600-mod
	abstract_pdf_144601-mod
	abstract_pdf_144604-mod
	abstract_pdf_144606-mod
	abstract_pdf_144608-mod
	abstract_pdf_144609-mod
	abstract_pdf_144610-mod
	abstract_pdf_144611-mod
	abstract_pdf_144614-mod
	abstract_pdf_144615-mod
	abstract_pdf_144616-mod
	abstract_pdf_144617-mod
	abstract_pdf_144618-mod
	abstract_pdf_144623-mod
	abstract_pdf_144627-mod
	abstract_pdf_144631-mod
	abstract_pdf_144663-mod
	abstract_pdf_147018-mod


	abstract_pdf_144466-mod


	abstract_pdf_144451-mod

	abstract_pdf_144449-mod

	abstract_pdf_144612-mod

	abstract_pdf_144512-mod
	Proceedings2023_V8
	Proceedings2023_V7
	Proceedings2023_V6
	Proceedings2023_V5
	DeArmond-BCI 2023-abstract book-v107-back





