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Introduction: Electroencephalogram (EEG) data from human experiments is
commonly used to study Brain-Computer Interface (BCI) methods. Unfortunately
real data is costly to obtain and its composition is apriori unknown. The brain
mechanisms generating the EEG are not directly observable and their states cannot
be uniquely decided from the EEG due to the volume conduction process [1]. Subse-
quently, we do not have generative ground truth for real data. This makes it difficult
to analyze and understand the behavior of applied signal processing methods. We
propose a free, open source tool called SimBCI to alleviate the situation through
simulation1. Currently the tool requires Matlab.

Material, Methods and Results: We propose an object-oriented tool for generat-
ing artificial EEG data and for testing BCI classification pipelines. The tool enables
the study of EEG models and BCI signal processing methods together in perfectly
controllable conditions as each tested configuration contains only what was specified.

The core of the proposed tool defines the used conventions and provides a simu-
lator that can execute large numbers of experiments. Typically the experiments are
defined by specifications for the generative processes and the classification (DSP)
pipelines. These specifications can contain functions, subfunctions, and parame-
ter sets. The simulator then instantiates these specifications to perform simulated
experiments. In addition to the core, we provide several illustrative specifications
and their functions in the distribution. On the generative side we include a motor
imagery model[2], simple SSVEP and P300 models, various noise and artifacts gen-
erators, and a volume conduction model. On the signal processing side, we include
example pipelines based on e.g. CSP [3] and inverse models [4, 5].

The tool factorizes the generative model conceptually to ’when’, ’what’, and
’where’ parts. In practice, to simulate an EEG recording according to some specifi-
cation, SimBCI first generates a BCI timeline of discrete events according to user-
given parameters (’when’). Then, user-specified generators are triggered by these

1Downloadable from http://gitlab.inria.fr/simbci/
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discrete events. The triggered generators can be signal generators, noise generators,
artifact generators, and so on (’what’). Finally the generated components are in-
serted to user-specified locations in the cortex or on the surface (’where’). The tool
mixes the different components by a linear superposition model [1]. Intuitively, the
process ’renders’ an EEG dataset from its abstract event timeline.

SimBCI can be used to investigate and visualize the data after each modular step
in the generation or signal processing phases. To compare methods, SimBCI can
provide numeric results such as average trial classification accuracies for different
configuration combinations.

Discussion: The realism of the generated data depends entirely on the models
and parameters the researcher chooses to specify into the system. Nevertheless,
even with reasonable models, it is important to stress that SimBCI should not be
seen as a replacement for human experiments. Rather, it should be seen as an
approach between mathematical analysis and real experiments, like simulation in
science in general. Once the simulated experiments imply some potential results,
real experiments should be carried out to further study these hypotheses.

Significance: The proposed tool can be used to study EEG models and BCI
methods and to teach about them. The data it generates can be used to debug
BCI signal processing pipelines of other systems. Finally, using the tool may help
in understanding existing models and methods and in designing new ones.
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