
BCILAB 

http://sccn.ucsd.edu/wiki/BCILAB 



Summary 

• Software environment for: 

– Design & rapid prototyping of cognitive 
monitoring systems 

– Offline testing, performance assessment 

– Simulated online testing 

– Real-time use, prototype deployment 



Features 

• Largest collection of machine learning and 
signal processing methods for BCI / CSA 
publicly available (open source) 

• Currently  ca. 130 algorithms: 
– conventional BCI components (CSP, LDA, logBP, 

Spec-CSP, SVMs, …) 

– state-of-the-art approaches (DSLR, AMICA, HKL, 
DPGMM, …) 

– new approaches (RSSD, OSR, ICSD, SSB, WPI, …) 

– fast/general backend solvers (DAL, glm-ie, CVX, …) 

• All fully integrated 
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Some Model Types Visualized 

VB-ARD (on ERPs) Spec-CSP 

OSR RSSD 



Framework 

• Fully automated pipeline (artifact rejection, 
caching, filtering, parallelization, parameter 
search, cross-validation, cloud deployment) 

• Fully probabilistic framework 

• Neuroscience-aware features (anatomical 
constraints, source-level analysis, …) 

• Support for batch processing 

• Support for corpus-scale analysis (multiple 
sessions, persons, etc.) 

 



BCI Metaphor 

• BCIs in BCILAB are acting as an oracle that consumes 
one or more biosignals and can respond to (pre-
defined) queries about cognitive state  
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Online Data Flow 

• A filter graph receives all input samples and produces 
pre-filtered data 

• The prediction function may be queried on demand 
on the filter graph’s outputs 
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Model Calibration 

• Problem: optimal parameters for a BCI model 
depend on person, montage, task, etc. 
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(image: Blankertz et al. 2007) 



Model Calibration 

• Therefore infer model parameters from 
calibration / training data 
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Calibration: BCI Paradigms 

• BCI paradigms are the coarsest plugin type in BCILAB 
and tie all parts of a BCI approach together 

• They are seeds for new BCI designs and cornerstones 
of BCILAB usage 
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Evaluation: Offline 

• Given calibration data 

• Estimate model parameters (spatial filters, statistics) 

• Apply the model to new data (online / single-trial) 
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Evaluation: Offline 

• Evaluation of computational approaches on a single 
data set? 

• can split data set repeatedly into training/test blocks 
systematically, a.k.a. cross-validation 
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Finding Best Parameters 

• Can be done using cross-validation in a grid search 
(try all values of free parameters) 

• Quite general (e.g. can search for best method) 

Best 
Model 

Training Test 

For all param. values… 



Finding Best Parameters 

• Can be done using cross-validation in a grid search 
(try all values of free parameters) 

• Evaluation: Can be nested within an outer cross-
validation (“nested cross-validation”) 
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Neat Feature 

• All offline analysis can be executed in parallel 
on a cluster (or the cloud) 

• Batch analysis, cross-validation, parameter 
search, methods comparisons 



GUI Tour 

• Alternative to scripting, for experimenters, 
psychologists, quick-and-dirty analysis 



Integrated Help 



Help Wiki 

http://sccn.ucsd.edu/wiki/BCILAB 



Loading data 

 

 

 

 

• Supports >20 common file formats 



Offline Analysis 



Defining an Approach 

• Some of these work best for oscillatory processes, 

others for ERP-like features, etc. 



Quick Setup 



Or Detailed Configuration 

• Allows to edit all properties  

of the chosen approach 

• Filter stages can be added 

and configured 

• Feature extraction can be  

configured 

• Machine learning components 

can be selected and  

configured 

• … 



Model Calibration 



Reviewing Results 



Visualizing model properties 



Visualizing model properties 



Applying Models Offline 



Online Processing 

• Select data source 



Online Processing 

• Select output destination 



Sample real-time output 
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Scripting Examples 

• Doing a parameter search and nested cross-
validation 

Search over different alternatives 

Also: Custom cross-validation scheme 



Scripting Examples 

• Running the model online 



Scripting Examples 

• Running an advanced ERP analysis (with sparse 
classifier): 



Scripting Examples 

• Running a batch analysis for 3 modern approaches 
and 136 data sets (latest version only): 



Plugin Authoring: FFT Filter 



Kernel SVMs (via SVMperf) 



Complete CSP Paradigm 

 



Ongoing: Source-Space Modeling 

• Structural prior knowledge 
– can be introduced as side assumptions 

in the model (e.g. smoothness, sparsity, 
group sparsity, low rank, …) 

• Quantitative prior knowledge 
– Structure atlases (Talairach, LONI, …) 

can supply information about the a 
priori relevance of a brain process 

– Can adapt the per-parameter penalty 

• Empirical data 
– Data collected from other subjects can 

be co-registered/aligned and yield 
empirical prior distributions 



Upcoming 

• Next big toolbox release 

• Online motion capture etc. processing via 
MOBILAB 

• Effective connectivity integration via SIFT 

• New methods in the pipeline (wave 
propagation imaging, alignment learning) 

 



Thanks! 
Questions? 



 


