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OpenOpen--ViBEViBE

OpenOpen--ViBEViBE: An open: An open--source software for Brainsource software for Brain--Computer Computer 
Interfaces (BCI) and Virtual Reality (VR)Interfaces (BCI) and Virtual Reality (VR)
French national Project French national Project 
Duration: 3 years Duration: 3 years 
Beginning: December 15th 2005Beginning: December 15th 2005
4 Partners: INRIA/IRISA (VR, computer science), INSERM 4 Partners: INRIA/IRISA (VR, computer science), INSERM 
(medical/neurophysiology), France (medical/neurophysiology), France TTéélléécomcom (signal (signal 
processing, HCI), AFM (disabled people)processing, HCI), AFM (disabled people)
Objective: develop an openObjective: develop an open--source software with innovative techniques for source software with innovative techniques for 
more efficient BCI more efficient BCI 
Coordinator: Anatole Lécuyer (anatole.lecuyer@irisa.fr))
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BrainBrain--Computer Interfaces (BCI)Computer Interfaces (BCI)
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Inverse models and sources Inverse models and sources 
localizationlocalization

ProblemProblem
EEG are the EEG are the scalp measurementsscalp measurements mm resulting from the resulting from the 
mixing mixing AA of  several unknown of  several unknown sourcessources ss

mm=A=Ass
Inverse modelsInverse models

Reconstruct the Reconstruct the sourcessources ss from from the the scalp measurementsscalp measurements mm

ss=T=Tmm
Ex: LORETA [Pascual-Marqui94]

AdvantageAdvantage
Enable the localization of active Enable the localization of active 
sources in the brain, using EEGsources in the brain, using EEG
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3D 3D visualizationvisualization in VRin VR

RepresentationRepresentation ofof thethe currentcurrent densitydensity reconstructedreconstructed in in thethe brainbrain
volume (2394 points)volume (2394 points)

Use Use ofof thethe LORETA inverse LORETA inverse modelmodel
[Pascual[Pascual--Marqui94]Marqui94]
RealReal--timetime representationrepresentation

(Arrouet et al., Journal of Neurotherapy, 2005)
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BCI BCI andand 3D 3D localizationlocalization ofof sourcessources

ContextContext: : mostmost EEGEEG--basedbased BCI BCI onlyonly useuse
surfacesurface information information 
IdeaIdea: : reconstructreconstruct, , fromfrom EEG, EEG, 
thethe volume volume information information 
HowHow: use a source : use a source localizationlocalization
methodmethod
AdvantageAdvantage: : knowingknowing wherewhere thethe
activity is implies knowing whatwhat
the activity is
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General principleGeneral principle

How identifying the How identifying the ““brain activity patternbrain activity pattern”” ??

EEG

Preprocessing
Feature

Extraction
Classification

Frequency and
spatial filtering Activity in specific

brain regions

(using source 
localization)

Linear
classifier
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ExperimentalExperimental ValidationValidation

Data set IV Data set IV ofof thethe «« BCI BCI competitioncompetition 20032003 »» [[BlankertzBlankertz
et et alal, 04], 04]

ProtocolProtocol: : leftleft//rightright fingerfinger movementmovement intentionintention
2 Classes: 2 Classes: leftleft//rightright

TwoTwo data sets data sets 
Training set Training set 
Test set Test set 

Objective Objective ofof thethe competitioncompetition:  :  obtainobtain thethe highesthighest recognition recognition 
rate on rate on thethe test settest set
WinnerWinner’’s score: 84% [s score: 84% [WangWang et et alal, 04], 04]
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Sources Sources localizationlocalization

MethodMethod: : sLORETAsLORETA [Pascual[Pascual--Marqui02]Marqui02]
PrinciplePrinciple: computation : computation ofof thethe currentcurrent densitydensity γγλλ in in thethe
regionregion or or voxelvoxel λλ, , usingusing measurementsmeasurements vvtt atat instant instant tt

AdvantageAdvantage: : perfectperfect localizationlocalization
t

T
t vRv λλγ =
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IdentifyingIdentifying thethe RegionsRegions OfOf
InterestInterest (ROI) (ROI) 

MethodMethod
StatisticalStatistical analysisanalysis [Holmes [Holmes et et alal, 96], 96]

PrinciplePrinciple
DetermineDetermine thethe regionregion whichwhich activityactivity makesmakes itit possible to possible to 
discriminatediscriminate thethe twotwo classesclasses

Obtention Obtention ofof twotwo ROI (ROI (leftleft andand rightright motormotor area)area)
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IdentifyingIdentifying thethe «« brainbrain patternpattern »»

FeatureFeature extractionextraction
TwoTwo featuresfeatures ((oneone perper ROI):ROI):

ActivityActivity in in thethe leftleft ROI, ROI, averagedaveraged overover timetime
ActivityActivity in in thethe rightright ROI, ROI, averagedaveraged overover timetime

ClassificationClassification
LinearLinear classifier classifier 
[[DudaDuda et et alal, 01], 01]
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ResultsResults

Test set classificationTest set classification
UsingUsing a a linearlinear classifier: 84 % (classifier: 84 % (samesame score as score as thethe winnerswinners))

Shows Shows thethe interestinterest ofof thethe methodmethod
((CongedoCongedo, Lotte , Lotte andand LLéécuyercuyer, Physics in Medicine and Biology, , Physics in Medicine and Biology, 

2006)2006)
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ConclusionConclusion

Two approaches using inverse modelsTwo approaches using inverse models
Brain activity visualization in VRBrain activity visualization in VR
BrainBrain--Computer Interface designComputer Interface design

Novelty and efficiency of the methodsNovelty and efficiency of the methods
Arrouet et al., Journal of Neurotherapy, 2005
CongedoCongedo, Lotte , Lotte andand LLéécuyercuyer, Physics in Medicine and , Physics in Medicine and 
Biology, 2006Biology, 2006

Research is going onResearch is going on
the Openthe Open--ViBEViBE projectproject
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Questions ?Questions ?

Fabien LotteFabien Lotte
ffabien.lotteabien.lotte@@irisa.fririsa.fr


