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Introduction: inverse models (1) 



Problem 



EEG signals are the scalp measurements m resulting from the mixing A of several unknown sources s



m=As 



Inverse models 



Reconstruct the sources s from the scalp measurements m



s=Tm 







Use a head model representing the brain as a set of voxels Ex: LORETA [Pascual-Marqui94] 2 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007



Introduction: inverse models (2) 



Mental task identification in EEG-based BrainComputer Interfaces (BCI) Feature extraction



Classification



Mental task class



EEG signals



 



Recent use of inverse models for feature extraction These promising methods must be further explored



3 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007



Plan    



Inverse models for BCI FuRIA algorithm FuRIA evaluation Conclusion



4 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007



Plan    



Inverse models for BCI FuRIA algorithm FuRIA evaluation Conclusion



5 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007



Inverse Models for BCI  



Recurrent good results Some limitations remain 



Generic method [Menendez et al 05] 







Methods generating few features [Quin et al 04] [Wentrup et al 05][Lehembre et al 06] 







Generates too many features (1 per voxel considered)



Not generic: require strong a priori knowledge



Both genericity and few features using Region Of Interest (ROIs) [Congedo, Lotte, Lécuyer 06]  



ROIs definition can be improved (number, extension, …) Non automatic method 6
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FuRIA : Fuzzy Region of Interest Activity  



Feature extraction algorithm with training Training  







Goal: identify relevant ROIs and their corresponding reactive frequency bands 5 steps: statistical analysis, clustering, fusion, adaptation, fuzzification



Use   



Compute the activity in these ROIs for the considered frequency bands Concatenate these values into a feature vector This feature vector can be classified using any classifier 8 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007



1. Statistical analysis EEG signals







Principal : Compare the activity between the different classes   







For each voxel For each frequency In a given time window



2 Hz



15 Hz …



16 Hz …



Keep only voxels for which the difference is significant
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2. Clustering EEG signals







Clustering for all significant voxels for each frequency 



Each voxel is represented by a vector [x y z s]  







x, y, z: spatial location s: statistic



Gathering of voxels belonging to the same cluster into the same ROI



2 Hz



15 Hz …



…



16 Hz …



…
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3. Fusion 



EEG signals



Combine information gathered 2 Hz at different frequencies 







Fusion ROIs found at similar locations in consecutive frequencies The Union operator is used for fusion



15 Hz



16 Hz



…



…



…



…



…



… 2-4 Hz



15-16 Hz
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4. Adaptation 



For each ROI Ω reactive in the frequency band [fa;fb] 











Perform a statistical analysis for each voxel of Ω in the band [fa;fb] Remove voxels that are not significant anymore Keep the obtained statistics for the next step



… 2-4 Hz



15-16 Hz



… 2-4 Hz



15-16 Hz
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5. Fuzzification and fuzzy ROIs 



ROIs are turned into fuzzy ROIs Fuzzy ROI



« crisp » ROI Definition



ROI i = {V x V x ∈ ROI i } Vx = voxel



Activity γ in the ROI



γ ROI = i



∑γ



x∈ROIi



Definition



ROI i = {V x µ i (V x ) > 0 } µi = membership function [Zadeh96]



Activity γ in the ROI



Vx



γ ROI = ∑ µi (Vx )γ V i



x



x 13
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5. Fuzzification and fuzzy ROIs 



What are the problems with crisp ROIs ? 











All voxels do not have, statistically the same discriminative power Finding which voxels including in the ROI is a problem



… 2-4 Hz



15-16 Hz



… 2-4 Hz



15-16 Hz



Using fuzzy ROIs  



We use all significant voxels We weigh their relative contribution relative with µi , according to their statistic



… 2-4 Hz



15-16 Hz 14
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EEG data 



Data set IV of BCI competition 2003 [Blankertz et al 02,04] 



   



Left hand finger movement intention VS right hand finger movement intention 28 electrodes Comprise the 500 ms before the effective movement 314 trials in the training set 100 trials in the test set
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Implementation 



Inverse model 







Statistical analysis 







t-test with permutations [Holmes et al 96]



Clustering algorithm 







sLORETA [Pascual-Marqui 01][Condego et al 06]



Mean Shift [Comaniciu and Meer 02]



Membership functions µi − pv 2 )  − 12 ( pmax σ e max µi (v ) =   0



If v belongs to ROI i



Otherwise
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Feature extraction using FuRIA  



Analysis in 3-45 Hz, for the last 250 ms Fuzzy ROIs obtained



13 Hz



13 Hz



15-16 Hz



15-36 Hz



18-28 Hz
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Results 



Classification with linear Support Vector Machine (SVM) 







One of the most efficient classifier for BCI [Lotte et al 07]



Accuracy on the test set (%) Method Previous work [Congedo, Lotte, Lécuyer 06] Winner « BCI competition 2003 » [Wang et al 04] FuRIA without fuzzification FuRIA with fuzzification



Accuracy on test set 83 84 80-82 85-86 19
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Conclusion 



A new feature extraction method 







  



FuRIA (Fuzzy Region of Interest Activity)



Automatically identify relevant ROIs and their corresponding reactive frequency bands Efficient use of the new concept of fuzzy ROI Preliminary results are promising Future work dedicated to  



more evaluations (multiclass, different mental tasks, …) Integration into the open source Open-ViBE platform: www.irisa.fr/bunraku/OpenViBE 20 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007



Questions ?



Fabien Lotte [email protected] www.irisa.fr/bunraku/OpenViBE 21 3rd IEEE-EMBS international conference on neural engineering – Hawaii – 2-5 May 2007
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