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Learning from other Subjects Helps Reducing Brain-Computer Interface Calibration Time Fabien LOTTE, Cuntai GUAN, Institute for Infocomm Research (I2R), Singapore Introduction



Learning from other subjects



Evaluation



• Brain-Computer Interfaces (BCI) are communication systems that enable users to send commands to computer by using only their brain activity, usually measured by electroencephalography (EEG)



• CSP and LDA are both based on covariance matrix estimation



EEG data • BCI competition IV, data set 2a [4] • 9 subjects performing motor imagery (left and right hand) • 72 trials per class for training & testing



• BCI suffer from long calibration times due to the need to collect numerous EEG signals from the target user, for machine learning purposes. This is both inconvenient and uncomfortable • We propose an algorithm to use EEG data collected from previous subjects in the BCI learning process, to significantly reduce its calibration time



Method • We focus on a popular and efficient BCI design, based on Common Spatial Patterns (CSP) [1] and Linear Discriminant Analysis (LDA) [2] • CSP learns discriminative spatial filters w which extremize the following objective function:



wC1 wT w(C1 + C 2 ) wT Ci: EEG spatial covariance matrix for class I



• LDA is a linear classifier which learns a discriminative hyperplane between classes with normal vector a and intercept b as follows



1 T b = − (µ1 + µ 2 )C −1 (µ1 − µ 2 ) 2



a=C



−1



(µ1 − µ 2 )



µi: mean for class i, C: global covariance matrix



T



• Proper estimation requires numerous examples which leads to long calibration times to collect these examples • We propose to solve this problem by using data from some other subjects (previously recorded) as a regularization term in the estimation process:



~ Ct = (1 − λ )Ct + λ



1 S t ( Ω)



∑C



i∈St ( Ω )



i



(1)



Results • Evaluation for various sizes of the training set • 1 subject is the target subject, the other 8 are in Ω • Comparison with • Standard CSP and LDA • Regularized CSP and LDA with diagonal loading [5]



Ct: covariance matrix for the target subject Ci: covariance matrix for the ith previous subject St(Ω): selected subset of previous subjects Ω λ: regularization parameter (λ ϵ [0,1]) ,



Selecting a relevant subset of additional subjects In order to build St(Ω) we adopted a Forward Floating Search [3] subject selection approach: Φ0={}; θ0=Ω ; set λ=1 in Eq. 1 While i


Conclusion • A new method to incorporate EEG data from other subjects into the BCI learning process • Applied to CSP and LDA, our method significantly outperformed standard CSP and LDA designs as well as CSP and LDA designs based on diagonal loading • Best improvements for small training set sizes, hence effectively reducing the BCI calibration time References [1] Blankertz et al, IEEE Sig. Proc. Magazine, 2008 [3] Pudil et al, Pattern Recognition, 1994 [5] Ledoit and Wolf, J. of Multivariate Analysis, 2004



[2] Lotte et al, J. of Neural Eng., 2007 [4] http://www.bbci.de/competition/iv/
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