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Playing Together

Multi-User BCI Methods Results Conclusion
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BCI Multi-user paradigm

(Bonnet et al., 2013)

Hyperscaning settings

Multi-classifiers

Multi-User BCI Methods Results Conclusion
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Multi-user Brain Computer Interface (BCI)

Offline collaborative (ERP) (Wang and Jung, 2011)

Offline collaborative (SSVEP) (Cecotti et Rivet, 2014)

Online collaborative for faster decision (Yuan et al., 2012)

Behavioral interest of multi-user (Bonnet et al, 2013)

Multi-User BCI Methods Results Conclusion
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Event Related Potential (ERP)

• Oddball paradigm:
Neural reaction (P300) to a recognized but 
unpredictable event

P300-speller’s interface

Multi-User BCI Methods Results Conclusion
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Event Related Potential (ERP)

• Oddball paradigm:
Neural reaction (P300) to a recognized but 
unpredictable event

Brain Invaders’ Interface

Multi-User BCI Methods Results Conclusion
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Brain invaders, Multi-user setting 

Multi-User BCI Methods Results Conclusion
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Brain invaders, Multi-user setting 

Multi-User BCI Methods Results Conclusion
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Positive Symmetric Definite -> Covariance Matrices

Used for plug’n’play BCI (Barachant et al. 2014)
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Riemannian Geometry

Multi-User BCI Methods Results Conclusion
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For each subject m, we want to classify the kth epoch.

With N, the number of electrodes

T, the epoch length

We can estimate the stereotypical ERP response

Build the ‘Super-trial’ by concatenating (1) and (2)
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Features classification (1/2)

(1)

(2)

(3)

Multi-User BCI Methods Results Conclusion
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The Sample Covariance Matrice (SCM) of

In the case of 2 users, it can be extended
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Features classification (2/2)

(4)

(5)

Multi-User BCI Methods Results Conclusion
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From the previous trials, we can compute the
geometric means , for TARGET and NON-
TARGET respectively.

Thus, for the kth , the distance at each class is given by:

With the estimated class  𝑦:
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Minimum Distance to Mean (MDM)

(6)

(7)

Multi-User BCI Methods Results Conclusion
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Intra- and Inter-Subjects statistics

Hyperscaning settings

Multi-classifiers

MDM-hyper

MDM-multi

MDM

(L. Bonnet et al., 2013)

Multi-User BCI Methods Results Conclusion
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Summary

 

MDM-Hyper

MDM-Multi

Multi-User BCI Methods Results Conclusion
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Classifier comparison
• 17 couples recorded simultaneously (age=23,1 +/-4,2 ; 22males, 12 females)

• 16 electrodes per user with g.Tec USBamp.

• Offline Training-test Set Paradigm (100 leave-p-out cross validation)

• Area Under the Receiver Operating Characteristic Curve (AUC)

• Preprocessing
• 1-20Hz zero phase distorsion bandpass filter

Multi-User BCI Methods Results Conclusion
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Classifier comparison

Multi-User BCI Methods Results Conclusion
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Performance t(16)=2.71, p=1.52e-2 , Δ=+0.021

Robustness F(1699)=1.80, p<1e-4
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Best player against MDM-multi

Poor contribution

Multi-User BCI Methods Results Conclusion
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Pairs with homogeneous performances tend to have a higher improvement
with multi-user classifier independently of their initial solo performance.

(r(14)=-0.805, p<1e-4)
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Homogeneous couples

Multi-User BCI Methods Results Conclusion
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Conclusion

Collaborative P300-based BCI video game
• Brain Invaders

• No need for calibration

• Greater performance and robustness compared to single user

Multi-User BCI Results Results Conclusion
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Thank you

Louis.korczowski@gipsa-lab.fr
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Questions

Answers


