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Summary




Hyperscanning




What are we searching 7
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Babiloni et al. 2007 [2]
exogeneous
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Adapted from Chatel-Golman, et al. 2014 [1]
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Stimulus to Brain Coupling

A Fusiform gyrus B Correlation between subjects

g

t

=

“n

............................ 2

2

-~

- 4

o

N

£ 151

2

...................... § 10

13
] 5. 54
g & o . .
T Al Regional
§-1 LDuring movie—! In darkness
€2
N

* Cortical Surface :
Almost 30% functionally

B Collateral sulcus Correlated

sENEEEEE®

§2
2
[
5
® O
E,
=
2.
N
.

Hasson et al. 2004 [3]
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Social interaction induced coupling

De Vico Fallani et al. 2010 [4]
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Multi-user BCI




Hyperscanning & BCI
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Wolpaw et al. 2002 [5] Adapted from Nijholt et al. 2015 [7]
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Brain Invaders 2
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Korczowski et al. 2016 [8]
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for classification
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Riemannian Geometry
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Figure: Minimum Distance to Mean (MDM) for P(2) [9]

Barachant and Congedo 2014 [10]
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Riemannian Geometry

* Won several competitions
*  DecMeg2014 — Decoding the Human Brain,
* BClI Challenge@ONER 2015,
*  Grasp-and-Lift EEG Detection 2015
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EG Model X1

We consider the linear
instantaneous mixture model
where

Xk,m — AmSkz,m

with the mixture matrix

A GRNXN

Sources
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Riemannian Geometry

* Won several competitions

» Congruence invariance

DecMeg2014 — Decoding the Human Brain,
BCl Challenge@NER 2015,

Grasp-and-Lift EEG Detection 2015

SRWTSIW, WIS, W)=6r(21,Z2) V WEGI(N)

1.
2.
3.

Any linear transformation is a rotation in the Riemannian Space
Features in Riemannian space are more robust versus euclidian

In practice, we can avoid to estimate spatial filter or find the unmixing
matrix, that are poorly compatible between sessions and across subjects
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Classification methods

Simultaneous — Sample Covariance Minimum Estimated
Recordings Matrix Distance to Mean Class
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Korczowski et al. 2015 [11]
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Classifier comparison

 -solo / -multi / -hyper
«  Offline Cross Validation (100 leave-p-out cross validation)
*  Area Under the Receiver Operating Characteristic Curve (AUC)

*  Preprocessing minimal

1-20Hz zero phase distorsion bandpass filter

« MDM (Minimum Distance to Mean using Fisher Metric)

Versus
SWLDA (Step Wise Linear Discriminant Analysis)
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Korczowski et al. 2015 [11]

Louis Korczowski



Performance -hyper e g
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Korczowski et al. 2015 [11]
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Korczowski et al. 2015 [11]
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Brain Invaders 2

online
epochs features distance class estimation

online — 3 — " 4 O
classification Xim 2k () Yk
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v y
database P EC

averaging geometric mean

Barachant and Congedo 2014 [10]
Korczowski et al. 2016 [8]
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Brain Invaders 2
online — results 6 experiments — 250+ subjects
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of successful classification during
online experiments

the

Korczowski et al. 2016 [8]
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Brain-to-Brain Coupling

* Intertrial phase variability

Phase-Locking Value
(Lachaux et. al 1999 [12])
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Take-away ideas

e Riemannian Geometry with Extended ERP covariance
Natural transfer learning properties
Adaptive

Straightforward to compute

o 60 T L

Compatible to more fancy ML methods

 Multi-user BCI

a. Benchmarking hyperscanning methods with well studied
exogeneous coupling

b. Possible endogeneous induced coupling by the social paradigm
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Approximate Joint Diagonalization




(some) BSS problem

Temporal structure is not taken into account

-> invariance by temporal shuffling

Sensible to degenerate solution

-> contraints or « hard »-whitening
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(some) BSS problem

AJD
Mining multi-linear and Use manifolds to
Composite structures avoid contraints
of data
Korczowski et al. 2016 [13] Bouchard et al. 2016 [14]
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AJD

BSS model
x(t) = As(t) +n(t)

Sources
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We want to find B such as
R:1)=B"R,.()B Yl {l,.. L}

Non-stationary
e covariances
Rm< Spectral coloration
* Time-Lagged covariances
* Smoothed co-spectral matrices (Bartlett)
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__Using both diversity
Congedo et al. 2014 [15]

A solution is to minimize

L
(B) =S |joff(B"R.()B)|[ (2)

=1
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Bilinear AJD Tm/

Model CANDECOMP /PARAFAC Space
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X_a: — J‘ilSkET + i‘\r;ﬂ (3) 87 Y < 4
We want to ﬂnd B and D Event-synchronized window=
S';C — BTX;CD (4) Niknazar et al. 2014 [16]
A solution can be to minimize the cost function
K
2 5
t,(B. D) =3 [t (BTX, D)%, )
k=1
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continuous

Composite AJD

space

S5

observations

Korczowski et al. 2016 [13]

A solution can be to minimize the cost function

f.(B,D)=af(B)+ (1 —a)f,(B,D) (6)

-> |terative algorithm proposed by elementary Gauss
elimination method (Gauss Planar Transformation)
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Comparison - simulation

Moreau-Macchi index (Moreau and Macchi 1993 [17])

(b)
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Average convergence rate for 100 random realization according
to a bilinear model. Korczowski et al. 2016 [13]
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Korczowski et al. 2016 [13]
Comparison — estimation of B
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(B) Backprojected sources and (A) their spatial contribution
Black : ensemble average. Grey area : 10-90% quantiles.
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Korczowski et al. 2016 [13]
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Take-away ideas

* Mentionned here

a. Powerful framework for BSS with weaker assumptions
(Common and Jutten 2010)

b. Can manage several diversities (e.g. coloration and non-
stationary) to improve identifiability (Adali et. al 2014)

c. Go to multi-linear (tensor) and composite AJD (Korczowski
et al. 2016, accepted)

* Non-mentionned here
a. Constraints can be directly embedded in manifolds (Bouchard
et al. 2016)

b. The link between several models can be flexible (Farias et al.
2016, under revision)

Louis Korczowski



Discussion




Discussion

* Study inter-brain connectivity
a. Multi-user BCl as a benchmarking framework
b. Need of powerful BSS tools (tailored by data structure)
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Thank you

Questions

Answers
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AJD — mean covariance
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Source Separation CAJD
Subject 2
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