Localisation de sources
Réseaux
Avenirs des techniques

Denis Schwartz
CERMEP
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alisation et probleme inverse
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En image ...

T —a—,ss
Cogiter 2018



isation

Local

COBILETN £V 10



Deux étapes

® Model : From Neurons to Mesures [“DIRECT” problem]

= Neurons [Current dipoles]

Numeric approach

= Current propagation using TI MRI

@ Complex géométry

® Estimation : From Mesures to Neurons [“INVERSE” problem]

"= Fit the model parameters A priori information
@ Numerical instability Regularization
® Few data @ Non unique solution

Model
Estimation )—V
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probleme direct

Two models:

How to model the electric current in a population of neurone?
= Sources of brain electric activity

Parameters : position, orientation & amplitude along the time

How the currents generated by the sources affect the sensors?
= Geometrical model of the head

Parameters : geometry, conductivity & localisation with respect
to the sensors
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odele de sources
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Spherical Realistic Model Realistic Model
Model Homogeneous layers inhomogeneous

Boundaries Integrals - .
Analytic solution for B & V Finite elements and differences

Homogeneous and isotrop

Inhomogeneous and non insotrop
layers

conductivity

Surface meshes (brain,
skull & scalp)
3D meshes

o —S—S—S—S—S—S—S—S—_—_—__
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Recalage MEG + IRM

IRM -l |\/|EG/EEG Sensors

Translation + Rotation
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Sagittal . -_' Coronal
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Fingers somatotopy
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Dystonie

|nar and radial
rveto thumb

Motor branch
Anterior interosseous nerve

Carpal tunnel

Common digital nerve to Median nerve
second and 3rd web

MEUNIER S., GARNERO L., DUCORPS A., MAZIERES L., LEHERICY S., TEZENAS DU MONTCEL S., RENAULT B.,
VIDAILHET M.(2001) Human brain mapping in dystonia reveals at once endophenotype and adaptative reorganization, Annals of Neurology, 50 :521-527.

MEUNIER S., LEHERECY S., GARNERO L., VIDAILHET M. (2003) Dystonia : Lessons from Brain Mapping . Neuroscientist, 9, 1, 76-81
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e profond ...

STIMULUS: ANALYSIS:

0.6-ms auditory clicks to left ear - individual BEM models
111 ms ISI, 15000 epochs averaged - equivalent current dipoles
RESPONSES:

Shown with pass-band 160 - 900 Hz

Wave V

, 4

BAEP 0.2pV

FPz - L mastoid

BAEF 5FT 1
Occipital ﬂ ﬂ
magnetometer :
I M v
5 (VV- W -
U 5 NOTE: All sources visualized on a
Left-ear click : single MRI slice.
AL B L S B B
0 - 10 t/ms Parkkonen et al. 2002

L ———
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Activated area
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® Mathematical model
MEG / EEG measures

N\ = G,S + N noise

Sources activity

Direct problem

® Inversion : Minimum norm

Cogiter 2018

Baillet et al 2001 - IEEE Biomed

Pos. & Orient. known
Unknown : Moment
along the time



Baillet et al 2001 - IEEE Biomed

®Mathematical model of the data (linear?!):

Nc x Nt
MEG / EEG measures Ns x Nt

M = Gﬁ + N Noise

Nc => Number of sensors

Nt => Number of time points

Ns => Number of sources

Cortical activity M => Your known MEG or EEG signals
Direct Problem 7 Ns x Nt G => Your known forward operator
Nc x Ns S => Your unknown cortical currents

N => Known zero-mean additive noise

w @G explains the magnetic field created by a source with known location & direction on each sensor

w It is sufficient to know the noise covariance matrix which is computable from your raw data
- . 2 o " . 2 o
s=min||M-Gs| + f(s) s=min|M-Gs| + A|s

R —
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de I'opérateur inverse

s= min|[M-Gs| + A[s’|
Ns x Nc

S=WM

Ns x Nt Nc x Nt

W ;RGT.(GRGTMX(I*)-I

. . Noise Covariance
Signal Covariance

T Noise level on each sensor
Depth Weightin
P gnting (diagonal element)

Correlation between sensors
(full matrix)

Cogiter 2018 .



Cogiter 2018



Time (s)

TFORM

1EG/EEG PLA

h

|
-0.05

(L3) spmyycuty




ng « acoustique »

edétecter une source parmi du bruit et des

Blabla . ,
interférences

blabla
econstruire une carte du milieu : caractérisation de
toutes les sources et détermination de leur position

Blablabla bla spatiale
/. ( bwoalbha rrrdrd
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xte et hypotheses

contexte :

hypotheses

e onde plane : discrimination a partir de I'amplitude des signaux (pas de propagation)
* signaux stationnaires sur les périodes d'analyse (+-)

* nombre de sources < nombre de capteurs

e modele dipolaire (ECD)

* sources non corrélées ou peu ( < 0.8) sur la fenétre d’analyse

e suffisamment de signal pour obtenir une solution stable

L —
Cogiter 2018



> N capteurs (C,, C,, C....Cy)
» M sources (q;, 4y, qq---Au)

» K échantillons temporels

sighal des capteurs

sortie du filtre pour la
W(qe) _— \/\_ P

source gq

TLELl
W/
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Figure 6. Dual-state SAM i1mage in the 15 to 30 Hz frequency band of cortical activity during overt picture naming.
A 143-channel MEG whole-head instrument was used to collect data in the open unshielded environment. Photo-
graphs of simple common objects were presented to the subject on an LCD screen. The subject’s task was to identify
the object and speak the name. The onset of vocalization was detected by a microphone, triggering each trial of data
acquisition. The photograph remained on-screen for the duration of each of 100 trials. A pseudo-T image was gener-
ated from the difference in source activity between a time-segment prior to vocalization (the active state), and a
time-segment after vocalization was completed (the control state). The blue coloration of the areas activated indi-
cates event-related suppression in these regions. That is, rhythmic cortical activity was suppressed during the nam-
ing task, relative to the rest state following speech generation. Note that these changes are lateralized to the left
hemisphere.

D
Cogiter 2018



yrofondes ?

Possible BUT
Very limited spatial resolution

Leakage from one structure to another
May necessitate heavy adaptation of protocols to increase SNR

Work quite well for Amygdala,
Hippocampus, cerebellum

May work for thalamus

Cogiter 2018



ectivity?

MEG/EEG Acquisition

TN LT Cortical current

Sensors space

ources space Connectivity
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Memory 2 - Raw data

> Al

Raw data — a1 — - . X (7
(0.1 - 200 Hz) \_/ —

Filtered data

{ [
(15-20 Hz) - ANATYNAARYAR «"»'»‘!‘!‘( HW

ogiter 2018




Cogiter 2018

Lachaux et al. 1999

ure synchronies?

power complex value N

! (ampl. & phase) . :
0 N trials
chan#1 /. !
|
1
1

trial 1 phase-synchrony factor =

chan#2 WWWW\M)\,WW modulus of the mean vector
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trial N |
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: AT
“time |
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2en subjects??7??

Model Imitator
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words on causality

Describe the direction of the information flows

® Two possible ways

® Dynamic Causal Modeling [Model driven]

sl sl bt ML
i

® Granger Causality [Data Driven]

MW:; \ MA Weights and

Cogiter 2018

Model likelihood




and brain interactions

The amplitude of spontaneous alpha rhythm fluctuations varies with the phase of the infra-slow gastric basal
rhythm Ritcher et collaborateurs, Neurolmage 2016.
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measurements using optically-pumped magnetometers
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THE HANLE EFFECT AND ITS USE FOR THE MEASUREMENTS
OF VERY SMALL MAGNETIC FIELDS

ALFRED KASTLER

‘ Laboratoire de Physique, Ecole Normale Supérieure, Université de Paris, 24, Rue Lhomond, Paris (5¢), le, France .
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Vector / Scalar measure of
small magnetic field through
light transmission properties
of gas

[ O A I B A B B B

How? Thanks to precession and
resonance phenomena

Sensitivity equivalent to SQUID < 130 Hz near ambient temperature
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an array of sensors that were mounted in a
3D-printed ‘scanner-cast’. The scanner-
cast!2 was designed using an anatomical
magnetic resonance imaging (MRI)
scan, such that the internal surface
snugly fits the subject’s head, while the
external surface accommodates the OPMs

Cogiter 2018
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Multimodality
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