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Forward Head Model Problem (well posed)

REQUIRES @ o Spherical
® Model
- Head Model °
Conductivity values
Geometry
- Sensor Locations
- Possible source distribution |
Numerical

Magnitudes Model
Locations

Directions

- Solver



Since there is no unique solution
the inverse problem is ill posed
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Inverse problem methods (ill posed)

Single and multiple dipole models

- Minimize error between model
and measured potential/field

Distributed dipole models

- Perfect fit of model to the measured potential/field

- Minimize an additional constraint on sources
LORETA (assume a smooth distribution)
Minimum Norm (L2, minimum power at the cortex)
Minimum Current (L1, minimum current in the cortex)



Solving the inverse problem

» Spatial source filtering

— Perform ICA decomposition (higher-order statistics)

* ICA gives the projections of the sources to the scalp surface,
i.e., ‘'simple’ maps!

- ICA solves ‘the first half’ of the inverse problem



DIPFIT and model co-registration

1. Co-register electrodes with model
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coregister()

coregister()

File Edit Yiew Insert Tools Desktop Window Help ~ File Edit Yiew Insert Tools Desktop Window Help

00 e EEGLAB development head |
File Edit Plot Study Datasets Help =

Change sampling rate

Filter the data >
Re-reference

Interpolate electrodes

Reject continuous data by eye

Extract epochs
Remove baseline

Run ICA
Remove components

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection

Reject data epochs »
S Reject data using ICA >
. ICLabel >

Clean continuous data using ASR

Locate dipoles using DIPFIT » Hear mocelind settings l

Component dipole coarse fit
Component dipole fine fit
Component dipole plot
Component dipole autofit

Distributed source Leadfield matrix
Distributed source component modelling

Source reconstruction of ERP



EEG.dipfit structure

>> EEG.dipfit

ans =

hdmfile:
mrifile:
chanfile:
chansel:
coordformat:
model:
current:
vol:
leadfield:

coord;transform:

[1x76 char]
[1x71 char]
[1x83 char]
[1x33 double]
'spherical'’
[1x33 struct]
32

[1x1 struct]

[]

RO 0 -1.570796 100 76 90.87264}3 1 1P

) \

Rotation

|
Translation

|
Scaling

2
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Plot scalp maps in 3D

File  Edit
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Tools

Filename: ...
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Events
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Datasets Help
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Channel data (scroll)
Channel spectra and maps
Channel properties
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Channel ERPs
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SumjCompare ERPs

Compaonent activations (scroll)

Component spectra and maps

Component properties
Component ERP image
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Time-frequency transforms

Average time-frequency

Cluster dataset ICs

File Edit View

Mesh off |
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Go through co-registration
in the same way as

with dipfit co-registration




2D scalp map for IC 12 3D scalp map for IC 12




DIPFIT and model co-registration

2. Fit components




Patch of Cortex Acting as a Dipole




e Computational
A Neuroscience
Fit ivalent dipol
® EEGLAB development head
File Edit Plot Study Datasets Help =~
— #1:EEl Change sampling rate E -) Figure 2
Filter the data > File Edit ¥iew Insert Tools Desktop Window Help
Re-reference .
ilenam = = I
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rrames B Reject continuous data by eye 71 dipoles:

Eecehs Extract epochs —
::Z:im Remove baseline QKeeplNext
Epoch st Run ICA Mext
Epoch en Remove components o
Referenc . ) ) Keep“:)rev
chammer | Automatic channel rejection ;

Ica weiq Automatic continuous rejection o

Automatic epoch rejection

Dataset .
Reject data epochs > || RV: 9.92%
~ Rejectdata using ICA > | Xtal: 4
ICLabel > Y tal: 67
Ztal: -37
Clean continuous data using ASR
Display:

. : Head model and settings
Locate dipoles using DIPFIT »
Mesh on

Component dipole coarse fit - -
Component dipole fine fit _Tight view |
Component dipole plot Sagittal view
Component dipole autofit Coronal vie}gj
Top view

Distributed source Leadfield matrix
Distributed source component modelling

Source reconstruction of ERP



Computing residual variance
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Scroll through dipoles
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@® Figure 3
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Desikan-Killiany Atlas
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Visualizing ICA component clusters

© [ Cls 8 - 11 sets - 30 components (30 dipoles)
File Edit View Insert Tools Desktop Window Help

Dade h RO EN- 3 0EH @

@ @ Cls 8 - 11 sets - 30 components (30 dipoles)
File Edit View Insert Tools Desktop Window Help

Ddde h RR09EA-3 0EH @O

31 dipoles:

Plot one
Keep|Next
Next
Prev
Keep|Prev
1
S01,IC5
RV:2.40%
Xtal:3
Y tal: -69
Ztal: 20

Display:
Mesh on
Tight view
Sagittal view
Coronal view
Top view

No controls
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Distributed source localization in DIPFIT

Surface source model: Colin27 (with Desikan-Kilianny atlas)
Surface source model: Use Brainstorm ICBM152 (with Desikan-Kilianny atlas)

[ NON ) EEGLAB development head v Volumetric source model: LORETA-KEY

File Edit Plot Study Datasets Help ™ Volumetric source model: AFNI with TTatlas+tlrc atlas (Fieldtrip)
Change sampling rate Custom source model
Filter the data >

Re-reference
Interpolate electrodes

Reject continuous data by eye Volume Surface

Head model

Extract epochs
N ROI source model

Remove baseline

Run ICA
Remove components

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection

Reject data epochs »
Reject data using ICA >
ICLabel >

Clean continuous data using ASR

Locate dipoles using DIPFIT > Head modeliand settings

Component dipole coarse fit
Component dipole fine fit
Component dipole plot
Component dipole autofit

| Distributed source Leadfield matrix |
Distributed source component modelling

Source reconstruction of ERP
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Distributed source localization
(eloreta or LCMV beamforming)

Volume

® @ EEGLAB development head
File EditPIot Study Datasets Help

— #1: EE| Change sampling rate E

Filter the data >
Re-reference |C Sca|p tOpO
Filename
Interpolate electrodes
Channels 3 .
Frames p ReJeCt Contlnuous data by eye Edit View Insert Tools Desktop Window Help |
ooeh ide K AROPRL- 3 0E aD
i EXtraCt epOChS IC 5 from EEG Data epochs
Events Remove baseline
Sampling

Epoch st Run ICA
Epoch en Remove components

Referenc . ) )
chammer | Automatic channel rejection
1ca weiq Automatic continuous rejection

TS Automatic epoch rejection

Reject data epochs > ||
Reject data using ICA >
ICLabel >

Clean continuous data using ASR

Locate dipoles using DIPFIT » Hsad mods)iand xattinox

Component dipole coarse fit
Component dipole fine fit
Component dipole plot
Component dipole autofit

Distributed source Leadfield matrix
Distributed source component modelling

Source reconstruction of ERP



ROlconnect plugin

Stefan Hauffe
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File Edit Plot Study Datasets Help
— #1: Ei (Expand tool choices via "File > Preferences") [ JoN ) Compute ROI activity
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Connectivity analysis using ROIlconnect

AFNI MNI Brainnetome Schaefer 2018

Volumetric

atlases

Desikan Kiliany Destrieux PrAGMATIC

Surface
atlases Q % Q



Channel space (~100 dim) Source space (~10,000)

N channels
M voxels x 3

_ First ROI Second RO

Compute connectivity
between all ROI pairs

PCA PCA

- Dim~2to 4 Dim ~2to 4
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Red regions are highly interacting
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Connectivity matrix between 68 ROls

https://github.com/arnodelorme/roiconnect



ROIlconnect future

Figure 4
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* More atlases

« Comparison with ICA

 Validation of head models with different resolutions



The END




