EEGLAB

An open-source sighal processing
environment for Matlab
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EEGLAB downloads for 20/06/2007

Total count is 34

Username Email Comments
eeg, erp, bci
EEG developer

Brain Computer Interface

- ~200 EEGLAB downloads a'week

Cogneuro
EEGlab is great!

... fo atleast 90 country domains

LFP in DBS patients

« > 3,500 on.the ‘eeglablist’. mailing list

Neuroscienc e

* Over 20 EEGLABpltig-ins available

EEG

Signal Processing
ica

cognitive brain research

dfg
BCI

Biomedical engineering
movement-related cortical potentials
brain-computer interfaces

S. Makeig 2007



EEGLAB Workshop La Jolla 2007

90 participants - Norway « sGermany
Canada e Ireland Austria e yJapan
USA Taiwan

S. Korea
Australia

Chile

LY Yl
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Mining Event-Related
Brain Dynamics
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Active Human Agency

The brain responds
to the challenge of each moment

constrained by
its past impressions,

aligned to
its current goals, needs & desires,

and focused on optimizing the
future results of its behavior...

S . Makeig (2007)



Human Agency

Distributed

Brain Dynamic Events earn / Decide / A

S. Makeig 9/07
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Brain dynamics are

inherently multi-scale scalp surface fields)

~ ECOG (larger corti
A —cnfans Bialdat

SCALE CHAUVINISM

, —— pot ntials
Unmodeled portions of signals recorded
at any spatial scale are often dismissed

as or‘ ’ by researchers

working at larger and smaller scales...
/ \ S. Makeig 2007




Brain Electrophysiology

Response Averaging

1960

ERF
ERP

Average

Makeig TINS 2002
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Spatiottmporatly ofganized '
EEG field activities”
are emergent dynamics

in the electrical ‘space’ of the cortex
? .. / -

Makeig (2006)




The Dome of the Sky
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The Dome of the Sky?
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The Dome of the Scalp?

2-D Interpretation of Scalp EEG Signals?

Scott Makeig 2008
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s EEG interpretation true electrophrenology ?

What is the ‘point-
spread’ function for
EEG?

Scott Makeig 2008



SPATIAL SOURCE FILTERING!



The EEG point-spread function
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Each EEG source reaches
nearly ALL the scalp channels!

Scott Makeig & Julie Onton 2008



Each scalp signal is-a sum of source projections
with very broad point-spread functions!

Scott Makeig, 2008



Blind EEG Source Separation by ICA

Cocktail Party

S. Makeig (2000)



Independent Compaonert Analyais
of Electroencephalographic Danta
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Are EEG processes (nearly) independent?

Independent
Domains__ I
of Loca] Synchrony
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Plenz - avalanches
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Independent Components

Scalp
electrodes

Independent (
Components (ICs)

[

Reference
electrode

Onton & Makeig, submitted



Components

Scalp Data

e T e

e e PNt i e

——————— A~ - ———
c e s N s s et NN o N e O

B e e e
2 N et A W g g NN NS et e g

u e e e e e e e e e AL\ et e e . et

————— SN N ——

Time points

Components

pW-*




' 4 .
C: 3
P2 )WM
Qe 4 g ——
) 5y LA o
¢ T M NN~ -
- B e ]
e B pn——
L% Rl s o L )
14 i
) e N e e,
&4 NP ——
Fe e A sty
R o T e SR

Fgew | foh dimvnle o 1600w TRE bw W s YA nanlom o
B sy Aane, g wdgme mtnd s A0 wiamas o f o s A s W ey
- -

S. Makeig et al. (1995)



ICAin
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“ICA may be used to segregate obvious artificial
EEG component (line and muscle noise, eye
movements) from other sources.”

Makeig et al., 1996
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IC activation time courses
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“ICA is capable of isolating overlapping
EEG phenomena including alpha and
theta bursts and spatially separable
ERP components, to separate [ICs].”

Makeig et al., 1996



Independent cortical components

Equivalent dipoles
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Single dipole
component

Dual-symmetric dipole

component
Julie Onton & S. Makeig (2006)



Component 9 map
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“ICA training is insensitive to
different random seeds,”

... and can separate out
independent components of
data with hundreds of
channels.

Makeig et al., 1996



Moreover, ICA separates out
‘dipolar’ components

that may be relatively stable
across algorithms.

Makeig et al., 1996



right it lat EOG

FastiCA Ext.Infomax Amica

SOBI

Sphering

A. Delorme & S. Makeig (2007)






Decompositions that
find components that are more independent

- find more ‘dipolar’ components!

Makeig et al., 1996



Frontal Midline Theta Process

Comgonent 3 activily igiotal offset -0.023)

34
IR e e .
e - == M7

R -~
-

8

g8 ¢

{
|

Sorted Trials

Tere (rs)
Achwiy power specirum

=1
Z
>
o
=
=
5
=

0 10 20 30 40 S0
Frequency (Hz)



\&2




Anterior Cingulate Cognitive Division

Counting Stroop Studies
Present Study  Bush et al. 1998

Bush et al., 1999






Independent components of EEG data tend
to be functionally independent.

S. Makeig, 2007



Sorted Trials
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