EEGLAB overview

Collection of about 600 functions (70 000 lines of code)
About 100 000 download over the past 10 years

6 500 users on the discussion list and 10 500 on the diffusion list
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Hanke & Helcencko, 2011, Frontier in Neuroinformatics

[mmrmo §))
[(»mmmohy 7
.umsuu (6]

.msc (s)
MOt (4]
AT 13)
MNE suite [31) Cedspike’ [2]
BioSag [28) Reldacs [2)
[hekts Neursmag [21) NewoScepe' (2)
. x[17) Kusters” [2)
OpenMEEG [16] netstation’ |2}
\SA [12) Wells-neure [1]
Mexon [12) nameq (1)
ok xplorer [10) erplat’ (1]
Dhustakwk (10) FMAToolbox' [1)
Newoscan' |9) datarver [1)
0 20 ® 0 %0 100 120 140 180 180 O 20 © @0 0 100 120 140 160

180



EEGLAB standard processing pipeline
o>

Single subject
Import binary data, events and channel location
Edit, Re-reference, Resample, High pass filter data
Reject artifacts in continuous data by visual inspection
Extract epochs from data & reject artifactual epochs
Visualize data measures
Perform ICA decomposition

— Perform source localization of components

— Analyze components contribution to ERP

— Analyze components contribution to spectrum
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Multi-subjects

1. Build study and STUDY design
2 Pre-compute measures

3. Cluster components

4 Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



The EEGLAB Matlab software
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1. Importing data

Import/load data Import events
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1. Importing channel location

Import channel location
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2. Edit, Re-reference, Resample, High pass filter data

Edit/select data

EEGLAR W, 4)




3. Reject artifacts in continuous data by visual inspection

ions of continuous data
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4. Extract epochs from data & reject artifactual epochs
Preprocessing data
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5. Visualize data measures

T Plot ERP

= |

"ee114 continuous” epochs
e -ﬁ.@ﬂ B B
‘&3‘ 4
.iﬁ?. ,;f,jc“ |') )
o A
¥ 4i~ 4{-
10+
-?ﬁf- R s
g’ 0 ﬁﬁwﬂ_n hAvﬂﬁuAf “ﬂ; | nv'\vﬂ nu'll",\ yf
°
10
15k
-1000 -560 0 ) 560 10I00 15b0
Time (ms)




5. Visualize data measures

Plot ERP
map series
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5. Visualize data measures

Figure No. 2: spectopo()
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5. Visualize data measures
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‘EEGLAB standard processing pipeline

Single subject
Import binary data, events and channel location
Edit, Re-reference, Resample, High pass filter data
Reject artifacts in continuous data by visual inspection
Extract epochs from data & reject artifactual epochs
Visualize data measures
Perform ICA decomposition

— Perform source localization of components

— Analyze components contribution to ERP

- Analyze components contribution to spectrum
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Multi-subjects

1. Build study

2. Pre-compute measures
3. Cluster components

4. Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



6. Perform ICA decomposition
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Localizing components

File Edt View hset Toos Window Hip

D& RAA/Z BB

File Eff Took | Fiot Dodasets Hep
Change zarging rale
#:1l
Fiker tra data
Fa-retarence
Ovre Rapd continuows dda
Fromss Edreciapachs
Epoch:  Ramave baseine
Ewnts  Rajact data epodhe
”E‘:’: FuniCa
Epoch  Pemave covgonerts
faera; FRRM g3l wing KA

Chare  Locale dpinies usng DFFIT Aot C
ICA walgnts s i

Yataset xize (M) 15,9 Heart nodel and sotngs
Coane Mt (gid scan)

Filene

Floe 81 Oherative)

Fict corgonent dpoies




4135%)

201

1 (BA%) 12(37%) 13 019%) 14Dy 150 9%

o0

001




Component contribution to the ERP
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Component contribution

to the EEG spectrum

Figure No. 2: spectopo()

File Edit View Insert Tools Window Help

- 0O X

DEE&G RAA/ | 2LD

10.0 Hz

Charnel cajons

10

Filanme: weg.
Dowwls par |
Fromss pa o
Epoche
Eants
Sweling rate

Charnel dyta (scrof)
Chamel spactia and nags
Charael proparies:
Chanasd ERP hage
Charnel ERPs

EFP g sened
SunConpare ERFs

Epoch xtart [
Epach and (a8
foarege refen
Charml locat:
DA walgnts

Batacet zize ¢

Conponart scivajons (scrof]
Copanart spactia ard nags
Companent naps

Companarnt propanes
Componert ERP neage
Companart ERPs
SundConpars conp. ERPs

Tre-Faguenty Fandfomes

=

——

=

e

40
o 30F
=
* ». 20
- -~ o —gﬂ-\.
8 10 = o -,==’ ‘-"“_:"'-:.-_-- _-—_,::é:‘%\_z.-.._._,_ﬂ-_::
= s __.ﬂ-».,q—:‘_‘-___h =
Tj. ol %ﬂ = -
o
10
| | | |

_
P e

e
:

=

10 15
Frequency (Hz)

20

25




Component time-frequency
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‘EEGLAB standard processing pipeline

Single subject

Import binary data, events and channel location
Edit, Re-reference, Resample, High pass filter data
Reject artifacts in continuous data by visual inspection
Extract epochs from data & reject artifactual epochs
Visualize data measures
Perform ICA decomposition

— Perform source localization of components

— Analyze components contribution to ERP

— Analyze components contribution to spectrum

S o

Multi-subjects

1. Build study and STUDY design
2. Pre-compute measures

3. Cluster components

4. Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



1. Build a STUDY

A M | )

M M ( .

A a ol A "W 1 | W A‘
W 1l “‘VAM“V‘WM Ml ‘(/ ‘-’\/‘N \ M l My I\ q\A)‘ N N ‘
1% ”ww‘ Wi L\‘""" v [ V\\:“‘y N “Vu\f/ \J\Mw \A\,‘”‘f/ \_/

N
\

AW
SAUNAN WL
}W‘/ N \J\“ﬂf bl oy
1

l

\ A

Y H\/“n \ Y
&‘v “\JV\




:dit STUDY design

: [ AA \ \ \\ﬁ
o UMWN\WW MWMW Wl M”W\w mﬂ'{\ W%M”MMAWWMK’/VM




2. Pre-compute measures
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3. Cluster components
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4. Analyze clusters
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‘EEGLAB standard processing pipeline

Single subject

Import binary data, events and channel location
Edit, Re-reference, Resample, High pass filter data
Reject artifacts in continuous data by visual inspection
Extract epochs from data & reject artifactual epochs
Visualize data measures
Perform ICA decomposition

— Perform source localization of components

— Analyze components contribution to ERP

— Analyze components contribution to spectrum

S o

Multi-subjects

1. Build study and design
2. Pre-compute measures
3. Cluster components

4. Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



EEG structure
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3 levels of functions

Administrative functions: handle EEG and ALLEEG

structures
eeglab(), eeg_checkset(), pop_delset(), ...

Pop functions: interactive functions using EEG structure
pop_erpimage(), pop_topoplot(), pop_envtopo(), ...

Signal processing functions: perform signal processing
erpimage(), topoplot(), envtopo(), ...



Command line tools

(“eegh” Menus write both dataset and global history)

« Automated processing on groups of subjects (possibly
on several processors).

* Richer options for plotting and processing functions
(time-frequency decompositions, ...)

« Custom processing...
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Pros/Cons of Matlab based open source
»

* Pros
— Easy to program, highly modular and extendable
— Not dependent on any platform (64-bit) and highly
optimized
— Large community of users (latest development in signal
processing research)
— Powerful scripting capabilities
 Cons

— Matlab required for which you have to pay
— Large memory requirements

— Matlab bugs, possible version differences, cross-
platform compatibility problems

— Poor graphical interface
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