The EEGLAB software
&
» Collection of over 300 functions (50000 lines of code)

e About 50000 download over the past 6 years

 About 3500 users on the discussion list and 6500 on the
diffusion list

* NIH funding (2003-)

EEGLAB Workshop 2009, Aspet, Arnaud Delorme



Pros/Cons of Matlab based open source
Rd

 Pros
— Easy to program, highly modular and extendable
— Not dependent on any platform (64-bit)

— Large community of users (latest development Iin
signal processing research)

— Cannot imagine more powerful scripting capabilities

e Cons
— Matlab required
— Large memory requirements

— Matlab bugs, possible version differences, cross-
platform compatibility problems
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Publication using this paradigm
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EEGLAB standard processing pipeline
.

=

Single subject
1 Import binary data, events and channel location
2 Edit, Re-reference, Resample, High pass filter data
3 Reject artifacts in continuous data by visual inspection
4. Extract epochs from data & reject artifactual epochs
5 Visualize data measures
6 Perform ICA decomposition
— Perform source localization of components
— Analyze components contribution to ERP
— Analyze components contribution to spectrum

Multi-subjects

1. Build study

2 Pre-compute measures
3. Cluster components

4 Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



The EEGLAB Matlab software

EEGLAE Shell - Konsole

Session Edit View Bookmarks Settings Help
||

/home/arno> matlab -nodesktop

=1jES

<MATLATEB >
Copyright 1984-2002 The MathWorH
Version 6.5.0.180913a Releasq
Jun 18 2002

Using Toolbox Path Cache. Type "help toolbox_pd

To get started, type one of these: helpwin, helpy
For product information, visit www.mathworks.con

s> eeglabl]




. Importing data
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Data info

1. Importing data

Scrolling data

EEGLAE v4.0

File Edit Tools Plot Datasets Help DTU Sidekick

___#1: Continuous EEG Data

Filename: eeglab_data,=zet
Channels per frame a2
Framez per epoch 0504
Epochz 1
Events 154
Sampling rate (Hz) 128
Epoch start (sec) 0, o
Epoch end (sec) 235,305
Average reference Mo
Channel locations i o

ICA weights i fo}
Datazet =ize (Hb) 7.9

v Scroll channel activities — eegplot()
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Importing channel location

Import channel location

File Edit | Tools Plot Datasets Help
Diataset info

hs
Event fields
Ewvent values
Ahout this dataset

|

[ chennel locatons ] |3,
| Channel locations 204
|

|

z_ica,zet

Select data 7h
Select epochsievents |79
" Copy current dataset e
| =1.000
| Append datasets 1,992
| Delete dataset(s) Mo
Channel locations Yes
ICA weights ez
Dataset size (Mb) 14,9
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2. Edit, Re-reference, Resample, High pass filter data
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3. Reject artifacts in continuous data by visual inspection

=

Data info

File Edit Tools | Plot Datasets Help

—#2:1 Filter the data
Re-reference
Filena ) .
Feject cantinuous data
Channe I ) I
Frames  Entract epochs
Epochs  Remove baseline
Eventz  Reject data epochs
Sampli b 1ca
Epoch
Brmely Remove companents
fverag  Reject data using ICA
Charne  Locate dipoles using DIFFIT .-
ICA weightz Yez
Datazet zize (Mb) 14,9

Change sampling rate

Reject portions of continuous data

| % Scroll channel activities — eegplot)
Figure Display Settings  Help
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4. Extract epochs from data & reject artifactual epochs

—
A

Preprocessing data

File Edit Tools [ Flot Datasets Help

Change sampling rate

_ ge:|

Filter the data
Re-reference
e Reject continuous data
Channe
Frenes | Extract epochs |

Epochs  FRemove haseline
Events  Reject data epochs

Sawpli o ica:
Epoch
E Remaye campanent:

fuerag  Reject data using IC

Channe  Locate dipoles usingl DIPFIT .-

ICA weight= ks
Dataset =ize (Mb) 18.9

Extract data epochs - EEpochl]

|
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4. Extract epochs from data & reject artifactual epochs

R

Different color = different rejection methods

FigLire

Cluster compaonent
Filter the data (IR}

File Edit Tools | Plot Datasets Help
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—® ut chann...
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Filena  poiect continuous data
Channe
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5. Visualize data measures

File

— #1:EEGI

Edit Tools

Flot | Datasets Help

Channel locations

Filename: eeq
Channels per
Frames per ep
Epochs
Events
Sampling rate

Channel data (scroll)
Channel spectra and maps
Channel properties
Channel ERF image
Channel ERFs

ERF map series
Sum/Compare ERPs

Epoch start (s
Epoch end (ze
Average refere
Chantel locat:
ICA weights

Dataset size !

Component activations {scroll)
Caompaonent spectra and maps
Component maps

Component properies
Component ERF image
Component ERPs
Sum/Compare camp. ERPs

With scalp maps

I In scalp arra;

In rect. array

Data statistics

Time-frequency transforms

Plot ERP
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5. Visualize data measures

Plot ERP
map series

EEGLAB v4.43 3
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5. Visualize data measures

Figure No. 2: spectopo()

File Edit Wiew Insert Tools Window  Help

Plot data [DEE& NAA/ 2RO
spectrum and 6.0 10.0 22.0 Hz
maps

File Edit Tools Plot | Datasets Help

Channel locations 55
— #2:EEGI

Channel data (scroll)
| Channel spectra and maps |

Filename: esg: -
[ — Channel properties

Frames per epo Channel ERP image
Epochs Channel ERPs
Events ERF map series
Sampling rate
Epoch start (:

Epoch end (=e
fverage refers  COmponent spectra and maps

I
o

SumiCompare ERFPs

L)
o

Component activations (scroll)

Channel locat:  Component maps

ICA weights Companent properties
Datasst size !

I
=]
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Rel. Power (dB)

Component ERPs

SumiCompare comp. ERPs

Data statistics

—
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5. Visualize data measures

Median RT
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‘EEGLAB standard processing pipeline

.;{_;
Single subject
1 Import binary data, events and channel location
2 Edit, Re-reference, Resample, High pass filter data
3 Reject artifacts in continuous data by visual inspection
4. Extract epochs from data & reject artifactual epochs
5 Visualize data measures
6 Perform ICA decomposition
— Perform source localization of components
— Analyze components contribution to ERP
— Analyze components contribution to spectrum

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

Figure No, 2

File Edit Miew Inset Tools Window Help

DEEE&| KA s 2R

41 dipoles:

Flot All

Flat one
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keep |Mext
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Autofit components
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—#:l
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TV Figure No. 4 =
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Component contribution to the ERP

——
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File Edit Tools Plot| Datasets Help
Channel locations
— #1:EEGI

Filename; eeg
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- Component contribution
-‘ to the EEG spectrum

Figure No. 2: spectopo()

File Edit “iew Inset Tools Window Help
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Filenams: eeg
Channels per 1
Frames per ep
Epochs
Events
Sampling rate
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EEGLAB standard processing pipeline
\'t:
Single subject
1 Import binary data, events and channel location
2 Edit, Re-reference, Resample, High pass filter data
3 Reject artifacts in continuous data by visual inspection
4. Extract epochs from data & reject artifactual epochs
5 Visualize data measures
6 Perform ICA decomposition
— Perform source localization of components
— Analyze components contribution to ERP
— Analyze components contribution to spectrum

Multi-subjects

1. Build study

2 Pre-compute measures
3. Cluster components

4 Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



EEGLAB

Import data

Load existing dataset

SawE CUFrent dataset(s)
Sawe current dataset as
Elear datasens)

=ing all [maded datasets

Load existing stuchy
FawE CLFERT Sty

Browse for datasets

SEwE| CUFrent sty as
Zlear sty

Memory options

Sawe histom
Quit

1. Build a STUDY
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2. Pre-compute measures

(»

gl

EEGLAE v6.0b ) lect and compute component measures for later clustering -- pop_precomp()
U) Fila Toals 5 N Datasets Help N
r 1 L3
— STUDY set: A Edit studly info Pre-compute component measures for STUDY 'Attention
s : Frecompute channel measures | Compute ERF/spectrumERSP for all components (set) or only those selected by RV {unset)
7 , Flot channel measures .
q) study filenarne: List of measures to precompute
C Study task name ¥ ERPs
Mb of subjects Build) preclustering array
O Mb of conditions . ) W  Power spactrum Farametars | Tast
Mk of sessions USIEM EOmponents ¥4 ER3Ps l )
Q MNb of groups Edit/plat clusters ¥ TCs Il— Time/freq. paramaters | ‘oyclas’, [3 0.5], ‘padratic’, 1 Tast
Epoch consistanay Was Sealp GRS :
E Channels per frame 31 ~ P map
Channel lecations Wes
O Clusters 1 |  Recompute even if present on disk
Status FReady to pracluster
o Total size (Mb) 30.4 Cancel | Help Ok
) R A — Select and compute component measures for later clustering -- pop_precomp() - alx
File Toals Studhy Datasets  Help J
Edi . Pre-compute channel measures for STUDY "
it stuchy info
U) —STUDY set: S Precompute channel rmeasures ||| Channel list (defaultall) |
_ Plot channel measures N Interpolate missing channels {datasets will be modified on disk)
G) Study filename: S I -
) uile! preclustering array )
C Study task name: List of measures Lo precompute
Number of subjec Cluster components ERPs
! Mumber of condil  Edit/plot clusters W p P
Numlbar aF sessions: i ¥4 OWer Spectrum arameters | Teast
CU Mumber of groups: 1 4 ERSPs | ) :
c T e " s g ITCs = Time/freq. parameters | oycles', [3 0.5, 'padratio’, 4 Test
O Channels per frame &1
Channel locations was . .
Clustars 1 1 Recompute evan if present on dizk

Status Readyto pracluster
Total size (Mb) 25 Cancel | Help Ok




3. Cluster components
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4. Analyze clusters

% View and edit current component clusters - pop_clustedit()

- O X
Study 'N400STUDY": 840 of 1721 components clustered on spectrum,ERP.map,dipole, ERSP&ITC
Select cluster to plot Select component{s) to plot
. \| components :“-
Cls 6 (43 IC3) ~| 501 IC17
Cls 7 {42 ICz) 5011218
Cls 8 {39 ICs) 501 ICEE
. W Figure No. & -
Plot cluster properties File Edd View Inset Tools Window Haolp
Pot s mp: [DE@& XA (207
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Channel plotting

View and edit current channels -- pop_chanplot()
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EEGLAB standard processing pipeline
\'t:
Single subject
1 Import binary data, events and channel location
2 Edit, Re-reference, Resample, High pass filter data
3 Reject artifacts in continuous data by visual inspection
4. Extract epochs from data & reject artifactual epochs
5 Visualize data measures
6 Perform ICA decomposition
— Perform source localization of components
— Analyze components contribution to ERP
— Analyze components contribution to spectrum

Multi-subjects

1. Build study

2 Pre-compute measures
3. Cluster components

4 Analyze clusters

Advanced analysis using scripting and EEGLAB command line functions



o

EEGLAB Data Structures

EEG - root ‘dataset’ structure
.data - the dataset data (2-D, 3-D matrix)
.chanlocs - channel locations substructure
.event - data events substructure
.epoch - data epochs substructure
ALLEEG - vector of loaded EEG datasets

CURRENTSET - index in ALLEEG of current EEG dataset
STUDY - root ‘studyset’ structure

.Cluster - component clustering substructure



EEG structure

Number of data points

EEG = setname:'Epoched from "ee 114 continuous" per trial
filename:'ee11dsquaresepochs el
filepath:thomefarn Number of channels
pnts:384/
nbchan:3?
trials:S0 <« .
srate: 178 Number of trials

xmin -1

xmax:1.9922 Sampling rate
data:[32:354x50 double]
icawiny:[32x32 double

[
[ ] . . .
icasphere:[32x32 double] \ Time limits
icaweights[32x32 double] Data
icaact;[22x354x30 double]
event:[1:157 struct]

epoch:[1:x50 struct] ICA scalp maps
chanlocs:[1:x32 struct]
[

comments:[8x150 char] o
averef:i:rlm' ICA activity
s
eventdescription{1x5 cell}
epochdescription{}
Spe_cdata:H Epoch/event
specicaact . .
reject [1x1 struct] information
stats[1x1 struct]
splinefile:(]
ref'common’

history [7x138 char] Channel location
uresvent[1:x154 struct]

times:[1x354 double]

|



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

(Menus write both dataset and global history)

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

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

« Selecting data/epoch based on event context

e Custom processing...



Future directions

Signal processing and source localization
Analysis of large studies and parallel processing
Multi-modality imaging

Study design

Improved memory mapping features

Improved plug-in facility and script library

Shared data resource (BIRN)

Better binary format handling

Wikl documentation http://sccn.ucsd.edu/wiki/EEGLAB
Open source community development (CVS server)



