EEGLAB overview

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

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

Software popularity: Electrophysiology, MEG/EEG

EEGLAB [168]

BrainStorm l56].

LORETA/SLORETA [48]

MNE suite [31]

Elekta Neuromag [21]
Chronux [17)

OpenMEEG [16)

Brainvision Analyzer [55]

Neuroshare [9)
Openelectrophy (7]
BrainSuite’ [6)
EMSE' [5)
MClust [4]

RTXI [3]
cedspike’ [2]
Relacs [2]
NeuroScope' (2]
Klusters' [2]
netstation' [2]
Trellis-neuro [1]
nutmeq' [1]
erplab’ [1]
FMAToolbox' [1]

dataniver’ [1]
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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

OO0k wh =

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

EEGLAB Shell - Konsole

Session Edit View Bookmarks Settings Help
||| () (@

/home/arno> matlab -nodesktop

]

=[BlX]

<MATLAB?>

Copyright 1984-2002 The MathWorH

Version 6.5.0.180913a Releasgq
Jun 18 2002

Using Toolbox Path Cache. Type "help toolbox_p4q

To get started, type one of these: helpwin, heljy
For product information, visit www.mathworks.con]
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1. Importing data
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1. Importing data

Scrolling data

Data info

006

Figure

Scroll channel activities -- eegplot()
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1. Importing channel location

Import channel location

File Edit| Tools Plot Datasets Help
Dataset info

Event fields hs
Event values
: About this dataset 1§§1ca.set
|_Channel locations 204
| Select data 75
| Select epochsfevents |75
" Copy current dataset | 128
=1,000
| Append datasets 1,992
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Channel locations Yes
ICA weights Yes
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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
Change sampling rate
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Epoch
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fverag Reject data using ICA
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Dataset size (Hb) 14,9
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4. Extract epochs from data & reject artifactual epochs
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4. Extract epochs from data & reject artifactual epochs

File Edit Tools | Plot Datasets Help

- |
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5. Visualize data measures

Plot ERP
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5. Visualize data measures

Plot ERP
map series

EEGLAB v4.43
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5. Visualize data measures

‘9

y

Plot data
spectrum and
maps

Figure No. 2: spectopo() - 0 X
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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

2B A

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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v

Reject components by map - pop_selectcomps() (dataset: Continuous EEG Data epochs)
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Localizing components

File Edit

—#1:1

Filena
Channe
Frames
Epochs
Events
Sampli
Epoch

Epoch

Averag
Channe

Tools | Plot Datasets Help

Change sampling rate
Filter the data
Re-reference

Reject continuous data

Extract epochs
Remove baseline
Reject data epochs

Run ICA
Remove components

Reject data using ICA

Locate dipoles using DIPFIT I

Autofit components

ICA weights Yes
Dataset size (Mb) 15,9

Head model and settings
Coarse fit (grid scan)

Fine fit (iterative)

Plot component dipoles

Figure No. 2
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(v Figure No. 4 - O
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a Component contribution to the ERP
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; Component contribution
L~ to the EEG spectrum

Figure No. 2: spectopo() - O X
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Component time-frequency
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‘EEGLAB standard processing pipeline

4
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



EEGLAB v5.03 - X
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e :dit STUDY desi
Edit study info : I es I g n
Select/Edit study design(s)

Precompute channel measures

Plot channel measures

Precompute component measures
Measure Product clustering [ 3

PCA clustering (original) [ 2 000

Edit/plot clusters

None
gesc pﬁon

duration
type

nON-Synonyms
synonyms

Combine selected values Combine selected values
Solectall subjecs ¢

T —

V]




-

Components

Channels

2. Pre-compute measures
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File Edit Tools Plot BJ0LIA Datasets Help

Edit study info
Select/Edit study design(s)

Precompute channel measures
Plot channel measures

Precompute component measures
Measure Product clustering

PCA clustering (original)

Edit/plot clusters
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Channel plotting

View and edit current channels -- pop_chanplot()
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3. Cluster components

File © 1 Tools o Datasets Help £

Edit study info
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4. Analyze clusters

% View and edit current component clusters - pop_clustedit() o 4
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) Figure 8 <2> E]EE
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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

Number of data points
per trial

EEG= setname:'Epoched from "ee114 continuous"
filename:'ee114squaresepochs.s

filepath: thomefarnoleet4=] Number of channels
pnts:384/
nbchan:32

trials: 80 «— .
srate: 128 Number of trials

xmin -1

xmax:1.9922 Sampling rate
data:] ”'}(384){8M
%32 double] Time limits

|

32
icawiny:[32 \
icasphere:[32x32 double]
Icaweights:[32x32 double] \ Data
icaact;[32x384x80 double]
event:[1x157 struct]
epoch:[1x80 struct] } ICA scalp maps
[1x
[8x

. 1o
. Q
chanlocs:[1x32 struct]
comments:[8x150 char] o
a'-reref:'[r]wo' ICA activity
it
eventdescription:{1x5 cell}
epochdescription:{}
specdata:H Epoch/event
specicaact: . .
reject:[1x1 struct] information
stats:[1x1 struct]
splinefile:(]
ref.'common’ .
Channel location

history:[7x138 char]
urevent[1x154 struct]
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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...



NFT: Neuroelectromagnetic Forward Head Modeling Toolbox

Segmentation
Electrode

Registration Template Warping

Mesh Generation

Forward Problem Solution = [ich~<

File ~

a FT: Dipole fitting |

Component [1:10)
Session Name indices
Load sensor locations

fdata/projects fzeynep/NFT _demo/jop3.elp

BEM Mesh Info

Mesh Name.
Show Mesh

BEM Model Session

Nurnber of Layers

’_
Number of Nodes:
Number of Elements

’_

Number of Nodes/Elemg]

Load Source Space

http://sccn.ucsd.edu/nft



Source Information Flow Toolbox

“It makes you cool”

Pre-
processing

Model Fitting
and Validation

Connectivity

Frequency (Hz)

Statistics

Group

i Visualization
Analysis

Time (sec)



— Approach properties

BCILAB - C. Kothe
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EEG database: HEAD-IT framework

EEG raw data files
fl | (+ECG, GSR, eye "
tracking, events,
etc...)

Result images and files

L]
N
st

J [ Database information
# || L fornew files

Subject information,
guestionnaires,
anatomical MRI, DTI,
channel locations

Remote database
access

Ry




Pros/Cons of Matlab based open source
-

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

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

— Cannot imagine more powerful scripting capabilities

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

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



Tuesday, June 18th
7:00 - 8:30 Breakfast

Overview and ICA Theory/Practice
8:30 — 9:30 -- Mining event-related brain dynamics I (Scott Makeig)
9:30 - 10:00 -- EEGLAB overview (Arnaud Delorme)
-- Break--
10:15 - 11:15 -- ICA theory (Tim Mullen)
11:15 - 12:00 -- Data import, Artifact rejection and running ICA (Claire Braboszcz)

12:00-13:00 Lunch --

ICA and time-frequency
13:00 - 14:00 -- Importing data, rejecting data, and performing ICA decomposition
practicum (Claire Braboszcz)
14:00 - 15:00 -- Evaluating ICA components practicum (Arnaud Delorme)
-- Break--
15:30 - 17:00 -- Time-frequency decompositions: Theory and practice (Tim Mullen)

17:00 — 19:00 -- Data and processing assistance available
19:00 -- Dinner

Wednesday. June 19st
7:30 - 8:30 Breakfast

Overview and ICA Theory/Practice
8:30 — 9:00 -- Why cluster ICA components? (Scott Makeig)
9:00 - 10:00 -- Group analysis using EEGLAB studies: Methods to cluster ICA components
(Arnaud Delorme)
-- Break--
10:15 — 11:15 -- Group analysis using EEGLAB studies: Methods to plot data and compute
statistics (Arnaud Delorme)
11:15 - 12:00 -- Scripting to manipulate EEGLAB studies for group analysis (Arnaud
Delorme)

12:00-13:00 Lunch --

ICA, time-frequency and information flow
13:00 — 14:00 -- Robust statistics: central tendency, dispersion and inference (Guillaume
Rousselet)
14:00 — 14:30 -- Statistical estimation in EEGLAB (Arnaud Delorme)

14:45-18:00-- Excursion to Saint-Bertrand-de-Comminges (http://en.wikipedia.org/wiki/Saint-
Bertrand-de-Comminges)



Thursday, June 20th
7:30 - 8:30 Breakfast

Source Localization
8:30 — 9:30 -- Forward and inverse models - the Dipfit plugin (Robert Oostenveld)

9:30 — 10:00 -- The Neuroelectromagnetic Forward Head Modeling (NFT) EEGLAB plugin
(Scott Makeig)

-- Break--

General Linear Modeling
10:15 - 12:00 -- Theory and practice of applying general linear models to EEG data using
the LIMO EEGLAB plug-in (Cyril Pernet)

12:00-13:00 Lunch --

Source information flow
13:00 — 14:00 -- Source information flow and Granger-Causal modeling tools (Tim Mullen)
14:00 — 15:00 -- SIFT toolbox: Theory and live demo (Tim Mullen)
-- Break--
15:30 — 17:00 -- SIFT toolbox: practicum (Tim Mullen)

17:00 — 19:00 -- Data and processing assistance available

19:00 -- Dinner
22:00 - 24:00 -- SIFT hackathon, meet with Tim Mullen and his computer at the bar - ask
anything you like
22:00 - 24:00 -- LIMO hackathon, meet with Cyril Pernet and his computer at the bar - ask
anything you like
Eriday, June 21st

7:30-8:30 -- Breakfast

8:30 — 9:30 -- Mining event-related brain dynamics II (Scott Makeig)
9:30 — 10:00 -- Using and building EEGLAB plug-ins (Arnaud Delorme)

-- Break--

10:15 — 11:30 -- Practicum, small group projects
11:30 — 12:00 -- Participant project presentations and general discussion

12:00 -- Lunch
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