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

* NIH funding since 2003




Hanke & Helcencko, 2011, Frontier in Neuroinformatics

Software popularity: Electrophysiology, MEG/EEG

EEGLAB [168]

BrainStorm [56].

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]
nutmeqg' [1]
erplab’ [1]
FMAToolbox' [1]

datanver' [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

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



The EEGLAB Matlab software
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1. Importing data

Import/load data Import events

EEGLAB v4.43 - X

EEGLAB v4.43 -_X
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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

EEGLAB v4.43 —1




3. Reject artifacts in continuous data by visual inspection

: Reject portions of continuous data
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t artifactual epochs

4. Extract epochs from data & rejec

data

Preprocessing

EEGLAB v4.43
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4. Extract epochs from data & reject artifactual epochs

Different color = different rejection methods
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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

¥ Figure No. 2
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5. Visualize data measures

Plot data
spectrum and
maps

Figure No. 2: spectopo()
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.EEGLAB standard processing pipeline

s

;:;
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
S. 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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(v Reject components by map - pop_selectcomps() (dataset: Continuous EEG Data epochs) i3]
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Localizing components
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Component contribution to the ERP

EGl
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- Component contribution
& to the EEG spectrum

Figure No. 2: spectopo()
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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 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
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Components

Channels

OGS Datasets Help

2. Pre-compute measures
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Channel plotting
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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

Number of data points
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filepath:'thomefarnol f
pnts:384
nbchan:32
trials: 50 «+— .

xmin -1

xmax:1.9922 Sampling rate
data:[32>-<384x8M
icawinv:[32x32 double] Time limits

|

[
icasphere:[32x32 double]
icaweights: [32x32 double] Data
icaact;[32x384x80 double]
event:[1x157 SU'LJCt]}
epoch:[1x80 struct] ICA scalp maps
(1

A

chanlocs:[1x32 struct]
comments:[8x150 char] o
averef:'[?o' ICA activity
g8
eventdescription:{1x5 cell}
epochdescription:{}
Spe_cdata:[l]] Epoch/event
specicaact: . .
reject:[1x1 struct] information
stats:[1x1 struct]
splinefile:(]
ref'common’ .
Channel location

history:[7x138 char]
urevent:[ 1154 struct]
times:[1x384 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

(“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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— Approach properties

BCILAB - C. Kothe

) BCILAB 0.9

Data Source | Offline Analysis  Online Analysis  Settings Help
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& Signal 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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Workshop program (and PDFs)

Day 1 - Wednesday, 2nd of September, 2015
8:30 — 9:00 Morning refreshments at the Bar in The Edge

9:00 — 10:15 Mining event-related brain dynamics | (Scott Makeig)
10:15 - 10:45 EEGLAB overview (Arnaud Delorme)

10:45 — 11:00 Break. Tea and Coffee Served in the Bar in The Edge

11:00 — 11:45 ICA theory (Arnaud Delorme)
11:45 — 12:30 ICA evaluation (John Iversen)

12:30 — 14:00 Lunch Served in The Bar in The Edge

14:00 — 15:30 Importing data, rejecting data, and performing ICA decomposition (John Iversen)
15:30 — 15:45 Break—Tea and Coffee Served in the Bar in The Edge

15:45 — 17:00 Evaluating ICA components practicum (John lversen)

17:00 - 19:00 Poster Session and Social, held in The Bar

Day 2 - Thursday, 3rd September, 2015
8:30 — 9:00 Morning refreshments at the Bar in The Edge

9:00 — 9:45 Why cluster ICA components? (Scott Makeig)
9:45 —10:45 Creating a STUDY and STUDY design (Arnaud Delorme)

10:45 -11:00 Break. Tea and Coffee Served in the Bar in The Edge
11:00 - 12:30 EEGLAB STUDY statistics and plotting (Arnaud Delorme)
12:30 — 14:00 Lunch Served in The Bar in The Edge

14:00 — 15:30 Statistics and LIMO EEG (Cyril Pernet)
15:30 — 15:45 LIMO EEGLAB integration (Arnaud Delorme)

15:45 — 16:00 Break—Tea and Coffee Served in the Bar in The Edge
16:00 - 21:00 Group excursion to Yorkshire Sculpture Park. Coaches leave at 16:00



Day 3 - Friday, 4th September, 2015
8:30 — 9:00 Morning refreshments at The Bar in The Edge
9:00 — 10:45 Time-frequency decomposition: Theory and practice (John Iversen)
10:45 — 11:00 Break—Tea and Coffee Served in the Bar in The Edge

11:00 — 11:45 Forward and inverse source imaging - Dipfit, NFT, and NIST (Scott Makeig)
11:45 — 12:30 New directions in source imaging (Scott Makeig)

12:30 - 14:00 Lunch Served in The Bar in The Edge

14:00 — 14:45 EEGLAB basic scripting (John Iversen)
14:45 — 15:45 EEGLAB scripting for custom plotting (John Iversen)

15:45 — 16:00 Break.Tea and Coffee Served in the Bar in The Edge
16:00 — 17:00 EEGLAB scripting for STUDY data (Arnaud Delorme)

Day 4 - Saturday, 5th September, 2015
8:30 — 9:00 Morning refreshments at The Bar in The Edge

9:00 — 10:00 Mining event-related brain dynamics Il (Scott Makeig)
10:00 — 10:45 EEGLAB Challenge Practicum (all)

10:45 - 11:00 Break—Tea and Coffee Served in the Bar in The Edge

11:00 — 11:30 EEGLAB Challenge Practicum (all)
11:30 — 12:30 Participant Challenge presentations, Q & A, and closing remarks (all)

12:30 — 13:30 Lunch Served in The Bar in The Edge.
13:30 - Close



