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EEGLAB History Timeline

1997 2001 2003 2006 2011 2018 2021

EEG/ICA Toolbox 
(Salk Institute)

1st EEGLAB for 
artifact rejection 
(Salk Institute)

EEGLAB issued to 
wide audience 
(Salk Institute) 
and NIH support

EEGLAB plug-ins, 
STUDY structure

EEGLAB, the most 
widely used EEG 
research 
environment

EEGLAB STUDY 
use single trial 
and LIMO 
integration

BIDS integration, 
big data pipelines,
New website



EEGLAB in a few numbers

140,000 EEGLAB session/month (mixpanel)

•  About 400,000 download over the past 10 years 

•  users on the diffusion list

• Supporting of dollars of research as of 2022

• NIH funding since 

 plugins



Hanke & Helcencko, 2011, Frontier in Neuroinformatics

EEGLAB reference article  18,194 citations (September 2022)

Most popular EEG tool on NITRC





EEGLAB compared to other 
EEG software packages





EEGLAB plugin manager



Which MATLAB version?

Additional MATLAB toolboxes
- Signal processing toolbox
- Statistics toolbox
- Optimization toolbox
- Image processing toolbox



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 commercial license required
• Matlab commercial toolboxes recommended (signal 

processing, statistics)



EEGLAB version?

Stable

Vs.

Dev.



Which Operating System?



EEGLAB on MATLAB 
           vs EEGLAB compiled



EEGLAB on Octave



EEGLAB MATLAB EEGLAB Octave



Importing data

Data info Scrolling data Channel location



Import into EEGLAB

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz)

Remove unwanted 
channels

Reject time periods 
with large artifacts

Identify/reject
bad channels

Raw
EEG data

Preprocessing pipeline

Re-reference)

ASR

IClabel



Tim R. Mullen, Christian Kothe, et al.(2015) Real-time neuroimaging and cognitive monitoring using 
wearable dry EEG. IEEE Transactions on Biomedical Engineering. DOI:10.1109/TBME.2015.2481482

Chang CY, Hsu SH, Pion-Tonachini L, Jung TP.  Evaluation of Artifact Subspace Reconstruction for Automatic 
EEG Artifact Removal. Conf Proc IEEE Eng Med Biol Soc. 2018 Jul;2018:1242-1245. doi: 
10.1109/EMBC.2018.8512547.

Bad data Good data

ChannelsChannels

Pairwise correlation to
find bad channels

ASR finds and reconstructs
bad portions of data

ASR – Artifact Subspace Reconstruction



Pion-Tonachini L et al. (2019) ICLabel: An automated electroencephalographic independent component classifier, 
dataset, and website. Neuroimage, 98:181-197. doi: 10.1016/j.neuroimage.2019.05.026.

ICLabel: Automated ICA component labeling 



Extract epochs

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz)

Remove unwanted 
channels

Reject time periods 
with large artifacts

Identify/reject
bad channels

Re-reference)

ASR

IClabel

Group
analysis

Extract epochs Plotting



Extract epochs from data



Plot ERPs
2D 3D

Component contrib. to ERPs



Plot spectrum 
and maps Channel spectrum

Component contrib. 
to spectrum



Plot ERPimage

Same data: Sorted by alpha amplitude

Phase sorted alpha power

Trial 1:
Trial 2:
.
.
.

Trials sorted by reaction time



Plot
time-frequency 
decomposition

1 second

4-7 Hz Theta

9-11 Hz Alpha

18-21 Hz Beta

30-60 Hz Gamma

0.5-2 Hz Delta

Simulated/Ideal Real

1 second

ERSP

ITC



Localizing 
components



Create STUDY

Legacy EEGLAB
STUDY analyses

Precompute
measuresCreate design(s)

Participant 1

Group analysis pipeline

LIMO

Participant 2

Participant 3

…

BIDS EXPORT

Export for custom
analyses

Export for custom
analyses

Publication



EEGLAB and BIDS

• Export EEGLAB STUDY to BIDS
• Import BIDS to EEGLAB STUDY
• HED support
• Mapping the BIDS architecture

https://github.com/sccn/bids-matlab-tools

OpenNeuro BIDS repository website

https://github.com/sccn/bids-matlab-tools


Group analyze channel/component clusters
Plotting interface

One cluster component dipoles

One cluster ERPs (2x3 conditions)

Components making up a cluster

One cluster ERSPs (2x2 conditions)



Central tendency and plots again

Categorical var.

Linear Modeling of EEG data: level 1
Electrode 1

Continuous var.

Significance: bootstrap trials to get confidence interval of βs

Electrode difference
Between conditions



…

Participant 1

Participant 2

Participant 3

Linear Modeling of EEG data: level 2

…

…

…

Standard stats.
2nd level-GLM

chan1 chan2 chan3 chan4

Level 2

GLM: ordinary least square (OLS) vs. 
           weighted least square (WLS)



EEGLAB automatically writes scripts for you

Group level analysisRaw data preprocessing

• Automated processing pipelines
• Exporting data and results
• Custom processing

• Tight integrations with other tools
• Fieldtrip back and forth conversion
• Python integration for Deep Learning



The EEGLAB main structure is simple
Data points per trial

Number of channels

Number of trials

Sampling rate

Time limits
Data

ICA scalp maps

ICA activity

Epoch/event information

Channel location



BIDS meta-data analysis

BIDS data analysis

Delorme, A., Truong, D., Martinez- Cancino, R., Pernet, C., Sivagnanam, S., Yoshimoto, K., Poldrack, R., Majumdar, A., Makeig, S. (2020) Tools for Importing and Evaluating 
BIDS-EEG Formatted Data. 2021 10th International IEEE/EMBS Conference on Neural Engineering (NER), 2021, pp. 210-213, doi: 10.1109/NER49283.2021.9441399



BIDS-DL

Roy Y, Banville H, Albuquerque I, Gramfort A, Falk TH, Faubert 
J. Deep learning-based electroencephalography analysis: a 
systematic review. J Neural Eng. 2019 Aug 14;16(5):051001. 
doi: 10.1088/1741-2552/ab260c. PMID: 31151119.



Brain connectivity in SIFT/EEGLAB

Occipital -> ACC
Planning Execution

John R. Iversen, Alejandro Ojeda, Tim Mullen, Markus Plank, Joseph Snider,  Gert 
Cauwenberghs, Howard Poizner (2014) EMBC Conference, Osaka, Japan.



Align electrodes 
with scalp model

Align atlas with 
cortex model

New EEGLAB ROI connectivity plugin

Distributed source 
modeling

Group voxels in regions
and compute connectivity

Measures TRGC, GC, TRPDC, 
PDC, TRDTF, DTF and CS

Haufe, S., Nikulin, V. V., Miller, K. R., & Nolte, G. (2013). A critical 
assessment of connectivity measures for EEG data: a simulation study.  
Neuroimage, 64, 120-133.https://github.com/arnodelorme/roiconnect



Red regions are highly interacting

Connectivity matrix between 68 ROIs



2-D representations
3-D representations

Connectivity
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