
EEG Preprocessing in EEGLAB

Virtual EEGLAB workshop 2021
University of California San Diego

Johanna Wagner

1



Why preprocess data?

EEG data out of the recording device 
is a continuous unprocessed signal. It 
is like measuring a difference of 
potential on an oscilloscope.
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To make sense of the data, we need to:

- Extract meaningful measures from it (such as brain oscillations; brain 
source activations)

- Compare brain data in different conditions

- Assess reliable changes due to external stimuli (event-related potentials)

Before we do all that, we apply a series of transformations to the data



Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data



• Download and install Matlab (2008b or later)
• Download EEGLAB (http://www.sccn.ucsd.edu/eeglab)
• Unzip EEGLAB
• Add the EEGLAB folder to your Matlab path:
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Installing EEGLAB and data folder
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The EEGLAB Matlab software

main graphic interface
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Importing a dataset



Install extension for importing data files
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Supported data formats
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EEGLAB tutorial: https://sccn.ucsd.edu/wiki/A01:_Importing_Continuous_and_Epoched_Data

BIOSIG: http://pub.ist.ac.at/~schloegl/biosig/TESTED

File-IO: https://www.fieldtriptoolbox.org/development/module/fileio/

https://sccn.ucsd.edu/wiki/A01:_Importing_Continuous_and_Epoched_Data
http://pub.ist.ac.at/~schloegl/biosig/TESTED
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Sample data: basic P300 paradigm

File
SimpleOddball.set

Data
68 channel EEG, 256 Hz sampling rate, Biosemi 
system, re-referenced during import to averaged left 
and right mastoid electrodes

Task
speeded button press response to star shape (no
response to circle shape), 100 ms presentation
duration, 200 trials 
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Load a dataset

Load "SimpleOddball.set"
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Imported EEG data



Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data
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• Import events from Matlab array or ASCII file
• Import events from data channel
• Import from Presentation event file
• Import events from E-Prime event file
• Import events from Neuroscan event file

Import data events

73

(Often imported automatically 

during data import)



Appearance of an event channel in raw data
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Imported data events

If event import was 

successful, 
you will see an 

appropriate 

number here
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Import channel locations

10 file 
formats 
supported 
(Polhemus, 
BESA, …)

16



17



Imported channel locations
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Comments and dataset history
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Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data



Re-reference data (if necessary/desired)

Re-reference to

(e.g.) 'linked mastoids’
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Save new dataset, keep old one
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Change preferences to keep multiple datasets in 
memory
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Multiple active datasets
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Re-reference data (if necessary/desired)

Or,

average reference

optional
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LEYE REYE



On Average Referencing
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In theory, positive and negative 
current across entire head 
should balance—no net current 
source or sink: Average 
referencing enforces this.

In practice, depends on 
distribution of electrodes.

Average Reference assumption

Fpz + Fp1+ AF3 + F8+ FT8 + … + TP10 = 0



Re-reference data (if necessary/desired)

average reference

optional
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Fpz + Fp1+ AF3 + F8+ FT8 + … + REF = 0 (REF is a scalp channel)

OR

Fpz + Fp1+ AF3 + F8+ FT8 + … = 0 (REF is not on the scalp, ear reference, …)



Resample data (if desired)
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256

Reason: Reduce space, time.



Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data
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Scroll channel data
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32
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Remove DC offset

DC offsets introduce large filter 
artifact at signal boundaries, so it 
is better to remove them prior to 
filter the signal.



High-Pass Filter the data

Reason: remove slow, possibly large amplitude, drift

1

High-pass
needed
for ICA
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High pass (1 Hz) Low pass (50 Hz)



Cleanline
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CleanLine uses an 
approach for line noise 
removal advocated by 
Partha Mitra and Hemant 
Bokil in 

"Observed Brain Dynamics" 
(2007), Chapter 7.3.4. 

Remove line noise (Cleanline)



Remove line noise (Cleanline)
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check



Plot channel properties
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Filter comparisons
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1 Hz high-pass filter 1 Hz high-pass filter
50 Hz low-pass filter

1 Hz high-pass filter
Cleanline



Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data
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Scroll channel data

Alternate GUI option, 
same function
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Scroll channel data

scaling

channels,
time,

events

sec/epoch

Scroll 
buttons

Event markers



EEG artifacts

The amplitude of artifacts (such as eye movements) is 
often larger than the amplitude of brain data which 
potentially decrease signal/noise ratio, bias data analysis 
and potential results
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1sEEG activity containing 

potential brain data

Blink



1 - Transient high frequency 
event  (muscle)

2 - Low frequency 
event (eye 

movements)

3 - Discontinuity

5 - Linear trend

4 - High noise
Time (ms)

Potential(m
V)

Type of artifacts



Looking for bad channels
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Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data



Remove unwanted channels
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Manually identifying bad channels
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Manually identifying bad channels
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Auto-detection of noisy channels
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Clean_rawdata plugin of EEGLAB

Auto-detection of noisy channels



Auto-detected noisy channel
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Removing channel(s)

If not checked, will result 

in dataset with one channel

53



Removed channel(s)

• In EEGLAB, removed channels are not only labeled for 
rejection, they are actually removed from the data.

• Interpolating channels instead of removing them?
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Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz) Examine raw data

Reject large artifact 
time points

Identify/reject
bad channels
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Collect
EEG data
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Data Cleaning for ICA

Variant 1: Continuous Data



Reject continuous data

Equivalent
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Reject continuous data

Click and drag with mouse

over noisy data to reject
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Rejecting data for ICA

To prepare data for ICA:

Keep
Reject

... but keep stereotyped 
artifacts (like eye blinks)

Reject large muscle or 
otherwise strange events...
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Fast manual artifact rejection
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Fast manual artifact rejection



Automatic rejection of continuous data
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Clean_rawdata plugin of EEGLAB
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Data Cleaning for ICA

Variant 2: Epoched Data
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Extract epochs
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Extract epochs



Scroll (epoched) channel data
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Reject epochs with artifact
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1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch

Click anywhere within

an epoch to select it
for rejection
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Automatic epoch rejection



17th EEGLAB Workshop, Nov. 14-18, 2013, San Diego: Marissa Westerfield – ERP visualization 69

Reject data epochs

visual 
inspection

probability
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Reject data epochs

Exceeds channel 
standard dev. max
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Reject data epochs



Pre-processing pipeline

Import into EEGLAB
Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(~.5 – 1 Hz)

Reject large artifact 
time points

Collect high-density
EEG data (>30 chan)

Remove line noise
(if necessary)

Identify/reject
bad channels
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Many Preprocessing Variants

• Resources
– EEGLAB wiki “Quick Tutorial on Rejection”

https://eeglab.org/tutorials/misc/Quick_Tutorial_on_Rejection.html

– Makoto’s Preprocessing Pipeline 
https://sccn.ucsd.edu/wiki/Makoto's_preprocessing_pipeline

– EEGLAB Plugins:
• Christian Kothe’s clean_rawdata plugin (ASR)
• Makoto Miyakoshi’s trimOutlier plugin

– Bigdely-Shamlo et al (2015): PREP Pipeline 
• http://dx.doi.org/10.3389/fninf.2015.00016
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https://eeglab.org/tutorials/misc/Quick_Tutorial_on_Rejection.html
https://sccn.ucsd.edu/wiki/Makoto's_preprocessing_pipeline
http://dx.doi.org/10.3389/fninf.2015.00016


Exercises (optional homework)
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• Preprocess data of your choice or load a previously 
filtered dataset e.g. faces_4.set

• Identify bad channel(s) using auto-detection tool; 
plot channel properties of flagged channels

• Identify and remove non-task portions of 
continuous data; see if the previously  flagged 
channels are still identified as bad

• Epoch on event of interest. Scroll the epoched data 
and perform visual rejection of epochs 

• Explore the automated artifact rejection tools

• Run ICA


