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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
(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 (2016b or later)
• Download the latest version of 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



Adjust preferences (keep more than one 
dataset in memory)
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uncheck
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Sample data: Wakeman-Henson data

3 stimulus types:  - Scrambled Faces

- Familiar Faces

- Unfamiliar Faces

Participants were asked to press one of two keys  based on how symmetric they 
regarded each image, ‘more’ or ‘less symmetric than average’
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Sample data: Wakeman-Henson data

File
Path: derivatives/meg_derivatives/sub-01/ses-meg/meg/
File: sub-01_ses-meg_task-facerecognition_run-01_proc-sss_meg.fif

Data
- 70 channel EEG, 
- 2 EOG, 2 ECG
- 3D locations of EEG electrodes
- 1100 Hz sampling rate, 
- recorded with Elekta Neuromag Vectorview 306 

system, 
- 306 MEG channels



Install extension for importing data files

9



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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Importing the Wakeman-Henson data

Import: sub-01_ses-meg_task-facerecognition_run-01_proc-sss_meg.fif
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Importing the Wakeman-Henson data

% Step 1: Importing data with FileIO

EEG = pop_fileio(fullfile(path2data, filename));

% Adjust some fields

EEG.filename = ‘sub-01_ses-meg_task-facerecognition_run-01_proc-sss_meg.fif';

EEG.setname = 'sub-01_ses-meg_task-facerecognition_run-01_proc-sss_meg';

EEG.subject = 'sub-01’;

eeglab redraw
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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
(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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Adding fiducials

LPA = [-7.1, 0, 0];

RPA = [7.756,0,0];

Nz = [0, 10.636, 0];
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Adding fiducials

EEG=pop_chanedit(EEG,...

'changefield',{n+0,'labels','LPA'},...

'changefield',{n+0,'X','-7.1'}, 'changefield',{n+0,'Y','0'},'changefield',{n+0,'Z','0'},...
'changefield',{n+1,'labels','RPA'},...

'changefield',{n+1,'X','7.756'}, 'changefield',{n+1,'Y','0'},'changefield',{n+1,'Z','0'},...
'changefield',{n+2,'labels','Nz'},...

'changefield',{n+2,'Y','10.636'},'changefield',{n+2,'X','0'},'changefield',{n+2,'Z','0'});
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Plot / check channel locations
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Change nose direction of channels
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Change nose direction of channels

EEG = pop_chanedit(EEG,'nosedir','+Y');
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Changing Channel types and removing channel locations 
for EOG and ECG
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Changing Channel types and removing channel locations 
for EOG and ECG

EEG = pop_chanedit(EEG,...
'changefield',{...
61 ... % channel number
'type' 'HEOG'... % channel type
'X' []... % channel locations
'Y' []...
'Z' []...
'theta' []...
'radius' []...
'sph_theta' []...
'sph_phi' []...
'sph_radius' []});
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Import data events

'double(bitand

'double(bitand(int32(X),31))'

381
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edgelenval = 1;

EEG = pop_chanevent(EEG, 381,...

'edge','leading',... % extract events when value goes up

'edgelen',edgelenval,... % maximum edge length

'delevent','on',...

'delchan','off',...

'oper','double(bitand(int32(X),31))'); % first 5 bits

% prior to extracting edges, preprocess data

Import data events



Plot raw data channel
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Appearance of an event channel in raw data
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Imported data events



Adjust event latencies
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EEG = pop_adjustevents(EEG,'addms',34);

Correcting event latencies 

-> events have a shift of 34 ms as per the authors



Imported data events
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If event import was 
successful, 
you will see an 

appropriate 
number here
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- EEG001-EEG060 and EEG065-EEG074  à EEG, 

- EEG061-EEG064 à HEOG, VEOG and ECG.

- STI101 à event channel

Select EEG channels



Select EEG channels
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EEG = pop_select(EEG, 'chantype', 'eeg');
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Optimize headcenter
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Optimize headcenter

EEG = pop_chanedit(EEG,...

'eval','chans = pop_chancenter( chans, [],[])');
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Optimize headcenter
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Plot channel locations in 2D and 3 D 
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Save dataset
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EEG structure



Pre-processing pipeline

Import into EEGLAB Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(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)

average reference
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optional

EEG = pop_reref(EEG,[]);



Create new dataset, keep old one
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Multiple active datasets
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Resample data (if desired)
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Reason: Reduce space, time.

EEG = pop_resample(EEG, 100);
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Resample data



Pre-processing pipeline

Import into EEGLAB Import event markers
and channel locations

Re-reference/
down-sample
(if necessary)

High pass filter
(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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Scroll channel data



High-Pass Filter the data
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Highpass Filter 
for ICA

Reason: remove slow, possibly large
amplitude, drift



Low-Pass Filter the data
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Filter the data
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High pass (1 Hz) Low pass (40 Hz)
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Scroll filtered channel data



Plot channel properties
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Plot channel properties



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

channels,
time,

events

Event markers

Scroll 
buttons

scalingsec/epoch



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



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



Looking for bad channels
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Manually identifying bad channels
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figure; pop_spectopo(EEG,1, [0 490990],...

'EEG' , 'freq', [6 10 22],...

'freqrange',[2 40],'electrodes','off');



Manually identifying bad channels
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Clean_rawdata plugin of EEGLAB

Auto-detection of noisy channels



EEG = clean_artifacts(EEG, 'Highpass', 'off',...
'ChannelCriterion', 0.9,...
'ChannelCriterionMaxBadTime', 0.4,...
'LineNoiseCriterion', 4,...
'BurstCriterion', 'off',...
'WindowCriterion','off' );
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Auto-detection of noisy channels



Auto-detected noisy channel
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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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Re-reference data (if necessary/desired)

average reference
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optional

EEG = pop_reref(EEG,[]);



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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Thank You!


