EEG Preprocessing

Importing data, rejecting data, and performing ICA decomposition

EEGLAB Workshop XXI
Santa Margherita Ligure, Italy
Day 1, 12:00-13:00



Installing EEGLAB and data folder

e Start Matlab

« Add the EEGLAB folder to your Matlab path:
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The EEGLAB Matlab software

Computational
Neuroscience

main graphic interface
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] pathdef.m fx >> eeglab| File Edit Tools Plot Study Datasets Help N
! No current dataset
" - Create a new or load an existing
Use "File = Import data" (new)
Or "File = Load existing dataset" (old)
| - If new.

"File = Import epoch info" (data
| "File = Import event info" (continuous
"Edit > Dataset info" (add/edit dataset
"File = Save dataset" (save dataset)
- Prune data: "Edit > Select data"
- Reject data: "Tools > Reject
I - Epoch data: "Tools = Extract epochs"
- Remove baseline: "Tools = Remove
-RunICA: '"Tools = Run ICA"
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“Secrets” to a good ICA decomposition

» Garbage in... garbage out (it's not magic)

» Remove large, non-stereotyped artifacts

» Do you have enough data? (based mostly on time, not frames)

» High-pass filter to remove slow drifts (no low-pass filter needed)

» Remove bad channels



The Goal of Preprocessing

Create a complete EEGLAB data set with
— EEG

— Channel Locations

— Events

Preprocess the EEG data to yield optimal ICA
decompositions

— Re-referencing

— High Pass Filtering

— Remove bad channels, noisy segments of data

Run ICA decomposition
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Many Preprocessing Variants

&

- Resources
— EEGLAB wiki “Quick Tutorial on Rejection”

 http://sccn.ucsd.edu/wiki/Quick_Rejection_Tutorial

— Makoto’s Preprocessing Pipeline
* http://sccn.ucsd.edu/wiki/Makoto%27s preprocessing_pipeline

— Bigdely-Shamlo et al (2015): PREP Pipeline
« http://dx.doi.org/10.3389/fninf.2015.00016

— EEGLAB Plugins
« Kothe’s clean_rawdata plugin
» Miyakoshi’s trimQOutlier plugin



Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

— [
N\ szﬁz;erlnq:rel High pass filter Examine raw data |
~—/ (if necessary) =/ (~5-1Hz) =/ /
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA



Importing a dataset
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Tip for Biosemi users:
Use the ‘BDF plugin’ version
of the Biosemi BDF/EDF importer

[ LT M A M I
B EEGLAB v11.0.5.4b E=FGEES)
File ] Edit Tools Plot Study Datasets Help N
Import data ) Using EEGLAB functions and plugins | From ASCIl/float file or Matlab array
Import epoch info y Using the FILE-IO interface From Netstation .mff (FILE-IO toolbox)
Import event info ) Using the BIOSIG interface From Netstation binary simple file
Export ) Troubleshooting data formats... From Multiple seg. Netstation files
Load existing dataset Y From Netstation Matlab files
Save current dataset(s) ich info" (data From BCI2000 ASCII file
Save current dataset as nt info" (continuous From Snapmaster .SMA file
Clear dataset(s) 0" (addledlt dataset From Netroscan .CNT file
Create study » From Neuroscan .EEG fil
Load existing study ;Eellaed data" - ~eu os~ca EE-G =
eject From Biosemi BDF file (BIOSIG toolbox)
Save current study Is = Extract epochs" m
Save current study as - "Tools > Remove From EDF/EDF+/GDF files (BIOSIG toolbox)
e > Run ICA 1 From ANT EEProbe .CNT file
Memory and other options From ANT EEProbe .AVR file
Rstoiyscopts ’ From BCI2000 .DAT file
Quit From BIOPAC MATLARB files

From Brain Vis. Rec. .vhdr file
From Brain Vis. Anal. Matlab file

From CTF folder (MEG)

From ERPSS .RAW or .RDF file

From INStep .ASC file

From 4D .mdd pdf file

From Procom Infinity Text File




Imported EEG data




Comments and dataset history

»

. - ,-1 r
\ p 4 Cezl:\:aulaﬂonal
’k Sy Neuroscience
EEGLAB v11.0.5.4b o | &k Read/Enter comments -- pop_comments() | B
File | Edit | Tools Plot Study Datasets Help & _
About this dataset
Dataset info
Event fields Data recorded by Marissa Westerfield -

Event values Recording date: Oct. 14, 2011

About this dataset Paradigm:

Channel locations -Participant looked at fixation box in center of
screen

Select data -Two types of stimuli (outline of a circle, outline

of a star) were presented in the fixation box in

Select data using events
g9 random order

Select epochs or events -Participant pressed a button in response to the star
| Copy current dataset Stimulus codes:
Append datasets 1 = circle
2 = star
Delete dataset(s) 3 = button press
Visually edit events and identify bad channels ! Recording information:
Udlasel size (i) Zo5 -reference electrodes were placed on right and left
] mastoids (data has already been referenced and the
i mastoid channels have been removed)

Q—

Processing steps:

A|SO: ! high-pass filter - 0.5 Hz

Cleanline applied to 60, 120 Hz
>> EEG.comments -
and ' CANCEL SAVE

>> EEG.history
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"B £EGLAB v11.05.4b -

Import data events

||E] Edit Tools Plot Study Datasets Help

Import data
Import epoch info

g Import events from Matlab array or ASCII file
 Import events from data channel

Import event info

From Matlab array or ASCII file  Import from Presentation event file

Export

From data channel

Load existing dataset
Save current dataset(s)
Save current dataset as
Clear dataset(s)

* Import events from E-Prime event file
L* Import events from Neuroscan event file

Eith i)

From Presentation .LOG file
From E-Prime ASCII (text) file

From Neuroscan .ev2 file

Create study

Load existing study
Save current study
Save current study as
Clear study

Memory and other options

History scripts

»

Quit

(Often imported automatically

during data import)
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Appearance of an event channel in raw data

Scroll activity — eegplot()

Figure Display Settings Help

Computational
Ne uroscienc

- 0 X

Scale
a0

4 6] 6

CLOSE Eventtypes| << | ill 4 =1 ==

7 8
Chan. Time  Value o
1 91818 31457 | 50 1
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Imported data events

: File Edit Tools Plot Study Datasets Help

/ NN

Swartz
enter for
Computalional
Neuroscience

If event import was
successful,

you will see an
appropriate

number here
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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

14



Import channel locations

Edit channel info -- po

Opt. head center
Rotate axis

-17.926
0.51499
80.784
26.133
-4.0011
17.926
-2.698
85

Transform axes

Xyz -> polar & sph.
Sph. -> polar & xyz
Polar > sph. & xyz

Event values
About this dataset
Channel locations
Select data
Select data using events
Select epochs or events
Copy current dataset
Append datasets
Delete dataset(s)

Visually edit events and identify bad channels

Set head radius
Set channel types
Set reference

_nsetchan | <«< |1 < |1 1§ > || > | Appendchan |

| Nose along +X - __Plot 3D (xyz) |

(Polhemus, BESA, ...)

__ Help | Cancel | Ok |

use BESA file for 4-shell dipfit spherical model
use BESA file for 4-shell dipfit spherical model _

use MNI coordinate file for BEM dipfit model .
Use spherical file with eye channels m “

—

: =)
7 file formats supported -

15



Import channel locations

Swartz
Center for
Compu(a:ional
Neuroscience

Opt. head center -

Transform axes

Xyz -> polar & sph.

LEYE
-45.1543
0.54374
0.79487
0.79917
-0.15585
451543
-7.8725
1.1379

Sph. -> polar & xyz

Polar -> sph. & xyz

Set head radius

Set channel types

Set reference

_nsetchan | << |1 < | 1 || > || > | Appendchan |

__ Plot2D | | Nose along +X v Plat 3-D (xyz)
Read locs help Look up locs Save (as .ced) Save (other types)
__Help__| ok |

16



B Edit channel info -- pop_chanedit()

HEOG
42
0.65556 Transform axes oL
55,7734 s
50.2186 Xyz -> polar & sph. Neuroscience
-39.9051 Sph. -> polar & xyz

42 Polar -> sph. & xyz
-28

Opt. head center
Rotate axis

f/

Set head radius

Set channel types
Set reference

6 | > || > | spendchan | |

Delete chan

File Edit View Insert Tools Desktop Window Help ~
S YD Y P AR EEIC ) =)

File Edit View Insert Tools Desktop Window Help
NS K AAODEL- G| 08| ad

Channel locations

+AF3 +AFz +AF4

*F5 oF3 oF1 oFz oF2 +F4

66 of 72 electrode locations shown



Imported channel locations

— = I
| l‘:'r LAE .li,:.i,-_’:; —M| = X ‘

[ File Edit Tools Plot Study Datasets Help ~|
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Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

—‘ [
0 szﬁz; er::rel High pass filter Remove line noise |
N (if necessary) _— / (~.5-1Hz) — / (if necessary) /
| P
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA

19



Re-reference data (if necessary/desired)

/[

Swartz
Center for
Computational
Neuroscience

Re-reference to

Change sampling rate
Filter the data

. Re-reference 7 ant

Interpolate electrodes

(e.g.) 'linked mastoids’

Reject continuous

Extract epochs

Remove baseline

Run ICA

RMAS LMAS

__ Ok | - RMAS

- LMAS

Automatic epoch

Reject data epochy
Reject data using I

NFT plugin
SIFT

Locate dipoles usi

Peak detection usi™

FMRIE Tools
Locate dipoles using LORETA P




Re-reference data (if necessary/desired)

p

Swartz
Center for
Computational
Neuroscience

Or,

average reference

Change sampling rate
Filter the data

_ Re-reference 7 ==

Interpolate electrodes

Reject continuous

Extract epochs

Remove baseline
Run ICA

Remove compone

Automatic channel

_______

Automatic epoch r

Reject data epochs

I P
LEYE REYE [...]
|

Cancel | Ok |

Reject data using I{
NFT plugin
SIFT

Locate dipoles usin

Peak detection using

FMRIE Tools
Locate dipoles using LORETA P




On Average Referencing

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 referencing reduces
datarank by 1, so you must
remove one channel (Cz often)

22



Save new dataset, keep old one

//
Swartz
Center for
Computalional
Neuroscience

SimpleOddball continuous reref Edit description
_— Browse

C:\Users\marissalDesktop EEGLABwork||___Brghse |
Cancel || Ok

Savein: | ), MATLAB ~| - @ckE

File Edit Tools Plot Study Datasets Help N

T Neme ' Date modified Type
T ) exten-\al 11/10/2009 5:54 AM Ffle folder
| functions 11/10/2009 5:50 AM  File folder
! L. plugins 11/10/2009 5:52 AM  File folder
Desktop | sample_data 11/10/2009 5:52 AM  File folder
| sample_locs 11/10/2009 5:52 AM  File folder

23



Multiple active datasets (ALLEEG)

~ Dataset 1:SimpleQOddball continuo
V' Dataset 2:SimpleOddball continuo

Select multiple datasets

24



Resample data (if desired)

Reason: Reduce space, time. But keep nyquist and

ICA data length requirements in mind. ..

Change sampling rate
Filter the data

Re-reference . Resam% Curr... M

Interpolate electrodes

Reject continuous data by eye ow sampling rate

btactepochs B

Remove baseline

RuniCA Help | Cancel| Ok |

Remove components

Automatic channel rejection

Automatic epoch rejection
Reject data epochs
Reject data using ICA

Locate dipoles using DIPFIT 2.x

25



Remove unwanted channels

Event fields
Event values
About this dataset

Channel locations

Select data

]

N

<]

EXG5 EXG6 EXG7 EXGS8
Scroll dataset
Ok |

= ————
—

26



Pre-processing pipeline

Collect high-density . Import event markers
EEG data (>30 chan) =/ Import into EEGLAB =/ and channel locations /

<
y 4 STOP! R

N Re-reference/ Save your continuous Remove line noise
D down-sample dataset here .
N 0f necessary) . / (if necessary) p— |
(at leastl!) _

| k )

— | | Qe
—\0 Identify/reject Reject large artifact

N bad channels / time points =/ Run ICA

27



Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

—‘ [
0 szﬁz; er::rel High pass filter Remove line noise |
N (if necessary) _— / (~.5-1Hz) — / (if necessary) /
| P
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA

28



| File Edit [Tools | Plot Study Datasets Help

High-Pass Filter the data

£

Swartz
Center for

Computational
Neuroscience

Reason: remove slow, possibly large amplitude, drift

—— .

EEGLAB v11.0.5.4b g < LN
b/ L

— ——— . di——.

Change sampling rate

Filter the data ) Basic FIRfilter
Re-reference ERPLAB Butterwort
Interpolate electrodes ERPLAB Polynomia H . h
Reject continuous data by eye Short non-linear IR Ig - paSS
Extract epochs
Remove baseline , nee d ed
Run ICA ' '
un , sk, re .d) or firls (uncheck, le¢ TOI ICA
Remove components

Automatic channel rejection
Automatic epoch rejection

Reject data epochs »
Reject data using ICA 4

Locate dipoles using DIPFIT 2.x »
Peak detection using EEG toolbox

AMe SimpleOddball hipass0.5 Edit description
FMRIB Tools » = At e T Browse

Locate dipoles using LORETA »

CleanLine

_ Cancel | [ Ok

29



Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

—‘ [
0 szﬁz; er::rel High pass filter Remove line noise |
N (if necessary) _— / (~.5-1Hz) — / (if necessary) /
| P
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA

30



Plot Help

Import data
Import epoch info
Import event info
Export

Load existing dataset
Save current dataset(s)
Save current dataset as

Clear dataset(s)

Create study

Load existing study
Save current study
Save current study as
Clear study

Memory and other options

History scripts
Manage plugins

Swartz
Center for
Compulalional
NGUIOS(IEH(Q




Remove line noise (Cleanline)

f/

Swartz
Center for
Compulalional
Neuroscience

_l HO N3

Change sampling rate
Filter the data
Re-reference
Interpolate electrodes
Reject continuous data by eye

Extract epochs

Remove baseline

Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection

Reject data epochs
Reject data using ICA

Locate dipoles using DIPFIT 2.x
Peak detection using EEG toolbox
FMRIB Tools

Locate dipoles using LORETA

CleanLine

32



Plot channel spectra

p

Swartz

Center for
Computational
Neuroscience

Channel locations
Channel data (scroll)

Channel spectra and maps
Channel properties

Channel ERP image
Channel ERPs »

ERP map series »

“rearange (201 )
Cancel | Ok_|

Sum/Compare ERPs

Component activations (scroll)

Component spectra and maps
Component maps »
Component properties
Component ERP image

Component ERPs »

Sum/Compare comp. ERPs

Data statistics »

Time-frequency transforms »
Cluster dataset ICs

33



N
\‘z‘/

0.5 Hz high-pass filter

Filter comparisons

TN
S ?"E?ﬁ;
Center

Compulaﬂonal
Ne uroscience

0.5 Hz high-pass filter 0.5 Hz high-pass filter
50 Hz low-pass filter Cleanline

Activity power spectrum

=
(=]

N
o
T

Power 10"log, |(.V/Hz)
o

20 40 60 80
Frequency (Hz)

— & 5] i :
'n pop_prop() - Channel 31 properties - (D [ B pop_prop() - Channel 31 properties [=[E[we3a]] | Bl pop_prop( - Channel 31 properties ram— =]
File Edit View Inset Tools Desktop Window Help L] File Edit View Inset Tools Desktop Window Help N File Edit View Insert Tools Desktop Window Help i
o ® @ _ = o E 3 - A C &) .
NEHS KM AXUDRL- 2|08 |aDO NS KM AXODRL- G 0B 0D DEdde | b|ANODEL- S 08 |(nD
Channel 31 Continous data Channel 31 Continous data Channel 31 Continous data
oo - : 39.4 - e ——— g T ; 38.6
e 197 E | Mss SEeiaes i W93
" i 5 e = " = = ~ il
Y St i Fr i g I o - — o 2]
= o 2 (= >3 =
9.7 T T e -18.9 = == 193
e 394 — S e e — 378 T T <
100 200 300 400 100 200 300 400 100 200 300 400
Frames Frames Frames

Activity power spectrum Activity power spectrum

NE 20 | &
g 20 g o
o
< ot 5 -1
nc;: 1 1 | 1 nc;: 1 | | |

20 40 60 80 20 40 60 80
Frequency (Hz) Frequency (Hz)
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Scroll channel data

AN
o
Center

ot ]
3 J/ Computaﬂonal
“?j' Neuroscience

ﬁ EEGLAB vi1.0.5.4b n Scroll channel activities -- eegplot() . A 11 E@‘g

Figure Display Settings Help k]

File Edit Tools [Plot| Study Datase

#3: Simd Channel locationg M

‘ Channel data (scr|

Filename: Channel spectra 3
> Channels Channel propertis
Frames per Channel ERP ima

Epochs Channel ERPs |}
Events

Sampling ra
Epoch start
Epoch end { Component activ
Reference Component speciy
Channel loc Component maps

ICA weights Component propl

1
1

ERP map series

Sum/Compare ER

SEEEEEERFENEEE] !a( ISEEELSEERSEEDS
; é

Dataset siz¢

Component ERP |

Component ERPs

MW A i e e i i s e e s Sca|e

Sum/Compare cq

iy !l?fﬂiz R EEEEEESERSRDEI

@ e

Data statistics M

w0
oS
w
—
w
N
w
w
w
=
©w
=

Time-frequency t

Chan. Time  Value =
Cluster dataset IC CANCELl Eventtypesl 2y =l 90 | = == Fpl 935349 -12558 | 45 — REJECT |

| —
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Scroll channel data

%
o : 2)
) - 7 py
< \,_;‘J C:me

4 Computational
x‘&' [ Neuroscience
=/

B Scroll channel activities -- eegplot)

—

Figure Display | Settings Help

EE
Event markers Stack |

= Norm

]
1
2
1
1

channels,
time,

: R e e e S =y Z A e Mk N S i
events DD e A e O S TR A T e e Scroll
e e e | buttons

sec/epoch

Soseoe=d | scaling

D e e e e et tatemes IR To | [

o e i Yoro ey I 1+

AL ER LR R FEE R NS E LRSS N S SR L L EEERFENEEREESANASCARLSEA NSRS

92 93 94 95 |

Chan. Time Value =i
! =2 =i 90 )IBI B3N Ry 935349 12858 |45 ) oy REJECT
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Pre-processing pipeline

Collect high-density . Import event markers
EEG data (>30 chan) =/ Import into EEGLAB =/ and channel locations /

pr— [
N Re-reference/ High pass filter ‘ Remove line noise
\ down-sample i |
 — (if necessary) — / (~.5-1Hz) — / (if necessary) —
( STOP! h
R | Save your dataset l
_‘ J here; if you epoch N—r’

before ICA you can
import ICA weights to

L Identify/reject k this dataset later )
Ny bad channels _/ time points =/ Run ICA

37



Data Cleaning for ICA

Variant 1: Continuous Data

38



Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

—‘ [
0 szﬁz; er::rel High pass filter Remove line noise |
N (if necessary) _— / (~.5-1Hz) — / (if necessary) /
| P
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA

39



Retrieve or reload continuous EEG dataset

p

Swartz
Center for
Computational
Neuroscience

/Il File | Edit Tools Plot Study

Import data
all nontargets rej Import epoch info
v Dataset 3:SimpleOddball targets rej

Select multiple datasets

Import event info
Export

Load existing dataset
Save current dataset(s)

Save current dataset as

Clear dataset(s)

Create study

Load existing study
Save current study

Save current study as
Clear study

Memory and other options
History scripts

Quit

40



Manually identifying bad channels

- s y
- Center

Computational
Ne uroscienc

uScroII channel activities -- eegplot
Figure Display Settings Help

1) Identify bad channel

35

o B ey e w7 ey s v 2 e s A ey s e A VA eV P v St WAy M A AR ARBUAVVSAAATAN
O e e '
o A e e v e e vy Scale
T N A A e e e v A e A o
AR AN LA A sy M A Yot g T ety A Yy g A vy A AV A e A Ay S LA Ve A N Y ABAAA IR ADA AN

I 1
450 451 452 453 454

Chan. Time Value

............... o +
CANCEL Event types | << | S | 449 = > | o1 451 0988 36619 35 REJECT
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Manually identifying bad channels

/& ‘
% 2
i C:n’tfe& e

\5\? n Channel spectra and maps -- pgg_spectopoo C&v:::;:t::)en:cle
Epoch time range to analyze [min_ms max_ms]: 0 333996.0938
Percent data to sample (1 to 100): 100
Frequencies to plot as scalp maps (Hz): 610 22 60
Plotting frequency range [lo_Hz hi_Hz]: 280
’W@ Spectral and scalp map options (see topoplot): ‘electrodes’ "off
File Edit Tools ' Plot | Study Datasets Help ! Help I S5rcel Ok
_#3: Simp‘ Channel locations » - —
‘ Channel data (scroll) Bl Figure 2: spectopo() » » (=B
Filename: n Channel spectra and maps File Edit View Inset Tools Desktop Window Help ~
Channels p¢ Channel properties NS N AXOUDEL- G| 02| aDd
Frames per Channel ERP image '
Epochs Channel ERPs > 6.0 10.0 22.0 60.0 Hz
Eventsf ERP map series 4 < 1 *
gz:::ll)':lgtga: Sum/Compare ERPs
Epoch end | Component activations (scroll) -
Reference Component spectra and maps
Channel loc Component maps 4 ' |
ICA weigh}s Component properties 40 _ \ :
Dataset siz¢ Component ERP image o i
Component ERPs » - 20 )
Sum/Compare comp. ERPs
Data statistics » 0- |
Time-frequency transforms »
Cluster dataset ICs -20= ' ' ' ' ' ' ' '
10 20 30 40 50 60 70 80 42
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Manually identifying bad channels

B E£GLAB v11.05.4b [ ] |

u Component properties - po;_p;po

)

Camnutational

S oxcence

File Edit Tools [Plot| Study Datasets Help ~ Channel index(ices) to plot: 3,31
' Spectral options (see spectopo() help): ; '
#3: SiME  Chsnnellocations R | pectral options (see spectopo() help) freqrange’, [2 50]
Channel data (scroll)
Help | Cancel | Ok |
Filename: n' Channel spectra and maps
Channels p. Channel properties = -
e __II§
Erarn:S bz Cha B pop_prop() - Channel 3 properties (| & [ Bl pop_prop() - Channel 31 properties ST
Epoct S Chan [ Fie Edit View Inset Tools Desktop Window Help > File Edit View Insert Tools Desktop Window Help
Y= ERP _
Sampling ra Channel 3 Continous data Channel 31 Continous data
Sum 3722 =y : 38.6
Epoch start - o 3 \
Epoch end ( e 1861 o 193
Com P A P i o a5
Reference 2 100 0 B 100 Fawe e 0
Channel loc Com = = .
ICA weights Gl 1861 L Zgl - 193
. | . G
Dataset siz¢ Corl o R e 336
_ 100 200 300 400 100 200 300 400
Com Frames Frames
Sum %* Activity power spectrum g Activity power spectrum
Data Ej; 50 é 10
- | [=}
Tnme. 83— 40 | 8’9
Clus E 30L g OF
g 20 C | | | | | g _1 0 | | | | |
i & 10 20 30 40 50 & 10 20 30 40 50
i Frequency (Hz) Frequency (Hz)
Cancel | Values | AccepT]| HELP | oK | Cancel | Values | AcCEPT| HELP | oK |




Auto-detection of noisy channels

Change sampling rate
Filter the data

Re-reference

Interpolate electrodes
Reject continuous data by eye
Extract epochs

Remove baseline
Run ICA

Remove components

Automatic channel rejection
Automatic epoch rejection
Reject data epochs »
Reject data using ICA »
Locate dipoles using DIPFIT 2x  »
Peak detection using EEG toolbox

FMRIE Tools »
Locate dipoles using LORETA  »

p

Swartz

Center for
Computational
Neuroscience
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Auto-detected noisy channel

L / Computational
x\z Neuroscience
B Scroll component activities -- eegplof

Figure Display Settings Help N

Scale
A A A S B e A A A eV e o e A S A S A A A AN A A AR S A Y Y R St
35
) ) I o
450 451 452 453 454
Chan. Time: Value

+ I
CANCEL ;I ;I 449 ;I Ll TPS 4521146 -2.6647 35 REJECT
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Removing channel(s)

/‘/'l : \\

Swartz
enter for
Compulalional
Neuroscience

Dataset info
Event fields
Event values .
About this dataset |
Channel locations
Select data
Select data using €
Select epochs or e

(o D [ I‘

]

v |f not checked, will result

in dataset with one channel
=

Copy current datas
Append datasets
Delete dataset(s)
Visually edit events

Scroll dataset
B Dataset info
ataset info -- SWSE
I _pop el

BE=x=)

SimpleOddball hipass0.5 CL - F6 Edit description
Browse




Removing channel(s)

You may want to interpolate bad channels rather than
remove them altogether. Don't do this!

The loss in dimensionality will affect the ICA
decomposition

Preferred solution:
— Delete the bad channels before running ICA
— STUDY tools will interpolate missing channels automatically
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Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

—‘ [
0 szﬁz; er::rel High pass filter Remove line noise |
N (if necessary) _— / (~.5-1Hz) — / (if necessary) /
| P
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA
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Reject continuous data

Equivalent

Plot Study Datasets Help
.
fhannel data (scroll)
Channel spectra and maps
Channel properties
Channel ERP image
Channel ERPs

ERP map series

Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps »
Component properties
Component ERP image
Component ERPs »
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms
Cluster datasetICs

p

Swartz

Center for
Computational
Neuroscience

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continuous data by eye
Extract epochs

Remove baseline

Run ICA

Remove components

Automatic channel rejection

Automatic epoch rejection

Reject data epochs
Reject data using ICA

Locate dipoles using DIPFIT 2.x




Reject continuous data

NEU[DSCIEHCE

=
g
S
s
5
=3
£
o
(9]

Figure Display Settings Help

B Scroll channel activities - eegplot

Click and drag with mouse

SBHRY

over noisy data to reject

35
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1

50

i

M 74

S

qmw

— JJMVMW»V. -Mnh!..u.th...av

WMWWW Mvﬁﬂu

mmwwww

-

kv N‘- ......... t# i( Ju..f..
\lu B R o \".»J.!iMuu.u .‘VJM‘MMW\."J!-BV MMWMW .........
e = o= im%mmmw
B ..Wm!v N DR N AN
o= .W-iﬂh“.{n......[ﬁ..vr M.l.hml-...lu. S e
q
m

@RS oy s ...fL.,.ﬂa..-

...... Ce 555555 5 ea0000

=t

5

540

539

538

537

536

Value

Time

Chan.

REJECT

FCE 539.9355 48773

==




Rejecting data for ICA

To prepare data for ICA:

) Scroll channel activities -- eegplot()
Figure Display Settings Help

1 ‘
Si ? >
CEHKE

Computational
Neuroscience

Reject large muscle or
otherwise strange events...

e01 WWMWM' W
L e & e A e i O R SNV
L A I A MWMW M A et
o e et
Keep \MWWWWWW“WW
] i T Y e N
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Fast (but sloppy) artifact rejection

Bl Scroll channel activities -- eegplot()

Figure Display [Settings] Help

Time range to display
Number of channels to display

Channel labels

»

u Change windo.:l_':' ‘ =l |&I

Spread |
Denorml

> -
AN New window length (s):
Events »
30
Help | Cancel| Ok |
el
i Scale
[l = 1
S \ . ) 1 S
0 1 2 3 4 5
Chan. Time  Value =
CANCEL| Event types| | =l o | === 3.0082 = REJECT

A\

ymputational
leuroscience
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Fast (but sloppy) artifact rejection

Center for-
Compulaﬁonal
Neuroscience

u Scroll channel activities -- eegplot() @M

Figure Display Settings Help N

|
1 Scale
}J E i 1
US : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - I"
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
Chan. Time  Value =i
CANCELl Event typesl = = 30 | = =5 42 2626 1 = REJECT




Data Cleaning for ICA

Variant 2: Epoched Data
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Extract epochs

/[

Swartz
Center for

Computational

Neuroscience

>> eeg_eventtypes (EEG)
1 140
2 60

60

Change sampling rate
Filter the data »
Re-reference
Interpolate electrodes
z Reject continuous data by eye
| Bdactepochs |
‘ Remove baseline
Run ICA

Remove components

Automatic channel rejection
Automatic epoch rejection

Reject data epochs »
Reject data using ICA 4

Locate dipoles using DIPFIT 2x ~ »
Peak detection using EEG toolbox
FMRIB Tools
Locate dipoles using LORETA

CleanLine




Extract epochs

f/

Swartz
Center for
Computaxional
Neuroscience

Bl Dataset info — pop_ne
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Select a subset of epochs

re |- e 3

—
e | Wt

MM ﬂ A
‘0’ because the subject Shara
R did not miss any targets Compuational
Event fields

Event values
About this dataset
Channel locations
Select data
Select data using events
I Select epochs or events I
Copy current dataset

No description

7]

No description

H

No description

7]

H
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'Do not overwrite

current dataset'

EEGLAB v11.0.5.4b

e

File

— i __i——.

Edit Tools Plot Study Datasets Help

X [ |

Save

—
| —

Import data
Import epoch info
Import event info
Export

Load existing dataset

Save current dataset(s)

Save current dataset as
Clear dataset(s)

»

4
4

Create study

Load existing study
Save current study
Save current study as
Clear study

SimpleOddball target epochs Edit description
Browse

C:\Users\marissa\Desktop\EEGLABwork

dataset ptinal)

Memory and other options

p

Swartz
Center for
Computational
Neuroscience

Savewi‘l:h.setexte »_g,ﬂ-:‘:,-___.“__d_ set() X
() [ » eccuasuatop » ows .
.JJJ Organize™ v ~ B New Folder ?
Eavontelinks ’ Name | Date modified Type
- D faces_3.set 11/11/2013 4:21 PM  SET File
Documents )
. o || faces_4.set 11/11/20134:21 PM  SET File
ESR A __] SimpleOddball.set 11/13/2013715AM  SET File
B Desktop || SimpleOddball_cont_r... 11/14/20139:57 PM  SET File ﬁ
1% Computer || stern_125Hz.set 11/11/2013 417 PM  SET File
%! Recently Changed
Pictures '
B Music
B Searches
)i Public
Folders Ay m »
File name: [ SimpleOddball_target_epochs v]
Save as type: | ("set) -|
(~ Hide Folders ((save | [ cancel
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Scroll (epoched) channel data

=)
4 Computational
&‘3— Neuroscience
=

BT €£GLAB v11.0.5 40 " —

File Edit Tools | Plot | Study Datasets Help

#3: SimF Channel locg n Scroll channel activities -- eegplot() ] | =N X
Channel dat Figure Display Settings Help N
Filename: n Channel spe
Stack
Channels p¢ Channel pro
= S S S = Norm
Frames per Channel ERP o~ N 1 o~ N 2 o~ N 3 o~ N 4 o~ N 5
Epochs Channel ERP SO ' s
R
gvent? ERP map ser e
ampling ra b
ping Sum/Comp3 mmm.ﬂ-
Epoch start i A
Epoch end ( Component gm
By
Reference Component gw
Channel loc Component e
- o s
ICA weights Component ﬁ% iy - wia
Dataset siz¢ Component]} oI A e ;
Component e A W%W*”
Lomponen am ] w:,vwwmw R w Mm;
Sum/Compd i A A I e S SR 7
Data statistic ey 2 S TRy
. A S T s N
Time-freque b TANE R S e e
I s Eoors S e el e A Seale
Cl b P T, S oo e A 2 AL a7
uster datas TASCh SR S BRSO T b g
MEBG B R e e st o T T A I e I
‘y 0 250 500 0 250 500 0 250 500 0 250 500 0 250 500 I
|
Chan. Time  Value =
CANCEL Eventtypes| 1<=| <[ 1 |3 55 000 o000 | 2 | REJECT |
| |
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Reject epochs with artifact

Figure Display Settings Help N

) Scroll channel activities - eegplot()

Stack

1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch 1.1 s epoch

Norm

201
201
201

01

C
N
:
i

DI

ar4,

Click anywhere within 2
an epoch to select it %

feEtReddisaaidl el il

for rejection AR
N RTN—

L

TR TR

Scale

28

SRR ??EE%%%EEE%%%iiii’%;ﬁiéiiié‘i‘éi R

SIS

ﬁ%i%i%giiii%%%

s;;;ii;;;;siiiisisisiiii'is;siiiiiﬁsss;;siziii;s;;;i;;;;i;;simﬁi ,
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o
N
13
o
o
o
o
o
o

Chan. Time Value

CANCEL Event types | << < 1 > >> Fp1 886.0564 -1.0265 28

REJECT

| |
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Reject data epochs

File Edit
—#1: 1

Filenz
Chan
Frams
Epock
Event
Samp
Epoch
Epoch
Avera
Chan
[ CA w
Datas

EEGLAB v6.0b

Plot Datasets

Help

Change sampling rate

Filter the data

Re-reference

Reject continuous data by eye

Extract epochs
Remove baseline

Run ICA
Remaove components

Automatic epoch rejection

Reject data epochs » Reject data (all methods)

Reject data using ICA »
Locate dipoles using BESA »
Locate dipoles using DIPFIT 2.x  »
Laplacian »
FMRIB Tools »
Grand awverage datasets »
Locate dipoles using LORETA »
PCA plugin »

Reject by inspection

Reject extreme wvalues

Reject by linear trendjwvariance
Reject by probability

Reject by kurtosis

Reject by spectra

Export marks to ICA reject

Reject marked epachs

Swﬁ%}» {
Center for

Compu!a!ional
Neuroscience
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Reject data epochs

/

Swartz
Center for
Compu(alional
Neuroscience

Reject trials using data statistics - pop_rejmenu()

Scroll Data

visual

Inspection

1:31

___ Calculate | Scroll Data
[ -
e — probability

Calculate Scroll Data

25
0

Cale / Plot

Show all trials marked for rejection by the measure selected above or checked below
W Abnormal trends

W Abnormal values

W Abnormal distributions W Abnormal spectra

W Abnormal appearance
M Improbable epochs

Close (keep marks) | Clear all marks | Reject marked trials |




Reject data epochs
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N
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Exceeds channel
standard dev. max .

Value

Chan.

UPDATE MARKS

1543.3749 58.8052 90 j
=

e0l

SN

Event types ‘ << 24

CANCEL
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File

Reject data epochs

Edit

EEGLAB v6.0b

Tools e Datasets

Help

Change sampling rate

Filter the data

Re-reference

Reject continuous data by eye

Extract epochs
Remove baseline

Run ICA
Remove components

Automatic epach rejection
Reject data epochs
Reject data using ICA
Locate dipoles using BESA

»

hd

Locate dipoles using DIPFIT 2.x
Laplacian

4

hd

FMRIB Tools

Grand average datasets
Lacate dipoles using LORETA
PCA plugin

v v v W

Reject data (all methods)
Reject by inspection

Reject extreme wvalues

Reject by linear trendfvariance
Reject by probability

Reject by kurtosis

Reject by spectra

Export marks to ICA reject

Reject marked epochs

Swﬁ%}» {
Center for

Compu!a!ional
Neuroscience
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Visualize ERP In rectangular array

S i
«

1 ‘
s w
ce"(e

Computational
Neuroscience

B eccLaB vit05.4b =) e
File Edit Tools | Plot | Study Datasets Help N
_#5: SimF Channel locations 4 gj
Channel data (scroll)
Filename: n Channel spectra and maps
Channels p¢ Channel properties
Frames per Channel ERP image
\ Es(e)ﬁthss Channel ERPs With scalp ma
) ERP map series In scalp/rect. 3
g‘a):::r::lrs'tgar: Sum/Compare ERPs
Epoch end ( Component activations (scroll)
Reference Component spectra and maps
Channel loc Component maps »
| ICA weights Component properties I
Dataset siz¢ Component ERP image
Component ERPs e
Sum/Compare comp. ERPs _—
. Nata ctatictice 3
n Topographic ERP Plot - pop_plottoEoQ i @M
Channels to plot 1-66
Plot title SimpleQddball nontargets rej
Plot single trials | (set=yes)
Plot in rect. array {set=yes}]
Other plot options (see help) 'ydir', 1
Help | Cancel | Ok |

Figure 3: plottopo() )
File Edit View Inset Tools Desktop Window Help
SimpleOddball targets rej

i 2 3 4

| 9 10 11 2 3 14
7 18 19 0 1 2

| 5 6 7 8 9 30 3

| irA-« 1&:—- 1@——' 1—@::— 'Ab—' L
33 34 35 6 37 38 3
41 42 43 45 46 4
49 50 21 2 83 54 85
a7 58 £9 0 61 6 63
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Visualize ERP in topographic array

3 VV! Compnlaﬂonal
\‘5 Neuroscience
EEGLAB v11.0.5.4b BTSN _ _
File Edit Tools | Plot | Study Datasets Help > n Figure 2: plottopol() E@‘é
__ #5: SImfE_ Channellocations *3j File Edit View Inset Tools Desktop Window Help ¥
Channel data (scroll) ﬁ 5 u \é k +\ .\ \g:r? @ .Q ’{ . I':j) D E A @
Filename: n Channel spectra and maps
Channels p¢  Channel properties SimpleOddball targets r%oql;”"
Frames per Channel ERP image
Epochs Channel ERPs With scalp ma &‘u F *A&
' Events == . - 1 HEO Fp P Fp
X map series n scalp/rect. 3
Sampiing r2 Sum/Compare ERPs N - AF AFZ'M!'& AF -
Epoch start —
Epoch end { Component activations (scroll) F7 {J’Qﬁ. Jﬂﬁg
Reference Component spectra and maps F5 F3 F1 2T F2 - 6
Channel loc Component maps » FTAQSA FT*A&
| ICA weights Component properties | FC4 FC Cliu FCJ"J&&FC F CJ
Dataset siz¢ Component ERP image
Component ERPs g 7" s c3f e Cz'*‘h“ c2 “calt “celt T8

Sum/Compare comp. ERPs
____Data statistics » *’k@p 1}'5&‘0[3 P %— JML-
- oD TP?{"&"CP* © Poeogtofle, P

u Topographic ERP plo-t - pop_plottopo() -

Channels to plot 1-66

p
Plot title SimpleOddball nontargets rej +A— PO poZ‘Ab‘ POJﬂ“’. 1[}"«
Plot single trials | (set=yes) & PO?" Ya'”' PO +20F: ‘

Plot in rect. array || (set=yes) 01
Other plot options (see help) ydir', 1

Help | Cancel| Ok |
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Visualize ERP scalp distribution

L

ERP data and scalp maps -- pop_timtopo() E@lﬁ

Plotting time range (ms): -101.5625 996.0938 15 ot
Scalp map latencies (ms, NaN -> max-RMS) NaN
Plot title: ERP data and scalp map:

Scalp map options (see >> help topoplot):

Help | ) Cancel | ok | 1}
Figure 2: timtopo() — ESESI X
File Edit View Inset Tools Desktop Window Help N
EEGLAB v11.0.5.4b BTSN ——— : —
. : DEde | b AKRODLEL- 2|06 | ad
File Edit Tools [Plot] Study Datasets Help k]
#5: SimF Channel locations 'Ej 352
Channel data (scroll)
Filename: n Channel spectra and maps

Channels p¢ Channel properties
Frames per Channel ERP image

Cluster dataset ICs

Epochs Channel ERPs With scalp maps
Eventsf ERP map series In scalp/rect. array
g[a)(r)'::?':lrs'tga': Sum/Compare ERPs
Epoch end ( Component activations (scroll)
Reference Component spectra and maps =
Channel loc Component maps » >
ICA weights Component properties I 3
Dataset siz¢ Component ERP image E
Component ERPs » E
Sum/Compare comp. ERPs 2
Data statistics » ch>
Time-frequency transforms »
- 3

0 200 400 600 800 .




Visualize channel ERPs in 2D

u Plot ERP scalp maps in 2-D -- pop_topxlogo s l s

Plotting ERP scalp maps at these latencies
(range: -102 to 996 ms, NaN -> empty):

25:25:300

Bl EEGLAB v11.0.5.4b

Plot title -
Plot geomet u HES

File Edit Tools

_ #4: Simg

Filename: n
Channels p¢
Frames per
Epochs
Events
Sampling ra
Epoch start
Epoch end (
Reference
Channel loc
ICA weights

Dataset siz¢

Plot

—_——

Computational
Ne uroscience

Study a
e File Edit View Inset Tools Desktop Window Help

Channel locatid

-> Additional |7 % \é‘ N ‘ ® & MW E s -

Channel data (3
Channel spectr|'

Channel prope( Help
Channel ERP in|

Channel ERPs » ‘
ERP map series )
Sum/Compare ERPs ‘

Component activations (scroll)
Component spectra and maps
Component maps »
Component properties
Component ERP image
Component ERPs i
Sum/Compare comp. ERPs

Data statistics »
Time-frequency transforms »

Cluster dataset ICs

SimpleOddball targets rej

2 0E =@

16.2
8.1

-8.1
-16.2
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Visualize channel ERPs in 3D

L I A w Ay
. Figure 2 — p—
File Edit View Insert Tools Desktop Window Help N

lDEﬁﬂi‘é! | RRODEA- S 0E | =D
B EEGLAB v11.0.54b SISl ‘
2 : e e 160 ms
File Edit Tools [Plot | Study Datasets Help | [ Figure3 — e 5
#4. SimF Channel locations File Edit View Inset Tools Desktop Window Help N
Channel data (scroll) Dcde ’ I | R {ﬂ?@@ s - | =) | 0 E | oo it I
Filename: n Channel spectra and maps 130 ms w
Channels p¢ Channel properties _
Frames per  Channel ERP image , Te 0 me
Epochs Channel ERPs X
Events . ..
ERP map series
ping ra Sum/Compare ERPs
Epoch start | |t
Epoch end Component activations (scroll &
Reference Component spectra and maps
Channel loc Component maps
ICA weights Component properties 219
Dataset siz¢ Component ERP image i 109
I Component ERPs 0
— Sum/Compare comp. ERPs -10.9
Data statistics 219
Time-frequency transforms pts i
Cluster dataset ICs [l
S S == r_____= = B =
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Pre-processing pipeline

Collect high-density
EEG data (>30 chan)

_/ Import into EEGLAB

Import event markers

=/ and channel locations

—‘ [
0 szﬁz; er::rel High pass filter Remove line noise |
N (if necessary) _— / (~.5-1Hz) — / (if necessary) /
| P
N\ Identify/reject Reject large artifact
N bad channels =/ time points =/ Run ICA
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Exercises

* Preprocess data of your choice or load a
previously filtered dataset e.g. faces 4.set

* |dentify 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
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