Pre-processing pipeline
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Pre-processing pipeline
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EEGLAB Matlab toolbox

Center

"3 Cﬁmpumw
;s - euroscience
) o

main graphic interface

EEGLAB Shell - Konsole

Session Edit View Bookmarks Settings Help
L[] -
/home/arno> matlab -nodesktop File Edit Tools Plot Study Datasets  Help
<MATLAE >
Copyright 1984-2002 The MathWorks, Inc. No current dataset
Version 6.5.0.180913a Release 13
Jun 18 2002 - Create a new or load an existing datasat;
Lze "File > Import data” (e
Using Toolbox Path Cache. Type "help toolbox_path_cache" for ﬁ:r "File > Load existing dataset” (old)
= If new,
To get started, type one of these: helpwin, helpdesk, or demo. "File > Impeort epoch info® (data epochs) else
For product information, visit www.mathworks.com. File > Import event info” (continuous data)
"Edit = Dataset info" (addfedit dataset info)
>> eeglabl "File > Sawve dataset” (save dataser)
- Prune data: "Edit > select data”
- Peject data: "Tools > Beject continuous
- Epoch data: "Toaols > Extract epachs”
- Rermove baseline: "Tools > Remowve
The folder with eeglab.m must be in your Matlab “paths” = RO (e "resls > R Iy
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Importing a dataset

-Edit Tools  Plot Study [Datasets  Help |

[mpar epoch) info
[mpar event info
Export

-

-

-

_ From ASCl ffloat file or Matlab array

From continuows ar sed. EGI . Eai file
From Multiple seg. EGI .EAW files

Load existing cdataset
Sawe cUrrent datasetis)
Save current dataset as
Clear dataset(s)

From BCI2000 A5CI file

From Snapmaster SMA file

From Meuroscan .CHT file
Fram Meurnscan (EEG file

Create stuchy

From ERP3% EAM aor EDF file

Load existing stuchy
SAE CUFFERT STLy
Sawe cUrrent studsy as
Zlear sty

From Biosemi .BDF file using BIOS1G
From other formats using BIOSIG

Fram AMT EEProbe (CHT file
From AMT EEFrobe AWE file

Mermaory options

Sawe histary

Fram Brain ¥is. Fec. ~whdr file
Fram Brain ¥is. Anal. Matlab file

it

From CTF folder (MEG)

Fram IMatepn A5 file

From mMawo MEF files

From 40 .m4d pdf file

Troubleshooting, other data formats. ..

Campulal'bnal
MNeuroscience

EEGLAB supports many

different raw data formats



Imported EEG data
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Load an existing dataset

e

’ Sw l e‘
. 'W Cénter for
. y Computational
/ MNeuroscience

B e D =

-

Look in: I | jo74 j = =5 Efv
- Marne Date modified Type Size
B EEGLAB v10.22.1b Focort Ploss L ignoreset 3/6/20098:29 AM  SET File 120,589 KB
BN Edit Tools Plot Study Datasets Help | li| memorize.set 3/6/2009 1:09 PM SETFile 196,238 KB
| | | probe.set 3/13/20097:29 AM  SET File 68,307 KB
Import data ' set Desktop _ | sources.set 3/9/2009 4:40 PM  SET File 1,300 KB
Impaort epoch info b = || |stern.set 3/9/2009 12:38 PM  SET File 171,540 KB |
Import event info * irload an exist dﬁg
" ranes
Export P port data -—
Load existing dataset d existing data m!

Computer

Sawve current dataset(s)

poch info" (dat

Save current dataset as o
went info" (con

Sl dumietl) info" (addiedit
Create study b taset" (save ds
Load existing study dit = Select dat File name: Iﬂem'sa

ools = Reject
ools = Extract |
ne: "Tools = Remove
als = Run [CA"

Save current study

Files of type: I *.SET", " set

Sawve current study as

Clear study

Mermory and other options

History scripts k
Quit




Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
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\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN
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Import data events

=" C”-}umnnw

%’_:.‘: Neuroscience
u EEGLAB v7.1.7.18b -
m Edit Tools Plot Datasets Help o ¢ .
mport dts , * Import events from Matlab array or ASCII file
, ‘ontinuous -- Rere...— .
: — < i :
From Matiab arayorasclii | | ) o Import from Presentation event file
Export  Fromdatachanne || B | (f N fil
°
Load existing dataset From Presentation .LOG file \ mpor rom euroscan tie
Save current dataset(s) From Meuroscan .ev? file
Save current dataset as 1303
Clear dataset(s) 250
Create study L 0.000 g =]
o 2440 528 n Extract event from channel(s) - pop_chanevent() =1
Load existing study C7
Save current study Yas
Save current study as Yes E e BT ) 72
Clear study 344 p . et g .
. reprocessing transform (data="x" Cptional. Ex: X=3
Memory and other options Transitions to extract? (upldoswn] up (leading) - | (click to select)
" History scripts P — Tranzition length (1=perfect edges) 0
Quit Azzign duration to each events? |:| [set=yes)
Delete evert channel(=1? [zt = yes)
) ) Delete old everts if any?
(Often imported automatically ] e 51 See i ]
during data import) Cancel Help | o




Appearance of an event channel in raw data

Scroll activity — eegplot()

Figure Display Seftings Help
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Imported data events
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File Edit Tools Plat Study Datasets Help If eventimport was

successful,
you will see an
appropriate

number here




Review event values

Plot Study

Dataset info

Ewvent fields

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)

Cl)lnpu[.lllull.n
NE\J[US(I[‘H(L’

Datasets Help E

Trial
7 Event Type

Latency (sec)
Thime
Uncertainty
Duration

Number of
possible
event
fields is
unlimited

Uncertainty2
RegTime

Init_time
Duration (sec)
Load

—
-
=

L11]

To resort: first

=

Insert event

Insert event
BEFORE

Mo field selected

30000

0.02z27

o i =,

= d i1
LFE R -

] -

(] ]

current event No field selected

B E

__ Resot |

select Main
sorting field

_ cance | e |

Delete event

ﬂ Append event




Import channel locations

| |
r Iu f\ Wi N“ j“ oy Ma n\\
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v
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Opt. head center

Rotate axis

File BE:fid| Tools Plot Study Datasets Help Transform axes

Dataset info
Event fields
Bvent values
About this dataset

Xyz -= polar & sph.

Sph. -= polar & xyz

Folar-= sph. & xyz

Select data
Select data using events
Select epochs or events

Set head radius

Set channel types

Copy current dataset Set reference

Append datasets
Delete dataset(s)

Wisually edit events and identify bad channels

Agoend chan

Plot 2D L MINose along +X  ~ Plot 3-D (xyz)
Read locs help Look up locs Save (as .ced) Save (other types)

9 file formats supported:
['loc'|'sph’|'sfp’|'xyz'|'asc’|'polhe
mus'|'besa’|'chanedit’'|'custom’]

use BESA file for 4-shell dipfit spherical model hd
C: ‘uUsers\]uhe\Dncuments\MATLAB‘ueeglab‘nplug|n5‘ud|pft2 _

“cancel | ok |




Import channel locations

Swarts
Center for
Cl)lnpu[.lllulml

N(‘U[US(IL‘H(L’

Opt. head center

Transform axes\ | -

LEYE
-45.1543
0.54374
0.79487
079917 — S
Sa—
51543
7 a7E B (otate X7 plane) 2] Pick |

1.1373 Help
EEG

Set head radius

Set channel types
Set reference ‘

Tt | << | < |1 > | s> | apengchan

| Nose along X~ Plat 3-D (xyz)
Read locs help Look up locs Save (as .ced) Save (other types)




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

Opt. head center

Fotate axis

Transfarm axes

Swars 8

Center for
Com putational
NE\J[CISEIE'FI(.L"

Xyz -> polar & sph.

Sph. -» polar & xyz

Folar-= sph. & xyz

Set head radius

Set channel types

Set reference

Append chan

—_———— Plot 2-D | Nose alang +X -, Plot3-D (xyz) -------——
——-----
L :’J Look up locs Save (as .ced)

File Edit View Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help

NEde | b | AUDEL- 30800 Joeash[aso@ex-a/08(=a

C
Channel locations -

+X
_
Y +REYE

o FPa
#TE ., N__IJ:F’T FF’Z’ 3
SAF3 oAFZ AT
PO P
F3+F1+FZ+F2.F 4
LS tem—
+T7 +C5 +C3 +C1 +CZ *C2 +C4 +C6 +T8
,A-P,cpszPJCPwF’EPZ;Pacpﬁ.P
+TP!
P P10 0.2
’P?ng’}FH PP d;pﬁps

Lpc703 POZ *Pog

+P09 +01.,07+02 +POA

0.2 -

0.4 -

71 of 71 electrode locations shown




Imported channel locations
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Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
;|1 t into EEGLAB ) [ ‘
EEG data (>30 chan) mport into and channel locations I / '
- < | ( J/

\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN

L‘> bad channels |—1/ time points |_‘/




Re-reference data (if necessary/desired)

f" _ ’1_,“ ) At Y

B E£GLAB vI022

Plot Study Datasets Help FOI‘ example,

Change sampling rate

Filter the data

average reference /

Re-referance
Interpolate electrocy

Reject continuous

Extract epochs
Remowe baseline
Fun IC4

Remove compone

[iw e s B Qe R TR [ —

Automatic channe

Autormatic epoch r

LEYE REYE
e

Cancel || Ok |

Reject data epochs

Reject data using I{
MFT plugin
SIFT

Locate dipoles usink
Peak detection using EEG toolbox
FMERIE Tools
Locate dipoles using LORETA




Re-reference data (if necessary/desired)

; 5 e
N - c:.n-um_
)%\? CNT:IOSC?I:.:!
i B
(B eecLae vioz. z_ Ll_lg B Lo o
File Edit Plat Datasets Help OR, re-l’efel’enCe tO
. hift|ctrl to
#1 Change sampling rate uous . . . (use s
— lect |
Fiter the dats b (i.e.) 'linked mastoids' select several
Fila Re-reference J set 3 - Ch -
Chz Interpolate electrodes gg : 3:13
Reject conti ¢ ] -
Fra FJect comminuoth € n pop_reref - average reference or re-reference data | = | [E] 24 | 2oL
Epc  Extractepochs j? : gi
EVE Remove baseline Current data reference state is: unknown 42 - CB
ar 43 - Ta
Epc Run ICA || Compute averane reference 44 - TP9
R
Epc EMave componer [/ Re-reference data to channel(s): TP9 TP10 J 45 - TP7
Ref Automatic channel 46 - CP5
47 - CP3
Chz || Retain old reference channels in data 45 - CP1 pl
ICA I Exclude channel indices (EMG, EQG) K gg - gEg
g|ec ata Lsin — -
Dat . : 2 Add current reference channel back to the data | 51 - CP4
MFT plugln — 52 _ CPE |
il 53 - TP | ©
. . Help Cancel Ok | 54 - TP10
Locate dipoles usin 55 _ P7
Peak detection usin™ 4 56 - P&
57 - P3 bl
FMERIE Tools ] £8 . P
Locate dipoles using LORETA r £9 - PF
EEG = pop reref( EEG, 39); o0-r
Cancel Ok




Resample data (if necessary)

I Sware &

Center for
Com putational
euroscience

Change sampling rate
Filter the data
Re-reference

Interpolate electrodes

Reject continucus 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

20



Save new dataset, keep old one

Savein: | || MATLAB

| e & Er

' Date modified

[
e | external

Recent P! .
aces | functions

.H plugins
.H sample_data
.H sample_locs

11/10/2009 5:54 AM
11/10/2009 5:50 AM
11/10/2009 5:52 AM
11/10/2009 5:52 AM
11/10/2009 5:52 AM

Sternberg Continuous -- Reref'd

Edit description

Type

File folder
File folder
File folder
File folder
File folder

Browse

Edit Tools

NE\J[CISEIE'FI(.L"

Plet Study Datasets Help




Multiple active datasets (ALLEEG)
A

, EEGLAE v7.1.6.18b [N r EEGLAB v10.2.4.4b EEECh——-
File Edit Tools Plot Datasets Help w File Edit- Tools Plot Help |
- . #2: Sternberg C Cataset Lternberg Continuous Data
r#1: ‘:ternberg Continuous Data [\ < v Dataset 2:5ternberg Continuous -- Reref'd
Filename: _ustraliavsTUDYWS04stern set FlEname: More elect multiple datases
Channels per frame 71 Channels per frame 7
Frames per epoch F10133 Frames per epoch B10143
Epochs 1 Epochs 1
Everts 1303 Events 1303
Sampling rate (Hz) 250 Sampling rate (Hz) 250
Epoch start (sec) 0.000 Epoch start (sec) 0.000
Epoch end (sec) 2441 520 Epoch end (sec) 244U 5.0
Reference unknowin Reference average
Channel locations ¥Rs Channel locations Ve
[CA weights es IC A weights Mo
Dataset size (Mb) izls Dataset size (Mh) 351.3




Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
;|1 t into EEGLAB ) [ ‘
EEG data (>30 chan) mport into and channel locations I / '
- < | ( J/

\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN

L‘> bad channels |—1/ time points |_‘/




Filter the data (if necessary/desired)

- -~

Ccmpulal'bnal
MNeuroscience

& Lower cut off frequencies require longer
stretches of continuous data

F L =
u Filter the data -- pup_eegﬁm Elélg

Lowver edge of the frequency pass band (Hz) 1 H | g h _p aS S

Higher edge of the frequency pass band (HZ)
#1 Change sampling rate FIR Fitter arder (default iz automatic)

Filter the data Basic FIR filter |} || Metch fiter the data instead of pass band n eed ed

Re-reference Short TR filter || Use (sharper) FFT linear fiter instead of FIR fitering

Plat freguency response fO I’ I CA

(B eccLae v7.27.180 - LI_IQ

File Edit @ELIEN Plot Study Datasets Help

File

Interpolate electrodes

Reject continuous data by eye

Help Cancel Ok
Extract epochs _I I

Remowe baseline

r R N
Fun1cA B Oatesetinto —pop.nevset) NI || e i
Remove components —

Automatic channel rejection What do you want to do with the new dataset?
Automatic epoch rejection Mame it: Sternberg Continuous Data-HighPass Edit description I

Reject data epochs » [ | savet as file: Browse |
Reject data using ICA b
Locate dipoles using DIPFIT 2} Whiat do you want to do with the old dataset (not modified since last saved)?

Creepwerite it in memory [zet=yes; unset=create a new dataset)

Peak detection using EEG toolbox

Sl T'_:'Uls _ g Help | Cancel |

Locate dipoles using LORETA b




Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
;|1 t into EEGLAB ) [ ‘
EEG data (>30 chan) mport into and channel locations I / '
- < | ( J/

\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN

L‘> bad channels |—1/ time points |_‘/




Study Datasets Help

Import data
Import epoch info
Import event info

|
f\wﬁz‘*%\, W"u_q‘ INI'\ ‘D’M,‘u“/\’\f’w M Export

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

| ﬂ
h, (- W
Vil i ‘I‘“.f""‘\h -

Create study

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

Memory and other options

History scripts
Manage plugins




Remove line noise (Cleanline)

B EEGLAB v11.0.5.40 R — s s S|

File Edit
#1:

Filen
Char
Framr
Epoc
Even
Sam
Epoc
Epoc
Refe
Char
ICA W
Data

Tools | Plot

Study

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continucus data by eye
Extract epochs

Remove baseline

Run ICA

Remove components
Automatic channel rejection
Autornatic epoch rejection
Reject data epochs

Reject data using ICA

Locate dipeles using DIPFIT 2.x
Peak detection using EEG toolbox
FMRIE Tools

Locate dipoles using LORETA

CleanLine

Datasets Help

=

Neuroscience

B CleanLine Options - = | G [l
Line noise frequencies to remove [60 120]
Scan for line noise (set)
p-value for detection of significant sinusoid 0.01
Bandwidth (Hz) 2
Type of signal to clean T —— -
Indices of Channels/Components to clean "1-6R°
Sliding window length (sec) 4
Sliding window step size (sec) 2
Window overlap smoothing factor 100
FFT padding factor 2
Visualize Original and Cleaned Spectra [iset]
Normalize log spectrum by detrending [ | (set)
Produce verbose output (set)
Plot Individual Figures [ (set)
Help Cancel | Ok

27



Plot channel spectra

FGLAR vw11.0.5.4k

es—. i

| File Edit Tools [Plot| Study Datesets Help

I Sware &

Center for
c omputational
euroscience

Channel locations

Channel data (scroll)
Channel spectra and maps

Channel properties

|iC“_'“_£°"E"t Empertles =

Channel ERP image
Channel ERPs

ERP map series

Sum/Compare ERPs

freqrangel (2 9] )

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

Cancel | Ok |

Data statistics

Tirne-frequency transforms
Cluster dataset ICs



0.5 Hz high-pass filter

Filter comparisons

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

Canter
Computational
Neuroscience

0.5 Hz high-pass filter
Cleanline: 60 Hz

n pop_propl) - Channel 31 properties

===

" ﬁpop_prop(] - Channel 31 properties E@g
File Edit View Insert Tools Desktop Window Help ] File Edit View [Insert Tools Desktop Window Help N
DEde | kRO EL- 2|08 | ad DEEde | k|ARODEL-S|0EH a1
Channel 31 Continous data Channel 31 Continous data
394 = - 37.8
: 197 - 18.9
T 100 [k L 0 B 100 e S S (o
[ =
. ; -19.7 s — -18.9
i gt | Mg, e 378
200 300 400 100 200 300 400
Frames Frames
~ Activity power spectrum < Activity power spectrum
Il < T 20r
o o4
3 10 2 o
| 2 ©
g o g
3 S 200
o [e=]
T -10F T -40tb
5 g 40
g | | | | g | | | |
[ 20 40 60 80 o 20 40 60 80
Frequency (Hz) Frequency (Hz)

B pop_prop() - Channel 31 properties E@I&J
—
File Edit View Inset Tools Desktop Window Help N

Ocde|k

Power 10*log, (1.V*/Hz)

10
ok
10k
2b 4b BIO BIO
Frequency (Hz)

REUDEL- |0 | aDd
Channel 31

Continous data
- - 386

19.3

Trials

-19.3

100 200 300 400
Frames

-38.6

Activity power spectrum
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Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
;|1 t into EEGLAB ) [ ‘
EEG data (>30 chan) mport into and channel locations I / '
- < | ( J/

\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN

L‘> bad channels |—1/ time points |_‘/




Scroll channel data

-~ Clbmaini
T = Neuroscience
B £EGLAB V11.05.4b o o ] | B EEGLAB v11.0.5.4b E=SECHSY

File Edit Tools | Plot | Study Datasets Help ~ File Edit | Tools | Plot Study  Datasets  Help &

#3: S"‘nF Channel locations 3 I #1: Change sampling rate hz

Channel data (scroll) Filter the data r

Filename: n Channel spectra and maps Filen IR st

Channels pt Channel properties Char Interpolate electrodes

Frames per Channel ERP image | Framr Reject continuous data by eye

Epochs Channel ERPs s EPOC  Extract epoc .

Events ERP map seres , EVEN  pemove s Alternate GUI option,

S o same function

Epoch start Sum/Compare ERPs Epoc Run ICA

Epoch end | Component activations (scroll) Epoc Remove components

Reference Component spectra and maps I Refe Automatic channel rejection

Channel loc Component maps » Char Automatic epoch rejection

ICA weights Component properties ICA Vv Reject data epochs 3

Dataset siz¢ Component ERP image Data Reject data using ICA g

Component ERPs * Locate dipeles using DIPFIT 2.x »
I e—— r e —

Sum/Compare comp. ERPs

Data statistics 3 n Warning l"':' B |-

-
Time-frequency transforms + hark stretches of continuous data for rejection
Cluster dataset ICs by dragging the left mouse buttan. Click on marked

stretches to unmark . When done press "REJECT" to
excize marked stretches (Mote: Leaves rejection
houndary markers inthe event takle].

Cancel | Continue |

L5 By " ¥
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Scroll channel data

i Scroll channel activities — eegplot() |E|E|ﬁ

Figure Display | Settings, Help

Event markers Stack

= MNarm

1
1
1
1

ChanneIS, e e e e e e e B
T e e e
I :MWMM
e g il S v g g Ve Som Ayl
iyl S W e e iy /RS A et
e e e i At P AN P e AT S et ”
.- - - = Scro
] bttt e et et e et P I gt e
i ém%ﬁ% ‘ buttons
: e
E R T i T A % Wmmﬂi Frr—]
I ey i TSP -y Wy sty ‘ ‘
seclepoch = = = ;
g e e e e e e e e e i | SCaling
e e A e e T e
B e e e e e A
B e
e e e e
e e R e
e e N A A st S e P s i
] o e e e e e e e e e Seale
i oo A i e e i gt &

Chan. Time Value
<I{ 90 =121 Fp1 935349 12558 |45

= REJECT
=
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Manually identifying bad channels

&
e

\‘_'.'._—

Figure Display Settings Help

Identify bad channel

Scale
35
| : | iy - el Ay hagris iy Sy —_
450 451 452 453 454
Chan. Time Walue
CANCEL Evert types | =< |<| 449 J == o1 451 Dase 25610 35 i REJECT
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Manually identifying bad channels

B EEGLAB v11.0.5.4b =

u Channel spectra and maps -- pop_spectopo()

Epoch time range to analyze [min_ms max_ms]:
Fercent data to sample (1 to 100):

Freguencies to plot as scalp maps (Hz):

Plotting frequency range [lo_Hz hi_Hz]:

Spectral and scalp map options (see topoplot):

File Edit Tools | Plot | Study Datasets Help

_#3 S"‘nF Channel locations k
Channel data (scroll]
Filename: n Channel spectra and maps
Channels p¢ Channel properties
Frames per Channel ERP image
Epochs Channel ERPs b
E‘u’EﬂtET ERP map series k
EEELT‘:IZEE.’E Sum,/Compare ERPs
Ele:h end | Compeonent activations (scroll)
Reference Compeonent spectra and maps
Channel loc Component maps »
ICA weights Component properties
Dataset siz¢ Component ERP image
Component ERPs r
Sum/Compare comp. ERPs
Data statistics ¥
3

Tirme-frequency transforms

Cluster dataset ICs

0 333996.0938
100
610 22 60
280

‘electrodes’off

Computational

Neuroscience

Help Cancel Ok |
'u Figure 2: spectopo() SHECHL X
Eile Edit Miew Inset Tools Desktop Window Help k]
UDdde | AXRODEL- & | 0H ad
22.0 60.0 Hz
; "
i
—
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Manually identifying bad channels

—_— >
- u Component properties - pop_prop(
B EEGLAB v11.05.4b o ]
File Edit Tools [Plot| Study Datasets Help - CIETTE [TLEILERE D12 3.31
Spectral options (see specto help): : '
#3: Simp_ Channel locations , | pectral options (see spectopof) help) freqrange’, [2 50]
Channel data (scroll)
Hel Cancel Ok
Filename: n Channel spectra and maps ¢ | |
Channels p Channel properties L -
ErE Per Cha ﬂ PDP_P;’OPO - Channel 3 properties = | =) [ | | Bl pop_prop() - Channel 31 properties =l
EPUChS Chan File Edit View Insert Tools Desktop Window Help = File Edit View Insert Tools Desktop Window Help N
e ERP Channel 3 - Channel 31 -
Samplmg ra g anne Continous data _— Cnr_mnuus data_ 156
Epoch start == \ S e \
Epoch end | £ 1861 SR | 193
Reference Com - . o I}
Channel loc Com = = : 2
ICA weights  com 1861 | 17
Dataset size Com — N, s T
100 200 300 400 100 200 300 400
Com Frames Frames
Sum §‘ Activity power spectrum § Activity power spectrum
N““ N“-.
Timg U:JD— 40} t:ﬁ? |=
o ' o
Clus x = -
“Il & 30} = O
g 20 C | ] | 1 ] g _'1 0 | | | 1 |
| & 10 20 30 40 50 = 10 20 30 40 50
Frequency (Hz) Frequency (Hz) I
Cancel | Valies | AccerT| HELP | oK | Cancel | Vaiies|  accep] HELP | oKk |




Auto-detection of noisy channels

I Sware &

Center for
c omputational
euroscience

Plot Study Datasets Help

File Edit QL

Change sampling rate
Filter the data

Re-reference

Interpolate electrodes

Reject continuous data by eye

Probakility

Extract epochs

-
i

Remowe baseline

Run ICA

Remowe components

Automatic channel rej

Automatic epoch rejection
Reject data epochs b
Reject data using ICA ]

Locate dipoles using DIPFIT 2.x »
Peak detection using EEG toolbox
FMERIE Tools
Locate dipoles using LORETA
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Auto-detected noisy channel

_J
et

Neuroscience

Scroll component activities -- eegplot()

Figure Display Settings Help

g Scale
MWWWMWWW#WWWWMW
w\mw@mww\/mrwmw%mmwmw

35
] i i ==
450 451 452 453 454
Chan. Time “alug

r
ELTEE <= < 449 = 2> P8 4521146 -25647 35 = FEEET
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Removing channel(s) =

| o . B r".‘, - . .’“-""\ .ui""[, f i | "‘."' )
ﬁ.‘.‘"',‘, ' H"‘L"'U' / "-.'-,_1.\"“\! “M‘N‘-II'J“ l"‘l N } .““"rh : '\un-".’u hl.."l n"“l i I“."'h w"l':"r\l“.I’IL;")"-';.\“J“H‘I I‘NF "‘LIV'-.\"""‘:“ ll“"'J'I’:;‘“"-.‘_‘lll'-‘..l‘d f JI'I\'\IIf\-,."..\‘r.,‘|'w"a"ﬂ'\"“ M““'v'\‘\‘".‘-"l‘f ‘II"‘.\'V.‘FI'-_V_-""‘\“ 'rJ L'.’\"f‘k'\'f-‘““""~|_-'—‘."“~".&‘f‘a_|‘-|_|J""'.‘ J'Y'-I"*I‘ IIJ."‘:‘M\‘ \',‘r|“l‘ll‘l1l‘.\‘l r“"".J 1'1'_1 '-|lf"l_‘.ﬂv'|l‘
_ If not checked, will result T
-—v‘ e . . 4’6 - Fcz
| File [Edit | Tools Plot Sty Datasets Help || in dataset with one channel ::; - Egz
Dataset info 49 - C2
Event fields 50 - ¢4
51 - Ck
Event values c2? - T8
About this dataset data -- = 53 - TP8
. 54 - CPB
Channel locations tE . CP4
Select data a6 - CP2
Select data using - 57 - P2
& a8 - P4
Select epochs or 59 - PR
Copy current 60 - P
F& W 61 - P10
Append datasets 62 - POS
Delete dataset(s) Scroll dataset 63 - PO4
Visually edit even . oo E =0
Cancel
SimpleOddball hipass0.56 CL - F6 Edit description
[ Browse
r1
Help Cancel Ol



Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
;|1 t into EEGLAB ) [ ‘
EEG data (>30 chan) mport into and channel locations I / '
- < | ( J/

\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN

L‘> bad channels |—1/ time points |_‘/




FGLAB v11.0.5.4k

| File Edit [Tools | Plot Study Datasets Help
Change sampling rate

Filter the data »
Re-reference
Interpolate electrodes

Reject continuous data by eye

>> eeqg_eventtypes(EEG)
1 140 star
2 60 circle
201 60 button press

Extract epochs
Remove baseline

Run ICA

Remove components

Autornatic channel rejection
Automatic epoch rejection

Reject data epochs »
Reject data using ICA »

. Extract data epochs - pop_spoch()

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

FMRIB Tools »
Locate dipoles using LORETA »

T

CleanLine
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Extract epochs

Iy
o M

J | [

I 1o '-'r“if‘v"'w ra !
W s | WA [k el W
\a N

M I V

| Tam Li v \/ ‘ L

LA b” b v ¥ gn W
v

M JV.»
" MW \ )IM

)
\l N .\ .‘
I H{ |'|‘1 "l‘.‘ ll‘l W W

\h
¢|

N(‘U[l:l'iill."l'lll.:'

SimpleOddball nontargets Edit description

Browse

al -- pop_rmbase()
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S
-

n Dataset info -- pop_newset()

What do you want to do with the new dataset?
MName it:
] Save it as file:

SimpleOddball non-target epochs

Edit description |

Browse |

Some changes have not been saved. What do you want to do with the old dataset?

o Qverwrite it in memary (set=yes; unset=create a new dataset)
[]  Saveit as file:

Help

CA\Users\marissa\Desktop\EEGLABwork

Cancel

Browse |

| ok |

BN EEGLAB v 11.0.5.40 s e

Save dataset (optional)

Center
Computational

Neuroscience

File

Edit Tools Plot

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

Mernory and other options

Study

u Save dataset with .set extension - pop_saveset() @
s = 1
Datasets  Help ~ uu | . v EEGLABworkshop » Data - | 4 | | Search 2|
Organize ~ Views Mew Folder
*ll targets . m icmm A
¥ Erorrrllils Mame Date modified Type
faces_3.set 11/11/2013 4:21 PM  SET File
4 [E| Documents = .
= R . || faces_4.set 11/11/2013 4:21 PM SET File
i Recent Places || simpleOddball set 11/13/2013 7:15 AM  SET File
Or save |ater from menu | = = | |simpleOddball_cont r.. 11/14/20139:57 PM  SET File
1M Computer || stern_125Hz.set 11/11/2013 417 PM  SET File
60 2 Recently Changed
120 i B Pictures L]
256 EB‘ Music
0102 FB Searches
+ 0.996 | Public
Unknﬂwn Falders - Fi | I 3
Yes i
No File name: ' SimpleOddball_non-target epochs M
47 ll Save as type: ’ (*.5et) VI
) Hide Folders [ Save | [ cancel |




Scroll (epoched) channel data
-

_J
R

.-

EEGLAB v11.0.5.4b

File Edit Teools | Plot | Study Datasets Help o
#3: SimF Channel ||:|[E' Scroll channel activities -- eegplot() EAEI)
Channel dat Figure Display Settings Help &
Filename: n Channel spe .
1
Channels ps Channel pro ﬂ
Frames per  Channel ER ~ B 2 5 ~ B 3 S S Morm |
Epochs Channel ERP R v .
S S
EventT ERP rnap ser EMT*:"'”‘ "',.m...,,_,
dimpling ra way i Sl
Piing Sum/Compag Mmﬁﬂm W
Epoch start i ﬁ% S
Epoch end |{ Component gm : Wk_ﬂ_mmmhx '
Channel loc Component R pia i
. b e e N
ICA weights Component S s Y N
: P P i ] = ':
Dataset size Com RN b e A
ponent|y R e A 3
E) A i :
Lompone ﬁwm . ""'*M;
Sum/Compd Rk R RS T
S ﬁm R vm-\';
Data statistic %% pmm
Tirne-freque o d-“""""";‘:::
Cluster datas ﬁ% S R PR e "‘{W"‘Wﬁ Scale
= o e R
[ b bRy Wararta ]
nttnbith o' I -+
0 250 500 0 250 500 0 250 500 0 250 500 0 250 500 i
Chan. Time  Value =
CAMCEL| Event types| == 1 | == 0.00 0.00 28 =i REJECT




Reject epochs with artifact

Stack
Norm
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28
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Reject data epochs

File  Edit

—#1:1

Filenz
Chan
Frarme
Epoch
Ewvant
Sarmp
Epoch
Epoch
Avara
Chan
[T wy
Cratas

Flot Datasets  Help N
Change sampling rate
Filter the data ] A
FEe-reference "

Feject continuous data by eye

Extract epochs

Femowe baseline

Fun 1CA

Femowe components

Automatic epoch rejection

Feject data using |CA »
Locate dipoles using BESA b
Locate dipoles using DIPFIT 2.1k
Laplacian b
FMEIE Toals ]
Grand average datasets »
Locate dipoles using LOREET A b
PCA plugin b

Feject data {all methads)

Feject by inspection

Feject extreme walues

Feject by linear trend fwvariance
Feject by probability

Feject by kurtosis

Feject by spectra

Export marks to [CA reject

Feject marked epochs

Compulal'bnal
MNeuroscience
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Reject data epochs

Mg fl
M Ay Mt Y I A
W] A J |V 10 I
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C nputational

Reject trials using data statistics - pop_rejme nu(} ol

Scroll Data

Cals | Plot

visual
Inspection

Calc [ Plot

Calculate

probability ‘

Hel

Calculate Scroll Data

Cals | Plot

Showe all trials marked for rejection by the measure selectad above or checked below
W Abnormal appearance R Abnormal values R Abnormal trends
W Improbable epochs W Abnormal distributions W Abnormal spectra

Close (keep marks) Clear all marks Reject marked trials




Reject data epochs

] A Iy 1
J N B M Mad W |
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Scroll Data

=]
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~1
=]

Number of epochs

Start by clicking above threshold

Calculate:

indicated here

[ o]
[}

it & il

-
-
[=]

Show all trials marked for rejection by the measure selected above or checked below
V1 il
] ]

Close (keep marks) Clear all marks Reject marked trials




Reject data epochs
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Reject data epochs

Swarl!
Center for
Cl)lupu[.lllulml
Reject trials using data statistics - pop_rejmenu(} Neuroscience




Reject data epochs

File  Edit

—#1:1

Filenz
Chan
Frarms
Epach
Event
Sarmp
Epach
Epach
Ayera
Chan
[ w
Catas

Flot Datasets  Help

Change sampling rate
Filter the data *
Fe-reference

Feject continuous data by eye

Extract epochs

Femowve baseline

Fumn 1CA

Femowe components

Automatic epoch rejection

Reject data epaochs

Feject data using ICA b
Locate dipoles using BESA b
Locate dipoles using DIFFIT 2.x
Laplacian b
FMEIE Tools ]
Crand average datasets b
Locate dipoles using LORET A b
PFCa plugin r

Feject data (all methods)
Feject by inspection

Feject extreme wvalues

Feject by linear trend wariance
Feject by probability

Feject by kurtosis

Feject bw spectra

Export marks to [Ca reject

Compulal'bnal
MNeuroscience
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Pre-processing pipeline

] N I \ Import event markers

Collect high-density = \
;|1 t into EEGLAB ) [ ‘
EEG data (>30 chan) mport into and channel locations I / '
- < | ( J/

\ B > g:\:;ifizqu ] N High pass filter l I\ Remove line noise \ E—
(if necessary) |_1/ (~.5-1H2z) P) (if necessary) I / '

/'/I
N |

Identify/reject l " | Reject large artifact I AN

L‘> bad channels |—1/ time points |_‘/




Visualize ERP in rectangular array

..\\ﬁ?":f‘—
B E£GLAB vi105.4b SHc>
File Edit Tools | Plot | Study  Datasets Help k] —
Y : =] |
#5: Simp_ Channel locations 3 Figure 3: plottopo() =
Channel data (scroll) Eile Edit View Inset Tools Desktop Window Help |
Filename: n Channel spectra and maps _‘I _3 H :.;i [23 5 &8 s’l'? -@ I@_ 6;2 - @_;- D IE‘ [ E
Channels pe Channel properties
Frames per Channel ERP image SimpleOddball targets rej
' Epochs Channel ERPs With scalp ma 1 3 1 7 o
Events ERP : In scalp/rect. g
Sampling ra map series pirect. g Ll e Aot e, AVELYa NS T v
Epochstart ~ ~™/CompereERPe ] 0 11 12 3 4 15 16
Epcu:h end { Component activations (scroll) ....Ivl'_‘l&a. ...EE'.&.‘ .,BM&-_ n-.hi.ﬁ-ﬂ—-.-. L T
Reference Component spectra and maps 17 3 19 0 1 2 3 24
i Channgl loc Component maps 4 ' R .4;,&.._. P, W
ICA weights Component properties 5 G I a8 9 30 31 32
Dataset siz¢  ,mponent ERP image %d,,_. j,‘,ﬂ,___ %ﬂ,_ z.i,ﬂf__ﬂ zjﬂm_ IV YA PR PP
Component ERPs L
2 2 2 2 2 2 2 l)_l
- Sum/Compare comp. ERPs —_— :iﬂ.&ﬁ :j!.li,&. : ; :Eﬂ& :Jiﬂ’.iﬁ :iﬂ.&n :-?.i"u“—“« _EM
Mata ctatictice 3
Topographic ERP plot - pop_plottopaol) E‘E‘ﬁ 41 42 43 4 45 46 47 48
TN LY. W, VS 1.\,&"_'54 b-“,&&-\« ..Bﬂ'&-u ...Eﬂ'lﬂa-. ...bhh
Channels to plot 1:66 g 50 g1 2 £3 Edf fET fET
Flot title SimpleOddball nontargsts rej o ™ i 1 1 l
Plot single trials (set=yes) eT EB g ] 1 E'ﬁ. 63 B4
Plot in rect. array 7 {s —-‘ﬂﬂ-‘ﬁ —*ﬂﬁh« j’ﬁﬂ«:— -E[-—j—‘\— P —— o "*ﬂw‘én 1‘?&"‘?‘
£20.
Other plot options (see help) RE GG
FJW"‘!:— I'*]'*n-n“‘ﬂ“i _2[' 1
Help Ok -0 -
Time (m=)
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| Visualize ERP Iin topographic array
-

e

3

[ B E£GLAB v1105.4b oo
File Edit Tools | Plot | Study Datasets Help N Figure 2: plottopol(} - -
___#5: Simg Channel locations '3 File Edit View Inset Tools Desktop Window Help ¥
Channel data (scroll) _hl _,1 IH ;;! [:& CRCN {ﬂ‘? @ ILE‘_ 34.9 - @_;- D IE‘ B E
Filename: n Channel spectra and maps
Channels pe Channel properties SlmpIeDddball targetS F%ED%
Frames per Channel ERP image
Epochs Channel ERP With scal %bp,&
' Events ER;ME .s : | Slcafpr:Ei HED Fp i Fp
Sampling ra mep e mrEE AF M AF
Epoch start Sum/Compare ERPs AF AF AF
Epoch end ( Compenent activations (scroll) F7 FE{“‘&- E#&&EE
Reference Component spectra and maps F3 F1 i 2 4
Channel loc Component maps * Fr*pb ﬂ | E: l_—r*&'!-
I ICA weigh.ts Component properties A = FC c FC C = ¢
Dataset siz¢ Component ERP image
Component ERPs YR T7 Ca[" C3|i c1l¥ Cz| c2 Y C4 Ch T8

Sum/Compare comp. ERPs

.- ____Data statistics » s %P%P%CP%P%CP%— %“ﬂ‘_ﬂt_
Topographic ERP plot - pop_plottopol() l‘:' El -Ehl TF = CP TP

Channels to plat 1-66 F'TJFG.E5| 3 1 z 2 P4 P& PB.\A;.
Plot ti.tle . SimpleOddball nontargets rej F'EI+’§— PO F.Oz{uﬂv‘ F'Cld{qﬂ'# Pﬂ},ﬁ.ﬁ
Plot single trials (set=yas) PO PO 201
Plot in rect. array (set=yes) 01 Oz%ﬂw‘ Dz-ﬁﬂw L
(Other plot options (see help) ydir, 1 201
+ﬂ__‘ 102 996
lz -
Help Cancel | Ok [
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Visualize ERP scalp distribution

‘ B ERP data and scalp maps -- pop_timtopo() SHACIN X
p Plotting time range (ms): 101 5675 9960938 cﬁ'ﬁ;",':m.
" Scalp map latencies (ms, NalM -> max-EMS) Mak
Plot title: ERP data and scalp map:

Scalp map options (see >> help topoplot):

Cluster dataset ICs

Help Cance ok |
B Figure 2: timtopo() =RUCIH_X_]
- File Edit View Inset Tools Desktop Window Help
B EEGLAB vi1.0.54b = | 5 kS o ——
LY [ (&
— [P Ddde | ARV ELN- S 0EH ad
File Edit Tools | Plot | Study Datasets Help o
#5: SimF Channel locations * .I,j 352
Channel data (scroll)
Filename: n Channel spectra and maps
Channels pe Channel properties
Frames per Channel ERP image
2,
| Epochs Channel ERPs With scalp maps
Event? ERP map series In scalp/rect. array
ampling ra
Sumy/Compare ERPs
Epoch start i
EDOCh end ( Component activations (scroll)
Reference Component spectra and maps —
i Channel loc Component maps r ' =
ICA weights Component properties 5
Dataset size Component ERP image E
Component ERPs 4 E
- Surn/Compare comp. ERPs —_— E
(] :
Data statistics 4 L :
Time-frequency transforms L
i

0 200 400 600 800




Visualize channel ERPs Iin 2D

B EEGLAE v11.0.5.4b

File Edit Tools | Plot | Study  Datg

__ #4: 8Simg

Filename: n
Channels pe
Frames per
Epochs
Events
Sampling ra
Epoch start
Epoch end |
Reference
Channel loc
|ICA weights
Dataset size

[ Plot ERP scalp maps in 2-0 -- pop_to cﬂntﬂl - = | B |
p map pop_topop L B
Plotting ERP scalp maps at these latencies 25-25-300 c‘g" 3
(range: -102 to 996 ms, NaM -= empty): eufosclence
Plot title
- = | B |
Plot geomet u T
Eile Edit VNiew Inset Tools Desktop Window Help N
Channel locatidg == Additiona H_bl = H =N [% %, & q-;\rr? @ '4;‘_ Jz . ﬁ,-u D IE m O
Channel data (
Channel spectr
Channel prope Help
Channel ERP in_
Channel ERPs r

ERP map series !
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps r
Component properties

Component ERP image

Component ERPs i

Sum/Compare comp. ERPs
Data statistics »

Time-frequency transforms k

Cluster dataset ICs

SimpleOddhball targets rej

16.2
8.1

-8.1
-16.2




Visualize channel ERPs in 3D

- Figure 2

N
\\;-' Eile Edit VNiew Inset Tools Desktop Window Help u
I‘DiﬁﬂéM | ROV EA- 2|0 =@
B EEGLAB v11.05.4b TSl
- 400 eae ST e B 150 ms
File Edit Tools |Plot | Study Datasets Help | [ Figure 3 o] (0
#4. SimF Channel locations File Edit VMiew Insert Tools Desktop Window Help o
Channel data (scroll) Odde | s | R {ﬁp@]@ s @| 0 E' = O ol I
Filename  n Channel spectra and maps 130 ms &
Channels p¢ Channel properties
Frames per Channel ERP image , . 50 ms
Epochs Channel ERPs
Events :
ERP map series .
Sﬂl!}iﬂ_] ra
Sum/Compare ERPs ]
Epoch start - " ]
Epoch end | Component activations (scrol m
Reference Component spectra and map
Channel loc Component maps 10 ms
ICA weights Component properties 219
Dataset siz¢ Component ERP image | 109
Component ERPs 7 1]
— - Surn/Compare comp. ERP= ] -10.9
Data statistics =219
Time-frequency transforms \bis
Cluster dataset ICs I
T - = _J4
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- Practice data set: Sternberg working memory
-

_J

- File .../SampleData/stern.set
Data Continuous data (not epoched), ref‘d to right mastoid
Task between 3 and 7 letters to memorize (colored black),
between 1 and 5 letters to ignore (colored green),
8 letters presented during each trial
50% chance of probe letter being ‘in-set'

Fixation SOA Maintenance

(5 sec) (1.4 sec) (2-4sec) Probhe

U T D !
+[M]L][T][G][P][Y][Q][wW]]-

ﬁ /J\ See 'SternbergTaskExplanation.pdf' in (RT)\l

Memorize workshop folder for more task details.

Ignore

Was this letter in the memorized set? | RESPONSE




4

Exercise

ALL
-Load stern_125Hz.set (continuous data)
-Do not save your changes under the same filename!

Novice

-Scroll channel data and explore plotting options

-Reject noisy time points and channels by visual inspection
-Import standard channel locations

Intermediate

-Epoch the data and reject noisy epochs by auto rejection
-Plot channel ERPs

-Try different filter methods and cut-offs, compare results

Advanced (requires supplementary material)
-Compare channel ERPs across conditions




Supplementary lessons




Compare ERPs across conditions

A | ™
i A N M | ™,
[T A WA TV 'y a0 VS VY YA R LTI V VAN A nd b S M0 L ™ W e 2 LA [ TP Y b N ||
ML -‘JI'{ VoMl o B L v W . \ L L MU g Nt Vi I YA A WY PY AT Sl P Ny
LA A P ! o i ARV i Vo W |

v

‘ W

EGLAB v7.1.7.18 S
File Edit Tools Plot Study RMEIEESE & |

Dataset L:5ternberg Continuous Data

v Dataset 2:5ternberg Memorize epochs

Dataset 3:5ternberg Ignore epochs

Select multiple datasets

How do '‘Memorize' and
‘Ignore' ERPs differ?




Compare ERPs across conditions

(B ecciae v7.17.180 [

File Edit Tnnlsm Datasets Help 1-'|

Compare ERPs

rai < 3

Neuroscience

Data statistics ¥

Time-frequency transforms ¥

Cluster dataset ICs

#9- Stal Channel location ERP grand average/RMS - pop_comperp() o l =] |_ﬂh]
- Channel data (sci fI’OIT] tWO COHdItIOﬂS
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>>pop_comperp(ALLEEG,1,[2 3],[]1, addavg®, "off","addstd", "off",
*addall*®,"on","diffavg”, "off",“diffstd", "off", "lowpass"”, 20,

"tplotopt” ,{"ydir",1});
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Analysis of ERP differences
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Plot difference
between two conditions

Cancel

>> pop_comperp(ALLEEG,1, 2, 3,"addavg”, "off",..
"addstd®, "off", “diffavg","on", "diffstd", "off",
"lowpass”®,20, "tplotopt”,{"ydir",1});



Analysis of ERP differences
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Merge (append) datasets
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Merged datasets
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