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Artifact rejection and running ICA

Task 1
Reject bad channels

Exercise...
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Load/scroll data

Computational

Neuroscience

EEGLAB v5.03

EEGLAB v5.03

|'ﬁ' > V= /==~
B = oo Por Sty Datasets Hei | File Ecit Tools MM Uy Datasets Help

Impart cata = Channel locations -
[Frpar epoch nfo I aset —#1: faces. Channel data (scroll)
Import event info - .. : Channel spectra and maps
5 an existing dataset; Filenarme: ...c _

Export - |dara" (Maw) Channels pe Channel properties
Load existing dataset isting dataset” (old) Frarmes per ¢ Channel ERP image
Sawe CUrrent dataset(s . Epochs Channel EREs

(=) b info" (data epochs) else Ep : -
Save CUrrent dataset as WEnLs ERF map series -

Finfo" (continuous data)l Sampling rat

Clear dataset(s) "fadd/adit dataset info) surmfCompare ERFs
Create stuchy " (save dataset) Epoch start { Component activations (scroll
“ | Salact data” Epoch end (s
Load existing stuch > Reject continuous Average refe Companent spectra and maps
Save CUrrent stuchy = Extract epochs” Char‘lr‘lgl lac:  Component maps =
Save current study as Tools > Remove [ A wmghtg Component properties
= Fun [CA" Dataset siza :
Clear studhy Component EEF image
. Memory options ) Component ERFS =
- SumyfCompare comp. ERPs —
Sawve history -
Quit Diata statistics -

Time-frequency transforms .-

Ayerage time-freguency

Mew Time-freq. transforms .-

>> EEG = pop_loadset("faces_3.set”, "...\data\");
>> [ALLEEG EEG CURRENTSET] = eeg store(ALLEEG, EEG, 0);
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Reject bad channels

Cﬁi\'\pmnﬁcml
» Scroll channel activities -- eegplot() =1 euroscience
Figure Display Seffings Help N
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>> pop_eegplot(EEG, 1, 1, 1);
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Reject bad channels (manually)

EEGLAB v5.03

Dataset info
Ewvent fields
Ewent walues
Apout this dataset
Channel locations

FilE_TDDlS Flot  =tuchs  Datasets  Help

Select data

Select epochs/fevents

Copy current dataset
Append datasets
Delete datasetis)

Selectdata — pop_select()

19 24

Scroll dataset

Hel

EEG = pop_select(EEG, "nochannel®™, [19 24]);
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Reject bad channels (automatic)

CQmpul.uhnal
Neuroscience

Reject channel — pop_rejchan()

File  Edit S Plat Datazets Help k] T Electrode {number{ﬂ; £ 5:': I 1:33 i
o ; 'M.eazu'r.e to use: . Frobability =
— #1- ange sampling rate MNormalize measure (check =on N
Filter the data b .
Threshald limits [max]: | 2 |
- Re-reference
F| | amg L 801 e
Chan Reject continuous data by eye o e A
o Cancel | Halp | Ok | B NCTEG
Fram Extract epochs e AT
Epoch ) B T e N Y VY & W v SRR
. Remowve baseline N I s
pnswﬁwwmmwwwwﬂwww
Samp Run 1CA EUSWWWW%WWW%WWWwWWWM
?‘”MWW%MWWWMWMWMW‘WWW“
Epoch Femowve components L U T i T e e
Epoch e —— N e N
- omatic Ccnannel re|ectian
Lovara AULOMatic channel rejection eWA%NWM%WWMM%wMWVMWMM
Chan{  Automatic epoch rejection S NN wit's ey S OLASI SN A A ARV A S A
[ CA w
Datas Reject data using 1CA »
Fun AmICA, 4
3 [ A AN PN it A AA g it A NI o P i N PN i s AN i
Fen CICA, o24 My A il " m\,r\;m,f.w‘wﬂ o J\M;’\,VIJ‘V‘I\«ﬂ“W'N\'“ﬂ"' Mmhqv-\x\w,mw\wv-u‘v’ﬂ\w Wy A Wm \wf;\,;—v-wwu“ﬂ,w I N e g
eZSWWWWMWWWWWWW
i i eZ6
Locate dipoles using DIPFIT 2. ¥ T T e B e ——
028 | A AP AN s i st Pttt eI e s o) s NI i e g Aot
FMEIE Tools b = " e ot v
Scale
BEM 4 SCCH heta ] EE?WWVWWWMWW%WMW%MW .
. . I MMWWWWMWWWWMWWW
Locate dipoles using LORET A 4 :2 Lo s A it A 0 e\ e eV ot o eimnp A T
Chan. Time Value

cancE >y _J|07 ol e e 2 W :J ReECT
>> EEG = pop rejchan(EEG, "elec",[1:33] , "threshold",2,...
"norm®", "on", "measure®, "prob®);
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Reject bad channels

Tl
Dataset info — pop_newset() - | 0OX nce

Optionally change default dataset name

ntinuous Edit description |

S Browse

 Cace | Hep | ok ]

EEGLAE v5.03 EEGLAB v5.03

File Edit Tools Plot Siuchy Datasets  Help

File Edit Tools Plot Stucy  Datasets  Help

IR
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Artifact rejection and running ICA

Task 2
Reject continuous data

Exercise...
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Reject continuous data

- >, » 4
3 CQmpulalbml

- Equivalent!!

EEGLAB v5.03 D= .- EEGLAB v5.03

File Edit - Plot =tudy  Datasets Help | File Edit Tools - Study Datasets  Help
Change sampling rate Channel locations -
—#20 . Firer the gara - —#2:faces . (scroll}
_ Fe-reference _ Channel spectra and maps
Filena Feject continuous data by eye Pllaialmst g Channel properties
Chann Channels pel _
Frarne Extract epochs Frarmes per e Channel ERP image
Epoch FRemowve baseline Epochs Channel ERFs -
Events Feject data epochs = Evants EREP map series =
UL —, SAMPHRGRRSE <0 oo mpare ERPS
Epoch Epoch start ) —
Epoch Femove components Epoch end (s Component activations (scrolly
Avarag  Reject data using ICA, - Awvarage rafe Component spectra and maps
Chann | prate dipoles using BESA - Channel loca  Component maps p
ICA WS | o care dipoles using DIFFIT Ly - ICA welghts  comnonent properties
Cratase i i Cataset size | :
Locate dipales using DIFFIT 2.5 .- Component ERF image
Laplacian - Camponent ERFs =
—
SumyfCampare comp. ERPs
Marlk stretches of continuous data for rejection DENE) SIS -
by dragging the laft mouse button, Click on marked Time-freguency transfarms .-
stratches to unmark, When done,prass "REJECT" to n —
axcisa marked stretches (Mote: Leavas rajection WEEE URREAT2EEn Ty
boundary markers in the evant table), Mew Time-freq. transforms .
| Cancel | Continue |
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Reject continuous data

Computational

Scroll channe! activities — eegplot(} N‘Illﬂlﬂlﬂﬁt

Figure Display Settings  Help k]
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Reject continuous data

Campulallonal
Neuroscience

To prepare data for ICA:

Reject large muscle or
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Artifact rejection and running ICA

Task 3
Reject data epochs

Exercise...
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Extract Epochs (review)

Y S(':I'Z% \
e enter

3 / C:I:pul.uhnal

)\-’Z Neuroscience

(use shift|ctrl to

EEGLAB v5.03

File Edit - Plot  =tuchy Datasets  Help select sevaral)

Change sarmpling rate boundary
—#2: f
Filter the data -
: Fe-reference
Fl2ng Feject continuaus data by e
Chanr : ¥ EYE

Frame Extract epochs
Epoch Remowe baseline

BVEAL: oiect data epachs o
Sampl
Epoch Fun [CA
Epoch Femmae components ‘ ‘
Cancel Dk,
Avara, Reject data using [CA -
Chanr | qrate dipoles using BESA -
[, w : :
Datas Locate dipoles using DIFFIT 1.x - Ex y . ho
£ tractdata e 5 - e
Locate dipoles using DIFFIT 2.% - s S
Laplacian . Flocking event type(si(O=all) | | |
EMRIE Tools . limits [start, end] in seconds | -1 2
Grand average datasets - 2 for the new dataset | faces_3_chans removed epochs

-k d= EEG limits if i
Locate dipoles using LORETA - ° “Unes Ui 7 ¥ty (Bl Giees) |

FCA alugin
L - Cancel | Halp | Ok
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Extract epochs (review)

Computational

*"; . Neuroscience

Dataset info — pop_newset()

What do you want to do with the new dataset?
Mame it |
| Saveitas file |

faces _3 epochs

What do you want to do with the ol
| Owerwrite it in mamory (sar=1yeas

Baseline latency range (min_ms max_ny

EEGLAB v5.03

{ -100 0
Cancel | Elze, baseline points wector (ex: 156 (] File Edit Tools Plot “iucy Datasets Help
lowvarwritten by latency range abowe),
| —#3: faces_3_chans removed epochs
Cancal Halp Filaname: none
Channels per frame 31
Frames par anoch 750
Epochs 364
Events 100
sampling rate (Hz) 250
Epoch start (sag) -1.000
— L] . w = L] _ Epoch end (sec) 1,996
>> EEG pop_epoch(EEG, {"face object*},[-1 2], --- Average reference e
"newname”, "faces 3 epochs' - - Channel locations Yas
v - . - T [CA waights Yas
epochinfo”, "yes"); Dataset size (Mb)  70.6
>> EEG = pop_rmbase(EEG,[-100 0]);
>> [ALLEEG EEG CURRENTSET] = pop_newset(ALLEEG,EEG," - ’

CURRENTSET, "setname*®, "faces_3 epochs®);
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Reject data epochs

EEGLAE vB.0b

File  Edit
—#1:1

Filerz
Chan
Frarre
Epoch
Event
Samp
Epoch
Epoch
Avara
Chan
[ A
Datas

Re-reference

Feject continuous data by eve

Tools el Datasets  Help L]
Change sampling rate S
Filter the data b

Extract epochs

Femowve haseline

R [CA

Femove components

Automatic epoch rejection

Feject data epochs

Feject data using [CA b
Locate dipoles using BESA »
Locate dipoles using DIPFIT 2.1
Laplacian b
FMEIE Tools ]
Crand average datasets b
Locate dipales using LORET A b
FCa plugin r

Feject data {all methods)

Feject b inspection

Feject extreme wvalues

Feject by linear trend fvariance
Feject by protability

Feject by kurtosis

Feject by spectra

Export marks to [CA reject

Feject marked epochs
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visual
Inspection

Reject data epochs

t trials using data sta s - pop_rejmenu()

Scroll Data |

Calc [ Plot
50
1:31

Calc [ Plot

Calculate

Calculate

Calc § Plot

Show all trials marked for rajection by the measure selected above or checked below
W Abnormal appearance W Abnormal walues R Abnormal trends
W Improbable epochs W Abnormal distributions W Abnormal spectra

Close (keep marks) Clear all marks Reject marked trials
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Reject data epochs

Chaiatinal
Neuroscience

Warning

Epochs (=trials) marked for rejection hawvae bean notad,
To actually reject thase apochs, use

EDTWMWV“W Tools > Reject data epochs » Reject marked epochs
|

002 s b e ot s | Ok I
003 PPl o s ™ s, s A gt eed
b o7 L o AR NN
208 WWWMWMWWWWWWW
o MWMWWWMWWWW%MW\WW

WSW%WWWWWWWWWWWW
eld | 4 . .
| ! | I
els ! =
I | I
elf o
I |
T

|
EWTWWMWMMWWW

ez W%WWWWMWWWMMWMW
| | | |
823 MWWWWWW%WWWWW
| | [ Scale
eidl
| |
edl
X 125

B3z | I

o R
eaa*MmWWWWWWWWWWWWWN W j
L L 1 L 1 1 1 L 1 1 L 1 L L 1 L L 1 1 1 1 L L L
-500 0 500 1000 -1000 -500 i 500 1000 -1000 -500 i 500 1000 -1000  -500 0 500 1000 -1000  -500 0 500 1000 -1000
Chan. Time Value
CANCEL Event types << < 23 >x 204 1220.8656 29,6228 125 UFDATE MARKS
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Plot channel measures over time

t trials using data sta s - pop_rejmenu()

Scroll Data |

Calc [ Plot

=0
151

Calc [ Plot

Calculate

Calculate

Calc § Plot

Show all trials marked for rajection by the measure selected above or checked below
W Abnormal appearance W Abnormal walues R Abnormal trends
W Improbable epochs W Abnormal distributions W Abnormal spectra

Close (keep marks) Clear all marks Reject marked trials




Reject data epochs

FEile  Edit ¥iew |Insert Tools Deskiop Win

Trials

Computational
Neuroscience

1z I [ [ [ | [ 'He Eox Yew jatn Tooh Deittse Modew Heo
DFES| |Ran® || 08|s 2
Anjected (aly
10— -
=
i —
Bl o
xS
4 e
'y
so0f
Tl
= =—— ___>
| | 1 i 1 L | Ty
or on
N Ly Noisy epoch
E—

. N A
1234557910

5 @ All-channe 5 UPDATE

(@ Singla-channe
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Reject data epochs
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Reject data epochs

CQmpulalbnal
Neuroscience

File  Edit Flot Datasets  Help N
Change sampling rate
—#1: 1 _ s —
Filter the data b
Filend Fe-reference .
Chan Feject continuous data by eyve
Fram: Extract epochs
Epoch

Femove baseline
Ewvant

Sarmp Fun 1CA

Epoch Femowve campanents

iﬁ::; Autaormatic epoch rejection

Chan Reject data epochs Feject data (all methods)

[ CA w Reject data using 1CA ] Reject by inspection

Datas Locate dipales using BESA b Feject extreme wvalues
Locate dipales using DIPFIT 2.x » Feject by linear trend variance
Laplacian ] Feject by probability
FMEIE Taals 9 Feject by kurtosis
Crand average datasets b Feject by spectra
Locate dipoles using LORET A 3 Export marks to |CA reject
FCaA plugin r

>> EEG = pop_jointprob(EEG,1,[1:31],5,5,0,0);
>> EEG = pop_rejepoch(EEG,find(EEG.reject.rejglobal),0);
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Reject data epochs (automatic)

et r
¢

Computational
Neuroscience

EEGLABR v5.03b

File  Edit Datasets  Help

Change sampling rate
—#2: 1 _
Filter the data b
. Fe-reference

Filerzs

Chan Feject continuous data by eyve Automatic artifact rejetion — pop_auorej()

Fram: Extract epochs
Epoch
Ewvent
Samp Fun 1CA

Detection of extremelly large fluctuations {channels only)
Threshald lirit (microb') | 1000

Femowe baseline

Epoch Femove compaonents

Detection of unprobable activity {channels or ICA)

iﬁ::; Automatic channel rejection Do net use thesa channel ndices (default=all) |
Chan Automatic epoch rejection Use thase [CA components instesd of data chainels |
[ Reject data epochs » Probability threshold (std, devw,) | g
Datas Reject data using ICA , Maximum % of tota trials to reject per iteration | g
Fun AMICA g _ Check box for wisual inspection of rasults 4
Fun CICA
Locate dipales using DIFHIL 2% b Cancal | Help | Ol
FMEIE Tools »
BEM4 SCCH beta ]
Locate dipoles using LORET & b
w

>> EEG = pop_autorej(EEG, "nogui®, "on", "eegplot®, "on");
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Reject d

mefjulis — e

File Edit View Teminal Tabs Help
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13 channel selected

H H H Computational
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Fop s=lect: removing 22 urrefererced events Figure Display Settings  Help ~
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Artifact rejection and running ICA

e

Task 1

Reject bad channels
Task 2

Reject continuous data
Task 3

Reject data epochs
Task 4

Run ICA
Task 5

Plot components
Exercise...
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Independent Component Analysis
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x = scalp EEG
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o

File Edit
—#1: 1

Filenz
Chan

Fram:
Epaoch
Ewvant
Samp
Epoch
Epoch
Avara
Chan

[ZA
Cratas

Runica options

Flot Datasets  Help
Change sampling rate
Filter the data b

Fe-reference

Feject continuous data by ewe

Extract epaochs

Femowve baseline

Fumn [CA

Femowve components

Automatic epoch rejection

Feject data epochs [
Feject data using ICA »
Locate dipoles using BESA »
Locate dipaoles using DIFFIT 2.1
Laplacian r
FMEIE Tools ]

PCa plugin

Cancel

CQmpulalbnal

ICAalgorithm to use (click to salect)
Commandling aptions (2e halp massages)
Channel typelsior channel indices |

Option Default Comments S -
‘extended’ 0 1 is recommended to
find sub-gaussians
‘stop’ le-7 final weight change - stop
‘Irate’ determined too small - too long...
from data too large = wts blow up
‘maxsteps’ 512 more channels - more steps
‘pca’ Oor Decompose only a
EEG.nbchan  principal data subspace
Other algorithms:
Run ICA decomposition - pop_runicaf) binica, jader,erica,SObi,aCSObirO
runica =
“MEMEETSRO 780 |
.. types | ... channels |
| Halp | Ok,
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Runica progress...

Fress Button o interupt runica

Interrupt

Input data =ize [33,133175] = 33 channels, 1331759 frames/nFinding 32 ICH components using extended ICA.
Kurtoziz will be caloculated initially ewvery 1 blocks using BOOO data points.,
Deconposing 122 frames per ICA weight ({10833°2 = 133179 weights, Initial learning rate will be 0,001, block size

Learning rate will be multiplied by 0,98 whenever angledelta »= B0 deg, :

More than 32 charnels: default stopping weight change 1E-7 step 241 - lrate 0,000002, wchange 0,00000082, angledelta 101.5 deg

Training will end when wchange < 1e-07 or after 412 steps, step 242 - lrate 0,000001, wchange 000000061, angledelta 95,1 dag

Online bias adjustment will be used, step 243 - lrate 0,000001, wchange 0,00000057, angledelta 97,5 deg

Removing mean of each channel ... step 244 - lrate 0000001, wchange O,00000054, angledelta 93,7 deg

Final training data range: -171,806 to 179,094 step 245 - lrate 0,000001, wchange 0,00000055%, angledelta 100,3 deg

o 37 e bl e i Tl 0 0

; ; ; ; ; ztep - lrate 0, » wchange 0, , angledelta 91,3 deg

g:;ﬁ;fi:g fﬁ;ggziaare the identity matrix ... step 248 - lrate 0,000001. wchange 0,00000045. angledelta 101.5 deg

Beainni ICE t R First traini £ b 1 step 249 - lrate 0,000001, wchange 0,00000041, angledelta 103,1 deq

eglnning Falning ... r1rst. tralning sLep may De =100 ... step 250 - lrate 0,000001, wchange 0,00000035, angledelta 95.5 deg

step 1 - lrate 0,001000, wchange 16,85061324, angledelta 0,0 deg step 251 - lrate 0,000001, wchange 0,00000033, angledelta 92,1 deg

step £ - lrate 0,001000, wchange 0,26VE0405, angledelta 0.0 deg step 252 - lrate 0,000001, wchange 000000029, angledelta 97,4 deg

wlep 3 - lrabe Q001000 wohoange 0,73095323, anyledella 104,00 dey step 203 - lrate 0,000001, wchange 0,00000030, angledelta 95,5 deg

ztep 4 - lrate 0,000980, wchange O,BEVOO031, angledelta 147,72 deg step 204 - lrate 0,000001, wchange O,00000023, angledelta 94,2 deg

gtep B - lrate 0,000960, wchange 0,62849071, angledelta 146.5 deg step 285 - lrate 0,000001, wchange 000000023, angledelta 97,6 deg

step B - lrate 0,000941, wchange 0,73967355, angledelta 150.7 deg EEEE ggg ) %rﬁ:t: gggggg% ﬁ:gg: ggggggggf :gi:ﬂzﬁ: g;% 323

step g ~ i”‘te gﬂggggi’ ”':Ea”ge g*;igéggg’ angiegeﬁa 12%3 359 step 258 - lrate 0000001, wchangs 0,00000020, angledelta 99,1 dag

Rats. by - WENANge . - @ngiede.ta las.d deg step 259 - lrate 0,000001, wchange 0,00000013, angledelta 95,0 deg

3 - lrate 0,000886, wchange 0,74536157, angledelta 156.0 deg step ZE0 - lrate 0,000001, uchange 0,00000015, angledslta 98.3 deg

10 - lrate 0,000868, wchange 0,72101402, angledelta 143.7 deg step 261 - lrate 0,000001, wchange O,00000014, angledelta 93,0 deg

11 - lrate 0,000851, wchange 0,14690114, angledelta 102.5 deg step 262 - lrate 0,000001, wchange 0,00000014, angledelta 94,3 deg

12 - lrate 0,000834, wchange 0,11822100, angledelta 114,32 deg step 262 - lrate 0000001, wchange 0,00000013, angledelta 95.4 deq

13 - lrate 0,000817, wchange 0,75552966, angledelta 100.6 deg SEEF‘ ggg B i"ate gggggg% “Cﬂanﬂe gggggggﬁ anﬂiegeita‘ gg% 339

_ step - lrate 0, , wchange 0, , angledelta 96,1 deg

%g - }E:E: g*ggggg%’ 32}}::29: g*fgigggg?’ :ﬁ:g:i:g %gﬂéldgeg step 266 - lrate 0,000001, wchange 0.00000010, angledelta 94,8 deg

: . 95 . s &N +=_ 03 step 267 - lrate 0,000001, wchange 0,00000010, angledelta 94,5 deg

16 - lrate 0,000763, wchange 0,10285606, angledelta 110.7 deg step 268 - lrate 0,000001, wchange 000000010, angledelta 97,7 deg

17 - lrate 0000754, wchange 0,03770433, angledelta 118,65 deg step 269 - lrate 0,000001, wchange 0,00000008, angledelta 95,1 deg
step 18 - lrate 0,000733, wchange 0,03544423, angledelta 117.1 deg Sorting components in descending order of mean projected wariance ...

Permuting the activation wave forms ...

-
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Artifact rejection and running ICA

Task 5
Plot components
Exercise...
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Plot ICA scalp maps
File Edit Tools Datasets  Help e %@}

Channel locations L Coiti
—#1: faces N Nslbotcs
Channel data (scraoll)

Filename: Channel spectra and maps

Channels pe Channel properties

Frames pear ¢ Channel ERP image
Epochs

Channel ERPs 3
Evants
sampling rat ERF map series b
Epoch start sumjCompare ERPs

Epoch end (:

Avarage refe
Channal loes Component spectra and maps

Companent activations (scroll)

[CA weights Compaonent maps In 2-D

Dataset size Carponent properties In 3-D
Component ERP image [T
Compaonent ERPs | S .

SumfCompare comp. ERPs

Data statistics b

Time-frequency transfarms b

Awerage time-frequency

Component numbers 1:12
(negate index to invert component polarity; Nal -> empty subplot; Ba -1 Napl 3)

Plot title [ ICA Components
Plot geometry (rows,col.l [ -> near square | i]

Plot associated dipole(s) (if prasent) O

-> Additional tonanlatiandalipaisioptivnr oo e

| ‘alactrodas’, 'off’

Cancel | Help | Ok |

L =
EEGLAB Workshop VII, Apr. 20-22, 2009, Bloomington, IN: Julie Onton — Artifact rejection and running ICA 29




+> help topoplot

Ugage:

Required Inputa:

datavector

chan_loca

ta:

'maplimits

'electrodea "’

'plotchana’

'plotgrid’

»>» topoploti{datavector, EEG.chanlocs)
»>» topoplot(datavector, 'my_chan.loca'): % read a channel locaticons file and plot a map
»> topoplot|'example') ;
»>» [h grid_or_wal plotrad _or _grid, xmesh, ymesh]l= ...

[T < = %
File  Edit View

g

Terminal Go  Help

Elot a topographic map of a scalp data field in a 2-D circular wview
{locking down at the top of the head) uaing interpolation on a fine
cartesian grid. Can alsc show specified channnel locaticnia)l, or return
an interpoclated wvalue at an arbitrary acalp locaticon (sese 'noplot').

By default, channel locaticons below head center (arc_length 0.5) are
shown in a 'skirt' ocutside the cartocon head (see 'plotrad' and "headrad'
cpticna below) . Moss i3 at top of pleot; left iz left; right is right.
Using opticn 'plotgrid', the plot may be cne or more rectangular grids.

% plot a map using an EES chanlocs structure

% give an example of an electrode location file

-n

topoplot idatavector, chan_locs, 'Inputl', 'Valuel', ...}

gingle wvector of channel wvalues. Else, if a vector of selected subaet
{int) channel numbers ->* mark their locaticni{a) using '"style' 'blank'.
name of an EE3Z electrode positicn file (»> topoplot example) .

Elzse, an EES.chanloca atructure (>» help pop_editset)

'"abamax" -» acale map colora to +/- the abaclute-max (makes green 0) ;
"maxmin" -» acale colors to the data range (makea green mid-range) ;
[1z.hi] -» uae user-definined lo/hi limits {default: 'abamax']

'"map "’ -» plot colored map only

'contour' -> plot contour lines only

'Both” -> plot both colored map and contour lines

PFill” -> plot constant color between contour lines

'blank ! -» plot electrode locations conly [default: "both')

'on', "off"', 'labela’, 'numbers’, 'ptalakels’, "ptanumbera'. To 3et the 'pta' marker,
gee 'Plot detail copticns' below. {default: 'on' -> mark electrode locaticons
with pointas ('.') unless more than 64 channels, then ‘'off'l.

wvector of channel indicea to use in making the head plot.

[default: [] -» plot all chansl

[channela] Plot channel data in one or more rectangular grida, as

gpecified by [channelz].
the topographic locaticons of the channels in the grid. Zero wvaluea are
given the figure background color: negative integera, the color of the

a position matrix of channel numbers defining

-

B3

1B
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Plot ICA scalp maps

File Edit Tools Plat | Datasets Help
Channel locations

__ No currel

Channel data (scrall)
Channel spectra and maps

- Create a ned
Use "File : Channel properties

Or "File : Channel ERP image

- IF new, Channel ERPs
“"File > Impx

"File > Impr
"Edit > Dat: SumfCompare ERPs

ERF map series

"File > Savi  Component activations (scroll)
Prune data:

Reject data:

Compaonent spectra and maps

- Epoch data;  COmponent maps " D
= Remove base!  Component properties In 30
- Run ICA:

Component ERP image

Compaonent ERPs —‘

SumsCompare comp. ERPs

DCiata statistics

Time-frequency transforms

Average time-frequency
Mews Time-fred. transforms

Edit

Wiewy |nsert Tools Deskiop  Window  Help

DEEE| LRAOS|E | 08| O

Component numbers | 112
(negate index to invert component polarity; NaN -> empty subplot; Ba -1 NaN 3)

Flot title [ ICA Components
Plot geometry (rows,col.l [1 -» near square | 0
Plot associated dipole(s)iif present) W]

' [,

- > Additional tonanletiandalipaisoptiona{zec i

| ‘alactrodas’, ‘off’

Cancel Help | Ok

S
®6¢
00 @

ICA Components

12

J

=
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Compare 'good' and 'bad' scalp maps

Wiew |nsert Tools Deskiop  Window Help

g RS 0|03

$000

BAD ICA Components ICA Components
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Scroll component activities

Neuroscience

Scroll component activities - eegplot()

EEGLAE wb.0b

. . Figure Display Settings  Help
File Edit  Tools S Datazets  Help

Channal lacations 111 1z 113 114 115

—#1: faces

Channel data {scroll)

Sl a i o Channel spectra and maps

Channels pe Channel properties
Frames per ¢ Channel ERF image

W
|

Epochs Channel ERPs S RSPy oV i M P SO UUMUNUP S NSO Y ¥ SO YU NP
Events ] ek Prrdi i A } ] b,
Samplmg rat ERF map series WMMWWWMWWMMW

WWMWWM%
Epoch start SurmnjCompare ERPs

Epoch end (=
Avearage rafe
Channeal locs

Component spectra and maps

[ S Y X P T S S U QU g g g
ra D0 o0 CR NP ora = O
H J

ging i\ SRR ACWNES N R AN N
[CA waights Component magps e O P ———
patasetsize|  component properties | I I St N S AR
Corponent ERP image %? . *’”‘”EE Aot oy s R e
p: )| IRV ——
Component ERPs = | P SR | N N S E T ——
30 . } o) . acale
SumjfiCompare comp. ERPs 312 ::m s B e [P
o et A i
Data statistics | em—————" . e S e .
-500 0 -100Q -500 0 -1000-500 O -1000-500 0 -1000-500 0 -1000

Time-frequency transforms

Chan. Time Yalue

Awerage time-frequency cancel Eventtypes| le<| M [T/ = =2l 1 masos eer | 12 j REJECT |

Cluster dataset [Cs

Time periods that are not independent across ICs
should be removed and ICA run again for better decomposition
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Channels

Components

FFPT AR NN o S TR - . i - -

ﬁkFE et Il uﬁﬂﬂwﬁwﬁwﬁw A T
Fi_5 M@ME“WLWMWW

TPD  ststimst, o ptehetba™ s e Pt oLttt e Vit it g SN e gl N e i e

l!:l T L " R s b N e e T s T I A s T et ot
e e e T L Ut a1 el M i Pl i ey e i 4 o ety
'-'cl:l

™ ) ity e A 0 "mreas -~ o
o A S ~ -



Plot ICA component properties

‘ N o TV NTrial 1
"*"‘
= y

A #

< - ———— ERP Image
N Ao AN s N Trial 2 I g
EEGLAR v6.0b T
File Ecit Tools W Datasets  Help ~ Te ' ‘ ' i
. b TN " N i
Channel locations ] R Vo VAN ] UAAMYY Y
—#1: faces a WP e -
Channel data {scrall) :zml rTigErr m - ImEr mn -
1 ,
Eilemammzs .. Channel spectra and maps o = s /u‘ ; N ; 4 . // .
Channels pel  Channel properties NIV VTS A~ | Tral 4 //
Frames per ¢ Channel ERP image File Edit ¥iew Ins %oi R R -m_ v W// R
EE;’;?: Channel ERPs » c ‘3 - Sy ’ Rt
) Qomponen M 4
Sampling rat ERP map series » P P omp?nent _ B.IC:tIVItY (g.:]_luba\\l. offset D.DT?)E /,/
Epoch start surjCompare ERPs 150 fn i e W i PR
Epoch and (2 . w : AR Tl 09 ,
Component activations (scroll) o] 3 . .7
Average refa = 100 .
Channel loc Component spectra and maps = 0 e
A weights Component maps » E & ,//
Dataset size Component properties (% a0 -/I},Q
Companent ERP image = . ;
=l 17 -1
Component ERPs b ' A ——
sumjfCompare camp. ERPs -1.7 !
Data statistics ’ -1 TEiIme ( ms}
Time-frequency transforms ] Aotivity power spectrum
Ayerage time-freguency
Cluster dataset ICs 0
il
=]
:: Component properties — po . [ X 2
5 -10
Component number to plot: =
o
A&
| ’ | 2 20
| | | |
0 10 20 30 40 50
Cancel | Help | ok | Frequency (Hz)
Cancel ACCEPT HELP Ok .
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Reviewing component properties

File  Edit
—#1:1

Filenz
Chan
Frarme
Epoch
Eveant
Sarmp
Epaoch
Epaoch
Ayera
Chan
[T w
Cratas

Flot Datasets  Help

Change sampling rate

Filter the data b
Fe-reference

Feject continuous data by eye

Extract epochs

Femowe baseline

Fun 1CA

Femowe components

Automatic epoch rejection

Feject data epochs b
Feject data using |Ch

Locate dipoles using BESA b
Locate dipoles using DIFFIT 2.5 #
Laplacian ]
FMEIE Tools ]
Grand average datasets »
Locate dipoles using LOREET A b
PCA plugin [

Feject components by map

Feject data (all methods)
Feject by inspection

Feject extreme wvalues

Feject by linear trend fvariance
Feject by probability

Feject by kurtosis

Feject by spectra

EEGLAB Workshop VII, Apr. 20-22, 2009, Bloomington, IN: Julie Onton — Artifact rejection and running ICA

Export marks to data reject

Feject marked epochs

CQmpul.uhnal
Neuroscience
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Component scalp maps/properties

Cancel | Gt i | S i :~‘-:—:<‘-:~:| e | Help | QK |

L =
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Component 4 properties

File Edit View

Insert  Tools

Window  Help

Component 4 map

4
=)

Magnitude [(dB)
o

4
o

Component 4 activity (global offset 0.036)

=orted Trials

1abp -

100

a0

ol g
L =

L o

i W ules

m
o e

-, =

2.3
b 1.3
¥ I

=115

-2.5

Time (ms)

Activily power spectrum

P e W e il |

o

Cancel |

10

|
20

|
30 40

Frequency (Hz)

."-".CCEF'Tl

HELF |

o0

o |

Help | 0K |

Eye blink component

-
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Component 9 properties

File Edit “iew Inset Tools  Window  Help
Component 8 map  Component 9 activity (global offset 0.026)
150 [ "o s e lod
L Y L f g = AT AR
T (el 07
i o Sredh -t " =
— T i [T TR 0
£ S0¢ i R T a1 i
o] il BT T o] W-0.7
G e
0.4 s Y S ST " -15
+ -0.4 | ﬁ.
-1 Scroll com pandent activities — eegplot()
. Figure Display Settings Help |
AcCTivily pow
0 - 1 Z i 4 ] 3] 7 i 9 10
) | | | | | | | | |
=]
— I I | | I I I | |
% 101 , | | | | | | | ! |
= I I I I I I I I I
I I | | I I I | |
& | | | | | | | | |
= -20r i WWWM«WWWWWW
| |
I I | | I I I | |
0 10 20 ; ; ; ; : : : ; ;
Frequer | | | | | | | | |
I I I I I I I
Cancel | ACCER : . ! ! . . : ! !
I I | | I I I | |
I | | | I I | | |
IDWWMWWWM
I I | | I I I | |
| | | | | | | | | Scale
| | | | | | | | | 25
Lateral eye y | | | | |
I I I I I I I I I
I I | | I I I | |
movement ' ' ' ' ' ' ' ' '
i 12
a -10000 -1000 0 -1000 0 -1000 0 -1000 0 -1000 0 -1000 0 -1000 0 -1000 0 -1000
Chan.  Time Walue =
EEGLAB Workshop VII, A CANCEL Eventtypes| |<x| i [ 7 | = =21 g gaozas 07765 | 25 — REJECT |




Component 12 properties

File Edit Miew Insert Tools Window Help

Component 18 properties

File Edit Wiew

Insert  Tools

Window  Help

Component 12 map  Componert 12 activity (gldvaloffset 0,003)

R ‘1'2

e
ikl N

100k

=orted Trials

Time (ms)
ACTiity power spectrum
-10 -
i)
=
& -15F
=
=
T
= _20 B
| | | |
0 10 20 30 40 50

Frequency (Hz)

Cancel | ."-".CCEF'Tl HELF |

o |

Component 18 map

=orted Trials

Componemt s activity (globarefset -0.007)
15 A ‘1-3
100 - k .. i ' P L Al

Time (ms)
Activity power spectrim

— -10
s
=
k]
S 15t [
=
T
=

20 ! ' ! | I

0 10 20 30 40

Cancel |

o0
Frequency (Hz)

.f-‘-.CCEF'Tl HELF | oK |




File

Edit Miew Insert Tools

Window  Help

Bad

File Edit Miew Insert Tools  Window  Help

Magnitude [(dB)

=orted Trials

140

Component 17 map  Comparent 17 activity (global oiet 0.027)

I

Time (ms)

Activily power spectrum

0

4
=)

l
J
e ]

-30

10

| |
20 30
Frequency (Hz)

."-".CCEF'Tl HELF |

Component 25 map  Comporent 25 activity (global oizet 0.008)

140 - \E
o : - |
o ST L Maysew
=100 e g NN : 1
(o e SR N
D\ B
5\ b 1
ey e - ‘
: |qu g | 2
. 04 i =
-1 o 1
Time (ms)
Activity power spectrum
0
i)
=2 -10
k]
3
£ -20
[y
[
= EC | | ]
0 10 20 30 40 o0
Frequency (Hz)
Cancel | ACCEPT| HELP | oK |




Component 12 properties
File Edit Wiew Insert Tools Window Help

Component 18 properties

File Edit View Inseit Tools Window Help

Component 12 map  Component 12 activity (global oﬁselU.UUS%
1

Component 18 map  Component 18 activity (alobal offset -0.00783
, 1

hd Co nt opert

File Edit Wiew Insert Tools Window Heip

=[]

hd Co nt opert
File Edit Wiew Insert Tools Window Heip

=[]

Component 17 map  Component 17 activity global oVI'SEIDDEzT)

Component 25 map  Component 25 activity (global offset 00026)

150 ‘ 150 : : 150 R 150
b 06 2 g 03 s B : z f ;
£ 100 £ 100 k] = 100 =T &~ = 100 = ol
= 0 = 0 = = — 0 o - 0
£ s 06 £ 50 ‘i-ns | £ w0 ==l SRl -1
R TT o SR = a2 - - [ e - gj...._._h_.__....‘,. %
il TUimeImaI 1 TuimefmI:I ! Ttnlm vn1 il TEIIM m1
Activity power spectrum Activity power spectrum Activity power spectrum Activity power spectrum
sl . -10 = 0 G
g a g g
g 5 e g
£ 2219 2 20 £ 20
e 1 L L ) 2 -20 1 L L ) : -30 1 1 I ) : -30 ’I\'I\CI-M
0 10 40 50 0 10 20 30 40 50 0 0 10 20 30 40 50 0 10 20 30 40 50
Cancel ACCEPT| HELP oK Cancel ACCEPT| HELP oK 1- Cancel ACCEPT| HELP oK Jl- Cancel ACCEPT| HELP oK
|
— a3 af ar o a9
f 11 ; . . . I : : ; —
File Edit Tools
Channel
—#1: faces
Channel
Filenamsa: ... Channel
Channels pe Channel
Frames par ¢ Channel
Epochs Channel
Evants
Sarpling ray ~ ERF ma
Epoch start SurmfCa !
Epoch end (s 19 l
Avarage rreFem !
Channel locg ~ “ompon 20 | i i i
ICA weights compon T e e N
Dataset size Compor I I I I I I I
22 I oy A g Py g o P g g W AR U i g A Ao e P
Compary | | | I | I |
B L s L T L R L L i atiuee s P Lo LI LR P YR
comeor)) i | | | | | | | gl
SurmjCo 24 %MWMMWWMMW 17
Data st 2ok l l l I
TimE_fr i - | T L ' | At s w1 Lkl | s Low T T
-1000 0 -1000 0 -1000 0 -1000 0 -1000 0 -1000 0 -1000 0 1000
Awerage
Chan. Time Yalue
Cluster |
L CANCEL| Eventtypes] <= =] [52403 (=1 221 11 165563 06355 12 | o REJECT |




V Rejectcomponents by map - pop. selecicompsi() (dataset:

ropl) - Component 15 pro|

Component 15 map

-20

Magnitude (dB)

-25

s

Component 15 activity (glokal offset -0.058)

s — I
i it

w
w5 250
-
= 200 :
E 150
5 100 07
50}
i : 1.5
4 e
-1 05 0 05 1 15
Time [ms]

Activity power spectrum

0 10

| |
20 30 40 50
Freguency (Hz)

Brain ICs

P + 4
™ Component 8 properties - X
File Edit Miew Insert Tools  Window  Help
Component 3 map  Component 8 activity (global offset 0.062)
A [rT——— 1.2l
150F " / i el
= ] 0.7
=100t
= PR
= L
2 " A v
E 5|:| il 'D?
0
1 1.4
-1
-1 a 1
Time (ms)
Activity power spectrum
% -5
w -10
E
= -15
T 20
=
_25_ | | |
0 10 20 30 40 50
Frequency (Hz)
Cancell ACCEPT| HELP | oK |




ICA weights in EEG structure

Terminal

File Edit ¥iew Terminal Tabs Help

== EEG

EEC =

getname:
filename:
filepath:
gubject:
group:
condition:
gegglion:
comments:
nbchan :
trials:
pnta:
srate:

Xmin:

XMAX &

times:
data:
icaact:
lcawinv:
icagphere:
icaweighta:
lcachanolind:
chanlocs:
urchanloca:
chaninfo:
ref:

event :
urevent :
eventdeacripticn:
epoch :
epochdescripticon:
reject:
stata:
specdata:
gpecicaact:
gplinefile:
icasplinefile:
dipfit:
history:
saved:

eto:

e

'faces_4 continucus'
‘faces_4.3e=t!

'Vhome/dJulie/workshopl6,/

[
[15x48 char]

33

1

122175
250
522.6560

[

[23x133175 gingle]
[33x133175 single]
[23x33 double]
[22x323 double]
[33x33 double]
(TR g=aET=]
[1x32 struct]

[

[1x1 struct]

' common !

[1x7321 struct]
[1x731 struct]

{1 [l

[

{

[1x1 struct]

[1x1l struet]

[

[

[1x1l struet]
[1x1632 char]
f—

[

- 0O X

-

s

) Figure 2

File Edit Wiew |nsert Toals Desktop Window Help

DZES|K|QRQOS|[L|0E|7 O

w

continuous

faces
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Exercise

e ALL
- Load faces 3.set or faces 4.set
- Epoch the data on faces and objects
- From Reject data epochs->All methods menu
- Scroll the data and perform visual rejection
- Try other rejection protocols and compare

- Explore channel probability and abnormal distribution
plots

- Find and identify artifact ICs
- How can you be sure that an IC is artifact?
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