Artifact rejection and running ICA
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Reject noisy data
Task 2
Run ICA
Task 3
Plot components
Task 4

Remove components
(.e. back-projection)
Exercise...
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Filter the data (if necessary/desired)
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File Edit Kk

Plot Study  Datasets Help

recommended

Change sampling rate

Filter the data

Re-reference Short IR filter

Interpolate electrodes

Reject continuous data by eye

Extract epochs

Remowe baseline

Run ICA

Remowe components

Automatic channel rejection

Automatic epoch rejection

Reject data epochs b
Reject data using ICA ]

Locate dipoles using DIPFIT 2.x P
Peak detection using EEG toolbox
FMRIE Tools
Locate dipoles using LORETA

Cancel | Ok |
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Auto-detection of noisy channels

3 ; C
“? MNeuroscience

File Edit Plot Study Datasets Help

Change sampling rate
#1 Filter the data J Data
i Il
Re-reference B Reject channel -- pup_rqichanﬂwﬂg
Interpolate electrodes =
. . Electrode (number(=), Ex: 2 4 57 1:71
Reject continuous data by eye )
heasure to Luze: Prabability -
e Epcuchs. Marmalize meazure [check=omn): '
Remove baseline Threshald limits [max]: g
Run ICA
Remove components cancel
E Automatic channel rejection

Automatic epoch rejection
Reject data epochs 4
Reject data using ICA b
Locate dipoles using DIPFIT 2.x b

Peak detection using EEG toolbox
FMRIE Tools L
Locate dipoles using LORETA k

>> EEG = pop rejchan(EEG, “elec",[1:71] , “threshold-®,5,...
"norm", "on", "measure”, "prob®);
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Auto-detected noisy channel

Neuroscience
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Change sampling rate

Filter the data
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Interpolate electrodes

Reject continuous data by eye
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Run ICA

Remowe compaonents
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Reject continuous data
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Study Datasets

Help

Channel locations
Channel data (scrall)
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 L
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

Cluster dataset ICs
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Neuroscience

Computafional

Click and drag with mouse
over noisy data to reject

Reject continuous data
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Rejecting data for ICA
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To prepare data for ICA:
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OR... Extract short epochs
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T-:n-:nl-.a Plot Study  Datasets Help Choose all events

Change sampling rate

. i
Filter the data . Extract data epochs - pop_epoch()
Re-reference

(=][@] = ]

BCDFGHJHKLMM
-3 5

Interpolate electrodes

Reject continuous data by eye

Sternberg Rej Chan epochs

Remowe baseline

Fun IC&

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

FIMRIE Toaols
Locate dipoles using LORETA k
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Auto-reject data epochs
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Plot Study Datasets Help

File Edit L]

Change sampling rate
Filter the data

Re-reference

Interpalate electrodes

Reject continuous data by eye

Extract epochs

Remowe baseline
Run ICA

Remowe components

Automatic channel rejection
Automatic epoch rejection
Reject data epochs Reject data (all methods)

Reject data using ICA

Reject by inspection

Locate dipoles using DIPFIT 2 #|  Reject extreme values
Peak detection using EEG toolbox Reject by linear trend/variance
FMRIE Tools b Reject by probability

Locate dipoles using LORETA b Reject by kurtosis
Reject by spectra

Export marks to ICA reject

Reject marked epochs
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Reject data epochs
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Reject or retain marked epochs
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Reject marked epochs

Cnmpulallonal

File Edit Plot Study Datasets Help

Change sampling rate
Filter the data L

—#3: ochs —

Re-reference

Filet

Interpolate electrodes

Reject continuows data by eye

Extract epochs
Remowve baseline
Run ICA

Remove components

Autornatic channel rejection

Automatic epoch rejection

Feject data epochs b Reject data (all methods)

Reject data using ICA k Reject by inspection

Locate dipoles using DIPFIT 2x | Reject extreme values
Peak detection using EEG toolbox Reject by linear trendfvariance
FMRIE Tools Reject by probability

Locate dipoles using LORETA  »|  Reject by kurtosis
Reject by spectra

-

Export marks to ICA reject

Reject marked epochs

>> EEG = pop_jointprob(EEG,1,[1:70],5,5,0,0);
>> EEG = pop_rejepoch(EEG,find(EEG.reject.rejglobal),0);
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Reject data epochs (automatic)
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EEGLAB v7.1.7.18
File Edit QL Plot Study Datasets Help

Change sampling rate
Filter the data ]

High enough
to keep
eye blinks

1000

Re-reference

Interpalate electrodes

Reject continuous data by eye

Extract epochs

Remowe baseline

Run ICA

Remowve components ngh standard
Automatic channel rejection deviation,
Automatic epoch rejection mul tlpleS
Reject data epochs passes
Reject data using ICA ]

Locate dipoles using DIPFIT 2.x P
Peak detection using EEG toolbox
FMRIE Tools
Locate dipoles using LORETA

on", “eegplot”,

>> EEG = pop_ autorej(EEG, “nogui”,

on®);
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Reject data epochs (automatic)
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Chan. Time Value

-863.2116 27.996 &0 ;J REJECT
n Reject pre-labelled epochs -- pop_rejepochi() E@g

Are you zure, you want to reject the labeled trials 7
Mo | Yes |




Artifact rejection and running ICA

Task 1

Reject noisy data
Task 2

Run ICA
Task 3

Plot components
Task 4

Remove components

(.e. back-projection)
Exercise...
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Independent Component Analysis
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“Secrets” to a good ICA decomposition

N

» 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

» Data must be in double precision (not single)
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Runica options

> ter o
Canpuulbnal

Option Default Comments Nesioidence

File  Edit Flot Datasets  Help N
e Change sampling rate s ‘extended’ 0 1 is recommended to
" | Fiter the data b find sub-gaussians
. Fe-reference
Filenz _ _ t
Chan|__ Reject continuous data by eve ‘stop’ le-7 final weight change - stop
Fram: Extract epochs

Epoch Femowve baseline

S — \ ‘Irate’ determined  too small - too long...
SRy e s fromdata  too large > wts blow up

Epach Femowe camponents

ipock Automatic epoch rejection . ,
vera . maxsteps 512 more channels = more steps
Chan Feject data epochs b
A Reject data using 1CA r
Datas Locate dipales using BESA b ‘pCa’ O or Decompose onIy a
Locate dipales using DIPFIT 2. » EEG.nbchan  principal data subspace
Laplacian b
FMEIE Tools k .
Other algorithms:
Run ICA decomposition -- pop_runica() binica,amica,sobi,acsobiro
PCA plugin ICAalgorithm to use (click 1o salact) FURica @
Commandling options (3ee halp messages) “ e RO 780 _|
Channeal typels)or channel indices | ... Typas | ... channals |
Cancel | Help | Ok \
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Runica progress...

Fress Button o interupt runica

Interrupt

step
step
step
step
step
step
step

[ R Y RO Y I ]

lrate 0001000,
lrate Q001000
lrate O,000980,
lrate 0,000380,
lrate 0000341,
lrate 0000922,
lrate 0,000304,
lrate Q000386

10 - lrate
Irate
lrate
lrate
Irate
lrate
lrate
Irate
Irate

0, 000368,
0000351,
0000834,
0,000817,
0,000301,
0000785,
0, 000763,
0000754,
0000733,

Beginning ICA training ... first
1 - lrate 0,001000,

wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
uchange
wcharnge
wchange
uchange
wcharnge
wchange
uchange
wcharnge
wcharnge

More than 32 channelz: default stopping weight change 1E-F
Training will end when wchange < 1e-07 or after 512 steps.,
Online biaz adjustment will be uszed,
Femoving mean of each channel ...
Final training data range: -171,806 to 173,094
Computing the sphering matrix, ..
Starting weightz are the identity matrix ...
Sphering the data ...

training step may be slow ...
16,835061324, angledelta 0,0 deg

0, 267E0405,
0, 73089323,
0,BE7O0031,
062849071,
0, 73967355,
0, FE72T223,
0, 74051387,
0, 74536137,

0,72101402,
0,14690114,
0,11822100,
0, 7hhhZ236E,
0, 26735750,
0,12123251,
0,10285608,
0,09770433,
0,09544423,

angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta

0,0 deq
104,0 deg
147.,2 deg
146.5 deq
150,7 deg
151,6 deg
137.9 deq
156,0 deg

Input datas size [32,133179] = 33 channels, 133175 frames/nFinding 33 ICA components using extended ICA,
Kurtoziz will be calculated initially every 1 blocks using BOOO data points,
Decompozing 122 frames per ICA weight ({1083)"2 = 133175 weights, Initial learning rate will be O, 001 bln k. 31
Learning rate will be multiplied by 0,98 whenever angledelta »= B0 deg,

angledelta 143,7 deg
angledelta 102.5 deg
angledelta 114,3 deg
angledelta 100,56 deg
angledelta 109.1 deg
angledelta 34,2 deg
angledelta 110,7 deg
angledelta 118,65 deg
angledelta 117.1 deg

step
step
ztep
ztep
step
step
step
step
step
step
step
step
step
step
step
step
step
step
ztep
ztep
step
step
step
step
step
step
step
step
ztep

241 -
242 -
243 -
244 -
240 -
24E -
247 -
242 -
243 -
250 -
251 -
252 -
2582 -
254 -
280 -
286 -
257 -
258 -
289 -
20 -
2E1 -
2E2 -
2E2 -
264 -
2EL -
2EE -
267 -
268 -
2E9 -

Irate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
lrate
lrate
lrate
lrate
lrate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
Irate
lrate
lrate
lrate
lrate

0+000002,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0,000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,
0, 000001,

wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
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wchange
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wchange
wchange

0, 00000052,
0, 00000081,
0, 00000057,
0, 00000054 ,
0, 00000055,
0, 00000047,
0, 00000045,
0, 00000045,
0, 00000041 ,
0, 00000036,
000000023,
000000029,
0, 00000020,
000000023,
000000023,
000000023,
0, 00000021,
0, 00000020,
000000013,
000000015,
0,00000014 ,
0,00000014 ,
000000013,
0, 00000012,
0, 00000011,
0, 00000010,
0, 00000010,
0, 00000010,
0, 00000003,
Sorting components in descending order of mean

Permuting the activation wave forms ...

p

i |

angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta
angledelta

projected variance ..,

101,5 deg
96,1 deqg
97,5 deqg
92,7 deqg
100,3 deq
96,9 deqg
91,3 deg
101,5 deg
103,1 deg
95,5 deg
92,1 deg
97.4 deg
95,8 deg
94,2 deg
97,6 deg
97,1 deg
92,0 deqg
99,1 deqg
95,0 deq
93,3 deg

9.0
34,2
5.4
34.1
36.1
34.8
34.5
7.7
h,1

deqg
deqg
deg
deg
deg
deq
deq
deg
deg
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ICA weights in EEG structure

Terminal

File Edit View Terminal Tabs Help
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getname:

filename:

filepath:
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commenta
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trials
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data:
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icasphere:
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chanlocs:
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ref:

event

urevent :
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epoch :
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stata:

specdata:
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splinefile:
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dipfit:
history:

saved:

eto:

==
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[15x48 char]

a3

1

122175
250
522.6360

[

[33x1323175 =mingle]
[22x1232175 =ingle]
[22x323 double]
[33x33 double]
[33x33 double]
[T ESUETE]
[1x33 struct]

[

[1x1 struct]

' common !

[1x7321 atruct]
[1x731 atruct]

(1 11

[

[

[1x1 struect]

[1x1 struect]

[

[

[1x1 struct]
[1x1633 char]
[

[

[2]

T

b

File Edit Wiew Insert Tools Desktop Window  Help

D2EE|(K QaadeE|08| 50

faces, continuous

4

EEGLAB Workshop Xl, Sept 8-10, 2010, NCTU, Taiwan: Julie Onton — Artifact rejection and running ICA



Artifact rejection and running ICA

Task 1

Reject noisy data
Task 2

Run ICA
Task 3

Plot components
Task 4

Remove components

(l.e. back-projection)
Exercise...
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Plot ICA scalp maps
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Cancel | Help
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Compare 'good' and 'bad' scalp maps

Wiewe Insert Tools Desktop Window  Help

g slRAaME || 0|03

19058000
O OO @
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. .

BAD ICA Components ICA Components
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Scroll component activities

® 3

Computational

Neuroscience

Scroll component activities - eegplot()

EEGLAE v&.0b

Figure Display Settings Help
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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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Reviewing component properties

omputational

MNeuroscience

File Edit Plot Study Datasets Help
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Re-reference
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Peak detection using EEG toolbox Reject by inspection
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Reject by kurtosis
Reject by spectra
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Reject marked epochs

EEGLAB Workshop Xl, Sept 8-10, 2010, NCTU, Taiwan: Julie Onton — Artifact rejection and running ICA



Component scalp maps/properties
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Component 4 properties
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Component 9 properties
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Component 12 properties

File  Edit “iew Insert Tools  ‘Window  Help

Component 18 properties

File Edit “iew Insett Tools  MWindow  Help

Component 12 map  Componert T2 activity (gliwaloffset 0.003)

i

Component 18 map  Componert™ T8 activity (ylobarefset -0.007)

1O i RN
L[; L, ; 0.5 % R P 049
|_ : ! — i RN [IAThE L R Rt T oL 1.
- w _r-_-‘|', ‘ID - Al ! dr A ... [
5\ § B ‘-III.E 5 ‘09
A 2l !
0.3 slaF: 18
* -0.3 +
-1
Time [(ms) Time (ms)
Activitypower spectrum Activity-poWer spectilm
-10 % -10
in) )
= =
I _15 - b}
= 2 -15¢ .
= =
T ool T
s 20 =
| ! | | -20¢t | ' | | |
0 10 20 30 40 o0 0 10 20 30 40 50
Frequency (Hz) Frequency (Hz)
Cancel | vatigs | ACCEPT| HELP | ok | Cancel | Vi | ACCEPT] HELP | oK |




Bad

v "4 Component 17 properties
File

Edit Miewr Insert Tools Window  Help

h"d Component 25 properties

File

Edit Miew Insert Tools

Window  Help

Component 17 map  Comparent 17 activity (global oiset 0.027)
Pl e
100 [ ST ™
. | 0

O = S = J_1
: ] ‘_2

Time (ms)
Activity power spectrum

=orted Trials
|

.0

0

g

> -10

g

=

= -20

&

_3D | | |
0 10 20 30 40 50
Frequency (Hz)
Cancel | Vit | ACCEPT| HELP | ok |

Component 25 map  Comporent 25 activity (global offset 0.008)

140 e \E
7] - i .
T St Ry
= (100 e
g T e e !
& R T e
5 U S | I
, 0 . — e ‘
- 0.4 I - — . | -7
* -0.4 | .
-1 a 1
Time (ms)

Activity power spectrum

0

ia)

=10

I

g

£ -20

o

= ‘BU ] ] ]
0 10 20 30 40 50

Frequency (Hz)
Cancel | Vi | ACCEPT| HELP | QK |




Component 12 properties Component 18 properties fd Co it oper
File Edit Wiew Inset Tools Window Heip File Edit Wiew Inset Tools Window Help File Edit VWiew Inset Tools Window Heip | File Edit Wiew Inset Tools Window Help
Component 12 map  Component 12 i) Component 18 map  Component 18 activity giobal owse(-ﬂ.DIIJ?Ej Component 17 map  Component 17 activity (global arrse(uuzzn Component 25 map  Component 25 activity (global arrse(u.uaza)
1504 : 150[; Ty d 150 [ ez 150
8 06 ] 3 03 8 e _"" 1 8 ; S 1
% 10 k % 100 ol [ % 100} === % 100 = - == .
;%0 S0 06 § 50 i 03 O‘E; S0 7;‘ —_— 1 :Eo 50 : - 1
. 03 e b . 0z - ; e e el
2 Tuumermt:I 2 Tuump,rmm 2 TUM MI 2 TUW mI
Activity power spectrum Activity power spectrum Activity power spectrum Activity power spectrum
10 — 10 110 Y
g [\/\'\” g g S0
g-15 % g0 2
£ £ 19 £ 20 £ 20
o 2 2 2 ’“’\
= 1 | | I = -20 | = 30 1 1 I ) = 1 L |
0 10 ruZW o “32 40 50 0 10 ru2_ 40 50 ) 0 10 20 30 40 50 0 20 30 40 50)
Cancel ACCEPT HELP 0K Cancel ACCEPT| HELP 0K Cancel ACCEPT]| HELP oK Cancel ACCEPT HELP 0K
= a5
— a3 a4 a4 af ar afg a9
3 11 ; . . . I : : ; —
File Edit Tools
. Channel
—#1: faces
Channel
Filenarme: ..« Channel
Channels pe Channel
Frarmes par ¢ Channal
Epachs
i Channel
Events
Sampling rat ~ ERF ma
Epoch start sumfCa
spoch ene IS 3 '
Avarage rafe !
Channel l[ogg  “0mRon 0 | i i i
ICA weights Compen 21 Rt A= anit b P PRSI AL g g A i ey gt AN i 0 M A M A4
Dataset size Compon I I I I I I I
22 i oy PO g iy g o o e T AR U0 A . AP s o P P
Carngpar I I I I I I I
B L L T R L L Ly L L N T L PR YR
compor) | | | | | | | 2cale
sum/fCa a3 “WMMMWWWMW 12
| | |
Data st 2ok I
TImE_fr ] sl I L, l N~ R R J.n.. L 1 Iu PR 1Y ho e |||. P | Ll I ey P | e L. A L .1 I 1 e doanliial, 1 2 .
—] -1000 0 -1000 0 -1000 0 1000 0 -1000 0 -1000 0 oooo 0o oo1000
Axerage
Clustar Chan. Time Yalue
CANCEL Eventtypes| |w=| =| 52403 =1 =1 11 1gs563 08358 1z -L'_ REJECT |




-20

hagnitude (dE)

-25

. K

¥ Reject components by map - pop_selectcomps() (dataset:

Component 15 map Cumpunent 15 actmty {glu:uha] offset -0.058)
; 15
(2l
= o7
|_
=
o
5
g -07
1.5
1 05 0 05 1 15
Time [ms)

Activity power spectrum

| |
0 10 20 30 40 50
Frequency (Hz)

7l \I’ ComponentEpropertles

File Edit Wiew Insert Tools  Window  Help

Component 8 map

Component 8 activity (global offset 0.062)

150 i
& 0.7
= 100}
. 0
&
o] -0.7
)
-1.4
=1
-1 o 1
Time (ms)
Activity power spectrum
% -5
o -10
3
= -15
T -20
=
-Z2hE | | |
0 10 20 30 40 o0
Frequency (Hz)
Cancel | ACCEPT| HELP | oK |




Figure Disp

Power 10’Iog_u[p‘b“ﬂ-|z]

Elle  Eait  Wiew [nsert  Tools Desktop  Window  Help

D& kA, || 0E| =0

@wwwwmwwmwwmw

2 kb Ao M i Y i i e s sy o

Pulse artifacts

Activity nower soectrum

vity -- eegplot()

periodic spiking behavior

1 1
10 15 20
Frequency (Hz)

1 2 3 4 5 6 7 6 31011121314 151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Chan Time  Value

4
<<l =l =l =2l 1 08954 —0816 | 30

Scale

a0

—_+

Computafional
Neuroscience

EEGLAB Workshop Xl, Sept 8-10, 2010, NCTU, Taiwan: Julie Onton — Artifact rejection and running ICA



Artifact rejection and running ICA

.

<&
Task 1
Reject noisy data
Task 2
Run ICA
Task 3
Plot components
Task 4

Remove components
(.e. back-projection)
Exercise...
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Eye blink correction
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Eye blink correction
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Eye blink correction
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Eye blink correction
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Eye blink correction

Computational

Neuroscience
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Figure Display Seffings Help

BT P At 5 g PO B AR AT I e AN A g S st e im0y
a2 WWWMWWW"MMWWWMVmM’WW’W
a3 WMWWMWWMMW
e0d WWWWWWMMMMMWW
05 WWWMWWMM%WW*WWM
e0F WWWMWWWMMWMNMWWWMMM
BT [ im0 PO o S e P e N e P el
el WMWMWM%MWMWMM
&9 WMMWMMWM}WWWWMWWW
el0 WWWWWWMWMWWWWWWVWWW
el WWMWMMWWMWWMWMWWMWWW
el? W\WMWWMMWWMMWWWWWNMWMMNW
813 [ttty AR P} Ut POt ot A AN i T At APl PN A o]
eld WWWNWWWMWWMWWMWWMW
elh WWMMMWMWMMWMWWW
15 R A Ao AR T o ot T R e A N P B e e A P e NP i e
el? WWWWMWWMWWMWMM
elf WWWWWW\MWWMWWWWWWWWW
219 WWWWWWWMWWWW
L T T o T T e L e WS L LI T I
B2 e B S it S PPt P T i ot e PP P i il o e Wt Pl
822 WWWMWWWWMM«WWWW
g3 WNWVWWWWWWW}WWMMWVWWWW
B2 AP TV oA A AL A et U, o oV bt s PO s A e P IOA NS AT Pty 7
25
226
27
228

e2d WWWWWWWWWWWMWW

e30

e WWWWWWWWWWM”WWWWWWW o

e32

e33
1 1 1 | | 1 1 I

267 265 269 270 271 272 273 274 275

Scale

Chan. Time alue

li =
CANCEL Evert types | a | « || . = | = | 10 2751298 33828 B REJECT |

EEGLAB Workshop Xl, Sept 8-10, 2010, NCTU, Taiwan: Julie Onton — Artifact rejection and running ICA



Exercise

e ALL
- Load stern.set
- Epoch the data on memorize and ignore letters
- Scroll the data and perform visual rejection
- Try auto-rejection function and compare to visual inspection
- Find and identify “artifact” ICs
- How can you be sure that an IC is artifact?

- Practive removing a component from the EEG data (do not
save this way!). Alternatively, try KEEPING just one
component. What does the EEG data scroll look like?
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