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Evaluating ICs

. Run ICA
. Apply ICA weights
. IC scalp map interpretation

. Basic IC evaluation

. Identify IC artifacts




Reject continuous data
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EEGLAB v7.1.7.18b ESREE—
File Edit QLN Plot Study Datasets Help

Channel locations Change sampling rate

Channel data (scroll) Filter the data

Channel spectra and maps Re-reference
Channel properties Interpolate electrodes
Channel ERP image Reject continuous data by eye

Channel ERPs Extract epochs

ERP map series Remowve baseline

Sum/Compare ERPs RunICA

Component activations (scroll) Remove components

Component spectra and maps Automatic channel rejection
Component maps Automatic epoch rejection
Component properties Reject data epochs
Component ERP image Reject data using ICA

Companent ERPs Locate dipaoles using DIPFIT 2.x
Sum/Compare comp. ERPs

Data statistics

Time-frequency transfarms
Cluster datasetICs
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Reject continuous data

n Scroll channel activities -- eegplot

Figure Display Settings Help

Click and drag with mouse

over noisy datato reject
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Rejecting data for ICA

omputational

MNeuroscience

To prepare data for ICA:

Reject large muscle or

+ Seroll channel activities - eegplob()
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Independent Component Analysis
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“Secrets” to a good ICA decomposition

> Garbage in... garbage out (it’'s not magic)
> Remove large, non-stereotyped artifacts

> Do you have enough data? (based mostly on time, not frames)
* ~30 min of data for 60-70 channels, ~60 min for > 200 channels

> High-pass filter to remove slow drifts
* low-pass/ notch filters usually unnecessary

> Remove bad channels

> Data must be in double precision (not single)



Runica options

; s
& Center
Ccmpulll'bml

Option Default Comments Nesioidence

File  Edit Flot Datasets  Help N
PR Change sampling rate s ‘extended’ 0 1 is recommended to
" Filter the data b find sub-gaussians
Filan RE.—rEfEI’EﬂFE "
Chany_Relect continuous data by eye ‘stop’ le-7 final weight change - stop
Frame Extract epochs
Epol Femowe baseline ‘ ’ :
Event | Irate determined  too small - too long...
Samp EEASIECS fromdata  too large > wts blow up
Epock Femowe camponents
B Automatic epoch rejection
SiTE . ‘maxsteps’ 512 more channels - more steps
Chan Feject data epochs J
I A w Feject data using 1CA L
Datas Locate dipoles using BESA b pca O or Decompose Only a
Locate dipoles using DIFFIT 2.0 » EEG.nbchan  principal data subspace
Laplacian b
FMEIE Tools b

Other algorithms:
binica,sobi,acsobiro Ej]

orand awve

¥ Run [CA decomposition -- pop_runica()

Locate dip

PCA plugid ICAalgorithm to use (click to select) FURica =
Commandline options (See halp messagas) “ e RO 780 _|
Channel typelsior channel indices | .. Types | ... channals |

Cancel | Help | Ok




Runica progress...

Fress Button fo interupt runica

Interrupt

step
step
step
step
step
step
step

000 =] O 5 e Gkl O

lrate 0001000,
lrate Q001000
Irate O,000980,
lrate 0,000360,
lrate 0000341,
lrate 0000922,
lrate 0,000304,
lrate Q000386

10 - lrate
Irate
Irate
lrate
Irate
Irate
lrate
lrate
Irate

0,000363,
0,000851,
0,000834,
0,000817,
0,000801,
0,000785,
0,000763,
0,000754,
0,000733,

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

wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
uchange
wcharnge
wcharnge
wcharge
wchange
wcharnge
uchange
wchange
wcharnge

More than 32 channelz: default stopping weight change 1E-F
Training will end when wchange < 1le-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 ...
16,85061324, angledelta 0,0 deg

0, 26760405,
0, 73009323,
0, BE7O00Z1,
062849071,
0, 73967355,
0, 73727223,
0, 74051387,
0, 745361357,

0,72101402,
0,14690114,
0,11822100,
0, 7hhhZ23E6E,
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

il

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 ((1089)°2 = 133175 weightzs, Initial learning rate will be 0,001 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 100,6 deg
angledelta 109,1 deg
angledelta 94,72 deg
angledelta 110,7 deg
angledelta 118.6 deg
angledelta 117.1 deg

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

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

- lrate

Irate
Irate
Irate
Irate
Irate
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
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange
wchange

0, 00000052,
0, 00000081,
0, 00000057,
0, 00000054 ,
0, 00000055,
0, 00000047,
0, 00000045,
0, 00000045,
0, 00000041 ,
0, 00000036,
000000023,
000000023,
0, 00000020,
000000023,
000000023,
000000023,
0, 00000021,
0, 00000020,
0, 00000013,
0, 00000015,
0,00000014 ,
0,00000014 ,
0,00000013,
0, 00000012,
0, 00000011,
0, 00000010,
0, 00000010,
000000010,
000000008,
Sorting components in descending order of mean

Permuting the activation wave forms ...

o

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
93,7 deg
100,323 deqg
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 deg
99,1 deqg
95,0 deq
93,3 deg
99,0 deq
94,3 deq
95,4 deg
94,1 deg
96,1 deg
94,8 deg
94,5 deg
97,7 deg
95,1 deg
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File Edit
== EEG

EEG =

setname:
filename:
filepath:
subject:
group :
condition:
gesgion:
comments:
nbchan:
trials:
pnta:

garate:

xmin:

XMax :

times:

data:
icaact:
icawinw:
icasphere:
icaweighta:
1CaCalglInas
chanloos:
urchanlocoa:
chaninfo:
ref:

event:
urevent:
eventdescripticon:
epoch:
epochdescription:
reject:
atats:
apecdata:
gpecicaact:
aplinefile:
icasplinefile:
dipfit:
higtory:
gaved:

et

==

ICA weights in EEG structure

Terminal

View Terminal Tabs Help

'faces_4 continucous’
'faces_4.set’
' ‘home/juliefworkshopls /!

[

[15x48 char]
33

1

122175

250

532.6960

[

[33x132175 single]
[22x123175 =ingle]
[33%33 double]
[33%33 double]
[33%33 double]
[T asneTray
[1%33 struct]
[

[1x1 struct]

' common '
[1x721 atruct]
[1x721 atruct]
(01 1

[

[

[1x1 =struct]
[1x1 struct]

[

[

[1x1 struct]
[1x1633 char]
[

[1

m]

-

o,

n Figure 4

File Edit View Insert Tools Desktop Window Help

NEHe kAW UDEL- B0 0D

[¢]

jof4 Sternberg Continuous

s
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4\ MATLAB 7.6 (_@@g

File

Edit Debug Parallel

ICA weig

nts In EEG structure

Desktop  Window Help

Figure 4

Edit View Insert Tools Desktop Window Help

DS £ B2 o & B |0 |[nfiesidobey ~|[u] @

dde

NARUDEL- 20| 0D

Shortcuts (2] How to Add  [2] What's New

0 Mew to MATLAE? Watch this Video, see Demas, or read Getting Started. =
-
EEG
setnams: 'Sternberg Continuous Data'
filename: 'sStern.set'
filepath: [1x50 char]
subqject: '!
group: '!
condition: '!
session: []
comments: [22x108 char]
nbchan: 71
trials: 1
pnts: £10133
srate: Z50
xmin: 0O
¥max: 2.4405=+003
times: []
data: [71x£&10133 double]
icaact: [71x£10133 double]
K icawinv: [71x71 double]
icasphere: [71x71 double]
icaweights: [71x71 double]
icachansind: [1x71 double]
chanlocs: []
urchanloos: []
chaninfo: [1x1 struct] L
ref: 'conmon' ]
event: [1x1303 struct]
urewvent: [1x1303 struct]
eventdescription: {1x15 c=ll1} -
4\ Start COVR

18

X

23 24

29

345

pS

EEG.icawinv = inv(EEG.icaweights * EEG.icasphere)




Applying ICA weights to EEG data

matrix

multiplication

EEG. 1caweights

x

EEG. 1casphere

EEG.data

EEG. 1caact




Applying ICA weights to EEG data

. n Edit dataset information - pop_editset()

B EEGLAB v10.22.1b

File N8 Tools Plot

B Event fields

Event values

About this data

Dataset name

Data sampling rate {Hz) 250
Time paints per epoch (0-=continuaus) 750
otart time (sec) (only for data epochs) -1
Mumber of channels (0-=set from data) 71
Ref. channel indices or mode (see help) COmmaon

Channel location file or info

From other dataset | Browse

jord Sternberg Data

osubject code
Task condition
Sessian number
Suhject group

Ahout this dataset Enter comments

Mote: The file format may he auto-detected from its file extension. See menu "Edit = Channel locations” for other options.

ICA weights array or text/binary file (if any):
ICA sphere array or text/hinary file (if any):

ICA channel indices (by default all):

Help

From other dataset | Browse

From other dataset | Browse

From other dataset |

Select data

Append datasets

Channel locatics

£

Select data using events

Select epochs or events

Copy current dataset

Note: .wts and .sph not saved as separate files by EEGLAB,

you must save them yourself:

floatwrite(EEG.icaweights,'C:\MyDirectory\lICA.wts');

L

u Select a text file B - "

S

Look in: | | StemSubj j L] £ B
b || MewICAT1.sph
<
|| NewlICAT1.wts

Recent Places

L : :
Deskton Same for sphering matrix

Computer

@

Network

File name: |NewICA?1 wis

Lel L

Files of type: |AI| Files

Open |
Cancel




Plot ICA scalp maps

3 i -
File Edit Tools Iiﬂ Datasets Help
Channel locations ]
#3: St
. = Channel data (scroll)
: Channel spectra and maps
Elfl'leanﬂaﬂrgg Channel properties
Frames pe Channel ERP image
Epochs Channel ERPs ]
Events ERP map series b
Sampling | Sum/Compare ERPs
E[CIIIII:h sta Component activations (scroll)
Ep?ch =ng Component spectra and maps
ETEIENCE
Sz e Component maps
ICA wight Component properties
Datazet =i Component ERP image

L=

s

M In2-D

In 3-D

|
-
n Figure 5

Canter
Computational
Neuroscience

Ddde

- —
n Plot component scalp maps in 2-D — pup_tcpcplo_

Component numhbers

Plat title

Plat geametry (rows cal.); []1-= near sguare

o B S |

1:12
(negate index to invert component palanty; Mal -= empty subplot, Tx -1 Mal 3)

jord Sternberg Continuous

[l

Flot associated dipolels) (if present) W

-= Additional topoplot]) (and dipole) options (see Help)

Help

‘electrodes’, 'off

Cancel

Ok

File Edit Wiew Insert Tools

b

Desktop  Window Help

REMBDEHL-2 0EE nO

2 3

jo74 Sternberg Continuous




Single-dipole projections




Compare 'good' and 'bad' scalp maps

& chaotic gradients smooth gradients
no clear patterns concentric rings (when radial)
INconsistent with single dipoles consistent with single dipoles
3 10 17 18 1 2 3 4

BAD ICA Components jo74 Sternberg Continuous




File Edit Tools

—#1: faces

Filaname: ...:
Channels pe
Frames per ¢
Epochs
Ewvents
Sampling rat
Epoch start
Epoch end (=
Average refe
Channel locs
[CA waights
Datasat siza

Scroll component activities

EEGLAE vo.0b

Plot Datasets  Help

=

Neuroscience

Scroll component activities -- eegplot()

Figure Display Settings  Help ‘

Channel locations

Channel data (=croll)
Channel spectra and maps
Channel properties
Channel EEP image
Channel ERPs

ERP map series

SumjfCompare ERPs

Caomponent spectra and maps
Camponent maps

Camponent properties
Camponent ERP image
Component ERPs
SumfCampare comp. ERPs

Data statistics

Titme-frequency transforms

Awerage time-frequency

Cluster dataset ICs
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Time periods that are not independent across ICs

should be removed and ICA run again for better decomposition



Plot component power

u Compeonent spectra and maps -- pop_spectopo()

Epoch time range to analyze [min_ms max_msz]; 0 2440528
Freguency (Hz) to analyze: 10
Electrode number to analyze ([J=elec with max power;, O=whole scalp): i}
Percent data to sample (1 to 1000 20
Components to include in the analysis: 1:71
Mumber of largest-contributing components to magp: [

Elze, map anly theze component numbers:

[Checked] Compute comp spectra; [Unchecked] (data-comp) spectra:
Flatting frequency range ([min max] Hz: 725
Spectral and zcalp map options (see topaplot): ‘electrodes'off'

B EEGLAB v7.1.7.18b

File Edit Tools Jall File

—#1: Stel

Filename:
Channels
Frames pe
Epochs

Events

Sampling 1
Epoch sta
Epoch enc
Feference
Channel I
A wieight
Oataset =i

—

Neuroscience

Figure 2: spectopa()

Cancel | Help

Channel locations

R NEE& 2P0

Channel data (scroll) ta

Channel spectra and maps

Channel properties

Component activations (scroll)

Component spectra and maps

amponent maps 4

Component properties

Data statistics ¥ I I




Plot component power

‘ ru Compeonent spectra and maps -- pop_spectopo() | E =
S
S Epoch time range to analyze [min_ms max_ms]; 0 2440528 C‘:plm
*{q__-— Fregquency (Hz) to analyze: 6 Neuroscience
Electrode number to analyze ([J=elec with max power; O=whole scalgp): u]
Percent data to sample (1 to 1000 20
Components to include in the analysis: 171
Mumber of largest-contributing components ta map: g
Elze, map anly theze campanent numbers:
[Checked] Compute comp spectra; [Unchecked] (data-comp) spectra:
Platting frequency range ([min max] HZ): 225
Spectral and scalp map options (see topoplat): [ n Figure 2: spectopa() = | = £
"' File
Bl EEGLABv7.17.18b p— | _ =
Ded&E &2
File Edit Tools PaCLL ,
Channel locations L
—#1: Stel ta———

Channel data (scroll)

_ Channel spectra and maps
Filenarme:

Channels
Frames pe
Epochs
Events ’
Sampling 1

Channel properties

E[:ZIEIIZI"I sta Component activations (scroll)

Epoch enc Component spectra and maps

Feference
Channel | -9mpensntmaps b
A weighl Component properties
Dataszet si

3

—— 40 -
—_—
Data statistics b | I | | l




Component ERPs
-

_J

| Cm:ﬂw
"‘Q \'-: Neuroscience
i [ == h i . [
Bl EEGLABv7.17.18b ‘ u Figure 2: Plot > Component ERPs > In rect. array —- plutdata[]“ [""‘:' (=] ﬂj
File Edit Toals IIEI Datasets Help u Fila -
Channel locations 4 = p—
#2. St h EeEE &2
L. ol chs
Channel data (scroll) -
- o Sternberg: Memorize epochs ERP
IIEname: .
Channels E:anne: E:;p_emes 1 et e —— 19
Frames pe anneLERT Image 2 Lo 20
EpDChS Channel ERPs 3 3 AN 21
Events ERP map series b 4 22
Sampling | Sum/Compare ERPs ; . 23 .
Epoch sta Component activations (scroll) f 24 P
Ep?ch Eng Component spectra and maps 7 ,-/ 25 V
ETEFENCE
]
Channel jg  C°mPonent maps _ 8 St 26
[ Weighl Component properties 9 2?-
Dataset si Component ERP image 10 ﬁu 28
Component ERPs b With component map? 11 29
Sum/Caompare comp, ERPs With comp, maps (co 12 30
Data statistics b In rectangular array 13 31
ire- ]
Time-frequency transforms 14 32
- _Cluster dataset ICs = » 15 33
n Component ERPs in rect. array -- pop_plotdata() [ =, ﬂ 16 34
Companent number;s]; 171 35
_ +0.9
Pliot title: Sternberg: Memarize ef 36
wWertical limits ([0 0]-= dats range): oo 175 200 Time {ms} 406
Cancel Help Ck W — R
b — e —— ]




Component ERP image

Channel locations

Channel data (scroll)
Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs
ERP map series
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps L
Component properties
Component ERP image

Component ERPs

Sumy/Compare comp, ERPs

Data statistics

Time-frequency transfarms
Cluster datasetICs
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Trial 1

Trial 2

Trial 3

Trial 4

ERP Image basics
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ERP Image basics
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ERP Images: smoothing across trials

Center

‘5 il Computational
\T:? Neuroscience
moving average 1
50 - - e 67.6
P e e 338
| A0 ey e i 0
= 20 e — R
10 i “"_"f_ - e i -33.8
L - -67.6
-200 0 200 400 600 800
Time (ms)
moving average 2
- _ 40.9
“ - =g
40 - e el 205
2 r - Y il e~ e ’
o s ‘ e 0
| - 20 -
= -
10152 ; ] -20.5
S o a s -40.9
-200 200 400 600 800
Time (ms)
moving average 10
274
40 -, L
- M v — 13.7
a0 !
5 t 0
| - 3
= 20 X -13.7
L e : 274

-200 0 200 400 600 800
Time (ms)



Component ERP Images
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Plot ICA component properties
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Exercise

e ALL
- Load stern_125Hz.set
 Novice

- Plot IC scalp maps

- Scroll the IC activations and compare to channel data scroll
 Intermediate

- Plot IC power, try different parameters from the GUI

- Plot IC ERP images, try different parameters

- Plot IC properties
« Advanced

- Practice saving EEG.icaweights and EEG.icasphere as .wts
and .sph files and re-apply the weights again to stern.set

- Try removing channels and run ICA again, how is the
decomposition affected when there are very few channels?
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Explanation of "sphering"”

; ) Suais SR
t . e enter

3 Ccmpuuﬂoml
xﬁz Neuroscience

Sphered data

"Sphering":
Remove channel
correlations

Like ICA, sphering is also a linear
operation, so re-projecting to original Equal variance
space simply requires multiplying on both (all) axes
with weight matrix

For more explanation, see:

http://sccn.ucsd.edu/~arno/indexica.html

and http://sccn.ucsd.edu/wiki/Linear Representations and Basis Vectors



http://sccn.ucsd.edu/%7Earno/indexica.html
http://sccn.ucsd.edu/wiki/Linear_Representations_and_Basis_Vectors
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