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Does removing ICA adulterate the
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ICA Reconstruction to Remove Artifact Adulterates EEG Phase & Coherence
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Independent Component Analysis (ICA) Reconstruction to remove artifact Adulterates EEG
phase & Coherence & invalidates any subsequent analyses
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“Secrets” to a good ICA decomposition

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

» Remove large, non-stereotyped artifacts

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

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

» Data must be in double precision (not single)



Runica options
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Tools [N Datasets Help ~
Change sampling rate L ‘extended’ 0 1 is recommended to
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Re-reference t
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Runica progress...

[ [P,
Input data size [33,133175] = 33 channels, 133175 frames/nFinding 33 ICA components using extended ICA,

Kurtosis will be calculated initially every 1 blocks using B000 data points,

Decomposing 122 frames per ICA weight ({1089)"2 = 133175 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 channels: default stopping weight change 1E-7
Training will end when wchange < 1e-07 or after 512 steps,
Online bias adjustment will be used,
Removing mean of each channel ...
Final training data range: -171,806 to 179,094
Computing the sphering matrix,,.

Starting weights are the identity matrix ...
Sphering the data ...
Beginning ICA training .., first training step may be slow ..,
step 1 - lrate 0,001000,
lrate 0,001000,
lrate 0,001000,
lrate 0,000980,
lrate 0,000360,
lrate 0,000341,
lrate 0,000922,
lrate 0,000304,
step 9 - lrate 0,000886,

step 2 -
step 3 -
step 4 -
step § -
step 6 -
step ¥ -
step 8 -

step 10 -

lrate 0,000868,
lrate 0,000851,
lrate 0,000834,
lrate 0,000817,
lrate 0,000801,
lrate 0,000785,
lrate 0,000769,
lrate 0,000754,
lrate 0,000733,

- 0 X

Press Button to interupt runica

Interupt

wchange 16,85061324,
wchange 0,26760405,
wchange 0,73058323,
wchange 0,66700031,
wchange 0,62843071,
wchange 0,73967955,
wchange 0,73727229,
wchange 0,74051387,
wchange 0,74536137,
wchange 0,72101402,
wchange 0,14690114,
wchange 0,11822100,
wchange 0,75552966,
wchange 0,26733750,
wchange 0,12123251,
wchange 0,1028%606,
wchange 0,09770493,
wchange 0,09544428,

angledelta 0,0 deg
angledelta 0,0 deg

angledelta 104,0 deg
angledelta 147.2 deq
angledelta 146.5 deg
angledelta 150,7 deg
angledelta 151.6 deq
angledelta 137.9 deg
angledelta 156,0 deg
angledelta 143,7 deq
angledelta 102,5 deg
angledelta 114.3 deg
angledelta 100,6 deg
angledelta 103,1 deg
angledelta 94,2 deg
angledelta 110,7 deq
angledelta 118,6 deg
angledelta 117.1 deg

v

step 241 - lrate 0,000002, wchange 0,00000082,
step 242 - lrate 0,000001, wchange 0,00000061,
step 243 - lrate 0,000001, wchange 0,00000057,
step 244 - lrate 0,000001, wchange 0,00000054,
step 245 - lrate 0,000001, wchange 0,00000055,
step 246 - lrate 0,000001, wchange 0,00000047,
step 247 - lrate 0,000001, wchange 0,00000046,
step 248 - lrate 0,000001, wchange 0,00000045,
step 249 - lrate 0,000001, wchange 0,00000041,
step 250 - lrate 0,000001, wchange 0,00000036,
step 251 - lrate 0,000001, wchange 0,00000033,
step 252 - lrate 0,000001, wchange 0,00000029,
step 2563 - lrate 0,000001, wchange 0,00000030,
step 254 - lrate 0,000001, wchange 0,00000023,
step 255 - lrate 0,000001, wchange 0,00000023,
step 256 - lrate 0,000001, wchange 0,00000023,
step 257 - lrate 0,000001, wchange 0,00000021,
step 2568 - lrate 0,000001, wchange 0,00000020,
step 289 - lrate 0,000001, wchange 0,00000019,
step 260 - lrate 0,000001, wchange 0,00000015,
step 261 - lrate 0,000001, wchange 0,00000014,
step 262 - lrate 0,000001, wchange 0,00000014,
step 263 - lrate 0,000001, wchange 0,00000013,
step 264 - lrate 0,000001, wchange 0,00000012,
step 265 - lrate 0,000001, wchange 0,00000011,
step 266 - lrate 0,000001, wchange 0,00000010,
step 267 - lrate 0,000001, wchange 0,00000010,
step 268 - lrate 0,000001, wchange 0,00000010,
step 269 - lrate 0,000001, wchange 0,00000008,
Sorting components in descending order of mean
Permuting the activation wave forms ..,
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projected variance ...
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ICA weights in EEG structure
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Plot ICA scalp maps
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Compare ‘good’ and 'bad’' scalp maps
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Plot ICA component properties
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Removing Artifactual Components
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Reviewing component properties

Plot Study Datasets Help

Change sampling rate
Filter the data 4

Re-reference
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Reject continuous data by eye

Extract epochs
Remove baseline
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|C Classification...so far
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(v Component 9 properties
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(v Component 12 properties
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Eye blink correction

EEGLAB v6.0b
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Eye blink correction
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Eye blink correction

‘ . Confirmation
Figure Display Setings _Held Please confirm. Are you sure you want to remove these components?
Cancel | Plot ERPs | | Plot single trials Accept |

Scale

100

-500 0 500 1000 -1000 -500 0 500 1000 -1000 -500 0 500 1000 -1000 -500 0 500 1000 -1000 -500 0 500 1000 -1000

Confirmation

Please confirm. Are you sure you want to remove these components?
CLOSE

| - Cancel | Plot ERPs | Plot single trials | Accept




Component ERPs

-
- EEGLABVT.1T. I_LI_M - Figure 2: Plot > Component ERPs > In rect. array -- plotdata() ‘ Q@u

File Edit Tools Study  Datasets Help File ~
Channel locations » ~ am
—#2: B FEHE 2P0
#2' Stel Channel data (scroll) Chs ’ -
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Frames pe Channel ERP image 2 e 20
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Component ERPs With component map 11 - _ 29
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_— —
Time-frequency transforms P 14 32
Cluster dataret Iy 15 33
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Component number(s): ’ 171 ‘ +0 91 é 35
Plot title: [Sternberg: Memorize e;} ' 36 ]
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A step back: Electrode-level ERP

[ NON EEGLAB v13.1.1
File Edit Toolsrm Study Datasets Help
___#2:faces_41 Channellocations >
Channel data (scroll)
Filename: none Channel spectra and maps

Channels per fram  (Channel properties

Frames per epoch Channel ERP image

Events ERP map series > In scalp/rect. array
Sum/Compare ERPs )

Sampling rate (Hz

Epoch start (sec)

Epoch end (sec) Component activations (scroll)
Reference Component spectra and maps [ BON ) ERP data and scalp maps -- pop_timtopo()
Channel locations Component maps »
1CA weights Component properties Plotting time range (ms): -500 1500
pataset size (M) Component ERP image
P 9 Scalp map latencies (ms, NaN -> max-RMS) 112380
Component ERPs >
Sum/Compare comp. ERPs ALl = cata anc scap map
o Scalp map options (see >> help topoplot): ‘electrodes', 'off|
Data statistics >
Time-frequency transforms > | Cancel | [ Ok |
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Traditional ERP: Time-locked activity at each channel

[ NN Figure 8: timtopo()
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Definition: The data envelope
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Definition: IC Envelope

) Figure 11 S LT
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Key: Scalp ERP peaks are often the sum
of multiple independent source processes

Figure 11
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IC contributions to ERP envelope

Enter time range (in ms) to plot:
Enter time range (in ms) to rank component contributions:
Number of largest contributing components to plot (1-20}):
Else plot these component numbers only (<21)(Ex: 2:4, 7).
Component numbers to remove from data before plotting:
Plot title:
Optional topoplot{)and spectopo{) arguments:
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B EEGLAB v7.17.18b
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File

Component contribution to the dataset ERP

Plot component and ERP envelopes — pop

-

Enter time range (in ms) to plot:

Enter time range {in ms)to rank component contributions:
Number of largest contributing components to plot {1-20):
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IC ERP difference

Channel locations

Channel data (scroll)

-200 496
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IC ERP difference
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Plot component power

File Edit Tools HaG]

Channel locations

Channel data (scroll)
Channel spectra and maps

Channel properties
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Channel ERPs
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Sum/Compare ERPs
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Plot component power

Epoch time range to analyze [min_ms max_ms]:

Frequency (Hz) to analyze:

Electrode number to analyze ([J=elec with max power; O=whole scalp):
Percent data to sample (1 to 100):

Components to include in the analysis:

Number of largest-contributing components to map:
Else, map only these component numbers:

,
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[Checked] Compute comp spectra; [Unchecked] (data-comp) spectra:
Plotting frequency range ([min max] Hz):
Spectral and scalp map options (see topoplot): u Figure 2: spectopof()
(" File
B EEGLAB v7.1.7.18b =
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: Channel spectra and maps
Filename: Channel properties
Channels L ,
Frames pe B i
Epochs E .
Events P : 4
Sampling :
EpOCh sta Component activations (scroll)
Epoch enc C
omponent spectra and maps
REIEEREE Component maps »
Channel Ic 3 2
ICA weight Component properties
Dataset si ERF :

1t ERPs »

Data statistics »




Component ERP image

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

Component ERPimage -- pop_erpimage()

Component(s) | 3
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Component ERP Images

Component ERPimage -- pop_erpimage()
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Plot IC ERSP
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ICLabel website

Q

ICLabel project: create automated EEG IC classifier (labeler)

https://labeling.ucsd.edu/tutorial

vast collection of datasets.
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ICLabel website — Label feedback
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IC Label plugin (Luca Pion-Tonachini)
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Exercise

- Start eeglab

- Load dataset stern_125.set (in EEG_data folder)
- Run ICA (already done for this dataset)

- From the GUI, plot component ERPs with maps

- Pick an interesting IC and plot an ERP image of it

- Try sorting by phase, is there any relationship to the IC

activation pattern? What about power in a frequency
band of choice?



