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Outline
• Why AMICA?

• 1st reason: improve IC decomposition

• 2nd reason: model EEG non-stationarity

• What is AMICA?
• Model, learning, and parameters

• 3 sample results:
• Sleep dynamics, drowsiness fluctuation, guided meditation

• How to run AMICA
• EEGLAB GUI & MATLAB script

• via Neuroscience Gateway (NSG)

• How to analyze AMICA results
• Post-utility plugin

Rationale 
& Theory

Practicum
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Why AMICA? 1st reason – improve IC decomposition

• More parameters: 
Mixture source model 

• Yet feasible to learn…
• Convergence:
2-order Newton > 1-order gradient

• Computation time:
Parallel computing (pre-compiled)

Delorme et al., PLOS, 2012

Jason Palmer

Palmer et al., ICA, 2006; Palmer et al., ICASSP, 2008
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Why AMICA? 2nd reason – model EEG non-stationarity

delta wave

Multiple-model AMICA

Hsu & Jung, J. of Neural Eng., 2017 
Hsu et al., NeuroImage, 2018
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What is AMICA?

Hsu et al., NeuroImage, 2018
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• Likelihood function:

What is AMICA?

Mixture ICA

Independent components

Mixture 
source PDF

• User-defined parameter: H

• Optimization: 
• EM algorithm 

• Gradient  Newton 
Palmer et al., ICASSP, 2008

Jason Palmer
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What is AMICA? EEG Data (x)

AMICA 
(H models, x = Ak sk)

Mixing 
Matrices 

Ak

Source 
Activities 

sk

Model 
Probability 

p(xt|θk)

• Output parameters:

• Model probability:
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Sample result #1 - modeling sleep dynamics
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6-sleep stage classification accuracy: 75% Hsu et al., NeuroImage, 2018

CAP Sleep Database: 6-13 ch, 6-10 hr EEG
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Sample result #2 – tracking drowsiness fluctuation

Hsu et al., NeuroImage, 2018

fast

slow

Time (min)

Sustained attention task: 
30 ch, ~40 min EEG
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Sample result #3 – brain state changes in meditation

Time (min)

M
o

d
el

 ID
M

o
d

el P
ro

b
ab

ility

Hsu et al., IEEE BioCAS, 2018

Guided meditation:
66 ch, ~45 min EEG
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How to run AMICA?
EEGLAB GUI & MATLAB script
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Download AMICA code / plugin

• Option 1: EEGLAB plugin
• EEGLAB  File Manage EEGLAB extensions 

Data processing extensions  AMICA
• Or through EEGLAB extensions and plugins webpage:

https://sccn.ucsd.edu/wiki/EEGLAB_Extensions_and_plug-ins

• Current version (Oct. 2018) : amica1.5.1

• Option 2: Jason’s webpage
• https://sccn.ucsd.edu/~jason/amica_web.html

• Note: following sources may not be up-to-date
• On Github: https://github.com/japalmer29/amica

• Old wiki page: https://sccn.ucsd.edu/wiki/Amica_Download

https://sccn.ucsd.edu/wiki/EEGLAB_Extensions_and_plug-ins
https://sccn.ucsd.edu/~jason/amica_web.html
https://github.com/japalmer29/amica
https://sccn.ucsd.edu/wiki/Amica_Download
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Setup AMICA on your workstation / laptop

• Follow the instruction on https://sccn.ucsd.edu/~jason/amica_web.html

• The amica1.5.1 package (not amica1.5) contains all of the compiled bin file for different OS.

• Windows users:
• Install MPICH2 (32-bit: mpich2-1.4-win-ia32 or 64-bit: mpich2-1.4-win-x86-64), which is included in the amica1.5.1 

package. Otherwise download it from http://www.mpich.org/static/downloads/1.4/

• Max users:
• Change the permissions of the binary file amica15mac to executable. 

• Run "Terminal" from the Go->Utilities menu, then at the prompt run:
cd <put your eeglab path here>/eeglab/plugins/amica1.5
chmod 777 amica15mac

• Linux users:
• Plug-and-play! May need to recompile if runs with multiple nodes or threads.

https://sccn.ucsd.edu/~jason/amica_web.html
http://www.mpich.org/static/downloads/1.4/
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Method 1: run AMICA via EEGLAB GUI 

• Amica EEGLAB GUI Help:
https://sccn.ucsd.edu/~jason/amica_help.html

https://sccn.ucsd.edu/~jason/amica_help.html
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Method 2: run AMICA via MATLAB script

• Sample script

% add eeglab to path

EEG = pop_loadset(‘test_data.set');

% define parameters

numprocs = 1;       % # of nodes

max_threads = 1;   % # of threads

num_models = 1;     % # of models of mixture ICA 

max_iter = 1000;    % max number of learning steps 

% run amica

outdir = [ pwd filesep 'amicaouttmp' filesep ];

[weights,sphere,mods] = runamica15(EEG.data, 'num_models',num_models, 'outdir',outdir, ...

'numprocs', numprocs, 'max_threads', max_threads, 'max_iter',max_iter);

% type “help runamica15()” for a full list and explanation of the parameters
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How to run AMICA?
via Neuroscience Gateway (NSG)
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Step 1: prepare data package

%% test_script_amica_nsg.m

% add eeglab to path

eeglab; close;

% load dataset 

filepath = [ pwd filesep ];

filename = 'test_data.set';

EEG = pop_loadset(filename, filepath);

% define parameters

numprocs = 1;       % # of nodes

max_threads = 24;   % # of threads

num_models = 1;     % # of models of mixture ICA 

max_iter = 1000;    % max number of learning steps 

% run amica on NSG

outdir = [ pwd filesep 'amicaouttmp' filesep ];

runamica15_nsg(EEG.data, 'num_models',num_models, 'outdir',outdir, ...

'numprocs', numprocs, 'max_threads', max_threads, 'max_iter',max_iter);

(1) (2)

(3) Create .zip file
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Step 2: upload data package
Upload the .zip folder!
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Step 3: create and run task 

Select the .zip file

Select “EEGLAB on Comet”

Max 48 hr
Run this .m file 
(test_script_amica_nsg.m)

Output .tar.gz file 
in a .zip folder
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Step 4: output files

Cipres_Data.zip\output.tar.gz\

loadmodout15()

Load output for analysis!
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Runtime Analysis

Dataset Sim Driving Sleep Memorize

# CH (N) 16 30 13 71

# Samples (T) 135K 1.7M 17M 320K

# models (M) 1 3 8 1

1-step time 0.03 s 2.87 s 56.77 s 0.35 s

*2000-step 
time

1.0 m 95.7 m = 
1.6 h

1890 m = 
31.5 h

11.7 m

𝑅𝑢𝑛𝑡𝑖𝑚𝑒 ∝ # 𝑝𝑎𝑟 ⋅ 𝑇 ∝ (𝑁2⋅ 𝑀) ⋅ 𝑇

Rule of thumb:

On Comet, SDSC:
1 node, 24 threads, Intel Xeon E5-2680v3, 2.5 GHz
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Driving dataset (30 ch, 1.7M, 1 model)

Multiple nodes capability coming soon!
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How to analyze AMICA output?
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Sample script for analysis

% load EEG data and AMICA results

EEG = pop_loadset('test_data.set');

outdir = [ pwd filesep 'amicaouttmp'];

modout = loadmodout15(outdir);

% load individual ICA model into EEG structure

model_index = 1

EEG.icawinv = modout.A(:,:,model_index);

EEG.icaweights = modout.W(:,:,model_index);

EEG.icasphere = modout.S;

EEG = eeg_checkset(EEG);

pop_topoplot(EEG,0); % plot IC scalp maps of ICA model #1

% compute model probability

model_prob = 10 .^ modout.v; % modout.v (#models x #samples)

figure, imagesc(model_prob(:,1:10*EEG.srate); % model probability changes in first 10s
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EEGLAB Plugin – postAmicaUtility 2.00
Ozgur BalkanMakoto Miyakoshi
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Model Probability time series

Event-related dominant model image

ICA weights and source power spectra

Pairwise mutual information

Day 1: Track A

4:20 PM -- A4: Mutual information reduction 

(MIR) and IC dependent subspaces –
Scott Makeig & Makoto Miyakoshi
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Conclusions – theory & applications

Properties / Models (Infomax) ICA AMICA AMICA compared to ICA

Model of source PDF Pre-defined
Learned by model fitting
p(s) = GG1(s) + GG2(s) + …

Better IC decomposition

Model of mixing matrix
# sources <= # channels
(complete)

# sources >= # channels
(overcomplete)

Applicable to low-density 
EEG data

Spatial stationarity of 
sources

1-mixing model
(Fixed sources)

N-mixing model
(Emerging / disappearing
sources)

Modeling nonstationary EEG 
data, indicating brain-state 
changes

Sensitivity to artifacts X
Low-likelihood data 
rejection

Dealing with transient large-
amplitude artifact

Multiple-model AMICA  Sleep dynamics, drowsiness fluctuation, guided meditation, (emotions), and more!
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Conclusions – practicum & resources

• Two plugins: amica1.5.1 & postAmicaUtility 2.0
• Download at: https://sccn.ucsd.edu/wiki/EEGLAB_Extensions_and_plug-ins

• Computing resources: via Neuroscience Portal (NSG)

• Tutorials:
• Installation: https://sccn.ucsd.edu/~jason/amica_web.html
• GUI: https://sccn.ucsd.edu/~jason/amica_help.html

• References:
• [Algorithm]: Palmer, J.A., Makeig, S., Kreutz-Delgado, K., Rao, B.D., 2008. Newton method for the ica

mixture model. IEEE International Conference on Acoustics, Speech and Signal Processing, ICASSP, pp. 
1805–1808.

• [Application]: Hsu, S.H., Pion-Tonachini, L., Palmer, J., Miyakoshi, M., Makeig, S. and Jung, T.P., 2018. 
Modeling brain dynamic state changes with adaptive mixture independent component analysis. 
NeuroImage, 183, pp.47-61.

https://sccn.ucsd.edu/wiki/EEGLAB_Extensions_and_plug-ins
https://sccn.ucsd.edu/~jason/amica_web.html
https://sccn.ucsd.edu/~jason/amica_help.html
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