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In the Meantime...

... please start unzipping your bcilab-1.01 file
to some directory on your disk if you haven’t
done so already.

You also find it at
ftp://sccn.ucsd.edu/pub/bcilab

Should take 5-10 minutes (if you're on
Windows, try to use 7-zip or WinZip/WinRAR).

Don’t put it inside the EEGLAB folder (BCILAB
includes an EEGLAB distribution).
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The BCILAB Toolbox
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Context

* Like EEGLAB, but for BCI (and/or cognitive state
assessment)

— Seeding a community

— Strengthening links between BCl and Neuroscience
* SCCN’s in-house tool for BCI problems

— Main focus: Advanced cognitive monitoring

— Part of a large US research program (CaN CTA)

— Funded by ARL (and ONR, Swartz Foundation, ...)

A1 ONR

Office of Naval Research




Software Environment For:

* Brain-Computer Interface Design (Cognitive
Monitoring)

* Methods Research:

— Design & rapid prototyping of new methods &
methods from literature

— Offline testing, performance evaluation & batch
comparison

— Simulated online testing
* Rapid Prototyping:

— Real-time use

— Prototype deployment



Facts & Figures

Developed since 2010 at SCCN, UCSD (primarily
oy me)

Precursor was the PhyPA toolbox (Kothe &
Zander, 2006-"09)

Built on top of EEGLAB (Delorme & Makeig, 2004)

Currently the largest open-source BCI toolbox by
methods and algorithms (100+)

Offline and online processing both in MATLAB,
same code base, cross-platform, 32/64bit




Basic Goals

Provide large array of existing methods to
reproduce existing literature — e.g., in
benchmarking and comparison studies

Provide state-of-the-art and novel methods to
rapidly set up well-performing BCls

Provide plugin frameworks and backend solvers
to implement new methods quickly

GUI for beginners & experimenters, scripting for
experts and MATLAB veterans — largely the same
feature set

Allow for both conventional designs (e.g., data
flow) and for radically new approaches



2 BCILAB Concepts and Details
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Managed by the Online Framework
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Scope of the Offline Framework

* Also Covered: Cross-validation, Grid Search, Nested
Cross-Validation

For all param. values... ’
Training 7




Filter Components

* Filters can operate on continuous signals...
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Machine Learning Components

* Machine learning functions come in pairs:

@achine Learning Method )
Data » Training »Model New Data » Prediction » Labels
Labels » function Model » function

\ J

M = ml trainlda(X,y)

O
I

ml predictlda (Xnew, M)



Paradigms Components

* BCI paradigms are the coarsest plugin type in BCILAB

and tie all parts of a BCl approach together (signal
processing, feature extraction, machine learning, ...)

* They are invoked by the offline/online framework

(BCI Model \

Filter Graph
Calibrate ‘ L 2o o
P dict
1\ 7/

Calibration recording(s)



Online Reader Components

* Online reader plugins read signals from a
source device and make them available in the

MATLAB workspace:

BioSemi Reader

 Example:
run readbiosemi () ;

=

MWWWWMWW



Online Writer Components

* Online writer plugins write BCl outputs (i.e.,
predictions) to some external destination:

» TCP Writer

 Example:
run writetcp('mdl', ‘strm','192.168.1.5',12467)



Data Representations
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Data Representations

.data

.event

.srate
.Xmin

.chanlocs

ﬁg"a' W

@gnal Bundle

.Streams S|gna| 1

Signal 2

Signal n

\ (meta-data)

Dataset Collection

Bundle 1

Bundle 2

Bundle n



Pipeline Notion

 BCILAB is a framework that resembles a
processing pipeline: first configure everything,
then apply it to one or more data sets

* Configuration Inputs:

— Mapping between marker type strings and
numeric class labels

— Base BCl Paradigm to execute — “what to run?”
— Custom parameters for the paradigm

— Evaluation Scheme — “how to run it?”
(e.g., what type of cross-validation)



Pipeline Processes

Curate: bring the input data into standard form
Design: define the computational approach

Train: invoke all steps necessary for training
(calibrating) a BCl and estimates performance

Predict: apply a BCl to some data offline
Visualize: visualize BCl model internals
Run Online: apply a BCl online / incrementally

Batch Analysis: perform a series of processing
steps, optionally in parallel



3 Detailed GUI Walkthrough
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Detailed GUI Walkthrough

=101

=] Signal Processing
[=] SignalProcessing
FilterOrdering
Resampling
SamplingRate
ChannelSelection
Rereferencing
ICA
Surfacelaplacian
FIRFilker
Prajection
1IRFilker
Standardization
SparseReconstruction
EpochExtraction
TimeWindow
EventTypes
BaselinzRemaval
WindowSelaction
SpectralTransform
B SpectralSelection
FrequencySpecification
& Feature Bxtraction
(=] FeatureExtraction
PatternPairs
[=] PluginFunctions
FeatureAdaptor
FeatureExtractor
FeatureAdaptorheedsVating
FeaturaVisualizer
[ Machine Learning
ina

m

m

<

100

e e e |

[0.53.5]
s 1f.]

Km |

[7 30]

para_csp::@csp_train

para_csp::@csp_predict
~

para_csp::@csp_visualize

(Name)
(Description)

Help

Cancel OK

i

Selected approach |Iastapproach ("Imagined Movements vi... j

Calibration data source I lastdata ("imag.set™) j
Parameter Search ]
Data So Loss/Performance Metric IAutomaticaIIv chaosen j
Cross-validation folds ls— B
Spacing around test trials ls—

Performance estimat

|+ Compute performance estimates

Cross-validation folds I 10
Spacing around test trials I 5

Computing resourc:

[~ Run on a computer cluster

Hode pool I {use current config)
Save model in workspace as | lastmodel
Save statz in workspace as | laststats

Help | Cancel | QK |

) Figure 2: Common Spatial Patterns =100 x|
Fie Edt Vien Insert Took Deskop Window Help N
Do d e LA N9EL- G2 |0E O
CSP Pattern 1 CSP Pattem 2 CSP Pattem 3
CSP Pattem 5 CSP Pattern 4
101 %]
Fie Edb Vew lbsert Took Desling Window Hebp -
Oddae| S50 LL |A/0B| 00
08

0.8

ot

0.&

0.5

04

03

0z

L 8]




Getting Started



System requirements

MATLAB 2008a+
1GB+ RAM (better: 2GB+)
Windows, Linux, or Mac

For smooth workshop: No toolboxes in MATLAB path other
than Mathworks toolboxes (or EEGLAB)

To use certain additional features (not covered today):
Signal Processing Toolbox, Statistics Toolbox, Real-time
experimentation environment (DataRiver, BCI2000,
OpenVIBE or your own)

To use certain advanced features (also not covered today):
Correct MEX compiler setting (this requires Microsoft Visual
C++ Express under Win64 and Xcode/gcc under Mac)



hen Processing your own Data

* Note the following requirements:

— You need proper channel labels (usually the 10-20
labels); 3d locations not necessary

— You need event markers in your data for the time
points with known target condition

— BCILAB needs raw (unprocessed) data

— Make sure you have a file format supported by
EEGLAB Rawr!
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Clearing the Path

J MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

Mew

Cpen... Ctrl+0
Close Command Windaow Ctrl+w
Import Data...

Save Workspace As... Ctrl+5

Preferencss...

ard shortcuts

hortcuts, use

Page Setup...
Print....

Frint Selection. ..

Ctrl+P

t =zettings by
lg=" drop-down

t want to see

1 C:\...pts\tutorial_erp1.m

2 C:\. \workshop_script2.m

3 C:\...s\workshop_script.m

4 C:\...ndencies\saveZpdf.m

Exit MATLAB

Ctrl+Q

J ﬁ ﬂ | (7] |CurrentFuIder:IC:'n,LIsers'n,mrisﬁan'n,D
——————————————————

| shortcuts, such as Ctrl+5, are nc

have changed for img

FPreferences. From tl

selecting "R200%a Wi
li=t. For more infoa

thisz message again.
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Clearing the Path

o

Al changes take effect immediately.

MATLAE search path:

Add Faolder... . C:\sers\christianDocuments\MATLAB
| C:\DEVEL
Add with Subfolders. .. | | C:\Program Files\MATLAB'\R 2005k toolbox \matab\gener:

J C:\Program Files\MATLAB'R 2009b\toolbox\matiab\ops

; C:\Program Files\MATLABR 2009b toolbox\matiabYang

J C:\Program Files\MATLAB'R 20090 toolbox imatlabelmat

) C:\Program Files\MATLAB'R 20050 toolbox \matlabrandfu

Mowve to Top |
Mave Up | ; C:\Program Files\MATLAB'R.2009b\toolbox \matiabelfun

J C:\Program Files\MATLAB'R 2009b\toolbox \matlab\specfu
| C:VProgram Files\MATLAB'R 20090 toolbox imatiabymatfur
) C:\Program Files\MATLAB'R 20050 toolbox \matlab\datafu
J C:\Program Files\MATLAB'R 2009b\toolbox \matiab\polyfur
) C:\Program Files\MATLAB'\R 2009b\toolbox \matab\funfun

Remove | ll C:\Program FI|ESWAHAE‘"REUW'JI'HWD"JDXWEHHb".SF'EZJIILI
Save | Close | Revert Default Help |

Mowe Dawn

Move to Bottom




> ~
/, \
N\
SWartZ

Center for
Computational
euroscience

Clearing the Path

i

All changes take effect immediately,

MATLAE search path:

Add Folder... | . C:\Users\christian\Documents\MATLAE
| C:\DEVEL
Add with Subfolders. . | , C:'Program FilesMATLAB'R 2009b\toolbox\matabigeners
= s wimatlablops
} x
e
Move 1070 Do you wish to restore the default path? x\matiab\elmat
If you do so, you will lose your current path settings,  px'matlabrandfu
| doszlp x\matiab\elfun
: : Mo
Mave Dow | wimatab\specfu
wimatiab\matfur
Move to Bottom | ; C:\Program Files\MATLAB'R 2009b\toolbox \matlab\datafu

| C:\Program Files\MATLAB'R 20090 toolbox \matiab\palyfur
) C:\Program Files\MATLAB'R 2009b\toolbox \matabfunfun

; C:\Program Files\MATLAB'R 2009b\toolbox\matab\sparful =
Remove lI | 2
Save | Close | Rewvert | Default Help |
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Clearing the Path

_ioix|

All changes take effect immediately.

MATLAE search path:

Add Folder. .. | | Ci\Jsersichristian\Documents\MATLAB -
. C:'Program FilesYMATLABR 2009b\toolbox\matlab\geners
Add with Subfolders... | , C:\Program Files\MATLABR 2009b \toolbox\matab\ops

. C:'Program Files\MATLABR 2009b\toalbox \matiabYang
. C:'Program FilesMATLABR. 2009b \toolbox\matiab \elmat

Move to Top | . C:'Program FilesMATLABR. 2009b\toolbox\matiabrandfu
. C:'Program Files\MATLABR 2009b\toolbox \matiab \elfun
Move Up | . C:'Program FilesMATLABR 2009b\toolbox\matiab\specfu
Morve D | | C:'\Program Files\MATLABR. 20090 toolbox \matlab Ymatfur
. C:'Program Files\MATLABR 2009btoolbox\matlab \datafu
Maove to Bottom | J C:\Program Files\MATLAB'R 2009b \toalbox \matlabpolyfur

. C:'Program FilesMATLABR 2009b\toolbox \matab funfun
. C:'Program FilesMATLABR 2009b\toolbox \matiab \sparfu

Remave | ll C:'Program FilesWAHAB'REDDQI:I\mnlbeWaﬁaI:'n,s-:ril:uf vI
Help |

Save | Close | Revert |
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Clearing the Path

_ioix|

All changes take effect immediately.

MATLAE search path:

Add Folder. .. | | Ci\Jsersichristian\Documents\MATLAB -
. C:'Program FilesYMATLABR 2009b\toolbox\matlab\geners
Add with Subfolders... | , C:\Program Files\MATLABR 2009b \toolbox\matab\ops

. C:'Program Files\MATLABR 2009b\toalbox \matiabYang
. C:'Program FilesMATLABR. 2009b \toolbox\matiab \elmat

Move to Top | . C:'Program FilesMATLABR. 2009b\toolbox\matiabrandfu
. C:'Program Files\MATLABR 2009b\toolbox \matiab \elfun
Move Up | . C:'Program FilesMATLABR 2009b\toolbox\matiab\specfu
Morve D | | C:'\Program Files\MATLABR. 20090 toolbox \matlab Ymatfur
. C:'Program Files\MATLABR 2009btoolbox\matlab \datafu
Maove to Bottom | J C:\Program Files\MATLAB'R 2009b \toalbox \matlabpolyfur

. C:'Program FilesMATLABR 2009b\toolbox \matab funfun
. C:'Program FilesMATLABR 2009b\toolbox \matiab \sparfu

Remave | ll C:'Program FilesWAHAB'REDDQI:I\mnlbeWaﬁaI:'n,s-:ril:uf vI
Help |

Save | Close | Revert |
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Starting the Toolbox

* Type: cd C:\your\path\to\bcilab; bcilab

J MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

n_hl i | & EE) LL% ) ™ |ﬁ ﬁ Ehl | (7] |CurrentFnIder:IC:'n,I_Isers'n,n:hrisﬁf

MATLAR desktop kevboard shortcuts, such as Ctrl+5, are
In addition, many kevyboard shortcuts have changed for
across the desktop.

To customize keyboard shortcuts, use Preferences. From
restore previous default settings by selecting "R2009a
from the "Active settings" drop-down list. For more in

Click here if yvou do not want to see this message agal

Jx »>d ed C:\Workshop'\bcilab-0.9%1-workshop: beilab




Starting the Toolbox

* Orif your path contains spaces, type:
cd('C:\your\path\to\bcilab‘); bcilab



Starting the Toolbox

* |f you have an old (32-bit) Macintosh laptop,
BCILAB might ask you some question about
compiling functions

— Just type n (for no) to continue

* |f you have things on your MATLAB path that
override BCILAB function names, you will get
some warnings about it (it’s best to remove
them from the path)
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Starting the Toolbox

* You should now see the welcome message

M LEET LA A b helelrl Y Aol fAfhed 8 LEES  KeholIERT  Ldblhocd  BAGS L RS efle  LEESLE AellRdld BART e EFRL Rkl b LE el

Could not probe cache file =ystem speed; reason: Error using ==> =Zave
Unable to write file ‘tmp\bcilabk cache\ probe cache 1450493820 .mat: |

code is in C:\Workshop\bcilab-0.31l-workshop'\code

data iz in C:\Workshop\bcilab-0.91-workshophiuserdata
results are in C:‘\Workshop'\bcilab-0.9%1l-workshop\userdata
cache is in \tmpibcilab cache (location 1)

temp is in ‘\tmpibcilab temp

Welcome to the BCILAE toolbox!
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Starting the Toolbox

e ...and the main menu

) BCILAB 1.0 (on Jordan)

] .4
Data Source  Offline Analysis  Online Analysis  Settings Help

S okl DR800 K\ x B ?

 MATLAB 7.9.0 (R2009b)

File Edit Debug Parallel Desktop Window Help

Dﬁ|¥ BB p|h@@|ﬂ.'|ﬂurrentFnldEf:E

HOTE: The MATLAE path has been updated to point
In order to use cvx regularly,

you must =save th
To accomplish this, add these lines to your =ta:

addrnath crvworkshonivbhei 1ah-=0.97 —wnrkshonh des
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T Gettlng he|p (|f nGEdEd)

I

Data Source  Offline Analysis  Online Analysis  Settings | Help

l§|ﬂﬂﬁi&M|DDQGE BCI Paradigms. .. |‘@

T

Machine Learning...
Scripting b
Plugin authoring b
About...

Save bug report...

File bug report...
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_iBix

File Edit WView Go Favorites Desktop Window Help L
|| o~ & - 'ﬁ'*| MATLAB File Help: codeffilters v|
FY

Contents | search Resuits | MATLAB File Help: codefilters Default Topics

@ Release Notes

1€ Instalation codeffilters

& MATLAB
: ) Contents of filters:

. @ Signal Processing Toolbox

@ Statistics Toolbox flt bandpower - Compute logarithmic bandpower features.

@ Simulink 30 Animation flt clean channels - Remove channels with abnormal data from a continu
flt clean peaks — Project local peaks out of the data (blinks, musc
flt clean settings — Clean EEG data according to a particular cleaning
flt clean spikes - Set outlier samples in the data to zZero.
flt clean windows — Remowve pericds of abnormal data from continuocus d
flt coherence - Calculate hetween-channel / component coherence.
flt _=og — Femowve EOG artifacts from EEG using EOG reference
flt_epochica — Apply an independent component decomposition acro
flt _epochpca — Apply a principal component decomposSition across
flt fft — Apply an FFT to sach epoch of an espoched signal |
flc fir — Filter a continuous data set by a digital FIR fil
flt fourier — Transform an epoched data set into a fourisr repr
flrt ica — Annotate the Signal with a spatial decomposition
flt iir — Filter a continuous data set by a digital IIE low
flt laplace — Applies a simple Hijorth-stvle surface laplacian £

1 minalins - MermFirmralhla nranroaccogineg ninalins Foar wmmetr ROT t
ir r »

&
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=

File Edit View Go Favorites Desktop Window Help b
ISearch o 2 = wp 5 | MATLAB File Help: fit_bandpower v|
Contents | Search Results MATLAB File Help: fit_bandpower Wiew code far fit bandpower Default Topics —

@ Release Motes

g:jﬁf;“ flt_bandpower
..

@ Signal Processing Toolbox Compute logarithmwic bkandpowsr features.

--@StatisticsTonlbox [Signal,State] = flt bandpower (Signal, Bands, Smoothing, State)
@ Simulink 30 Animation TODO: detailed description
In: -
Signal H continucus data sst to be filtered
Eands H bands specification:

* if all channels have the same bands, use a cell array conta
frequency bands, =.g. {[8, 1071, [1Z2, 1l&], [ZZ2, 301} (in H=z)
this example creates 3 identical bands for each channel

* if wvou want indiwvidual bands for esach channel, use a
two—dimensional cell array containing the frecquency bands
(second dimension) of each channel (first dimension),

e.g. {{[7, 111, [1l3, 181, {[E&, 351}, {[12, 151, [20, ZZ].,

this exawple creates 2 bands for the first channel, 1

band for the second channel, and 3 bands for the third ﬂ
3

mrhannal

Kl |

4




3 Hands-On ERP Analysis



The Data

* Provided by Grainne McLoughlin
 Contains data from a Flanker task

e Two groups of markers:
— $101, S102: person presses a button and commits no error
— $201, S202: person presses a button and commits an error



Experimental Task

Flanker Task: The experiment consists of a
sequence of ca. 330 trials with inter-trial interval
of 2s +/- 1.5s

At the beginning of each trial, an arrow is
presented centrally (pointing either left or right)

The arrow is flanked by congruent or incongruent
“flanker” arrows:

CED¢€

The subject is asked to press the left/right button,
according to the central arrow, and makes
frequent errors (25%)
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Loading the Data

I ]

|Da13 Source  Offline Analysis  Online Analysis  Settings Help

Load recording(s)... Ctrl+ D [ IE Ij. =] | G Sy 2 | . | ?

Workspace ]

Fun script. ..
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Loading the Data

) Select dataset(s) to load |

m Look in: I . userdata j = i
et se Name_~ | | Date modified | ~| Type [+ sz |~
a | ﬁ g || newrecording3.set 5/14/2012 2:54PM  SET File 4,233 KB
e F=cert Places || newrecording3. fdt 5/14/2012 2:54PM  FOT File 61,421 KE
| |lastdata.set 5/6/2012 7:27 AM  SET File 2,346 KB
D | |lastdata. fdt 5faf2012 727 AM  FOT File 13 KB
Desktop L_|imag.vmrk 3/18/2009 4:12 AM  VMRK File 6 KB
|__|imag,vhdr 1222007 10:51... VHDR File 6 KB
E |__|imag.eeq 1/22/2007 10:51... EEG File 88,565 KB
i . tutorial 4262012 6:36 AM  File folder

Date created: 4/26/2012 6:36 AM
Size: 354 MB
Folders: flanker_task, imag_movements1, imag_movements2

File name: - Open
Files of type: any supported file

| 4
b
i
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Loading the Data

) Select dataset(s) to load x|
-) e Lookein: [ ). tutoral -« ®BckE

w ~| Date modified

-~ | i E 4/26/2012 6:36 AM  File folder

e Recert Places | imag_movements 1 4/26/2012 6:36 AM  File folder
D .. imag_movements2 4262012 6:36 AM  File folder

Mame =

flanker _task

Desltop

Libraries

|E;§
Computer

File name: - Open
Files of type: any supported file Cancel

| 4
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Loading the Data

) Select dataset(s) to load x|

Look in: I . flanker_task j e ¥ -

Mame = |~r| Date modified |~r| Type |~r| Size |~r|
|| 12-08-001_ERM.eeg 6/6/20115:37PM  EEG File 47,895 KB
|| 12-08-001_ERM.vhdr 66,2011 5:37PM VYHOR. File 9 KB
|| 12-08-001_ERM.vmrk 662011 5:37 PM VIMRLE File 26 KB
T 1208002 ERN.eeg 6/6/2011 5:37PM  EEG File 47,094 kB
. 12-08-002_ERM.vhdr 662011 5:37 FM VHDR. File 9 KB
—TORODIEDRLo £l£/011 €37PM  YMRK File 26 KB
linfo.bxt Type: VHDR File :45... TXTFile 1KB

Size: B.03 KB

Date modified: 6/6/2011 5:37 PM

Please use the file that ends in -002_ERN !!

File name: 12-028-002_ERN .vhdr - Open

Files of type: any supported file

| 4
&
i
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Confirming Import Options

i1 %]

— Optionally load data in reduced form
Data Source_ Of Channel index subset

S [ 2

Sample range subset

Time range subset

Channel type subsei

— Misc options for i0_loadset

Save data in workspace as | lastdata

Check data [~ QK

Help |Triggerchannel-_.| Add markers__.| Cancel Ok




Creating a New Approach

I ]

Data Source Offline Analysis  Online Analysis  Settings  Help
—

SlipaeB 00LEA0| x4k 8|72
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Creating a New Approach

| BCILAB

L

Data Source

=

=101

— Select approach

I log-Bandpower (ParadigmBandpower) j

— Description

Basic paradigm for oscillatory processes, via per-channel logarithmic bandpower | &
(note: fairly primitive by modern standards)

The logarithmic Bandpower estimates (log-BF”) paradigm iz based on the design
of the original Graz Brain-Computer Interface [1][5], which used lateralized motor
imagery for control. The features exploited by this paradigm in itz original form are
Event-Related Synchronization and Desynchronization [2] localized in the motor
cortex, but the paradigm iz not restricted to these applications. Similar measures
have alzo been used in [4] athough without machine learning.

Generally, log-BP can be used as a simple methed to operate on oscillatory

processes, either in relation to events, or asynchronoushy. The paradigm is simple

in that it does not capture any complex time variations in the cscillations detected,

does not capture interactions between multiple frequency bands, and does not ;I

Help | [ Full edit when done Cancel 0K




/’//'v z \\._
S wartz :

Center for
Computational
euroscience

Select an ERP Paradigm

) Define a new approach - |I:I|i|
r

SESeizE log-Bandpower (ParadigmBandpower) j
==

log-Bandpower (ParadigmBandpower)

o Common Spatial Patterns (ParadigmCSP)

= DualAugmented Lagrangian (ParadigmD&aL)

Low-Frequency DAL (ParadigmDALERP)

High-Frequency DAL (ParadigmDALOSC)

1 Fiter-Bank CSP (ParadigmFBCSP)

0 Multi-zubject Overcomplete Spectral Regression, work in progress (ParadigmMOSR)
Regularized Common Spatial Patterns (ParadigmRCSP)

spectrally Weighted CSP (ParadigmSpecCSP)

Spectral Means (ParadigmSpectralmeans)

|»

Windowed Means (Paradigm\WVindowmeans)
{ [From Workspace]

A [From Dizk]

I} Fancy ICA (fancyica)

Windowed Means (Paradigm\Windowmeans) 1 (lastapproach)
| log-Bandpower without SigProc toolbox (lastapproach)

Common Spatial Patterns without SigProc toolbox (lastapproach)
Low-Freguency DAL without SigProc toolbox (lastapproach) T
High-Frequency DAL without SigProc toolbox (lastapproach)
Regularized Common Spatial Patterns without SigProc toolbox (laztapproach) ;l
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Select an ERP Paradigm

I

— Select approach

| BCILAB

L

Data Source

o I S

Windowed Means (ParadigmWVindowmeans)

— Description
Standard paradigm for glow cortical potentialz, using per-channel multi-window .
zignal averages.

The windowed means paradigm iz a general method for capturing =low-changing
cortical petentiale, most importanthy in reaction to events (then called Event-Related
Potentials / ERPs). t iz comprehensively described in [1]; The default parameters
match ene of ite firzt applications, in [2].

The paradigm iz implemented a= a seguence of signal (pre-jproce=ssing, feature
extraction and machine learing stages. Signal processing usually includes spectral
fitering (e.g., lowpass fitering) and cccasionalty =patial fittering, either for
dimensionality reduction (e.g., by selecting channelz) or for the extraction of

gpargity, independence or other feature gualities (e.g., via independent component
analysiz). The defining property of the paradigm i= the feature extraction, in which lI

Help | [ Full edit when done Cancel oK
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Configuring the Approach

M=

New sampling rate of the data | 100

Epoch time window relative to the target markers ‘ | [-0.2 0.8] ‘

Frequency-domain selection ‘ | [0.115] ‘

Epoch intervals to take as features ‘ |4E-: .45 0.5 0.5 0.55; 0.55 0.8] ‘

Machine learning function ||.jﬂ ad
Help I Cancel Ok

Type into the lowest of the 3 highlighted fields:
[0.25 0.3; 0.3 0.35; 0.35 0.4; 0.4 0.45; 0.45 0.5; 0.5 0.55; 0.55 0.6]



> ~
/, \
N\
Swartz

Center for
Computational
euroscience

Saving to the Workspace

) Save approach - O] x|
— [Edit Description
Standard paradigm for glow cortical potentialz, using ﬂ

per-channel multi-window =ignal averages.

| 'Qj | I The windowed means paradigm iz a general method for
capturing slow-changing cortical potentialzs, most importanthy
in reaction to events (then called Event-Related Potentials /
ERP=}. It is comprehensively described in [1]; The default
parameters match one of itz first applications, in [2].

The paradigm iz implemented as a sequence of =ignal
(pre-jprocessing, feature extraction and machine learing

ztages. Signal processing usually includes spectral fittering

(e.g., lowwpass fittering) and occasionalty spatial fitering,

either for dimensionality reduction {e.g., by selecting

channelz} or for the extraction of sparsity, independence or lI

mnthar faatiura Analtiae fa s aria indanandant camrnnant

Hame I‘Il.finu:luwed Means (ParadigmVindowmeans) 1

Save approach in Workspace as I laztapproach

Save on disk... |I ] I




Calibrating a New Model

I ]

Data Source Offline Analysis Online Analysis  Settings  Help
—

Sl auB|lDPLEa0 s x|8|?
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=) Calibrate a model

=101 i

Selected approach Ians ("Windowed Means (Paradig... j

Setting Calibration data sourc

(€ Target marke |5102'},{'52I}1','52!}2'}}

— Parameter Search

Loss/Performance Metric Iﬁ.utnmatically chosen

Cross-validation folds I 5
Spacing around test trials | g

— Performance estimates

v Compute performance estimates

Cross-validation folds I b
Spacing around test trials I 5

— Computing resources

[ Run on a computer cluster

Node pool I (use current config)

Save model in workspace as | lastmodel

Save stats in workspace as | laststats

Help | Cancel

0]24

Calibrating a New Model

This is the set of marker labels
that determine our two
possible error conditions. For
each of the two conditions,
there is a group of multiple
markers (different types of
errors and non-errors).

Type the following here:
{{'S101','s102'},{'s201','S202'}}
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= Watching the Computation...

io loadset(): loading C:\DEVEL\bcilab-1l.0\userdatal\tu

pop loadbv(): reading header file

pop loadbw(): reading EEG data

pop loadbv(): scaling EEG data

pop loadbwv(): reading marker file

readloc=(): "=fp' format assumed from file extension

Channel lookup: no location for RE,LE,VEOG

Send u=s standard location for yvour channel=s at eeglak

Eadius walues: 0.02%9117 (mean) +/- 4.20252e-005 (=tc

Hote: automatically convert XYZ coordinates to spheri

pop_epoch() : 408 epochs selected

Epoching. ..

pop _epoch() :408 epochs generated

eeg checkset: found empty wvalues for field 'target’
filling with wvalue=z of other events in

pop epoch(): checking epochs for data discontinuity

Extra common reference electrode location detected

beginning new computation...

x5
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Reviewing Results

) Review Results B ]
— Diata Summary . .
- Summary Statistics
True positive rate : 0.83 +/- 0.11 (H=5)
False positive rate : 0.17 +/- 0.11 (H=5)
Gk - True negative rate : 0.95 +/- 0.02 (H=5) /’
False negative rate : 0.05 +/- 0.02 (H=5)
Error rate : 0.06 +/- 0.02 (H=5)
[ Statistics for each
— Diata Details
fold of the Cross-
True positive rate |False positive rate | True negative r... |False negativer... Error rate
1 0.3000 0.2000 0.9275 0.0725 0.0886 Validation (here 5X),
2 1 0 0.9467 0.0533 D@O’/
3 0.8750 0.1250 0.9437 0.0563 0.0633
= 0.7273 02727 0.9355 0.0145 0.0500
5 0.7500 0.2500 0.9583 0.0417 0.0825
Rl |+
Export... | oK |




Visualizing the Model

I ]

Data Source  Offline Analysis Online Analysis  Settings _Help

Sl e DoLEapD sax g ?
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e Visualizing the Model
=10l

File Edit Wiew Insert Tools Desktop Window Help

NS KRR ODEL 20| ad
Settings Windowl [0.2592 to0.35)  Windowl [0.3s to 0.352)  Window3 (0.35s to 0.42)

Y
L2

Windowd (042 to 0.45s)  Windows [0 455 to 0.55)  Windowhk (0 55 to 0.55s)




Loading a Separate Test Set

I ]

Data Source Offline Analysis  Online Analysis  Settings  Help

‘Lﬁmﬂﬂm}mmgmmwﬂmlw




Swartz :

Center for
Computational
euroscience

Loading a Separate Test Set

Note: This data set is from an identical twin doing the same task.

) select dataset(s) to load x|
Look in: | || flanker_task i = ch': EH-
Mame = |-| Date modified |v| Type |v| Size |-|
| | 12-08-001_ERN.eeg 6/6/2011 5:37PM  EEG File 47,895 KB
. 12-08-001_ERM.vhdr 662011 5:37FM  VHDR File
) 12-08-001_ERM.wmrk aiai2011 5:37 FM WMRE File 26 KB
|| 12-08-002_ERNM.eeqg T}-’DE: WYHOR. File S PM EEG File 47,094 KB
12-08-002_ERN.vhdr | 5iz=: 8.03KB 7PM  VHDR Fi 9 KB
- Y b ote modified: 6/6/2011 5:37 PM =
|| 12-08-002_ERM.wmrk — 7 FM WMRE File 26 KB
I_,i|‘|1:|.‘.|.1:!{1: 12/12/2011 7:45... TXT File 1KE
File name: I'IE—GE-'I]'[I"I_EHN.vhdr j Open
Files of type: Iarr:.r supported file j Cancel
o
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Applying the Model to Test Data

) BCILAB 1.0 (on Jordan) =101 x|

Data Source Offline Analysis  Online Analysis_ Settings  Help
H

Sl eB 0odeRr0| sax 8| ?
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—Applying the Model to Test Data

) Apply predictive model to data set - O] x|

Source data set for prediction lastdata ("12-08-001_ERN.v... j

Predictive model to use ||aztmodel j

@ Lossiperformance metric |Automaticaly chosen j
- Save results in workspace as lastresults

Help | Cancel oK
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Reviewing Statistics
=10| x|

— Data Summary
r
True positive rate : 0.58 +/- 0.00 (N=1)
False positive rate : 0.42 +/- 0.00 (H=1)
QA_ | I True negative rate : 0.33 +/- 0.00 (H=1)
False negative rate : 0.07 +/- 0.00 (H=1}
Error rate : 0.13 +/- 0.00 (H=1)
=
— Diata Details
True positive rate |False positive rate | True negative r... |False negativer... Error rate
1 05797 04203 05263 0.0737 0.1324

Export... | 0K




Using Another Loss Measure

I ]

Data Source Offline Analysis  Online Analysis_ Settings  Help
—
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Using Another Loss Measure

) Apply predictive model to data set =] =]

Source data =et for prediction lastdata ("12-08-001_ERN.v... ™

Predictive model to uzse ||aztmodel

Hr

Loss/performance metric  |Automaticaly chosen j

s i " Automatically chosen
e SHIES T Warsst #5 | Kullback-Leibler divergence

Help | Megative log-likelihood (MLL)
Mis-classification rate (MCR)
Mean absolute error (MAE)
Mean square error (MSE)
Maximum absolute error
Foot mean square error (RMSE)
Directed mean bias

Median square error

Area under ROC (AUC)
Conditional Entropy
Cross-entropy

negative F-Score
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Using Another Loss Measure

5 |

— Data Summary L

Heg. area under ROC : -0.86 +/- 0.00 (H=1) 0.8

=
=
I

— NetChop C-term 3.0

\c rate

o
.
I

Tru

hd — TAP + ProteaSMM-i
= ProteaSMM-i
— Data Details )
L [
Meq. area under ROC | (

1 -0.8548 Area under the Receiver-
Operator Characteristic
0 . |(RO.C)| Cl’.erQ' L

0 0.2 04 0.6 0.8 1
False positive rate

Export... | OK |
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Starting an Online Data Stream

I ]

Data Source Offline Analysis Online Analysis  Settings  Help

D e @ D0 READ A% 8|2

BioSemi amplifier. ..

|
1
-

=

BrainVision Recorder...

DataRiver stream...

Lab streaming layer...
MIMDO dryjwireless...
24-ch dryfwireless...
D5, ..

The selected stream will be played back in the background.
In this course we’ll be playing back the test data set in real time
(instead of reading from an actual device).



Configuring the Online Stream

) run_readdataset() - O] x|
New Stream to create I last=tream

Dataset to play back lastdata’

Update frequency 23

Help | C.anc:&! Ok I\




o
Swartz L

euroscience

=8l Meanwhile in the MATLAB
Workspace...

If you type whos you could see the data structure (laststream) that is

updated in the background.

beginning new computation...
beginning evaluation...
Extra common reference electrode location
> Whos
Hame Size
ans 1x1
il 1x1
la=tapproach 1x1
lastchunk B4x15
la=stdata 1x1
lastmodel 1x1
lastresults 1xl
lascstatcs 1x1l
laststream 1x1
v Ix2
f?,}}|
%

Evtes

38le4

8

38le4
3840
874
358657
12543
418464
78045880
1s

detected

Class=

struct
double
struct
single
struct
struct
struct
struct
struct
double

|::| -
Y




Selecting the Destination for BCI
Outputs

) BCILAB 1.0 (on Jordan) ;IEIEI

Data Source  Offline Analysis  Online Analysis  Settings  Help

5|]ﬂ£ﬂﬂ£}|ﬁcmmg|%ﬂnl—lm |

File...
Lab streaming layer...
2]

SMAP,..
MATLAE wvisualization...
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@& Selecting the Destination for BCI
Outputs

J run_writevisualization() =|O] x|
Predictive model |  ‘lastmoder
Input Matlab stream laststream
Visualization function bar(y)
Update frequency | 10
Form of the produced output values distribution j
Create a figure v (zet)
Start-up delay 1
Hame of new predictor | lastpredictor
Help | Cancel !l Ok | ‘
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= Visualized Real-Time Outputs

=

File Edit WView Insert Tools Desktop Window Help

N de | RN LEL- 2|0 ad

tings

[ 1

091

0.8

Probability of class 1 (no error) ~—T

06}

Probability of class 2 (error) oo
\_

03

0.2r

01F

0
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= Stopping the Online Processing

File Edit View Insert Tools Desktop W

W o[’ ®

Data Source  Offline Analysis |Dr1|inE Analysis Settings Help

3 | fol w0 oy e M Process data within...  » | G 6, 3 | = | s B

Read input from... b
Write output to... k 07

0.6

nek



Customizing Approaches
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Loading the Training Data Again

) Select dataset(s) to load x|

Look in: I . flanker_task j e ¥ -

Mame = |~r| Date modified |~r| Type |~r| Size |~r|
| | 12-08-001_ERN.eeg 6/6/2011 5:37PM  EEG File 47,895 KB
|| 12-08-001_ERM.vhdr 66,2011 5:37PM VYHOR. File 9 KB
|| 12-08-001_ERM.vmrk 662011 5:37 PM VIMRLE File 26 KB
|| 12-08-002_ERN.eeqg &6/6/2011 5:37FPM  EEG File 47,094 KB
. 12-08-002_ERM.vhdr 662011 5:37PM  VHDR File
L] 12-08-002_ERM.vmrk EJE 7011 B3 P VMRE File 26 KB
linfo.bxt Type: VHDR File :45... TXTFile 1KB

Size: 8.03 KB

Date modified: 6/6/2011 5:37 PM

File name: 12-028-002_ERN .vhdr - Open

Files of type: any supported file

| 4
&
i
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Loading the Training Data Again

SI=E

— Optionally load data in reduced form
Channel index subset

——— Sample range subset
% % f

Time range subset

Channel type subsei

— Misc options for io_loadset— This time we name it properly in the workspace.

| /
I |
Save data in workspace as | I traindatal I

Check data [~ OK | This is the MATLAB workspace variable

Help | Triggerchannel..-l Add marl-cers..-l Eancell Ok




diting the Previous Approach In Detail

I ]

Data Source  Offline Analysis__Online Analysis Settings Help

Sl B0 R0 x4k 8] ?
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diting the Previous Approach In Detalil

) Review/edit approach =10l x|
— Approach properties

8 =] = =t
H Miscellaneous -
[=] SignalProcessing
FilterQrdering
EOGRemoval
= Resampling
SamplingRate 100
FilterLength 10
StopbandWeight 1
TypeSelection
MarkerInsertion
ChannelSelection
Surfacelaplacian
Rereferencing
ICA
BandPower
DipoleFitting
IIRFilter
VolumeSelection
WindowCleaning
StationarySubspace
ChannelCleaning
ChannelR.epair
BurstCleaning
Projection
FIRFilter
SparseR.econstruction
Standardization
=l EpochExtraction
TimeWindow [-0.20.8]
BaselineRemoval
(Name)
(Description)

AT

i

0 e (0

-
4

Help | Cancel OK
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Changing the Classifier

Instead of LDA we choose logistic regression.

E|:u:u:hIC.-5. -
[=| Prediction
=] FeatureExtraction
TimeWindows [0.250.3;0.30.35;0
[=] MachineLearning
B - -
Lambda dal “
Regularizer gauss
WeightedBias alm
WeightedCov gmm |
Configlayout hkj -
Learner
Machine learning function. Applied to the data {Feah.lre=
this is usually the last (and most adaptive) step in the pr qu:la E|
or prediction.

Help Cancel I Ok
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Changing the Classifier

We don’t use the VB (Variational Bayes) variant but the
sparse version (with Automatic Relevance Determination).

EpochICA r
=] Prediction
[ FeatureExtraction
TimeWindows [0.250.3;0.30.35;
[ MachineLearning
[=] Learner logreg
Lambda 1
Vet e -
Epsilon vh
Scaling vh-iter
UseFolback I
Configlayout 11 -
Variant 12
Variant to use. Variational Bayes methods: using a joint lars :I
unstable), or using a per-weight prior (iter), or using a sparse prior {Automatic
Relevance Determination). Regularized methods: lars for fast sparse logistic ;I

Help | Cancel I OK
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=  Learning a New Model...

) Calibrate a model =10 x|

Selected approach IIaatapprnach ("Windowed Means ... j

Calibration data source | lastdata ("12-08-001_ERM.vhdr"} j

Target markers | [Loaded via EEGLAB]
[Loaded via BCILAB]

~ | lastdata ("12-08-001_ERN vhdr")
LossiPerformance Metric | . _;,.; 12.08-001_ERN vhdr)

'

— Parameter Search

Cross-validation folds R ITTE e i PV A SIS0 RY T [
Spacing around test trials I g

— Performance estimates

¥ Compute performance estimates

Cross-validation folds I 5
Spacing around test trials I b

— Computing resources

[ Run on a computer cluster

Node pool I (use current config)
Save model in workspace as | lastmodel
Save stats in workspace as | laststats

ﬂl Cancel |  OK |
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Visualizing The Model

=
File Edit Wiew Insert Tools Desktop Window Help a
NEde b RAODEL-E0EH =D

This model uses
a minimal
subset of
channels.

Windowl [0.25s to 0.35)  Window? (0.3s to 0.35s)  Window3 (0.355 to 0.45)

—

Windowd (045 to 0.455) Windowd (0455 to 0.55)  Windowh ([0.5s to 0.558)




Saving the Approach for Later

I ]

Data Source Offline Analysis  Online Analysis  Settings  Help
—

= E P I EEFIT T A

S




Saving the Approach for Later

) gui_chooseapproach ;IEIE”
Choose an apprm+ lastapproach ("Windo... H

oK |

% | T
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K

! Save approach

Savein: I |, approaches

3

FlEeﬂEefﬁ Flaces

.

Desktop

(o

Saving the Approach for Later

~| « & et E-

Name = | +| Date modified | =] Type |+| 5ize | -]
|| fancy_ica.apr 4172012 8:00 PM  APR. File 155 KB
| |untitled.apr 5222012 10:07... APR File 39 KB

File name: Ierp_tesﬂ apr j Save

Save as type: I *apr) j Cancel




Using a Different BCl Paradigm

(state of the art — this is optional for
people with a fast computer)



New Approach....

I %]

Data Source Offline Analysis  Online Analysis  Settings  Help
—

SlipPpueB DbLEA0 ssx 82
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Selecting DAL-ERP

i

— Select approach

This is one of the best known
approaches for ERP-based BCls.
It assumes that there is a small

log-Bandpower (ParadigmBandpower)

= - - 1 _ || log-Bandpower (ParadigmBandpower) [ . .
k 49‘ _'% | i 1 Common Spatial Patterns (ParadigmCSP) Set Of Iatent Spatlal sources Wlth
| DuakAugmented Lagrangian (ParadigmDaL) their own characteristic time
Low-Frequency DAL (ParadigmDALERP) . h I
High-Freguency DAL (ParadigmDAaLOSC) course WEIg tS, and earns
Fitter-Bank CSP (ParadigmFBCSP) both Simu/taneously.

Multi-subject Overcomplete Spectral Regression, work in progress (ParadigmMOSR)
Regularized Commen Spatial Patterns (ParadigmRCSP)
spectrally Weighted CSP (ParadigmSpecCSP)
spectral Means (ParadigmSpectralmeans)
Windowed Means (ParadigmWindowmeans)
[From VWorkspace]

‘Windowed Means (ParadigmWindowmeans) 5 (lastapproach)
[From Disk]
— Windowed Means (ParadigmWindowmeans) 2 (lastapproach} v
Fancy ICA (fancyica)

{
| Windowed Means (ParadigmWindowmeans) 1 (ans}
i
g

Windowed Means (ParadigmWindowmeans) 1 (lastapproach}
log-Bandpower without SigProc toolbox (lastapproach)
Common Spatial Patterns without SigProc toolbox (lastapproach) -
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Configuring DAL-ERP

=

New sampling rate of the data 60

Frequency specification of the filter | [0.10.5]

Filter type butterwarth j
Epoch time window relative to the target markers [-0.2 0.8]
Frequency-domain selection [0.1135]
Regulariation parameters |[1 024 8581.077325219804 T24.0
Loss function to be used logistic -
Type of regulariation to use dual-zpectral v

Help I Cancel I Ok I ‘
|
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Calibrate Model...

) Calibrate a model

Selected approach
Calibration data source
R | i Target markers

— Parameter Search

=101 %]

traindata ("12-08-002_ERM vhdr")

lastapproach ("Low-Frequency DA.

11 5101°,'5102%, {5201 Inspect data. ..

-
—

Loss/Performance Metric

Cross-validation folds

Spacing around test trials

Automatically chosen

5

5

[




Q-.f —

L .
Swartz &
Center for

Computatlonal
euroscience

Wait for a Few Minutes...

beginning evaluation...

beginning new computation...

pop_epoch () 1 398 epochs selected

Epoching...

pop_epoch () : 398 epochs generated

eeg checkset: found empty values for field 'target'

filling with values of other ewvents in

pop_epoch ()t checking epochs for data discontinuitcy

learning ensemble...
scanning lambda = 1024.000000... model rank = 0
scanning lambda = 861.077929... model rank = 0
scanning lambda = 724.077344... model rank = 0
scanning lambda = 608.874043... model rank = 0
scanning lambda = 512.000000... model rank = 0
scanning lambda = 430.538965... model rank = 1
scanning lambda = 362.038672... model rank = 1
scanning lambda = 304.437021... model rank = 1
scanning lambda = 256.000000... model rank = 1
scanning lambda = 215.269482... model rank = 1
scanning lambda = 181.019336... model rank = 1
scanning lambda = 152.218511... model rank = 1
scanning lambda = 128.000000... model rank = 2
scanning lambda = 107.634741... model rank = 3
scanning lambda = 90.509%668... model rank = 3
scanning lambda = 76.108255... model rank = 3
scanning lambda = &4.000000... model rank = 3
gcanning lambda = 53.817371... model rank = 3
scanning lambda = 45.254834... model rank = 4
scanning lambda = 38.054623... model rank = 6

fx  scanning lambda = 32.000000...3> -
<| | 3




S wartz

Center for
Computational

Neuros ience

bme of the Resulting Components

Component 1

Component 2 Component 3 Component 4

Weight

0.
-200 0

0.
=200 0 200 400 600 800

Note that these are the spatial filters rather than the forward projections!



5 Hands-On Oscillatory Process
Analysis



The Data

* The experiment consists of 160 trials (pause at % the
experiment) . Each trial begins with a letter (either L or R)
displayed for 3s. The subject is instructed to
subsequently imagine either a left-hand or a right-hand

movement. Each trial ends with a blank screen displayed
for 3.5s.




Loading the Data....

I %]

Data Source Offline Analysis  Online Analysis  Settings  Help
—

G D B DCcLEad|sa<x 8%
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Loading the Data...

=1 x|

| -} Select dataset(s) to load

Look in: I || userdata

~| « & cf @&

| +| Date modified | =] Type | | size | =]

Mame =
s | boicomp3
Recent Places | tutorial
| |imag. fdt

.

Desktop

Libraries

| |imag2. fdt
|_|imagd.set

illﬂ

Computer

6/17/2012 2:30 PM  File folder
6/17/2012 2:31PM  File folder
11/22/2010 2:08... FOTFile 15,744 KB
11/22/2010 2:08... 129 KB
11/22/2010 2:08... FOTFile 15,835 KB
11/22/2010 2:08... SET File 127 KB

Iimag.sei

IEerg,r supported file

L) 14}
¥




Name It

Load source data

| traindatal
I

__Help | Trigger channel...| Add markers..| Cancel | OK |



New Approach

I %]

Data Source Offline Analysis  Online Analysis  Settings  Help
—

SlipPpueB DbLEA0 ssx 82
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D= Selectin g the

Common Spatial Patterns Paradigm
0

— Select approach

log-Bandpower (ParadigmBandpower) j

log-Bandpower (ParadigmBandpower) -
Common Spatial Patterns (ParadigmCSP)

DualAugmented Lagrangian (ParadigmDAaL)

Lowe-Frequency DAL (ParadigmDALERP)

High-Freguency DAL (ParadigmDALOSC)

Fiter-Bank C=P (ParadigmFBCSP)

Multi-zubject Overcomplete Spectral Regression, work in progress (ParadigmMOSRH)
Regularized Commeon Spatial Patterns (ParadigmRCSR)

Spectralty Weighted CSP (ParadigmSpecCSP)

Spectral Means (ParadigmSpectralmeans)

X7
|
I

ml

Windowed Means (Paradigm\Vindowmeans)
{ [Frem Workspace]

f [From Disk]

il windowed Means (ParadigmVindowmeans) 2 (lastapproach}

1 Fancy ICA (fancyica)

— Windowed Means (Paradigm\Windowmeans) 1 (lastapproach)

log-Bandpower without SigProc toolbox (lastapproach) 1=
Common Spatial Patterns without SigProc toolbox (lastapproach)

Low-Freguency DAL without SigProc toolbox (lastapproach)

High-Freguency DAL without SigProc toolbox (lastapproach) -

Note: If you don’t have a signal processing license, try instead the method
“Common Spatial Patterns without SigProc toolbox” at the bottom.
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Configuring the Approach

Hew sampling rate of the data
Frequency specification of the filter
Filter type

Epoch time window relative to the target markers

Humber of CSP patterns (times two)

Machine learning function

Help I

) BCILAB: Configure approach

=10 x|

| 100

5 & 28 37]

minimum-phase

[

| [0.5 3.5]

Ih:la

Cancel I

ok |
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Save Approach to Workspace
{51

— Edit Description
Commen Spatial Patternis} algorithm. ﬂ

The CSP paradigm iz based on the design of the Berlin
Brain-Computer Interface (BBCI) [1], more comprehensively
described in [2], which iz mainly controlled by (sensori-motor
imagery. The features exploited by this paradigm in its original
form are Event-Related Synchronization and
Desynchronization [3] localized in the (sensori-ymotor cortex,
but the paradigm iz not restricted to theze applications. CSP
was originally introduced in [3] and first applied to EEG in [].

|
WFA

Due to itz simplicity, speed and relative roebustness, CSP is the
bread-and-butter paradigm for oscilatory processes, and if
nothing elze, can be used to get a quick estimate of whether

the data contains information of interest or not. Like j

mnara handrnmurar P20 ngeaes lnm vrarianca faatoras Aarar a

Name I Common Spatial Patterns (ParadigmCSP) 1

Save approach in Workspace as I lastapproach

Save on disk. .. | Ok




Calibrating a New Model

I ]

Data Source Offline Analysis Online Analysis  Settings  Help
—

Sl auB|lDPLEa0 s x|8|?
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Calibrating a New Model

i1 x
Selected approach IIastapprnach ("Common Spatial F"j / There are onIy two markers
Calibration data source pr=trafrrersre=fimmr=ret here, one per condition (nO
1 Targetmarkers || ('S 1.5 2} if€pect data.. sub-groups). Type the following
— Parameter Search here: {'S 1I,|S ZI}
Loss/Performance Metric IAutnmaticaIIy chosen j
Cross.validation folds | IMPORTANT: There are 2 space
Spacing around test rials [ characters between the S and
— Performance estimates the number!
¥ Compute performance estimates
Cross.validation folds [ 5 The marker “S 1” indicates the
Spacing around test trials [ 5 moment when the subject is
_ Computing resources instructed to imagine a left-
[~ Run on a computer cluster hand movement, and the
Node pool | (use curent config) marker “S 2” indicates the
moment when a right-hand
Save model in workspace as | lastmodel movement ShOUId be
Save stats in workspace as | laststats imagined
Help I Cancel OK
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Watching the Computation...

beginning new computation...

> clc

io loadset(): loading C:\DEVEL\bcilab-1.0b\userdata\i
pop loadset(): loading file C:\DEVEL\bcilab-1.0b\use:
Eeading float file 'C:WDEVEL“bcilab-1.0bwuserdata'imes
The loaded EEGLAE =et i= lacking an online expressior
If it contains filtered data, however, BCI model=s de:x
pop _epoch () :160 epochs selected

Epoching...

pop _epoch () :160 epochs generated

eeqg checkset: found empty walues for field ‘target’
filling with walue=s of other events in

pop _epoch(): checking epochs for data discontinuity

pop _epoch () :160 epochs selected

Epoching...

pop _epoch () :160 epochs generated

eeqg checkset: found empty walues for field ‘target’
filling with walue=s of other events in

pop _epoch(): checking epochs for data discontinuity
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Reviewing Results
=10l x|

— Data Summary
Al
True positive rate : 0.32 +/- 0.03 (N=5)
False positive rate : 0.08 +/- 0.0% (H=5)
Q/E | I True negative rate : 0.33 +/- 0.08 (N=5)
False negative rate : 0.07 +/- 0.08 (N=5)
Error rate : 0.07 +/- 0.0&6 (H=5)
7% mis-classification rate is pretty good!_I
-
— Data Details
True positive rate |False positive rate |True negative r... |False negative r.. | Error rate
1 0.86824 0.1178 0.2000 0.2000 0.1563
2 0.9474 0.0526 0.9231 0.0769 0.0625
3 07778 0.2222 1 0 0.1250
4 1 0 0.9285 0.0714 0.0313
3 1 0 1 0 i
>

Kl
Export... | OK |

Save stats in workspace as I laststats
ﬂl Cancel | OK |




Visualizing the Model

I ]

Data Source  Offline Analysis Online Analysis  Settings _Help

Sl e DoLEapD sax g ?

H




Visualizing the Model

) Figure 2 Y [m]
-

File Edit WView Insert Tools Desktop Window Help

Do de | B |RRAODEL- 2|0 8l

ttings

CSF Pattern 1 CS5P Pattern 2 CSF Pattern 3

—

CSF Pattern B CS5P Pattern 5 CSF Pattern 4

Note: these are not the spatial filters but the source forward projections .
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Loading A Separate Test Set

o e |
| - Select dataset(s) to load

| Look in: I |, userdata j - IﬁE _
Mame = |~r| Date modified I"’I Type |~r| Size I"’I
E' . bocomp3 6/17/2012 2:30 PM  File folder
F{E,C.E,r-;t Flaces . tutorial 6/17/2012 2:31PM  File folder
|_|imag.fdt 11/22/2010 2:08... FOTFile 15,744 KB
D |_|imag.set 11/22/2010 2:08... SET File 129 KB
Desidop | |imag2. fdt 11/22/2010 2:08... FDT File 15,835 KB

imag2.set 11/22/2010 2:08...

Libraries

11!';3
Computer

File name: IimagE.se*t

Files of type: Ian:.r supported file

L) 1«
i
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Naming the Test Set

RI=E

— Optionally load data in reduced form
Channel index subset

—— Sample range subset

———— Time range subset

Channel type subsei

— Misc options for io_loadset

Save data in workspace as | testdata|

Check data | QK

Help |Triggerchanne|-..| Add marl-«:ers-..l Eancell Ok
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Applying the Model to the Test Data

I ]

Data Source Offline Analysis  Online Analysis_ Settings  Help
—

Sl eB 0odeRr0| sax 8| ?
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Applying the Model to the Test Data

) Apply predictive model to data set =10 x|

Source data =et for prediction testdata ("imagZ.set™) |

Predictive model to use |laztmodel |

3 I Loss/performance metric |Automaticaly chosen |
o Save results in workspace as lastresults

Help | Cancel 0K
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Reviewing Results

e

— Data Summary
=
True positive rate : 0.95 +/- 0.00 (H=1)
False positive rate : 0.05 +/- 0.00 (H=1)
QE |I True negative rate : 0.88 +/- 0.00 (H=1)
False negative rate : 0.12 +/- 0.00 (H=1)}
Error rate : 0.08 +/- 0.00 (H=1)
[
— Data Details
True positive rate |False positive rate | True negative r... |False negativer... Error rate
1 0.9512 0.0438 0.8245 0.1154 0.0813

Note:|you could also export the tables...
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Starting Online Analysis

) BCILAB 1.0 (on Jordan) =10] =

Data Source Offline Analysis Online Analysis  Settings  Help

Sl el DoLB@aAO[e o o l=la

BioSemi amplifier. ..

BrainVision Recorder...
DataRiver stream...

Lab streaming layer...
MIMNDO dryfwireless v. 1...
MIMDO dryfwireless v.2...
QsC...




Starting Online Analysis

IMPORTANT: Put the name of your test
data set here!

) run_readdataset()

New Stream to create

Dataset to play back testdata’

Update frequency

Help | Cancel Ok
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Select Output Destination

i

Data Source  Offline Analysis  Online Analysis  Settings  Help

G eB|00LEE0| S =2
File...

Lab streaming layer...
QsC...

SHAP...
MATLAB visualization...
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Configure/Confirm

) run_writevisualization() =101 x|

Predictive model | lastmodel
Input Matlab stream laztztream
Visualization function bar(y}
Update frequency | 10

Form of the produced output values distribution j
Create a figure ¥ (set)

Start-up delay 1

Hame of new predictor | lastpredictor

Help | Cancel Il Ok | I
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Online Output

=

File Edit View Insert Tools Desktop Window Help N

D de | | RO LEL- 20 ad

0.9

—

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1




Clear Online Processing

File Edit View Insert Tools Desktop Window

U oloixf? ®

Data Source  Offline Analysis | Online Analysis Settings Help

| ) e wg M Processdatawitin.. b | G S % | 8 | P

Read input from... b
Write output to... k

0.6

=
LT
T

=
=
I
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Alternative Paradigms: Spec-CSP

i

— Select approach
log-Bandpower (ParadigmBandpower) j ‘
Ing-Bandpower (ParadigmBandpower) State of the art, learns thé-¢orrect

wr

1 Common Spatial Patterns (ParadigmCSP)
= DualAugmented Lagrangian (ParadigmDal)

frequency bands together With spatial

Low-Freguency DAL (ParadigmDALERP) filters.

High-Frequency DAL (ParadigmDaLOSC)

1 Fiter-Bank CSP (ParadigmFBCSP)

1 Muli-zubject Overcomplete Spectral Regression, wghk in progress (ParadigmMOSR)
' Regularized Common Spatial Patterns (ParadigmBj

spectrally Weighted CSP (ParadigmSpecCSP)

spectral Means (ParadigmSpectralmeans)
Windowed Means (ParadigmWindowmeans)
{] [From Workspace]
A Common Spatial Patterns (ParadigmCSP) 1 (lastapproach)
i} [From Disk]
Y Windowed Means (Paradigm\Windowmeans) 2 (lastapproach)
Fancy ICA (fancyica)

Windowed Means (ParadigmWindowmeans) 1 (lastapproach)

log-Bandpower without SigProc toolbox (lastapproach)

Common Spatial Patterns without SigProc toolbox (lastapproach)

Low-Freqguency DAL without SigProc toolbox (lastapproach) -
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Alternative Paradigms: Spec-CSP

) Review Results o ] B4
— Data Summary
Al
True positive rate : 0.95 +/- 0.05 (H=5}
False positive rate : 0.05 +/- 0.05 (N=5)
| True negative rate : 0.93 +/- 0.04 (H=5}
-Gl False negative rate : 0.07 +/- 0.04 (H=5)
— Error rate : 0.06 +/— 0.01 (H=5)
=i
— Diata Details
True positive rate |False positive rate | True negative r... |False negativer... Error rate
1 1 0 028824 0.1178 0.0625
2 0.9474 0.0526 0.9231 0.0759 0.0625
3 0.86587 0.1333 1 0 0.05825
5 0.59500 0.0500 0.9167 0.0833 0.0625
5 1 0 05474 0.0528 0.0313
Rl |»]
Export... | OK |
Save stats in workspace as laststats

ﬂl Cancel | Ok |
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—Alternative Paradigms: Spec-CSP

_ioix

File Edit View Insert Tools Desktop Window Help A

Sde | h|®RKTDE -

2| 0E | 8O

tings

—

opec-CSP Pattern 1 spec-CSP Pattern 2 Spec-CSP Pattern 3
. . = 0.1
= 005
wdhole, | 275 Doy
a 20 40 0 20 40
Frequency in Hz Freguency in Hz

opec-CsP Fattermn b spec-C=P Fattern 5 apec-CsP Pattern 4
= 005 = 01 = 004
= = 005 =002 MW‘)L'W
Lok] jui] Lok]
£ MM = 0 LT = 0
0 20 40 a 20 40 0 20 40

Frequency in Hz Frequency in Hz Frequency in Hz
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“==Alternative Paradigms: DAL-OSC

Note: this takes several minutes of computation — only for fast computers!

e

— Select approach
log-Bandpower (ParadigmBandpower) j
1 _ || log-Bandpower (ParadigmBandpower) [ “
S | : g Commen Spatial Patterns (ParadigmCSP) Recently prOpOSEd, uses the “second-
4 DuakAugmented Lagrangian (ParadigmDAL) order trick”.

Low-Frequency DAL (ParadigmDWALERP)
High-Frequency DAL (ParadigmDALOSC)
Fiter-Bank CSP (ParadigmFBCSP)
Multi-zubject Overcomplete Spectral Regression, work in progress (ParadigmMOSR)
Regularized Commen Spatial Patternz (ParadigmRCSP)

Spectrally Weighted CSP (ParadigmSpecCSP)

Spectral Means (ParadigmSpectralmeans)

Windowed Means (ParadigmVWindowmeans)

{ [From Workspace]

 Spectraly VWeighted CSP (ParadigmSpecCSP) 1 (lastapproach)

il [From Disk]

Windowed Means (ParadigmWindowmeans) 2 (lastapproach)

Fancy ICA (fancyica)

Windowed Means (ParadigmWindowmeans) 1 (lastapproach)

log-Bandpower without SigProc toolbox (lastapproach)

Common Spatial Patterns without SigProc toelbox (lastapproach)

Low-Frequency DAL without SigProc toolbox (lastapproach) -

{
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“==Alternative Paradigms: DAL-OSC

 Watching the computation...

HHHHHHHH o e e e e e e e eeaae -
scanning lambda = 261.077928... model rank = 0
scanning lambda = 724.077344... model rank = 0
scanning lambda = &08.874043... model rank = 0
scanning lambda = 512.000000... model rank = 0
scanning lambda = 430.538965... model rank = 0
scanning lambda = 362.038672... model rank = 0
scanning lambda = 304.437021... model rank = 0
scanning lambda = 256.000000... model ranmk = 1
gcanning lambda = 215.269482... model rank = 2
scanning lambda = 181.019336... model rank = 2
gcanning lambda = 152.218511... model rank = 2
scanning lambda = 128.000000... model rank = 2
scanning lambda = 107.634741... model rank = 2
scanning lambda = 20.50%668... model rank = 2
scanning lambda = 76.109255... model rank = 2
scanning lambda = &4.000000... model rank = 2
scanning lambda = 53.817371... model rank = 2
scanning lambda = 45.254834... model rank = 2
scanning lambda = 38.054628... model rank = 3
scanning lambda = 32.000000... model rank = 3
scanning lambda = 26.9%908685... model rank = 4
scanning lambda = 22.627417... model rank = 4
scanning lambda = 19.027314... model rank = 5
scanning lambda = 16.000000... model rank = 5
scanning lambda = 13.?5&343...>} -
k

QR



==\ lternative Paradigms: DAL-OSC

* No visualization yet, but can apply to test-set
data or run online



Creating an Entirely Customized
Approach



Create a New Approach

I ]

Data Source Offline Analysis Online Analysis Settings Help
—
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Custom ICA-based Approach

I

— Select approach

log-Bandpower (ParadigmBandpower)

log-Bandpower (ParadigmBandpower) =

[ Common Spatial Patterns (ParadigmcsP)  Uses the bandpower in| several frequency

B Dual-Augmented Lagrangian (ParadigmDAL) bands per channel orc )mponent
Low-Frequency DAL (ParadigmDALERP) °

High-Freqguency DAL (ParadigmDAaLOSC)

1 Fitter-Bank CSP (ParadigmFBCSP)

0 KMult-subject Overcomplete Spectral Regression,

i :

H

]

*r
|

ork in progress (ParadigmMOSR)
Regularized Commen Spatial Patterns (Paradig
spectrally Weighted CSP (ParadigmSpecCSP)
spectral Means (ParadigmSpectralmeans)

Windowed Means (ParadigmiWindowmeans)
{ [From Workspace]
H High-Freguency DAL (ParadigmD&aLOSC) 1 (lastapproach)
i} [From Dizk]
9 Windowed Means (ParadigmWindowmeans) 2 (lastapproach)
— Fancy ICA (fancyica)
‘Windowed Means (ParadigmWindowmeans) 1 (lastapproach)
log-Bandpower without SigProc toclbox (lastapproach)
Common Spatial Patterns without SigProc toolbox (lastapproach)
Low-Frequency DAL without SigProc toolbox (lastapproach) hd
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== Custom ICA-based Approach

i

— Select approach
I Spectral Means (ParadigmSpectralmeans) j
j — Drescription
Conventicnal paradigm for staticnary oscillatory precesses, using per-channel ;I

frequency band averages.

Thizs method is es=sentialty the Fourier domain egquivalent of para_windowmeans.
Since spectral power iz not a linear measure of the signal, a spatial fiter can
significanthy improve the performance of this method over simple channelzpace
band power. Some of the applicable spatial fiters are the surface Laplacian and
the ICA.

¥ Full edit when done I Cancel 0K

Help I
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Enable ICA Filter Stage

) Review/edit approach =10 =i

— Approach properties
=8 (=) = 2
I ] Miscellaneous
N T | I [-] SignalProcessing
—_— FilterOrdering
EOGRemoval
[=] Resampling
SamplingRate 100
FilterLength 10
StopbandiWeight 1
TypeSelection
MarkerInsertion
Channelselection
Surfacelaplacian
Rereferencng
CE S S M —
Variant amica
DataCleaning
TransformData
CutputCleanedData
FesumePrevious
ForceComputation

|»

<7

o

<

T
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— Select the Infomax Variant

MarkerInsertion I
Channelselection r
Surfacelapladan ™
Rereferencing -
= ICA 3 .
amica 2
DataCleaning noica
TransformData amica
OutputCleanedData infomanx
ResumePrevious fastica
ForceComputation kernelica
DebugMode fastkernelica
BandPower |
DipoleFitting r
= TIRFilter v
Framiammiae o4
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Enable Dipole Fitting

ResumePrevious
ForceComputation
DebugMode
BandPower
= DipoleFitting

HeadModel
MRImage
Referencelocations
LookuplLabels
ConfusionRange
BrainAtlas
VarianceThreshaold
UseMRIConstraints

Talairach

171

15




Enable Volume-Based Selection
(Region of Interest)

Mode highpass
Type butterworth
Attenuation 50
Ripple 0.5

= VolumeSelection
Hemisphere Left Cerebrum; Right Cere...
Lobe Anterior Lobe; Frontal Lob...
Gyrus Angular Gyrus; Anterior Ci...
ProbabilityCutoff 0.7
TransformData -

WindowCleanina -
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Clear All Selected Gyri

Attenuation 50
Ripple 0.5
= VolumeSelection ¥
Hemisphere Left Cerebrum; Right Cere...
Lobe Anterior Lobe; Frontal Lob...
S ons ] -
ProbabilityCutoff 0.7
TransformData
WindowCleaning
StationarySubspace

107
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= Select Only Motor Cortex

Just pick Precentral Gyrus and Postcentral Gyrus

=] VYRIUIMESEeEouwr
Hemisphere Left Cerebrunfl; Right Cere. ..
LIII|IIE Anterior Lob$; Frontal Lob...

F‘ru:nl:nal:nllltg.rCuh:uFF

TransformData IF Postcentral Gyrus
WindowCleaning [T Posterior Cingulate
StationarySubspace ¥ Precentral Gyrus
ChannelCleaning [ Precuneus
ChannelRepair [T Pyramis =
BurstCleaning [ Pyramis of Vermis
Projection [ Rectal Gyrus jl
FIRFilter
SnarseR ernnstriction OK I Cancel | i

Gyrus

Gyri to retain. Restrict ICs to those that fall in the specified gyri.




S wartz

o Transform the Data Into
Components

Ripple 0.5
= VolumeSelection ¥
Hemisphere Left Cerebrum; Right Cere...
Lobe Anterior Lobe; Frontal Lob. ..
Eyrus Postcentral Gyrus; Precent...
ProbabilityCutoff 0.7
TransformData WW
WindowCleaning -
StationarySubspace I
ChannelCleaning r




Calibrate a New Model

I ]

Data Source Offline Analysis _Online Analysis Settings  Help
—

Sl avBlipPpeEdal ss k|82




/ B\
S wartz

Center for
Computational

Calibrate a New Model

) Calibrate a model =10] x|

roach ("Spectral Means (P... -

Selected approach)!asta

Calibration data sour

traindata ("imag.set") j

s 1'5 2} Inspect data... |

Target markers

— Parameter Search

Cross-Validation Loss/Performance Metric IAutnmaticaIIy chosen j
would take too long... Crossvalidation folds | 5

Spacing around test trials | g
Nerformance estimates

[~ Cdmpute performance estimates

_Iﬂrm-validation folds I 5
Spacing around test trials I 5

— Computing resources

[ Run on a computer cluster

Node pool I (use current config)
Save model in workspace as | lastmodel
Save stats in workspace as | laststats

ﬂl Cancel |  OK |




= = S
SWaI’tZ “

.., omputation takes
5-10 Minutes...

51

51

51

mainfecn at 221

i
o
o
I

calibratemodel at 30

i
o
o
I

ztep 1 - lrate 0.001000, wchange 14.48427508, anglede
step 2 - lrate 0.001000, wchange 0.28528851, angledel
ztep 3 - lrate 0.001000, wchange 0.16171884, angledel
ztep 4 - lrate 0.000%80, wchange 0.15823343, angledel
ztep 5 - lrate 0.000%60, wchange 0.15521340, angledel
ztep & — lrate 0.000%41, wchange 0.13230725, angledel
step 7 - lrate 0.0003%22, wchange 0.12371815, angledel
step &8 - lrate 0.000304, wchange 0.12281045, angledel
step 9 - lrate 0.000886, wchange 0.12478248, angledel

step 10 - lrate 0.000868, wchange
.000851, wchange
.000834, wchange
.000817, wchange
.000801, wchange
.000785, wchange
.000768, wchange
step 17 - lrate 0.000754, wchange

a 13012623, anglede
a
a
a
a
a
a
a
step 18 - lrate 0.00073%9, wchange
a
a
0
0
0
0
0
0

.116159709, anglede
10145424, anglede
.13254306, anglede
.10610821, anglede
.09375523, angledes
.09268561, angledes
.08530438, angledes
093958871, angledes
.09112500, angledes
.08083824, angleds
.08624642, angleds
07391327, angleds
.07154284, angleds
.07210889, angleds
ztep 25 - lrate 0.000641, wchange 0.06489432, angleds
step 26 - lrate 000628, wchange 06580106, angleds

N . . =
4] >

GVR

ztep 11 - lrate
step 12 - lrate
ztep 13 - lrate
ztep 14 - lrate
step 15 - lrate
step 16 - lrate

step 19 - lrate 0.000724, wchange
.000708, wchange
.0006885, wchange
.000681, wchange
.000668, wchange

.000654, wchange

step 20 - lrate
ztep 21 - lrate
ztep 22 - lrate
ztep 23 - lrate
ztep 24 - lrate

[ T Y e Y i e T Y i Y [ e Y O e Y i Y e e




Swartz "

Bk, Computation takes
5-10 Minutes...

|_|!_-'|_L_I e - L e e

step 311 - lrate
step 312 - lrate

l'h.l"h.l"h.l"h.l"h.l'L'- W\_-J.J.I_I.J.J.!:'\_

L000002, wchange

l'h.l"h.l"h.l"h.l"h.l'_l.'\_ll_l.r I_I.J.J.!:'.l.\_!_

L00000110, anglec
LO000002, wchange 0.00000100, anglec
step 313 - lrate 0.000002, wchange 0.00000109%9, anglec
step 314 - lrate 0.000002, wchange 0.00000091, anglec
Sorting components in descending order of mean projec

e T e T e R e N 8
e T e T e R o

Scaling components to BEMS microvolt
Scaling components to BEMS microvolt
Now fitting dipoles.. imontage reference: C:\DEVEL\EL

fx s> . -
4 | b

No results statistics dialog will pop up at the end (since statistics were turned off).
So just wait until the Calibration Dialog closes itself...
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Running it Online...

I ]

Data Source Offline Analysis Online Analysis  Settings  Help

Sl el DoLB@aAO[e o o l=la

BioSemi amplifier. ..

BrainVision Recorder...
DataRiver stream...

Lab streaming layer...
MIMNDO dryfwireless v. 1...
MIMDO dryfwireless v.2...
QsC...




Starting Online Analysis

IMPORTANT: Put the name of your test
data set here!

) run_readdataset()

New Stream to create

Dataset to play back testdata’

Update frequency

Help | Cancel Ok




//’ \
\
Swartz

Center for
Computational
euroscience

Select Output Destination

i

Data Source  Offline Analysis  Online Analysis  Settings  Help

G eB|00LEE0| S =2
File...

Lab streaming layer...
QsC...

SHAP...
MATLAB visualization...
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Configure/Confirm

) run_writevisualization() =101 x|

Predictive model | lastmodel
Input Matlab stream laztztream
Visualization function bar(y}
Update frequency | 10

Form of the produced output values distribution j
Create a figure ¥ (set)

Start-up delay 1

Hame of new predictor | lastpredictor

Help | Cancel Il Ok | I
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Online Output

You can clearly see the timing of the person’s imagination period on these data.

=) Figure 2 Y [m]
File Edit View Insert Tools Desktop Window Help N

D de | | RO LEL- 20 ad
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Clear Online Processing

File Edit View Insert Tools Desktop Window

U oloixf? ®

Data Source  Offline Analysis | Online Analysis Settings Help

| ) e wg M Processdatawitin.. b | G S % | 8 | P

Read input from... b
Write output to... k

0.6

=
LT
T

=
=
I




For More Information

 Theory
* Scripting
* Creating Plugins

See Additional Materials



Even More Information

* See the bcilab/userscripts folder for
commented sample scripts that perform some
of the discussed analyses, and many more
(although on other data sets)

* See the bcilab/RELEASE NOTES.txt file for how
to find extra documentation and help
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Questions?



