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I What is MoBILAB

* Open source plugin for EEGLAB.

* Analysis and visualization of synchronously recorded
brain, behavioral, and environmental time series.

* MoBILAB can serve as a pre-processing environment
for adding behavioral and other event markers to
EEG data for further processing.

* |s designed to handle arbitrary large data arrays.
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I What is MoBILAB

MoBILAB GUI
MoBILAE =
File Edit Tools Help .
&) 374_MoBl

®-@ (1) biosemi
#-@ (2) phasespace
@ (3) eventcodess
@ (4) videostream1

(5) audiosend2

Data Source

fdata/projects/alejandro/workspace/testing.m

& @ [ Run section

_. 12

FILE EDIT NAVCATE  Breakpoimts Run  Runand Run and Advance
_' [ = [ - ] BREAKPOINTS I Run : -
1 % In MATLAB:

% is EEC object

% is Mocap object
% is Event markers
% is Video object
% is Audio object

2= mobilab.allStreams
3- mobilab.allStreams
4 - mobilab.allStreams
5- mobilab.allStreans
6 - mobilab.allStreans

.item{1};
.item{2};
.item{3};
.item{4};
.item{5};

EEG object

—P;E;VM + biosemi har

biosemi.bin
Mocap object

-

script

Ln

(3

Col 47

. *  phasespace hdr
L * phasespace bin
Event markers

| . eventcodes3 hdr
e ‘J | w

eventcodesd.bin

: Video object
videostreaml hdr
*  videostreaml bin

= Audio object

audiosend2 bin
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I What is MoBILAB

coreStreamObject

# namse: string

# timeStamp: vector

# numberQiChannels Integer
& precision: Sting

# uuid: String

# sessionUUID: String

# writable: Boolean

& unit: cdl array

H QWner: owner

% header: String

% binFile: String

% samplingRate: Real

+ label: cell array

* event: event

+ data: matrix

+ artifactMask: sparse matrix
% auxChannel: auxChannel
% container: dataSounce

“ pament: coreStreamObject
% children: cell aray

@ history: String

@ coreStreamObject(String): coreStreamObject
@ copyobji): coreStreamObject

@ inspect{): Void

@ epoching(): epochObject

@ epachingTWi): epochObject

@ segmentingl ) coreStreamObject

@ serializel): String

@ size{Integer): vector

@ reshape{vector): Vioid

@ getTimelndex(vector): vector

@ isMemoryMappingactive(): Boolean

@ divideStreamObject(): coreStreamObject
@ dataStreamBrowsen): browserHandle

headModel

% channelSpace: matrix
* fiducials: fiducials

* surfaces: String

+ atlas: atlas

# |eadFieldFile: String

@ plotMontage(): Void

@ plotHeadModel(): Void

@ plotOnModelmatrix, matrix): Integer

@ warmpTemplateZchannelSpace] ): String

@ warpChannelSpace2Template(): matrix

@ computeleadFieldBEM(vector, Boolean): Void

dataStream

@ datastream(String): Vold

@ plot(): browserHandle

@ sgolayFilteriinteger. Integer): datasStream

@ srrsoth(integer, String): datasStream

@ filter(String, vector, vector, Integer, Boalean): dataStream
@ resample{Reall: dataStream

@ icalvector): dataStream

@ spectrum(String, vector, Boolean): dataStream

@ continuousWavelet Transform({vector, String, Real, Real, Integer): timeFrequencyStrea

nlsL\\_._

eeg

# isReferenced: Boolean
+ reference: cell array

@ eegiString): eeg

# buildHeadModelFromTemplate(): Void

@ plotOnScal p(): browsarHandle

@ refeference{cell array, cell array): eeg

@ artifactsRejectionl): eeg
@ EEGstructure(): EEG

@& estimatePCO{vector, Real, Real, Real, Boolean): matrix
& epochinglcell array, vector, vector, String, String, vector): eegEpoch
@ epochingTW{matrix, vector, String, String): eegEpoch

icaFields

# icainv: matrix

# icasphere: matrix
% icawaights: makrix

gareStream

# eyeRadius: matrix
@ eyefosition: matrix
% garePasition: matrix

& gazeStreami String): gazeStream

@ gareStreamBrowser(): browserHandle

@ ploti): browserHandle

# animationParameters: animationParameters

# datalnX¥Z: matrix
© magnitude: matrix

8 mocapi String): mocap
@ loadConnectedBody(String): Vioid

& removeOcclusionArtifact (String, wectorl: mocap

@ lowpass(Real, vector): mocap
& timeDerivativelinteger): mocap
@ ploti): browserHandle

@ createEvent sF romMagnitude(): Void

EaEEG

@ icaEEG| String): Void

@ plotScalpMap{integer): Integer
@ topoPloti): Integer

@ topoPlot3D(): Integer

@ EEGstructure(): EEG

@ estimateScalpMapPCO( ) matrix
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I MoBILAB GUI

EEGLAB v14.1.1

File Edit

Tools

Plot Datasets Help

—#1:

Filens
Chante
Frames
Epochs
Events
Zampli
Epoch
Epoch
Refere
Chante
ICA wWe

Datase

Change sampling rate

Filter the data b
Re-reference

Interpolate electrodes

Reject continuous data by eye

Extract epochs
Remove baseline

Run ICA

Remove components

Automatic channel rejection

Automatic continuous rejection

Reject data using ICA b

Run PREP pipeline

clean_rawdata

Locate dipoles using DIPFIT 2 »
headModel b

MoBILAE J

GuUI

MultiStream Browser

Insert Events
Export to EEGLAE
EEG Browser

MoEILAB x

File Edit Tools Help ~

@ twogirsl_oct14_11AAAA MoBI
-8 (1) biosemi
-0 (6) biosemi_2
=63 (10) biosemi_1

B3 (7) ref_biosemi_1

#-f (11) filt_ref biosemi_1

- 6@ (2) phasespace
----- £d (2) audiosendl
----- 3 (4) videostreamd4
----- 0 (5) eventcodes3
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Command for launching the GUI: >> runmobilab;



I How to import data

File name | (home/alejo/Data/AleBrainE xdf | Select |
Flle - Import flle MoBI fnlder| (homefalejo/Data/AleBrainE _MoBlI
Ok | cancel | Help |

>> xdfFile = '/home/alejo/Data/AleBrainE.xdf";
MATLAB code >> MoBIFolder = '/home/alejo/Data/AleBrainE_MoBI";

>> mobilab.allStreams = dataSourceXDF( xdfFile , MoBIFolder);
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I How to review MoBIl data

Right click on objects to add them to the Browser x

File Edit Tools Help

Figure 4: Scroll channel activities

Eile Edit View |nsert Tools Desktop Window Help

MoBILAB mocapBrowserHandle: filt_remOcc_phasespace

1 P ® 8 . A =1 ]
¥ DEEdL| VLU DEL- |2 |0E|nD SEL LIRS - AT =L
E_fi twogirsl_octld_11AAAA MoBI
=3 (1) biosemi
¢ B3 (6) biosemi_2

- (10) biosemi_l
=60 (7) ref_biosemi_1
(11) filt_ref biosemi 1 B
@ (2) phasespace
3 (3) audiosendl 1500
3 (4) videostreama EI—
i (5) eventcodes3
500
0
-1000 0
0 1000 -2000 y
e : :
529 5295 530 530.5 531 5315 532 5325 533 5335
e B> I
ﬁjﬁﬁ Current latency = 531.1
MultiStream Browser x

Current latency = 531.1 sec

[»]
1137
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How to handle event
markers

Insert events x

Source Target
Select | MName Select | MName
1 O biosemi = 1 biosemi =
2 O phasespace 2 O phasespace
3 O audiosendl 7 3 O audiosendl
Tools - Insert Event Markers 4 O videostreama | . 4 O videostream4
5 eventcodes3 | i 5 O eventcodes3y |
3] O biosemi_2 5] O biosemi_2
7 [ ref biosemi_1 [Insert event markers| ref_biosemi_1
g8 O remOcc_phase. g8 O remOcc_phases
9 filt_remoce_ph.|_ 9 O filt_remOcc_phg
1A 1 b= T | 1 I frmm=sh d | i
a] R [T»] 4| i [ 1]

>> indexSourceObj = [5 9];

>> srcObj = mobilab.allStreams.item {indexSourceObj};
MATLAB COde >> srcLatency = srcObj.timeStamp(srcObj.event.latencylnFrame);

>> indexTargetObj = 1;

>> trgObj = mobilab.allStreams.item{indexTargetObj};

>> trgLatency = trgObj.getTimelndex(srcLatency);

>> trgObj.event = trgObj.event.addEvent(trgLatency, srcObj.event.label);
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How to export MoBIl data to
EEGLAB

Export to EEGLAB x

Data Events
Select | Mame Select | MName
1 biosemi E 1 O biosemi =
2 phasespace 2 O phasespace
3 O audiosendl 3 O audiosendl
4 ] videostream4 4 ] videostream4
5 O eventcodes3 | 5 eventcodes3 r
6 O biosemi_2 3] O biosemi_2
Tools — Export to EEGLAB 7 [1  ref biosemi 1 7 [1  ref biosemi 1
a8 O remOcc_phasesp... 8 O remOcc_phasesp...
9 O filt_remOcc_phas...| | 9 filt_remOcc_phas...| |
10 1 biosemi 1 | 10 1 biosemi 1 |
q] o [T»] q | B [l »]

|Export to EEGLAE |
EEG

>> indDataObj = [1 2];

MATLAB code >> indEventObj = [5 9];

>> mobilab.allStreams.export2eeglab(indDataObj, indEventObj);
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Challenges in MoBI data
analysis

ERP paradigm:

« Design a task in which motor behavior is collapsed to its minimal expression
(e.g., button press)

« EEG is time-locked to one or more experimental events

« Collect trials of a few seconds around the events of interest

« Do pre-processing and ICA
« Compute statistics across trials: ERP, ERSP, ITC, etc.

« Cluster ICs, group analysis

Assumptions:
« EEG dynamics are mostly stationary within the trial

« EEG dynamics are mostly a linear function of background activity and

. .. 11/19
experimental conditions /



Challenges in MoBI data
analysis

MoBI paradigm:

Design a task in with the subject expresses rich motor behaviors

Time-lock the EEG to one or more experimental events

Collect trials of usually several seconds around events of interest

Often need to time-warp trials so that the results can be interpreted in the
context of a movement cycle

EEG and body dynamics evolve over temporal scales orders of magnitude
apart.

Can we stretch ERP assumptions to MoBI?

Are EEG dynamics are mostly stationary within the trial?

Are EEG dynamics a linear function of background activity and experimental

conditions? 12 /19



Distributed sparse source
dynamics

wn
=
=
e N S

500 1000

Time (msec)

Ojeda, A, et al. (2018) ‘Fast and robust Block-Sparse Bayesian learning for EEG source imaging’, Neurolmage, 14(8), pp. 1-12. doi: 10.1016/j.neurcimage.2018.03.048.
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New directions: towards
distributed source MoBIl analysis

S ” >> template = headModel.getDefaultTemplateFilename();
>> conductivity =[0.33, 0.022, 0.33];

File Edit | Tools | Plot Datasets Help ~ ) )
>> grientation = false;

Change sampling rate
—#L , >> EEG = pop_forwardModel(EEG, template, ...
iy, Rereference conductivity , orientation);
n Interpolate electrodes
oy g iect continuous data by eye >> hm = headModel.loadFromFile(EEG.etc.src.hmfile);
Extract epochs
PO Remove baseline
T >> hm.plot();
any Remove components
EROt  automatic channel rejection >> SO|VeI’Type = ‘bSbI’;
EPo¢  automatic continuous rejection - >> windowSize = 10,
i >> overlap = 25;
e Reject data using ICA , >> EEG = pop_inverseSolution(EEG, 20, 25, solverType);
Daté Run PREP pipeline
clean_rawdata >> pop_eegbrOWSGrX(EEG);
Locate dipoles using DIPFIT 2x ¢
eadMode Compute BEM forward model
oo *

Documentation
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Heading computation in the human
RSC during full-body rotation
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Gramann, K. et al. (2018) ‘Heading computation in the human retrosplenial complex during full-body rotation’, bioRxiv. doi: 15/ 19
10.1101/417972.



Distributed source estimation of
RSC dynamics

Significance level : 0.01, 2000 permutes
Trial normalization : 0, auto epoch cleaning: 0

Joystick Rotation

= b= P L s LA
BT WDRICH R R D

Frequency (Hz)

0 1000 2000 3000 4000
Time {msec)
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D i St o © T-Student -740.000000 msec (66/3500) Of
RSC

Cortex Transparency Scalp Transparency Tirme Cursor

4 2 4| » 4| b 17 /19





Thinking about translation?
Where do | take my research?

Simulink Brain Source Interface (SimBSlI): https://bitbucket.org/neatlabs/simbsi/wiki/Home

Attentional_State_Tracking * - Simulink academic use X
Attentional_State_Tracking

@
@ Closed-loop decoding and control of subject’s attentional state
EZ
:g .
User Source estimation and separation Feature extraction and ML

5 Cortical sources averaged within ROI

Pre-processing b ‘

O Vel Hu ‘ ¥

ReRefData —@ v i fcn
¥ Data in Data out ¥ Data Ref> ] D
EEG Data Highpass fitter gamma [p RO power/connectivity
Co-register CAR lagE » estimation Atientional state
= Model Quality estimation/prediction
* Monitor algorithm's
parameters
Feedback ']-'l !' L Attentional state prediction
I—l

] Neurofeedback algarithm

»

Ready 125% FixedStepAuto
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I That’s all for now

Thanks for listening!
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