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Scripting environment

* Rapid selection of files and processes to apply

* Automatic generation of Matlab scripts

e Plug-in structure: easy to add custom processes

Files to process: Data [235]

Process selection

@ standard (200 files) [195]
@ deviant (40 files) [40]

G|t K| K-

Create link to raw file

| 3

Load 4

| Detect heartbeats Load from .mat file

Detect eve blinks Save »

Save as .mat file

35P ECG: cardiac

RUH
Processl | Process2

m

S5SP EQG: blink Generate .m script

Snapshot: Sensors/MR Delete »

Snapshot: SSP projectd

G X & 6 @

Reset options

Impert MEG/EEG: Events
Remove DC offset: [-100ms, 0ms]
Average: By trial group (condition average)

Process options

Channel name:  ECG -

0.000 | - 358898 s [4] Allfile

Time window:

Event name: cardiac

| cancel || Run |
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% Zcript generated by Brainstorm wv3.1 (17-Dec-2010) .
FileNsmesd = {'Subject0l1%Left)data sverage 101213 1555.mat',

'Subject0l1h Right' data average 101213 1559.mat'};
FileNamesE = [];

% Process: Detect bad triasls: Peak-to-peak MEGGRAD (0-Z2000)
sFiles = bst_process(...

'CallProcess', 'process detecthad',
FileNamesi, FileNamesE,
'timewindow', [-0.0998, 0.3000],
'meggrad', {[0, 2000], '£T/cm (x 0.04)', 1le-015},
'rejectmode', Z);

% Process: Remove baseline:
sFiles = bst_process(...
'CallProcess',

[-100ms, —1m=s]

'process_baseline' .
sFiles, [1].
'haseline', [-0.09983%, -0.00056],

'owerwrite', 1):

% Process: Band-pass filter: 1Hz - S0H=
sFiles = bst_process(...

'CallProcess', 'process_bandpass',
sFiles, [1].
Tfi1t, 1,
Vfz', &0,
'owerwrite', 1):

% Process: Average by condition

sFiles = bst_process(...
'CallProcess', 'process_average',

sFiles, [1].

‘avgtype' . 3,

'isstd', 0);:
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* Free and open-source application
 Matlab & Java: Platform-independent
* Designed for Matlab

e Stand-alone version available

* |nterface-based: click, drag, drop

* No programming experience required

* Daily updates of the software
e Supports most common file formats
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Multi-modal imaging

Depth electrodes
< SEEG/3D: DEMO_SEEG |EIM|

Electrophysiology
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Workflow

Analysis

Averages
Contrasts
Group analysis
Time-frequency
Connectivity
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Anatom
Y * One-clickimport of the T1 segmentation:

FreeSurfer, BrainSuite, BrainVISA, CAT, CIVET

File Colormaps Help
Djtorial‘u‘isual

(@)= B

% TuterialVisual (anatormy)
"M Default anatomy
/8 Sub01

----- & head mask (10000,0,2|
----- ) mid_275962V
----- ) mid_15002V

----- () cortex_275962V
----- ) whits_275962V
----- ) white_15002%

----- 0 aszeg atlaz
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Eﬂmtﬂw | Somatokopy ll
% (% )
N’
%} Somatotopy (anatomy ) Ef Somatotopy (zubjects)
E_I (Defanit anatormy) =n 8] =m
=8 =01 B Lea
@ MRI# % CTF channels (182)
..... IEI head @ Lt
- () conex EI et
8 502 -9 Lett-3
* Three levels: * Popup menus
— Protocol e All files saved in Matlab .mat
— Subject : :
Jee * Same architecture on the disk
— Condition
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Link recordings

=85 sub002

% Intra-subject
Elg run 01 sss

Record Fiter Surface Scout +

Optimized reading functions

[#8 Group analysis

#Z= & | ~ AvgRef |DC
Page =ettings
Meuromag channels (404} Epoch: Start: Duration:
@ 13 ||226.0000|| 5.0000)s
Events

- File - Eventz - Artifacts

Famous (x4%)
Scrambled (x50)
Unfamiliar (x47)

e Original files linked to the database (no copy)

Rich data viewer with flexible montage editor

ontage editor

Montages Custom montage
e = ALL

6 | Examples:
Average reference Cz-C4 : Cz,C4
Lengitudinal 1 MC : 0.5%M1, 0.5*M2
Lengitudinal 2 EOG|00FFO0 : EOG
Lengitudinal 3 FP1 - FEL, E
Transversal 1 FPZ : FDZ, -Cz
Transversal 2 F3 : F3, -C=z
Ternporal ring 1 F4 : F4, —Cz
Termporal ring 3 €& C3, -C=z
Referential 3

Validate

MEG/Left-temporal: subD02/@rawrun_01_sss
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 Automatic adjustment based on head shape:
MRI registration Fitting Polhemus points on the MRI head surface

* Final registration must be checked manually

e Polhemus driver included in Brainstorm




* Power spectrum density for quality control
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e Automatic detection of blinks and heartbeats
(peak detection, or explicit amplitude threshold)
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e Correction with Signal Space Projections (SSP)

Detect artifacts Spatial components
7 SMEG/TS: ft_cardiac/Cardiac_short/Cardiac (=3) ) {01/@rawsubj00

Correction

Select components and compute a linear projector
to remove their contribution from the recordings
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* Independent component analysis (ICA):

— Popular in the EEG literature

— A
— A

ternative to SSP for low number of sensors

ready implemented: Infomax and JADE (EEGLAB)

4] View image (50%) L= | B3| 22|

BS Select active projectors

Projector categories

= Q|2 X[

EEG reference: MAST

ICA_infomax: EEG, 01-Ma
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 Example: Blink
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cardiac: 13-Apr-2012 168:14.58
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= | & X | £ Available components:
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Extract

* Epochs = Trials = Short blocks of recordings

around an event of interest.

* Epoching = Extracting epochs from the

continuous recordings and saving them.

—

Ampltude: 871 T

Amplitude: 775 T

-0 o 0.1 0z 03
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MEG/AIL: sul

Averaging the trials: Reveals the features of the
signals that are locked in time to a given event

= Event-related field / potential
= Evoked response
= E RF / ERP MEG,'AII: sub002/run_01_sss_notch/Avg: Famous ...  — O

VY B MEG/TP: sub002/run...

g

(=]

Amplitude (fT}

¢

Averaging

B EEG/TP: sub002/run._..
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H iy B
fainstorm :
. L




Averaging

EEG ERP: Famous faces

-85 subdoz2

Ef';,x Intra-zsubject
%" run_01_sss
%" run_01_sss_notch
=& run 01 sss notch

* Meuromag channels (404}

€ OpenMEEG BEM | Overlapping
B8 Noise covariance EEG, MEG
B Avg: Famous (40 ﬂlesl

B Avg: Scrambled (47 rnesi
B8 Awg: Unfamiliar (41 ﬂlesi

I Contact sheet : EEG/TP: sub002/run_01_sss_notch/Avg: Fa... (100%)

File Zoom
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L

-2ms 49ms 100ms 151ms
198ms 249ms 300ms 351ms

Surface Scout Cluster +
Record Fitter

‘Warning: For visualization onby Help

Frequency filtering

[] High-pags: 1.00|Hz
Low-pass: 32.00 | Hz

[ Motch: Hz
Wirror signal before fitering

[ Fitter full source files

v

Amplitude (W)
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Avg: Famous (40 files,
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v
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B EEG/TP: sub002/ run_01_sss_notch/Avg:...

EEG/TP: sub002/run_01_sss_notch/Avg: Famous (40 files)




Sources

MEG
Amplitude (fT)

EEG

MEG sources

Famous faces

-1.8 ms

Amplitude (V)

Time (s)

No units No units
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Sources

Regions of interest at cortical level (scouts)
Subset of a few dipoles in the brain
Group of vertices of the cortex surface

] Recordl Filterl Surface| Scout [Tl

Y] v Atlas ~ Scout v Sources

=
=

units)

Amplitude (No units)

Amplitude (Mo units
Amplitude [(No

Amplitude (No units)
Amplitude (No units)

Amplitude (Mo units)
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* Dipole scanning
Compute a distributed source model, then find
the most significant dipole at each time sample.

* Dipole fitting (FieldTrip)
Non-linear search of the dipoles that minimizes
the residuals (data explained - recordings)

4| 3D: Stat/Surf_constr... (S={s=k

Sources



Morlet wavelets
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* Contrasts between subjects or conditions
* Parametric or non-parametric t-test

e Cluster-based non-parametric tests
 Exportto: SPM, R, Excel, SPSS, Matlab...

| F‘.&n:nrdl Flrt&rl Surfac&l Scl}ut| Stat l_l

Group statistics

Thresholding
p-walue threshold: 0.05

Optionz
Multiple comparizons:
(") Uncorrected

(| Bonferroni

i@ False discovery rate (FORJ

Control ower dimensions:
1: Signals

[V] 2: Time

3: Frequency
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Quality control

Execution reports with snapshots saved in HTML

TuteorialGroup ~
%8B
% TutorialGroup (subjects) ol

B-ad Group analysis

:'@ Common files

-8 intra-subject

- Awg: WAvg: Avg: Faces (16 files) | low(32Hz) | tim
-BR Awvg: WAvg: Avg: Famous (16 files) | low(32Hz) | i
- Awg: WAvg: Avg: Scrambled (16 files) | low(32Hz)
-B Awvg: WAvg: Avg: Unfamiliar (16 files) | low(32Hz) |
- B Faces - Scrambled

- Famous - Unfamiliar

~{g2 mean(JFaces-Scrambled]) | MEG

> mean(Faces-Scrambled]) | EEG

620 mean(JFaces|}-mean(]Scrambled]) | MEG

--§Z mean(JFaces|}-mean(]Scrambled]) | EEG

Sﬁr Faces - Scrambled: Cluster t-test EEG

Sﬁ Famous - Unfamiliar: Cluster t-test EEG

s@r Faces - Scrambled: Parametric t-test

Sﬁ Faces - Scrambled: Permutation t-test

S@T Famous - Unfamiliar: Parametric t-test

55 |Faces-Scrambledi=0; Parametric Chi2 test | MEG
Eﬂﬁ log(lFaces-Scrambled|=0: Parametric Chi2 test | ME
55 |Facesl=|Scrambled|. Parametric t-test | MEG

qﬁ{ |Faces-Scrambledi=0: Parametric Chi2 test | EEG
EE)’ log(IFaces-Scrambled|}=0: Parametric Chi2 test | ME
Eﬁ{ |Faces|=|Scrambled|: Parametric t-test | MEG

L

+ % | | Clear history

Start: 25-Jan-2013 17:25:24 Elapsed: 9m 565

0 errors and 3 warnings

process_import_freesurfer

process_import_data_raw

Errors detected in the events of the AUX file (markers at the
beginning of a trial): 25-1an-2013

17:26:36

[No input]

process_sin_remove

Subjectd1/@ravsubjo01_somatosensory_20111109_... | Cannot overwrite native files. fg:;’.‘j’ma
process_evt_detect_eog

25-Jan-2013
17:33:31

info | Subjectd1/@rawsubj001_somatosensory_20111109_... EEGOS8: 30 events detected in 2 categories

process_ssp_sog

procass_import_dats_avant

* | (=] Clear history
info | Subjectdi/@rawsubj00i_somatosensory_201 2

Snapshots

process_baseline
process_timeoffset
process_noisecov
process_average
process_snapshot
process_snapshot
process_headmodel

process_inverse

2 files [...]

TInitial files

[Mo input]

Intermediate files

Subject01/@raveubj00l_somatosensory_20111109_01_A) k AT~
Subject01/@raveubj00l_somatosensory_20111109_01_A) ©1 0% o oos o1 0% 02 0
Subject01/left/data_average_130125_1734.mat oL <
Subject01/left/data_left_trial001.mat [deleted]
Subject01/left/data_left_trialoo1_bl.mat [deleted]
Subject01/left/data_left_trial00i_bl_timeoffset.mat

-- Subjecto1/right/data_sverage_130123_1234.mat

Subject01/left/data_left_trizl002.mat  [deletad] A
Subject0i/left/dsta_|eft trial002 _bl.mat [deleted] 50
Subject0i/left/data_left_trial002_bl_timeoffset.mat
Subject01/left/data_left trialo03.mat  [deleted] 3
Subject01/left/data_left_trialooz_bl.mat  [deleted] g
mrte e W p— %

94 06 0 o 01 ol 0z
Time 69




e 24,000 users registered on the website
230 publications using Brainstorm per year

Find users next to you

1 D 2. 164

Location: montreal

josieanne bertrand uQAM, Montreal EEG post-doc 2013
timothynest Montrea I, MecGill MEG, fNIRsS research
Clara Moreau Montreal MEG stagiare 2013
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* Online tutorials:

30-hour self-training program

* Active user forum: 400 posts/month
1400 downloads/month

e Daily updates:

Software
Introduction
Gallery
Download

Installation

Users
Tutorials
Forum
Courses
Community

Publications

Development

What's new

Get

started

Starting a new study

1.
2.

Create a new protocol

Import the subject anatomy

3. Explore the anatomy
Reviewing
4. Channel file / MRI registration

5.
6.
7.

Continuous recordings
Multiple windows

Event markers

Pre-processing

8.
9.
10

11.
12.
13.
14.

Stimulation delays

Select files / Run processes

. Power spectrum / Frequency filters
Bad channels

Artifact detection

Artifact cleaning with SSP

Additional bad segments

Epoching and averaging

15.
16.
17.
18.
19.

Import epochs
Average response
Visual exploration
Colormaps

Clusters of sensors

Source modeling

20
21
22
23

Head model
Moise/data covariance
Source estimation

Scouts

Advanced processing

24

25,
26.
27.
28.

Time- frequency
Difference
Statistics
Workflows

Scripting

&

3-sphere shell gives near-identical results to
openmeeg bem?

Reference and channel types

How to add missing atlas

Canonical Correlation Analysis

PSD calculation bug

Correspondence EEG signals / electrode labels

Exporting source-localized time series directly
to matlab?

Importing ECOG electrodes from Curry

seeg, ecog
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Sample data

Visual recognition task

Faces presentation: Famous / Unfamiliar / Scrambled
1 participant / 1 run / 50 trials per condition

400-600ms fixation cross, 800-1000 stim, 1700ms ISI
Total 10min per run

Elekta-Neuromag VectorView system (MEG+EEG)
102 magnetometers, 204 gradiometers, 70 electrodes

Recorded at 1100Hz

Individual MRI, anonymized, processed with FreeSurfer 5.3
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