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File Celormaps Help

Tutorialintroduction

228

)

% Tuterialintroduction (subjects)

-8 Subjecto
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¥

Ei,\ Intra-subject

71 501_AEF_20131218_01_600Hz_notch
H-E4 501_AEF_20131218_02_800Hz_notch
i-B 501_Noise_20131218_02_800Hz_notch

-2 501 AEF 20131218 01 600Hz notch

- 4 CTF channels (340)

-~ @ Overlapping spheres

- [l Moise covariance

B8 deviant (40 files)

-l standard (200 fies)

- [ Avg: deviant (39 files)
-+ B Avg: standard (192 files)

----- @dSPM: MEG{Unconstr) 2D1d
B Avg e

Cortical activations *

Model evaluation
Files to proc
| View bad channels

@
&

Project sources

Plug-ins

= 0
Time: [-100.0, 500.0] m=s

Sampling: 500 Hz 361 samples
900 =

RS C Ol & =

Record Fiter Surface Scout
0 @

Surface options

Transp.: I
Smooth:

Color Edge

Data oplions

Amplitude:

Win size: I
Transp: I
Resect XY 7]

Display on cortex
Display on MRI (3D
Display on MRl (MRl Viewer)

Display on spheres/squares

Scouts time series
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MEG/TP: Subject01/S01_AEF_...
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MEG/3D: SubjectD1/S01_AEF_...
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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 |

WL M DWW -] Ol W D0 W ] Ot W D0 -] Tt W

% 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);:

vmw
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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

4| EEG/AIL: JunRats/@rawlun_testl (== |

1021.5158

1021.4  1021.6  1021.8
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Workflow

Sensors EEG/MEG

Analysis

Averages
Contrasts
Group analysis
Time-frequency
Connectivity

Source estimation
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Anatom
Y * One-clickimport of the T1 segmentation:

FreeSurfer, CAT12, BrainSuite, BrainVISA, SimNIBS
e Full integration for runnmg CAT12 and SimNIBS

mBmlntormZZJIZD 1| 2 : 2
File Colormaps Help B orona B sasital
Djtorial‘u‘isual

(@)= B

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

----- ) mid_15002V
----- () cortex_275962V
----- ) white_275982V
----- ) white_15002

----- 0 aszeg atlaz

Coordinate]

Brainstorm ‘*



Anatomy

 Anatomical parcellations: Volume and surface

 MNI normalization: linear and non-linear (SPM12)

MriViewer. CAT12 (Ipbad0) MriViewer: CAT12 (tissues_cat12)

Schaefer2018_100Parcels_17Networks_order
Schaefer2018_200Parcels_17Metworks_order
Schaefer2018_400Parcels_17Metworks_order

aald
anatomy3
cobra
&, Colormap: Anatommy 3 s
@ Anatomical atlas 1 bsr
Jo Views ] julichbrain
Snapshot N ® [pba40
E Figure mori
neuromorphometrics.

tissues_cat12

nene

Hide atlas

Record Fiter Surface Scout 4 3 30: cat12

=ls - Atlas  ~ Scout - Sources

User scouts v | =

Uszer scouts

Schaefer_100_17net 3
Schaefer_200_17net ALL

Schaefer_400_17net -

Schaefer 600 17net o
Desikan-Killiany |

HCP_MMP1

Structures



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

Fani)us Unf:ir'iliar Unfair'iliar Unfamiliar Fani)us
i T T T N T T . E
WWM‘ o+ -
et Mot et 24 Channel: MEG 0223 | @
b et o i
AT . Ve e
A A F*  Add/ delete event Ctrl+E W
ot St
WNW ®  Reject time segment Ctrl+B W
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= ) a9
e e s =R B View topography Ctrl+T ) .
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rw“*‘m@ E ) '. S T Channels i
e e s = e
mwmm,mw b #  Montage ¥ &
Y] I ) Time selection
Snapshots
E Figure




* Power spectrum density for quality control

- «Bad
/4channelsl-

Log-power  [(dB/Hz)

]
80 100 120 140

. Rauency (Hz)

4] MEG/TP: Subje... [ = || & 4] MEG/TP: Subje... [ = |[wl=in[mE30]

< 3Hz: Eyes 10Hz: Alpha > 40Hz: Muscle 50/60Hz

-

& '-“-'1."\;
g ’m v
B i ',. I
fains/scorm X
‘ w



* Notch filter: Removes 50Hz/60Hz power
line noise (and harmonics)

Filters
()]
(Vp]
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e
H i i
Iy g "
Brainstorm :
‘ e
-



* High-pass filter: Removes slow components (eye
movements, breathing, sensor drifts...)

Filters

Amplitude (W)

2 5 &8 o B & ¢

aaRa@El |

g

Amplitude (W)

g & 5 o B 3

Amplitude (W)
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Bad channels

 Manual inspection of the recordings

* |nteractive selection of bad channels

* Re-reference the EEG if necessary

EEG/AvgRef: Sub01l/@rz

B B

S View topography

B 3 =

Ctrl+E
Ctrl+B

Add [ delete event

Reject time segment

Jump to previous event Shift+Left

Jump to next event Shift+Right

Ctrl+T

Channels
Montage

Time selection

Snapshots
Figure

[==mra

| W |

o ® | @

L]

View selected Enter

Mark selected as bad Delete
Mark non-selected as bad  Shift+Delete

Reset selection Escape

Mark all channels as good  Shift+Escape
Edit good/bad channels...

Brainstorm




e Automatic detection of blinks and heartbeats
(peak detection, or explicit amplitude threshold)

AULLLIUY UL AUX-T/LINK TO raw nie NE0ony_LULLLIUY UL AUA-T/LINK TO raw nie

bli&k riil'lrt
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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

Brainstorm e
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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._..

+ .

oy '
H iy B
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e Source space: Cortex or full head volume

 Forward model: Overlapping spheres (MEG)
OpenMEEG BEM (EEG)
DUNEuro FEM

* |nverse model: Minimum norm estimates
Beamformers
Separately for MEG and EEG

Sources

Sensor space Source space
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forward modelling

3D: Subject01

BEM: Tissue boundaries = triangular surfaces

FEM: Volume elements = tetrahedrons
+ anisotropy from DTl (white matter)




Sources

MEG
Amplitude (fT)

EEG

MEG sources

Famous faces

-1.8 ms

Amplitude (V)

Time (s)

No units No units

Brainstorm




Morlet wavelets

l
NN

el =)

|
|
&
=
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\ \ o 0z 0.4 0.6 0. 1,
Time: 1000.00 ms

W’WWW Hilbert transform + band-pass fitter
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Time-frequency




Other measures

 Phase-amplitude coupling

140
1
g 120 6
$ o
< 10
2
e
=
-
> 3
v
-
0
5 10 15 10?
Frequency for Phase (H2)
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) Wtz Subject02/@ramsubj002_spontancous 20111102 01 AUX/Canolty maps4005-600511. = MO MR

Canclty mapxA00s600s 1 1M2z) RO, all: ROV.7757  (lowe freq = 1100 W)
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Single subject

* Connectivity measures

~ sjod[Eauoi
frontalpole R

Ay
:.'3"\d _ng\,\ale R
» poﬁ‘eﬁom
» —lsmmus""“gmme R
Precuneus [ & precuneus R

temporalpole R
entorhinal g

oralpole L
; :ri'c‘:‘:teméjc’m“‘ .
SUR Sliperig

tinal L
ot "eMporal &

Perj; .
Cleating .
Faleraloccﬁpitaj L
o lgnd.t_a:)ﬂlma‘m

Other measures

Correlation
Coherence

Phase locking value
Granger causality
Envelope correlation




Quality control

Execution reports with snapshots saved in HTML

TuteorialGroup ~
% TutorialGroup (subjects) ol

-85 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 Avg: WAvg: Avg: Unfamiliar (16 files) | low(32Hz)

- 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
log(lFaces-Scrambled|=0: Parametric Chi2 test | ME

Facesi={Scrambled]: Parametric t-test | MEG

log(IFaces-Scrambled|}=0: Parametric Chi2 test | ME

%
qﬁ{ Faces-Scrambledj=0: Parametric Chi2 test | EEG
%

Faces|=|Scrambled]: Parametric t-test | MEG

L

ript_130125_1735.ma

+ % | | 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
i 17:26:36

[No input]

process_sin_remove

25-Jan-2013

Subject01/@ravsubj001_somatosensory_20111109_...|Cannot overwite native files. reErES

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

« =+ | & | Clearhistory

info | Subjectd1/@rawsubjo0l_somatasensery_201ll g chor

rocess_baseline
P! = - Subject01/right/ data_aversge_130125_1254.mat

process_timeoffset
process_noisecov
process_average
process_snapshot
process_snapshot
process_headmodel

process_inverse

2 files [...]

- Subjectoi/left/data_average_130125_1254.mat

TInitial files

10420

o0~

[No input] a00-

€ o

s 2 o
Intermediate files E

g amo-

a00-

800
Subject01/@raveubj00l_somatosensory_20111109_01_4f el
Subject01/@raveubj00l_somatosensory_20111109_01_4f 01 008
Subject01/left/data_average_130125_1734.mat
Subject01/left/data_left_trialo01.mat  [deleted]
Subject01/left/data_left_trial001_bl.mat  [deleted]
Subject01/left/data_left_trial00i_bl_timeoffset.mat
Subject01/left/data_left_trial00z.mat  [deleted]
Subject0i/left/data_left_trial002_bl.mat  [delsted]
Subject0i/left/data_left_trial002_bl_timeoffset.mat
Subject01/left/data_left_trial002.mat  [deleted]
Subject01/left/data_left_t

005

01
Time )

- Subjact01/right/ data_sverags_130125_1254.mat

10420

Ampiude ()

Time @)
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Add your code to Brainstorm

* Direct manipulation of the files in Matlab
e Use the menu “Run Matlab command”

* Write a process:
— Well documented API
— Lots of example (230 functions written as plugins)

 Examples of recent external contributions:
— MVPA decoding (Oliva, MIT)
— Microstate segmentation (Cacioppo, UChicago)
— Eyetracker/EEG synchronization (Uni Freiburg)

P
= N
® e v
i*a "
Brainstorm E:
‘ e



Generic:
B % SPM12, FieldTrip

111 Brainstorm 08-Mar-2021 O

File Colormaps Update Plugins Help

Tutoriallntroduction | (5 Anatomy 3 O brain2mesh :  fotinstalled
% % % = Forward i O catl2 * Install (github-master) Anatomy:
E ro } O iso2mesh 3 % Update CAT]_Z’ BrainZMesh’
Simulation ¥ @ roast 1% Uninstal
= Statistics > ISOZMESh, ROAST
= Custom install >
& fieldtrip »
o smz > o Load Forward modeling:
E il b OpenMEEG, DUNEuro
57 website

Simulation:

Her SimMEEG

Philips-EGI EEG

Blackrock NeuroPort Statistics:
AD Instruments SDK LibSVM
Neurodata Without Borders FNIRS:
Tucker-Davis Technologies NIRSTORM
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e 32,000 users registered on the website

b
\

Find users next to you

1 N 2. 164

Location: montreal

josieannebertrand UQAM, Maontreal EEG post-doc
timothynest Montreal, McaGill MEG, fNIRs research
Clara Moreau Montreal MEG stagiare

2013
2013
2013

Brainstorm s




* Online tutorials:

30-hour self-training program

* Active user forum: 800 posts/month
1500 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

M Discussions

M Discussions

M Discussions

M Discussions

M Bugs

M Discussions

M Discussions

M Discussions

0%
00
©o
RE

090
00
(sLels)

1

=m o

@
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Investigators

Geeks

®" Sylvain Baillet
&S MNI

Richard Leahy
uUsC

John Mosher
UT Houston

Dimitrios Pantazis
MIT

Francois Tadel
Software,Grenoble

Raymundo Cassani
Software, MNI

Marc Lalancette
MEG manager, MNI

MEG @ McGill

SIPI @ USC

Konstantinos Nasiotis

‘&  PhD student

Soheila Samiee
PhD student

Jeremy Moreau
PhD student

Anand Joshi
RA Professor

Hossein Shahabi
Research assistant

Takfarinas Medani
Research assistant

Key collaborators

NIRSTORM

Elizabeth Bock
MEGIN, Chicago

Guiomar Niso

Politécnica Madrid

Guiomar Niso
Politécnica Madrid

Christophe Grova
Concordia

Thomas Vincent
Montreal Heart Inst

Edouard Delaire
Concordia
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TODAY




Epilepsy recordings:

Patient recorded at the Grenoble University Hospital

Focal epilepsy of the left temporo-occipital junction,
MRI-negative, implanted in the surrounding areas

Depth electrodes: DIXI DO8-**AM Microdeep (8-18 contacts)
Recorded with a Micromed system at 512Hz
4 minutes of recordings with one generalized seizure

SEEG/Subjectl: SEEG (bipolar 1)[tmp]: Subject01/@rawsZ1

) o 1 b‘"‘%s. '_@* v ! -
NN = : 9596, erﬂ”“‘."!m’ﬂ‘«]““’ﬂ? -=,~:
P / g9gi0 L~ M,,.,_,,, . i A
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Patient anatomy:
 T1 MRI pre-implantation, processed with CAT12 (r12.8)
e T1 MRI post-implantation

— Registered on the pre-implantation image with SPM

— Used to get 3D positions for the SEEG contacts




Sample data

SEEG electrodes marked in the T1lpost:

ﬂ MriViewer: Subjectd1/30T1post_deface_reslice

Corona I: y=83




Epileptogenicity maps

David et al., Imaging the seizure onset zone with stereo-electroencephalography, Brain (2011)
e Comparison of HFO power ictal vs. baseline

* |dentification of the seizure onset zone

e Estimation of the seizure propagation
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 (Gorgolewski, 2016): The brain imaging data structure, a format for
organizing and describing outputs of neuroimaging experiments

* (Holdgraf, 2019): iEEG-BIDS, extending the Brain Imaging Data
Structure specification to human intracranial electrophysiology

* https://bids.neuroimaging.io/

vv w:::i::::uttmgeeg |j sub-01_ses-postimp_space-lX13495pace_coordsystem.json
- cat]d ﬂsul::l-'I]'I_ses-pu:ustirr1p_space-IKIS-#‘EI'Space_eIectrndes.tw
" sub-01_ses-pre |J sub-01_ses-postimp_space-Other_coordsystem.son
mri ﬂ sub-01_ses-postimp_space-Other_electrodes.tsv
report ﬂ sub-01_ses-postimp_task-seizure_run-03_channels.tsv
surf ﬂ sub-01_ses-postimp_task-seizure_run-03_events.tsv
¥ sub-01 sub-01_ses-postimp_task-seizure_run-03_ieeg.eeq
M ses-postimp |j sub-01_ses-postimp_task-seizure_run-03_ieeg.json
.anat |:] sub-01_ses-postimp_task-seizure_run-03_ieeg.vhdr
g S;TSFE |j sub-01_ses-postimp_task-seizure_run-05_ieeg.vmrk
anat
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