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fForctaste Scripting environment

e Rapid selection of files and processes to apply
e Automatic generation of Matlab scripts
e Plug-in structure: easy to add custom processes

@ Files ko process [626] 1 % Secript generated by Brainstorm w3i.1 (17-Dec-Z010) .
Tags: &= FileNawesk = {'3Zubject0liLeftidatsa swverage 101213 1558.mat', ...
@ || © subjectoriLefe [302] ol leieass 3 'SubjectDOlYRight'data average 101213 1559.mat'};
5 Subject01\Right [324] I 4 - FileMNamesE = []:
B o) >
= 6 % Process: Detect bad trisls: Peak—to-peak MEGSRAD (O-2000%
RUH 7= sFiles = bhst_process(...
| B - IProcessZI g 'CallProcess', 'process_detecthad',
a FileNamesi, FilelNamesE, ...
10 'timewindow', [-0.0998, 0.3000]1, ...
11 'meggrad', {[0, 2000], 'fT/cm (x 0.04)', 1le-015}, ...
x|
1z 'rejectmode!', 22
~Process selection
13
- | + 3 ¥ | 5?3 - 14 % Process: Rewove baseline: [-100ms, —1ms]
15 — sFiles = bst process|(...
Detect bad trials: Peak4 = Load » it : )
= a6 m 1a 'CallProcess', 'process baseline', ...
Load From file. .. . -
Cut stimulstion artifact: rovite 17 sFiles, [1, ...
& save... 18 'baseline', [-0.09983, -0.00056], ...
Remowve baseline: [-100 . 1a ‘owverwrite', 11:
Band-paszs fitter: 1Hz -
21 % Process: Band-pass filter: 1Hz - S0H=
Average by condition 3¢ Delete » 2z — sFiles = bst_process(...
! ' ! !
Time-frequency decomposfion 23 CallProcess', prrocess_bandpass', ...
24 sFile=, [], ...
~Process option: 23 TEL, 1, ..
26 VEE! =1u} coo
Lower cukoff frequency:l 1.00 Hz 27 \ Dve::wri;e' 19;
. ;
Upper cukoff frequency:l 0.00 Hz 26
29 % Process: Average by condition
[ Output option 30 — sFiles = bst_process(...
W Crverarite initial files 31 'CallProcess', 'process_average', ...
32 sFile=, [], ...
33 'avgtype', 3, ...
Help Cancel | Ok | 34 ‘isstd', 0);
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* A free and open-source application (GPL) @
 Matlab & Java: Platform-independent =
* Designed for Matlab environment \
 Stand-alone version also available @
* Interface-based: click, drag, drop L
* No Matlab experience required

* Daily updates of the software
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e 14 years of research and development
e Collaboration between multiple groups:

— University of Southern California, Los Angeles, USA
— La Salpetriere Hospital / CNRS, Paris, France

— Neurospin / Inserm / CEA, Paris, France

— Los Alamos National Lab, USA

— Medical College of Wisconsin, Milwaukee, USA

— Cleveland Clinic, USA

— Martinos Center / MGH, USA

— McGovern Institute / MIT, USA

— Montreal Neurological Institute / McGill, Canada

e QOver 9000 user accounts / 70 countries

P ey
e T

- »
[ e A
frainstorm ;
) W



Workflow

Sensors EEG/MEG

Source estimation
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Eatnl:npy | Sormatakopy ll
% 2@
N’
%} Somatotopy (anatomy ) Ef Somatotapy (subjects)
E_I (Defanit anatormy) EFM 20
=8 =01 B e
@ MRI# % CTF charnels (182)
..... IEI head @ LeftA
- () conex E et
EH_I =2 --EI Left-3
 Three levels:  Popup menus
— Protocol o All files saved in Matlab .mat
— Subject : :
Jee * Same architecture on the disk
— Condition
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<) 3D: S01

T1-MRI volume

Surfaces extracted with a dedicated software:
BrainVISA, FreeSurfer BrainSuite




e Support for the surface-based atlases
generated automatically by FreeSurfer
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Co-registration MEG / MRI (1)

e Basic estimation based on three points (NAS,LPA,RPA)
— MRI: Marked in the volume with the MRI Viewer
— MEG: Obtained with a tracking system (Polhemus)
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e Automatic adjustment based on head shape

— Trying to fit the head points (Polhemus)
with the head surface (from the MRI)

* Final registration must be checked manually

FEG/SD: esther FEG/BD: esther




Continuours recordings

 Manual inspection of the recordings
* |dentify the noise sources

 Mark bad channels and bad segments
e Check stimulus markers, add custom events
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e Sinusoid removal:
Remove 50Hz or 60Hz power line contamination

Log-power (dBfHZ)
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* Band-pass filter:
Remove slow drifts and high frequencies
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e Artifact detection and removal:
— heartbeats, eye blinks, movements, ...
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 Two categories of artifacts:

— Well defined, reproducible, short, frequent:
* Heartbeats, eye blinks, some stimulators
* Unavoidable and frequent: we cannot just ignore them
e Can be modeled and removed from the signal efficiently

— All the other events that can alter the recordings:
* Movements, building vibrations, metro nearby...
e Too complex or not repeated enough to be modeled
e Safer to mark them as bad segments, and ignore them
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Signal-Space Projection (SSP)

Spatial components
* Detect artifacts

« Concatenate epochs

« Select components

(linear operator)

* Apply to EEG/MEG
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 Example: Cardiac artifact

Original

SSP

¥ SMEG/TS: ft_cardiac/Cardiac/

0.00

MRET=H -

MRT42 W
MRTAG o prom g™ |
MRT44 -
MRTSA -
MRTEZ i aom ittt |
MRTSS o wmprenmpsrna et

L ' ' '
002 005 004 002

f
0.0z

f f
004 006

Amplitude: 835 T

Amplitude (T

MR T4

MR TR Pt i api i Pyt M gl iy i meypmii]
MR TG e et o s i e

MRT44
MRTS1

MRTEZ ooty oy st WAL W oyt promcr it oe)
e L e e PR PP

MRTES ¥ty 0 ™ i

L ! ' f
-00s 008 -0.04 -002 o

Time ()

'
o0z

f f
004 006

—

Amplitude: 474 T

' MEG/TS: ft_cardiac/Cardiac/2

0.0z

004 006

g4 MEG/TP: ft_cardiac/Cardiac/Avg: Cardia

Amplitude (T )

-G00 ¢
-0.02

-0.06 -004 002

i}
Time (=)

0.0z

004 005
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Page =zettings

Epoch: 1

Start | Duration: | 960000 2.0000 =

Recordings
- File ~ Eventz - Display ~ SSP
left (x103) 54.393 >

M right (x99) 65.551
cardiac (x345) 76.639

96,677
BAD (x1) 118,102

SEEEZEEEE SR SRR ES S S ST
b3 DI DM DT D00 003 03 03

Projector categories

&R |F X6

rigt g

S A A A A A ==
by Lo Pl ExDEATE D00 DRIP bbb B o
RIS ~] Dh T LaRd R R SO Rl R

W HT 5

—

2090 fT

Projector components

Available components:

cardiac: 18-Apr-2012 16:14.58

W blink: 18-Apr-2012 16:15:32

Component #1 [20%]
Component #2 [7%]

Component #3 [5%]

| Cancel | | Save |

8§ Signal-space projectio

Y B0 B0,

SEEEESE =T
AT DTN 00 0T

L T ]
ba =i Laldbd = mch Ll b=

1
f

3
000
Tch L L

»

A

b

1!:

af

—— =~ o~ S~ —— =

i beaieabes)

5090 fT

Projector categories Project
Q| X|& Availz
cardiac: 18-Apr-2012 16:14:58 C
ne
Fle

e

Brainstorm




Pre-processing fiveraging

* Epoching: extraction of small blocks of recordings
around an event of interest (stimulus, spike...)

T
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Pre-processing fiveraging

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

=> Evoked-response field (or potential)
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e Source space: cortex surface (or full head volume)

* Forward model = head model
Sources => Sensors

* |nverse model: Minimum norm estimates
Sensors => Sources
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Minimum Norm Noise covariance matrix

* Inverse model (minimum norm estimates) requires an
estimation of the level of noise on the sensors

* Noise covariance matrix = covariance of the segments
that do not contain any “meaningful” data

e Typically: empty room measures, or pre-stim baseline

o
< arm e
o a'y we
"y "
Brainstorm :
4 W
-



Source activity

MriViewer: Subject01/left/Avg: left/MN: MEG(Unconstr)-

— Display options

View:[l] Crosshair  MIP:[JJlj Anatomy

Sliders W Functional

Orient: @ Neurological

@ Radiological

— Coordinates (milimeters)

MRL  x:132.00 y: 111.00
SCS: x: 421 y: 4263
TAL: x: 47.06 y:-21.38

z: 205.00
z:91.98
z:50.05
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* Regions of interest at cortical level (scouts)
= Subset of a few dipoles in the brain
= Group of vertices of the cortex surface

801

Right @ Left-4
Right @ Left-1

u
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e Recommended in MEG analysis:
— The subject head can move in the helmet
— One sensor is not corresponding to one brain region
— Different types of sensors (magneto / gradiometers)
— Difficult to read, reproduce or compare

* Converting to source space helps solving those issues
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Easy integration of:
e MEG
* EEG
* ECoG
* SEEG

In @ near future:
e NIRS
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* Fast Fourier transform (FFT)

* Power spectrum density (PSD) prm

| Surfacel Clusterl Scuutl Firter| Time-Freg I_

Current frequency

24 SMEG/TS: Subject01/EF1982_somatosensory_20111109 01 AUX-

I DHz

Figure properties

MRPS52 -

() Power

() Magnitude

|| Hide edge effects
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Morlet wavelets

\
L-——-'ﬂ

0.z 0.4 0.6 0.a

Time: 1000.00 ms

Hilbert transform

+ band-pass filter

/
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0z 0.4 0.6 0.s 1

Time: 0.00 m= /
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Time-frequency

Central frequency: 1 Hz (default=1) | Display
Tirne resolution (FWHM): 35 (default=3)

Processing options

Compute the following measure:

Mone (save complex values)

=) TF: Subject01 /StimLel =} TF: Subject01 /Ski -0 x
¥$ Time-frequency (Morlet wavel ’ i ’ . —|—|—1|2
_ Power,1:1:60Hz: MLCAS - Unprocessed,1:1:60Hz: Source #12321 ., 4
C . Power FreqBand . S| g™ i
omment: ower,FreqBands 8 : 25
" # 40 g 20
Time definition Frequency definition @ 0z g 15
= 20 5 20 10
- - z - - 2 o
@ Same as input files Linear (start:step:stop) % £ 05
k oo oo
- @ 0 005 04 045 02 - 0 005 04 045 0.2 -12
: : A0
['5':”:'":]':I 1042: IUUU.UU] ms Ll Selection: [85.20 ms- 193.40 ms] o Time: 25.60 ms Rt
Group in time bands (ms) @ Group in frequency bands (Hz) a ¢
t1: 0,00, 999, 1 - ' -
g e ﬂ‘?lt‘ti; l;rqj'r Power, FreqBands: MLCA1 Im_ﬁ ¥ 10—13
Zr L = eta: 3, 18
. P 2
i alpha: 8, 12 2 2::::1 1 14
o beta: 15, 29 beta - 1:3
257 gammal: 30, 59 alpha :i gg
i Y gammaz2: 60, 90 - theta B2 - 04
— delta ’ — :
! 00 i
| Reset | D005 04 018 02 e g anse pouw. 10712
Time: -48.60 ms
Morlet wavelet options <) MEG,/TP: Subjectn -0l x|
i

@ Power

Estimated output file size: 45 Mb
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MEG/TF: Subject01/1eft/Avg: left/Power, 1:2:100

hLTE4 MRT4 MRTEZ

RTde | MRTSS
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Group analyvsis Normalization

e Registration of individual brains on a template

Subject1 - W& AT ) Group analysis

Average
Contrast

Subject 2

Individual Standard
anatomy anatomy
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Subject

Default anatomy

FreeSurfer
registration

FreeSurfer
registration

3 MEG/3D: L/

Subject anatomy
Right hemisphere

Template
Right hemisphere




* Contrasts between subjects or conditions

e Statistical analysis: z-score, t-test

e Quick extraction of measures from complex paradigms
=> Export to: SPM, R, Excel, Statistica, SPSS, Matlab...

Surface| Clusterl Scoutl Fitter Stat |

(- Thresholding

p-value threshold: 0.01

[~ Options

Multiple comparisons:
" Uncorrected
{* Bonferroni

" False discovery rate (FDR)
Control:

% |ntime and space

" In space
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Connectivity

* Objectives: Describe the interaction between two
brain regions, identify the brain networks

 Non-directed: Functional connectivity

— Correlation / Coherence

— Phase locking value ‘
* Directed: Effective connectivity @

— Granger causality

e Both at sensor and source levels
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Connectivity
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* Online tutorials:

* Active user forum: 150 posts/month

e Daily updates:

#. Brainstorm

Introduction

About us
r community
eport a bug

Forum

| 12 easy steps through Brainstorm

. Brainstorm architecture {10 min]
. First steps {30 min]
. Importing individual anatomy [320 min]

. Importing MEG recordings [30 min]

1
2
3
4
5. Exploring the recordings {60 min]
6. Head model [30 min]

7. Moise covariance [30 min]

8. Source estimation [45 min]

9. Scouts [45 min]

10. Graphical scripting [45 min]

11. Statistics {30 min]

12. Time-frequency [1:30 hr]

| Processing continuous recordings

1. Review continuous recordings and edit markers [2:00 hr]
2. Detect and remove artifacts [2:00 hr]
3. Epoching and averaging [1:30 hr]

A Forum # BrainStorm3 # Open discussion

+ Post New Thread

Forum: Open discussion

Title / Thread Starter

20-hour self-teaching program

500 downloads/month

'PauelnfBﬂZE‘tSE?BDlD 1110121131114
15(16117 (18119020121 (22| 23 | 24 || 25| 26| 27 || 28 | 29
3031|3233 | » Lastmw

Threads 1 to 20 of 648

Forum Tools  Administrative  Search Forum~  Inline Mod =

Replies / Views Last Post By

I~ ! D Empty scout time series

Started by danibeen, Yesterday 18:57

= [E coordinates of dipoles in inverse model
é Started by d34905y, Yesterday 22:34

[ noise Covariance
L= ! Started by d34905y, Yesterday 21:14

D Import ECoG contact positions with MNI coordinates
1 vé Started by mheers, May 6th, 2014 16:42

[ Eec: Electrical potentials are not in right electrodes
=2

Started by danibeen, May 6th, 2014 21:5D/—\

Replies: 1 Francois B
& Views: 9 Today, 00:11 @

Replies: 1 Francois B

Views: 8 Today, 00:00 @

Replies: 2 d34905y B

Views: 11 Yesterday, 22:30 @

Replies: 4 mheers @]

Views: 69 May 9th, 2014, 23:35 @

Replies: 2 danibeen @]

Views: 27 May 9th, 2014, 19:42 @

Find us on
facebook.

* Contact us for specific questions and requests:
We will help you adding the features you need
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Sample data Protocol

 Median nerve stimulation
(Nov 2011, Montreal Neurological Institute, McGill)

— Random electric stimulation of both arms
— ~ 100 trials per arm
— Acquisition at 1200 Hz

— Recorded on CTF 275 MEG sensors
+ 26 reference sensors
+ EOG + ECG + STIM + ... = 302 channels

— 6 minutes of recordings, 500 Mb
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Stimulation

Polhemus

\_ computer )

Acquisition

\_ computer

Amplitude: B37 T




Morning To-do list

* Creation of a new protocol, with one subject
* Preparation of the anatomy (MRI, surfaces)
* Anatomical atlases

* Co-registration MRl / MEG

* Reviewing the continuous file

* Correcting for eye blinks with SSP

* Epoching and averaging

* Source estimation
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fifternoon To-do list

* Regions of interest (scouts)
* Frequency analysis: FFT, time-frequency, Hilbert

* Functional connectivity

* Scripting interface
e Group analysis and statistics
e Registration on default anatomy
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Investigators

France

&% Sylvain Baillet
=S8 VNI

Richard Leahy
usC

John Mosher
Cleveland Clinic

Ghislaine Dehaene
Claude Delpuech
Antoine Ducorps
Line Garnero
Etienne Labyt
Karim N'Diaye
Lauri Parkkonen
Denis Schwartz

MEG @ McGill

USA

Elizabeth Bock
MNI

Esther Florin
MNI

%" Francois Tadel
. MNI

Felix Darvas

Belma Dogdas
Guillaume Dumas

John Ermer

Matti Hamalainen
Sheraz Khan

Esen Kucukaltun-Yildirim
Alexei Ossadtchi

Darren Weber

Key collaborators

Alexandre Gramfort
MGH / INRIA

Dimitrios Pantazis
MIT

. Rey Ramirez
. UW

Sergul Aydore

= HISe

Syed Ashrafulla
USC

Sebastien Dery
MNI
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