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Scripting environment

=N

e 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

B standard (200 files)
BB deviant (40 fies)

[185]
[40]

G|t K| K-

Create link to raw file

Load 4 i

| Detect heartbeats

Detect eye blinks

35P ECG: cardiac

Processl Process?

S5P EOG: blink
Snapshot: Sensors/MR

Snapshot: SSP project

G X & 6 @

Load from .mat file

Sawve 4

Save as .mat file

m

Generate .m script

Delete L4

Reset options

Impert MEG/EEG: Events

Process options

Channel name:  ECG

Time window: 0.000

Event name: cardiac

Remove DC offset: [-100ms, 0ms]

Average: By trial group (condition average)

-

= 358,998 s All file

| cancel || Run |
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% Zcript generated by Brainstorm wv3.1 (17-Dec-2010) .
{'Subject0llLeft)data average 101213 1558.mat',

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

FileNamesh =

% Process: Detect bhad trials:
sFiles = bst_process(...

'CallProcess',

Peak-to-peak MEGGRAD {0—2000)

'process_detecthad',
FileNamesi, FileNamesE,
'timewindow', [-0.0998,
{[0, 2000],
'rejectmode', Z);

0.3000],

'meggrad' , '£T/cm (x 0.04)', 1e-015},

% Process: Remove baseline:
sFiles = bst_process(...

'CallProcess',

[-100ms, —1m=s]

'process_baseline' .
sFiles, [1].
'haseline', [-0.099835,

'owerwrite', 1):

-0.00056] ,

% 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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* 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

No Matlab experience required

Daily updates of the software
Supports most common file formats
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Workflow

EEG/MEG

Analysis

Averages
Contrasts
Group analysis
Time-frequency
Connectivity

Source estimation
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Eﬂmtﬂw | Somatokopy ll
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EH_I = ---i':‘l Left-3
* Three levels: * Popup menus
— Protocol o All files saved in Matlab .mat
— Subject : :
Jes * Same architecture on the disk
— Condition
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* One-click import of the T1 segmentation:
FreeSurfer, BrainSuite, BrainVISA, CIVET




e Support for the surface-based atlases
generated automatically by FreeSurfer and BrainSuite

d= [ vAtlas v Sco

| Surface| Cluster| Scout | Fater| Event

"
ut -

Edit
con

{freesurfer_desikan- killiany_hi-...
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e Support for the subcortical atlases
generated automatically by FreeSurfer

[Structures

Accumbens L [Mean]
Accumbens R [Mean]
Amyadala L [Mean]
Amygdala R [Mean]

W Brainstem [Mean]
Caudate L [Mean]

~ Caudate R [Mean]

W Cerebellum L [Mean]

W CerebelumR [Mean]

Hippocampus L  [Mean]

Hippocampus R [Mean]
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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)

R
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 Automatic adjustment based on head shape:
Fitting the Polhemus points with the MRI head surface

* Final registration must be checked manually
 Polhemus driver included in the software
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Continuovurs recordings

Manual inspection of the recordings
* |dentify noise sources, mark bad segments

Check stimulus markers, add custom events
e Optimized workflow for clinicians (shortcuts, workspace...)
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Quality control Spectral denrsity
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* Notch filter

Removes 50Hz/60Hz power line noise (and harmonics)

PSD

Signal
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* High-pass filter: Removes slow components
(eye movements, breathing, sensor drifts...)
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e Artifact detection and removal:
— heartbeats, eye blinks, movements, ...
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Signal-Space Projection (SSP)

 Detect artifacts
» Concatenate epochs

(linear operator)

* Apply to EEG/MEG
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 Example: Cardiac artifact
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* Independent component analysis (ICA):

— Popular in the EEG literature

— A
— A

‘ Events

- File - Events |~ Artifacts

ternative to SSP for low number of sensors
ready implemented: Infomax and JADE (EEGLAB)
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Eleckta-Ncuromag SQUID jumps

* Sharps steps followed by a change of baseline value
 Mark the channels as bad before running MaxFilter
* Or mark the segments as bad in Brainstorm

= """ MEG/MEG 01-04: Sub04/@rawrun_01_sss_notch .
MEG/MEG 25-26: Sub06/@rawrun 01 sss r T
S = 52 8345 Ju MF!bA 8]

";-}‘:;"‘
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* Epoching: extraction of small blocks of recordings
around an event of interest (stimulus, spike...)

e ]
¥4 MEG/TS: esther_01/rig... !

—

Amplitude: 871 T

-0.1 a a1 02 032
Time ()
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* Averaging all the trials: Reveals the features of the
signals that are locked in time to a given event

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

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

e |nverse model: Minimum norm estimates
+ normalizations (dSPM, sLORETA)

Sensor space Source space
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Minimum Norm Noise covariance matrix

* The MNE model requires an estimation of the level of
noise of the sensors

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

* Empty room measures, pre-stim baseline, resting state

AhEss
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Source activity

‘l.. MriViewer: Subject01/left/Avg: left/MN: MEG(Uncanstr)

. Display options.

View:[lJ Crosshair  MIP: ] Anatomy Orient: @ Neurological

Sliders I Functional @ Radiological

— Coordinates (milimeters)
MRl x:132.00 y: 111.00 z:205.00
SCsS: x: 421 y: -42.63 z:91.98
TAL: x:47.06 y:-21.38 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

| Record] Filterl Surface| Scout IT]
ZiE v Atiss v Scout v Sources
[User scouts v] =
WAL [Mean] | &
M . FGL [Mean] |
M cwmiL [Mean]
AT AR Mean]
RF IFGR mean] [ l
- RC MR {Mean] v
M =~ PrPCR [Mean] —
M ~o0r [Mean]
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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
(difference data explained by the dipole - recordings)
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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

Magnetometel FPlanar gradiometeln

Do

e

/ |
| J
© S
{
{

M.Hamalainen 2007 S
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R
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- ~
& crpmg " e w4
275 axial gradiometers 204 planar gradiometers

102 magnetometers
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* In EEG, those problems don’t exist:
— Electrodes positions are fixed and known
— More reproducible signhal shapes and topographies
— Clinicians are trained to work at the sensor level

e But the source reconstruction is still interesting:
— Localize the signal generators in the brain
(epilepsy and pre-surgical functional mapping)
— Spatial separation of simultaneous sources
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Easy integration of:

MEG

EEG

ECoG
SEEG

NIRS
Animal LFP
Eyetracker

B 5505 020y et Tmetd st Livwe | &4
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Invarsive recordings

ECoG

Depth electrodes

|| 4 SEEG/3D: DEMO_SEEG
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e Registration of individual brains on a template

Subject 1

Subject 2

Standard
anatomy

Individual
anatomy

Group analysis

Average
Contrast
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Subject anatomy
Right hemisphere

FreeSurfer
registration

FreeSurfer
registration

Template
Right hemisphere
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Subject anatomy
Right hemisphere

BrainSuite
registration

Template
Right hemisphere

BrainSuite
registration

Default anatomy
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* Contrasts between subjects or conditions

* Parametric t-test

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

| F‘.&n:urdl Flrt&rl Surfac&l Scuutl Stat |_|

Thresholding
p-walue threshold: .05

Options
Multiple comparizons.
() Uncorrected

(| Bonferroni

i@ False discovery rate (FDR)

Control over dimensions:
1: Signals

[/] 2: Time

3: Freguency
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Morlet wavelets

0.4 05

Time: 1000.00 m=

Hilbert transform

+ band-pass filter

AT ]

gammaz

gamma-

beta

alpha

theta

delta

0.4 0.6
Time: 0.00 ms

0s
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* Phase-amplitude coupling

Cross - frequency coupling

estimation

B /7 Subject02/@rawsubjO02. spontaneous_20111102_01_AUX/Canoky maps(400s-60011.. | & =1 22

Frequency tor Phase (Hz)

05 04
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Connecctivit
Correlation / Coherence

Phase locking value

 sjod[EjucH
frontalpole R

Granger causality

Sensor or source levels
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Add your code to Brainstorm

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

* Write a plugin:
— Well documented API
— Lots of example (170 functions written as plugins)

 Examples of recent external contributions:
— MVPA decoding (Oliva, MIT)
— Microstate segmentation (Cacioppo, UChicago)
— Eyetracker/EEG synchronization (Uni Freiburg)
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12,000 users from 70 countries registered on the website

4

- [ S
Find users next to you

Locaton: monteal

arraierty and UQAM, Montreal [z post-goc 201)
Montreal, McCl MEC, AN=s research
Montreal MEC stagare
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* Online tutorials:  30-hour self-teaching program
e Active user forum: 200 posts/month
e Daily updates: 700 downloads/month

| 12 casy steps through Brainstorm

* 2nat New Thewad
F

oren: Opren s uesion

£ £33 E3 §

| Processing continuous recordings

Find us on
| facebook.

e Contact us for specific questions and requests:
We will help you adding the features you need
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Investigators

Geek

““"N‘IIHII

5 MNI

USC

MNI

Line Garnero
Ghislaine Dehaene
Antoine Ducorps
Denis Schwartz
Karim N'Diaye
Claude Delpuech
Guillaume Dumas
Syed Ashrafulla

Sylvain Baillet

Richard Leahy

John Mosher
Cleveland Clinic

MEG @ McGill

Francois Tadel

Matti Hamalainen
Sheraz Khan
Felix Darvas
Darren Weber
Alexei Ossadtchi
Belma Dogdas
John Ermer
Svetlana Pinet

Esen Kucukaltun-Yildirim

Elizabeth Bock
MEG engineer

Guiomar Niso
Post-doc

Soheila Samiee
PhD student

Jeremy Moreau
PhD student

Peter Donhauser
PhD student

Arnaud Gloaguen
MNI

Key collaborators

Alexandre Gramfort
Telecom / Neurospin

Dimitrios Pantazis
MIT

Rey Ramirez

- UW

Esther Florin
Univ Hosp Cologne

Sergul Aydore

| Columbia

Anne-Sophie Dubarry
Aix-Marseille Univ

Anand Joshi
uscC
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Oddball auditory task (Dec 2013, MNI, McGill)

* Binaural stimulation with intra-aural earphones

e 200 standard beeps (400Hz) + 40 deviant (554Hz)

e |nter-stimulus interval: Randomin [0.7-1.7]s

e Subject taps the right index when a deviant is heard

e Acquisition at 2400 Hz - Downsampled at 600Hz

e Recorded on CTF 275 MEG sensors
+ 2 EEG (Pz,Cz) + 26 MEG reference sensors
+ EOG + ECG + STIM + ... =302 channels

* 6 minutes of recordings
* MRI processed with FreeSurfer 5.3
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