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Outline

• Brainstorm presentation (~15 min)

• Brainstorm hands-on tutorial (~1h45)

• MIA methodology (~20 min)

• MIA group analysis hands-on tutorial (~40min)
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Multi-modal imaging

fNIRS

ECoG Depth electrodes

Electrophysiology

MEG/EEG

4Slides from F. Tadel



Brainstorm

• Free and open-source application
• Matlab & Java: Platform-independent
• Designed for Matlab
• Stand-alone version available
• Interface-based: click, drag, drop
• No programming experience required
• Daily updates of the software
• Supports most common file formats
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Graphic interface
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Scripting environment

• Rapid selection of files and processes to apply
• Automatic generation of Matlab scripts 
• Plug-in structure: easy to add custom processes
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• Online tutorials:       30-hour self-training program
• Active user forum:   800 posts/month
• Daily updates:           1500 downloads/month

User support
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Workflow
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EEG/MEGAnatomy
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Sensors
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Group analysis
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Connectivity
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• Online tutorials:       30-hour self-training program
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Sample data

TODAY
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Sample data

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 D08-**AM Microdeep (8-18 contacts)
• Recorded with a Micromed system at 512Hz
• 4 minutes of recordings with one generalized seizure

34
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Sample data

Patient anatomy:
• T1 MRI pre-implantation, processed with CAT12 (r12.8)
• T1 MRI post-implantation

– Registered on the pre-implantation image with SPM
– Used to get 3D positions for the SEEG contacts

35
T1pre T1post SPM coreg CAT12 cortex
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Sample data

Epileptogenicity maps
David et al., Imaging the seizure onset zone with stereo-electroencephalography, Brain (2011)

• Comparison of HFO power ictal vs. baseline
• Identification of the seizure onset zone
• Estimation of the seizure propagation

SEEG electrodes marked in the T1post:

Automatic labeling of 
the SEEG  electrodes
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BIDS-iEEG specification

• (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/
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Sample data

TODAY
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Let’s prac+ce! 
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History

?

Simultaneous recording of MEG, EEG and intracerebral EEG during visual s8mula8on: from 
feasibility to single-trial analysis. Dubarry et al. Neuroimage. 2014 



20

• Multiple patients with SEEG 

• Similar activity

History

PT01 PT02

PT03 PT04

PT05

Parallel Processing in a Language Task: Es8mates from Intracerebral Single Trial Data. 
Psychological Science 2017. 
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Brainstorm

• Free and open-source application
• Matlab & Java: Platform-independent
• Designed for Matlab
• Stand-alone version available
• Interface-based: click, drag, drop
• No programming experience required
• Daily updates of the software
• Supports most common file formats

Brainstorm

• Free and open-source application
• Matlab & Java: Platform-independent
• Designed for Matlab
• Stand-alone version available
• Interface-based: click, drag, drop
• No programming experience required
• Daily updates of the software
• Supports most common file formats

Brainstorm

• Free and open-source application
• Matlab & Java: Platform-independent
• Designed for Matlab
• Stand-alone version available
• Interface-based: click, drag, drop
• No programming experience required
• Daily updates of the software
• Supports most common file formats

Contributions are welcome!!!



Docs
Tutorials
Courses
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neurotrack.fr/mia

http://www.neurotrack.fr/mia/
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MIA  Workflow
Data import

Signals 
normalization

Statistics

Group analysis

(Op&onal)

Time-frequency 
decomposiBon

Sanity check



Illustra6ve example
• Two electrodes from two pa?ents implanted in the same region (PrGL)
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R = 0.7

Region PrGL



Data import
• Input data : 

• Preprocessing steps (prior to MIA) 
• Epoching (mandatory)
• Filtering ar?fact rejec?on (op?onal) 
• Bad channel rejec?on (op?onal) 

.eeg

.vmrk

.vhdr
A. Trébuchon

C. Liegeois Chauvel
John C Mosher
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For importing data 
from Brainstorm 

see video 
demonstration 

on neurotrack.fr/mia 
(10 min)Deltamed

Micromed
NK
Nicolet
BrainVision
EDFThanks the reviewers of the paper

Special thanks to Francois Tadel ♥
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Sanity Check 

• GeDng info about the recording 

• Evoked potenHal computaHon 

Last chance to remove bad contacts
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Time-Frequency
decomposition
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Example

Input

OperaBon

Broadband signals

Output

0

Frequency specific signals0

Z-score 
normalizaBon

Time-frequency extraction

Data
 im

port

Sig
nals

 

norm
ali

za0
on

Sta
tis

tic
s

Gro
up 

an
aly

sis

TF
 

deco
mposit

ion

Sa
nity

 
ch

eck



Sta6s6cal analysis
# 

Ch
an

ne
ls

# Trials

# Timestamps

Student t-test

P<0.001

Thresholded t-values
P<0.001

P<0.001, really??
Family Wise Error 

(type I error)

T-values# 
Ch

an
ne

ls

# Timestamps
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# Trials

Bootstrap
on baseline Student t-test

Trial 23
Trial 45

Trial 53
Trial 34

Trial 34
...

0
# Boot Thresholded t-values

P<0.001 corrected  
95 %

Threshold 
on duration

(sec)

Sta6s6cal analysis
Multiple comparison correction
Duration above which activity is significant

29

Data
 im

port

Sig
nals

 

norm
ali

za
tio

n

Sta
tis

tic
s

Gro
up 

an
aly

sis

TF
 

deco
mposit

ion

Sa
nity

 
ch

eck



PA

FCA
GC

GPH

OP

T

PFG

B

TB

HLeW BROCA Area

1

2

2

3

4

Courtesy of Agnes Trébuchon
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Group analysis 
Part 1 - Anatomy 

• Common space : Atlas
• CT-MRI coregistration

aMTG

aITG

aSTG pITG&MTG

TP

pSTGIFG

Work from A. Trébuchon

LateralityContact Region

In pratice : a table

31

Data
 im

port

Sig
nals

 

norm
ali

za
tio

n

Sta
tis

tic
s

Gro
up 

an
aly

sis

TF
 

deco
mposit

ion

Sa
nity

 
ch

eck



• Average per patient
• Pairwise correlation 
(time domain – Pearson)

Example: 5 patients

corr[PT-06,PT-10]

corr[PT-06,PT-12]

corr[PT-06,PT-24]

corr[PT-06,PT-27]

Etc. 

Average = 0.78

• Contacts selecHon based on significance 
on the Hme window of interest

PT01
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Group analysis : results R > 0.3

Dubarry et al. Psychological Science 2017 33



Different representations
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MIA
Data import

Signals normalizaBon

Group analysis

(Optional)

Time-frequency
decomposition

Data import

Signals normalization

Statistics

Group analysis

(Optional)

Time-frequency
decomposition

Sanity check

TODAY
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Sanity check

Statistics



Example from study (subset)
• Study temporal architecture of picture naming 
• SpaHo-temporal pa^ern of brain acHvity
• Task :

• 108 items

Task from Llorens, A. et al. (2011). Intra-cranial recordings of brain ac&vity during language produc&on. 

1000	ms500	ms 2000	ms

Picture	onset	
(t	=	0	ms)

Duration

Display

Voice	onset		-
Reaction	Time	(RT)	

Events

Recorded 
Voice 
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Lets prac*ce! 
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TranslaBon in Bme 
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Morther wavelet

Daughter wavelet : 



SEEG 

• What do we record? Ac>vity directly inside the brain 
ØTerminology : 

• Contact, plots, vs electrodes 
• Electrode name (single quota.on mark = le3 lateralized )

++ : local accuracy (signal to noise ra>o)
- - : spa>al sampling 

SEEG

http://lifesciences.ieee.org/publications/newsletter/april-2012/96-building-brain-
machine-interfaces-neuroprosthetic-control-with-electrocorticographic-signals

B’

L R

Epilepsy 
pre-surgical evalua8on 
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B7-B8 B8-B9 B9-B10 B10-B11 B11-B12

"Bipolar 2"

B7-B8 B9-B10 B11-B12

"Bipolar 1"

"Orig"

REF

B7 B8 B9 B10 B11 B12

Montages

source
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