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Automatic Analysis
for more efficient and reproducible M/EEG pipelines




<10 (in 2005) hundreds (in 2020)
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Offers a more integrated view of the brain
Supported by several open research tools such as

SPM, FSL, Freesurfer, EEGLAB, FieldTrip, and MNE

Requires integration of different tools  Efficiency
Difficult documentation  Reproducibility

Increased risk of human error

Transparency

Harder to detect errors




EEGLAB: more established (since 2004, ~2000 citations/year), great for pre-processing, plugins

)

O

FieldTrip: newer (since 2011, ~900 citations/year), great for analysis and visualisation, stats tools

MNE(-Python): newest (since 2013, ~300 citations/year), great for visualisation, Python ecosystem

Makoto’s preprocessing pipeline, Makoto’s code: more like considerations and code snippets

FieldTrip tutorial: well-structured, stand-alone, with example data and code

MINE tutorial: well-prepared, illustrated, with example data and code



https://sccn.ucsd.edu/wiki/Makoto's_preprocessing_pipeline
https://sccn.ucsd.edu/wiki/Makoto%27s_useful_EEGLAB_code
http://www.fieldtriptoolbox.org/tutorial/
https://mne.tools/stable/auto_tutorials/index.html

Challenge

* Pipelines
- iform interface for pre-compiled and Python-based tools
igurability, reproducibility, scalability

se integration of tools, large technical debt

B: Script from analysis

LAB: EEGLAB history (eegh): command-line back-end for GUI

Trip: reproducescript: generates code and (intermediate) derived data

Rather for documentation

tion requires extra work

ends on user
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Solution

* Description

* Availability

) X L% 2 -

! o =
automatic analysis 0 »
Definitions: {aa} means the ati lysis softy k - - = ]

and any associaﬁd documentation wheth;r electronic or prifited.
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https://automaticanalysis.github.io/
https://github.com/automaticanalysis/automaticanalysis

Solution

aamod_autoidentifyseries_timtrio

 Configurable, automatic workflow e

- 9 dicom_structural
— SR L_get. A aamod_get_dicom_epi

b structural dicom_fieldmap

aamod_coreg extended 1 aamod_convertfieldmaps

fieldmap fieldmap_dicom_header J epi_dicom_header

* Provides high-level workflow description

aamad_coreg_extended_1_00001structural  tltotemplate_xfm | aamod real»gnunwar-p
dartelimported_grey  dartélimported_white
‘aamod_dartel_createtemplate meanepi asmaod_ sl\:euming
dartel_tempiate dartel_flowfield

aamod_coreg_extended_2Zepi

aamod_dartel_createtemplate_00001dartel_template epi meanepi realignment_parameter
.-,..—_‘_‘__.

: ez e e
* Record keeping i)

""——-—___‘__ K
- [T ——

firstlevel_betas firstlevel_spm

firstlevel_cons firstlevel_:
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Solution

USPs

study-specific definition and configuration

oading reduced ambiguity and ‘shadowing’

ic linkage between steps
on on execution  debugging
visualisation

diagnostics for quality awareness

dy: separate workflow for each modality

mon preprocessing workflow + multiple analyses
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aa for M/EEG

Development

* Decisions
- for what — main data format

n (automaticanalysis - eeglab2fieldtripER.m)!!!

e Options
- ation options

convenience

eeg cleanartifacts, aamod meeg icclassification

University of Surrey


https://github.com/automaticanalysis/automaticanalysis/blob/master/extrafunctions/ft_mods/eeglab2fieldtripER.m
https://github.com/tiborauer/automaticanalysis/blob/master/aa_modules/aamod_meeg_cleanartifacts.xml
https://github.com/tiborauer/automaticanalysis/blob/master/aa_modules/aamod_meeg_icclassification.xml

aa for M/EEG

ine

Makoto’s pipel

cleanartifacts_00f

Iusers/psychology01/pa ralIel»scratchlpro}edleangLeamlaalaamod_meeg_

onl/sub-FEcolA/runmlltered_ug_sub-sscnu.se: - [0.0 - 627.8]; superpo:

Scrolling IC20 Activity

1C20 Activity Power Spectrum

Time (ms)

Dipole Position

1

005
Probability

% scalp data var. accounted for: 0.8%
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aa for M/EEG

# trial: STIM-2

 Epoching

 Subject domain .

segment 1 -3k k kK Kk Kk kk Kk  kkkkkkxFkk kKKK Kk ¥
segment 2 | >k >k >k 5k sk sk ok ok Sk ok ok Sk Sk k| 3k 3k 3k 3k Sk Sk Sk Sk ok ok ok Sk ok ok ok

SegMeNt 3 |3k 3 3k | Sk kK K Rk Kk kR kR ok ok ok k¥

segment 4 ;3 > Sk Sk sk ok ok ok ok Sk Sk ko o Sk ok ok Sk ok ok ok ok ok ok ok
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aa for M/EEG

 Time-locked analysis (ERPs)

stat 000-100 ms 000-100 ms stat 100-200 ms 100-200 ms
N LN £ N

stat 400-500 ms 400-500 ms 500-600 ms

7 k3 £ By F
/FC5 FC1 FC2 YC6

NG e
1 FC2 PS8
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aa for M/EEG

 Time-locked analysis (ERPs)

stat 500-600 ms group #1 500-600 ms group #2 500-600 ms

Fpl ™~ Fp2
R

no
=b
r

xlim=[-01]
ylim=[-1.38 1.46]
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aa for M/EEG

 Time-locked analysis (ERPs)

stat 000-000 ms group #1 000-000 ms group #2 000-000 ms

stat 000-000 ms group #1 000-000 ms group #2 000-000 ms
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aa for M/EEG

 Time-frequency analysis (TFRs)

stat: 000-000 ms
ns.

stat: 000-000 ms stat: 000-000 ms stat: 000-000 ms stat: 000-000 ms

stat: 000-000 25 tat: 000-000 : tat: 000-000 tat: 000-000
at ms stat: 00 ms stat ms stat: 00 ms stat: 000-000 ms

\
=
-~
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aa for M/EEG

* Cross-frequency analysis (e.g. PAC)

RO,

R
—H

ROLL ROLR

R Y

52 a4 0 1 2 3
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a for M/EEG

aamod_importfilesasstream_00001 aamod_meeg_get file 00001
channellayout meeg/

aamod_meeg_converttoeeglab_00001

aamod_meeg_filter_00001 aamod_structuralfromnifti_00001

ceg strigtural

(aamou_meeg_cleanartifaccs_uuuol] (aamod_importﬁlesassneam,ouuuzj

aamod_segment8_00001

meeg MNLImm  structural

aamod_meeg_rereference_00001 aamod_coreg_general_00001 |  forward_deformation_field

meeg™ aamod_coreg_general_00001.5tructural

( 2amod_meeg_| a_mmol] [aamod_narm_wnte_DDDDl ) [ aamod _freesurferinitialise_00001 ]

meEdm(ura\

freesurfer native_air  native_scalp  aamod_segment8 00001structural  native white  native_csf  native skull  native_grey

2amod_meeg_dipfit_00001 aamod_freesurfer_autorecon_all_00001
{ aamod_meeg_preparesourcemodel_00001 ]

[ aamod_meeg_prepareheadmodel_00001 ]

aamod_meeg_epochs_00001.meeg sourcemodel segmentation

[aamod,meeg,nmefrequencyanalysxs,00001 ] [aamod,meeg,nmefrequencyanalysis,ooooz )

‘aamod_meeg_preparesourcereconstruction_00001 )

timefreq leadfiéld __sourcefilter
i A/L—@' ——
[aamod,meeg,seurcecreate,uu001 gl aamod,meeg,seur:ereconstruction,oooolJ

sourcesirface —( 2amod_meeg_sourcereconstruction 00002 ]

(aamod,meeg,umefrequencystanstics,uuuol ‘aamod_meeg_timefrequencystatistics_00002 timefreq

timefreq
. J
[aamod_meeg_sourcea(lasmgjuool aamou_meeg,timefrequencystarisﬂcs_ooom] [aamod»meeg_(\mefrequencys(a(ls(lcs_uUUUS) [aamod_meeg_(\mefrequencys(a(istics_uo003 '[

aamod_meeg_(imefrequencyscatisncs_oooos] (aamod_meeg»(Imefrequencys(a(\s(\cs»ODDlo‘ aameu_meeg_umefrequencys(aﬂsticsjuuns] (aamoa_meeg_rimefrequencys(a(istics_ooom] [aamod»meeg_t\mefrequencystatls(lcs_ooouﬂ)
ks

— ¥ aamoa,meeg,cmssfrequencyanalysis,cuuuzNaamoa,meeg,crossfrequencyanalys\s,ooom <

crossfreq crossfreq

[aamou,meeg_crossfrequencysra(lsncs,ouuus] [aamod»meeg»crossfrequencystatls(lcs_oooos) [aamod_meeg_crossﬁ-equencystanstlcs_ooom] [aamod_meeq_cmssfrequencys(a(\stlcs»OUUUBJ

aamod_meeg_crossfrequencystatistics 00004 aamod_meeg_crossfrequencystatistics 00002 aamod_meeg_crossfrequencystatistics 00005 aamod_meeg_crossfrequencystatistics_00007
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aa for M/EEG

[ ) aamod_importfilesasstream_00001 aamod_meeg_get_file_00001

channellayout meeg

® aamod_meeg_converttoeeglab_00001

aamod_structuralfromnifti_00001 aamod_meeg_filter_00001

structural

aamod_segment8_00001 aamod_importfilesasstream_00002 aamod_meeg_cleanartifacts_00001

aamod_coreg_general_00001 forward_deformation_field aamod_meeg_rereference_00001

aamod_coreg_general_00001.structural

aamod_norm_write_00001 aamod_meeg_ica_00001

structural

aamod_segment8_00001.structural native_csf native_white native_skull native_grey native_air native_scalp structural aamod_meeg_dipfit_00001

aamod_meeg_icclassification_00001

aamod_meeg_preparesourcemodel_00001 aamod_meeg_epochs_00001

structural

aamod_meeg_prepareheadmodel_00001 aamod_meeg_timefrequencyanalysis_( aamod_meeg_timefrequencyanalysis_00002

segmentation headmodel sourcemodel timefreq timefreq

~

P —
aamod_meeg_sourcereconstruction_00001 aamod_meeg_sourcereconstruction_00002 aamod_meeg_timefrequencystatistics_00001 aamod_meeg_timefrequencystatistics_00003
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https://github.com/tiborauer/automaticanalysis/blob/master/examples/aap_tasklist_meeg.xml
https://github.com/tiborauer/automaticanalysis/blob/master/examples/aa_user_meeg.m

Info/Support

* Running — aaintro

Current Folder Wl Command Window

[ |Name « Mew to MATLAB? See resources for Getting Started.

=
>> load tools

aamod_importfile rearm_00001

mod_meeg_clean Please wait a moment, adding to the path

mod_m el (Helil Welcome to aa version 5.4.0 (7e567b2aa6668bc3e800bd7606b254f 200bbbb02) Aug 2020
If you publish work that has used aa, please cite our manuscript:
Cusack R, Vicente-Grabovetsky A, Mitchell DJ, Wild €J, fuer T, Linke AZ, Peelle JE (2015)
Automatic analysis (aa): Efficient neuroimaging workflows and . 1551 s Matlab and XML

|| Frontiers in Meuroinformatics 8:90
mod_m
1 aarmnd meen rereferanc Flease visit The aa website for more information!

TECHNOLOGY REPORT ARTICLE . automatic analss Home! bt Geringsuaned News

Front. Neuroinform., 15 January 2015 | i ) ) irame -

automatic analysis 0

HENEEEREEEHEGERHRH

{aa}means the ic analysis software paclége

Automatic analysis (aa): efficient R ' A i
heuroimaging workflows and parallel e el RN
processing using Matlab and XML

It supports SPM 12, as well as selected functions from other software

packages (e.g,, FSL, Freesurfer). The goal is to facilitate automatic,
flexible, and replicable neuroimaging analyses through a

comprehensive pipeline system.

. Rhodri Cusack”, ¢ Alejandro Vicente-Grabovetsky?, Daniel J. Mitchell?, ¢ ConorJ.
Wild!, ¢ Tibor Auer’, © AnnikaC. Linkelandn Jonathan E. Peelle*

Recent Posts

1Brain and Mind Institute, Western University, London, ON, Canada

2Donders Institute for Brain, Cognition and Behaviour, Nijmegen, Netherlands

3MRC Cognition and Brain Sciences Unit, Cambridge, UK

“Department of Otolaryngology, Washingten University in St. Louis, St. Louis, MO, USA
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Info/Support

* Running — aaintro

Current Folder Wl Command Window

Mew to MATLAB? See resources for Getting Started.

>> load tools

rearm 00001

aamod_importfile
od_meeq_
mod_meeg_conv

Please wait a moment, adding to the path
wWelcome to aa version 5.4.0 (7e567b2aa6668bc3e800bd7606b264f 200bbbb02) Aug 2020
If you publish work that has used aa, please cite our manuscript:
Cusack R, Vicente-Grabovetsky A, Mitchell DJ, Wild €J, fuer T, Linke AZ, Peelle JE (2015)
Automatic analysis (aa): Efficient neuroimaging workflows and I 1 Matlab and XML
Frontiers in Meurcinformatics 8:90

Please visit The aa website for more information!

EEEEHEHEEEHEEHRH

Here you can find example parameter sets and examples.
Current Folder (Gl Command Window Current Folder [GM Command Window

[ Name Git [ |Name < Git New to MATLAB? See resources for Gett]

[ aap_parameters_defaults.xml =1 chu
[] aap_parameters_defaults_AKK xml %) aa_downloaddemo.m
[l aap_parameters_defaults_CESU.xml ) aa_user_bids_ds000114.m

MNew to MATLAB? See resources for Gettir

== load_tools == load_tools

[] aap_parameters_defaults_CUSACKLAB xml

[ aap_parameters_defaults RHUL >l
[ aap_parameters_defaults_UEAxmI
[) aap_parameters_defaults_UoS xml

University of Surrey

Please wait a moment, adding
Welcome to aa version 5.4.0 (7
If you publish work that has
Cusack R, Vicente-Grabovetsk

Automatic analysis (aa): Effi
Frontiers in Neuroinformatics

Please visit The aa website fo

Here you can find example para
Ready .
Jfx ==

%) aa_user_demo.m

#) aa_user_demo_branchingl.m

) aa_user_demo_branchingz.m

# aa_user_meeg.m

%) aamod_template_session.m

[) aamod_template_session.xml

[) aap_tasklist_bids_ds000114 xml
[] aap_tasklist_dermoxml

[) aap_tasklist_dermo_branchingl s
[) aap_tasklist_demo_branching2.xml
|| aap tasklist meeqgxml

LR N N N NN NN N NN N

Please wait a moment, adding
Welcome to aa version 5.4.0 (7
It you publish work that has
Cusack R, Vicente-Grabovetsk
Automatic analysis (aa): Effi
Frontiers in Meurcinformatics

Please visit The aa website fo

Here you can find example para




Info/Support

e GitHub

B automaticanalysis / automaticanalysis @ Unwatech ~ 19 W Unstar 55 B automaticanalysis / automaticanalysis @ Unwatech ~ 19 W Unstar 55

<> Code Q@ Issues & 11 Pull requests 2 [=)] ussions (@ Actions  [I] Projects 0 Wiki ity |+ Insights % Settings <> Code (@) lssues 8 11 Pull requests 2 Q) Discussions () Actions  ['1] Projects [0 Wiki curity [+ Insights %1 Settings

© Labels 6 e Milestones 0

New Top: All = Answered Unanswered

arted on Jun 24 2020 in @ s

Categories V4 Website

tiborauer
©0 View all

() General processBIDS for MEG

ethanknight: d on Feb 25 in Ideas

Author Label + Projec Milestones Ass

in user script

Q1

FSL/Matlab

Jpeell rted on Feb 15 2019 in Ideas
@ aas_processBIDS: fmap.hdr.IntendedFor o

ed on Feb 12019 by jpeslle
Welcome to automaticanalysis Discussions!
@ fmap undefined in aas_processBIDS.m tiborauer started on Feb 1

Module naming conventions

tiborauer started on Apr 14 2015 in Ideas

Hyperalignment

C of col
Code of conduct tiborauer started on Jul 27 2018 in Idk

4 automa ithub.io

@ Inconsistent stream outputs between segments and dartel_normmni
#176 n Nov 6 2018 by joch

Which tools should we provide modules for in core AA?

jooh started on Jul

D O aa user group CEEIEEETY CEEED
.

ed on Aug 15 20 Diagnostics

arted on Dec 11

gsub time and memory
tiborauer started on Jul 015 in Ideas

Naming of structural streams
n 24 2014 in |
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Take home message

imgflip.com
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