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Do we need an accessible, flexible, and portable environment for
reproducible Neuroimaging?
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The Accessibility problem

Most of our neuroimaging tools require Linux, but are not available in standard package systems

luser@centos> sudo yum install minc
Loaded plugins: langpacks, ulninfo

No package minc available.
Error: Nothing to do

(Users on Debian/Ubuntu are often luckier thanks to Neurodebian)

Then run cgmake .. and set CMAKE_INSTALL_PREFIX to be the desired directory as the above ¢make command is ignoring the setting.
make -j 4

This will fail configuring beast. Q ?
@

Edit /home/564/sb1053/minc-toolkit-v2/minc-toolkit-v2/BEaSI/CMakelLists.txt
and commend out FIND_PACKAGE( NETCDF ) (in two places).

run make -j 4 again.

This will fail to compile /home/564/sb1053/minc-toolkit-v2/minc-toolkit-v2/minctools/progs/mincdump/mincdump.h
Edit this file and replace genum with #define:
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The Flexibility problem

Conflicting dependencies -> we often cannot install different versions of software and operating system
updates can break our software installations

freeview.bin: error while loading shared libraries:

Llibpngl2.s0.0: cannot open shared object file: No
such file or directory

(for example specific versions of Freesurfer require specific operating system dependencies)
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The Portability problem

Reinstalling tools on different platforms is a mess and takes a lot of time ...

....on your lab ... on a cloud provider? ... on the university’s high

f?
... on your notebook? workstation? performance cluster?
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The Reproducibility problem

Differing results between software versions ®

Reproducibility of neuroimaging
analyses across operating systems

Tristan Glatard 2, Lindsay B. Lewis', Rafael Ferreira da Silva®, Reza Adalat’,
Natacha Beck', Claude Lepage’, Pierre Rioux', Marc-Etienne Rousseau’, Tarek Sherif,

Ewa Deelman?®, Najmeh Khalili-Mahani' and Alan C. Evans ™

glibc 2.5 vs 2.18 deliver different floating-point results

leads to significant differences in long pipelines

THE UNIVERSITY

expf (1.540518522262573242187500000000)
=4.6670093536376953125000

expf (1.540518522262573242187500000000)
=4.6670098304748535156250
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CONDA J&#docker

How could we build a data analysis platform that solves these
problems by using existing technology and projects?

C Repro Nh ‘ s
NeuroDebian @
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NEURODESK Cite Documentation FAQ Applications Developers Tutorials

Quick start

A flexible and scalable data analysis environment for reproducible neuroimaging with Neurodesk.

What is Neurodesk ? P Play G Google Colab & MacOS

Get started with Neurodesk

Select your setups and follow further instructions in the provided link.

Compute Platform Local PC HPC Cloud Google Colab

Interface Desktop Command Line Container VSCode

Your OS Linux

Processor ARM GPU

Follow the instruction at

https://www.neurodesk.org/docs/neurodesktop/getting-started/mac/
Instructions:

11
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Interactive examples ©

The next slides are backups

12
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Play — for teaching and quick tests

° jupyter notebook =+ fu” Z File Edt View Run Kemel Tabs Settings Help
B * C & Launcher +

desktop a ;

(=)

o
-/ [E Notebook
. . — Name - Last Modified
* no authentication A
° W example-notebooks 2 months ago %
" 8 neurodesktop-storage 2 months ago
Python 3 Nourodesktop
u I * | work 8 months ago (ipykernel) ”

. B console
* no data is saved
across sessions <

| Simple oMo ®

13
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Play — for teaching and quick tests

» full desktop and visual = e e e o e
. . = S — 1'"';?: *-.tt‘-::".\}"' ue Edit Import Draw Graph Display View Color Scripting Help =
applications e = e L ,
'7 == == ——— ) 1600 2400 3200
« data can be uploaded - - [epepen -
: == e v
with drag and drop = == = . — =
. = e e = e v o 3
» show bet in desktop = S i -
— e e e
and module system e s
o g A S IR L e A RSP gl Sl st | 2oom EE
there _' V_v_' P e i e £ [ Smooth [ Ruler s ‘.
=

14
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Play — for teaching and quick tests

* jupyter notebook and
LR = Untitled.ipynb @ [ nipype_modulo_example.ip X  +
desktop access the o

o,
e B + XD O » = C » Code v & Python 3 (ipykemel) O

W [ example-notebooks | | 1]: ibet = -]
same data and tools! :

Kernel Tabs Settings Help

Brdvy s F 0
Name Last Modified l /bin/bash: bet: command not found
O Dockerfile 6 minutes ago
[ LICENSE 2 months ago
o 1 ) S hOW e m pty * (W nipype_module_example.ipynb 2 minutes ago

M README.md 2 months ago

notebook without tools e e —
loaded

iimple 0 B 2 @ Python 3 (ipykernel) | idle

Mode: Command @ Ln1,Col5 Untitled.ipynb

15
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Play — for teaching and quick tests

* show interactive
loading of tool and

:’ File Edit View Run Kernel Tabs Settings Help

Bt C # Untitled.ipynb X % nipype_module_example.ip X+
B + X000 » =« C » Code

-
. a 0 & Python 3 (ipykemel) O
ru n n I n g bet On Sa m e o B / Desktop / ' [6]: !bet /home/jovyan/Desktop/tl.nii.gz /home/jovyan/Desktop/better.nii -R B r*"VvV &P &
.— Name - Last Modified
T1 dat dd load
a a a n OW n O a D sub01es»01_7T_f1w<deiace. % 24me ag
d t ° D tiniigz 20 minutes ago
ata L
Simple 0 2 © Python 3 (ipykernel) | idie

Mode: Command & Ln1, Col 68 Untitied.ipynb

16
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Play — for teaching and quick tests

* now, this is not really = G

View Run Kernel Settings Help

. . r) » ® * C # Untitled.ipynb X [# Untitled1.ipynb ® % Untitled2.ipynb ® [ nipype_module_example.ip X -+
reproducible, right” TN ER L o e g
O !bet

B / example-notebooks [

* Let's unload bet and T s i o o

D better.nii.gz 4 minutes ago import lmod
[ Dockerfile 31 minutes ago await \mod.load('fs1/6.0.4")

then SpeCIfy Wthh tOOI o [ LICENSE 2 months ago b 3AL LD
, Ty Crsve.0.er

H H H ¥ README.md 2 months ago s
Ve rS I O n We a re u SI n g I n " sct_toolbox_example.ipynb 31 minutes ago
¢ & Untitled.ipynb 3 minutes ago Usage: bet <input> <output> [options]
Code @ * (W Untitled1.ipynb 2 minutes ago
b Main bet2 options:
* 9 Unthtiad2 jpynb AR o -0 generate brain surface outline overlaid onto original image
-m generate binary brain mask
-s generate approximate skull image
-n don't generate segmented brain image output
-1 <f> fractional intensity threshold (8->1); default=9.5; smaller values give larger brain outline estimates
-g <g> vertical gradient in fractional intensity threshold (-1->1); default=0; positive values give larger brain outline at bottom, smaller at top
-r <r> head radius (mm not voxels); initial surface sphere is set to half of this
-C <x y 2> centre-of-gravity (voxels not mam) of initial mesh surface.
-t apply thresholding to segmented brain image and mask
-e generates brain surface as mesh in .vtk format

Variations on default bet2 functionality (mutually exclusive options):
(default) just run bet2

-R robust brain centre estimation (iterates BET several times)

-S eye & optic nerve cleanup (can be useful in SIENA - disables -o option)

-B bias field & neck cleanup (can be useful in SIENA)

-z improve BET if FOV is very small in Z (by temporarily padding end slices)

-F apply to 4D FMRI data (uses -f 0.3 and dilates brain mask slightly)

-A run bet2 and then betsurf to get additional skull and scalp surfaces (includes registrations)

-A2 <T2> as with -A, when also feeding in non-brain-extracted T2 (includes registrations)

Miscellaneous options:

-V verbose (switch on diagnostic messages)
~h display this help, then exits
-d debug (don't delete temporary intermediate images)
I 4]: !'bet /home/jovyan/Desktop/tl.nii.gz /home/jovyan/Desktop/bettest.nii -R BrYv & FA

17
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Play — for teaching and quick tests

* nipype example

File Edit View Run Kernel Tabs Settings Help

(9}

=] - %) * c " Untitled.ipynb X W Untitled1.ipynb X W Untitled2.ipynb ® ™ nipype_module_example.ip X +
B + XD O » = C » Code ~ ©  Python 3 (ipykemel) O
o Q -e generates Drain surrace as mesn 1in .VTK rormat
g

8 / wiample-notebooks / Variations on default bet2 functionality (mutually exclusive options):
(default) just run bet2

° I th 1 o th = Name = Last Mockfied -R robust brain centre estimation (iterates BET several times)
COO Ing IS . ese B better.nii.gz 5 minutes ago -S eye & optic nerve cleanup (can be useful in SIENA - disables -o option)
-8 bias field & neck cleanup (can be useful in SIENA)
o B Dockerfile 31 minutes ago 4 improve BET if FOV is very small in Z (by temporarily padding end slices)
3 LICENSE 2 months ago -F apply to 4D FMRI data (uses -f .3 and dilates brain mask slightly)
no e OO S Can nOW e nipype_module_example.ipynb 27 minutes ago -A run bet2 and then betsurf to get additional skull and scalp surfaces (includes registrations)
* -A2 <T2> as with -A, when also feeding in non-brain-extracted T2 (includes registrations)

¥ README.md 2 months ago

7| sct_toolbox_example.ipynb 31 minutes ago Miscellaneous options:
S a re a n WO r -v verbose (switch on diagnostic messages)
® [A| Untitled.ipynb 3 minutes ago

~h display this help, then exits
| Untitled1,ipynb seconds ago -d debug (don't delete temporary intermediate images)

identically on every Load i as well
neurodesk installation T ——

await lmod.list()

['fs1/6.0.4', 'afni/22.3.06']

download test data
t[ ~f /neurodesktop-storage/sub-981_ses-81_7T_Tlw_defaced.nii ] && echo “SFILE exist." || wget https://objectstorage.us-ashburn-1.oraclecloud.com/n/idrvmd
t[ -f /neurodesktop-storage/sub-01_ses-01_7T_Tlw_defaced.nii ] & echo "SFILE exist.” || gunzip /neurodesktop-storage/sub-91_ses-01_77_T1lw_defaced.nii.gz

-~2023-02-02 00:48:53— https://objectstorage.us-ashburn-1.oraclecloud.com/n/idrvmdtkz2a8/b/TOMCAT/0/TOMCAT_DIB/sub-01/ses-@1_7T/anat/sub-01_ses-01_7T_T
1w_defaced.nii.gz

Resolving objectstorage.us-ashburn-1.oraclecloud.com (objectstorage.us-ashburn-1.oraclecloud.com)... 134.70.28.1, 134.70.32.1, 134,70.24.1

Connecting to objectstorage.us-ashburn-1.oraclecloud.com (objectstorage.us-ashburn-1.oraclecloud.com)|134.70.28.1|:443... connected.

HTTP request sent, awaiting response... 200 0K

Length: 72682635 (69M) [application/octet-stream]

Saving to: '/neurodesktop-storage/sub-01_ses-01_7T_Tiw_defaced.nii.gz’

/neurodesktop-stora 100%|[ 69.32M 16.3MB/s in 4.3s

2023-02-02 00:48:58 (16.3 MB/s) - ‘/neurodesktop-storage/sub-01_ses-81_7T_Tlw_defaced.nii.gz’ saved [72682635/72682635)

![ ~f /neurodesktop-storage/sub-81_ses-81_7T_Tlw_defaced.nii ] & echo "SFILE exist." || wget https://objectstorage.us-ashburn-1.oraclecloud.com/n/idrvmd

--2023-02-02 00:50:10—— https://objectstorage.us-ashburn-1.oraclecloud. com/n/idrvmatkz2a8/b/TOMCAT/0/TOMCAT_DIB/sub-01/ses-81_7T/anat/sub-01_ses-01_7T_T

L Simple 0 B 4 ® Python 3 (ipykernel) | Idle Mode: Edit @ Ln1,Col12 nipype_module_example.ipynb

18
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Lab — same thing, but data is saved across sessions

* requires github
authentication < Jupyterhub

Sign in with GitHub

19
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This of course also works on google colab

~~ ™ Neurodesk on Google Colab < .a
Home (O RH) re °
File Edit View Insert Runtime To A

+ Code + Text

ocR/ QD0
Neurodesk provides a containerised data analysis environment to facilitate reproducible analysis of neuroimaging data. At Neurodesk, we
believe that reproducibility should be a fundamental principle underlying neuroscientific data analysis. Analysis pipelines for neuroimaging data
typically rely on specific versions of packages and software, and are dependent on their native operating system. These dependencies mean
that a working analysis pipeline may fail or produce different results on a new computer, or even on the same computer after a software update
Neurodesk provides a platform in which anyone, anywhere, using any computer can reproduce your original research findings given the original
data and analysis code.

This notebook shows how to use Neurodesk on Google Colab :)

~ Download some MRI data to play with

root root
root root
root root
root 6 2:21 google
. root 6 1 4 sample_data
8 1 sub-01
age Speed Tim
ad Upload Tot.
00: OWarning: Refusing to overwrite -01_7T_T1w_defaced.nii.gz:

0:00:02 -~
(23) Failed writing header
% Received % Xferd A ] B Ti
Total
4851 100 4851

~ Display data

20
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Running Neurodesk on your own hardware

ssh =X -L 8080:127.0.0.1:8080 opc@152.67.98.39

<« C M @ localhost

@ misc @ neurodesk [ Oracle [ SciDir

e : o - ST = 7 = == B =
=l k . - S — . - = === - =
sudo docker run \ “elbraae 3 S e e > = : -

——shm-size=1gb -it —-privileged —-name neurodesktop \ | e e . = : e l rOD eSk ==

-v ~/neurodesktop-storage:/neurodesktop-storage \ i e e Lq t; - = S & — e

—e HOST_UID="$(id -u)" -e HOST_GID="$(id -g)"\ ——— e = i : A e = = : ==

-p 8080:8080 \ = e s e : : : :

-h neurodesktop-20221216 vnmd/neurodesktop:20221216 e e = =

21
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Running Neurodesk on an HPC

ssh uqgsbollm@bunya.rcc.ug.edu.au

salloc --nodes=1 --ntasks-per-node=1 --cpus-per-task=1 --
mem=50G --job-name=TEST --time=05:00:00 --partition=general -
-account=a_barth srun --export=PATH,TERM,HOME,LANG --pty
/bin/bash -I

module use
/scratch/user/uqsbollm/neurocommand/local/co
ntainers/modules/

cd repronimdemo

ml fsl/6.0.4

bet sub-01_ses-01_7T_T1lw_defaced.nii.gz
bet_hpc -v

XX ugsbollm — uqsbollm@bun048:~repronim_demo — ssh ugsbolim@bunya.ree.uq.edu.su — 80x24

[ugsbollm@bun@48 repronim_demol$ bet sub-01_ses-01_7T_Tiw_defaced.nii.gz bet_hpc
-V

[ugsbollm@bun@48 repronim_demol$ 11

ugsbollm gris-uq 4.0K Feb 3 08:38 .
ugsbollm qris-uq 16K Feb 3 08:36 ..
ugsbollm gris-uq 17M Feb 3 08:38
ugsbollm gqris-uq 17M Feb 3 08:38
ugsbollm qris-ug 76M Mar 11 2022

[ugsbollm@Pbun@48 repronim_demol$ bet sub-01_ses-01_7T_Tiw_defaced.nii.gz bet_hpc
-V

IN=sub-01_ses-01_7T_Ti1w_defaced

variation=0

min @ thresh2 0 thresh 350.998 thresh98 3509.98 max 4016
c-of-g 74.0546 90.3879 127.297 mm

radius 98.632 mm

median within-brain intensity 1492.97

self-intersection total 1705.47 (threshold=4000.0)
[ugsbollm@bun@48 repronim_demol$ B

22
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Interactive examples end ©
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The Neurodesk.org Open-Source Platform
b C

p Neuroco
< g g
d -

ntainers
/ \

MNI
Python
Conda
Vscode
Bins/Libs

Jupyter
Notebooks

24
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The Neurodesk.org Open-Source Platform

Community builds and maintains software containers

d

25
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The Neurodesk.org Open-Source Platform

Neurocontainers automatically builds and distributes a repository of software containers

Neurocontainers

MNI
Python
Conda
Vscode
Bins/Libs

26
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The Neurodesk.org Open-Source Platform

Software containers are available for all compute environments:

d \ o -

S <)

Via Neurodesktop

Jupyter
Notebooks

27
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Github actions build and upload the application containers
-- all automated

rt toolName='minc'
export toolVersion=1.9.17

[ u$1u = 1 ], then
echo "Entering Debug mode"
export debug=$1

source ../main_setup.sh

neurodocker generate ${neurodocker_buildMode} \
--base-image ubuntu:18.04 \
—--pkg-manager apt \
——run="mkdir ${mountPointList}" \
——copy README.md /README.md \
——${tooName} version=${toolVersion} \
—-env DEPLOY_PATH=/opt/${toolName}-${toolVersion}/bin/:
> ${imageName}.${neurodocker_buildExt}

LI [ Il$1H ‘_ "nn ] :
«/«+/main_build.sh

NeuroDesk / neurocontainers

forked from

Code Issues 24 Pull requests ® Actions Security

Workflows All workflows

All workflows

1,493 workflow runs

®) fixed order of conda installs

& move back to centos8

build new gsmxtbase

Insights Settings
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What is a software container, and how can it help?

@ Standardisation

ij Portability

(v) Reliability

LZ@ Reproducibility

https://www.youtube.com/watch?v=HelrQnm3v4g&ab channel=AustralianResearchDataCommons-ARDC
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Neurodesktop — A Linux deskto

p accessible via the browser
— < e —— == B e e

—— I

- : — = | @ A1l Applications
| — — | @ Body
= @ Data Organisation
— — — | @ piffusion Imaging
== ~—| @ Electrophysiology
@ Functional Imaging
@ Hippocampus
- @ Image Reconstruction
— = ~ | @) Image Registration
= . Image Segmentation
@ Machine Learning
, Accessories » | @ Phase Processing
X\ Education » | @ Programming
# Graphics » | @ Quality Control
4
»

@ Internet @ Quantitative Imaging

TR & Focent 1720ing

= ants

AW WY VYN VY YN Y YYNYYY

Shape Analysis ‘ = . . .
e »|® cat12 required for curating, processing,
£ Programming » @ spectroscopy . . - :
cvetem Tools  » | @ SPine & freesurfer creating and using Neuroimaging Data
ys -
@ statistics BN sl
Preferences »

Structural Imaging - Mminc

@ visualization ¥ gqsmxt

@ vorkflows £ slicer

Run
AT 0 -0 + sput2

v wv

W N N W P NN N
}
|
|
|
'
|
1
!
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High performance software distribution using CVMFS

» download and unpack singularity/apptainer containers to CVMFS
storage for distribution and on-demand access

ORACLE v iﬁ”"
trat 1:
CIOUd Stratum 1: US GeolP
_, =N /cvmfs/neurodesk.ardc.edu.au/containers/

v

= s

26 16:41

Stratum 0: US Stratum 1: EU 29 12:35
\ug 26 16:44
v \ug 26 16:U49
\ug 26 17:04
. \ug 26 16:54
\ug 26 17:05
- \ug 26 17:06
: 18 18:01
o Local SQUID proxy

HP 13 09:37
Stratum 1: AUS C - _

https://neurodesk.org/developers/cvmfs/ 31
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Uptake in the community

* 996 individual users in the last 6 months from 47 countries
» our repos on GitHub have 71 stars & 75 forks
« development driven by hackathons (e.g. Brainhack Global)

x
W

1 O 241
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Reproducible Science

Are Neurodesk results reproducible?
How close are we to re-executable papers?
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Let’s try to reproduce ...

Reproducibility of neuroimaging
analyses across operating systems

Tristan Glatard "2, Lindsay B. Lewis’, Rafael Ferreira da Silva®, Reza Adalat’,
Natacha Beck', Claude Lepage’, Pierre Rioux', Marc-Etienne Rousseau, Tarek Sherif!,
Ewa Deelman?, Najmeh Khalili-Mahani' and Alan C. Evans '*

The following analyses were performed by Thanh Thuy Dao
based on Glatard et al. approach using Neurodesk ©
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The Analysis Setup
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[ Scanner anatomical space

System A System B
Local Neurodesk Local Neurodesk
Applications FSL6.0.5.1 FSL6.0.5.1 FSL6.0.5.1 FSL6.0.5.1
Glibc version 2.31 2.23 2.28 2.23
oS Ubuntu 20.04 Ubuntu 16.04.7 Almalinux 8.5 Ubuntu 16.04.7
Hardware 12th Gen Intel(R) Core(TM) i7-12700 AMD EPYC 7542 32-Core Processor
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° ° %s beortical segmentation :
Image Intensity Differences (FSL FLIRT) Y

Absolute mean inter- Absolute mean inter-
a Local Install system intensity difference Neurodesk system intensity difference

1.200 LL- 1.200
0.800 0.800
[ 0.400 4] 0.400
0.000 0.000
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§Scanea atomical space
Reg ster to MNI152 T1 1mm spa ce]
Ei Subcortical segmentation

. Mean inter .system Mean inter-system
C Local Install disagreement in label d Neurodesk disagreement in label

Classification Differences (FSL FIRST)

0.160 0.016
0.120 0.012
- 10.080 0.008
-0.040 -0.004
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DICE dissimilarity between System A and B

Number of participants

160 -

140

120

100 ~

80 -

60 -

40 1

20

FSL-FLIRT

Local Install
Neurodesk

0.0

0.2 0.4 0.6 0.8 1.0
DICE dissimilarity coefficient

Number of participants

160 -

140 ~

120 A

100 ~

80 A

60 -

40 A

20 A

FSL-FIRST

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

Scanner anatomical space ]

Reg|ster to MNI152 T1 1mm space ]

Subcortical segmentation

Local Install
Neurodesk

T T
2 3

DICE dissimilarity coefficient

a le-4
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Inter-system discrepencies in function calls
a Local Install b Neurodesk Install

Memory allocation Mathematical Operations
strncpy — oot
105- ] open L
strlen == ceilf
write y
close Memory allocation
snprintf — memmove
1041 = getenv. e ;P:emcpy
( Matrix Libraries e B el
— dgemm_ — memset
X gggigd— + malloc
- . . =Ca - =« call
10° : - . dpotrf_ catioc
gremsmEA i T 3 : - dgemv_

1027 I a

IUSIITTTTTTITes :
.............. i )
P b [
A i — I
.

log(Cumulative Difference)

1.96 1.98 2.00 2.02 2.04X10" 106 1.98 2.00 2.02 2.04X107
Call Number Call Number
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Interactive papers

CONP Supported by the Canadian Open w .
/|PCNO Neuroscience Platform (CONP). ’ . isz‘ eLife

Steps to enrich your published
article with code and data

1. Z 3k 4.

The quest for measuring myelin with MRI -
An interactive meta-analysis

This study explores an important aspect of quantitative magnetic
resonance imaging (qMRI): validation. Focusing specifically on
myelin measures, we show the results of our meta-analysis
comparing quantitative MRI with histology.

* NeuroLibre Book Convert your elLife Add code chunks into Upload enriched Share a project
article into R Markdown/ the R Markdown/ R Markdown/ snapshot with the
Jupyter notebook with Jupyter notebook Jupyter notebook eLife Production
Stencila Hub locally and necessary Team

AN HC) vy K

tabular data files
to Stencila Hub

A highly predictive signature (HPS) of s }
Alzheimer's disease dementia from cognitive
and structural brain features

A jupyter notebook containing analyses that give a highly

predictive signature (HPS) of Alzheimer's disease dementia from https ://e | ifeSCie n Ces . O rg/I a bS/d CSade elwe I CO m e-
cognitive and structural features using simulated data. 14 | to_a_ n ew_e ra_of_ re p rod u Ci b I e_ p u bI iS h i n g

https://www.neurolibre.com/
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Neurodesk applications & Jupyter notebooks

Neurodesk project enables the use of all neuroimaging applications inside computational notebooks:

-

m.,

LOADED MODULES +

o fsl/6.0.4

AVAILABLE MODULES

afni/21.2.00
afni/22.1.14
afni/22.3.06

aidamri/1.1

* O

ants/2.3.1
ants/2.3.4
ants/2.3.5
ashs/2.0.0
aslprep/0.2.7
bart/0.7.00
bidscoin/3.7.0
bidstools/1.0,0
brainstorm/3.211130
cat12/r1904
cat12/r1933
clearswi/1.0.0
code/220114
condaenvs/1.0.0
conn/20b

connectomeworkbench/1.4.2

connectomeworkbench/1.5.0
\ convert3d/1.0.0

n|

[® nipype_module_example.ipyi® @ +
B + X O 8 » m C » Code v # Python 3 (ipykernel

import 1lmod

await lmod.purge(force=True)
await lmod.load('fsl/6.0.4')
await Imod.list()

['fs1/6.0.4']
I[S]:Ibet B ™V & F Q0
Usage: bet <input> <output> [options]

Main bet2 options:

-0 generate brain surface outline overlaid onto original image

-m generate binary brain mask

-3 generate approximate skull image

-n don't generate segmented brain image output

-f <> fractional intensity threshold (@->1); default=0.5; smaller values give larger brain outline estimates

-g <g> vertical gradient in fractional intensity threshold (-1->1); default=8; positive values give larger brain outline at bottom, smaller
at top

-r<r> head radius (mm not voxels); initial surface sphere is set to half of this

-C <x y z> centre-of-gravity (voxels not mm) of initial mesh surface.

-t apply thresholding to segmented brain image and mask

-e generates brain surface as mesh in .vtk format

Variations on default bet2 functionality (mutually exclusive options):
(default)  just run bet2

-R robust brain centre estimation (iterates BET several times)

-S eye & optic nerve cleanup (can be useful in SIENA - disables -o option)

-B bias field & neck cleanup (can be useful in SIENA)

-2 improve BET if FOV is very small in Z (by temporarily padding end slices)

-F apply to 4D FMRI data (uses -f ©.3 and dilates brain mask slightly)

-A run bet2 and then betsurf to get additional skull and scalp surfaces (includes registrations)
-A2 <T2> as with -A, when also feeding in non-brain-extracted T2 (includes registrations)
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Neurodesk at Scale

Neurodesk Local Install
High Performance
Computing Cluster

Cloud Computing

Performance

Lab Workstation

P ——

Personal Laptop ‘ I

Effort
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Neurodesk brings ...

... a suite of neuroimaging tools ...

....on your lab ... on a cloud provider! ... on the university’s high

!
... on your notebook! workstation! performance cluster!

@ python” julia
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Roadmap

A fully javascript/
webassembly

Federated based version ->
Learning no docker
dependencies

For Segmentation

Support of M1/Arm R
processors NAGNT AT

‘Support of GPUs

.More

Neuroimaging
containers
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