NeuroDOT Newsletter: February 7,2025
NeuroDOTv1.4 and NeuroDOT_py v1.0.0 Releases!

« Welcometothefirst NeuroDOT newsletter!

+ Wewillbesending anewsletter alongwith each newrelease ofthe NeuroDOT
toolbox, approximately every 6 months.

+ 0On10/17/2024NeuroDOTv1.4and NeuroDOT_pyv1.0.0 were released, and are
available for download on NITRC (https://www.nitrc.org/projects/neurodot) and
fromthe Python Packaging Index (with pip).
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NeuroDOT, a MATLAB- and Python- based self-contained toolbox,
addresses common challenges in processing of functional near
infrared spectroscopy (fNIRS) and diffuse optical tomography (DOT)
data. NeuroDOT supports multiple common pre-processing and
analytical pipelines for simulation, data-anatomy alignment and
modeling, pre-processing, data quality control, reconstruction,
spectroscopy, post-processing, and extensive data visualizations at all
stages of processing. We also provide pre-assembled, anonymized, and
published data samples from our lab to reflect common experimental
paradigms in neuroimaging including visual, language, and resting
tasks for human brain mapping. Visualization and analysis tools
provide powerful and intuitive explorations of data and data quality.
Register to receive development updates, news about workshops, and
individual help from the NeuroDOT team:
https://tinyurl.com/NeuroDOT .

The latest release version of NeuroDOT is v1.4 (October 17 2024).
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Release Updates

Matlab

Major Updates since NeuroDOTv1.3:
1. GUIs
A. Render Tool: interactive GUI to select a NIfTI or 4dfp overlay and render the data on a default or
custom cortical mesh. Alternatively, data may be passed tothe app directly fromthe
command line or from within a script.
2. FormatCompatibility updates:
A. SaveVolumetricData: added optionfor savingin nii.gzformat
B. snirf2ndot: updated to work on variables in the workspace, in addition to optionally accepting file
inputs
C. lumo2ndot: added compatibility with Gowerlabs LUMO systems
3. NewSupportFiles:
A. Added Glasserand Schaefer Parcellationfilesto SupportFiles:
I. Glasser_2016_Parcels.nii
II. Glasser_12nets_360parcels_on_MNI.mat
I1I. Schaefer2018_7nets_300parcels_on_MNI.mat
IV. Schaefer2018_7nets_400parcels_on_MNIL.mat
V. Schaefer2018_17nets_400parcels_on_MNI.mat
4. Otherfunctionupdates:
A. Resample_Vol_to_Parcel:resamplesdatatoasingletimetraceforeachparcelinthefield of viewof a
specifiedvolume
B. Plot_RawData_Cap_DQC:
I. Addednewlayoutsfor"tall"arraysin 2D
II. Fixed colorbar orientationforarrayswithsingle source-detector separationdistances.
C. Plot_RawData_Metrics_II_DQC: Added params.logfft to plot power spectrum on log-log axes by
default, both axeswill be logarithmic
5. Tutorial & Documentation updates:
A. Tutorialfor Participant SpecificHead Modeling
I. Utilizes FreeSurfer 7.2 recon_all segmentation routine, compatible with Linux OS (CentOS6,
CentOS7, Cent0S8, and Ubuntu18)
II. MacOS compatibility comingsoon!
a. Excluding FreeSurfer,the scriptis compatible with Windows and Mac operating systems.
6. Updated contactinformationand created feedbackand userregistration forms
A. Contactthedevelopmentteam:neurodot-support@wustl.edu
B. Providefeedback: https://forms.gle/iEYfEZhfj99FVESs29
C. Becomearegistereduser: https://tinyurl.com/NeuroDOT



Python

The first official release of NeuroDOT_py is now available via the Python Packaging Index (PyPi).
NeuroDOT_pyv1.0.0canbeinstalled using the following code: pipinstallneurodot_py

1. Functions needed for fNIRS data pre-processing and image reconstruction

2. Jupyter Notebooksfor preprocessing,image reconstruction, andfull data processing
3. Supportfilesandhelperfunctionsforloading fNIRS datain Python

4. Sphinxdocumentationsite, here: https://wustl-orl.github.io/NeuroDOT_py/index.html

Compare -

NeuroDOT_py v1.0.0 (w=
@ emmas

. Ne uro DOT Tutorials Data Types Development APl Reference

# > APl Reference ~

Section Navigation

neuro_dot w

neuro_dot.Analysis

neuro_dot.D

neuro_dot . F 0 Su medules

neuro_dot. Ligh

neuro_dot.Analysis
neuro_dot.DynamicFilter
neuro_dot.File IO

neuro_dot.Light Modeling
neuro_dot.Matlab_Equivalent_Functions
neuro_dot.Reconstruction
neuro_dot.Spatial_Transforms
neuro_dot.Temporal_Transforms

neuro_dot.Visualizations

Package Contents

Functions

adjust brain pos (meshL, meshR[, params]) ADJUST_BRAIN_POS Repositions mesh




Developer’s Corner - Ari

Data Organization Tutorial

I'd like to take some time to highlight the Data
Organization Tutorial.Idevelopedthistutorialto makeit
easiertolearnaboutdifferenttypes of data. Legend

« Data Type
« Data Format
+ Data Variable

Ifyou're curious whereinformation aboutyour stimulus [EEEEEENHEE
paradigm is located, or perhaps the anatomical space
your data is in, you can find the answers to those - il
questionsinthistutorial.

in MATLAB

The Data Organization Tutorial is a great resource for ,
o o ol o o « Data contains values
people who wish to gain more familiarity with how data e e RN ER S

* The space data is in

and metadata objects are represented. - How the data was acquired

+ Other attributes of the data

GeneralLinear Modeling

Another useful tool is the function GLM_181206. This function can be found in the Functions/Analysis folder and
creates a general linear model (GLM) based on a model of the hemodynamic response function (hrf) and a set of
stimulus times found in info.paradigm.synchpoints. This function can also be utilized for motion censoring using
the globalvariance of the temporal derivative (GVTD) signal (Sherafati et al.,HBM, 2020).

The function outputs a set of beta values for each stimulus type along with a design matrix. It also creates a figure,
showing the design matrix with columns for the constant term, then columns for each type of stimulus, here rest
and covertverb production. The final column corresponds to time points censored usinga GVTD-based threshold.
Ontheright, the GVTD threshold is shown as a horizontal red line on the time trace plot and vertical red line on the
histogram. The GVTD threshold used is 0.1%, based on current standards, as also used in Yang et al., Molecular
Autism, 2024.

The beta values generated can then be plotted on the cortical surface with PlotInterpSurfMesh, shown here on an
MNI atlas-based mesh. Datashown hereisfrom a covertverb production task, detailed in Schroeder etal., Neurolm-
age, 2023.Thisdatasetis available on NITRC at: https://www.nitrc.org/frs/?group_id=1563.

2= CV001 GLM GVTD.Th=0.001 Scale=0.0001101 Thresh(p,n)=0,0 # time pts kept=211
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GLM output figure and beta map. A GVTD
threshold of 0.001 was used to censor noisy time
points.
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Rendertool: Interactive Surface Rendering

The latest release of NeuroDOT includes RenderTool --
astandalone Matlab application for interactive surface
rendering. The GUI offers convenient exploration of
rendering options such as color scaling, colormap
selection, view orientation, and cortical inflation. A
rendered image can be saved in a variety of file
formats, allowing results to be included in a
presentation or loaded into editing software for
manuscript preparation. Alternatively, render settings
canbesavedforlateruseinscripted processing.

RenderTool works for any volumetric data that is
alignedtothesurfaceunderlay.Italsoworksfordatain
the workspace, as well as from NIfTI file formats,
allowing visualization of data generated using
NeuroDOT as well as other neuroimaging software
suchasSPMorFSL.

NeuroDOTon YouTube
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We are currently in the process of expanding our documentation to include an instructional video series that will

be available on Youtube.

Each video will focus on a specific topic such as software installation, data input, data processing, light modeling,
orvisualization of results. Each begins with areview of preliminaries and pertinentbackground information, then
turnsto practical application. Importantly, the videos connect to the Powerpoint tutorials currently included with
the NeuroDOT distribution. These resources complement one another, with the videos providing overview and
context, and the Powerpoints providing step-by-step self-guided exercises. As the series expands, specialized
topicsand deeper explorations of theory and computationalissues will be included.

Whetheryouare newtoopticalimagingor
have previously worked with NeuroDOT,

these instructional videos will help = @i
develop your proficiency analyzing fNIRS  epee
and HD-DOT data.

& Music
The NeuroDOT YouTube channel is now = wwn
livel We have many videos planned , and " ™
are happy to develop specific new videos
to address user questions. Please reach ¢ «
outtothe developmentteamwithany 2 N
videoideas or suggestions. & B

NeuroDOT

@neurodottutorials - 0 subscribers - 0 videos
NeuroDOT is an open source toolbox for efficient brain mapping using diffuse optical tomography

Home Videos Shorts Playlists ~Community

BN Popular  Oldest



NeuroDOT_Py Documentation

Along with our latest NeuroDOT_py GitHub release, we launched a web-based version of our documentation on
GitHub: https://wustl-orl.github.io/NeuroDOT_py/index.html. On this site, you can find descriptions and usage
instructions foreach function and Jupyter notebookin NeuroDOT_py.

@ NeuroDOT neuro_dot.Analysis

Welcome to NeuroDOT_Py's Documentation
-7y Module Contents
Functions
(data_in, pulse, dt[, Tkeep]) BLOCKAVERAGE Averages data by stimulus blocks.

CalcGVTD calculates the Root Mean Square across

measurements (log-mean light levels or voxels) of the

temporal derivative.

(data, info_in[, bthresh]) ~ FINDGOODMEAS Performs "Good Measurements”
analysis to return indices of measurements within a

chosen threshold.

NORMCND returns a column-normed matrix. It is

assumed that the matrix is 2D.

normri (data) NORMRND returns a row-normed matrix. It is assumed

brpe s
Indices and t that the matrix is 2D. Updated for broader

‘ compatability.
+ Inde

neuro_dot.Analysis.BlockAverage (data_in, pulse, dt, Tkeep=0)

Data Sharing

In additionto our software and documentation, we host

multiple datasets on NITRC

(https://www.nitrc.org/projects/neurodot)

1. Retinotopy(Eggebrechtetal., Neurolmage, 2012)

2. Restingstate (Eggebrechtetal., Nature Photonics,
2014)

3. Hierarchicallanguage (Schroeder etal., Neurolmage,
2023)

4. Adultand pediatricwide-field HD-DOT (Tripathy et
al., HBM, 2024)

5. Moredatatocome...

%@%]@@@@@@@@ r

Each datasetalso containsa “"README" textfile, soyou
canfind outaboutwhatthe dataset contains.

HD-DOT mapping
of naturalistic

P

Anyoneiswelcometoemail NeuroDOT supportifthere

) X b -od X g
areany questions aboutthe data orthe particular - Dt
stimulus usedforany ofthe shared datasets: & ‘
neurodot-support@wustl.edu Schroeder et al., Neurolmage, 2023



UserInterfaces AlignMe

AlignMe is an interactive app which allows for precise
optoderegistration.

In AlignMe, atlas scaling can be performed using
participant measures of head circumference, left to right
pre-auriculardistance, and nasiontoinion distance.

AlignMe also allows for manual grid placement and
relaxation to atlas or participant anatomy-based head
meshes using cap fit photos.

AlignMeisusedinthelight modeling pipelines and hasits
own tutorial, NeuroDOT_Tutorial_AlignMe.

We are currently developing the AlignMe UI for
NeuroDOT_Py.

AlignMe: Example

AlignMe: Array Manipulation App

XT view xr
KZ View XY

cytingers (I spheres

Atlas Scaling

Head Circumference
Left 10 Right PA Dist
Moo b Irmoy Dt

Resel Mesh

Array Alignment

I update

AlignMe is used in the light modeling pipelines for placing an imaging array on a head mesh, allowing for
compatibility with a wide variety of imaging arrays including custom and commercially available arrays from
companies like GowerLabsand NIRx. We are happyto help new usersimplementAlignMe for their own systems.

‘WashU 24x28 Visual Pad:
Zeff et al., 2007

AlignMe: Array Manipulation App
=] mm

WashU 96x92 Adult Pad:
Eggebrecht et al., 2014

AlignMe: Array Manipulation App

GowerLabs LUMO 36x48
12-tile Visual Pad

AlignMe: Array Manipulation App

GowerLabs LUMO 36x48
12-tile Temporal Pad

NIRx 8x4 Frontal Pad

ray Manipulation App

NIRx 32x32 Full Head Pad

AlignMe: Array Manipulation App

GowerLabs LUMO 108x144
36-tile Full Head Pad




Incorporation of Publicly Available Cortical Parcellations

Publicly available cortical parcellations provide opportunities to couch neuroimaging results within a general
anatomically and functionally defined framework for interpretation and comparison across studies. NeuroDOT
includes multiple common cortical parcellations and atlases to provide options for the general user to enhance
brain-focused analyses that connect optical brain mapping strategies to the broader functional neuroimaging data
resourcesecosystem.

Auditory

[l cinguloOperc
B Default

O DorsalAtn
[ FrontoParietal
O sMhand

O sMmouth

B ventralAtn
. Visual

. None

Example Use of Gordon Parcellationin a Study on Autism

Below is an example where we used an estimation of our field of view (red coloring on cortical surface) to constrain
our data to the spatially overlapping set of parcels from the Gordon parcellation (Gordon et al., Cerebral Cortex,
2015), colored by putative functional network, to provide a general framework for our analyses.

Inthis study, we investigated how brain function in children with or without autism varies while watching movies of
either coherent or scrambled biological motion (Yang et al., Molecular Autism, 2024). The color in each parcel on the
right represents the correlation of a measure of brain function with a separately measured assessment of social
reciprocity, broken down by group (NAI: non-autisticindividual; ASD: autism spectrumdisorder). Anexample scatter
plotofthat correlationfor one parcelisalsoshown.

NAI Dorsalateral Prefrontal Cortex

Coherent Scrambled

\.,\

\x@

Yangetal., Molecular Autism, 2024

50 60 70 80 90 100
SRS t-score
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-~ Developer’sCorner-Yash

The goal of OXI is to increase the accessibility of data
processing by providing users with the ability to batch
process their data without the need for their own high
performance computingresources.

Set Container Launch Values

Please specify settings for

Scan scan-02- FNIRS
ScanResource FNIRS

‘Subject-Mat-File sub-01_ses-03_task-CV002_nirs.mat

On OXI, users can create projects and upload their scans. T
Thisdata canthen be shared with other collaborators. PR —

Params-Name params.txt

Scan_id scan-02

Session ses-03

OXI uses Docker containers to process data, allowing for
repeatable data processing, agnostic of user OS/system.

Session_id OXI_E00028
Session_label ses-03

Project Schroeder et al. 2023 Language Production
Amat-Resource A_matrices

v Select one
A_Adult_96x92.mat
A_Adultv24x28.mat

3.0 GB in 60 files
e

Eloocoooooolo

On OXI, you can organize your
data into projects according to
the BIDS standard.

:”‘ Browss M Uplcad Administer TostHs Jupyter Halp

Schroader et al. 2023 Language Production

Projects are structured as Bl o v peoes =
subjects containing imaging - s - :
sessions, which can contain i,
. Exiot Duriasls. Cawletn Manage Cusiom Variatdes Downicsd Images
multiple scans. Prossestg Dottt
Evemt Sarvica
Marage Fies
Froject Sefngs
Buan Typs Cliasup
Uplead images
The data can then be e
batch-analyzed using the
. Subjects Add Tab -
processingdashboard.
1 W0 - 1 o8 1 Pgn {33 Rown) Reiosd Optioms =
Sagil [ o] YOl W Saiian
walted o .:I
wubar uw 3
sl ¥ o 3
k4 u 1



Submityourfeedback: https://forms.gle/iEYfEZhfj99FVEs29
- Requestnew features
- Resolvebugs
- Shareyouropinions
= Letusknowwhatyouthinkaboutthis newsletter
» Anyandallcommentsarewelcome!

Need helpintegrating NeuroDOT into your workflow?

Contactthe NeuroDOT developmentteam directly for one-on-one assistance.
- E-mail: neurodot-support@wustl.edu
- Becomearegistereduser: https://forms.gle/vrE2Y3cNkUGNbFF6A

Attend a NeuroDOT Workshop!

The map below shows locations of previous, planned, and prospective workshops. Green indicates cities
where we have previously held a workshop, red indicates upcoming workshops, and blue indicates cities
we haveidentified as prospective workshop locations.

We areveryinterested in expanding the planned workshop locations to other key centersin Africa, South
America, Asia, and other locations. We welcome feedback and interest from the community to guide our
targetinstutesand cities forworkshops.
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Attend the fNIRS Summer Schoolin St. Louis!

Washington Universityin St. Louis is excited to host this year’'s fNIRS summer school in collaboration with
the Society of NIRS. This event presents a unique opportunity for fNIRS researchers of all career stagesto
engage with the community. Participants will gain comprehensive insights ranging from foundations of
fNIRS/DOT lectures to hands-on sessions on data processing using NeuroDOT, alongside applicationsin
thefield. Thesummerschoolwillalsofeatureanindustrysessionand apostersession, offeringinvaluable
networking opportunitiesand a platformfor early career researchersto highlighttheir contributions.

2025 FNIRS

SUMMER SCHOOL

o G

WASHINGTON UNIVERSITY
JULY 14-16,2025 | N/ohERe

with Society for Functional Near Infrared Spectroscopy

MORE INFO www.sites.wustl.edu/fnirssummerschool
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