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NIRx

Intro to fNIRS

Montage Design Flow

Decide on regions 
and check literature

Edit/Create Montage 
in NIRSite

Export Montage for 
Data Acquisition

Download premade 
montage

support.nirx.de/software > Montages

Use software tool to 
suggest targeting

github.com/nirx/fOLD-public
github.com/DOT-HUB/ArrayDesigner

support.nirx.de/software > NIRSite

Montage design

https://github.com/nirx/fOLD-public

https://support.nirx.de/software
https://github.com/nirx/fOLD-public
http://www.github.com/DOT-HUB/ArrayDesigner
https://support.nirx.de/software
https://github.com/nirx/fOLD-public


NIRx

Intro to fNIRS

Optode locations reference sheet

Montage design

See NIRSite 2025.2!



NIRx

Intro to fNIRS

Short Channel Considerations

NIRSite

* Always use highest 
numbered detectors:
For instance, if using 
two short channel 
bundles, they must be 
connected to detectors 
15 and 16

Montage design



NIRx

Intro to fNIRS

Montage Resources

Montages

● support.nirx.de/software > Montages

Guides

● NIRx NIRSCap User Guide

● **NIRx Montage Design for fNIRS Experiments

Videos

● NIRSite Refresher Course

● fNIRS Montage Design using fOLD toolbox

Automated fNIRS Montage Design Tools

● github.com/nirx/fOLD-public

● github.com/DOT-HUB/ArrayDesigner

Manual fNIRS Design Software

● support.nirx.de/software > NIRSite

○ NIRSite User Manual

Other Tools

● Montage powerpoint template

Montage designMontage design

http://support.nirx.de/software
https://nirx.sharefile.com/share/view/s832f984296140a69
https://nirx.sharefile.com/share/view/s3d0470d91dd446bb
https://www.youtube.com/watch?v=czk-wZQINNc&t=20s
https://youtu.be/XNOACSZY9bc
https://github.com/nirx/fOLD-public
http://github.com/DOT-HUB/ArrayDesigner
http://support.nirx.de/software
https://nirx.sharefile.com/share/view/sacd4b49fad284539a0268644a79bccee
https://support.nirx.de/wp-content/uploads/2019/03/NIRx-Montage-Editor-Standard-Labels.pptx


NIRx

Intro to fNIRS

Sizing the Cap

Montage designCap preparation



NIRx

Intro to fNIRS

Populating the Cap

Montage designCap preparation



NIRx

Intro to fNIRS

Optode Installation

Grommets
(Plastic)

Stabilizer Link

Optode Label

Optode

Spring Top

Cap

Grommet - top
(Rubber)

Spring Top
(Pressure Fit)

AC/Standard 
(Friction Fit)

C-ring 
(Plastic)

Grommet - bottom
(Rubber)

Spring 
Top

Rubber 
grommet

Montage designCap preparation
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Intro to fNIRS

Spring Top Pressure Levels

Montage designMontage designCap preparation



NIRx

Intro to fNIRS

Cable Management

AC/Standard
Grommets
(Rubber)

Cable Organizer “Tree”

Cap

Velcro Clip

Montage designCap preparation
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Intro to fNIRS

Accelerometer

AC/Standard
Grommets
(Rubber)

Cap

Accelerometer

Cable relief is also important for 
Accelerometers to avoid damage!

Montage designCap preparation
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Intro to fNIRS

Short Channels

Detector Source

SDD

Connecting the clips
Connecting bundle to 

highest numbered detector

Montage designMontage designCap preparation
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Intro to fNIRS

What is a Trigger?

1 2

Time

1 1 2

Time

1Trigger: ?

Experimental designExperimental events



NIRx

Intro to fNIRS

Manual Triggers (F1...F12)

Data Acquisition Computer

Experimental events



NIRx

Intro to fNIRS

Wireless Triggering with LSL

Data Acquisition Computer

Access Point

Experimental events



NIRx

Intro to fNIRS

Triggering Resources

NIRx Trigger Guide Intro to LSL NIRx 
Webinar

Common LSL 
Triggering Issues

Experimental events

https://nirx.sharefile.com/share/view/sd20883194e0c4284bf150ec6c0cfd9c1
https://youtu.be/hkWiUz9zGE0?t=1091
https://youtu.be/hkWiUz9zGE0?t=1091
https://support.nirx.de/archives/knowledge/common-lsl-triggering-issues
https://support.nirx.de/archives/knowledge/common-lsl-triggering-issues


NIRx

Intro to fNIRS

Physiological measures

Physiology



NIRx

Intro to fNIRS

Physiological measures

Experimental eventsPhysiology



NIRx

Intro to fNIRS

Populate the cap!

Experimental eventsCap preparation



Hands-on Part II: 
record hyperscanning data
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NIRx

Intro to fNIRS

Detector 
Connectors

Source 
Connectors

Trigger Cable 
Connector

NIRSport 2 Front Panel

Data acquisition



NIRx

Intro to fNIRS

Power

Charger supply 
input

micro USB data 
connection to host PC

Battery charge 
indicator

Connectors for daisy chain cable 
for multi-device mode

USB port

Multi-purpose 
buttons

Status LEDs

NIRSport 2 Back Panel

Data acquisition



NIRx

Intro to fNIRS

Connecting to the NIRSport 2

Hardwire Connection
Data Acquisition PC 

(Aurora Software)

Data acquisition



NIRx

Intro to fNIRS

Connecting to the NIRSport 2

Wireless Connection

Data Acquisition PC 
(Aurora Software)

NIRSport2 
WiFi

NSP2_****_****_*

Data acquisition



NIRx

Intro to fNIRS

Connecting to the NIRSport 2

Data Acquisition PC 
(Hyperscanning app 
and Aurora Software)

Access 
Point WiFi

Wireless Connection 
(Hyperscanning)

Access Point

Recommended Model:
TP-Link TL-WR902AC

Data acquisition

https://www.tp-link.com/us/home-networking/wifi-router/tl-wr902ac/


NIRx

Intro to fNIRS

Installing the Cap

Fpz should be 
equidistant to AFz, Nz

Cz should be 
equidistant to Nz, Iz

See NIRScap Guide, Module 5Montage designCap preparationData acquisition

https://nirx.sharefile.com/share/view/s832f984296140a69


NIRx

Intro to fNIRS

Reduce Ambient Interference

Opaque Shower Cap

See dark noise discussion during 

signal optimization.

* optional

Montage designCap preparationData acquisition
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Intro to fNIRS

Hyperscanning app

Data acquisition



NIRx

Intro to fNIRS

Hyperscanning app

Data acquisition



NIRx

Intro to fNIRS

Hyperscanning app

Data acquisition



NIRx

Intro to fNIRS

Hyperscanning app

Data acquisition

Signal Optimization

Record data

Stop recording



NIRx

Intro to fNIRS

Aurora recording software

Optimization Recording

Installer, Documentation: https://support.nirx.de/aurora/

Data acquisition



NIRx

Intro to fNIRS

Quantitatively Assessing Signal Quality

● Coefficient of Variation (CV)

● Signal Levels

● Dark Noise

● (Source Brightness)

Data acquisition



NIRx

Intro to fNIRS

Coefficient of Variation (CV)

CV = standard deviation / mean

> 7.5

> 2.5 and < 7.5

< 2.5

Unit =  %

Data acquisition



NIRx

Intro to fNIRS

Signal Levels

< 0.5

> 0.5 and < 3

> 3

Detected intensity with Sources ON

Unit =  mV

Data acquisition



NIRx

Intro to fNIRS

Dark Noise

< 3.0 or > 20.0

> 12.0 and < 20.0

> 3.0 and < 12.0

Detected intensity with Sources OFF

Unit = µV

Data acquisition



NIRx

Intro to fNIRS

Troubleshooting Rank Chart

Click here

Data acquisition

https://nirx.sharefile.com/share/view/sef0f1bc2ebb4723a
https://nirx.sharefile.com/share/view/sef0f1bc2ebb4723a


NIRx

Intro to fNIRS

‘Refresh’ while troubleshooting

Data acquisition



NIRx

Intro to fNIRS

Hair prevents good optical contact

Gently move head relative to cap 
so that the optodes comb through 

hair

Data acquisition



NIRx

Intro to fNIRS

Hair prevents good optical contact

Half-Turn Spring Tops on Dual-Tip Optodes 

Data acquisition



NIRx

Intro to fNIRS

Move hair away from underneath grommet

Hair prevents good optical contact

Data acquisition



NIRx

Intro to fNIRS

Cap setup sub-optimal

Cap Size

Optode Stabilizers

Cable 
Trees

VELCRO Straps

Luca Pollonini - SfNIRS Educational Tutorial - June 28th, 2021

Data acquisition
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Intro to fNIRS

Recording

Data acquisition



NIRx

Intro to fNIRS

Recording

Data acquisition



NIRx

Intro to fNIRS

Recording

Data acquisition



NIRx

Intro to fNIRS

Visually Assessing Signal Quality

Check for Cardiac (~1 Hz)
and Respiration (~0.25 Hz)

Check for Rapid, Large 
Amplitude Motion Artifacts

Good

Bad

Data acquisition



NIRx

Intro to fNIRS

Movement Artefacts

Direct 
Motion Artefacts

Indirect 
motion artefacts

Data acquisition



NIRx

Intro to fNIRS

Data Acquisition and Signal Quality Resources

Videos

● **Optimizing Signal Quality

● Signal Quality Presentation by Dr. Pollonini

Guides

● NIRSport2 User Guide

● NIRSport2 Static Phantom Testing

● Aurora User Guides

● NIRx Signal Quality Assessment Guide

Signal Quality Assessment Tools

● https://github.com/lpollonini/qt-nirs

● https://github.com/lpollonini/phoebe

Data acquisition

https://www.youtube.com/watch?v=M7BCF8lT888&t=1s
https://www.youtube.com/watch?v=VeCL9q9iqSo&feature=youtu.be
https://nirx.sharefile.com/share/view/s81375ee4c524a909
https://nirx.sharefile.com/share/view/s2b5e2b66b7a4a648
https://nirx.sharefile.com/share/view/s25dd0ad08714f5bb/fo5d9651-877e-4c47-845d-89912d487975
https://nirx.sharefile.com/share/view/sef0f1bc2ebb4723a
https://github.com/lpollonini/qt-nirs
https://github.com/lpollonini/phoebe


Extra/Optional Slides and Notes
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Intro to fNIRS

● TDDR
● PCA
● spline
● wavelet
● Kalman
● TARA
● …

Robust Regression

Movement Artefact Removal

Partially Compared in 
● Cooper et al., 2012
● Brigadoi et al. 2014

Two Paths

Barker, et al. 2013

Preprocessing Analysis

Cooper et al., 2012

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6230489/
https://pubmed.ncbi.nlm.nih.gov/19340120/
https://pubmed.ncbi.nlm.nih.gov/20308772/
https://pubmed.ncbi.nlm.nih.gov/22273765/
https://biomedical-engineering-online.biomedcentral.com/articles/10.1186/1475-925X-9-16
https://ieeexplore.ieee.org/document/6942269
https://doi.org/10.3389/fnins.2012.00147
https://pubmed.ncbi.nlm.nih.gov/23639260/


NIRx

Intro to fNIRS

Short Distance Detector Checks

Route the fiber cables to 
avoid decoupling optodes 

from the scalp

Prevent fabric from getting caught 
to avoid grommet distortion 

Recessed 

Source

Ideal for 

Coupling



NIRx

Intro to fNIRS

Sending Wired Triggers to multiple devices



NIRx

Intro to fNIRS

Additional Signal Quality Metrics

https://fnirs.org/events/educational-tutorials/

Luca Pollonini - SfNIRS Educational Tutorial - June 28th, 2021



NIRx

Intro to fNIRS

Hair prevents good optical contact

APD detectors
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