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fNIRS — Principles and Applications
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+ Application of Near Infrared Spectroscopy in Biomedicine.
Thomas Jue, Kazumi Masuda. Springer, 2013.
— Principles and instrumentation (chap 1), photo migration (chap 2~3), clinical
applications (chap 4), muscle oxygenation (chap 5~7)
+ Infrared Spectroscopy - Life and Biomedical Sciences.Edited by
Theophile Theophanides. InTech, 2012.
— Neurorehabilitation and behavorial science (chap 2~5), neuroscience (chap
7~10), BCI for rehabilitation (chap 19)

» Relevant theses and literatures (analysis methodology)
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Introduction
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Course Map

® Photon migration

¢ Instrumentation

* waveform &
imaging

e Comparison with
fMRI and EEG

* Noise & artifects

o Study design

* S-D arrangment

o Task stimuli

e Hardware setup

* Experiment
monitoring

* Safety

Analysis

e Data format

 Software packages

e Biophysiological
noise

¢ Motion artifact

¢ Bad trial rejection

e Event analysis

o Statistics

Applications

¢ Neuroscience

¢ Neurorehabilitation

¢ Behavoral science

* Muscle
oxygenation

e Clinical applications

2015/2/26 Lesson 1, Chia-Feng Lu

http://www.ym.edu.tw/~cflu

300

250 -

200

150

100

0

pubmed - fNIRS publications

Total 1694 fNIRS publications To

15000

tal 149410 fMRI publications

10000

5000

2014

2012
2010

5000

© 0 ¥ NQ RO TNO WO T
gs3ggrsessgasg
RRI]IRRI 22223z
Total 84199 EEG publications

1982
1980

4000

3000

2000

2004
2003
2002

2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2001
2000

2015/2/26 Lesson 1, Chia-Feng Lu

1999
1998

1000

zggs
5823358388
DA DN DD R R RN 2228
QDD DD N NN AN
48884498833

http://www.ym.edu.tw/~cflu

2002
1999
1996
1993
1990
1987
1984
1981
1978
1975
1972
1969
1966
1963
1960

1957
1954
1951
1948
1945

pubmed - fNIRS publications

Brain - Total 1075 publications

Muscle - Total 1367publications

2014

2015/2/26 Lesson 1, Chia-Feng Lu

2002
2001

2000
1999 ff]
1998
1997
1996 ff]

1995
1994
1982
2014
2012
2010

http://www.ym.edu.tw/~cflu

1998
1996
1994
1992
1990
1986

1984

11

1982

* High temporal resolution
* Neural activity

* Superficial cortex

* Open environment

* Low cost

* Wearable system
Physiological/Electronic
noise
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* Low temporal resolution

* BOLD signal

* Superficial & deep cortex

* Close environment

* High cost

* High spatial resolution

* High tissue contrast

* Magnetic and posture limitation
http://www.ym.edu.tw/~cflu

* High temporal resolution
* Hemoglobin oxygenation
* Superficial cortex

* Open environment

* Low cost

* Wearable system
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Multimodal comparison

Journal of Cerebral Blood Flow & Metabolism (1996) 16, 817-826;
Simultaneous Recording of Cerebral Blood Oxygenation
Changes During Human Brain Activation by Magnetic
Resonance Imaging and Near-Infrared Spectroscopy

Andreas Kleinschmidt, Hellmuth Obrig, Martin Requardt, Klaus-Dietmar Merboldt, Ulrich Dimagl,
Amao Villringer and Jens Frahm

Med, Phys. 28 (4), April 2001
Investigation of human brain hemodynamics by simultaneous near-infrared
spectroscopy and functional magnetic resonance imaging

Viadislar J ¢ Webb, and Jee Hyun Choi
e ersiny o

Neurolmage 17, 719-731 (2002)

A Quantitative Comparison of Simultaneous BOLD fMRI and NIRS

Recordings during Functional Brain Activation

John H. The \. E

h P. Culver.? nd D

Gary Strz

- Sy

2015/2/26 Lesson 1, Chia-Feng Lu http://www.ym.edu.tw/~cflu

13

fM RI VS. fN I RS J CB & Metabolism. 1996, 16:817-826.
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» Decreases in deoxy-Hb, which reduce the microsco?a-\lé-susceptibiIity —==

effects, yield fMRI signal increases.
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Multimodal comparison

Meurolmage 16, 587-592 (2002)
Simultaneous Recording of Event-Related Auditory Oddball Response
Using Transcranial Near Infrared Optical Topography and Surface EEG

Richard P. Kennan,* Silvina G. Horovite,t Atsushi Maki.t Yuichi Yamashita,t
Hideaki Koizumi.t and John C) Goret§

Journal of Neuroscience Methods 204 (2012) 326-340
Clinical Neuroscience
Monlinear hemodynamic responses in human epilepsy: A multimodal analysis
with fNIRS-EEG and fMRI-EEG

Philippe Pouliot®**, Julie Tremblay®, Manon Robert®, Phetsamone Vannasing®, Franco Lepore®,
Maryse Lassonde", Mohamad Sawan?, Dang Khoa Nguyen®, Frédéric Lesage™©

Neurolmage 85 (2014) 432-444
Cortical effects of user training in a motor imagery based brain-computer interface
measured by fNIRS and EEG

Vera Kaiser ', Giinther Bauernfeind **', Alex Kreilinger *, Tobias Kaufmann ®, Andrea Kiibler ",
Christa Neuper %, Gernot R. Miiller-Putz *
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fNIRS vs. EEG
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Kennan et al. Neurolmage 2002: 16, 5%“7-592.
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Tissue Migration and Absorption
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fNIRS Instruments

< portable/movable >
ISS instrument < wearable

LED optical sources

DYNOT system

Hitachi ETG-7100
system
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Active optical sensors

NIRSport
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Size, Does it matter?
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Walking dual-task

«  Walking while cognitive tasking (WCT) »  Walking while motor tasking (WMT)

— Walking on a walkway while serially — Walking on the same walkway while
subtracting 7 from an initial 3-digit number carrying a 600-mL bottle of water on a tray.
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Resovle HbO/HbR

Mida al setary - isteral view
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fNIRS topography fNIRS tomography
FEM Model:
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Signal Processing

Sot,e“p 1: raw data (760 nm) Raw intensity = optical density = Hb concentration

Step 2: filtering and optical density

2

Advanced motion correction

Neurolmage 85 (2014) 181-1:
Motion artifacts in functional near-infrared spectroscopy: A comparison of motion
correction techniques applied to real cognitive data

Sabrina Brigadoi **, Lisa Ceccherini *, Simone Cutini " Fabio Scarpa °, Pietro Scatturin ?, Juliette Selb °,
Louis Gagnon €, David A. Boas ©, Robert J. Cooper ¢

{romiders b [ORIGINAL RESEARCH ARTICLE 5%
dishy 1 October 2012
NEUROSCIENCE e oote s

A systematic comparison of motion artifact correction
techniques for functional near-infrared spectroscopy

Robert J. Cooper’, Juliette Selb’, Louis Gagnon'**, Dorte Phillip*, Henrik W. Schytz®, Helle K. lversen**,
Messoud Ashina® and David A. Boas'*
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b no corr HbO = = no corr HbR
rej HbO = =—rejHbR
5 PCA 80 HbO = = PCA 80 HbR
2 Spline HbO Spline HbR
o
T Wavelet HbO — = Wavelet HbR
h CBSI HbO — — CBSIHbR TH EEND
Kalman HbO — — Kalman HbR alvin4016@ym.edu.tw
PCA 97 HbO - = PCA 97 HbR
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