Engineering Conferences International

ECI Digital Archives

Advances in Optics for Biotechnology, Medicine _
Proceedings
and Surgery XV

7-23-2017

Frequency domain diftuse optical tomography with
a single source and detector via high- spee

hypocycloid scanning

Matthew B. Applegate
Boston University, USA, mapple03@bu.edu

Darren Roblyer

Boston University

Follow this and additional works at: http://dc.engconfintl.org/biotech med xv

b Part of the Engineering Commons

Recommended Citation

Matthew B. Applegate and Darren Roblyer, "Frequency domain diffuse optical tomography with a single source and detector via high-
speed hypocycloid scanning” in "Advances in Optics for Biotechnology, Medicine and Surgery XV", Peter So, Massachusetts Institute
of Technology, USA Kate Bechtel, Triple Ring Technologies, USA Ivo Vellekoop, University of Twente, The Netherlands Michael
Choma, Yale University, USA Eds, ECI Symposium Series, (2017). http://dc.engconfintl.org/biotech_med_xv/9

This Abstract and Presentation is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion
in Advances in Optics for Biotechnology, Medicine and Surgery XV by an authorized administrator of ECI Digital Archives. For more information,

please contact franco@bepress.com.


http://dc.engconfintl.org?utm_source=dc.engconfintl.org%2Fbiotech_med_xv%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/biotech_med_xv?utm_source=dc.engconfintl.org%2Fbiotech_med_xv%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/biotech_med_xv?utm_source=dc.engconfintl.org%2Fbiotech_med_xv%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/proceedings?utm_source=dc.engconfintl.org%2Fbiotech_med_xv%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dc.engconfintl.org/biotech_med_xv?utm_source=dc.engconfintl.org%2Fbiotech_med_xv%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/217?utm_source=dc.engconfintl.org%2Fbiotech_med_xv%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:franco@bepress.com

High-speed spatial frequency domain imaging (SFDI)

with temporally modulated light

Matthew Applegate & Darren Roblyer

ECI Advances in Optics XV
Snowmass, CO

July 25, 2017

BOSTON

UNIVERSITY BOT L&B

Biomedical Optical Technologies Lab

Matt Applegate TM-SFDI



Outline

@ Introduction to SFDI

Matt Applegate TM-SFDI 7/25/17 2/ 15



utline

@ Introduction to SFDI

@ How we're using it

Matt Applegate TM-SFDI 7/25/17 2/ 15



@ Introduction to SFDI
@ How we're using it
© Temporally modulated SFDI

Matt Applegate TM-SFDI 7/25/17 2/ 15



@ Introduction to SFDI
@ How we're using it
© Temporally modulated SFDI

@ Conclusion and Future directions

Matt Applegate TM-SFDI 7/25/17 2/ 15



Intro. to SFDI

o General info.
o SFDI is a widefield diffuse optical technique
o Fairly large penetration depth (1-5 mm)
o Image tissue optical properties
e Chromophore concentrations
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Demodulation techniques

@ Original Method:
e Three phase images
e Two spatial frequencies
o At least 2 wavelengths to fit chromophores
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Temporally modulated SFDI

o Goals:
e High-speed SFDI of multiple wavelengths
e No manual switching
e Insensitive to ambient light
e Scalable
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Acquisition

Image of mouse phantom during TM-SFDI acquisition
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Processing

Video
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Temporal demodulation
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System details

10x8 cm field of view

3 wavelengths (519 nm, 652 nm, 740 nm)
Temporal frequencies of 6,8,12 Hz

55 frames per second video

128 images per scan

2.4 s acquisition time (compared with about 30 s for standard
device)
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Image of biomimetic phant

Matt Applegate TM-SFDI 7/25/17 11/ 15



Accuracy

Comparing Scattering

“'2
™

3.0

Wavelength

e Green
| ¢ Red

A R

25

2.0

Us' TM System (mm™)
1.5

1.0

#-?
‘;ﬁ

&

A*

Matt Applegate

T T T
05 10 15 20 25

Hs' Gold Standard (mm’l)

3.0

35

s TM System (mm™)

0.02 0.04 0.06 0.08

0.00

Comparing Absorption

Wavelength
| e Green
¢ Red

A R *+

Ha Gold Standard (mm’l)

T T T
0.00 0.02 0.04 0.06 0.08

7/25/17




Effect of ambient light

Insensitivity to background light
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Conclusion & Future directions

@ Conclusion:
o Clean separation of excitation wavelengths
Accurate, multi-wavelength SFDI
10x improvement of imaging speed
Not affected by background light
Additional wavelengths can be added without increasing
acquisition time
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