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AEREASR

« Theory of Optical Imaging
« Applications of Optical Imaging

 InVivo Optical Imaging of Brain Function. CRC Press, 2009.

— Noninvasive Imaging of Cerebral Activation with Diffuse Optical Tomography (chap 14),
TJ Huppert, MA Franceschini, DA Boas

» Application of Near Infrared Spectroscopy in Biomedicine. Thomas
Jue, Kazumi Masuda. Springer, 2013.
— photo migration (chap 3)
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fNIRSYH 2 %18 [R3E
Theory of Optical Imaging
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NIRS,DOI, and DOT

Tomography

« Near Infrared Spectroscopy (NIRS) -
— FF Jobsis, 1977, Science
— Changes in oxy- and deoxy-Hb .
« Diffuse Optical Imaging (DOI) -
« Diffuse Optical Tomography (DOT)  1opography St
— Spatially resolved imaging h ’ —~
— Model of light propagation
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Partial Volume Correction

« Modified Beer-Lambert Law (MBLL)

— Assumes that changes in chromophore concentrations are
spatially uniform over the measurement sampling volume.

» Functional changes . Emiss.-onpmm&
_ . scalp —— A4 .
Only small portlo.ns of o — ™ S
the optical sampling volume  susarscimaid spece -
— Correction by a factor of grey matler
40 tO 60 white matter
2015/3/19 Lesson 4, Chia-Feng Lu http://www.ym.edu.tw/~cflu 5

Correction for MBLL

« A0D(D) = Ap,(ANL) = A, (DSB(Y)
= [eypo D Acypo + €ypr(ADACY,R]SBQA)
e S:the separation between the source and detector.
e B(A) : the pathlength factor, include both a differential

path length factor (DPF) and a partial volume factor for
each wavelength.
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Diffuse Optical Imaging

« MBLL does not provide a framework for
reconstructing images.

« The model of light propagation in tissue is demanded.

« Diffusion approximation

19¢(r,t)

—DV2¢p(r,t) + u,p(r, t) + T - S(r,t)
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DOI and DOT

« Agrid arrangement of the
optodes determines
— depth-sensitivity of the
measurements
— Spatial coverage
— spatial resolution

e ForDOT

— Dense array of optodes

— Overlapping measurement
combinations

= Experimental difficulty (price & time)
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( Read measurement )
( Construct f:rward model |
( )
[ ]

Image reconstruction

30

Select initial parameters s.", i
« Similar for DOI and DOT ==
« Forward solver H Forvard sover 0 0 ]
— Photon fluence at source and [Calculate T funcﬁ'om__lzw.l..._w J
detector positions
« Inverse solver vl
- Update Au [ el )

or Acy,pand Acy,q ~[

=i+l ]
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Forward modelling

 Analytic solution
— Green's solution

 Numerical solution
— Monte Carlo Simulation
— Finite Element Method
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H

(30,30,1)

Dimensions: 60 x 60 x 60l mm
W, : 0.005 mm?

py: 1 mm?

g:0.01

Source position: (30,30,
Photon numbers: 108
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dapth (pivel)

Continuous-wave simulation

« Analytic solution vs. Monte Carlo

Remitted fluence

Green's solution Monte Carlo simulation o S e
- ] Grean's solution
Contaur mag Contour map
120, . . . . . 120 E :
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Forward modelling

« Monte Carlo simulation (106~108 photons) for

measuring spatial sensitivity.

() Continuous-Weve (b) 200 MHz

(=) tme = 500 ps [d) time = 2000 ps

> i

The time-domain sensitivity profiles suggest the possibility of obtaining greater penetration depths in

the head from measurements made at longer delay times.
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Finite Element Method

o Discretize the area into a set of nodes

Black: element labeling Red: node labeling  Two dimensional piecewise linear basis

5 10 15 20 25
N
@ = Z oW,
i=1 4
N
23

K= Z ¥y,
k=1
N

He = z W
=1

21

(%)

25 nodes, 32 elements
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Finite Element Method

node (1) node(2) node (3)

Index(node (1))=1
Index(node (2))=6

Index(node (3))=7 node() | K11 | Ka2 | Ka3

system matrix

local matrix node2) | K21 | K22 K23
node (1) node (2) | node (3),
e K32 K33

node @) | K11 | Ka2 | Ka3

node(2) | K21 | K22 | K23
Index(node (1))=1
Index(node (2))=7

d
Index(node (3))=2 |~ c® | K31 | K32 | K33
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Digital simulation 1/3

« Uniform object u,=1.0mm%, p,=0.002mm-

20 mesh FEM approximation

%o source
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Digital simulation 2/3

« High absorption in center object
— M= 1.0mm-, 1,(1)=0.002, 1,(2)=0.100 mm-

20 mesh FEM approximation

- source
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Digital simulation 3/3

« Multi-absorption level object

— = 1.0mm, py(1)=0.002, 1,(2)=0.012 , 1,(3)=0.080 , 1,(4)=0.050 , p,(5)=0.200 mm-L

20 mesh

% o source
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FEM approximation

17

FEM vs MC simulation

* M,=1.0mm™, 4,=0.0056mm™, g=0.9, N=1.44

MC simulation Finite element method
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Image reconstruction

o Similar for DOI and DOT

Read measurement ]

v

Select initial parameters "', 4. ]
v

Seti=0 )

(
[ Construct forward model ]
(
(

« Forward solver of

Forward solver ® ®
4

v

— Photon fluence at source and

[Calculate objective function x = 2 (@]~ ®7)*

detector positions

Convergence? Yes
 Inverse solver No
[ Levenberg-Marquardt inverse solution
- Update Au Y = V{9 v~.~:| T (@ — ]
or ACHbO ClTld ACHbR —‘[ i=i+1

J
)
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Digi taI phatom 1,2

M= 1. omm™, p,(1)=o0. 002, pa(z) 0.100 mm™

.......... F

N
ey

1 reconst calculate phi mag
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Digital phatom 2,2

" Me=1.0mm?, p,(1)=0.002, Y, (2)=0.012, Y, (3)=0.080, U (4)=0.050,
20 resh true image true phi map

b — T T 8cs o oos o1 ois
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fNIRSF & EH
Applications of DOI/DOT
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Instrumentations

« Safety

— Optical power incident on the tissue <4mW/mm
 Sensitivity

— Source-detector separation at least 2.5 cm for adults
» Detection

— 2.5 cm separation - light reaching the detector ~ 10 pW
— Need PMT, avalanche photodiodes (APD) or CCD cameras
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Imaging Instrumentation

« More sources and detectors compared to NIRS
— Each detector operates independently.
— The source light must be encoded.

« Encoding strategies
— Time-sharing: turn on one source at a time (10-100 ms)

— Time-encoding: faster switching rate (<100us) and integrating
over several switch cycles

— Frequency-encoding: modulate sources at different frequency
and recognized by a digital band-pass filter
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Comparison of image reconstruction

« Only the tomography image reveals the two absorbers with
equal amplitude.

Interpolation Tomography
nearest neighbor nearest neighbor

Tomography 1st and 2nd
nearest neighbor

X —sources
0 —detectors
+ —absorbers|
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Digital Simulation

 (b) True location of the simulated absorption change. (c) Image
reconstructed using DOT and overlapping measurements. (d)
Image reconstructed with a cortical constraint

(b) (c) I (d) I
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DOI recording on M1

< finger taping > Rescaled and normalized signals

(alﬂ (b)
s 5 1 T 100
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m
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DOI and fMRI activations

fMRI activations Corresponding Hb dynamics

(e)

HbO
HbR

S5 0 5 10 15 20

1

S 0 5 10 15 20

Seconds
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Spatial corregistration using MRI
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DOT with visual stimulus

+ Contrast-reversing checker board pattern

DOT Applications

Neomatal brain

Optical mammography
d Blood volume
10 T e
) - :_:“a © ] @ |1,
| /N e — ! 7 o
£ F N 0 40% 8- s
§ 250 F ™, 1
_E f/ o 4 64
5 ya .—-'—\—\.., £ c -‘.I
LYW e - T ——— 3 = o ’ -
g TR—/N / — Saturation s b g .
| L 24 o
LY - ) o ' ,
280 L | | LR # 1B
0 85% ’ > v » 1 ]
ol B 1
a 2 & a 10 12 6 8 20 l‘ -
Time (sec) 7 44 - 4
2015/3/19 Lesson 4, Chia-Feng Lu http://www.ym.edu.tw/~cflu 29 2015/3/19 Lesson 4, Chia-Feng Lu http://www.ym.edu.tw/~cflu i 8 * £ / 4,.... @0
alvin4016@ym.edu.tw
2015/3/19 Lesson 4, Chia-Feng Lu http://www.ym.edu.tw/~cflu 31




