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Diffuse Optical Tomography(DOT) in
cancer detection
Diffuse Optical Tomography ? NIR?
Why not MIR, PET, CT, x ray mammogram?
Add on existing modalities.
Non-invasive,Inexpensive,Low power,Portable,Resolution
Tracking cancer spread.




Tissue interrogation using laser

 P1 Approximation of Radiative Transport Equation
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* Robin Boundary condition
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Problems in DOT

Forward problem Inverse problem
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Inverse problem in DOT
e Start with uniform optical properties
e Jacobian — using adjoint method
0¢°
ou

e Optical Property update .
Levenberg-Marquardt

ou=JTT+ ) T 69
* Tikhonov minimization of error
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Update Optical Properties

~

Generate 3D or 2D model using
COMSOL CAD

-

Define Source,Detector and background
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Save Mesh,
Optical Properties

optical properties

Mesh
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Forward solving with anomaly gives syntgetic

measurement data ¢

Calculated data ¢c
Using mesh and optical properties

Mesh, u,,D

:

Calculate Jacobian
& updates

Estimate error

error<threshold
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Display optical
properties
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Target specific fluorescent dye
Contrast agents —ICG = 0

< NIR window —»

Estrogen receptor
A, =134nm& A, = 787nm

Absorption coefficient {(om™')

Early cancer detection & tracking
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Modeling fluorescent dye

* Forward solving
>>Excitation

—V.(DV¢,.(r) +;_ Mo + L +E} b (r)=—0.5(r—r)
B C
>>Emission
_T.(Dquﬁm (7)) + {uﬂmr_ +E} " () = — @, (F).fl“'ﬂr
C 1—-iot

* Robin boundary condition
e Separating coupled equations



Fluorescent reconstruction

DOT inversion

14, (1) +&c(r)

DOT inversion
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Results

fiber bundies

Pump and
fluid reservoir
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Results

0.1 0115 i id 49

(a) Optical properties at excitation wavelength

(i 1.2

00 0.011 1

(b) Optical properties at emission wavelength

. P
. P

0n 0.115 1 11 12

(c) Reconstructed optical properties of fluorecent dye
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Domaim A (mm-1) (' (mm-1)
Background | 0.01 1
Absorber 0.02 1
Scatterer 0.01 2
Dye 0.115 2
1 2
E=—I|F(x)—-vyl
N
Parameter Error Function (E)
Amplitude 9.3705e-07
Phase 2.4401e-03
Parameter MSE
7 0.0024
u', 0.0010
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More details...

Inverse solving |
Tikhonov Minimization +°= {ZW —ﬂc)z}
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More details...
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More Details...
FEM formulation

_ 1 1 |
K(k)+C ;£a+r +§F d=qp

m -

where the matrices K (k), C((u,+1w/cy)) and F have entries given by

K}j:/ k(r)Vu;(r)-Vu(ryd'r
Q

10 "
ij:L(Jua(f]—I—Cm(r))u-j(f)”j(f]d I

Fi; :?g u;(r]nj(r)d”_lr
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and the source vector gg has terms

qo; = [ ui (rgo(r)yd'r
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More detail...
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—V-k(r)VO(r, m)+ (pa (r)+ ) D(r, w) =qo(r, w)
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More Detalil
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More Details...
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More Details...

{—vnwa( )+ }(1 7'7” ¢m(r)+¢x(r)]=®56(r—rs> (5)

—lot

Let G (1) +3,(r) = 4.(r)
{—VDV +u, +e,c(r)+ %w} P, (r)=—-0.0(r-r,) (6a)

[—VDWua(r)Jﬂmr)=®35<r—rs) (60



