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(A new approach to Inverse Conductivity Problem)
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Physical Background

(Forward) Conductivity Problem
For given o(x), x1Q,
find u(x) In Q st.
ou

u=f OR a—:gonBQ Llolu=0
n

Inverse Conductivity Problem
Find g(x) fromgiven

u="F AND a—u:g on 0Q

d (f,9)],,




Electrical Impedance Tomography (EIT)
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A model problem with heart and lung




Methods of EIT/ICP

g, =current f, =voltage

e Single Measurement
[ minimum information

« Many Measurement
[ full information(?) on o

 Infinite Measurement
[ mathematical theory



Numerical Obstacles for EIT/ICP

e Strongly nonlinear:
au

o

o0L,(Q) - u, 0L, (3Q)

=g — Find better g usingu,_ — f

zZ

* lllposed problem:g#7 - u, =u;

Stop conditionu,_ — f

Regularity restrictiuon on g

zZ




lllfposed Nonlinear
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EIT and MREIT

(Magenetic Resonace Electrical Impedance Tomography)
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J-Substitution Algorithm
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Schematic Diagram for
Equi—potential Line Method
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Numerical Algorithm

(a) Restoration of potential u(z;) in z; € Q: Find a boundary point z;, € 02 such that
u(zy) = f(zy) by solving a first order ordinary differential equation on equipotential

line X;(s),
dx, J(X(s) \©" .
—(s) = | —== ith X;(0) = z; and X,(sf) €02 (9
2= () "o w0=mm X em o
where (-)* denotes the counterclockwise right angle rotation of a vector.

(b) Reconstruction of conductivity o(z;) in z, € : Calculate |Vu(z,)| using the
reconstructed potential values of nearby points, then the a(z;) is the ratio of |J|

and |Vul,

3(ar)
Vulo,)| 1)

o) =



Equipotential Line Method

Step 0. Given data: Suppose J;; = J(xi,y;) at all interior grid points (=, ;) € £} and
boundary potential data fr = f(xr. ye) at arbitrary boundary points (xp, ye) € OL2
are given.

Step 1. Restoration of potential ug: Use a second order Runge-Kutta method with fixed

step size, say i = %&:r: to solve the ordinary differential equation
- - =L - - - .
X(s) =0 (Xy;(s)) . Xy (0) = (@4, 45)
until it exits the bounding box B;; = [x;_1.,®541] % [#i—1.%i4+1] or the domain €L

Here ©(x, y) is piecewise bilinear interpolation of v,
-&:ﬁm-&ynﬁ.{fﬂa:yj(:ym+l - :B:I [(y‘ﬂ.—l-l - y:' Tmm —+ (y - yﬂ.j 'Um,ﬂ.+lJ
+ (2 — Zm) [(Mnt1 — ¥) Vgt + (W — Un) Vg1,
where v,,, — I—Jmﬂ— and (x, ¥) € [Tm, Tma1l =Tmt+NTm ] % [Yns Untr1=Un+Nyn]. And set

JE—_—
target potential u#;; at the point marked with square to be second order interpolation

of potentials at three neighboring points marked with heavy dots depending on the
exit point in the following three cases.
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Step 2. Reconstruction of conductivity o;;: Once potential values at all interior grid points
are known, Vu can be approximated by

Bhitl,5 — Wi—1,5 g+l — Tig—1
v?"ij: ( i@ J L _:r’ LV LY )
2.&{}:1' Q&yi
And conductivity at (=, y;) is just the ratio of |J;| and |V,
|+l
|T-"ua-j|

(}'g’j



Smooth conductivity distribution
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Conductivity Result with noisy J

Reconstructad Conductivity
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Phantom with 1%Add+10%Mul Nolise
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Artificially generated Human Body
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Conclusions and further works

e Fast, stable and efficient
 Wellposed (error—noise)

e Better interpolation method
to handle discontinuous cases

* Noise handling for high conductivity
ratio case where |J|—~0

e 3D extension Is trivial
But 3D data for J Is expensive
Usage of Bz instead of J is better



