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THE MULTILEVEL SETSIDEA TO SOLVE
THE INVERSE PROBLEM IN ELECTRICAL
IMPEDANCE TOMOGRAPHY

ToMASZ RYMARCZzYK , STEFAN F. FiLiPOWICZ, JAN SIKORA

Abstract: This paper presents the applications of the level set function for identification the unknown shape of an interface
motivated by Electrical Impedance Tomography (EIT). The Mumford-Shah method was proposed in the iterative algorithm. A new
approach was adopted based on a continuous approximation of material coefficient distribution using modified level set methods and
the finite element method. A model problemin electrical impedance tomography for the identification of unknown shapes from data
in a narrow strip along the boundary of the domain isinvestigated.
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|NTRODUCTION impedance tomography problem [3,8,9]. In addition t
minimizing the objection function of the difference

The presenting method was based a numerical scherBgtween the potential due to the applied curredt the
for the identification of piecewise constant contiltity | easured potential.

coefficient for a problem arising from electrical

impedance tomography. The inverse problem is nealin

and highly ill-posed. Several of numerical techmisju 1 LEVEL SET METHOD

with different advantages have been proposed t@sbk The level set idea, devised in Osher and Sethigiis[5
problem. The level set idea was proposed here. THemown to be a powerful and versatile tool to model
representation of the shape of the boundary and itsvolution of interfaces. The original idea behihd tevel
evolution during an iterative reconstruction praces set method was a simple one. Given an interfage R’
achieved by the level set method [4,5,7]. The shapgf dimension one, bounding an open reg@nlt was
derivatives of this problem involve the normal detive  analyzed and computed its subsequent motion under a
of the potential along the unknown boundary. Theselocity field v . This velocity can depend on position,
conductivity values in different regions are detered by ime, the geometry of the interface (e.g. its ndroraits

the finite element method [2]. Given the boundahe  mean curvature) and the external physical condition
potential is obtained by solving Laplace’s equatfon 0Q

the potential in the entire domain. The advection
diffusion equation is then solved with the giverubdary
conditions. The extension methodology discusselieear
is used to build a velocity field through the navrband,
which is then used to update the level set functibich
advances the void boundary.

The idea has also been used successfully in the
context of inverse problem. The pioneering work of
Osher and Santosa [5] uses the level set methodrfor
inverse problem associated with shape optimization. ~ Fig.1. Therepresentation of the level set function.

Numerical algorithm is a combination of the levet s
method for following the evolving step edges and th The idea is merely to define a smooth function
finite element method for computing the velocityheT The motion is analyzed by the convection thealues
Mumford-Shah functional was extended to the eleatri (levels) with the velocity field/ .




0p  _ B minimization problem in image processing, to cormaput

E“’ Me=0 (1) piecewise-smooth optimal approximations of a given
image. The proposed model follows and fully geneeasl

works [8,9], where there was proposed an activéozon

Here Vis the desired velocity on the interface, and ISmodel without edges based on a 2-phase segmentation
arbitrary elsewhere. Actually, only the normal cament ;.4 |evel sets. The piecewise-constant segmentafion

of v is needed/y =V Uy , 50 (2) becomes images allows for more then two segments_gsingvm ne
ﬁ,ﬂ multi-phase level set formulation and partition thie
image domain.
g In this paper was assume two different materiath wi
St O¢g=0 (2) piecewise constant conductivitiey; and y,. The

problem can be easily generalized to the case withere
domain contains more than two materials.

In the level set representation, the interfacectvis the . : o
Theny is representing following:

set of points (x,y) satisfyingg x,t) =0 is not explicitly

given. There is only informatio(x;,y; )at each grid = ), H( )+ y,(1-H(@)) ()
point.
When flat or steep regions complicate the detertigina whereH is the Heaviside function

of the contour, reinitialization is necessary. The -1 for x>0 H =0 for x<0
reinitialization procedure is based by replacingabpther

function that has the same zero level set but behav
better. This is based on following partial difietieh 3 ELECTRICAL IMPEDANCE TOMOGRAPHY

equation: Electrical impedance tomography is a widely
investigated problem with many applications in pbak

i¢7+S((0)(D¢— 1)=0 3) and biological sciences [1,2,6]. It is well knowrat the

ot inverse problem is nonlinear and highly ill-posed.

Various of numerical techniques with different

Figure 2 presents the images segmentation by usireglvantages have been proposed to solve the problem.
the level set method. First of all, it is give a precise mathematical mbébr
electrical impedance tomography.

Forward problem solution in EIT consist in
determining potential distribution inside the regi®
under given boundary conditions and full informatio
about region under consideration; that is in sa@vin
Laplace’s equation:

div(ygradg) =0 )

where ¢ - electric potentialy - conductivity.

Under Dirichlet boundary conditions in points adjatto
electrodes and Neumann boundary conditions on
remaining part of the boundary.

Problem reduces to determine functional minimum:

1 2
I(¢)=§Mgrad¢| de (6)
Q
The following functional is minimized:

F=o.5_§l(q>—vo)T(q>—vo) @)
J:

Fig.2. The image reconstruction by the level satfion ~ Where p is the number of the projection angles.
The derivative of F with respect tds given by

- 9F p
2 MUMFORD-SHAH M ODEL =-3 04,09, ®)

For more than two phases was introduced the mailtipl W =

level sets idea by Vese and Chan [9]. The algoritiem
formulation and algorithm for the general Mumforda®



Level set function is updated the following itevati
scheme:

%”=¢—n¥- (©)
@

where coefficienfi>0 and

OF _OF oy _oF
— =L ="y~ )] 10
YREAT, ay(yl Y2 ) @) (10)
wheres is the Dirac delta function.
Conductivities are calculated as:
k+1 k oF
nw oo=n B — (11)
g2
oF
vt =y - p— (12)
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where coefficienf>0.
The delta functio(¢) and Heaviside function ) are
calculated as:

I
PR " — (13)
U R +e?)
He(p)=ttan}(4)+ 1 (14)
Vs £ 2
whereg>0.
a) 7
b) :

LSM : 825 iterations

Fig.3. Theimage reconstructionin EIT (discretisation 16x16):
a) eps=0, alfa=0.9, b) eps=0.0001, alfa=0.5.

The numerical model was inserted in the insidthef

The level set function with the MumShah-Ford
algorithm for identifying the unknown shape of an
interface was used. Level set methods and theefinit
element method were chose for electrical impedance
tomography. It is sometimes more important to recov
the shape of the domains containing different niter
than to recover the values for the materials. Lesel
methods can produce good results in identifyingstierp
interfaces. In order use this approach for praktica
problems. The presented techniques was shown to be
successful to identify the unknown boundary shapes.
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