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Abstract. The Electrical Impedance Tomography (EIT) is a recent monitoring technique of biological tissues that allows us to obtain
images of a transversal plane in any section of human body. The images are generated from voltage values measured around the
plane section of human body. These voltages are obtained by applying an alternated sequence of low amplitude eectrical currents
in according to an excitation pattern (adjacent or diametral). The EIT deals with inver se problem sol ution. The main objective of the
current work is to study the application of Topol ogy Optimization Method (TOM) to obtain images of body section by using EIT. The
problem of applying TOM to obtain images conssts in finding a conductivity distribution in the body section domain that minimizes
the difference between eectric potential measured on dectrodes and dectric potential calculated by using a computational model.
TOM allows usto include several constraints, which reduces the solution space expected in tomography examination. The solution
of the topology optimization problemis obtained by combining Finite Element Method (FEM) and Sequential Linear Programming
(SLP). To illustrate the implementation of the method, image reconstruction results obtained by usng voltage numerical data of
well-know domains are shown.

Keywords. dectrical impedance tomography, topol ogy optimization, mechanical ventilation, finite e ement.
1. Introduction

During the last half of century XX, modern techniques haenlkileveloped to observe the interior of human body
without the necessity of a lot invasive surgical intetions. Ever since, the tomography techniques becantadkie
important way (commercially) to obtain medical imageke Tomography techniques can obtain the image of the
section of human body by obtaining information of a seofemeasurements in several directions on the platiersec
Among all of them, the tomographies by x-ray and by magnesonance are the most common techniques. However,
in the last 10 years approximately, another technigileccElectric Impedance Tomography (EIT) has been statie
an interesting alternative for obtaining images in ciihapplications. Essentially, EIT consists in obtagnimages that
represent any transversal plane section of human (badyl, thorax, thigh, etc), where each pixel in theggienis related
to its corresponding value of electrical conductivityresistivity. On the section of body to be studied, a secpief
low frequency alternate electrical currents is applieduthinoelectrodes positioned around of the patient’'s body and
aligned in a plane corresponding to a transverse seafithe body (Cheney, et. al., 1999), as illustrateddn Ei
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Figure 1 — Electrodes positioned around of the body.

In EIT the solution of the inverse problem is executedefiey and Isaacson, 1991), that is, if given the applied
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current and measured voltages in the electrodes,dtttriftnd the conductivity (or resistivity) distributiam the section

of human body. Then, by injecting known amounts of eurr&ccording to a excitement pattern (adjacent or diathetra
(Isaacson et al., 1992), and measuring the resulting eldgbatential field (voltages) at electrodes on the boynofa
the body, it is possible to estimate and construct @ ohshe conductivity distribution of the region of the pqutobed

by the currents.

The EIT resolution is largely controlled by the numbérelectrodes attached simultaneously to a patient and
although it is expected to have relatively poor resolutimmpared to another tomography technique the EIT has some
very attractive features for clinical applicationstsas monitoring lung fluid, monitoring of heart functiand blood
flow, detecting tumors, and other (Holder, 1993). The teldgy for doing electrical impedance imaging is safe and
cheaper than other techniques as computer tomography andmes magnetic tomography (Barber, 1990). Moreover
an EIT device is short and portable which allowsnitallation for continuous monitoring of bedridden patiemnkss
features is extremely important to avoid dangerous patiam$gortation from ICU (Intensive Care Unit) to tham
room. In this technique the patient does not have exposttianyt type of radiation, just to the low current levakst
do not cause any harm to the patient, and therefolld be applied to the human body for a long time (Am2@6,1).

This work presents a study and preliminary results efajpplication of Topology Optimization Method (Bendsge
and Kikuchi, 1988) to obtain images of section of the body byguEilT technique. The Topology Optimization
Method (TOM) tries to find systematically a materd@gtribution inside of a design domain (the section ofylpotb
minimize (or maximize) an objective function requiremsatisfying specified constraints. In the case of thegama
reconstruction problem, the main advantage of TOM isallmw us to include several constraints, which reduces the
solution space expected in tomography examination. The praiflapplying TOM to obtain an image of body section
consists in finding a conductivity distribution in thedy section domain that minimizes the difference betvedectric
potential measured on electrodes and electric potecdigllated by using a computational model. Conductivity
distribution is directly related to material distrilmtiinside of the domain and thus to the voltage valuesumez on
electrodes positioned at domain boundary. The solutitimeofopology optimization problem is obtained by camiig
Finite Element Method (FEM) and an optimization algorittatted Sequential Linear Programming (SLP).

The next sections of the paper are organized as follothersection 2 some reconstruction methods for EIT are
mentioned. Section 3 describes in more details the dgpdDptimization Method and in section 4 the topology
optimization problem formulated to obtain image by ugthf is defined. Image reconstruction results by usintagel
numerical data of well-know domains are shown in eacdi. Finally, section 6 draws the conclusions.

2. Electrical Impedance Tomography

The first studies and theoretical formulations forpkementation of image reconstruction algorithms that
constructed the foundation for EIT in practical applmagi medicine emerged in the 80’s years at the Univeosity
Sheffield (England). Researchers of this university stidhe EIT technique and described the reasons of thesnter
for its practical application in medicine such as, ifustance, the monitoring of lung, heart and gastric fansti
(Holder, 1993). They are practically the pioneers inféhulation of theories and data that based EIT umdilgresent
moment. The development and the patent of the firahwercial EIT device belonged to them. This device iedas
the Backprojection method (Santosa and Vogelius, 1990) drakith scheme called APT system (Applied Potencial
Tomography), which is composed by a simple source ofrelezurrent with 16 electrodes and it uses the adjacent
pattern for application of the electrical current (Barand Brown, 1984). In APT system, current is passeddhrtwo
adjacent electrodes and then voltage on all the otber@des is measured. Next, current is generated betavesther
pair of adjacent electrodes, and so on, until all adjapains have served as "driver pairs". This approachthras
advantage of simplicity of design, but its resolution tansically limited. Although this APT system just alle us to
obtain images of low resolution, it has been used in stoflesveral medical procedures as the monitoringeobtbod
flow in the thorax and lung problems (Holder, 1993), foranse. In the 90’s years, other researchers presemt othe
designs and experimental instrumentations that evaluaiattigrojection method to use in EIT (Guardo et al., 1991).
They also described the importance of the experimergaltseobtained by using so-called phantoms (Paulson et al.,
1992). In the present time, researchers of Rensseledeétotic Institute (USA) designed and built another EIT devic
that it has a scheme called ACT system (Adaptive Cuffemiography) with 32 electrodes, which is able to obgdl
static images per second (Cheney et al.,, 1990; Chenal, et999). This device uses a “fast” method for image
reconstruction, which is based on the One-Step Newiethod (Simske, 1987). In Brazil, the development of a EIT
device has been studied by researchers of the UnivefsB§io Paulo in a thematic project whose objectve istudy
the algorithms reconstruction for EIT to monitor accelsathe mechanical ventilation of lungs (Amato, 2001).

3. Topology Optimization Method

Topology Optimization Method (Bendsge and Kikuchi, 1988)dsreeric and systematic and iterative method that
combines optimization algorithms with an analysis metlitogeneral the FEM, to distribute a material inside fiked
design domain (region limited by the boundary conditions hatit will contain the desired image) to minimize or t
maximize a specified objective function. In the Topoldggtimization Method (TOM), the fixed design domain is
divided on several finite elements and its FEM meshefittmain is not changed during the optimization process. Th
material in each point of the fixed design domain cary v a material type A to another one type B, assgmin



intermediate materials between A and B in accordinglawacalled material model, that defines the mixture iorm
scale of two or more materials.

In this work, the material model used is known as Dendigghod (Bendsge and Sigmund, 1999). Therefore,
considering the domain has been discretized in N fingmehts, the conductivity properties ) of each element can

be given in the following way:
c=p"c+(1-0)"¢, com: ®p< 1,& 1.1 (1)

wherec, andcg are the conductivity properties of the basic mateitizdd compose the domain. In that case, the
material A could be air, for instance, and the mat&ieould be the tissue of the lungs. The values of gacan vary

of 0 (indicating the presence of the material B) to 1 @atilig the presence of the material A). Intermediateega
between 0 and 1 indicate the mixture of the two mate(gay scale) and they are not interesting in the fiesult.
However, these values should be avoided by use of penalipatiametep, whose value must be adjusted (Bendsge
and Sigmund, 1999).

The process of topology optimization is started witthistribution uniform of design variables for whole domain
and it is altered along the iterations until convergeotcthe process, which it occurs when the objedtinetion is
satisfied. The solution of optimization problem in @M is obtained numerically by iterative algorithm apitiation
whose steps are shown in Fig. 2. The FEM model ofidsggn domain is supplied to the algorithm as initial daya. B
the analysis of the FEM model, the voltages are cabulilallowing us to obtain the objective function and cairgis
values. In next step, the optimization is realized, bueduires sensitivity analysis before, that is, thewat of
gradients of the objective function and constraintgixeldo design variables. The optimization algorithm sgsph
new material distribution, which is updated in the FEMIgsis. The iteration steps continue until the converges

achieved for the objective function value.
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Figure 2 — Flowchart of the TOM algorithm.

The application of TOM is not recent and it began ie thechanical structural area, where the method
demonstrated its great potentiality in the design offraeical parts with maximum stiffness and smaller weighus,
it had been used broadly in the design of optimized pattseadutomotive and aeronautics industries in theednit
States, Japan and Europe (Bendsge and Sigmund, 2003). Iddbkigses one of the considered materials is the "air", s
the TOM allows us to design structures with positiondésin great way such that maximize the structuradlitigi
with the smallest volume material as possible. Tlageeseveral other types of designs whose nature makastiae
the application of TOM. Thereby, for instance, the T@isls applied recently for design of compliant mechanisms
(Nishiwaki et al., 1998; Lima and Silva, 2001), composites madge(Kikuchi et al., 1998) and piezoelectric actuators
(Silva et al., 2000).

4. Formulation and Implementation of the TOM applied toEIT

The image reconstruction by EIT using TOM can be intéegras the problem of finding the material distribution
inside the domain that reproduces the measured voltdgesvat electrodes, which are located on the boundaheof
domain, when some cases of current are applied. Theiahadestribution is directly related to the conductyvit
distribution in the domain. In that way, the optimizatioaljpem whose solution has been studied with TOM, could be
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Minimize: F:%ZZ(% - )2 (2)

= i=1
such that: electrical conductivity equation
0<p <1l i=1..N

where F is the objective function related with theed#hce (to be minimized) between the values of eteptiential
measured on the electrodes) and calculated in the computational model of the domamrgusiite elementsg;).
Thene andnp values are the number cases of applied current load andriitger of measurement points (electrodes),
respectively, ang; are the design variables related to the amount ofriakiteeach element of the domain.

The optimization problem above, Eq. (2), is an ill-posebigm whose its solution yields some local minimum, in
other words, there are different distributions of conigtitiets in the domain that yield the same voltage valnethe
electrodes with same pattern of current excitement (Sgivasad Uhlmann, 1987). However, the application of TOM to
that problem makes possible the inclusion of sevesasttaints in the reconstruction image problem, résigahe
solution space easily to that desired at clinic and awgitihages without clinical meaning.

4.1. FEM for conductive medium

In this work, the design domain is related to a body @eatihose image is desired. This domain is discretized by
finite elements (see Fig. 3) where the electric paéntin all nodes are achieved by using FEM analysis with
application of electric currents to the boundary nodiéseodomain.

The FEM formulation applied to conductive medium (Muray &adjawa, 1985) is generated from electrical
conductivity equations, which are given by:

| =o0g [AIm?]
div(odg) =0 and 3
(79) I, :oﬂmn:ag—f [A/m?] ©)

wheregis the electric potentialyis the electric conductivityn is a normal vector to the boundary of domaiis the
electrical current vector (in ampere per square métdgs)a component of the electrical current in the dioem, div is
the divergent operator arid is the gradient operator.

Then, the FEM formulation consists in substituting apgno®nctions of the electric potential into the integral
form of the electric conductivity equations of Eq. (3§, it is possible to calculate the electric potemtistributed
in the discretized domain through a system of equilibriumteang whose matrix formulation is given by:

K®=1 (4)

whereK is the global FEM electric conductivity matrix of distized domain® is a vector of nodal electric potential
and| is a vector of nodal electric current. Equation (4)liegar equation system that can be solved by using methods
such as Gauss-Jordan, Conjugated Gradients and other, (B286¢.

In fact, the nodal electric potential is obtained fretectric current applied to nodes of electrode elements
positioned in the boudary domain (see Fig. 3). In this wag,resistivity contact between the metal elecsoaled
patient skin, in clinical application with EIT, is simwddt In this work, an electrode model proposed by Hua et al.
(1993) has been used. In addition to represent the distriboitithe electric field for the contact interface,tthreodel
considers the dominant effects of the contact resistfribe electrodes.

The FEM model of the discretized domain uses quadrilagééeaients whose electrical conductivity matky) (is
shown in Fig. 3, wher8 is the derivative of approach functions in relationhe tartesian coordinates ahds the
thickness of the element. Electrode elements arecalssidered (see Fig. 3), in which the electric poteatierywhere
on a metal electrode (nodes 4, 5 and 6) is assumed to He(@quag = @). Then, the electrical conductivity matrix
(ke) Of the electrode element is shown in Fig. 3, wharés the half width of an electrodejs the thickness of the
contact interface (electrode-skin) gadk the resistivity (inverse of the conductivity) valfethe contact interface. The
insert of the electrode elements in the global maififhe FEM analysis is made as the insert of the quaaelrdl
elements matrix.

4.2. Solution of the topology optimization problem

In this work, the optimization algorithm used to solve fieblem of Eq. (2) is known as Sequential Linear
Programming (SLP), which has been successfully appligaptiogy optimization. Among the advantages of SLP we
can mention that it allows us to work with a large numbiledesign variables and complex objective functions.
Moreover, the SLP is easy to implement in computatioigakizhm. The SLP solves a non-linear optimization fgob
considering it as a sequence of linear sub-problemshvdaic be solved with Linear Programming (LP) (Haftkal et
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Figure 3 — Discretized domain and electrode model.

1996). The LP solves optimization problems whose objedtimetion and constraints are linear functions of design
variables.

The optimization problem of Eq. (2) can be linearizedwiting a Taylor series expansion for the objective
function and despising the terms with derivative of secanduperior order. Thereby, the linear function to be
minimized in LP is given by:

- oF oF oF
Flmear — + + 4 5
apl A 5/02 P2 apn Pn ( )
= = Fp°

The coefficients of the variablgg shown in Eqg. (5) are the gradients (or derivates) ofothjective function
relative to design variables of the problem, in thepgi = p° . The calculation of these gradients is shown imie

section of this paper.

For that approach to be valid it is necessary ta ling variation of value of the design variables irhda=ar sub-
problem by using of moving limits (Haftka et al., 1996). Tgtlly, during one iteration, the design variables \wél
allowed to change by around 15% of their original valubsréfore, in each iteration, the SLP algorithm minisitre
linear sub-problem in the interval of the moving lisnéind it finds the optimum value for the variable, thatiil be
used in the following iteration. Thereby, iterations peaceuccessively, using the optimum value of the design
variables having found in the iteration as initial vabfighe subsequent iteration, up to convergence asghaion.

4.3. Sensitivity analysis

The gradients (or derivatives) of the objective functiord constraints are known as sensitivities of topolog
optimization problem. These gradients are used in the f&LBbtaining the linear sub-problems. In this work, the
mathematical formulation of the gradients of Eq. $9litained using the mutual energy concept (Byun €t3489).

Applying the chain rule to the Eq. (2), the derivativeha objective function in relation to design variablesdf
the optimization problem, can be written in the followfogn:

dF _ 0F 09 _ & o9
6
FERr e e DIC AL i ©

The derivative of the Eq. (6) is determined by using the Mdilsamreciprocity theorem (Cook e Young, 1985)
where if it is assumed that a body is submitted simettasly to two cases of applied current load, the mutuealggn
concept is verified. Then we can express it in a mérim, using problem discretized by FEM formulation, in the
following way:

1@, =1,®, ()

wherel is the applied current electric vectdr,is the potential electric vector, the indgx indicates first and second
case of applied current load ahihdicates the transposition of the vector. Initiailg admit a fictitious excitemerit,

as a current electric vector whose only non-zeropmment is a unit current applied to one point of theyptbeht is:

:{0 00 .- 1--0 (} (8)



Using equilibrium equation from FEM formulatioiK @ =1 ) which relates current and electric potential vectors
(Bathe, 1996), and using the Eq. (8), we obtain:

® K®,=¢, (mutual energy of the system) 9)

whereK is the symmetrical global matrix whidd " =K and (K ™)" =K ™. From derivation of two sides of the Eq.
(9) relative to design variables of the problem optation, we obtain:

o(@ K @,) o(p) 10
0p op

The gradient of the left side of the Eq. (10) is the @grre of the mutual energy of the system, which is dpeslo
of the following form:

o(® K® T
(2 2):M’lK<1>2+<1>16—K<1>2+<1>1K—a‘1’2 (11)
o0p o0p 0p
Deriving the equilibrium equatioK ®, =1, (first load case) relative to design variables, wesha
ol
a—chl AL (12)
0p dp 0dp
However, the electric current vectby does not change with design variables, then:
a—K<I>1+K o, =0 = m:—K‘la—Ktbl (13)
0p 0p 0p 0p
Thus, transposing the Eq. (13), we obtain:
T T T
oP, - o 9K (k) = o, - K (14)
0p 0p op 0p
Likewise, deriving the equilibrium equatidk @, =1, (second load case), we obtain:
90, _ -K ‘1a—K<I>2 (15)
0p 0p
Substituting equations (14) and (15) in the Eq. (11) and siyimuif
a(q)lT K (I)z) r 0K '
———=-®, —®, (gradient of the mutual energy) (16)
0p 0p
Thus, the Eqg. (10) can be written in the following way:
0
—or K, -0 17)

0p op

In the EIT, some measurements (i = hpd around of the body section in different points (etees) are made for

one case of applied current load. Thus, we consider tifegaration for the first measurement point=(iL) shown in
Fig. 4. Now, the fictitious excitement of the Eq. (8t@msidered a vector whose components are:

1L ={@-a, 00 - ¢ (18)
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Figure 4 — Application to the first measurement point.

This current electric vector, Eq. (18), produces in theain Q a potential field®,;. It is known that the current
electric (@, - @,,) is constant during the load case. Thus, applying thetiequd7) we have:

oK 09,
- (I)jT % (I):Lj = (@j _%O)a_pj (19)
Then, if the procedure is repeated in analogous way toirgtenfeasurement until completimp measurement
points, we have:

_(I)JT g_K(an
0

0@ .
wnpj (20)
p

= (¢ng‘ ~ @ho )

Now, we consider the development of the first summdtico np) of the Eqg. (6):

dE e o, 0, 0Pns
d_lp: = j=l|:(¢1j _wljo)aipl]"'(wzj_¢2jo)%+"'+(¢npj _wnPJO)a_ppJ:| (21)

By comparison of the Eq. (21) with the development foaiobEq. (20) and considerimgp measurement points,
we conclude:

E:_Z[QJTG_K(%.;.([)]T%QZ]+...+([)J_Tﬁq)ng] (22)
op = dp p op

Grouping the similar terms of the Eq. (22), we have:

E:—Z(I)J_Ta_K((I)lj+(I)2j+~--+(I)nq) (23)
op = op

(I)Zj

As the FEM formulation in this case is linear, we @@t the summation of potentiatb"zj applying allnp
measurement points, simultaneously, using a vector cuglesitic like that:

(Inzj)T ZIL H ;j+| ;j+'”* ;pj :{(%_%o) (%j_%jo) (%1_%10) (%pj_%pjo)} (24)

Thus, the vectom®,; can be calculated through the equilibrium equako®,, =1,.

Therefore, consideringe applied load cases amgh measurement points, the expression to calculate of
derivative of the objective function is given by:

dF _&&( oK .
PSSy K, (25)
do ;Zl( i 6/04"]

Thus, this procedure saves a lot of computational tincaltulate the gradients of the objective functiontiedao
design variables.



5. Results

The topology optimization problem for obtaining imdneEIT is implemented in a software programmed using C
language. In this section, some examples will be presdotdlustrate image reconstruction through that softwar
Figure 5a shows the image that will be reconstructed (naraerical phantom). In this case, the dark and cle&orreg
simulates a material with low conductivity (1(2m)™) and high conductivity (5.1D(Qm)?), respectively. In practice,
this situation would be equivalent for obtaining one regidth presence of air in the tomography of an water like
domain, for instance.

A s N

a) imagem desired b) adjacent pattern ao)etral pattern

Figure 5 — Image to be reconstructed and electric exeitepatterns in EIT.

The image is obtained from circular domain whose diameeasurement is 500 millimeters. That domain is
discretized by 567 quadrilateral finite elements (thickne85 millimeters) using mesh generator of ANSYS software.
In this work, for obtaining a good quality image to cliniegplication of the EIT, 32 electrode elements are used o
outline of the design domain, according to Cheney et a8@9(19 0 find the nodal electric potentials in those tetele
elements a pair of them is excited electrically,daihg a certain pattern which can be adjacent or diair(eta Fig.
5b e 5c¢), where one of them is made to be null potefiedund”) and the other receives the low frequencytetec
current.

Thereby for obtaining the image desired in the EIT, thie pf electrodes is changed successively until getting
enough number of observations under different angles.efiner in total, a sequence of 32 patterns of electric
excitement of same type (adjacent or diametral) is appliemage reconstruction here. For all examples showmsn
section, the applied electric current is considered etjud milliampere, the width of electrode elements is 9
millimeters. Moreover, in these examples, the topologyimization was performed considering the penalization
parameterp is equal to 2 and using 0.15 as initial value for design Magaat starting of the SLP. In this work, the
measured electric potential, which will be used fordaling the objective function, were obtained through numlerica
phantom. To follow, the images gotten by applying adjacentimdetral pattern are shown.

5.1. Images obtained from applying adjacent pattern
Figure 6 shows image and convergence curve gotten by apfiyragljacent pattern of electric excitement. In the

graph of Fig. 8a, the absolute conductivity values of etemim the dark region (material with low conductivigye
shown.

Objective Function

o 1 0 30 40 50 B0 70 B0 an 100
Iteration

a) image tomography b) convergence curve
Figure 6 — Obtained image and convergence curve (adjadirnpa
5.2. Images obtained from applying diametral pattern

For comparison, the obtained image and convergence drtowe applying the diametral pattern of electric
excitement are shown in Fig. 7.
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Figure 7 — Obtained image and convergence curve (diarpattatn).

The absolute conductivity values of elements in the dagion are shown in the graph of Fig. 8b.
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Figure 8 — Conductivity values1(0®) of dark region.
5.3. Discussion

According to results presented here, we can verify ttatsoftware is able to obtain the images of the exampl
considered with a certain level of image resolution pied#e, where the absolute electric conductivity vabhfegark
region were getting on average of 80% of the expected origaha to adjacent pattern case and 20% (approximately)
to diametral pattern case. Observing the comparison éetthe two patterns of electric excitement it isceatithat the
adjacent pattern was more appropriate for the exanppisented here, because images resolution generatdters be
than one generated by the diametral pattern. Otherrchges using other methods had the same conclusiompedse
here (Cheney et al., 1999). According to convergence griiph verified that the objective functions in bothses
(adjacent and diametral) fell in quick near at minimuatue (10 iterations approximately), however they camin
iteration by iteration with very small oscillatiamtil the best image for the tomograpy examinatiomisé. Although
both cases have been made to run to the same iteliatibr(100) it is also noticed for adjacent pattern cdse
objective function converges to a minimum value (~0,01) lemtian the diametral pattern minimum value (~1,65).
The optimization of the diametral pattern case fellnroptimum local that we believe could be improved. Thulsjtst
is premature to affirm that the adjacent pattern valéde better for all cases. Therefore, more regeand study will
be conducted to inquire this fact.

6. Conclusions

An algorithm of topology optimization applied to EIT wpsoposed for obtaining tomography images. This
implementation utilizes a FEM model with electrode edata that consider the electric contact resistanceceet the
metal electrodes and the human body, an objectiveiftmcommonly applied to solve the inverse problem of EIT,
method to calculate the sensitivity of the objectivecfiom based on concepts of mutual energy, a materialladed
on density method for the mixture of two materialg] an optimization algorithm based on SLP. The softwaittew
in C language was implemented to accomplish the iterptiveess of TOM. The images, shown in section 5, were
obtained from voltage values obtained from numerical pharitothis way, the results presented here demonstrdte tha
the software is able to obtain in some sets of Eratibns the values of absolute conductivity of two malftemside of
the domain. However it is still necessary to improve ivork with data obtained through experimental phantom (with
noise).

The algorithm of TOM, studied in this work, could be seiz@dobtaining images of the lung through EIT device.
The TOM allows us to include some restrictions ingheblem of image reconstruction limiting the solution spaoe
avoiding images without clinical meaning. For instancean be limited in the design domain the area whichepree



of air in the lung can occur, besides allowing to workwitown areas inside the domain (bone, heart, etc).
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