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Introduction

The use of finite element modelling allows a paremeter-seloetve imvastipation of real-world phénomeana, For exemple
In the figld of biolmpedunes reseanch, finite clument maodels are espechally applied for optimising electrode confipure-
tions in order (o apprave the accuracy of non-invisive stroke-volume estimation as well as o solve the farward pro-
tilem of impedance tomagraphy. All these appiications require very complex snd spesially tallored models, mosily ba-
sed on WME or CT scans of the humen bedy part endar investigation. The model creation is very lime consuming and
reauires congiderable expericnce in both gesmetry modelling techuiques and mesh generation. Conseguently an ansta-
micully averaged humean body is modelled, However this sicategy i8 always an abstraction of the interindividual ans-
lormical variabiliey and may result in large emers. Furthermare in some applicarions, for example in the field of EEG/EPR
sourcs estimation, modslling which fs not based on the real patient’s analomy is completly meaningless.

Vanous afficient finie element modelling packages ure avatlabie commercially, However, for apolications in biomedi-
cal engineering which require the use very complex madels the limirs of most of these program packages will be
reached quickdy or they can anly B2 applisd with stang restriciions tn rerms of functionality.

Methods

An imupe zequisition-medelling-analysis sysiem has been developed recentlyl, which considershly reduces the tme
consumed In thexreation of finite element models of human body parts taking into account the real patient”s angtomy.
The system covers the following componenis;
Limags processiog system for the dircer evzation of 3D gromeric dara of bislogical ohjects
Zesoftware tranglaring 3D peomeine das inio CAD-related peometnic madels
3. coupling of the ¢reated CAD-medels with mesh peneruticn and mash refinement techniques for the ereation of
rcalistic finlte ¢l#ment models

Image acquisition

The "3D object reconstruction problem” bas been met with the development of 2 tachnique for the generation of nor-
mal images. The principal idea is to replece the images in owo planss by images in one plans, by using the fact that any
perspective projection is a projective projection. The differential matching method was used assuming that approsima-
te Values of the parameters are known and replacing the non linear problem by a linear one. The values of the desired
parameters result from the misimization of energy of the observation noises with respest to the parameters of the pro-
blem. Apert from the image acquisition system for the reconstruction of the 3D geomenic data of the chject using &
camera sysiem., another way for reconstructing the 3D geometry of a real object, of interast 10 bicengineering applica-
tlens, iz the modelling bazed on the analysis of NMMR or CT seans. Tn either case, the ourput of the image acquisition
stage is a clowd of 3D poinw on the sucface of the object of interest (both methods) and also tnside the object (NMR
and CT scans data),
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Geometric modelling

These points are converted to & mathematically expressed geometric model based on & curve and surface description
wsing Non-Unifosm Rational B-Splines (NURBS). Currently, thess are two techniques implemensed for the conamucti-
on of NURES sucfaces, The frst builds a surface taking into sccount gll the data points which can be approximated wit-
hin o given tolerance or interpolated if there are a-:fﬁcmt degrees of freedom available. Becauss of the usually large
amount of data availzble this technique is somewhat slow but sufficiendy accurate, Using the second technique, the da-
12 paints are organised in cross sections which will be mt:rpula.t.ed or epproximared within a given talerance, thusére-
ating tross section curves, These cToss section cirves are "skinned” to produce a surface model [1). To couple the
image acquisition - geometric modeiling system with the finite sl=ment mesh generator IGES-file format is used.

Mesh generation

The system developed uscs commercially available Gnite elemen! mesh gensration software (e.g. [-[DEAS. ANSYS) to
generate finite element models. Alternatively, 28 and 3D unstructured mesh generation techniques have been develo-
ped using the advancing front method [2] The comesponding finite ¢lement mesh generarion software requires a boun-
dary definitlon by spline curves er surface parches. Image processing rschnigues ars used to Benerate the bounding
spline curves. The 30 mash generator creates tetrahedral and hexahedral elements. This ensures that the-most complex
of geometriey are meshed adegualely. s

Results

Based on CT scans & finiee elsment maodel of & human heart has been ereated. Fig. | shows the geometry of the CAD-
related madel, including myocardium, atrfa and venericles, sorca and arteria pulmonalis, Crsating the NURBS surfeces
based an "skinned” cross sscricn curves is faster because of the reduced amount of data peints that are fitted, but so-
tmetimes this leads to modeis of lower accuracy. However, this goometric modeiling technigue s well swited for cross
sectional data, for example omography data -

Figure 17 peomgir | AD -refated model of the human heart Figare 2 finite element mesh af the myocardiun

A high quality of the FE-mesh can be raached by special adapive meshing procedurss, Adaptive mesh generation can
be dirzctly coupled with the developed image acquisition-geametric modsller system, To mesh very smaoll gegmemeal
structures like pericardium, sheil alemems are preferred. A smategy has been daveloped for che automatic generation of
FE meshes in case of models consisting of coupled solid and shall elements (e.g. heart with pericardium).

The "image acquisition-geametric modelling-mash generation sysiem” has bean tested in difersnt applications coaceming
higlogical objects. One of the mujor sdventages of the system is; that a limit-of input dats poines will not be reached,
e
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