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ABSTRACT

The heart is known to be a very complex organ. In order to reproduce its behaviour in a computer
model, the solving of highly non-linear partial and ordinary differential equations through the usage
of  sensitive  iterative  schemes  is  required.  These  calculations  have  a  very  high  demand  on
computation  power  and time which  limits  its  usage  in  the  medical  field.  To facilitate  real-time
simulation speed, a reduced order method is employed to 3D mechanical deformation and stress data
of the heart as obtained either from MRI scans or alternatively pre-computed full-scale simulations.
The  order-reduction  of  the  mechanical  data  is  achieved  via  the  so-called  Proper  Orthogonal
Decomposition method. The latter involves finding the Proper Orthogonal Modes (POMs) via the
Singular Value Decomposition. In mechanics, the POMs define specific dominant behavioural modes
in a structure and the corresponding Proper Orthogonal Values (POVs) represent each a fraction of
the energy stored. 

In  this  work,  to  accomplish real-time  modelling  of  the  heart,  the  procedure  comprises  of  the
following steps: A database of bi-ventricular heart models containing the 3D displacement, stress and
strain field solutions has been populated, as obtained by the in-house cardiac mechanics code SESKA
[1], considering variations in material properties and the hemodynamics of the heart. From these pre-
computed models in the database, only those which carry geometrical,  physical and parametrical
similarities with the heart model at hand are extracted. For each simulation time step of the cardiac
cycle, the solutions of all selected models are assembled, compressed by the POD method and used
to interpolate the unknown heart model solution with the help of the Moving Least Square method
(MLS) [2].  This procedure is known as the Proper Orthogonal  Decomposition with Interpolation
(PODI) [3,4]. The total PODI computation time required less than 1.7 seconds using a standard dual-
core desktop computer whereas the preliminary full-scale computations needed each 8.5 hours. The
PODI solution errors were less than 3.5%.
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