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Abstract: A computer simulation study of the

biomagnetic forward and inverse problem was performed.
Using a realistically shaped multicompartment boundary
element model of the human body dipolar current sources

within the heart were localized applying

Levenberg-

Marquardt algorithm.
Furthermore, prelimenary magnetic field measurements
using a physical thorax phantom were performed to
validate the localization procedure. It was found to be
very helpful to have better defined phantoms which
enable the compatibility of data sets measured at different
places with different equipments. The investigations will
be continued by way of a multi-center study.
INTRODUCTION

In the last decade more and more biomagnetic
measurement systems became available to clinical centers all

over the world. Biomagnetic measurements can provide
magnetic data sets for functional localization of heart or brain

activity non-invasively. The interpretation of the measured,
very weak magnetic fields (10-tt... 10-t3 T) generated by
electrically active organs requires special algorithms for
localization of the sources.

Numerous optimization algorithms are

under

consideration, deterministic as well as stochastic ones [1].
Because the localization of dipolar sources is much easier
than that of volume sources the main interest was focussed on
development of strategies for localizing one or two current
dipoles. In most cases nonlinear, deterministic optimizatron
procedures like the Levenberg-Marquardt algorithm were
used. We have found that Marquardt algorithm combined
with Gauss-Seidel iteration is the best inverse solution
method in a least-square sense to localize up to three single
dipoles [2].
The aim of this paper is to study the accuracy of current
dipole localization due to orientations and depths of the

dipoles, shape of volume conductors and variation of
conductivity of body compartments. Furthermore, we used
magnetic field measurements from a realistically shaped
thorax phantom to validate the computational results.

Because the variations of variables in time are relatively
slow ( < 1 kHz), treatment of sources and fields in a quasistatic approximation is allowed. Then the electric potential
obeys the Poisson equation V ' (o V ö) = y . jo while the
magnetic field due to the total current density j is obtained
from the Biot-Savart law. If we assume an inhomogeneous
volume conductor consisting of homogeneous subvolumes
with constant conductivity, 01, the surface potential, fi, is
defined by an integral equation:
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where o. is the conductivity at the source location, oo- is the
conductivity inside and o** outside the surface S*, dS, is the
surface element vector normal to the boundary S,, and
R = r - r'. The external magnetic field can be found from
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with the magnetic field in the absence of boundaries, 80. If
the sources and the properties of the volume conductor are
known, we can calculate the magnetic field using the above
equations. This calculation is called the solution of the
forward problem, which is very important in verifying the
validility of the source and volume conductor models.
Because of the irregular shape of the body, calculations
can be performed only numerically, using the finite element
(FEM), or boundary element method (BEM). We applied the
BEM because it is easier to perform on a workstation [1]. The
volume conductor models were obtained from Magnetic
Resonance Images (MRI) using specific mesh generation
techniques [3].
NUMERICAL SOLUTION

For solving the integral equation the boundaries of the
volume conductor have to be discretized. We applied
parametric, bicubic spline functionsto approximate the
surfaces using sets of parallel mir cross sections of the body
and defining grids with quadrilateral or triangular boundary

MODELLING OF BIOMAGNETIC FIELDS

elements. The coefficients of the discretized potential
equation can be calculated analytically if constant or linear

Biomagnetic signals are generated by electric currents due
transmembrane ionic flow in excitable tissues. This
phenomenon can be described, from macroscopic point of
view, by means of the primary current distribution jo. The
total current density includes additionally the ohmic currents,
and can be described by j = jo - o.V $, where Q describes the
electrical potential and o the macroscopic conductivity. The
primary currents in a bounded volume can be approximated
by a macroscopic equivalent current dipole, p.

approaches on each boundary element were chosen. Similar
procedure can be applied to calculate the magnetic field
matrix. Finally, we get the matrix equation

to

B=

Bo

+ M'P''t' go - Bo + G' go

(3)

This matrix G is relatively large and dense, but it has, for
every volume conductor, to be calculated only once.
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PHANTOM EXPERIMENTS

This BEM approach was applied to a realistically shaped,
3-compartment torso model [4]. Cunent dipoles at different
depths with different orientations related to a measuring grid
in front of the chest were assumed and from the magnetic flux
density the component normal to that grid, Bn, was calculated.
These simulated magnetic data were taken to localize the
given dipoles using a non-linear least-squares optimization
method known as the Marquardt algorithm. By this way it
was possible to study the effect of variation of compartment
conductivities or of the shape of the volume conductor.
Figure I shows the result for the forward solution if a single
current dipole within the left ventricle relatively closed to the
outer wall was assumed and the conductivity of the heart
compartment was varied related to a normal value of 4
mS/cm. The relative changes of the maximum and minimum
of Bn, B,o* and B.',, taken in a rectangular measuring grid are

applying different software codes. The Philips package
CURRY'', the home-made BEM-software BML and the
software of the Twente university, Enschede, called ASA,

siven.

were compared (figure 3).

To validate the localization results we have found from
computer simulations some measurements with physical
thorax phantoms were performed. For this purpose we could
use the realistically shaped, homogeneous thorax phantom
from Biomagnetic Technology, Inc. (Bti), San Diego, which
was given to the Laboratory of Biomagnetism at the PTB
Berlin. Measurements were done in the labs of PTB Berlin
and in the Biomagnetic Center of the FSU Jena with their
Philips system (see figure 2). Single current dipoles were

fixed in different depths nearly in heart position. The
measured magnetic fields were used to localize these dipoles
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Figure 3. Locahzation errors for a single tangential dipole at
different depths in the thorax phantom calculated with
different software codes.
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It was found to be necessary to validate numerical software
for biomagnetic source localization using physical

0

codes

Figure 1. Relative changes of magnetic field extrema in the
rectangular measuring grid due to variations of heart
conductivity (nominal value o = 4 mS/cm)

phantoms. Because the Bti phantom was available for some
weeks only, it was not possible to complete the study. That's
why we are going on to reahze new thorax phantoms. It will
enable us to validate the different software codes which are
used from the biomagnetic groups in clinical practice. But
these prelimenary results have also shown that modelling of
inhomogeneities as well as of extended sources are necessary
to validate the localization procedures and software codes. A
multi-center study will be prepared to perform experiments in

every biomagnetic center in Germany that is interested in
those investigations.
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