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Abstract—We have developed a software suite for finite
difference method (FDM) model construction, visualization and
quasi-static simulation to be used in bioelectric field modeling.
The aim of the software is to provide a full path from medical
image data to simulation of bioelectric phenomena and results
visualization. It is written in Java and can be run on various
platforms while still supporting all features included. The
software can be distributed across a network utilizing
dedicated servers for calculation intensive tasks. Supported
visualization modes are both two- and three-dimensional
modes.

INTRODUCTION
SIMULATION of bioelectric source field problem requires

accurate medical image Dbased geometry, mesh
generation and source setup e.g. defining the boundary
conditions for a model. For these tasks flexible, efficient and
user friendly software is needed. In bioelectric source field
problems huge data sets are encountered for which efficient
and highly tuned simulation software is also a prerequisite.

Finite Difference Method (FDM) has been used to
simulate current behavior in realistic shaped human torso
models [1]. The benefit in using FDM is its ability to
directly utilize a segmented data set as a mesh. Realistic
shaped human models are created from medical imaging
data such as magnetic resonance imaging (MRI) or
computed tomography (CT) by utilizing segmentation
methods to separate tissues from each others. The
segmentation process is all but simple and straightforward
and it has been extensively studied. The result from a
segmentation process can be turned into a simulation model
by assigning conductivity values and boundary conditions
for calculation elements.

The main difficulty encountered in especially FDM
modeling is the assignment of boundary conditions and
sources. Models are highly complex and without proper 2D
and 3D visualization it is often difficult to define the
properties for calculation nodes. Simulation and result
visualization suffer easily from the sheer number of
calculation elements or lead field data encountered in FDM
modeling.

To overcome these problems we have developed a
software suite of three collaborating programs for FDM
simulation. The idea is to provide a full path from medical
images to visualization of simulation results such as
potential or current distribution in the model. The software
is capable of reading DICOM format image data and
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visualizes it in 2D and 3D. The Segmentation program
incorporates various segmentation tools that can be used to
create and organize segmentations. These can be turned into
FDM models by assigning boundary conditions and
conductivity values for the tissues in Modeler program.
Sources can be defined as current sources or forced
potentials. Simulation program calculates potentials or
currents in the model by using a user selectable FDM stencil
and formulation. Also modeling with reciprocally energized
lead fields [2] can be calculated easily. The results from a
simulation can be visualized together with the original
imaging data, created model, or they can be layered with
other simulation results. Written in Java, the software can be
run also through a web browser via Java Web Start.

[. MATERIAL AND METHODS

The software has been designed to incorporate all of the
necessary steps needed for FDM modeling from raw
imaging data to visualization of results. This enables
researchers and students alike to study modeling concepts
and perform bioelectric field simulations. Generally FDM
modeling workflow can be defined as:

1. Raw imaging device data

2. Filtering and segmentation

3. Model parameters and source definition
4. Simulation

5. Visualization

Java was chosen for implementation because of group’s
expertise in it. Java may introduce a small performance
penalty if compared to C++. Recent versions of Java (1.4
and 1.5) have improved especially desktop performance
significantly and enabled hardware accelerated user
interfaces and 3D graphics. Java was a compelling choice
because of its ability to run on multiple platforms without
recompiling, rapid application development, clean object
oriented design, as well as huge, well organized standard
library and a number of quality open source projects. We
have selected Java 1.5 as the implementation version. The
3D graphics library utilizes Java3D 1.4.

The software has been written to be highly modular. This
allows the modules to be built and tested separately and
effectively shields the implementation of different modules
from each others. It also enables us to use the same modules
with various other applications. Selected quality open source
projects have been used to incorporate tested and well
documented features. Most prevalent and known of those
are Hibernate, Spring, Standard Widget Toolkit (SWT) and
Jakarta Commons projects.
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The software suite consists of three different pieces of
software. Each of these programs can be used separately.
The first program is called Segmentator. It is used to load
imaging device data and convert it into a segmented data.
The second program is called Modeler and it features
functionality to apply model parameters such as boundary
conditions and sources to the models. The model is exported
to the third program, Simulation, which runs the solver.
Simulation program allows users to perform distributed
calculations. The results from a simulation are transported
back to Modeler in which the results can be visualized with
original imaging device data as well as with segmented
model.

The graphical user interfaces for all three programs are
written in SWT which allows the software to be used on all
Java supported systems as well as a Java Web Start
application. A GUI implemented in SWT also looks the
same as native graphical user interfaces and are more
responsive as Java Swing user interfaces. Generally, SWT is
also considered to be easier to code.

Segmentator

The Segmentator program is used to extract identifiable
tissues from the original imaging device data. Various 2D
and 3D algorithms have been implemented for segmentation
purposes. Currently available algorithms include Level Sets
[3], Active Contours [4], Region Growing and Thresholding.
Also new techniques based on artificial intelligence and
genetic algorithms are being developed. Also preprocessing
tools have been incorporated. It is possible to apply various
filters and normalize slice intensities within the data set.
Segmented targets are collected into a tree structure for easy
organization. This allows us to create and modify models
with ease. Segmentations are implemented as layers and
sublayers that can directly be visualized by the visualization
engine. Segmentations can also be used to define a volume
where other segmentations are performed and other
segmentations can generally be used as seeds for other
segmentations. This enables us to perform e.g. region
growing segmentation in an already thresholded volume.

Modeler

Modeler is a program that is responsible for defining the
model parameters as well as performing post processing
operations to the simulated data. User can edit model
material parameters such as conductivity values for the
segmented tissues, simulation problem boundary values and
sources. Sources can be defined as nodes or voxels. The
actual difference between these two is dependent on the
formulation and the stencil used for the problem. Currently
available stencils are the traditional 6-neighbor as well as a
star-shaped 18 [7] stencil. These stencils can be applied to
both nodes-at-center-of-voxel and nodes-at-vertices-of-
voxel formulations. The modeler creates and exports

calculation matrices according to the given parameters to the
Simulation program.

Simulation

Simulation is a program responsible for actually
performing simulations to solve potentials and currents in
the model. It implemented as a networked service. This
enables us to use a dedicated calculation server to perform
large simulations but it can still be run on a local computer
for smaller problems. The service itself incorporates a
Preconditioned Conjugate Gradient (PCG) solver with
various FDM grid stencils and Diagonal- and Incomplete
Cholesky (IC) preconditioners. The solver has been
optimized for FDM specific calculation and utilizes the
symmetric positive definitive nature of FDM matrices.
However, it is possible to solve any linear equation in matrix
format.
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Fig 1 Segmentator program with a Region Growing segmentation of an
artery in the human thigh. The program is running on Linux with GTK+
user interface library.

General features

Visualization module [5] is used in Segmentator and
Modeler. It renders two and three dimensional
representations of raw imaging or model data. Multiple
modalities are rendered as layers with adjustable
transparencies as seen e.g. in Fig 2. 2D visualizations are
drawn using as much hardware acceleration as possible.
Visualization module has a support for pseudo-grey color
maps making it possible to show black and white images
with up to 1792 levels of gray on a standard display.
Additionally the engine can render isosurfaces, isocontours,
vector and potential fields. 3D visualization is done via
hardware accelerated Ray Casting or by triangulating
surfaces using Marching Cubes [6]. Also high quality
software Ray Casting has been implemented and splatting-
based visualization mode is under development. 3D
hardware accelerated visualizations are implemented in
Java3D 1.4. Java3D is an application programming
interface on top of OpenGL or DirectX that provides a
consistent interface for hardware accelerated 3D graphics.
Java 3D has been implemented for various platforms.
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The data loader in Segmentator and Modeler is capable of
reading DICOM format imaging device data as well as
various other formats used in previous software developed at
our institute. Also database connectivity has been
implemented and models, as well as model parameters can
be loaded from a database. This becomes exceedingly
important when using a model with calculated lead fields.
An indexed database can efficiently find lead vectors for the
specified leads.

II. RESULTS

We have implemented a software suite for FDM models
that allows us to perform the entire modeling process as
described.

Java has shown its cross-platform benefits and the
software works identically in all of the tested system in
terms of both usability and performance. Tested systems
include Windows XP and Linux (Fedora Core 5)
installations running Java Sun 1.5 Virtual Machine and
MySQL database server.

Performance and usability has been high on priority
during the development process. Graphics performance is
comparable to commercial FEM or FDTD software both in
2D and 3D. The engine produces visualizations for hardware
accelerated 3D view such as in Fig 4 within seconds.
Performance of 3D visualizations is dependent on the
graphics card present but generally the user can rotate and
zoom the model in real time. The solver also performs
surprisingly well but quantitative comparison to a pure C
implementation has not been performed.

We segmented one nerve cell and simulated a single
dipole source in the produced model. The segmentation
produced consists of surrounding media, nerve cell hull and
nerve interior. Conductivity values were set to 100:1:100
respectively. Fig 2 shows a 2D visualization of the nerve cell
with the dipole. Potentials can be seen spreading into
conductive surrounding media.

As en example of 3D visualization, we have visualized a
segmented human head obtained by segmenting Visible
Human Man data (Fig 3). The human head segmentation is
difficult and takes considerably long time due to the massive
amount of details in the data. The data size segmented and
visualized was 700x700x130 voxels (in total 63.7 million
voxels). We have also obtained a CT scan set of a rat. The
rat data consisted of 250x457x719 voxels (in total 82.1
million voxels) and it has been obtained with a new 64
headed CT scanner at Tampere University Hospital (Fig 4).
The rat data was easy to segment and a model data can be
visualized in 3D in a couple of minutes. Visualizations are
done in both cases by surfacing produced segmentations
with Marching Cubes algorithm.

All of these examples have been performed on a standard
desktop 2,8GHz Pentium 4 PC with 2GB of RAM running

Fedora Core 5 Linux and Windows XP operating systems.

Fig 2. FDM model of a real nerve cell layered with a simulated current
source and generated potentials.

Fig 3 shows a 3D visualization of the human head
obtained by segmenting Visual Human Man data set. The
complete model consists of 8 tissues but here only four types
of tissues are visible. Visualization is done by triangulating
segmentation surfaces and rendering them with hardware
acceleration. Total triangle count for the complete scene is
3.2 million

Fig 3 3D visualization of a segmented Visible Human Man data set with
skull, eyes and eye lids visible.

Fig 4 presents a 3D visualization of a rat obtained from a
CT data set. Visualization is done by triangulating
segmentation surfaces and rendering them with hardware
acceleration. Triangle count for the complete scene is 5.2
million.
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Fig.4. 3D visualization of a segmented rat model obtained from 64 head CT scanner. Visible tissues are the bone and a general soft tissue.

III. DISCUSSION

The software has been under development for a couple of
years. It has been implemented with collaboration of Ragnar
Granit Institute researchers and Tampere University
Hospital. To our knowledge it is the only one of its kind
available. The features are especially developed for FDM
model extraction, management, simulation and visualization.
Commercial software exist for finite element (FEM) and
finite difference time domain (FDTD) simulations. If
compared to commercial FDTD software our software lacks
3D computer aided design (CAD) tools. There are no plans
to develop such features. The software suite is intended to
be used to simulate bioelectric phenomena which in our case
do not necessitate CAD capabilities since in FDM the model
itself acts as a mesh and e.g. no mesh generation is needed.

Our software is being used in various research projects as
well as for education purposes at our institute to demonstrate
FDM modeling concepts and 3D visualization. It can be
applied for image analysis and visualization e.g.,
segmentation, volumetric and structural data analysis and 3D
visualization for which our software has been successfully
used in both clinical cases as well as for research purposes.

One could argue whether Java is the right choice for the
job at hand. However, we are confident that benefits from
development speed and the possibility to run the software in
various operating systems exceed the slightly increased
memory consumption and small possible performance
penalties compared to a C++ implementation.

We have been implementing distributed computing
system which enables us to perform scheduled calculations
on multiple machines for a single simulation. This lets us to
calculate bioelectric simulations with huge models utilizing
the power of researchers' desktop computers. In the future
we will also further develop the software and incorporate

enhanced features such as better 3D visualization and
network data compression. Some features such as complete
automatic source definition are still missing and will be
developed in the future. Currently, the ground work for the
platform has been provided and its usability has been
evaluated.

The software is not currently available as open source and
the final license will be determined later.

IV. CONCLUSIONS

We have introduced our modeling software suite
developed for finite difference modeling. The suite is
designed to incorporate whole modeling process from raw
imaging data extraction and manipulation to simulation and
visualization of created models and simulated results such as
potentials and currents. The software is written in Java
which enables the software to run on various hardware
environments and operating systems.

REFERENCES

[1] Hyttinen J. “Development of Regional Aimed ECG Leads Especially
for Myocardial Ischemia Diagnosis”. Doctoral thesis. Tampere
University of Technology, Tampere, Finland, 1994.

[2] Malmivuo J, Plonsey R. “Bioelectromagnetism — Principles and
Applications of Bioelectric and Biomagnetic Fields”. Oxford
University Press, NY, USA, 1995.

[3] Osher S. and Sethian J. “Fronts propagating with curvature dependent
speed: Algorithms based on Hamilton-Jacobi formulation”, J. of
Computational Physics, vol.79, 1988, pp.12-49.

[4] Kass M., Witkin A. P. and Terzopoulos D. “SNAKES: Active Contour
Models”, International Journal of Computer Vision, 1987, pp.321-331.

[S] Arolaetal. “A Java-based Multiplatform High Performance 2D and
3D Visualization Engine for Medical Image Data Sets”. EMBEC’05
Proceedings, 2005.

[6] Lorensen W., Cline H: “Marching cubes: A high resolution 3D surface
construction algorithm’” Proc. of the 14th annual conf. on Computer
graphics and interactive techniques, 1987. p.163-169.

[7] saleheen H.I., Ng K.T.”New Finite Difference Formulations for
General Inhomogeneous Anisotropic Bioelectric Problems” IEEE
Trans Biomed. Eng., vol. 44, 1997.

1652



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


