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Abstract— This article defines principles for a new generabn of
geometric simulator, able to unify volumic data repesentation
and processing for real time applications in urbarsimulation.

The proposed simulator unifies in particuar geomeic and
graphic pipelines, replacing polygonal surfaces wit descriptive
polynomials for generalized algebraic surfaces. Shcalgebraic
surfaces are combined with an arithmetical supersetof
Constructive Solid Geometry system.
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The Arithmetic of Forms (AF) can be briefly sumnzad as
the mathematical conversion of hyperspatial topplmgpure
arithmetic. Topological characteristics of manudaet forms,
modelled by CAD or CAAD systems, or natural formgen

modelled by GIS or Computational Fluid Dynamics [JF
systems, are automatically translated in pure rasttc

expressions. Such arithmetic expressions are rigtudzal

for intensive computing.

This approach virtually enables interoperability beween
CAD/CAM, GIS, AEC, and photogrammetry, through a
universa solid 3D data format, designed for high prformance
computing.

. INTRODUCTION

The objective of this publication is to presentadiernative to
conventional polygonalbased 3D formats.

Polygonal based simulation techniques introducaraber of
shortcomings such as memory consumption, voluminous
datasets, approximated geometry, surfacic desomipinable
to represent matter or densities required for efgemsuch as
underground structures or geometric to physics adatpn.
Another limitation of polygonal based urban repreéagons is
their strong dependency on specialized hardwareleation,
thus impairing compatibility with embedded systeros
constrained environments.

Fig. 1 — Polynomial object

1. MATHEMATICAL UNIFICATION STRATEGY

A. Logic construction for urban geometric forms

The proposed universal 3D sold format originatestf the
unification of all geometries comprehended by a plem
urban model. The approach hereby detailed is based
constructive description system for the geometric
environment, providing an exact volumic definitioof
complex urban scenes without making use of classic
polygonal description methods.

This constructive system, developed upon Arithmetit
Forms [1],[2] enables controlling classic volumigseems Using AF, a possible arithmetic description for tdumic
such as CSG, B-Rep and voxels, while optimizing andree of the object in figures (Fig. 1, Fig. 2) is({ Q7 Q8 Q9
considerably reducing computing times and memayuges Q10) (+ (* Q1 Q4) (* Q2 Q5) (* Q3 Q6))). Using sueh
required for highly complex urban simulations. prefixed notation facilitates comprehension for iigiect's

constructive methodology tree structure.

Fig. 2 — Same object with applied deformation
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In this case, substraction, addition and multigimao perators
intuitively correspond to matter removal, additioor
intersection. QO ... Qn operands are 0, 1 or Rrastic values,
corresponding to the relative position of a pomntttte QO ...
Qn geometric polynomial forms.

Thus, QO equals to O for a point outside the Q0nfo@0
equals to 1 for a point on the surface edge, andlifi QO
equals to 2 for a point inside the surface. To peedthe
ternary encoding of spatial information, a georoefdarm’s
representative equation is evaluated for the coatds of a
point representative of a given region of space.

If a conventional CSG user wil find the same tygfetree
structure in AF, it is simply because AF’s temany n-ary
logic generalizes CSG boolean operators’ binanclog

Nevertheless, contrary to the conventional CSG Ipmoétic,

AF proposes unsurpassed theoretical power and efse

implementation.

Replacing the computational heuristics required @8G
scenes graphical rendering (Jordan parity test$)wih
simple arithmetic expression evaluations especéallityws for
the development of new generation
pipelines.

Finally, contrary to CSG, AF enables creating nevumic
operators, all arithmetic, resulting from the comahion of
simpler operators.

This principle, supported by the recursive pringtifunctions

theory [1], brings definitive solutions to topologi problems,

poorly resolved by regularized CSG operators.db allows

for an arithmetic implementation of Jordan’'s theare
determining the position of any given point relatio matter
in a complex vo lumic urban environment.

B. Urban geometry polynomial description

Each elementary geometric primitive is represenbgd a
polynomial characterizing an algebraic surface peicular
degree. The equation for such a surface follows:

al A on&xzﬁxz“"xj’B
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real-time volumic

The surface behaves like a plasticine model, stibjec
mathematical constraints which can be interactively
controlled. This particular behavior is essentés, it enables
bridging the formal algebraic world to the threesgnsional
urban simulation world. A complex virtual world us
immersed in the computer memory as a geometric ixnatr
representing all polynomials constituting a volunabject
described by its arithmetic volumic tree.
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Fig. 3 — Volumic Object Polynomial Matrix

An example illustrating such matrices is presenitedigure
(Fig. 3).

In this particular case, the object is describednfdth degree
polynomials, representing quartic surfaces. TheririaB5
rows correspond to the 35 coefficients of fourthgrée
polynomial. Each elementary variation of one of thatrix’
coeffcients modifies the original object. Compnekige
control upon those variations enables the potenfial
smoothing, blending, and generally for all possipd® metric
deformations on the described obiject.

The matrix presents a very large majority of nwkfficients.
This is explained by the original geometric fornsghplicity.
A majority of null coefficients disappear as thexquexity of

where x0, x1, x2, x3 are the variable homogeneousised generic forms increases, and also when cegraimetric

coordinates for a point in space.

It generally presents (n+1)*(n+2)*(n+3)/6 coeffints, i.e. 10
coefficients for the quadric, second degree suyf&te for
cubic, third degree surface, 35 for quartic, foudagree
surface. Coefficient modificatons enable contrglli the
surface’s algebraic and geometric properties. Bylyépg
continuous variations to each coefficient, one gaoduce
continuous surface deformation without any partic chse.

1-4244-0712-5/07/$20.00 ©2007 IEEE.

transformations are applied on the object.

The combinatorial object deformation possibilitiese wide
open, and justify the storage cost for such holimatrices,
even in an optimized way.

Nevertheless, using oversized matrices should bé&led, if
the degree of the surfaces used to model the objegtbe
reduced or more simply if inferior degrees allowwnesenting
the object. Storage memory economy will be gairteti @cost
of the object's deformation capabilities.
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In our example, a geometric second degree mataxing 10
coefficient quadrics, is sufficient to represene tbhbject in
figure (Fig. 1).

However, a fourth degree matrix must be used taiokhe
deformed object in figure (Fig. 2).

Finally, one of the primordial assets of a polynainbased
representation is the capacity to unify rectilinfams (lines,
planes, polygons, polyhedrons) with warmped surfatgs
curvilinear forms.

Fig. 4 — Rectilinear triangles

Fig. 5 — Curvilinear triangles

This characteristic is clearly essential to provae optimal
integration for building models and terrain modedghin a
single, unified simulation environment.

C. Digital terrain model smoothing

Conventionally, triangulated digital
smoothed by appling various
borrowing mathematical principles from polynomiakeory
[4]. [3], [6], [7]

To produce volumic smoothed terrains,
operations or requiring certain heterogeneous astréd be
modelled, it is essential to opt for implicit swwés polynomial
representation rather than parametric surfaces i€BéB-
Splines or Nurbs).

terrain  modeksre

1-4244-0712-5/07/$20.00 ©2007 IEEE.

interpolation schemes,

Euclidian implicit surfaces such as z=f(x,y), anteit
projective extensions are excellent candidatedofardegree
volumic smoothing, not exceeding fourth degree.

Choosing second, third or fourth degree surfacetioses
enables to produce non polygonal, volumic, exaepigic
rendering for display purposes, for instance ugiegl-time
ray-tracing rendering [3], stencil buffers [8], loetter, Buffers
Arithmetic, which is the native rendering system Aé-.

In comparison, parametric surfaces rendering regui
extensive use of polygonal approximation, relyingy o
computation intensive triangulated surface subibnis

Figures (Fig. 6 and Fig. 7) illustrate triangulatéerrain
volumic smoothing, from data provided under tharfoof a
regular digital grid. Each triangle is associated at third
degree implicit surface, along with a tetrahedrooviaing
volumic boundaries for the surface. Tangency caikt are
satisfied at triangulation vertices, and blend nic curves
between two surfaces, in the tetrahedron cut plare,
identical.

Fig. 6 — Triangulated Terrain Smoothing

-

Fig. 7 — Triangulated Terrain Smoothing (Enlargemen)

enabling cut

Normals computed for points taken on the two sedac
blending curves, on the opposite, are generalifedt,
creating visual
depending on the view angle.

edge effects, more or less pronedinc
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Such artefacts generally become insignificant afieral or
satellite imaging is applied for texturing, and cdre
practically suppressed through projective basearitignic
processing, using fourth degree surfaces.

Providing further details on such algorithms is notthe
present publication scope, but they are based ojegiive
geometry generalization of z=f(x,y) type surfaces.

D. Architectural forms retroanalysis

The geometric data unification methods proposegrévious
chapters defines, by introducing continuous
deformation, an extremely powerful environment
conventional Euclidian geometry is not able to jdev The
unifying approach described in this article relies a
theoretical branch of geometry, named projectivengetry
[1], generalizing all Euclidian and non Euclidiaeagnetries.
Projective geometry provides, in the context of hhig
performance urban simulation, two fundamental athges.

The first advantage relates to purely geometric graphic
information processing, benefiting from absolutedynarkable
accelerations and optimizations, due to algebrginnsetry
properties, projective geometry’s hyperspatial ebter, and
the complete absence of particular cases, usuditgduced
by Euclidian induced divisions. Such assets alloor f
developing computational architectures which candtarally
parallelized, particularly robust and simple to lempent.

The second core advantage linked to the projegt@ametry
approach concerns the unification of complex votusdene
modelling methodologies. Such methodologies belmntyvo
modelling families which are absolutely distinctitltannot be
dissociated in the global data acquisition procegsthetic
modelling, through formalization of architecturalr o
engineering concepts, and the analytical modellihgyugh
urban features recognition on LIDAR or photogranmnet
produced, discrete digital information.

Automated or semi-automated geometric forms extract
based on analysis of the rules and concepts cémgraghem,
constitute the principles of geometric retroanalysnabling
constitution of urban geometric data structures a@aidbases.
In such a context, projectve geometry providesiegjt for
modelling, projective programming tools on voluni8§ or
for analysis, photogrammetric analysis mathematidst

Figures (Fig. 8 and Fig. 9) illustrate the two cepis.

1-4244-0712-5/07/$20.00 ©2007 IEEE.

surface
that

Fig. 8 — Projective modelling

In one case (Fig. 8), the projective volumic objest
constructed from real vanishing points taken fropace,
assessing face planarity and all other incidencangpéric
relationships. The model becomes Euclidian, witmplete
distances and angles conformity, after placing sténg
points at infinity.

This constraint-based projective geometry enabdesstituting
high level, pre-constrained architectural formdiies, with no
particular cases or exception at the programmiagllénique
functions thus allow generating stair models whitlpport
deformation from straight flights themselves camasly to
helicoidal flights [University of Montreal GRCAO wks].

In the other case, metrophotography (Fig. 9) [1€suclassic
perspective, i.e. projective geometry, to perfomalgsis on
photographic information. Metrophotography can thiee

extended to support geometric retroanalysis ondahjects’

volumes. The photographs are processed with theetig to

provide the objects’ AF volumic description treeahdition to
their characteristics.

Fig. 9 — Projective analysis
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Translating planar photographic perspective, inioigd
vanishing points in the plane, to a projective madaeuding
three-dimensional vanishing points, simplifies amdelerates
considerably the spatial information retroanalys®cess.

Spatial data acquisition methodologies from plarajective
geometry have been defined by Cousinery in they edXth
century. [11]

E. Polynomial solidification on polygonal forms

Converting polygonal surfacic urban forms into wola
polynomial forms is achieved either by a sold pwlgs
generation method, or a solid polyhedron autongsiteration
method.

In the first case, a polygon with known verticesll viie
converted in polynomials,
surfaces, degenerated in double planes. Those quhafs
will be combined using operators and theorems §pdoi AF
[1], producing arithmetic expressions which enatxenplete
topologic and geometric control upon the polygospiace.

Described in such manner, the sold polygon casubgected
to any possible volumic combination, realized wikher
polygons or purely three dimensional volumic forms.

Fig. 10 - Polygon based solidification

Figure (Fig. 10) illustrates a polygonal buildingtained from
photogrammetric extractions [12] and converted olids
triangles. Substracting a sphere from the buildingone in a
purely polynomial way, and graphical
polynomial, allows avoiding any polygonal approxima.

In particular, circular intersections between tiphere and
polygon planes are perfect in the algebraic sdmsthe case
of solid polyhedron generation, any given set ofygons,
with no particular connexity information, can bdidified to

volumic polyhedrons, through the addition of matitemon
empty space regions.

Decision criterion concerning the presence of mattées on
the Jordan parity test, conventionally used tordetee points’
position within an enclosed polyhedron presentirg self-
intersections.

1-4244-0712-5/07/$20.00 ©2007 IEEE.

representing second a@egre

rendering, oals

Fig. 11 —Polyhedron based solidification

Figure (Fig. 11) shows previously illustrated binfl after
substraction of the same volumic sphere. The gldis
correctly filled up with matter, and volumic polymdal
unffication is perfectly operational.

The solidification interface from polygonal worldso
polynomial worlds naturally depends on the level of
topological description embedded in the digitalad&d be
converted. In the same context, various geometdsigth
methodologies produce identical visual result$calgh based
on different topologies; this perfectly illustratéee problems
encountered in extractihg knowledge from CAD or QAA
generated files.

Fig. 12 — Multiple topologies for identical visual
appearance

The series of distinct topologies in figure (Fi@) Ehows the
profound diversity of available drawing and / omception
methods to produce a single Monopoly style hous}. [Ih
most cases, drawing process in space substitugeff io
geometry and topology, and fast visual modellingragions,
space profiles sweeping, symmetry operations, edges
insertion, elementary Boolean operations are prdeto an
intelligent modelling process, comprehending andcdeing

the design and construction intent of building pssionals.
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18 PARALLEL GEOMETRY - CNIDARIA ARCHITECTURE

Strategy

Geometry

Graphics

Computing
Systems

In the context of this article, the general urbamudation
approach will be illustrated through Parallel GetrynéLLG)
proprietary architecture, implementing the univé&ia solid
data approach for high performance urban simulation

LLG introduces simulation systems unifying physigsap hics
and geometry through common computational resouands
data structures. Such solutions enable deliverktensive
optimization and parallelizaton [15], maximizing
performances on next generation hardware resources.

Chnidaria Architecture

@
Spongia
System | b

o _t
e Atlantis
‘f"f( ‘D System
Lr <> —
Medusa
System
@

Unda Chiroptera /
tem Orca Systems
- >
=N ] ——

Fig. 13 —Cnidaria Architecture

Cnidaria (Fig. 13) is a generic architecture usedévelop
optimized turn key systems - super calculators, ir@obr
embedded equipment - for various
It relies extensively on principles detailed in ptax 1.

Cnidaria relies on 5 systems:

- Medusa (1) enables polynomial content creatiormeeiby
importing external formats (2), or consuming théPLfile
format (3), intelligent description from programmin

- Atlantis (5) consumes .LLG files, processes thend an
produces a cellular based, optimized descriptiosingu
.LLC proprietary format (6).

- Unda (7) offers parallelized, optimized graphiceiidering
functionalities for .LLC data format.

- Chiroptera / Orca (8) manage real time updates and

navigation for optimized .LLC datasets.

- Spongia (9) enables interfacing with physics sirinitg
either using a proprietary, voxel based data formatV
(10), or dialoguing with external simulators (11).

Atlantis System

Spatial Data Structures
Construction

Creations / Modifications and
Automatic Optimization

Real-time Organization and
Parallelization

Fig. 14 — Atlantis System

The Atlantis system (Fig. 14) consumes purely gdoime
.LLG data sets (1) produced by Medusa. Such datasegble
proper storage and distribution for hyperlarge wuds of data,
although not yet integrating real-time constraints.

Atlantis manages spatial data structures’ creatiamd
alimentation, not only optimizing original .LLG a@etets, but
also organizing them for parallel, real time conput
constraints.

The Chiroptera and Orca systems propose two oligiba
navigation principles, integrating trajectory cortipg and
collision detection. They process real-time .LLGoetric
data and .LLC cellular in order to produce spat@tography
for the immediate vicinity of a given position. Bhvirtual
echolocation principle supports updates throughARDtype
acquisition. It allows simultaneous, real-time dyromization
and navigation for a large number of actors in higpge,
hypercomplex environments.

Finally, the Unda system performs rendering andaligation

applicationsfor large volumes of .LLC cellular datasets, inlreme and

parallel processing context. Its implementatiom@ependent
of any 3D hardware acceleration.

Medusa produces pure geometric datasets using .LLG

proprietary format (4).

1-4244-0712-5/07/$20.00 ©2007 IEEE.
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IV. AcCQUISITION AND CONVERSIONPROCESS

A. Industry standards and interoperability issues

Many different commercial or public / open sourodéware
systems are available to support applications i tinban
simulation market. They are mostly based on colweat
technologies, and present the same shortcominged lig)
chapter Il - Mathematical Unific ation Strategy.

Acquisition, processing, storage and distributiorogesses
used by urban simulation actors (architects, upamners,

governmental agencies, etd.are deeply impacted by the

B. Domain specific considerations
1) Heritage

In the context of heritage, available data is exbly
heterogeneous in nature. Archaeological sourceandfibld
text based descrption, while paper based, coremlti
blueprints and other technical diagrams methodsapas late
as the XD¥' century. For such particular applications,
modelling is most often performed through manualsemi
automated methods. The 3D polynomial descriptiomsatty
benefit from the presence of pre-made architectioahs
lbraries.

methodologies and design choices made by such ylegac

environments, whether they refer to interoperabgitandards
such as GML, or software editors products suchhasEiSRI
environment for the GIS domain or AutoCAD for thédl®

and AEC activities.

Source data existing in the field are acquired stoded using
such techniques and tools. In order to enable aaiitéte the
necessary migration to AF and higher degree of Igitioun
description, it is necessary to assess the varigpes of
available data and their conversion process towadras
universal solid 3D format.

ESRI ArcGIS — LLG Medusa
Interoperability Workflow

Eﬁ\?rloﬁrfw(élwsl — AN Spatialization
Layer Conversion - Medusa
ndexed
Raster jmg Image
Data Processing
L (Coverage| | EENIRSUIE
Layer Generation
LLG
Land Use, ...
- ArcMAP/ o Medusa
ESRI | 4ATC8 L (" paia Sytem
Dataset (L Layel
Process .
. Medusa
ShLapefll Geometry LLG
W Processing data
Cadastral, ... \ /
—
v
(o)
Transportaion @ LLG
e Aanaial Pouerlines, Water Atlantis System
distributionnetwork .. /

QegularNewmk

Fig. 15 — Example ESRI ArcGIS — LLG Medusa
Interoperability Workflow

The above diagram (Fig. 15) presents, in the cordgéxan
ongoing project, the various conversion pipelin@sdxisting
datasets, enabling use within Cnidaria architecture

This example illustrates how various existing E$®Rmatted

Fig. 16 — Leihorra Villa (South West of France)

For instance, SGDL systems, based on AF, has been
successfully applied to different eras and strugtdrom
roman and gothic religious architectures in Framcouvelle
France XVI" century archaeological sites to more
contemporaneous heritage contexts such as Chateau
d’Abbadia, relying on Viollet Le Duc reasoned atebture
dictionary, or villa Leihorra presented in figur€id. 16),
illustrating Art Deco.

For all such projects, the modelling process, elytibased on
3D polynomial, volumic description, enables cregtirusable
architectural and structural libraries, reproducinipe
construction logics for each era and style.

Each project can then be extended by adding caraext
information such as GIS environment, extracted fractual

databases when applicable, or recreated from asldtgeal
sources.

2) GIS

To interoperate with existing GIS databases antesys the

GIS contents and georeferenced CAD models [14] lwan development of adapted conversion tools and tedkesiq

processed for use in a unified, polynomial basetamr
making use of techniqued anenvironments to the expanding wealth of informatequired

simulation environment,
methods previously described.

1-4244-0712-5/07/$20.00 ©2007 IEEE.

allows interconnecting polynomial based 3D urbanudtion

and available through public organizations andllagancies.
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Fig. 17 — Vermont State Topography and
Orthophotography integration

3) Hydraulics and Bathymetry

LLG Medusa system is a good example on how such

interoperability can be achieved. As of today, saMeill scale
projects assessed the validity of the approachswumimg

Fig. 19 — CFD Hydraulic Dataset Interoperability

georeferenced datasets to produce exact, solidh hign the particular field of hydraulic simulation, ing a

performance urban simulation environments, intéggat
topography, bathymetry, orthophotography and alious
available GIS layers.

Based on the different polygonal and polyhedronvession
techniques described in this article, and develothredugh
partnerships with major actors of the field, Medasaversion
tools enable migrating to the proposed universal K1lid
format while saving the cost of renewed GIS actjoisi
campaigns.

Polynomial Terrain Smoothing

Standard GIS
DEM/ Topography
Information

Fig. 18 — Polynomial Terrain Smoothing
Diagram in figure (Fig. 18) presents the generalrapch used

to apply volumic terrain smoothing methods on coweaal
DEM / ASCII based topography and elevation datasets

1-4244-0712-5/07/$20.00 ©2007 IEEE.

polynomial based environment allbows for unifyingithin a
single 3D environment, original topography inforioat CFD
based simulation results (producing prismatic splidnitives)
and urban and GIS environment data.

Such simulation capabilities enable prevention aganand
govemmental organizations to use the same sysiestutly,
simulate and communicate on results with visuatiratools
and contents intuitively accessible to the gengublic.

4) Urban Simulation and Cadastral Information

Once GIS datasets are encoded in the 3D urban aiow|
environment, georeferenced cadastral informationtban be
integrated. Such information can be converted foadastral
databases, as illustrated below in figures (Figar2d Fig. 21).

Fig. 20 - Montpellier (France) Urban Simulation
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Fig. 21 - St Etienne Urban Simulation

For those two examples, local GIS providers suclEgRI
make conventional datasets available. Medusa sytiem
automatically translates cadastral information intbe
universal 3D solid format, applying polynomial stification
methods. Resulting volumic reference models areediately
usable for geometric or physic simulation applo@asi
involving for instance intervisibility computation,or
intersection and collision detection. Adapting Carid
architecture to Bull Novascale supercomputing sgste
enables proposing high performance, real-time epgins for
such universal solid 3D formats.

Interoperable with STL based techniques,
producing solid physical models without any ad ditibc ost.

Another way to produce cadastral

acquisition.

Fig. 22 - Photogrammetry Based Urban Environment

This example in figure (Fig. 22) presents the indign of
cadastral information (in red) produced by photogreetry
analysis environment such as Cybercity within ad@na
based urban environment.

1-4244-0712-5/07/$20.00 ©2007 IEEE.

information applie
photogrammetry processing methods directly fromiaher

5) Transport

Fig. 23 — Montreal Urban Community Topography and
Orthophotography used in the context of transport
simulation

The example presented in figure (Fig. 23) presentgpical
3D volumic urban model designed for transport satioh
applications, on the surface and underground, énsibecific
urban context of Montreal Urban Community. GIS and
cadastral information are typically integrated tmvide an
accurate, georeferenced context to the transpotlaiion,
not only providing accurate, solid input data famslation
models, but also facilitating communication onithesults.

they enabl

6) Homeland Security and Defence Applications

Fig. 24 — Example of integrated CAD and architectul
information - Urban crash detection

Homeland security and defence application, by eatmvolve
extremely various sources of georeferenced infaanafrom
public venues to transport and energy networksmf@AD
models to behavioral and knowledge databases.
applications greatly benefit from the unifying peopes of
LLG universal solid 3D format.

Such

Supporting field operations through interoperap ilitvith
embedded platforms and mobile communication is also
essential to homeland security and defence apiplicsat
Polynomial based rendering, being hardware indegenand
presenting extremely compact data and runtime fadp
brings original answers where conventional 3D tedhgies

still face impairing limitations.
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V. Uste CASE— THE VIRTUAL VERMONTPROJECT

A perfect example of the potential offered by thaversal
sold 3D format for high performance urban simwlatiis
illustrated by the Virtual Vermont project, a cutteLLG
realization, developed in partnership with the Wméity of
Vermont (UVM) and the UVM Transportation Center ©)I

Fig. 25 - Virtual Vermont terrain model

This project enables the integration, within an quei
simulaton environment, of various sources of
information (topography and bathymetry, aerial pigeaphy,
transports, land use, ...). It also enables embeddiitgin the
same environment, heritage and sustainable developsites

such as Sheburne Farms, renewable energy productiq]

installations with the Searsburg wind towers pryjes civil
infrastructures such as Butler Farms storm wat@indge
systems.

The Virtual Vemmont project, deployed upon paraIIeI[lO]H'
enable high perforcea

processing architectures, will
computation and rendering for the simulation enwinent and
enable client server access to its resources.

The objective is to provide Vermont community widm
intuitive, powerful 3D simulation statewide envirent, thus
enabling public services, research organizationsaustrial
partners to better collaborate, visualize and comicatie on
issues and simulation results.

1-4244-0712-5/07/$20.00 ©2007 IEEE.
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