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ABSTRACT

The growing increase in computational resources
for numerical simulation allows researchers and
engineers to generate huge amount of data. The
understanding of those data through the use of
computer graphics techniques is known as Scientific
Visualization. Often, it is necessary to have more than
one computer/user accessing the same data set,
known as Distributed Visualization This work proposes
Scientific Visualization of engineering problems
through the use of a Distributed Architecture via
Internet (using a browser with VRML Plug-in). The
simulated data are obtained directly from a data base
and the appropriate information is generated to their
visualization. Pre-processing data (such as nodes,
elements, lines, areas etc) and post-processing data
(such as deformation, stress and strain, from a finite
element analysis) are generated. A Distributed
Architecture is considered which allows the numerical
simulation to be done in a main computer (server)
and the visualization to take place in another computer
(client), by using a simple, but robust, interface, as is a
Internet browser, disposing the access from wherever
have Internet. Results obtained with the ANSYS
software have proven to be satisfactory when compared
with the results visualized through the mentioned
software. The proposed architecture can be extended
to cope with other solid mechanics software.
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Resumo

O crescente aumento da disponibilidade de recur-
S0S computacionais para a simulacao numérica permi-
te que cientistas e engenheiros produzam enormes
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quantidades de dados. A melhor compreensao destes
dados mediante o uso de técnicas de computacao
grafica é conhecido como visualizacao cientifica. Este
trabalho propoe a visualizacao cientifica de proble-
mas de engenharia usando uma arquitetura distribui-
da via WEB. Os dados simulados sao lidos diretamente
de um banco de dados e sao gerados arquivos com as
informacoes necessarias para sua visualizacao. Geram-
se arquivos com dados de pré-processamento (como
nos, elementos, linhas, areas e elementos diferencia-
dos por indices) e poés-processamento (como defor-
macao, deslocamento e tensoes, resultados mais im-
portantes na analise utilizando o método de elemen-
tos finitos). Considerando uma arquitetura distribuida,
a simulacao numérica pode ser feita em um compu-
tador (servidor) e a visualizacao pode ser feita em um
outro computador (cliente), utilizando uma interface
simples, porém robusta para a visualizacao, como é o
caso da WEB. A utilizacao do formato VRML facilita a
distribuicao e compartilhamento nesta visualizacao,
tornando-se independente da plataforma do servidor
que contém o software de simulacao numérica e da
plataforma do cliente. Usando como caso de estudo
o software de Analise de Elementos Finitos ANSYS, os
resultados obtidos mostraram-se satisfatorios e melhor
manipuldveis ao se comparar com resultados
visualizados por aquele software. O estudo de caso
pode ser estendido para outros softwares de simula-
cao da area de mecanica dos solidos.
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INTRODUCTION function.

Finite Element Analysis (FEA) is a largely used Figure 1 - Distributed environment with three layers.
technique to evaluate stress, strain, vibration and other — —
properties of engineering structures, with the use of | ] |
computers. The use of computer is necessary since e m— users
there are many operations involved in a large
engineering structure (Budgell, 1998). Due to its
flexibility and wide applicability FEA is used in both
academic and industrial environments (Huebner et al.,
2001). There are many available FEA softwares and
ANSYS is the most widely used.

Data storage increase, better data transmission, new
interaction and visualization techniques and more
computer power are bringing a new paradigm to the
engineering design process. With those characteristics
it is possible to envisage a work environment more
reliable, portable, remote, configurable, dynamic and
cooperative. Workers in different geographic locations
and with mobile computers can share information

madiator

Figure 2 - Data flow in a three-layer distributed environment.

through the Internet and are able to present real time VVEB USER
visualizations of their engineering projects (Rosenblum INTERNET BROWSER
et al., 1994).
Usually, large engineering projects are developed I HTML ] VRIAL
in different locations and there is a lack of integrated PLUG-IN
updated information. There are some possible ASP
computer architectures to integrate geographically 3D WORLD
dispersed data. A collaborative environment could be QUERY <«
adopted in order to deal with the integration of VISUALIZATION
engineering projects (Felicissimo; Salles, 2002). It is : | :
also necessary to enhance 3D data transmission through :
the Internet. VRML (Virtual Reality Modeling Language), WEB SERVER !
a standard language designed to represent 3D :
geometric models, could appropriately suit this need. VRML o :
Basically, VRML is a text file, which is able to define a FLES :
virtual 3D world, with animation and interaction, Ve |
controlled by a reasonably simple script language TASK ’ :
(Marudur, 1998). > MANAGER =l L Ly
The purpose of this work is to present the VRMLGer,
which consists in a pre and post-processor of a FEA
software. VRMLGer works in a distributed WEB
architecture. As a case study, ANSYS is the used FEA AP PE}CA-”ONS SERVE_R
software. There will be provided macros responsible VRMLGer
for extracting, from the proprietary ANSYS files, the
necessary data for the generation of VRML files. z :EA T
ANSYS flies) db
2. A DISTRIBUTED ARCHITECTURE VIA WEB MACROS T
It is shown in Fig. 1 a distributed environment, l_li, FLES
divided in three layers: user, mediator and server. Each

layer is independent of the others and has a specific
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The first layer, called user layer, allows data access,
visualization and query. In this layer the user (client)
interacts with the tri-dimensional generated model.
The second layer, called mediator layer, is in charge
of receiving the requested tasks from the user layer
and distributing them to the following layer. It is also
responsible to keep track of the owner (client) of each
request task. The third layer, the server layer, is where
the requested tasks are performed.

The data flow between the layers must be
transparent to the user. The user, located at the first
layer, must have the sensation that he is only interacting
with a WEB server, the second layer (mediator). The
existence of an application server is transparent to
him.

Figure 2 shows the data flow in more detail, from
the request of visualization, through a WEB browser,
to the generation of VRML files. As can be seen in Fig.
2, there is also an application server where the FEA
software is located, usually storing proprietary formatted
data. In this server, there are macros responsible for
obtaining the text files, which are input to the VRMLGer.

VRML LANGUAGE

VRML is a popular standard to model and transmit
3D objects through the Internet. It allows the
definition of the most common graphic models
characteristics, such as virtual cameras, geometric
transformations, light sources, animation, fog, textures
etc. It can be thought as an 3D analogy to the HTML
protocol, i.e. it is a simple multi-platform language to
publish 3D WEB pages. In applications such as games,
scientific visualization, engineering, architecture,
education etc it is necessary to have, besides the HTML
characteristics, the possibility of 3D visualization and
manipulation, present in VRML. VRML integrates text,
2D, 3D and multi-media and can also contain Java or
JavaScript (Goodman, 2001) to define behaviors to
objects of the scene (Ranga, 2000). VRML is able to
be connected to external programs and thus perform
sophisticated computation, and hence nicely suits
scientific visualization tasks.

VRML came with the necessity to provide a WEB
3D graphics format, similar to HTML (Graham, 2000),
i.e. a language, platform independent, to describe 3D
scenes. Initially the reference language was SGI Open
Inventor ((http://www.sgi.com). Later, VRML 1.0
emerged as a language to describe static 3D scenes.
In 1997, VRML 2.0, added to the original version the
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possibility of animation and interaction (Ames et
al, 1997).

VRML is an open source consortium of researchers
from companies and universities. Until 1999, the
consortium was named VRML Consortium and after
that became Web 3D Consortium (http://
www.web3d.org/). Its main purpose is to elaborate
and maintain new standard to the transmission of 3D
data through the WEB. It also includes a better
integration among VRML, Java 3D, MPEG-4 and other
related technologies (Raposo et al, 2000).

A VRML scene visualization is achieved by means
of a VRML browser, usually connected to a standard
WEB browser. The VRML browser reads and interprets
a file with a virtual world description (extension .wrl),
draws it in a window and provides a graphical interface
to the user, such that he can interact with scene
objects.

VRML worlds are based on nodes, which are objects
and real world entities abstractions, such as geometric
models, lights, sounds etc. Like in Java 3D (http://
java.sun.com/products/java-media/3D), a VRML world
is a hierarchical graph of nodes (Hartman & Wernecke,
1996)

IMPLEMENTATION OF VRML FILE GENERATOR -
VRMLGER

VRMLGer is written in C++ (Stevens & Walnum,
2000) but could be developed in any language that
supports dynamic data structures, and uses object-
oriented concepts.

Input data are text files with the following
information:

ALLNODES - the geometry of each point. These
points are called nodes in FEA.

ALLELEM - the nodes that are part of each element.
Elements may be quads or triangles, or the union of
two points. Usually there are three identifiers as
attributes of each element: material, element type
and element thickness.

KPLIST - Key-Points defined by the user during
mesh generation.

LINES - line information, defined by the user during
mesh generation. Each line is composed of a series
of nodes.

AREAS - surfaces defined by the user during mesh
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generation. Each surface is composed of a series of
elements. Each element belongs to a single surface.

ALLDOF - degrees of freedom (DOF) of each node.
It stores the x, y and z displacements of each node
after the FEA processing.

RES - Other FEA results such as temperature, stress,
etc. of each node.

In order to extract the necessary data from the
used FEA software (ANSYS) it has been used the APDL
programming language (ANSYS, 2000). These data are
in a proprietary format (extension .db) and can only
be accessed by scripts written in APDL. Those scripts
generate the text files, presented above, and are the
only part of the system dependent on the FEA used
software. Any FEA software that allows the generation
of such files could easily be used in the proposed
environment.

It is possible to configure many aspects of the
VRMLGer, through the use of various text files, as
follows:

Palette - contains 128 lines with red, green and
blue values, between 0 and 1. 0 means absence of
color and 1 is the maximum value. It sets up the palette
to be used.

Transparency - a value between 0 and 1 to indicate
the transparency of the object, where 1 means 100%
transparency.

DiffuseColor - 1 or 0 to indicate if the diffuse color
contribution should or should not be evaluated,
respectively. The diffuse color contribution provides
more realistic scene shading (Watt, 2000).

Angle - a numeric value between 0 and 2?
responsible for eventual smoothness of face junctions.
0 means a sharp contour and dreater angle values
mean smooth contours.

Function - a numeric value, related to the type of a
desired effect. There are twenty available effects and
the main ones are presented in the next section.

Resuits

The results presented below are related to a
bifurcation, which mesh is composed of 2041 nodes
and 1934 quadrilateral elements.
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Figure 3 - VRMLGer function 3, with filled elements and contour
lines.
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Figure 4 - VRMLGer function 6, where elements are classified by
thickness.
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Figure 6 - VRMLGer
function 13, where original
and deformed meshes
are overlapped.
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Figure 7 - VRMLGer function 14.3, with colors proportional to
displacements
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The computational time required to generate the
files through VRMLGer is negligible. The larger
processing time, related to function 13, is less than
one second, to the above-mentioned mesh. This time
has been obtained in an 890MHz CPU with 192 MB
RAM memory and Windows 2000.

VRML file sizes are insignificant if compared to the
proprietary db files. The larger generated file,
corresponding to function 13, is 482 Kbytes, while the
db file occupies 18,560 Kbytes. It means 38 times
larger than the VRML file. It has a huge impact if one
needs to transmit the file through the Internet, in order
to generate a remote visualization.

CONCLUSIONS

It has been presented a distributed architecture to
manipulate and visualize large engineering projects.
The idea to provide a VRML generator guarantees a
platform independent approach and provides many
visualization techniques not available in FEA software.
Another important feature is that FEA results can be
remotely visualized and the client does not need to
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have the FEA software installed. It needs only a W
browser with a VRML plug-in.

EB

The VRML generator requires some data from the
FEA software and any FEA software could be coupled
to the system, if functions to generate the necessary
text files are developed. Our case study has used ANSYS,
widely used in industries and universities. The proposed

architecture is divided in three layers (user, mediat

or

and server) and only the last layer is dependent on the

FEA software.
At the moment, the implemented VRML functio

ns

are able to consider shading proportional to a certain
property (stress, strain, displacement etc), to visualized

transparent objects, to consider diffuse reflection,
select specific mesh elements based on certa
properties etc. Zooming and rotation are natura
available through the use of a VRML plug-in.
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