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Abstract
The visualisation of manufacturing-processes assists the user in understanding and analysis.
Typically he can move free and unguided in a virtual environment which visualizes the entire
process. Thus knowledge and conclusions are to some extend acquired on a random base.
This article describes the development of a tool, which enables the user to interactively improve
significant production processes in the simulation. He moves in a virtual 3D-environment
(walkthrough system) and is able to acquire automatically calculated indications for significant
processes. At the same time the simulation considers significant objects in a more detailed way. If
the viewer is interested in a significant process, he is automatically guided to the relevant location
where he can examine the critical situation by modification of the simulation model.

1 Problem
In current visualisations of manufacutring processes a user can move in a virtual world
like he does in a real plant (e.g. [Brac02] or [GaEG00]). Compared with a non visualized
simulation his comprehension of the dependencies between the simulation components is
improved.
At present the user is not guided. The moving direction is typically based on his
experience and expectations. But in many cases his way in the virtual environment is also
determined on random decision. Because of the absence of guidance the proceeding is
often unstructured and inefficient.
The user can also see only small slices of a plant at the same time. If something important
(e.g. a machine break down or an empty stock) takes place in another part of the
simulation model, which is far away from his actual position, he doesn’t get a hint at the
problem and is not able to recognize it. But this significant event may influence his actual
location in the simulation model. For the user it’s nearly impossible to get aware of this.
He also cannot see multiple important processes in different locations at the same time.
Dependencies between these processes can hardly be identified. Clues are only based on
the experience and the expectations.
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2 Related Work
Today’s material flow simulation systems typically offer the user an integrated 3D
visualisation. Examples are tools like Quest (Deneb), Taylor ED (Enterprise Dynamics)
or eM-Plant (Tecnomatix) (cp. [MuDi03] or [KlGu99]). These integrated systems are
limited in their abilities to analyse and optimise processes interactively.
Furthermore the visualisation is rendered on the same computer system like the
calculation of the simulation. The computing power has to be divided for visualisation
and simulation. This leads not only to a slow calculation of the simulation, it also reduces
the quality of the visualisation. Simulation systems typically don’t need a constant
amount of computing power. The demand is changing over the time and therefore a
constant high frame rate of the visualisation with a lot of polygons is not possible within
these systems.
Material flow simulations can be visualized with such systems, but they give no active
support. As mentioned in the first part of this article a user is not able to see critical
processes outside his current location. A guidance to significant points doesn’t take place.
Finding a critical process depends on the experience of the user and to a great extend on
luck.
If a simulation is visualized during its execution, the 3D-viewer doesn’t need to pay equal
attention to each part of the simulation. In previous work the authors [DaFM03]
developed a system which simulates models in high resolution only at places with a high
visual focus. In case of a changed visual focus, the resolution of the simulation was
dynamically adjusted. This leads to the perception of a completely high-resolution
simulation without the necessary computing time. But on the other hand a less detailed
simulation at locations with a lower visual focus had to be accepted. Thus all movements
of the viewer influence the execution of the simulation.

3 Calculating Significant Points
The attention of the user is to be guided to significant objects/processes. A process is
significant if its status is untypical for the system. This could be a machine break down, a
full stock or even something missing to carry out the production. These processes have to
be identified by the simulation.
The modeller has a general idea about a normal simulation experiment. He knows which
processes are critical, their typical behaviour and which random events generate
exceptions, for example a machine breakdown. He also has an idea about the critical
processes and states. This specific knowledge is used at the semi-automated calculation
of significant objects.
The modeller explicitly sets sensors to detect significant objects. If such a significance
sensor alerts, the belonging object will be rated by the system in a higher significant
level. In this approach the responsibility for the correct detection of significant objects is
part of the modellers work.
The user might also have an idea about significant processes. So he should also be able to
add additional sensors to the simulation experiment. If an object is rated significant by
the system, it will be presented to the user, who can draw his attention to this object or
refuse the message, if he is interested in a different production process. The system will

not present the same object as significant. So the user’s interests are provided for the
significance calculation. Beside the semi-automated sensor approach a fully automated
method is under development to identify significant processes though the simulation
itself.
If an object is regarded as significant, it should be simulated with a high detailed model.
If it was on a low level of detail during the detection, the state of the higher level model
must be initialised. A disaggregating process has to start. After this calculation the
object’s state is described in a higher detailed model than before. This can lead to
different results in the calculation of its significance. Without further work it is possible
that the system cannot regard an object as significant any more, if it is represented in high
resolution (cp. Figure 1). If this object is out of the user’s location, the system would
activate the low resolution model, and thus could start a vicious circle. The system would
continuously toggle the mode and the rating of the significance.
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Figure 1: A dissagregation operation can lead to an inconsistent calculation of the significance

As a first approach this toggling could be reduced by introducing an upper bound for the
frequency an object can change its representation (model) and by reducing the frequency
of evaluation to an object’s significance. Further approaches to improve consistency
concerning the rating of the significance in different resolutions are currently under
development.

4 User Guidance in Virtual Environments to Significant Points
In today’s approaches there is no user guidance implemented. Thus the identification of
critical processes and connections is highly dependent on the experience and the intuition
of the user. It takes places in disorder and rather by chance. In our system the direct
guidance allows the user to navigate more efficient and structured and therefore acquire
the relevant information faster. It’s easier to identify locations with a strong influence on
the simulation (cp. Figure 2).
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Figure 2: User guidance in virtual environments
The user should have the option to be guided to significant points, to “beam” directly to
high significant locations. Above all he must be able to change the parameterizing of the
simulation model. Therefore suitable interaction techniques have to be developed.

If the user prefers to be guided to a significant location, the route from his current
position to the significant location has to be determined. In order to give the user the
impression of moving in a real environment, he moves along usual traffic routes.
Machines and walls can cause an unsatisfied optical view and disorientation by
occlusion. If visible objects lie between start and goal of his route he has to circumvent
these objects. For this purpose traffic routes have to be modelled and a suitable route has
to be adopted automatically. The user is guided by marks or automatically. Along his way
both simulation and visualization should to take place highly detailed.

5 Multipoint Approximation for the Visualization of
Highly Complex Simulation Models
Despite the improvements of today’s rendering systems the demands for highly complex
models exceed the ability of the graphics hardware. Sophisticated rendering algorithms
are necessary in order to fulfil the demands of complex models [MöHa99]. Two main
approaches are level of detail algorithms [LRCV+03] and visibility culling methods
[CCSD03], Dura00]. In the context of our simulation scenario the significant objects
allow a selective approach to overcome the problem of complex models: The user is
interested only in the objects of significant parts of the scene and those he is surrounded
by, other objects are less important. Therefore it is practical to render these significant
objects with a high image quality and the remaining objects with a lower image quality.
Typically LOD algorithms or the multiresolution-modelling technique use the
“concentric” approximation model: near objects are rendered with higher quality than far
away objects (cp. Figure 3): For the first object a better LOD-model is used than for the
four objects of the last row. In our model the distance of an object is a less important
criteria (cp. Figure 3): The objects of the first and third row (cylinders) are significant, for
their rendering a high quality is used. So the rendering quality of the objects is influenced
more by the significance than by their distance to the viewer. We aim at an imbalance of
the rendering quality for different parts of the image.
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Figure 3: Schematically diagram of multipoint-approximation model

See Figure 4 for an example rendering: The two marked objects are significant . Therefore we render these two significant machines with high quality and the rest of the scene
with reduced quality. This example shows that the significant parts of the scene are not
always close to the user.
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Figure 4: 2 significant areas with different distances to the viewer rendered with high quality

The visualization and rendering computation of the significant objects consists of five
steps (cp. Figure 5 for a schematic diagram):
1.
Computation of the significant area (club formed area)
2.
Highlighting objects of significant points (cylinder)
3.
Clear away all objects between the viewer and the significant points (three
spheres)
4.
Render significant objects with high quality (cylinder)

5.

Render non significant objects with reduced quality (four cubes)
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Figure 5: Computation of the significant area

Step two and three are relevant to the visualization, steps one, four and five are belonging
to the rendering algorithms. In the third step all objects, which are in the channel to the
significant object, have to be computed. Suitable visualization methods have to be used,
e.g. transparency or a movement of objects out of the channel to allow a high visibility to
the significant objects.
For an example see Figure 6: The significant object is the box behind a metal working
lathe (left image). The position of the viewer is in front of the lathe and the box is
occluded by the lathe. The VR-system cut a ‘view channel’ through the occluding lathe
(right image). The occluding part of the view channel is not completely removed because
the user should see the coarse structure of the lathe in order to keep the orientation.
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Figure 6: Objects in the sightline between the user and the significant objects will be visualised
partially transparent

Further problems of a coupled system of simulator and 3D-Viewer are the identification
of selected objects and the tracking back of hidden objects. The knowledge of the
visibility of objects is important for an LOD simulation, because the simulator reduces
hidden objects to a lower detailed model.

6 Coupling 3D-Viewer and the Simulation
6.1

Architecture and 3D-Data

Today’s simulation systems typically offer a 2-dimensional graphical user interface to
create simulation models, to define and parameterize the particular simulation objects.
Additionally some modern simulation systems (e.g., eM-Plant, Quest [MuDi03]) support
the 3D-visualization of a simulation model. These tools have an integrated 3D-rendering
engine that uses integrated 3D-representations of the simulation objects. Typically these
objects are constructed and designed in a CAD-system, which leads to redundant 3Drepresenations. A further problem of an integrated architecture of simulation and 3Dviewer is the limited performance of the computer hardware. 3D-rendering and
simulation are computation intensive processes. In this approach a distributed
architecture of two computers (simulation and 3D-viewer) that are connected by a
network (see , left) is used. For each model of the simulation we need a 3D-representative
(3D-model) for the visualization. They are stored in a VR-database. A more sophisticated
approach is an integrated database for a coupled system consisting of the CAD-system,
simulator, and the 3D-viewer.
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Figure 7: Architecture of the system

6.2

Communication Protocol

3D-viewer and simulator interchange their data over the network. Specified data are
description of models, position of objects, additionally inserted objects and information
about the movement of the objects. We distinguish three kinds of objects: Static objects
are fixed, e.g., a wall or cupboard. Dynamic objects are inserted or deleted, typically they

have a fixed lifetime in the scene, for example packets that are produced by a source and
disappear in a destination. Moving objects are moving through the scene, e.g. packets that
are transported over a conveyor belt. Figure 8 shows some parts of the current
communication protocol. For the movement further operations are practical like paths for
circles, curves etc.. Most Operations are defined with a time stamp t. This is the time for
the movement or insertion of the objects. This time stamp is useful for an exact
visualization of the simulation and it allows the 3D-viewer to load 3D-models (e.g. from
external storage) before they appear in the scene (prefetching).
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Figure 8: Operation protocol of simulator and 3D-viewer

For the visualization of significant objects it is necessary to define a special tag for the
significance level. The simulation can distinguish between significant objects of high or
low priority. In consequence the 3D-viewer can prefer the significant objects with a high
priority. Most operations are build up by other operations. Below is an example for the
movement operation (object_4) and a change of significance of object (object_9):
<Move>
<ObjectId>object_4</ObjectId>
<xPos>250</xPos>
<yPos>-40</yPos>
</Move>
<Significance>
<ObjectId>object_9</ObjectId>
<SignificanceLevel>15</SignificanceLevel>
</Significance>
For the implementation of the communication protocol between simulator and 3D-viewer
the eXtensible Markup Language (XML) is chosen. Its advantage is the stability,
verification, and the little effort for further extensions of the protocol. On the other hand
exists little overhead, because of the inefficient format (ASCII) of the language. The

resulting time latencies are negligible, because the stream of operations between
simulator and 3D-viewer is lower than in other time-critical applications (e.g. computer
games).

7 Actual work
Our goal is a prototypically implementation of a walkthrough system and a simulator,
that are coupled by a network connection. Both implementations are used for the
evaluation of our methods. In the following we describe the current state of the
implementation: A first rudimentary interface (XML protocol) between simulator and the
walkthrough system exists (see Figure 8 for an example). We implemented a 3D-viewer
that can be controlled via this interface, e.g., 3D-objects can be inserted, moved, or
deleted. The 3D-object are modelled with 3D Studio Max [Disc03] and converted to
VRML97. The 3D-viewer uses OpenSG [OpSG, ReVB02] for the management of the
3D-objects. We implemented an algorithm for the efficient “removal” of less significant
objects that are in front of high significant objects. The “removal” of less significant
objects means, that we render only some samples of the objects (see Figure 6 for an
example). So we see through the less significant objects and recognize their shape
simultaneously. In a first step we coupled the 3D-viewer with the simulation system “eMPlant” by Tecnomatix. So far the walkthrough-system is controlled by the simulation
system, e.g., insertion or movement of objects. It is planed to implement the other
direction (bidirectional coupling) too, so that the simulation system can be controlled by
the interaction of a user with the 3D-objetcs. Furthermore we are working on a
prototypically implementation of the simulation system in order to replace the coupling to
eM-Plant. For the placing of objects in the simulator (2D layout) we use VISIO. We
coupled VISIO to our walkthrough system, so that objects are arranged or inserted by
VISIO (see the objects in Figure 4 for an example).

8 Conclusion
Today the interactive analysis of material flow simulations with virtual environments is
mostly based on the experience and expectations of modeller and user. Existing systems
try to visualise the simulation experiment as realistic as possible.
In our approach we try to identify processes and objects which have a huge impact on the
simulation. For an efficient analysis of the entire process the attention of the user has to
be guided to these significant objects and processes, additionally to the traditional
visualisation of the simulation. The user’s route to significant objects is determined along
usual traffic routes. Less significant objects stored in the channel between the selected
object and the user’s current position are visualised transparent.
Computing power is limited. Traditional visualisation approaches use high detailed
models only for objects which are close to the user’s location. In previous work this
approach was adapted for discrete simulation models. Now critical simulation processes
are additionally high lightened by using high detailed models to significant objects.
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