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Abstract. DieTech project intends to assist polymer engineers in en-
hancing the process of designing extrusion dies for the production of
thermoplastic profiles with a Virtual Reality (VR) solution. Merging VR
techniques and peripherals (such as an electronic glove, a stereoscopic
projector and a tracking system) was essential to provide an immersive
and fully three-dimensional solution to the user. The interaction with
the application is possible through gestures and hand movements, lead-
ing towards the creation of an interaction graph.

Several volunteers with extrusion die knowledge tested the solution and
filled a simple survey to evaluate it. Their opinion is unanimous in con-
sidering the application effectively useful for extrusion die design.

1 Introduction

Virtual Reality (VR) is a multi-propose area serving a wide range of interests.
The research and development of VR applications increased over years enhancing
its capabilities, importance and utility. Nowadays, several areas tend to integrate
VR solutions in their systems, resulting sometimes in commercial products. Its
undeniable the market receptiveness for these kind of products. The proof relies
on well-known cases like Nintendo Wii and 3D cinema [9]. This project aims to
enhance the process of designing extrusion dies for the production of thermo-
plastic profiles with a VR solution.

Extrusion consists in shaping a part by forcing the plastic melt passing
through a tool, in order to produce a plastic profile (figure 1)[8]. Die design
main purpose is to achieve the best possible production rate at the highest
quality product level with dimensional accuracy, aesthetics and mechanical per-
formance [7].
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Fig. 1: Extrusion die flow channel (a) and the profile production (b)

In extrusion die design there are two main issues to be solved: how to make
the flow distribution more uniform and how to anticipate post-extrusion effects.
Trial-and-error procedures have been the common base to design these tools. Due
to the fact that human beings have difficulties to deal with the complexity of the
phenomena that occur during the production of profiles, numerical codes have
been used as an effective aid to the design process. Thus, nowadays it’s possible
to model extrusion dies, using three-dimensional modeling codes [6]. However,
the design process is still a very time consuming task, due to its inefficiency,
especially when the designer have to make decisions.

Even with the increase of three-dimensional numerical modeling codes be-
ing developed, a proper completely three-dimensional visualization solution is
not available in the market. This project tries to fill this lack combining VR
techniques and peripherals to give the user a good immersive solution, where he
can evaluate the performance of a extrusion die through the visualization of the
results in a fully 3D system.

This paper is organized in six sections. The following section summarizes
the approach used to solve the problem. In section 3, the VR peripherals used
and the toolkits and programming languages employed are presented and briefly
described. Section 4 presents in more detail the solution and decisions taken to
achieve it. The final results obtained are described in section 5, while the last
section stands for some conclusions.

2 State of Art

In [7] O.S. Carneiro and J. M. Nóbrega refer “the need to evaluate the quality, or
performance, of each trial solution (die geometry)” is a must in order to properly



automatize the die design process. However it is harder to properly accomplish
these task without a good die virtual visualization.

Among the visualization systems available, none is specifically build to ex-
trusion dies. Extrusion die designer’s rely then in generic option or even with
another purpose. That is not so bad as it looks since some of them - like Par-
aView - are very sophisticated presenting the extrusion die designer with almost
everything they need. Although no immersive solution is available providing ba-
sics features to extrusion die evaluation - like multi-attribute visualization and
die manipulation. The - still - high costs of VR hardware makes these option
only available to a restrict group. Anyway, it could produce a more realistic
evaluation of the die by estimulating more sensorial channels.

3 Conceptual Interaction Model

One of the majors problems about user interfaces is defining what user could or
not do. Until then, thinking how it is going to be done doesn’t worth the time
spent. Our goal is to let the user “feel” the extrusion die so he can evaluate its
geometry, attributes and overall performance. This should aid the user the best
way possible to determine if it would produce the expected results.

Geometry is the first and perhaps the most important characteristic that is
going to be evaluated. Therefore, a proper die manipulation is a must. We have
thought that user should manipulate the die like if it was real and in his hand.
This way the realism would be increased.

Other desired tasks, like attribute choosing, indicated us that the user should
be also able to give some feedback of what he would like to see. Following the
“die in the hand” logic, the user hand seemed to be a great source of usable
inputs. Explicitly, gesture language. We could then fix that some gesture would
make a specific task, and the set of gestures would make our language, thus
solving our main problem.

Finally, user should get a good 3D notion of the die.
With the major problem solved, is time to focus on “how it is going to be

done?” question. Stereoscopic projection is a demand to this project so the user
can be effectively immersed. A gesture recognition capable glove is enough to fill
our gesture language needs. Finally a six domain of freedom tracker is the best
way to control hand movements and rotations. The perfect solution would be a
glove with a built-in tracker.

Figure 2 shows what as just been said. Still, an explanation is necessary here.
As we see, the user (in blue) should see the results on a stereoscopic projec-

tor, so it should use some stereo glasses. Active stereo glasses produce in general
better results, so we would prefer them. By doing so, we have to consider the syn-
chronizer, placed here on the top of the projection screen. This synchronizer has
to communicate with the glasses so they can be synchronized with the projected
image. It is represented by dots because it would be preferred wireless com-
munication like ultrasounds or infrared. A computer should be used to run the
application, store associated data, and communicate with the projection system



Fig. 2: Conceptual Interaction Model; T - Transmitter , R - Receiver

and the synchronizer. It should also receive user input, here represented with the
user hand and the tracker. Tracker usually has one proper station, a transmit-
ter and a receiver. The station receives transmitter and receiver data, does the
calculations and send the result to the computer. Typically sends receiver’s posi-
tion and orientation relatively to transmitter’s position and orientation. Finally
the connection between user’s hand and the computer represents the recognition
glove that should send data to computer about what gesture is user doing.

4 Technology Issues

DieTech project is based on a three-dimensional interface using virtual reality
hardware which includes an electronic glove, a tracking system and a stereoscopic
ready projection table. Manufactured by the Fifth Dimension Technologies, the
electronic glove is known as the 5DT Glove (figure 3a). The tracking system used
was the FASTRAK (figure 3b) from Polhemus company. Barco is projection
table Barco Baron manufacturer(figure 3c). These devices are connected to a
workstation equipped with a nVidia Quadro Fx 3000 g.

The software was developed with VTK (The Visualization ToolKit) library
from Kitware Inc.

4.1 5DT Data Glove

The 5DT Data Glove Ultra Series (figure 3a) is a hand data motion capturing
solution, using fully enclosed fiber optic bend sensors. It measures finger flexure
(bending) of the user’s hand. This specific model has only one sensor per finger.



(a) 5DT Glove (b) Polhemus FASTRAK (c) Barco Baron

Fig. 3: Virtual Reality Hardware

Each sensor measures the average flexure of knuckle and first joint. Abduction
between fingers is not measured in this model.

The glove’s material is made of stretch lycra, which ables the support for
differently sized hands.

To communicate with the glove, it is available a cross-platform SDK for
Windows and UNIX operating systems. This SDK provides a wide range of
functionality. These include: the capability of easy initialization and shutdown;
basic (raw) and scaled (auto-calibrated) sensor values; calibration functions; ba-
sic gesture recognition, etc.

4.2 Polhemus Fastrak

Polhemus FASTRAK ”is a noncontact position measurement device that uses a
magnetic field produced by a stationary transmitter to determine the real-time
position of a moving receiver element“ [2]

FASTRAK tracks the position (X, Y, and Z Cartesian coordinates) and ori-
entation (azimuth, elevation, and roll) of a small sensor as it moves through
space. The system’s near zero latency makes it valuable for virtual reality in-
terfacing, simulators and other applications where real time response is critical.
FASTRAK is also well suited for biomechanical applications such as gait and
joint movement analysis.

When used near metallic objects (such as desks, cabinets, walls, floors, etc.),
the measurements of the receiver may suffer interference and have a worst accu-
racy.

4.3 Barco Baron

The graphic display used in the project was the Barco Baron projection table
(figure 3c). It’s a projector-based display which is capable of stereoscopic pro-
jection [5]. The large display fills a great portion of user’s field of view with
graphics, enhancing his immersion sensation.

The stereoscopic ready display is capable of refreshing the screen at a very
high frequency, at least the double of normal rate (cerca 120 Hz). The display



receives two alternating images with a slightly offset [2]. The viewer must wear
an active LCD shutter glasses. This eyewear works in synchronization with the
display through an infrared emitter. When the projector displays the left eye
image, the right eye shutter of the eyewear is closed, and vice versa. If the refresh
frequency of the projector is low the viewer may perceive some flicker. This
technology is called active stereo[4]. A group of users can participate in the same
VR simulation since each one can wear his own glasses infrared synchronization
capable.

4.4 VTK - Visualization Toolkit

The Visualization Toolkit (VTK) is an open source software system for 3D com-
puter graphics, image processing, and visualization. It supports a wide variety
of visualization algorithms for scalar, vector, and tensor quantities with different
textures, and advanced modeling techniques such as implicit modeling, polygon
reduction, mesh smoothing, cutting, contouring . These are implemented as a
C++ class library. VTK has a higher level of abstraction than OpenGL, making
it simpler to develop visualization and graphics applications [1].

This software can easily manage the display stereo capability. The library
already contains a set of classes to generate two images/scenes (right and left
eye) for stereoscopic visualization [4].

Fig. 4: RV system

5 System architecture

Taking the picture 2 in section 3 and figure 4 it’s easy to perceive what has
taken place in the system. The 5DT glove is used as the primary manual input



device. This represents a major constraint in our application since it won’t work
with another glove. By wearing it, the user can manipulate a three dimensional
object, and is able to interact with the application using a set of gestures. When
a recognizable gesture is detected, the application responds with the appropriate
action.

Fig. 5: Gesture Interaction Scheme

The limitations of the language gesture recognition of the 5DT glove led
us to implement a state concept (figure 5). The fact is that although this glove
recognizes 32 (2ˆ5) different gestures, some of them are too difficult to reproduce
or even impossible for some users. Certainly some users are more agile than
others and the set of most difficult gestures is different from user to user. But,
after some tests, a set of six or seven gestures were fairly distinguishable as the
most consensual between the test users. State concept allows that a short set
of gestures still provide a system with all the needed features. Although the
number of states should not be abusive otherwise could lead to complex system
and user disorientation and/or fatigue. To reduce system complexity some tasks
were grouped. This means that although they are different they share the same
basis or concept. Grouped tasks are performed by the same gesture. Doing so,
the system becomes more intuitive to the user leading to a faster learning of the



system behavior. In figure 5 there are represented as boxes the three states of the
system while the circles are the tasks that user can accomplish by choosing any
of the available arrows. In a more contextual view, arrows could be understanded
as gestures while circles are the consequence of doing the respective gesture. The
dotted boxes indicates the grouped tasks.

The interaction with the VR application would be more real if it was possible
to measure the user’s hand position and orientation in our world. Once the glove
is only capable of measuring finger bending, it is necessary the use of a motion
capture device, which was the Polhemus FASTRAK in this case. The 5DT glove
and the FASTRAK are combined to allow a better and more real interaction.
The solution won’t work with any other glove-tracker combination since we had
to follow the communication protocols and specific syntaxes from both. For
instance, if the user flexes his thumb (leaving the other fingers extended) and
rotates the glove’s hand, the 3D object will produce the same rotation in the
virtual world. To accomplish that, the tracker’s receiver is attached to the glove,
like in figure 6 to ensure that is immobilized. When it is not properly attached,
the application will act inaccurately.

Fig. 6: Glove and the Fastrak’s receiver

6 Final Results

As referred in the previous section, the application has three states. In the initial
one, the user can freely manipulate the extrusion die (rotate, move, zoom, etc. ).
The second state allows user to cut/slice the extrusion die (figure 8). Let us focus
the ability to cut/slice in any direction and position. The final state pop-ups a
configuration menu (figure 9) where user can navigate and select the desired
options (switch variable [figure 7], bounding box, axes, etc.).

During development several volunteers helped us by testing the application
and giving some feedback. We were then able to respond to common interaction
issues driving the solution to be more user friendly and intuitive as possible.
The curiosity and satisfaction noticed on users indicates that the application is
appealing even to people without interest neither knowledge on extrusion dies.
These signals are encouraging an positive but are not enough: we can not rely
on them. We want to make sure about the application utility for extrusion die



(a) Scalar Visualization (b) Vector Visualization

Fig. 7: Variables Visualization

(a) Example Die 2 (b) cut plane selection (c) cutted die (d) rotated die

Fig. 8: Slices example

design. This led to a more formal test with user in the area. We analyze the
results from this tests in the following section.

7 Conclusion

A dozen users were invited to test the solution and fill a short survey. All of them
work in extrusion dies area, which makes their opinion a good hint of a possible
market reaction. In a scale from 0 to 5 they have overall rated the solution with
4,3. They effectively found it useful, rating this aspect in 4,4. Most of them say
they would use it in extrusion die design if given the chance, maybe because of
extrusion 3D die manipulation which was found by them the most important and
innovative functionality. These results prove the solution utility and usability.

Although, they don’t quite believe this solution could lead to extrusion die
design improvement in the near future. Last but not least some of them found it
a bit difficult to interact with the system, so a few improvements should be done
on this. The truth is that adopting 5DT Data Glove some serious constraints



Fig. 9: Configuration State

were attached to the solution. More sophisticated gloves could lead to other set
of gestures and even other approaches to accomplish the tasks given.

A generic solution would be absurdly harder to implement and would need
the experiment of other material. Although the code produced followed this idea,
so it is very modular. But due to hardware different approaches, a truly modular
and scalable solution is tough to achieve. Also, many others developments could
be done to get a more immersive solution (like adopting some haptic feedbacks)
but time and money limited us in this chapter.
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