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Abstract:

Contemporary advanced virtual reality systems use different stereoscopic
3D visualization technologies. In this study, VR systems from one projection
wall up to VR systems with six projection walls have been evaluated. Besides
the optical properties tested with architectural 3D models, the user interfaces
have been analyzed with reference to exact and intuitive control abilities.
Additionally, the workflow of an early architectural design process with
CAAD generated 3D models and VR visualization techniques was analyzed. It
turns out that current VR systems exhibit shortcomings in visual and spatial
representations, as well as tools for an early design process.

1.

INTRODUCTION

A computer simulated, immersive, and interactive environment can be set
up in various different configurations ranging from desktop virtual reality
(VR), through partial and fully immersive virtual environments to
augmented reality and telepresence. Desktop virtual reality is a low-cost
solution, usually non-immersive, with a conventional computer monitor as
the output device for a rendered three-dimensional environment. Partialimmersive systems are normally projection-based, such as so-called
powerwalls or workbenches. They display a depth effect in the field of
vision that is covered by the projection area. Thus, they offer an intensified
sense of presence, as well as greater appreciation of scale than desktop
installations. Nevertheless, the most compelling experience of virtual reality
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is conveyed by fully immersive VR systems, known as head mounted
displays ‘HMDs’ or cave automatic virtual environments ‘CAVEs’ (Types
of VR Systems, 2003). Immersive virtual reality utilizes specific display
technologies and tracking devices in order to create virtual presence, a
sensation that “Is experienced by a person when sensory information
generated only by and within a computer compels a feeling of being present
in an environment other than the one the person is actually in.” (Sheridan,
1992) The interaction devices of these VR systems vary from combinations
of typical 2D mice and keyboards over so-called spacemice up to 3D
pointers and data gloves (Figure 1).

Figure 1. CAVE application and data glove

New developments in telecommunication and computerized media
technology of the late twentieth century had an enormous influence on the
process of drawing and drafting, and on the dependent design professions.
Computer aided architectural design (CAAD) enabled designers to gain
more control over the realization of their proposals, as the computer was a
fast and accurate medium for three-dimensional modeling, and thus, a
valuable method for representing detailed propositions. Hence,
computerization has reorganized and redefined the nature of architectural
design and even that of the architectural office itself (Campbell, 1994).
Nevertheless, determining strategies for architectural design is a complicated
procedure, realizing them being even more difficult. Different solutions were
proposed to cope with this situation, mostly constituting an aid for the
architect in one way or another, but not dealing with the principal questions
and intrinsic problems of CAAD. As a result, the early design phase is still
dominated by the traditional design tools and doesn't show any attempt of
shifting towards a more computerized design process (Kurmann, 1998). At
the early conceptual design phase, the architect’s work is essentially based
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on ambiguity and vagueness. In contrast, commands in CAD systems always
expect exact values.
The difficult use of computer interfaces compared to the intuitive use of a
pen comprises another vital disadvantage in CAD systems. Additionally, the
selection of new commands and the input of exact values distracts from the
design task. Furthermore, most commands in CAD systems are based on
precise dimensioning, which almost freezes the creativity of an
inexperienced user. The fixed scale is an additional problematic issue, as it is
missing in computer drawings, and thus complicates the judgment process in
respect to the verification of the functional and aesthetic correctness of a
design (Kulinski, 2003).

2.

PROJECT FRAMEWORK

A major advantage of computer based visualization of 3D models is that
it offers the possibility to enhance the imagination, comprehension, and
evaluation of models or concepts, which are otherwise difficult to capture. It
provides a highly informative overview, strengthened by the interaction with
the simulation, which in turn enables the conceptualization of relations that
are not apparent from a less dynamic representation (Weiss, Jessel, 1998).
Another major advantage of virtual reality is the increase of engagement
that can be reached, as the control of the virtual environment can be put
down to natural movements of the user’s hand or head (Smets et al., 1994).
Since the interface is directly linked to the natural way of examining real
environments, it can be intuitively used for the exploration of virtual
environments. The users are able to look and move around as in reality,
which minimizes the danger of misconception inherent in the bird’s eye view
perspectives that scale models and computer generated images often give
(Henry, 1992).
For architects drawing sketches and building physical models seems to be
the natural way to start a new design process. At that point the use of any
computer based technology often leads to misunderstanding or even refusal
among traditionally orientated architects. The reason for that is most likely
the exactness of virtual reality models – they look finished at a period of
time when typically most changes in an architectural design take place.
Difficulties in giving hints or corrections appear, because basic knowledge in
3D modeling and interaction with the VR system is needed.
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PROJECT DESCRIPTION

To date, a great number of virtual reality research has been carried out,
which explored many problematic issues concerning the technology. But
while most studies were focused on special technical issues, or were rather
general, reviewing a wide range of application areas, little work was done to
compare these systems in respect to their state-of-art in the architectural
domain. It is also important to note that the illusion of Virtual Reality is
based on a great deal of unspoken beliefs, which make it necessary to
critically review the potential and relevance of the use of virtual reality
within the architectural domain.
In this study four categories of VR systems have been examined, in order
to provide a cross-section of contemporary systems: A ‘powerwall’, a
‘holobench’, a ‘head-mounted display’ and a ‘cave automatic virtual
environment’.

Figure 2. (left) Powerwall set-up at the Technische Universität München (TU Munich),
(right) Holobench set-up at the Leibniz Rechenzentrum Munich

The powerwall set-up at the TU Munich is an individual construction of
three connected 1.4GHz PCs with GeForce3 graphic cards and a spacemouse
as control interface. Two beamers equipped with polarization filters project
the computer generated pictures on a special screen, which preserves the
polarization direction. To get a true three dimensional impression, an
observer needs polarization glasses that select the pictures for each eye
(Figure 2 (left)).
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The holobench set-up at the Leibniz Rechnezentrum in Munich was
acquired as a complete package, which utilizes a SGI Onyx2 Workstation
(4 processors) with an InfiniteReality2 graphic card (1 graphic pipe). It is
equipped with two projection screens. The beamers alternately produce one
picture for the right and one picture for the left eye at a frequency of 48Hz.
So-called shutter glasses darken alternately the view through the glasses on
each side likewise at 48Hz. Here, a pointer device is used as control and
interaction interface (Figure 2 (right)).

Figure 3. (left) HMD set-up at the Bauhaus Universität Weimar, (right) CAVE set-up at
the IAO Stuttgart of the Fraunhofer Gesellschaft

The HMD set-up at the Bauhaus University in Weimar is also an
individual construction, based on a 1.9GHz Dual Athlon PC with a
GeForceDDR graphic card. Furthermore, its visual device consists of two
small monitors close to the eyes and a lens system for an optical correction.
The same pointer device as in the holobench set-up is used (Figure 3 (left)).
At the IAO in Stuttgart the most sophisticated VR system examined in
this study was build up. It was bought as a complete package including a
SGI Onyx3 Workstation (8 processors) with an InfiniteReality3 graphic card
(6 graphic pipes). The observer of a virtual scene is located in a room of
2.9m x 2.9m x 2.9m size with six projection walls around. Beamers with
alternating pictures for each eye and shutter glasses are used. The control
and interaction device was developed by the IAO and is non-commercial. It
is similar to the pointer devices of the holobench and HMD set-ups (Figure 3
(right)).
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The first part of the examinations deals with the basic properties of the
VR systems. They can be outlined as follows: Visual display qualities
(VDQ), spatial impression, and navigation. Therefore, three predefined
models of varying complexity have been used. Details about these models
are shown in Table 1. The simplest model shows a spatial design based on a
number of tilted planes with cut-in holes. The second model could be
described as semi-complex. It shows two buildings with a higher level of
detail, such as visible construction elements and staircases, while the
surroundings were kept rather abstract. The third model offers a complex
scene of an exhibition hangar. It comprises a very detailed depiction of steel
construction elements as well as people, trees and air-planes.
Table 1. Predefined models, general information
Abstract Model
Semi-complex Model
Polygon Number
1 295
23 696
Lights
1
3
Textures
File Size (VRML 1)
55 kB
1 043 kB

Complex Model
226 760
5
18
17 414 kB

Figure 4. (left) Abstract model, (middle) Semi-complex model, (left) Complex model

Due to different software capabilities in importing 3D data, VRML 1 and
VRML 2 were chosen, because all systems were able to read at least one of
these formats. Moreover, import filters for file formats with a wider range of
possibilities in defining surfaces, lights or animations, like 3DS or MAX, are
missing in the examined VR systems.
The goal of the second part of the study is to reveal the impact of
different VR systems on the creativity of a designer and the way he
communicates his proposal. In addition, the aim is to describe a possibility
of using these systems for the conceptual design phase, in contrast to the
traditional design approach. The subject of that task was set in relation to the
abstract architectural model used in the first part. It was the result of a
competition for the rearrangement of the main interior space of the German
pavilion at the architectural biennale in Venice in 2002. The theme was
formulated as ‘Next’, addressing the next generation of architects, who
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should analyze the obvious, the essence of architecture, and formulate a
thematic interpretation (Figure 5).

Figure 5. (both images) Experimental design for the main interior space of the German
pavilion in Venice

The tests have been carried out with questionnaires. For that task, sixteen
probationers were randomly assembled in teams of two. Firstly, the VR
systems were examined on issues like spatial impression, visual display
qualities and ease of use of the 3D interaction devices. Then the probationers
had to develop a design for the main space of the pavilion as described
above, starting only with CAD and VR systems, and then only with sketches,
cardboard and glue.

4.

SYSTEM COMPARISON AND EVALUATION

High quality visual representations are crucial for a realistic experience
of virtual environments. They should guarantee the perception of
stereoscopic imagery and be capable to track the varying positions of the
head, thereby constantly updating the images and revealing the performed
movements in the virtual reality. Basically, the viewer should receive
colored visual stimuli of acceptable resolution, an adequate brightness as
well as motion representations of high quality (Gobetti, Scateni, 1998).
Unfortunately, the reality turns out to be different as shown in Figure 6. One
main reason for the poor estimations might be a too simple light and surface
representation. Because of the need to calculate new images from new
viewpoints in a fast manner, extensive render methods are not used. Table 2
illustrates an overview of information relating to the visual display qualities
inherent in the tested VR systems.

106

DDSS 2004

Table 2. Visual display qualities, basic technical data
Powerwall
Holobench
Resolution
1024 x 768
1280 x 1024
Projection Screens
1
2
Display Size
2.4m x 1.8m
1.8m x 1.1m
Refresh Rate
Color Depth

LCD
32 bit

48Hz
24 bit

HMD
800 x 600
2
0.90m x 0.67m
(optical corrected)
LCD
32 bit

CAVE
1024 x 1024
6
2.9m x 2.9m
60Hz
24 bit

Moreover, a major factor that accounts for display quality and thus for
visualization of computer graphics is the rate at which those can be
produced, also known as frame rate. As the virtual world is interactive, and
therefore the position of the user and the viewed parts are unknown, the
computer images can’t be created in advance, but have to be produced in
real-time as they are being shown to the observer. The frame rate is
expressed in terms of frames per second (fps), with higher values leading to
smoother graphics and lower values leading to images that appear jerky. For
smooth simulations at least 24 (the frame rate of movies) or better 30 fps
need to be displayed (Burdea, Coiffet, 1994). Due to viewpoint changes of
average speed, a range of frame rates was determined with the VR systems
depending on the complexity of the models (Table 3).
Table 3. Frame rates depending on the predefined architectural models
Powerwall
Holobench
HMD
Abstract Model
38-70 fps
15-48 fps
8-16 fps
Semi-complex M.
29-70 fps
6-16fps
5-8 fps
Complex Model
15-51 fps
< 1fps
not displayed

CAVE
27-36 fps
19-25 fps
7-13 fps

At least two of the four tested VR systems generate satisfactory frame
rates (powerwall and CAVE set-up) when abstract or semi-complex models
were displayed. However, none of the systems fulfill the requirements of a
fluent real-time presentation with a complex architectural presentation
model.
The first impressions of the probationers being ‘in’ the virtual world
varied from confusion to fascination. Typically, after a short period of time
- less than five minutes - they got used to the new environment and reported
about their spatial impressions. The highest values that indicate an
acceptable immersion into the virtual world were evaluated for the
holobench and CAVE set-ups (Figure 6).
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Figure 6. Visual display qualities and spatial impressions of the tested VR systems

Today, the interaction with a computer mostly occurs in a twodimensional environment, including mouse and keyboard inputs. In contrast,
all tested control interfaces of the VR systems are 3D devices with six
degrees of freedom. The input device of the powerwall set-up is a
spacemouse, it shows similarities with common 2D computer mice.
However, besides lateral movements pushes, pulls, and twits can be
performed. For the probationers it turned out to be quite difficult to learn
how to utilize this device efficiently. More trained persons do not seem to
face these kinds of difficulties. Even more, this piece of equipment was
elected as the best 3D input device in a magazine for professional CAD users
in 2003 (CADCAM report, 2003).
The holobench and the HMD set-ups were equipped with the same stylus
devices. The user may hold them in one hand, and points to the direction he
wants to look at. For movements the button on top of it must be pressed.
Unfortunately, backward movements were not supported by the HMD
set-up. To reach a starting point, one has to go forward and then turn around.
The interaction device of the CAVE set-up works similarly to the stylus
system. It is a self-developed tool of the IAO in Stuttgart called ‘hornet’
without limitations in any direction. This mechanism turned out to be the
most manageable one, as documented in Figure 8. Beside issues concerning
the movements, some problems, such as to keep the plane, and the ease of
collision with objects in the virtual world were evaluated.
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Figure 7. Interaction devices: (top left) Spacemouse (top right) Stylus, holobench set-up
(bottom left) Stylus, HMD set-up (bottom right) Hornet
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Figure 8. Navigation in the VR systems

Finally, the test persons had to compare their traditional way to design
with the use of CAD and VR systems. Therefore, it was necessary to choose
a simple task which made it possible to develop a spatial design in a short
period of time with just a few architectural building parts like pillars, walls,
and ceilings. The probationers were told to find their own solution for the
main hall of the German pavilion in Venice as shown in Figure 5. It was
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essential that they had to begin with a complete new design to guarantee a
comparison of the early architectural design process in a traditional way with
sketches and physical models and with CAD-models and VR systems.
It was thought that the spatial impression of a VR system, and the ability
to walk through a virtual space with dimensions similar to reality, could be
very helpful for that early phase. The probationers had to keep in mind that
their traditional way of designing was set on a level of 100%. Yet all of the
questionnaires exhibited values below 100%, indicating that none of the test
persons characterized the use of CAD and VR systems superior to the
traditional tools (Figure 9). Mainly, because design on CAD systems with
exact drawings instead of the fast and abstract way of sketching was reported
to be baffling. But also time-consuming necessities like importing data from
the CAD computer system in the VR system hindered an overall fluent
process.
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Figure 9. Creativity using VR systems

However, some positive aspects must be annotated. The most evident
advantage of a VR system as design tool is the possibility to move inside a
virtual world and experience its spatial impression. Furthermore, simple
changes of a basic design, like variations in size or the repetition of several
building parts, can be performed more easily than with cardboard models.
Additionally, other observers than architects e.g. stress analysts or building
owners, may find visualization in a true scale very helpful.
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CONCLUSION

Contemporary VR systems have the capability to display semi-complex
architectural models in an adequate manner. In contrast, presentation
models, which display more complex details, typically used for rendered
images or animation movies, cannot be presented with sufficient frame rates.
Another disadvantage is the reduced quality of the displayed images in terms
of natural lighting and surface representation. Furthermore, navigation of the
user within the virtual world is a critical issue. Some new devices like the
‘hornet’ turned out to be easily and intuitively utilizable, especially in
combination with a fast VR system. Otherwise disorientation could affect an
observer.
However, Moore’s law is still unbroken, which describes that
approximately every 18 months the computer capabilities double (Moore,
1965). Thus, acceptable frame rates even for complex models will be
realized in the near future. Even more, the display quality will improve:
Modern non-stereoscopic but interactive virtual scenes, as shown in
Figure 10, allow smooth navigations even with highly detailed models and
complex light simulations.

Figure 10. Highly detailed VR scene (Osmosis, 2003)

For an architectural design process the low speed of the entire procedure,
as well as the difficulties in translating spatial and conceptual thoughts in
precise CAAD models, leads to a restricted usability of the VR systems.
Skilled designers do not seem to benefit from true-scale impressions of
planned objects. Due to their education they are familiar with spatial
imagination, and often do not need this kind of presentation. Nevertheless,
the possibility to quickly alter CAAD models was reported to be quite
positive, especially for making changes after a basic concept was found.
Several major improvements could be introduced by the integration of
enhanced interaction devices, such as digitizer tablets with pressure-sensitive
pens for the basic design, and easy to use software interfaces for a better
3D data exchange. After that, a workflow with a higher flexibility could be
established.
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