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Abstract tuitive interaction mechanisms that can be easily con-
figured for different application scenarios.

Projects in the area of architectural design and urban

planning typically engage several architects as wgkywords: Augmented Reality, Tangible User In-
as experts from other professions. While the desigifaces, Architectural Design, Urban Planning, Simu-
and review meetings thus often involve a large numbegfion, CAD

of cooperating participants, the actual design is still

done by the individuals in the time in between those

meetings using desktop PCs and CAD applicationsJA Introduction

real collaborative approach to architectural design and

urban planning is often limited to early paper-basédchitectural design and urban planning — at least for
sketches. sophisticated projects — have always involved highly

In order to overcome these limitations, we designEgePerative tasks. Individual phases within a project

and realized the ARTHUR system, an Augmented F&f;en change between close cooperative situations, for

ality (AR) enhanced round table to support compldiStance, during design and review meetings, and indi-
design and planning decisions for architects. Whifiual work carried out by the participants or third par-
AR has been applied to this area earlier, our approd&§- While between these meetings, people involved
does not try to replace the use of CAD systems KR}{cOUrse have a common goal they contribute to, they
rather integrates them seamlessly into the coIIabo\f’é\I-I however focus on individual parts or aspects of it.

tive AR environment. The approach is enhanced by R_yrlng the design ar_1d review meetl_ngs problems are
discussed and solutions or alternatives are proposed.

Digital Peer Publishing Licence However, the actual preparation of particular solutions
Any party may pass on this Work by electroni¢ is once more performed by the individuals (leaving the
means and make it available for download ungdefinal decision to one of the following meetings). Real
the terms and conditions of the current version collaboration is often limited to the creation of very
of the Digital Peer Publishing Licence (DPPL). early design sketches. From an architect's point of
The text of the licence may be accessed and view it would be desirable to have an additional sup-
retrieved via Internet at port tool allowing to improve the cooperation in a way
htto://www.dipp.nrw.de/ ] that supports real collaboration within meetings. This
Firét presented <;:lt the International Conference would in turn allow for much faster design and review

of Human and Computer 2004, extended and revisegycles.
for JVRB In this paper we will present our approach to an AR

urn:nbn:de:0009-6-348, ISSN 1860-2037


http://www.dipp.nrw.de/�

Journal of Virtual Reality and Broadcasting, Volume 1(2004), no. 1, page 2

system supporting the different phases of architectutta¢ collaborative design of products and production
design and urban planning. The goal of our approdates, as well as for architecture and urban planning.
was to provide an environment and tools to supportAn early prototype for collaborative planning is
the collaboration between the experts involved in theBgILD—IT [RFKT97]. BUILD—IT supports engineers
particular meetings, without radically altering or evein designing assembly lines and building plants. The
replacing established working procedures, or acceptedhnical infrastructure is based upon a table top inter-
tools and mechanisms. Rather, we tried to enhance #laéion area, enhanced by a projection of a 2D com-
meeting situations by integrating them into the wofkuter scene on the table top. Additionally, a video
of the individual contributors. This approach is rezamera is used to track small, specialized bricks, that
flected by the use of intuitive interaction mechanismsan be used as "universal interaction handlers”. A sec-
which allow even untrained users to benefit from thd, vertical projection screen provides a 3D view of
enhancements provided by the AR environment. Aghe virtual scene.
ditionally, existing tools such as CAD systems and pagicMeeting[RWBO0Z supports product review
simulation programs already used by the people ipeetings by augmenting a real meeting location. In-
volved were integrated to provide a rather seamleggad of real mock-ups, virtual 3D models are used,
transition between their individual daily work and thghich may be loaded into the environment from usual
collaborative work at the round table meetings. desktop applications or from Personal Digital As-
Our paper is structured as follows: in sect@we sjstants (PDAs). The MagicMeeting system explores
will discuss related work, before we will provide &everal interaction techniques, such as the MagicBook
brief overview of the ARTHUR System in sectid@ metaphor BKPO]L annotations and a C||pp|ng p|ane
In sectiord we will describe the major application artgol. The 3D models are linked to physical placeholder
eas, and how the system has been tailored to supp®jects and realize a tangible interface.
them. In sectiob we will present the feedback we re- AR-Planning TooJGFMO0Z] supports the collabora-
ceived from user tests, followed by the conclusion agde planning of production lines. Machines are mod-
a look into future work in sectiof. elled as virtual building blocks and can be positioned
by the user with a visually tracked paddle. The system
2  Related Work phecks the validit)_/ of the planned production I?ne, us-
ing a database with metadata for each machine. The

Recently, several approaches to deploy AR in the atSg" wears a video-augmented HMD to see the virtual
of architectural design and urban planning have beé®achines.
made. For construction sites, for instance, it has beerf he Luminous Tabl¢IBJUT02], developed by the
proposed that an AR system might provide users witAngible Media Group, integrates sketches, physical
an "X-ray vision” inside a building, allowing them tandels, and Computational simulations into a single
see, for instance, where the pipes, electric ducting, aMerkspace. 2D drawings and 3D physical models are
structural supports are situated inside walls and ab@xgmented with a 2D video projection to simulate sun-
ceilings FWK 95 WFM'96]. Such systems visual-light shadows, wind patterns, and traffic. The physical
ize hidden features of a building and are well suited @jects are tracked with cameras.
support maintenance and repair. AR is also useful toARVIKA[Fri0Z] realized AR applications for devel-
get a realistic impression of existing plans. Thomas@ament, production and servicing. One of the appli-
al. [TPG99 developed, for example, a system for agations developed within ARVIKA allows for collab-
outdoor visualization of construction plans. Desigmgative plant design. Paper-based floor plans are aug-
are exported from a CAD application and displayedented with virtual objects to get a better impression
in their physical outdoor context using tRiéNMITH2 of the current planning. Placeholder objects are used
system to position virtual objects; menus can be used to insert
An approach that goes beyond the visualization @f delete objects.
spatial designs is the support of collaborative designAR systems for collaborative design and planning
and planning tasks. Common meetings are enhantgacally support the spatial composition of larger de-
with AR technology to allow for a joint view and col-signs from existing building blocks (compare BUILD—
laborative manipulation of complex spatial problemBl). They integrate planning rules (compare AR Plan-
The following subsections summarize AR systems foing Tool) and sophisticated interaction metaphors
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(compare MagicMeeting), and they have mature cdmased presentations, as well as for non—see—through
cepts for integrating physical and digital workspacégad mounted displays.
(compare Luminous Table and ARVIKA).
But still, they are restricted regarding intuitive inter- jgpiiation \\ X
action mechanisms and functionality. ARTHUR tries W[;% E
API

to preserve the natural communication and collabora- — head tracking

tion between meeting participants. We are using opti- s il
. . L. ystem Framgwgrk o~
cal augmentation and wireless computer—vision based (EERER zTIIL I
trackers to allow for a natural 3D collaboration. Vir- Dstereo 3 —

tual objects are displayed using stereoscopic visualiza- 30 sro Wand
i“i) {gter tracking

tion to seamlessly integrate them into the physical en-

vironment. E K K &
Another important issue is the amount of modifica?° visuaizaton gesture recognition

tions which may be applied to the original model using

the facilities of the AR system. In ARTHUR geometrq, re 1:The basic components of the AR framework

is not just imported from modelling software, but CaORGAN

be directly created within the AR environment. Addi- _ o '

tionally, ARTHUR integrates a full professional CAD The 3D visualization component is based on a

system to support more advanced functionality, sue@mponent-based scene graph architecture. While an
as 3D sketching and extrusions. optimized internal scene graph is used to perform the

actual rendering, external scene graphs are attached
to support and preserve individual native scene graph
3 The ARTHUR System structures. This architecture allows us to use, for in-
stance, VRML'97 for the description of the 3D user in-
The ARTHUR system is based on several individuidrface elements, as well as for objects created within
components, including the MORGAN AR frameworkaRTHUR, while eg. CAD objects may use their own
AR displays, computer vision (CV) based input meclhdividual external scene graph (see also sedi@h
anisms, as well as a Graphical User Interface confighe scene graph has been enhanced in order to specif-
uration. The major system components are discus;;@cghy support AR (phantom objects, video and im-
in more detail in the following subsections. For furage backgrounds) and fundamental AR/VR interaction
ther information on the individual components of thféchniques (highlighting of objects, universal picking,
ARTHUR system see alsSL™04] and GMS™03]. and collision detection). In the overall system, there
exists one visualization component for each individual

3.1 The MORGAN Framework user, thus, rendering is performed locally. In order to
achieve this, the scene graphs are replicated among the

Our AR framework MORGAN consists of three majojgividual visualization components and kept synchro-
parts: the 3D visualization component, the distribiized upon changes.

tion and communication framework, and the develop- ) ]
Our AR framework MORGAN provides the dis-

ers’ application interfaceQHL™04]. e - ; ]
{Hbutlon and communication mechanisms required to

The 3D visualization component allows the user he i ) has h kit (i
see the ARTHUR scenarios in 3D using head mountgy nect the input devices, such as head trackirg (i

displays or other output devices. Rendering can | erSense 1S900 or InertiaCube?2), computer vision

either stereoscopic (quad—buffered or dual screen)!r?JQUt (placeholder tracking, pointer and finger track-

monoscopic. Augmentation within ARTHUR is usulNg. gesture recognition, alternative head tracking) to

ally done using an optical see—through augmentati(S’ﬁr,"_ar system components.gethe 3D stereo visual-
i.e., the virtual image is optically superimposes tgation components) (see Figu

real environment. The 3D visualization component, The MORGAN APl is a C++ based interface to the
additionally supports see—through video augmenfsR framework. It provides application programmers
tion, whereby the image from a head—mounted camexrigh an interface to the input devices connected to the
is superimposed by the virtual scene components. Téystem (tracking, object and gesture recognition), as
technique is used for screen—based, or projectiomell as to standard devices, such as mouse and key-
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board. Information on current scene graph obje@s3 Input Mechanisms

can be queried; objects may be created, modified, re- h ter visi cV ides th
placed or deleted. Additionally, the application pr{p our approach, computer vision (CV) provides the

grammer can access more advanced scene graph 8815 fgr user |n'put. We distinguish between'marker
gsed input devices, such as placeholder objects and

erations required to realize user interface operatioR ind d natural inout h hand ¢ q
such as picking of objects along a ray, or collision d%’-an S, and natural input, such as hand gestures an

. . ingertip tracking.
tection between objects. ) . . .
) The user interface devices are dedicated objects that

are tracked by the CV systertMBL"04] using color
and shape information. There are two types of devices:
placeholder objects and wand-like pointers.
Placeholder objects (PHCgre tracked in the table
plane, in two translational and one rotational degrees—
of-freedom (3DOF). They can be grabbed and moved

As part of the ARTHUR project, SaabTech devely the users (see Figu). By associating PHOs to
oped the AddVisor 150 — a new head mounted displ@g§€ or several virtual objects or functions, a tangible
(HMD) (see Figuré®) to fit the particular needs of theliser interface is created.

environment and the users. The developed HMD
a see-through high-resolution binocular (stereoscopi

display. The image is generated on two independe

full color 1280x1024 pixels (SXGA) liquid crystal on -
silicon micro displays. The display features excelle -

image quality, high brightness and contrast. ' o

The image can be shown superimposed on the e - \ \ }-

vironment with up to 35% see-through, or fully im- g
mersed. The HMD was designed for a 46 degree dia 5DOF pointer
onal 100% stereo overlap field of view. A 50% overlaf
can also be used, giving a 54—degree horizontal or §
degree diagonal field of view. It features a patented off
tical design, which combines a wide field of view with _ -
high transparency see-through and a patent peno'|: ure 3: _Input |mage_ for CV-based recognition of
head fitting system with easy adjustments, low weigRtOS: pointers, and finger gestures.

and eyeglass compatibility for most users.

3.2 AR Displays

Pointersare tracked in 5 DOF and provide three but-
hybrid tracker ~ tons, which may be used to initiate operations, such as
picking or selecting. Users may select and manipulate
the shape of virtual objects with a pointer, or use it to
navigate in virtual menus.

Additionally, two types of hand-based input may be
used, namely static command gestures and 3D finger-
/ - tip tracking. 3D fingertip tracking may be used to draw

- g aline in space, or, to navigate in pop—up menus, select
items and execute actions.

3.4 Graphical User Interface Configuration

A graphical language (GRAIL) was developed to al-
low users to configure the relationships between the
_ “input mechanisms (3DOF PHO, the 5DOF pointers,
Figure 2: ARTHUR See-through head mounted digjnq the command gestures) and the virtual objects.
play (HMD). GRAIL also provides the user with the ability to link
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el 555 tion partners as well as designers, in order to provide

for feedback on a user as well as on a technical level.

4.1 Supporting Architectural Design and
Review Meetings

In this scenario, an urban context model of the City of
London served as a testing ground for both architec-
tural as well as urban design. The scenario is based on
a real-world example, namely the recently completed
Swiss-Re high-rise building. Issues involved in de-
signing and planning this building, and which can be
supported by the ARTHUR environment, included the
1 decision about the building area, the basic shape of the
shitselost Deselocion Save Dol Paste Cony adt o aicyiner aiscons aassl  PUIAING, the adaptation of this shape with respect to
the environment (é. surrounding buildings), the over-
Figure 4:GRAIL application all review of the final model, and the final presentation.

'
-
¥ '
1]

the ARTHUR system to external applications, sucl
as pedestrian and environmental analysis applicatio
and project planning and cost estimating application:
using scripting commands. The GRAIL applicatior
resides on top of the MORGAN API (see sectidi)
and acts as wol building toolto develop AR user in-
terfaces that define the properties and characterist
of the overall interaction environment. It allows user
to create a range of tools by graphically defining th
relationship between input mechanisms and virtual o
jects (see Figurd). For instance, a two—finger gestureg
could be used astaol for creating virtual boxes in the |
AR environment.

Figure 5: Two users collaborating at the augmented

. . . round table
4 Application Scenarios y

For the first task, the model of London was dis-
In this section we will describe three application scetayed on the table—top, allowing the users to find a
narios, which are typical for the use of the ARTHURuitable building space. This included the possibility
environment. The first scenario represents a typitalremove existing buildings in order to create an ap-
design or review meeting situation. In the second sgeopriate freed—up space within the model. User were
nario the presentation of complex data enhanced thgn free to introduce new basic 3D objects and ma-
simulations is demonstrated. The third scenario finalljpulate them as a matter of 3D sketching. While the
demonstrates the close integration with existing CAfihal basic shape ("the cigar™) was created outside
software. the ARTHUR environment, the system allowed users
The task of creating a system such as ARTHUR de- manipulate this shape interactively by using place-
mands a high degree of communication and colldielder objects on the table or the 3D wand. Once the
oration with potential users, in this case, trained dmal shape was decided upon, an additional fine tuning
chitects. In order to ensure the success of this undegarding the size and exact location within the desired
taking, the technique of scenario-based des®R@02] space was performed. For the final review, the rather
was adopted for developing the system. The three scearse design model was replaced by a more refined
narios were designed collaboratively by the applicarodel of the actual building (see Figusg

urn:nbn:de:0009-6-348, ISSN 1860-2037



Journal of Virtual Reality and Broadcasting, Volume 1(2004), no. 1, page 6

4.2 Integration with Simulation Software B

Urban planning decisions typically require a thorougf“—_;t‘
consideration of different alternatives, involving as '
pects, such as the overall design, the affordability,
the impact on the local environment. While costs ca
be easily calculated, design decisions are more co
plex. They are often based on real models, and the
impact needs to be investigated by studies or sim
lations. The decision process itself, however, is 0
ten lacking a comprehensive mechanism to combi
all relevant information. In our approach, we integrat
the various aspects into the ARTHUR system, facilitat
ing a more efficient decision finding. We will demon-

strate the approach with a pedestrian simulation within
a cityscape scenario. Figure 7: Close-up of the Augmented Reality based

interactive pedestrian simulation.

trian numbers measured at 78 "gates” randomly lo-
cated within the arealur03 MSLT04]. Thus, while

the movement of an individual agent will typically
not that closely resemble those of a human equivalent
that much, the overall movement of a large number of
agents is quite insightful and allow the users to draw
conclusions regarding the position of new buildings.

The system allows placement of a specified number
of agents within the cityscape scenario. The MOR-
GAN API allows the agent simulation engine to talk
to the augmented reality application. A simple object
model feeds the agents’ new locations to the front end,
Figure 6: Users adding pedestrian agents at the gﬁ\ils_t the fr_ont end_ feeds curren_t bui_Iding locations to
pointer location. the simulation engine. Agent animations are then exe-

cuted locally at the front—end, using a dead-reckoning

We have implemented spatial agents that respaldorithm. The actual walking speed is determined by
dynamically to changes in the locations of objects a@he distance of the new position. As soon as a new po-
the table. The movement rules for these agents siton update is received, the new direction is locally
based on space syntax theory. Space syntax deals vétitalculated for the individual agent, and the new
the configurational properties of environments. Sp@avel path is started. All agents share a single walking
tial agents use vision to assess the configuration, amimation in order to keep the visualization scalable to
move towards open space by a stochastic process,even several hundred agents simultaneously. It is pos-
by choosing a destination at random from the availalglile to set up the agents’ starting locations and direc-
space, and walking towards it. tions, for instance, for simulating the effect of trans-

In this way, they are configurational explorers. Thgortation terminals within the system. Buildings are
rules are: walk 3 steps, look around and choose a nesually attached to a PHO in order to be moved.(e
destination, walk 3 steps, and so on. If their field ¢fie cathedral, see Figufizand Figure/Z). The agent
view is set to170° (approximately human vision), thesimulation program will prevent agents from choosing
agents start to move, on aggregate, in a human lkeath leading through dynamic objects (see Fi@jre
manner. In an experiment within a 1k square area Currently, the representation of these dynamic objects
of the City of London, there is a correlation coeffiwithin the agent simulation is limited to the bounding
cient of R? = 0.67 between agents and actual pedesoxes of these objects.
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- Apents

File Edit Yew Help Agents

0w 2 RS| T~ K=
ST

7

| A\

9% ﬁf

e 1 Figure 9:3D model within the original CAD applica-
tion

Figure 8: Screenshot of the pedestrian simulation a

plication

4.3 Seamless Integration with a CAD System

Architectural design without the possibility to make
changes to the virtual model does not provide any m
jor advantages compared to the use of real static ma
els, since the results of a review have to be integrate
into the virtual model individually using CAD soft-
ware. Frequently, designers actually carrying out th
integration task, did not even take part in the revie
process.

So far, CAD system integration into AR or VR usu-
ally meant exporting the CAD data into a specific 3L
graphics format, such as VRML'97. This method has
several drawbacks, including the loss of geometridzgure 10:Same 3D model within the ARTHUR envi-
details or precision, and the loss of object semantiégnment

The major drawback however, is that an interactiyg drawing a sphere, a torus, or a b-spline), chang-
modification of the original model is not possible, ei-ng colors, extruding surfaces, and moving, copying
ther because it results in multiple back and forth cogy geleting objects. Basically, all operations available
versions between the individual formats, or, becaus@ithin the CAD software can be integrated into the
requires all changes applied to be repeated within tRRTHUR system. Therefore 3D menus providing ap-
original CAD system. propriate entries representing the commands or user
To overcome these limitations, a development prigterface elements of the CAD system have to be sup-
totype of the forthcoming version of the Microstatiomied to the ARTHUR system (see Figuid). This
CAD system has been integrated into the ARTHUep is rather simple, as it only requires the specifi-
system. This allows users to model their objects #ation of an appropriate user interface description file
3D above the table-top (see Figuté) without the ysing XML (see Figurd?2). By selecting or executing
need to switch back to the 2D CAD desktop (see Figre 3D user interface elements, the appropriate com-

ure9). Users may create or interact with objects &hands in conjunction with relevant 3D input data are
ther by using the 3D pointer or finger gestures. Virtufen sent to the CAD software.

menus located above the augmented round table allow
for performing different operations directly within the Only a single instance of the CAD system is ex-
CAD software, g. for creating 3D geometry (suchecuted at a time, ensuring a consistent CAD model.
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5 User Experience

Although CAD—-systems have been widely used by ar-
chitects, their potential has never truly exceeded that of
a powerful drawing and visualization tool. Nonethe-
less, design itself is still predominantly achieved by
means of hand drawings and physical sketch models.
ARTHUR provides designers with a new instru-
ment that links digital 3D-models to interaction mech-
anisms similar to those of the real world. Interaction is
simple and intuitive. Contrary to existing, highly com-
plex, and often confusing CAD interfaces that stand
in the way of design creativity, ARTHUR provides a
simple and intuitive interface for design creation.

Figure 11: 3D menus representing CAD software Furthermore, it enables designers to truly enter into

commands a collaborative form of design, which is beyond the
e mode of taking turns or creating individually, thus far
Raipstosis not provided by any other design tool. Apparently, one
<elementStyle fgColor="0.1 0.1 0.8" bgColor="0.8 0.8 0.8" layout="horizontal™> . .
<releuencicyle: of the most interesting aspects of the ARTHUR devel-
<rextityle family="SERIF" style="PLAIN" =zize="12" color="1.0 1.0 1.0"> . B )
e opment lies in what it seems to reveal to us about the
{6162;:;:\1: 1d="0" phoTd="3" hasHandle="true” isEnshled="trus" position="0.0 0.1 0.07> Way deS|gners Collaborate
iy 3011 st sl posstian.0 0.1 0.0% However, it was also noticed that such a system
ngEnalsder. \inegae sapiine pagt probably will not replace existing CAD or desktop—
basiiinabeiper i taiinese L SPACE CORTE SE08 o based 3D—modelling software in the near future. For
CMgEnaieae”, | magee,ertrade.pedt several tasks, especially as far as a high precision is
imgfelected=".%inages\extrude h.png” . e . . . .
maiclingieper Tiatse wuianes e swne momen < | r@QUIred, traditional user interfaces still provide sig-
agEndbleac. | inagee i reccons. p nificant advantages regarding the quality and the time
e needed.
S Two different kinds of behavior were noticeable in
e Iper T EaleeT naKlinesT-ITSET VIED SWOOTE </imesons our user tests of collaboration. In the first, one member
</element> .
</unentace) of the team would take charge of the process, and di-
Figure 12:XML sample file rect actions. This is common in design teams in most

architects’ offices. In the second, collaborators began
Each user's input is sent to the CAD integratiog, pjay games, particularly when users were faced with
component, which ensures the synchronization of d§gyjated pedestrian movement. We believe that cre-
views of the individual users. Using the update mecgﬁng architectural forms and working on a task col-
anism of the CAD system, the component diStribUtFé‘boratively became a game that users enjoyed, and,
the results of the interaction to the attached visualizgs 5 result, this enhanced the level of collaboration
tion components. Since the CAD data is not convertefFi.MgS+04, gSPM04. "The actual making of deci-
all semantic information is preserved. This is also tr'de ns about forms in space - had a strong and inevitable
for behavior attached to objects, such as kinematics;ycjg) dimension, and as such was influenced by the

way in which involved parties interactedH{G8§. In
addition, the agents’ appearance on the design table
encouraged the users to understand structures within
User tests revealed that experienced CAD uségace as a dynamic experience rather than a static one
where able to use the integrated system even with@irough agents moving between spaces), and the in-
training. The main reasons were the similarity in tHeraction with the agents became an integral part of
menu structure as well as its look and feel, and the ntite designers’ conversation with the emerging design
ural and intuitive 3D input facilities provided by thedn the design tablgSPM04.
ARTHUR input mechanisms. Our findings to date suggest this and indicate that
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the ARTHUR system provides new chances, but alg&i02]
challenges, for human-—-computer—interaction in de-
sign, whilst staying true to core requirements of ar-
chitectural form creation based on visual perception,

spatial relationsAic91] and social behavior.

6 Conclusion and Future Work

In this paper we presented the ARTHUR system
supporting close collaboration between architects for
complex design and planning decisions. We intro-
duced its major components including the MORGAN

AR framework and GRAIL for configuring the user in-

terface. In our tests with architects and other users we
experienced that ARTHUR supports the understandiiégF-MO02]
of spatial structures and close collaboration between

meeting participants.

In our future work we will enhance the ARTHUR
system by using more flexible and light-weight com-
ponents (such as lighter displays, firewire cameras)
and further reduce the necessary set-up and prepara-
tion time. Based on user feedback, application scenGr

ios will be evaluated and improved.

So far this will include the integration of additional,
more advanced simulation programs (including but not
limited to solar heat gain and wind simulations), as
well as a more advanced integration with the CAD sys-
tem (and possibly the integration of additional CAD

systems and 3D modelling tools).
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