Integrating Real and Virtual Worlds in Shared Space
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Abstract

In the Shared Space project, we explore, innovate, de-
sign and evaluate future computing environments that
will radically enhance interaction between human and
computers as well as interaction between humans me-
diated by computers. In particular, we investigate how
augmented reality enhanced by physical and spatial 3D
user interfaces can be used to develop effective face-to-
face and remote collaborative computing environments.
How will we interact in such collaborative spaces?
How will we interact with each other? What new appli-
cations can be developed using this technology? These
are the questions that we are trying to answer in re-
search on Shared Space. This paper provides a short
overview of Shared Space, its main directions, core
technologies and applications.
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1. Introduction

In the Shared Space project, we explore, innovate,
design and evaluate future computing environments that
will radically enhance interaction between human and
computers as well as interaction between humans medi-
ated by computers. In particular, we investigate how
augmented reality enhanced by physical and spatial 3D
user interfaces can be used to develop effective face-to-
face and remote collaborative computing environments.

Shared Space integrates a number of novel interface
technologies, including:

Augmented reality. Augmented reality (AR), i.e.
overlaying of virtual objects on the real world, allows us
to integrate computer-generated and computer-
controlled objects into surrounding us everyday physical
reality [6]. Unlike virtual reality where the physical
world is completely replaced with synthetic environ-
ments, in augmented reality environments, 3D computer
graphics objects are mixed with physical objects to be-
come in a sense an equal part of the real world.

Collaborative computing. Using computers can be
a lonely experience: normally, there is no support for
collaborative activities in which several people can
work together. In the real world collaboration, objects
and information can be simultaneously and asynchro-
nously accessed by multiple participants at once, with
communication discourse flowing freely between the
participants. Shared Space aims to allow for a similar
freedom of collaboration and impromptu level of inter-
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action that we have in physical environments. We also
aim to address some of the limitations of current col-
laborative interfaces. These limitations include the lack
of spatial cues, the difficulty of interacting with shared
3D data, the introduction of artificial seams into a col-
laboration, and the need to be physically present at a
computer to collaborate [8, 12].

Physical interfaces. Interaction in today’s graphical
user interfaces (GUIs) is often dubbed as direct, mean-
ing that the user “picks” and “manipulates” interface
objects using mouse similarly to how we actually pick
and manipulate physical objects. When compared to
early command line interfaces, interaction in current
GUIs is indeed more direct; nevertheless, it can only be
loosely compared to our interaction with the physical
world. In fact, interface objects do not have physical
properties, and “picking” and “manipulating” them are
simply metaphors that help us understand how to use the
interface by drawing from our everyday experiences.
Shared Space investigates the use of physical, tangible
interfaces [9] where instead of using a mouse and a
keyboard the user can control computer by physically
manipulating multiple simple physical objects that be-
come a part of the user interface.

Spatial 3D user interfaces. 3D user interfaces, an
important topic in virtual reality, explore how users can
efficiently and effectively interact in spatial 3D com-
puter-generated environments. In spatial interfaces as
well as in the physical world, users are not constrained
by the 2D metaphor of conventional desktop user inter-
faces but can interact freely in space. Shared Space is a
3D user interface that provides the user with rich spatial
cues and combines spatial and physical interaction for
easy control and manipulation of virtual objects.

Computer vision tracking and registration. Com-
puter vision techniques have recently become very
popular in user interface research [7] The core tech-
nologies employed in Shared Space — tracking and reg-
istering virtual objects in the physical world — are based
on a heavy use of computer vision [2].

The rest of this paper is organized as follows. In the
next section, we briefly discuss related work, followed
by a more detailed discussion of the technologies in-
volved in Shared Space: augmentation, collaboration,
interaction and their implementation based on computer
vision tracking and registration techniques. We then
describe an application, which was demonstrated at
SIGGRAPH99, that uses all of these technologies to
build an entertainment application.



2. Related work

Shared Space has been inspired by a number of
previous research projects in augmented reality and
ubiquitous computing research, computer supported
collaborative work (CSCW), 3D user interfaces and
virtual reality, and tangible and physical computing
[16]. Our research on Shared Space integrates many of
these individual components into an effective interface
that can support intuitive face to face 3D CSCW.

While the use of spatial cues and three-dimensional
object manipulation are common in face to face com-
munication, tools for three-dimensional CSCW are still
rare. One approach is to add collaborative capabilities
to existing desktop-based three-dimensional packages.
However, a two-dimensional (2D) interface for three-
dimensional collaboration can have severe limitations,
for example users find it difficult to visualize depth cues
or the different viewpoints of their collaborators [10].

Alternative techniques include using large stereo
projection screens to project a three-dimensional virtual
image into space, such as in the CAVE system [5]. Un-
fortunately, images can only be rendered from a single
user’s viewpoint in this setting, so only one person will
see true stereo. While this might be satisfactory for
some tasks, such as collaborative viewing, effective face
to face CSCW using CAVE is impossible.

Mechanical devices can be used to create volumet-
ric displays, such as scanning lasers onto a rotating helix
to create a three-dimensional volumetric display [15].
However, these devices do not allow direct interaction
with the images because of the rotating display surface.

Multi-user immersive virtual environments provide
an extremely natural medium for three dimensional
CSCW. Research on the DIVE project [4], GreenSpace
[11] and other fully immersive multi-participant virtual
environments has shown that collaborative work is in-
deed intuitive in such surroundings. Participants can
seamlessly exchange and communicate gesture, voice
and graphical information. However, most current
multi-user VR systems are fully immersive, separating
the user from the real world: notes, documents, tools
and other artifacts of everyday life cannot be easily ac-
cessed from immersive virtual environments.

Unlike other methods for three-dimensional CSCW,
augmented reality interfaces can overlay graphics and
audio onto the real world. This allows for creation of
AR interfaces that combine the advantages of virtual
environments and possibilities for seamless interaction
with real world objects and other collaborators.

Single user AR interfaces have been developed for
computer aided instruction [6], medical visualization
[1], information displays and other purposes. These
applications have shown that AR interfaces can enable a
person to interact with the real world in ways never be-
fore possible. However, although AR techniques have
proven valuable in single user applications, there has
been significantly less research on collaborative, multi-
user applications. The AR2 Hockey [12] and the
Studierstube project [14] are two of the few exceptions.

Figure 1: The HMD and a camera are used for register-
ing and viewing virtual objects, e.g. a samurai model,
that appear on top of the physical 2D markers.

On the interface side while the physical and tangi-
ble interfaces have been extensively explored [9], there
have been few efforts at combining them with spatial
interfaces.

Finally, computer vision techniques have been ex-
tensively used to track and register virtual objects in
augmented reality applications. Our approach was in-
spired by the work of Rekimoto who developed a tech-
nique for robust tracking of 2D markers and registering
3D objects relative to them [13].

3. Shared Space

This section discusses key aspects of Shared Space,
i.e., augmentation, collaboration, interaction, and im-
plementation based on computer vision tracking and
registration techniques.

3.1 Augmentation

Shared Space uses a see-through or opaque head-
mounted display (HMD) with a lightweight camera
mounted in front of the display (Figure 1). With the
opaque display, the output from the camera is directed
to the HMD so that the user has the illusion of looking
through a display in the environment in front of him or
her. The AR environment includes a number of marked
objects with square fiducial patterns that have an identi-
fying symbol in the middle of the pattern. When the user
looks at the objects, computer vision techniques are then
used to identify the specific marker, calculate head posi-
tion and orientation relative to the fiducial marks, and
display 3D virtual images so that they appear precisely
registered with the physical objects. The details of the
implementation are briefly described later in the paper,
for a full description see [2].

3.2 Collaboration

Shared Space allows users to refer to physical
notes, diagrams, books and other real objects while at
the same time viewing and interacting with virtual im-
ages. More importantly, users can see each other's facial
expressions, gestures and body language, thus increas-
ing the communication bandwidth between the users.
Furthermore, the Shared Space interface supports three-
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Figure 2: In collaborative environment of the Shared

Space, users can see and interact with physical and
virtual objects, and also see the other participants.
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Figure 3: Spatial interaction in Shared Space: users

trigger animation of virtual objects (in this case alien
and UFO) by bringing two cards together.

SR

dimensional collaboration between face-to-face and
remote users so that multiple users in the same or re-
mote location can simultaneously work in both the real
and virtual world (Figure 2). Since all users share the
same database of virtual objects, they see the same vir-
tual objects attached to the markers. The user can pick
up and show the card to the other participants, pass or
request virtual objects in the same manner that we do
with physical objects in the real world.

3.3 Interaction

Shared Space explores the use of spatial and physi-
cal interaction in augmented environments: the user can
directly manipulate virtual objects by manipulating
marked physical objects with virtual objects “standing”
on them (Figure 1). The system can robustly track the
motion of the physical markers and keep the virtual ob-
ject precisely aligned relative to the marker. Because
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several markers are tracked simultaneously and the rela-
tive positions of marked objects to other marked objects
can be calculated, we could also exploit spatial relations
between augmented objects. In the example in Figure 3,
the user can trigger the animation of virtual objects (e.g.
UFO and alien) by placing cards next to each other.

3.4 Tracking and registration

Shared Space uses a computer vision based track-
ing and registration algorithm designed and imple-
mented by Hirokazu Kato [2]. Figure 4 shows the basic
scheme of the algorithm.

4. Applications and user experiences

A number of applications have been developed and
explored using various components and configurations
of the Shared Space technology, including mobile con-
ferencing space for remote collaboration (AR Confer-
ence Space [3]) and a collaborative entertainment appli-
cation, which was demonstrated at the Emerging Tech-
nologies exhibit at the SIGGRAPH99 conference. The
goal of this demonstration was to show how augmented
reality could be used to enhance face to face collabora-
tion in a way that could be used by novices with no
training.

A multi-player game similar to the game concentra-
tion was designed. We presented visitors with sixteen
5x7 inch playing cards with tracking patterns on one
side, and the visitors were required to match cards.
Three people could play simultaneously and when they
turned the cards over they saw a different 3D virtual
object on each card, such as a witch, horse, alien, or
crab (Figure 3 and Figure 4). The goal of the game was
to match objects that logically belonged together, such
as an alien and a flying saucer. When cards containing
logical matches were placed side by side, an animation
was triggered involving the objects on the card. For
example, when the card with the virtual witch on it was
placed next to the card with a virtual broom on it, the
witch would to jump on the broom and start to fly
around in a circle. Sound cues have been also used to
help players to identify correct matches: a unique musi-
cal sequence was played for each successful match.
Since the players were all co-located they could easily
see each other, and the virtual objects.
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Figure 4. Shared Space tracking and registration technique.



Over the course of the week of August 7-13 at
SIGGRAPH, around 3000 conference participants tried
the exhibit. Users had no difficulty using the AR inter-
faces and exhibited the same sort of collaborative be-
havior seen in typical face to face interaction with
physical objects. For instance, during the game players
would often spontaneously collaborate with strangers
who had a matching card, request and pass cards around
as well as collaboratively view objects and completed
animations. Furthermore, since the matches were not
obvious, users would often request and receive help
from other collaborators at the table.

The physical, tangible nature of our interface made
collaborative interaction very easy and intuitive. Users
passed cards between each other, picked up and viewed
virtual objects from all angles and almost always ex-
pressed surprise and enjoyment when they got a match
and the static virtual objects came to life. By combining
a tangible, physical interface with 3D virtual imagery,
we found that even young children could play and enjoy
the game (Figure 5). Users did not need to learn any
complicated computer interface or command sets — the
only instructions people needed to be given to play the
game were to turn the cards over, not cover the tracking
patterns, and find objects that matched.

Users also commented on how much they liked the
image recognition and on how little lag there was in the
system. This comment is interesting because there was
actually a significant (200-300ms) delay, however, the
users became so immersed they did not notice this.
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Figure 5. The Shared Space at the SIGGRAPH99

5. Conclusions

In our work on Shared Space, we combine real and
virtual worlds to create compelling 3D collaborative
experiences in which the technology transparently sup-
ports normal human behaviors. It is this transparency
that is a key characteristic of the Shared Space research
and should enable the continued development of inno-
vative collaborative AR interfaces in the future. More
information on the Shared Space can be found at:
http://www.hitl.washington.edu/research/shared space/
or http://www.mic.atr.co.jp/~poup/research/ar/
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