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ABSTRACT

This paper presents a proposal for an outdoor wearable augmented reality computer system to support
collaboration. A key attribute of this system is its ability to use all four time-space configurations for
collaboration systems: same time — same place, same time — different place, different time — same place, and
different time — different place. The proposed main form of user interaction is the use of hand and head
gestures. The seamless movement of information across different display devices, such as head mounted
display, PDA, laptop, data walls, and desktop is critical to allow this form of collaboration to integrate
traditional work flows. A scenario of a military logistics task is described to illustrate the functionality of
this form of collaboration system.

1 INTRODUCTION

Collaboration technology facilitates multi-users to accomplish a large group task. There are a number of
ways technology can help these users: combine or merge the work of multi-users, prevent and/or inform
users when an item of data is being modified by more than one user, and track the activities of multiple
users. One major function of collaborative technology is to help people communicate ideas; collaborative
electronic whiteboards are a good example of how collaboration technology may help multi-users commu-
nicate, for example the Teamboard system [TeamBoard Inc., 2001]. I believe a wearable computer with
an augmented reality(AR) [Azuma, 1997] user interface allows for exciting new collaborative applications
to be deployed in an outdoor environment. I refer to these systems as Outdoor Wearable Augmented Re-
ality Collaboration Systems (OWARCS). Like other researchers, [Azuma, 1999], [Feiner et al., 1997], and
[Hollerer et al., 1999], I am taking the use of AR from the indoor setting and placing it in the outdoor
environment [Thomas et al., 1998, Thomas et al., 2000]. The use of hand-held computing devices commu-
nication via a wireless network has been investigated as a means to facilitate collaboration by Fagrell et
al. [Fagrell et al., 2000]. Their architecture FieldWise is based on two application domains: first, mobile and
distributed service electricians and second, mobile news journalists.

An alternative to pen based computing, wearable computers leave the hands free when the user is not
interacting with computer but still allows the user to view data in the privacy of a head mounted display
(HMD) [Starner et al., 1995]. A major research issue is the interaction techniques for users to control and
manipulate augmented reality information in the field [Thomas et al., 1999]. I propose the use of augmented
reality in the field (outdoors) as a fundamental collaboration tool that may be used across a number of
application domains, such as maintenance, military, search and rescue, and GIS visualisation. A num-
ber of researchers are investigating augmented reality with wearable computers [Billinghurst et al., 1998,
Bauer et al., 1999], but I am proposing an overall framework to integrate augmented reality into a tradi-
tional work flow.

The paper first presents a scenario of using augmented reality to facilitate communication between a
number of people in a logistics framework. A number of interaction techniques are then proposed to map
out a direction of investigation into this area of research.



Figure 1: irtual information tag Figure 2: Finger framing

CO ABORATION

As previously mentioned, collaboration technology facilitates multi-user interactions to achieve a common
goal. As with collaborative systems such as distributed white boards and remote video conferencing systems,
the main aim of OWARCS is to improve communication between the multiple users to attain their common
goal. Overlaying contextually aware information on the physical world is a powerful cuing mechanism to
highlight or present relevant information. This ability to view the physical world and augmented virtual
information in place between multiple people is the key feature to this form of collaboration technology.

To understand how an OWARCS relates with existing collaboration systems, I use the time - place taxon-
omy [ llis et al., 1991]. The time - place taxonomy is defined by the position of the users (same or different)
and the time of operation of the collaborative system (same or different). A distinctive quality of activities
using an OWARCS is the ability to use all four time-space configurations, where many existing collaboration
systems support activities in one or two configurations. An example of how an OWARCS would seamlessly
cross these four time-space configurations is a logistics task of supporting an overseas military contingent.

I wish to extend the user interfaces for existing outdoor augmented reality systems [ ulier et al., 2000].

The scenario starts with an urgent request from an aviation maintenance person for a replacement rotor
for a helicopter and to place a virtual marker on the rotor to have the logistics supervisor contact him.
The location of the rotor in the warehouse is indicated with augmented reality information in the form of
virtual sign posts and virtual line markings on the floor. Someone can quickly find the rotor, and the rotor is
moved from a warehouse to the airfield loading dock. An augmented reality information sticker is attached
to the container the rotor is placed in stating this is an urgent request. This provides different time - same
place configuration for communicating between the person who placed the rotor in the loading dock and the
supervisor monitoring the shipment of the rotor. Figure 1 depicts what the supervisor might see in such an
augmented display. The annotation is designed to overcome the problem that the box might hidden behind
other boxes. This annotation may one or more forms of multimedia information, such as text, line drawings,
audio, voice, or digital image. The annotation is registered to the box containing the rotor. The location
of the box can be determined through the use of smart sensors or similar technology. The delivery is also
recorded in a standard database for information tracking.

At a later time, the supervisor proceeds to check the supplies to be loaded onto the plane. The supervisor
reads the virtual note left on the rotor s container: There are a number of different rotors for the different
models of helicopters, please contact ... He contacts the aviation maintenance person who placed the original
order. This information is shown in their HMD and is retrieved through the identification of the smart badge.
The aviation maintenance person asks the supervisor to visually inspect the rotor. The supervisor opens
the box and shows the maintenance person the rotor via a digital camera mounted on their helmet. This
situation is now a same time - different place configuration. The maintenance person views the video on their
o ce workstation while the supervisor concurrently views the rotor through their HMD. The maintenance




person indicate where to look via drawing lines over the video image. These drawings can be registered to
the rotor s container via simple orientation and position information provided by use of video registration.
Fiducial markers can be placed on the container to improve such registration. The maintenance person
can direct the supervisor to read off information on an indicated information plate. Both parties can make
annotations. The maintenance person can show digital images of similar rotors or they can show a D model,
for example, to highlight a particular location on the rotor.

Once the two people agree this is the correct rotor, the supervisor places a virtual note on the rotor s
container indicating it is an urgent request and has the rotor placed on the plane for shipping. This becomes
a different time - different place configuration, as the person in charge at the second airfield will read this
note at a later date in a different location. Once the plane lands in the other country, the rotor is placed
on a truck with other required items to be sent to the location of the helicopter. While in transit, the truck
runs off the road, falls on its side, and dumps its contents onto the side of the road. Many of the containers
are damaged. The quartermaster from the helicopter base is contacted and drives out to the site to inspect
the rotor and other items. While at the crash site, the quartermaster and truck driver inspect the different
containers for damage and reviews each of the manifests as augmented reality information. This becomes
a same time - same place configuration. The rotor s container has the urgent virtual information tag on it,
and the quartermaster inspects this container first. They find the rotor to be damaged, and the maintenance
person contacts the supervisor to get a new rotor ordered. The other items such as clothing are sent on a
new truck to the helicopter base.

A key difference with this form of collaboration is the artifact the users are manipulating. This artifact
can be characterised by the following features: firstly, it corresponds to the physical world; secondly, the size
of the information space reflect physical objects in a large area; and thirdly, the users are able to physically
walk within the information space and the physical world simultaneously. This form of collaboration is
similar to distributive virtual environment collaboration systems. Both have manipulable D models and
the position of the users affects their vantage point. The significant differences are that the distances the
users are allowed to physically move are larger and there is a one-to-one correspondence with the physical
world.

IN UT

The use of traditional desktop user input devices is inappropriate in an outdoor environment. ew devices
and techniques are required to facilitate the mobile nature of the wearable computer platform. For example,
how does a user point or select in three space  sing AR in an outdoor setting does not allow for the use
of traditional R six degree of freedom ( DOF) tracking devices. These would be inappropriate for the
outdoor setting due to their size and the need for a locationally referenced external source. Body relative

DOF tracking devices are required to develop pointing devices. There are many issues which make this form
of pointing device a di cult problem to solve, but two major issues are as follows: firstly, registration errors
will make it di cult for a user to point at or select small details in the augmentation and secondly, pointing
and selecting at a distance are a known problem in virtual and augmented reality applications (compounded
by the fact the user is outdoors with less than optimal DOF tracking of their head and hands).

Therefore, new user interaction techniques are required for an OWARCS, and to state the obvious, the
input techniques the users are required to use will have a large impact on the usability of an OWARCS. A key
element to the new user interactions is the augmented reality systems have a varying number of coordinate
systems (physical world, augmented world, body relative and screen relative) the user must work within.
In an outdoor application the registration errors of objects at distance amplifies the differences between the
physical and augmented world coordinate systems. In the helicopter rotor example, the problem of selecting
the container becomes more di cult the further away the user stands while performing the selection task.

The problem becomes compounded with dynamic elements in the scene, such as moving trucks or people.
If objects are moving within either of these coordinate systems (the user moves or an object in the scene
moves), the number of coordinate systems the OWARCS has to understand may increase, due to each of the
moving objects having their own coordinate systems.

With these problems in mind, I believe the use of hand and head gestures are key to making the col-
laborative systems usable. In the helicopter rotor example, both users were required to indicate features in
the physical world or on the D models. Hand and head gestures are an intuitive means of the achieving
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this form of interaction. For example, one user may wish to indicate a particular feature by framing the
region with their forefinger and thumb (Figure 2), or line of sight to the tip of their thumb (Figure ), or a
laser beam from the tip of their finger (Figure ). A similar idea in virtual worlds is explored in the paper

[Pierce et al., 1997]. The region is then
highlighted on the desktop display and/or the HMD to provide visual cues to the users. For the HMD users,
control of the selected region could be transferred to the head tracking device for gross movements and finer
control may be performed by the hands, using a magic lens interaction technique for example. I believe the
ability to quickly change input devices and coordinate systems is a key to making this form of interaction
feasible.

USABI IT O T O ARCS

The previously mentioned scenario described a number of different modes of operation to accomplish the
given task: single user in the field using a wearable computer; single user in an o ce using a traditional
desktop computer; two users, one in the field - one in an o ce; two users, both in the field with wearable
computers. These different modes of operation suggest the need for seamless movement of information across
different display devices. During the operation of the wearable computer, a user may require the display
of information on a more standard display device, for reasons of readability of text, details of diagrams, or
ability to concentrate on the data.

A HMD may not be the optimal display technology, and as such the transition between the use of the
HMD and other devices must be simple to use. I am proposing the use of a vast range of display and
computing devices to be deployed. The following are a number of possible examples: 1] Standard desktop
computers for o ce centric work, 2] Wall projectors to produce a data wall for group and ambient interfaces,

] otebook computers connected to LA s or by remote wireless, and ] Hand-held computers connected
by remote wireless. 5] Wearable computers with see-through HMD s connected by remote wireless. ach of
these configurations requires a different user interface for the user. The screen size and input device selection
is different for each of configuration. The social protocols protecting sensitive information are different for
each of the configurations. I propose all of these configurations can use the same information and protocols
for information transfer between users and their different information system.

To extend the task of the quartermaster viewing the manifest, the quartermaster could have a hand-held
computer (in a similar configuration as described in [Feiner et al., 1997]) to display more detailed information,
instead of the manifest displayed as a screen overlay on their HMD. When the quartermaster returns to the
truck, an easier interface for ordering the new rotor could be provided by a notebook computer with a
wireless communication link. These two forms of computers offer access to more traditional input devices
and easier to read display devices. A second option would be to attach these traditional input devices and
portable display devices to the wearable computer platform.

As one different example, data walls allow for information displayed on a standard computer screen to be
shown in a larger format, for example on the order of 2.0 meters by 1.5 meters. This enables many people to



view the information simultaneously. By have a number of people viewing the information, the information
can facilitate group activities such as meetings and discussions. Data walls provide a useful ambient interface
for a large work area. Ambient interfaces present information to users in such a way as to not dominate their
immediate action. The classic example is a person can tell the passage of time from the changing of light
levels coming through their o ce window. This information processing to determine the passage of time
is a background activity for the user s cognitive system. By having a data wall present overall contextual
information in a large community area (in our example the data wall could be placed in key areas of the
warehouse or air-base), users are able understand key overall concepts of the work flow by working near the
information, walking past the information, or occasionally popping in to see what is on the wall.

The privacy issues of such a device are clear, but there should be automatic mechanisms to display the
appropriate information. The user interface demands are vastly different to a standard desktop configuration.
Data walls are information presentation oriented, and input devices are traditionally a video remote control-
like device or driven from a standard desktop computer.

CONC USION

In conclusion this paper presents a proposal for an outdoor wearable augmented reality computer system to
support collaboration activities. The signification attributes of the system are as follows: 1] the ability to use
all four time-space configurations for collaboration systems (same time — same place, same time — different
place, different time — same place, and different time — different place), 2] the use of hand and head gestures
as the main form of user interaction, and ] the seamless movement of information across different display
devices (HMD, PDA, laptop, data walls, and desktop). To highlight the effectiveness of such a collaboration
system, a scenario of delivering a replacement helicopter rotor was described.
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