Figure 1. IBM’s holographic enterprise
interface (HEI). Chief 3D architect for
IBM’s IT Optimization Business Unit,
Michael Osias, worked with Eolus

to provide the middleware for the
experiment.

as well as new aspects of networked
(ubiquitous) media that create the con
ditions for x-reality design.

A growing body of research addresses
lab-based x-reality experiments, includ

ing issues of presence, copresence, and

“sensible” objects.2-¢ The three proj-
ects in this article address elds of inter
est from building and management to
musical composition, yet they all share
broad, horizontal, real-time participa-
tion. They model emergent behavior in
x-reality design for a general user expe
rience (UX) that includes participants
outside of an exclusively academic- or
research-based community. This oH
entation is important in addressing
ubiquitous users in relation to ubiqui-
tous computing. Each product’s actual
content isn’'t the central concern here.
Rather, in discussing concept, design,
and application, | demonstrate how
these projects address collaborative
real-time applications.

Eolus One:

Real-Estate Management

and Virtual Controllers
Researchers and developers have fo
cused on smart buildings—structures
with sensor networks and degrees of
automation—for more than a decade’
Since 2005, test applications engag
ing Internet protocols (IP) have ae
celerated toward the goal of making
building management more ef cient or
“smarter.” 82 Going online in 2006, the
Eolus One project tested building sen
sor technology that used a networked
3D graphical interface to exploit the
possibilities of real-time data collection
and distributed control mechanisms.
Initiated by Swiss engineer Oliver Goh
at Implenia, Zurich, the two-year ex-
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periment connected real-world events
in actual buildings with a centralized
virtual command center where users
could monitor and affect building sys-
tems remotely. | conducted a personal
interview with Goh on 28 November
2008 to learn more about this project.

Based physically in Switzerland and
virtually on the OpenSim platform, Eo-
lus One took advantage of third-party
application development (the open
source OpenSim and the proprietary
Second Life platforms developed by
Linden Labs) to run a secure 3D intra
net operation. Eolus used collaborative
methods to solve technical and human
communication issues, combining in-
house hardware and software develop
ment with existing media technologies
to make their experiment in networked
management possible. By using virtual-
world platforms as the system simula
tion engine, the project explored two
emergent terms of x-reality design: the
centralized yet nongeographic control
station and information rendering as a
3D interactive simulation.

Eolus One also tested the hypoth
esis of whether a virtual network could
create greater efficiencies in real es
tate, including systems maintenance
and worker time. The project’s mis-
sion was to implement industry goals
of building automation systems (BAS)

to control heat, air conditioning, light -
ing, and other systems ina uni ed IT
infrastructure.1® To create a secure link
between real- and virtual-world infor -
mation systems (building sensors and
the virtual control room), Goh and his
team designed the Eolus Virtual Worlds
Communications Interface in collabora
tion with Michael Osias, chief 3D ar -
chitect for IBM’s IT Optimization Busi -
ness Unit, whose work on holographic
enterprise interfaces (HEls; see Figure
1) provided the middleware for the ex
periment (www.marketwire.com/mw/
release.do?id=823627).

Implementation

The rst implementation began with
using virtual control capabilities to
turn lights on and off in dollhouses at
Coventry University’s Serious Games
Institute, an IT fair in Berlin, and other
real-world sites. In the next stage, the
Eolus development team created a sys
tem of templates to unify all the in-
formation a building system provides.
The team surveyed the operations sys
tems of 4,500 buildings to create 27
reference points or building primitives.
It then simulated the reference build
ings’ management systems (HVAC,
elevators, light, safety, and so on) as
3D objects for visual identi cation in
the virtual command center (VCC).
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Figure 2. Eolus One Park. Real-world
viewers of the Eolus One greeting
station on Second Life platform. (image
courtesy of Eolus One)

The Eolus team created low-power
network-sensor hardware that sat in
25 real-world facilities. After identify -
ing the kind of devices a building used,
the hardware box translated building
data into virtual objects. Once the
hardware con gured a virtual object
for each relevant building system, a
virtual simulation effectively managed
the building.

The VCC exists on a network: op-
erators have immediate access to ev
erything they need to run the system.
The control room staff appears as 3D
avatars to show who's virtually pres-
ent, supporting a greater experience of
copresencé! Anyone online can visit
the project’s public face, as you would
an actual headquarters, by accessing
the Eolus One Park in Second Life (see
Figure 2). Those with proper authoriza

“smart” system around building man -
agement, the VCC implemented greater
ef ciency in the local administration of
actual buildings (see Figure 3). For ex
ample, an engineer in Mumbai could
monitor a building in Zurich, then dis -
patch the appropriate locally based per
son to xthe problem.

Collaboration

The project showcased a unique col
laborative method for developing
x-reality technology. The Eolus team
invited virtual-world users on the Sec
ond Life and OpenSim platforms to

major innovation would engage the
networked building’s occupants in the
information ow. Goh indicates that
the next project will bring user experi-
ence (UX) as part of collaborative net
works to the fore.

Belgium-based VRcontext (www.
vrcontext.com) provides an additional
model for real-world systems manage
ment with x-reality design. As Eolus
uses VR technologies, SVE, and real-
time network connections in building
management to improve ef ciencies,
VRcontext runs a similar type of op-
eration for industries such as oil and

help solve interface issues and design gas, energy, and architecture/engineer

challenges. A network of interested
researchers provided the project’'s
building test sites on a volunteer basis.
Much in the model of open source code
development efforts, such as Apache or
Linux, Goh and his team created the
Eolus x-reality interface in collabora-
tion with a network of virtual-world
participants, not a proprietary group
of developers.

Goh claims that Eolus can reduce en
ergy use by 20 to 27 percent, depend
ing on the building, which is within
the established projections for BAS.
Yet, the Eolus ef ciency number can't
be veri ed because, as Goh explained
in his personal interview, the collected
data isn’t statistically meaningful.

Working with the ideas of cost, time,
and carbon footprint reduction, the
Eolus vision, in applying distributed
real-time management to global data
centers, aligns with current trends in
“globally integrated enterprise.”12 It's
not just the building that’s smarter,
but the whole system. Reorganizing

tion can access the actual systems data how the traditional real-estate indus-

from behind the Eolus rewall on the
OpenSim platform.

The simulation’s goal was to create
an intuitive method for understanding
a company’s architecture, monitor live
systems, and run scenarios on a distrib
uted network. In using the VCC, the
buildings’ physical locations became
less relevant to their ef cient engineer
ing maintenance. Yet, by creating a
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try manages buildings already presents
a radical change. Nonetheless, Eolus
stops short of invoking the most pow-
erful network it could gather. Although
the project experimented with engt
neering design and virtual enterprise
extensions, Eolus remained within
the traditional thinking of command
control: its knowledge network only

ing/construction (AEC). VRcontext
uses its 3D applications Walkinside
and ProcessLife to augment work
ows in engineering and human com-
munication, by, respectively, creating
a virtual model of a facility and man-
aging its assets. (However, VRcontext
hasn’t yet made public client data sup
porting its claim of greater ef ciency
and seamless communication via its
platform.)

Both Eolus and VRcontext demon
strate a progression in media design
from visualization technologies, such
as AEC-applied CAD models, to inte
grated real-time graphical applications
that allow for dynamic use of materials
across a network. VRcontext features
a media-rich platform that can include
laser scans, photography, digital terrain
models (DTMs), and CAD data. Eolus
doesn't offer the same degree of graph
ical realism, media diversity, or event
simulation. In development, VRcontext
created its own 3D software whereas
Eolus leveraged existing properties
to rapidly prototype an x-reality ex -
change. Despite their differences, both
projects demonstrate that immersive
VR simulation produces a distinctive
x-reality effect: networked real-time
media platforms creating an intuitive
aid to operations management.

Green Phosphor:
3D Interface Design

addressed designers and engineers. ASince 2006, Ben Lindquist, CEO of

www.computer.org/pervasive
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(2 Figure 5. Parsec multiuser environment.
(a) Parsec multiuser environment
antechamber where avatars select
virtual instruments (black sphere).

(b) Parsec multiuser environment,
three avatars using voice-controlled
instruments. (c) Parsec multiuser
environment, with sonic input
triggering virtual light show. (image
courtesy of Hapi Sleeper)

he three x-reality proj-

ects discussed in this ar

ticle demonstrate emerging

key principles for design:
synchronously shared information,
complex real-time visualization, and
collaborative tools. Eolus engages x-
reality applications to create a VCC
for buildings. Green Phosphor creates
applications that allow for the porta -
bility of data from n-dimensional and
multistorage formats into a 3D interac-
tive form. The Parsec multiuser virtual
instrument lets vocal input control vir -
tual objects.

These projects forecast the future of
x-reality in the way they design their
knowledge networks. The particular
silos of real-estate or genomic data
aren'’t the issue at hand as much as
the shared methods of solving prob
lems with new tools. Current x-reality
use, nascent as it might be, predicts
the growth of interoperable systems
of data as well as a UX that nimbly
crosses platforms. X-reality design as
pires to dynamic, collaborative systems
that can be applied to unique projects
with an ef ciency of scale and granu-
larity. Graphical simulation and real-
time distributed networks are critical
to this endeavor.ld
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