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Message from the Workshop Organizers 
 
 
It is our great pleasure to welcome you to Palo Alto for LAMDa 2011, IUI Workshop on 
Location Awareness for Mixed and Dual Reality. The LAMDa workshop aims at 
discussing the impact of Dual Reality (DR) and Mixed Reality (MR) on location 
awareness and other applications in smart environments. Virtual environments – which 
are an essential part of dual and mixed realities – can be used to create new applications 
and to enhance already existing applications in the real world. On the other hand, existing 
sensors in the real world can be used to enhance the virtual world as well. 
 
The bi-directional interaction includes positioning methods and location-based services 
using the DR paradigm, such as navigation services and group interaction services 
(location-based social signal processing). More specifically, the workshop will address 
the following research questions: 
• Location: What level of accuracy is required for location- based services in smart 

environments? 
• Mixed and Dual Reality: How can Mixed or Dual Reality paradigms be used to 

support location-based services? 
• Location information and Mixed/Dual Reality: What requirements do Mixed and 

Dual Reality paradigms impose on localization technologies? 
• Group interactions: What kind of information and interfaces are useful for 

supporting interactions between group members in location-enhanced Dual or 
Mixed Reality applications? 

 
Finally, we want to thank all of the workshop attendees for contributing to making the 
workshop a success. We hope that you will find the LAMDa 2010 program interesting 
and that the workshop will give you valuable opportunities to share ideas with 
researchers and practitioners. 
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ABSTRACT
This paper is an anthropological perspective on the impact 
of Dual, Mixed Reality and 'PolySocial Reality' (PoSR) on 
Location Awareness and other applications in Smart 
Environments. We intend to initiate a friendly inter-
disciplinary discussion on the interaction aspects and 
cultural implications surrounding these new forms of 
integrated technologies. Anthropologists examine human 
group behavior in the context of culture. Because the 
LAMDa workshop is addressing 'group behavior,' we will 
contribute to the workshop with our understanding of 
humans, culture and group behavior and to learn from 
others what type of group behavior is expected as new 
technologies and their subsequent experiences are created 
for human use. When we discuss human group behavior, 
we refer to the definition of a social group: a collection of 
humans who repeatedly interact within a system. 
Humans can, and do switch context between environments 
and blend traces of one into the other in a socially 
unconscious manner often seemingly simultaneously. We 
propose that the cultures and behaviors of humans are 
increasingly actively permeating Internet and network-
based applications, as well as those that are geolocal. With 
the future Internet of things, Dual Reality and Mixed 
Reality, the opportunity for humans to extend their own 
blended reality, as well as to create new ones is unfolding. 
That said, because humans interact within groups, the 
multiplexing of their mutual blended realities rapidly 
creates a PoSR. Sorting out the relationships between 
realities as well as between synchronous and asynchronous 
time and geolocal space can create a condition where 
realities are simultaneous and the idea of 'x' can be 
perceived as equaling 'not x.' We explore this new type of 
interoperability between virtual and physical, ideational 
and material, representations and objects and culture.
Author Keywords
Time, Space,  Asynchronous, Ubiquitous, Pervasive, Dual 
Reality, Mixed Reality, Blended Reality, Polyreality, 
PolySocial Reality (PoSR)
ACM Classification Keywords
H.1.2 [Human Factors]:  Human information processing; J.4 
[Social and Behavioral Sciences] Anthropology; B.4.3 
[Interconnections (Subsystems)]: Asynchronous/synchronous 
operations; K.4.1 [Public Policy Issues]:  Transborder data flow; 
K.4.3: [Organizational Impacts] Computer-supported 
collaborative work
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INTRODUCTION
The Internet was developed as a framework and 
architecture with a fairly specific way for the world to 
interact within its constructions. We argue that the world 
has found a way to imbue itself within, around, underneath 
and on top of the Internet, and is indeed, currently in the 
process of expanding the Internet well beyond that which 
resides in machines.[1] New technologies based on sensor 
and actuator networks are enabling the future Internet (the 
Internet of Things) with Dual Reality and Mixed Reality as 
present candidates for providing further ways for people to 
interact and dialog with, adapt to, and adapt their 
environment,  combining and experiencing real and virtual 
space in new ways.  As anthropologists, we suggest that 
people's adaptations of technologies will themselves create 
new ways to use those technologies which will then lead to 
new adaptations and new uses, etc.

 A new heuristic for human experience now blends physical 
and virtual space in personal, asynchronous time and 
physical and virtual space in group oriented,  synchronous 
time. At present, the Internet has modified our experience 
of both space and time, within its domain rendering time as 
asynchronous and spatial locations as ubiquitous.  When the 
Internet was composed of fixed servers and clients, these 
two views of time and space were contextually moderated. 
With the advent of ubiquitous mobile devices, and the 
sensor rich environments of Dual Reality, Mixed Reality, 
and the Internet of Things, new capabilities and lived 
experiences will lead to a convergence of those views. 

This will free people to adapt their interpretation to more 
closely correspond to old or new group specific cultural 
beliefs and expand the number and size of social networks 
that they can usefully participate in. As the technology of 
blending multiple realities improves, the capacity for 
people to make substantive changes to the world will be 
greatly enhanced.  It is important to note that this condition 
is true only if the new and future technologies increase 
peoples’  capacity to continue to make and share rather than 
simply depend upon these for consumption. People need to 
help create and inform the applications in which they 
participate, and to create new paradigms and new 
capabilities--otherwise humans are in danger of functioning 
more as data generating objects than as active integrations 
of a physical and virtual reality.
RELATING THE WORLD
Trying to map the Internet and its successor adaptations to 
the real world is a complex process. As people use the 
Internet, they are increasingly mixing their online behavior 
with their 'real life' behavior.  This has resulted in new 
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forms of behavior transference that include detachment, 
impatience, fixed linear knowledge, and an expectation that 
other people will respond with not only the depth of data of 
a computer - but with its immediacy. 

At a low physiological level, all people experience roughly 
the same basic information from their local environment. 
We ideally have similar sensors and at a low level our 
nervous system interprets sensory information in the same 
way. There are some natural or accidentally caused 
variations, but mostly, the same light, sounds,  odors etc. are 
part of a consistent human sensor actuator framework. 
Within a cultural group, people practice blended reality. 
Blended because they share general and specific 
knowledge not available to other groups which changes the 
way they classify and interpret sensory data. For example, 
almost all humans can make the same distinctions in 
comparing light at different frequencies. But there are 
many group specific color terminologies that reflect 
different experiences of light. Although everyone has 
roughly the same sensors, they have selectively different 
experiences that give them different contextual approaches 
to knowledge. In a way, then, before we even add 
electronics to the equation,  people are already in a dual 
reality of their own making. [2]

We suggest that this is the social form of the idea of 
Blended Reality--without its specific call for a mixture of 
real, rendered, and sensory environments (or rather, 
minimally based on human senses though accommodating 
sense augmentation). This addresses the way that humans 
switch context between environments and blend traces of 
one into the other in a socially unconscious manner, often 
seemingly simultaneously.
HUMAN RELATIONS AND NETWORK CAPABILITIES
Although historically people have had standards to 
facilitate analog interaction and communication, humans 
have not typically related to each other using formal logic 
protocols similar to those found in the machines on the 
Internet. Through culture humans continuously change the 
landscape of their life (and their world in the process) by 
creating hardware, software and the relevant associated 
protocols required to use them. People adapt their world, 
rather than struggle to adapt 'as is' to changes thrust upon 
them [3]. 

The Internet, combined with mobile technologies, and 
increasingly with sensors and actuators as in Dual Reality 
and Mixed Reality, is the latest human 'landscape changing' 
adaptation. Initially, the Internet was adapted as a means of 
personal communication through email via desktop 
computers. Public news feeds, FTP sites and 'bulletin 
boards' were early tools for sharing information. As the 
Web became more widespread, and as software became 
more available for humans to contribute personal data, 
more and more humans came online and interacted with 
each other by playing games, trading information, and 
sharing advice as well as stories. They also created
Copyright is held by the author/owner(s) 
IUI Workshop on Location Awareness for Mixed and Dual Reality
LAMDaʼ11, 13. February 2011, Palo Alto, California, USA.

personal content within the context of those activities, thus 
contributing to the creation of 'virtual worlds,' 'virtual 
societies,' avatars, and broader applications for human self-
representation,  societal affiliation and direct com-
munication. The new networked environment is slowly 
surpassing the analog structure of fantasy,  books, radio, 
film and television, by containing those elements within its 
structure and making them malleable--and with mobile and 
sensor capabilities--portable and contextual. We suggest 
that the Internet as human adaptation has changed the 
landscape of life by supporting new behavior potentials 
with unexpected consequences. These new behavior 
patterns are revealed as some people spend more time on 
the Internet and networked mobile devices,  than locally 
with each other,  and/or may have behavior that changes as 
a result. New consequences infiltrate daily life as a by-
product of the cognitive, physical, and social systems that 
humans switch between as they communicate with others.
The network space that humans have begun to occupy 
poses some interesting paradigms for human group 
formation, culture, and the associated expressions through 
the usage of the new technologies' various user 
experiences. With the addition of sensor networks,  a future 
Internet (the 'Internet of Things') based on Dual Reality, 
Mixed Reality and other technologies, will allow for a 
more synchronous, albeit networked, simultaneous human 
experience. The future Internet will not only encompass a 
single person and their laptop, computer or mobile phone, 
but will reside as an intermediary between whatever virtual 
and 'real' (culturally constructed and experienced) worlds a 
person happens to be multiplexing at any given time. 
Because of this,  within the context of the Future Internet, 
using terms like 'Augmented reality,' 'Dual Reality' and 
'Mixed Reality' ('Virtual Reality' is omitted for lacking 
interactivity with other worlds) may be limiting in scope. 
Those terms do not currently address the multiplexing 
scenario that will be commonplace amongst groups of 
humans using the future Internet simultaneously. As an al-
ternate, at least for the human interaction group per-
spective, we suggest the term PolySocial Reality (PoSR). 

PoSR is the way that humans will be using the Future 
Internet. Within a sensor/actuator connected environment, 
humans will be generating data in the physical world that 
will simultaneously interface with any one of multiple 
environments. This means that one action in the physical 
space, could trigger results in numerous applications such 
as Second Life, Facebook, foursquare, Twitter, Massive 
Multi-player Online Role Playing Games (MMORPG), 
geotracking, or any one of many that haven't yet been 
implemented such as health records or some type of family 
notification program. 

The closest that technology gets to this model in mass 
commercial use at the moment is when a geolocal app uses 
the mobile phone as a single sensor.  If one has set up the 
foursquare app (an app based on using a physical location 
to update status within a network) to both post their 
location data to Facebook (a social networking site) and 
Twitter (a microblogging social network site) that is an 
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example of a one-to-one-to-multiple model, where the 
human activates the phone-as-sensor by carrying it to some 
location, which is then transmitted to one point, foursquare, 
which then distributes it to other applications. The phone 
can have its sensor location on,  however. Indeed, GPS 
(global positioning system) records can now be used as 
subpoena evidence, even when a phone has not had its 
'location,' 'turned on' by the user. While other programs can 
sense location on a mobile device, current devices are not 
simultaneous in usage. People are generally only in one app 
at one time.
SPACE AND TIME
In the asynchronous nature of social computing, time has 
become a threshold or window rather than a 'moment to 
moment,' conception.  The shift from the synchronous oral 
communication used during most of human history to 
asynchronous Internet communications is rapidly under-
way. Humans have more asynchronous capabilities on the 
Internet and seem to be using them. This has impacted how 
people conceive and experience the nature of time. Time 
has become more personalized, and each person's 
experience of time has become paramount. Needing to be 
'somewhere' in order to utilize communication has become 
moot: one can be anywhere in space, that there is a signal 
and use time asynchronously.

Broadcast technologies, beginning with the telegraph, 
promoted capabilities that modified conceptions of space, 
making some of its aspects irrelevant. With the advent of 
the mobile Internet, space once again has become modified, 
and humans are now able to move within communications 
spaces in new physical ways. Thus,  time, space and the 
Internet have become ubiquitous, and within that, 
omnipresent, as the potential to communicate, collect and 
share information is now 'everywhere.' Furthermore, with 
contextual geolocal services and their extensions into 
Augmented Reality (AR), the property of ubiquitousness 
has begun to function as an 'extension of the self' as those 
services quietly serve,  sense,  and deliver information in a 
similar way to the 'self.' In other words, making time and 
space personal and unique, creates an 'inner ubiquity' 
alongside that found in geospace. 

Lifton [4] discusses the 'vacancy problem' in relation to 
users of virtual worlds both with respect to their (lack) of 
presence in their local 'reality' when engaged in a virtual 
world and the paucity of the virtual world when users are 
not engaged. He proposes that Dual Reality will potentially 
addresses the 'vacancy problem' by making both the local 
reality and the virtual reality interoperable in some respects 
by mapping information from each to the other using real, 
or virtual, sensors. This is also a useful concept for 
discussing social and cultural issues arising from the 
increased use of technologies to support the user 
experience for augmented, mixed and blended realities. 
Despite developing the major part of his example around 
interlinking a location in Second Life with his lab at MIT,
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Lifton does not fully address the social element and aspects 
of Dual Reality. In part, this results from the rather 'fixed' 
locations that he is linking, and by his restriction of the 
social component to those people in the lab who share both 
aspects of the dual reality. The introduction of mobility via 
phones and other devices to the context will require a 
generalisation of the concept of Dual Reality. 

Although there are a number of mobile applications that 
incorporate augmented and mixed reality, there are serious 
issues even with the simple case of Dual Reality involving 
one locally mobile person. At its most serious, it is 
potentially dangerous. One study relating accidents and 
mobile phone use concluded that using a mobile phone 
while driving, increased the risk of accidents for up to 10 
minutes following use [5]. It is reasonable to assume that 
maintaining attention to two separate, if interlinked, 
realities could be, at the very least, distracting. One way to 
partially alleviate this is by focusing more on linking the 
virtual world to the local one, with local effects from 
virtual events through appropriate actuators.

The problem becomes compounded when we consider that 
once we have truly dual realities, these will in fact rapidly 
become compounded,  as people begin to simultaneously 
engage in multiple dual realities, or introduce sub-dual 
realities within a virtual world.  The latter case introduces 
new development concerns, because only one aspect of the 
sub-dual reality can be represented in the virtual world or 
we find ourselves having to implement both the virtual 
aspect and a virtual representation of the other-local 
physical aspect.

Descriptively, some of this could be subsumed under 
present concepts of mixed or blended reality, but as Lifton 
notes, these do not address the same issues as Dual Reality. 
Dual Reality relates to interoperability between the two 
realities through sensors and actuators, not simply by 
rendering one in the other. Furthermore, once we start to 
consider two or more people interacting in contexts where 
they share one common virtual world between them, 
together with different local realities and possibly 
additional virtual environments,  dual or not, inter-
operability becomes very complex. To avoid both physical 
danger as a result of local vacancy in the worst case, and to 
maintain effective and engaged relationships, enough 
information about the experienced reality of all the 
participants must be exposed to each other, and must 
become a part of their own experience of reality. 

PoSR builds on a modification of Lifton's definition of 
Dual Reality [4:16]: "An environment resulting from the 
interplay" among two or more dual realities. "While each 
[reality] is complete unto themselves,  they are also 
enriched by their ability to mutually reflect, influence, and 
merge into one another." Unlike the base Dual Reality 
concept, additional hardware is not required (other than 
infrastructural advancement in network and computing 
technology), though the underlying sensor and actuator 
flows must be available within a PoSR architecture for 
additional processing in creating a consistent environment, 
and in the case of two or more people's involvement, 
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mutually consistent. This would not be just a rendering into 
a composite reality, but result in a new reality, a PoSR, that 
is simultaneously mutually consistent with each underlying 
reality. Due to differences in knowledge, the field of 
sensory awareness and other factors, two people will not 
experience a PoSR in the same way (just as two people in 
the same location do not experience exactly the same 
reality), but their experience will be based on compatible 
viewpoints on the same PoSR.

For example, presently, geolocal services can be seen as 
ubiquitous asynchronous services for conceptualizing the 
world that combine old ways of navigating ('x' marks the 
spot) with a 'network' experience (not 'x').  People are 
simultaneously in specific physical places 'x' (due to the 
physicality of their bodies and the planet) and 'everywhere,' 
'not x' (network space). Thus, they navigate a world where 
spatial location has the potential to be both 'x' and 'not x' at 
the same time. While it seems logical that ('x' ≠ 'not x') -- in 
a PoSR the perception of ('x' = 'not x') is true with regards 
to the perception of usage of mobile devices and geolocal 
applications. For example, if someone is walking down the 
street whilst talking on a mobile phone, their body is in 'x,' 
the physical location.  However, they are also connecting to 
'not x,' the network, an ethereal location where their 
conversation is taking place. They appear to conceptually 
be in two locations, both 'x' and 'not x' simultaneously. This 
is the condition that we suggest when indication that 
simultaneously "x" can equal "not x." We refer to our 
notion of ('x' = 'not x'), as a PoSR as it contains a social 
experience that combines both physical location and virtual 
non-physical location referents.

Yelp is a localized app that provides a location guide for 
restaurants, services, and shops as well as reviews and 
rankings determined by the members of its service.  Yelp 
has has both a web and mobile component. If we apply our 
heuristic to the Yelp app, when someone is in physical 
space while simultaneously connecting to Yelp via a mobile 
for contextual information ('not x'), then we can say they 
are both in 'x' and 'not x.' Foursquare is an app based on 
using a physical location to update status within a network. 
This also allows for 'x' and 'not x' to exist simultaneously, 
as people "check-in" to a network ('not x') while in a 
physical location ('x'). 

Geolocal apps create conceptual frameworks within which 
people are able to reconcile these potentialities of location 
equaling 'x' and 'not x' for particular purposes--and to 
rapidly shift between, and even integrate, these. This frees 
people to adapt their interpretation to more closely 
correspond to old or new group specific cultural beliefs as 
they see fit. 

With ubiquitous communication, Mixed Reality and Dual 
Reality, people are simultaneously in specific physical 
places (due to the physicality of their bodies and the planet) 
and 'everywhere' (network space). In summary, people now 
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navigate a world which is based on free variables in human 
constructions and PoSR, rather than specifically based on 
space and time. 
CONCLUSION
Concepts such as Dual Reality and Mixed Reality, and their 
subsequent technological implementations, go some way 
towards defining the base levels and identifying the onto-
logical principles for the creation of what will effectively 
be a new world. What will be critical is the capacity for 
people to construct, relate and integrate multiple unique 
configurations of these under the control of ordinary users.
Innovations in Dual Reality and Mixed Reality will have 
greater success to the extent that people are able to use 
them to enhance their ability to inject and extract value 
from their personal networks and to set up new complex 
forms of exchange. That is, success will be proportional to 
the extent that those innovations empower people to be 
makers, not just consumers. 
Dual Reality, Mixed Reality, and other multiple realities 
depend on the capacity to support complex interactions 
between and impacts of these (PolySocial) realities. This 
creates interoperability between virtual and physical, 
ideational and material, representations and objects and 
culture. Going forward, this knowledge should be 
beneficial to any developer wanting to understand, at least 
in part, the nuances that humans have when interacting 
with each other within groups and within networks and to 
prepare for the eventuality of multiple relationships and 
orientations with the real world, and all virtual spaces.
The potential for change is incalculable as Internet 
technologies become more connected to the world through 
sensors and are able to uniquely adapt to and be adapted by 
the the people who use them. Although people have 
always, through their culture, occupied a blended reality, 
the capacity for large scale integration of ad hoc 
arrangements of these as a resource for living greatly 
expands the range of new technologies and new ways of 
life to develop.
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ABSTRACT
Indoor localization is a key enabler for dual and mixed real-
ity applications in real world smart spaces. Currently WiFi
positioning is one of the most widely used indoor localiza-
tion techniques thanks to its ability to provide reasonable po-
sition accuracy withour excessive investments in additional
infrastructure. However, the accuracy of WiFi positioning
tends to vary signficantly and, while the average accuracy
is typically within few meters of the actual position, sudden
jumps in the estimated positions are possible. This position
paper discusses potential solutions for abstracting location
information in order to alleviate the influence of positioning
errors on location-based services.
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ACM Classification Keywords
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PROBLEM STATEMENT
Indoor positioning is fraught with distorting factors, not the
least of which is noise and interference in the measuring de-
vices. Whereas an outdoor positioning technology like GPS
can function well under accuracies of 10 meters or more,
such an uncertainty in indoor environments is unfeasible for
many location-based services. A popular choice is then to
use the signal strength measurements from several WiFi ac-
cess points to model the target environment and infer po-
sitions. Since the WiFi standard operates in the 2.4 GHz
frequency spectrum, however, it is easily interfered with by
a range of modern electronic devices. In addition to direct
crowding by technologies like Bluetooth, ordinary house-
hold appliances such as microwave ovens leak into this fre-
quency range. The human body is also made up of up to 70%
water, which absorbs this frequency. Due to the wave nature
of the signal it is also easily deflected and attenuated by in-
frastructure. This results in the multi-path problem, where a
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signal can appear stronger than it should based on the dis-
tance. Conversely, attenuation weakens the signal, in the
worst case blocking it entirely when out of line-of-sight. For
a positioning paradigm that is based on the signal strengths
decaying smoothly and exhibiting distinctive profiles in sep-
arate locations in the environment, this invariably leads to a
decrease in localization accuracy.

Simply increasing the amount of access points does not work
properly as overlapping channels interfere with each other.
Increasing the range of channels used on the other hand puts
more stress on the positioning device, since it has a wider
range of frequency to scan for signals. This is mostly exhib-
ited by a decrease in battery life. Since most location based
services are designed for the mobile user, this constitutes a
problem if the positioning is to be ubiquitous.

TOWARDS A SOLUTION
The situation can be eased somewhat by concrete measures
employed before the environment is calibrated. By strategic
placement of the WiFi access points (where this configura-
tion of positioning infrastructure is possible), some of the
issues can be alleviated. WiFi positioning works best when
the signal is constrained by obstacles. One can thus direct
the access point down a hallway, for instance, to block ex-
ternal signals and distinctly profile the area.

Even in the optimum case we are still left with accuracies
of two to three meters, one meter even in the best cases.
The solution here, then, is to move away from trying to
achieve pinpoint accuracy and instead reduce the position-
ing problem into one of classification. By decreasing the
granularity and letting signal strength measurements repre-
sent a wider area of interest, the robustness of the position-
ing can be increased while maintaining context. In an office
building, for instance, the positions can be constrained to
rooms or specific hallways without losing interesting infor-
mation. This abstraction also facilitates the quite expensive
calibration process [2]. Positioning approaches have tradi-
tionally defined a somewhat arbitrary distribution of calibra-
tion points, where the individual points themselves carry lit-
tle to no context. A smarter structure focuses on interesting
locations for measurements while encompassing the entire
positioning environment.

A grid-based representation of the positioning environment
can increase robustness by abstracting positions to cells in
a grid. These cells can represent interesting areas in the
environment and facilitate mapping between positions and
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Figure 1. Section of the grid representation of the retail environment.

real-world information, and help to balance between accu-
racy and radio map size [1, 3]. This grid structure also lends
itself well to a graph representation, which means cell neigh-
borhoods can easily be defined and taken into account in the
estimation phase. Finally, the grid structure facilitates mod-
eling uncertainty in position estimates. The estimation of
errors on a grid level is easier than constructing an accurate
metric or probabilistic error model. Moreover, grid errors
are often more intuitive from an application perspective.

EVALUATION
As an example of the use of grid-based representation and er-
ror modeling in indoor positioning, we have deployed an in-
door navigation system in a retail setting called MONSTRE
(Mobile Navigation System for Retail Environments) [4]. To
facilitate the mapping of products and alleviate the uncer-
tainty of the positioning, the environment was divided into a
set of cells in a grid (Fig 1). MONSTRE uses the grid rep-
resentation to resolve the shortest path that is used in navi-
gation and an error model is used to ensure that instructions
are played at correct time despite localization inaccuracies.

Instead of focusing on the target cell, the navigation was able
to survey the neighboring cells when judging when to output
navigation instructions. Specifically, an extended neighbor-
hood was defined for each cell. In the example section in Fig
1, the extended neighborhood of cell 13 would be its direct
neighbors 12 and 14, as well as its shelf neighbors 8 and 18.
Furthermore, the neighbors of direct neighbors were consid-
ered as well. This structure was designed around empiri-
cal observations of the positioning quality. Namely, in most
cases the position erred within these boundaries; ± 1 shelf
or ± 2 grid cells. Finally, we also embedded location in-
formation in each cell, which essentially meant giving them
labels based on their locations in the store. This represen-
tation was built around the established positioning, meaning
estimated points were placed in a cell depending on their
coordinates. A future endeavour would optimally train the

positioning model to this cell abstraction from the start.

In the study MONSTRE relied on the Ekahau Real-Time Lo-
cation System1 for its position information. Since the system
was deployed in a retail environment, it was beset by all the
problems inherent to WiFi positioning. Electrical appliances
such as freezers and ovens might leak into the 2.4GHz spec-
trum. Calibration also necessitated a delicate balance be-
tween trying to find a quiet moment in the store and avoiding
early hours when employees restocked the shelves with the
help of large metallic containers. In addition, though a large
section of the store was divided into shelves and the aisles
between them, some open areas remained. Maintaining suf-
ficient accuracy in these sections proved difficult.

The issues mentioned above were combatted with the use
of the grid structure. Even though positions occasionally
strayed to the wrong end of an aisle or to the wrong aisle
entirely, navigation instructions were timely due to the con-
sideration of the extended neighborhood. Using the location
information of the cells also facilitated the navigation effort,
since it was essentially reduced to guiding the user to the
next landmark location. These landmark instructions could
easily be extracted from the labels stored with each cell.

CONCLUSIONS
By abstracting the concept of positions to that of locations,
we can create a robust positioning system that is sufficient
for location based services. We presented an example setup
of a grid divided into cells with neighborhoods. This ab-
straction not only lends itself well to a graph representation,
it also increases the robustness of the positioning as well as
maintains a manageable radio map size. We also discussed
how error models that are based on empirical observations
can be incorporated into location-based services to reduce
the influence of positioning inaccuracies.
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ABSTRACT
In this paper we present a new approach towards assistance
and awareness systems that exploits the duality of automated
homes; the status of devices and appliances in the real world
on the one hand, and their digital representation on the other
hand. If the digital representation is embedded in a virtual
world, i.e., a 3-D model that reflects the actual physical en-
vironment, we call this a Dual Reality (2R). The concept of
Dual Reality emerges from the connection between real and
virtual environments, so that they can mutually reflect and
influence each other. This approach can be used to create
new applications and to enhance already existing applica-
tions both in the real and also in the virtual world. In this
paper, we show how the standard-based Universal Remote
Console (URC) platform can be applied to Dual Reality ap-
plications and therefore can serve as an architectural foun-
dation for synchronizing a virtual environment model with
the real world.

Author Keywords
intelligent environments, ambient assisted living, dual real-
ity, universal remote console, standard

ACM Classification Keywords
H.5.2 Information Interfaces and Presentation: Multimedia
Information Systems—Artificial, augmented, and virtual re-
alities

INTRODUCTION
In the scope of the DFKI Competence Center Ambient As-
sisted Living1 (CCAAL) we aim to enhance the quality of
life of older people through technology. According to the
European Ambient Assisted Living (AAL)2 research initia-
tive, this includes increasing their autonomy, enhancing their
security, and preventing isolation by staying socially con-
nected. Our long-term vision is to promote an accessible in-

1http://ccaal.dfki.de
2http://www.aal-europe.eu/
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telligent environment based on open standards and architec-
tures and innovative solutions where everyone can continue
to play a role in society.

In this paper, we present an architectural foundation for re-
alizing assistance and awareness systems that exploits the
duality of automated homes; the status of devices and ap-
pliances in the real world on the one hand, and their digital
representation on the other hand. If the digital representa-
tion is embedded in a virtual world, i.e., a 3-D model that
reflects the actual physical environment, we call this a Dual
Reality (2R) according to Lifton [3]. Lifton connects real
and virtual environments, so that they can mutually reflect
and influence each other. Similarly, Streitz and Wichert [6]
put hybrid symmetric interaction on their research agenda,
meaning that both worlds maintain consistency. In our liv-
ing labs in Bremen BAALL and Saarbrücken INTELLIGENT
KITCHEN we use home-automation technology to synchro-
nize the status of the real environment with a virtual model
thereof, so that the virtual world reflects the real lab situa-
tion. Vice versa, actions performed in virtual reality (e.g.,
to turn on a light by touching a virtual lamp) have a simi-
lar effect on the physical environment. We believe that for
many users our approach provides a cognitively more ade-
quate way of interacting with their environment. Finally, we
investigate how geographically distant environments can be
synchronized in order to create the sensation of virtual pres-
ence in conjoined environments, i.e., to let users feel like
other family members were present and that they will keep
an eye and know if something is wrong.

The paper is structured as follows. First, we show how the
standard-based Universal Remote Console (URC) platform
can be applied to Dual Reality applications and therefore can
serve as an architectural foundation for synchronizing a vir-
tual environment model with the real world. Developers will
learn how the synchronization between realities can be im-
plemented on the basis of existing development tools, meth-
ods and standards. The remainder of the paper describes two
demonstrators that we have developed in the context of the
INTELLIGENT KITCHEN and BAALL apartment as proof of
concept. We close the paper with a summary and outlook.

UNIVERSAL REMOTE CONSOLE
One of the core concepts of our approach is the usage of
standards-based open architectures. We propose the indus-
trial Universal Remote Console (URC) standard [2], that fo-
cus on accessible and inclusive user interfaces by allowing

1



Figure 1. The URC framework provides an adaptive architecture that supports the flexible integration and reuse of heterogeneous software and
hardware components, communication protocols and target appliances and therefore allows any target device to be accessed and manipulated by any
controller device.

any device or service to be accessed and manipulated by any
controller [1]. Like other middleware approaches, e.g., AM-
ICO [4], the URC framework provides an adaptive architec-
ture that supports the flexible integration and reuse of het-
erogeneous software and hardware components, communi-
cation protocols and target appliances. By contrast the fo-
cus of URC is the notion of Pluggable User Interfaces that
allows for interfacing arbitrary networked appliances or ser-
vices with secure, personalized and, perhaps most important,
accessible user interfaces [1]. Users can select a user inter-
face that fits their needs and preferences, using input and
output modalities, and interaction mechanisms that they are
familiar with and work well with them [10]. The first project
in Europe using URC technology was i2home3, which had
the ambitious effort to inject an ecosystem around the in-
dustrial URC standard [2] and to introduce URC technol-
ogy in the field of AAL. Since i2home started, in Europe
alone projects with in total 120 partners and an accumu-
lated budget of about 100 million Euro are currently using

3www.i2home.org

the URC technology, e.g., VITAL4, MonAMI5, Brainable6,
SmartSenior7 or SensHome. Therefore, we are member of
the OpenURC Alliance, which is a global initiative for ex-
changing experiences, ideas and, perhaps most importantly,
continue the development of the URC standard.

The Universal Control Hub
Figure 1 shows the modular architecture of a Universal Con-
trol Hub (UCH) [9]. A UCH is a gateway-based architecture
implementing the URC standard thus managing the com-
munication between controller and target appliances: i) a
Controller is any device for rendering the abstract user in-
terface, e.g., TV, touch screen or smartphone; ii) a Target is
any networked device or service intended to be controlled
or monitored, e.g., kitchen appliance, home entertainment
or eHealth devices; and iii) a Resource Server is a global
service for sharing Pluggable User Interfaces and various
resources necessary for interacting with the targets, e.g., lan-
guage resources, icons or presentation templates defining the

4www.ist-vital.org
5www.monami.info
6www.brainable.org
7www.smart-senior.de
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arrangement of interface elements. Currently, a pilot re-
source server is being operated by dot UI8. The benefit of
this approach is that it is possible to deploy consistent and,
particularly, accessible interfaces which are tailored to par-
ticular users and their specific needs.

The UCH architecture mainly consists of three layers: i)
the User Interface Protocol Layer is responsible for defin-
ing User Interface Protocol Modules (UIPM) which specify
the communication protocols for the controllers, e.g., HTTP,
SOAP, SVG, UPnP or proprietary solutions; ii) the User In-
terface Socket Layer defines the standardized User Interface
Socket (UIS) that serves as a common contract between con-
trollers and targets; and iii) the Target Adapter Layer man-
ages the grounding and communication with actual targets,
e.g., a DLNA television, Enocean lighting or CHAIN based
kitchen appliances.

Standardized Contract for User Interfaces
The standardized definition of the User Interface Socket (UIS)
describes the input and output behaviour of a specific tar-
get device on an abstract level and therefore is the common
model of all user interfaces and communication protocols.
A UIS contains a flat set of socket elements that provide a
synchronized communication channel to the controlled de-
vice and its current state. Socket elements are either vari-
ables, commands or user notifications. The description also
specifies how socket elements depend on each other, for ex-
ample that the commands for confirming or cancelling the
request are only relevant when the request notification is ac-
tive. More advanced dependencies can also be described
through the notion of pre- and postconditions.

Clearly, the UIS does not provide enough information for
creating a nice-looking and accessible user interface. What’s
missing are concrete instructions how to build the user inter-
face, what widgets to use, how to arrange and structure them
and finally the language of labels and messages. These op-
tional resources are provided by a Pluggable User Interfaces
[8], a channel-specific user interface description that plugs
into a particular UIS. The socket can then be rendered on
some controller thus giving the abstract UIS a concrete im-
plementation, or, in other words, plugging the socket. The
concrete user interface connects to one or multiple sockets in
two directions: first, getting and representing the values that
reflect the current state of the target, and second, requesting
changes in the target’s state through variable changes and
command invocations. On the backend side each target ap-
pliance is represented by a dedicated target adapter that is
responsible for the grounding of abstract socket elements
with any specific network protocol. The UCH architecture
offers a flexible way of connecting different user interfaces
with any UIS and therefore with any connected target device.
Multiple controllers and targets can be attached, exchanged
and detached at runtime.

An Open Plugin Infrastructure
There are several UCH implementations available, both open-
source and commercial. The UCH described here is based
8www.dotui.com

Figure 2. The lights and sliding doors of DFKI’s Ambient Assisted
Living Lab (BAALL) in Bremen are synchronized with the 3-D model.
They can also be interactively controlled from the model.

on an OSGI infrastructure for integrating loosely coupled
modules in the form of OSGI bundles, e.g., UIPM’s, Targets
and Pluggable User Interfaces. In addition, our UCH im-
plementation includes a dynamic discovery mechanism for
optional plugin extensions (see Figure 1). With i2home’s fo-
cus on activity management a task-model plugin based on
ANSI/CEA-2018 [5] has been integrated. The plugin and
its internal task-model engine allows for the implementation
of home automation and task-based scenarios, e.g., leaving
home or preparing a meal. The task-model plugin is itself
represented by means of a UIS and therefore is accessible
by all attached controller appliances. The synchronization
of different realities is implemented by an additional syn-
chronization plugin operating on the abstract UIS. For appli-
ances in different realities, e.g., a kitchen in the real world
and one in the virtual world, the UIS defines a common un-
derstanding of the properties and functions that are shared
between realities. From a technical perspective the only dif-
ference between these two worlds is the actual grounding
of the socket elements, i.e., serve@home communication in
the case of the real extraction hood and API access in the
case of the virtual YAMAMOTO model. The synchronization
module is responsible for managing the values of the pertain-
ing socket instance and for aligning attached targets. Due to
the abstract socket description, URC defines a common bi-
directional link between realities and thus perfectly supports
the notion of Dual Reality.

DEMONSTRATORS
In the following, we will describe the synchronization be-
tween real and virtual worlds in case of the Bremen Am-
bient Assisted Living Lab BAALL and the INTELLIGENT
KITCHEN . BAALL is an automated 60m2 apartment suit-
able for the elderly and people with physical or cognitive im-
pairments. It comprises all necessary conditions for trial liv-
ing, intended for two persons, as shown in the YAMAMOTO 9

3-D model in Figure 2. BAALL aims to compensate physical
impairments of the user through adaptable furniture, such as
a height-adaptable kitchen, and mobility assistance; an intel-
ligent wheelchair and walker navigate their user within the
lab. Accordingly, the lab has been equipped with five auto-
9http://w5.cs.uni-sb.de/ stahl/yamamoto/
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Figure 3. The programme on the TV set is reflected in the virtual model
(laptop in the foreground). A context menu in the model acts as a re-
mote control to switch channels; also the hood light is in sync between
both realities.

mated KNX-based sliding doors that open automatically to
let the wheelchair pass through. The doors can also be op-
erated manually by pressing buttons or gently pushing the
door itself. Furthermore, all lights in BAALL are automated.
YAMAMOTO polls the status of the sliding doors and lights
in the real environment and visualize it accordingly in 3-D,
as shown in Figure 2. Light sources are visualized as cones
that appear either black (off) or bright yellow (on). As the
user switches a light, the cone in the model also immediately
changes its color. Likewise, the sliding doors appear either
open or closed, depending on their true state. In order to
control the real world from YAMAMOTO we have extended
the geometric scene description by a set of functions for each
element. The functions are available through a context menu
that is attached to the virtual objects. Hence the real lights
can be switched on and off by manipulating the cones in the
virtual environment, and the doors can be opened and closed.
The INTELLIGENT KITCHEN is a fully instrumented room
that allows for realizing kitchen and living room scenarios.
We have fully modeled the kitchen with all its shelfs, ap-
pliances, and its instrumentation with RFID sensors and a
wall-mounted TFT display. Figure 3 shows a photo of the
real kitchen that is synced with the YAMAMOTO 3-D model,
shown on the laptop from the same perspective. We have
focused on networked appliances; the fridge, cooker, oven,
hood and dishwasher are connected to the Web via the pro-
prietary serve@home protocol. The URC framework syn-
chronizes for example the state of the hood light with the vir-
tual environment model. Furthermore, the TV set (Windows
Media Center) has been integrated into the URC framework.
As a specialty, we stream the current content from the real
TV screen to the virtual display in the 3-D world. Hence it
is possible to watch the current programme with the avatar
in the virtual model. The virtual TV’s context menu allows
to switch the channels of the TV, which affects both the
real and virtual TV set. Using URC, it makes no difference
whether virtual or real TVs are synced as their implementa-
tion is transparent to the system. In a user study described
by [7] subjects also suggested to synchronize other devices
in the house as well, for example the opening and closing

of curtains. Using URC, any connected devices can be syn-
chronized with little effort.

SUMMARY AND OUTLOOK
We presented the open and standardized URC framework as
an architectural foundation for realizing Dual Reality appli-
cations when real and virtual worlds mutually influence each
other. We explained how the implementation of the syn-
chronization process is supported by the URC framework.
Finally, we presented two actual demonstrators, the BAALL
and INTELLIGENT KITCHEN. Both allow the user to visual-
ize and manipulate elements of the real world, such as lights,
doors, and a TV set, from the virtual model. For the future,
we plan to extend the capabilities of the demonstrators, i.e.,
include the real-time visualization of movable objects based
on RFID sensor data and people that are localized e.g., by an
indoor-positioning system.
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ABSTRACT
The proliferation of mobile devices and wireless communi-
cations contributed to the development of context-aware ap-
plications. This work aims to develop a system that gathers
users’ contextual information, in indoor environments, and
handles such information to help users in their daily tasks.
The system comprises an interface hybrid agent that is aware
of the user’s context and infers relationships between users
by observing their interactions. The users’ location is esti-
mated using an existing Wireless LAN, to facilitate the prop-
agation and integration of the system in other environments.
To validate our initial hypothesis, we performed two exper-
iments. The first intended to measure the usefulness of the
system to users. The latter evaluates the accuracy of the es-
timated location. The results indicate that users found the
system useful and the estimated location is accurate.

Author Keywords
Context-aware, Location, Wireless LAN, Indoor environment,
Intelligent Agent, User’s relationships, Points of interest.

ACM Classification Keywords
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INTRODUCTION
Nowadays technology is everywhere in our daily lives and
devices are becoming increasingly mobile. The evolution
of mobile devices combined with the development of wire-
less communications allows us to access, everywhere and
any time, to a large amount of information [4]. With all this
information, it becomes difficult to find the specific infor-
mation that matters to us. Over the last few years, a large
amount of location-based applications have emerged, such
as Google Latitude 1, Foursquare 2 or Facebook Places 3.

1Google Latitude, http://www.google.com/mobile/latitude
2Foursquare, http://foursquare.com/
3Facebook Places, http://www.facebook.com/places
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These applications enable users to share their location and
related information with their friends, getting back informa-
tion about them. Most of these applications use GPS or GSM
technology to locate users. Such technologies work well on
outdoor environments, but do not work or cannot provide the
required accuracy in indoor environments.
Dey and Abowd [5] defined context-aware applications as
“applications that use context to provide task-relevant in-
formation and/or services to a user”. Context-aware appli-
cations differ from each other on the form of gathering the
contextual information and on the way that such information
is used. Chen and Kotz [4] reorganised context in four cate-
gories: computing context (e.g. network connectivity), user
context (e.g. user’s location), physical context (e.g. lighting)
and time context (e.g. time of the day). This paper addresses
the problem of gathering information about the user’s sur-
roundings (e.g. user’s location, interesting places around,
which friends are nearby) and how such information should
be handled in order to help users in their daily tasks and to
guide them in indoor environments. The application should
take into account the current context in which the user is,
preferably without any input from the user. Considering the
motivation presented above, the research question that we
propose to solve is the following:

How a context-aware system should be developed, in order
to be useful to users in indoor environments, helping them

to be in touch with other users and points of interest?

To answer this question, first we need to decide on how to
obtain the user’s context information, including the user’s
location, the points of interest information, and the informa-
tion of other relevant people nearby. Regarding the location
component of the system, previous systems were surveyed to
understand the state-of-the-art in terms of properties, tech-
nologies and methodologies to localize users in an indoor
environment. Since the contextual information appropriate
to users depends on each circumstance, a real scenario was
analysed. An interface agent for a mobile device was chosen
to handle the contextual information and decide which infor-
mation provide to users. The agent comprises a reactive and
a proactive component, to give users the information they
specifically request, and to pro-actively give them informa-
tion that might be relevant. Given this, our hypothesis is:

A context-aware interface agent, implemented in a mobile
device, aware of the user’s location and other relevant

users and points of interest around, will be useful to users
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in an indoor environment.

To validate our hypothesis, a system was modelled, a proto-
type in a university campus was implemented and an evalu-
ation regarding two metrics (the usefulness and the usability
of our context-aware system to users, and the accuracy of the
estimated location) was performed.

RELATED WORK
Context-aware applications are applications that are constantly
observing the user’s environment, to provide useful and ap-
propriate information in every situation, preferably without
any user input. However, the context information used can
be quite diverse. For example, there are context-aware ap-
plications in smart environments [9], applications that are
developed with the purpose of adding information to what
the user sees [8], applications with mobile agents that aim to
interact with users in order to establish closer relationships
with them [3] and applications mainly based on user’s loca-
tion information [1].
An important feature that context-aware systems can use to
filter the useful information to users is their current location.
The automatic location of users is a complex problem that
has been addressed over the years. Each localization system
may differ in many aspects, for example, it can be designed
for a small or for a large area. The most important properties
that characterise location systems are: physical position ver-
sus symbolic location, absolute versus relative coordinates,
localized versus centralized computation, accuracy and pre-
cisions, scale and costs [7].
The problem of determining the location of a user depends
on whether the user is indoors or outdoors. The type of en-
vironment (outdoor or indoor) determines the technologies
that can be used and the ones that should be excluded. For
example, in outdoor environments GPS is effective, but it
does not work in indoor environments. In indoor environ-
ments, technologies such as infrared [11], ultrasound [12],
RFID (Radio-Frequency IDentification) [6], vision [9], Wire-
less LAN [2] or bluetooth [13] can be used.
There are mainly three different types of methodologies: prox-
imity, lateration or angulation and scene analysis [7]. In
general, for any selected technology can be applied any of
the methodologies, however there are some technologies that
are more appropriate for certain methodologies.

CONTEXT GUIDE
The Context Guide is a context-aware application for mobile
devices that users can use in their daily lives, in an indoor
environment, to obtain useful information, such as friends
or points of interest informations. The developed model was
implemented in the building of a university campus, with
three floors covered by a Wireless LAN 802.11. To im-
plement the localization component a Cartesian coordinate
system covering all the building was defined. The system’s
generic architecture is composed by three modules: client,
localization server and services server (Figure 1). All the
components are extensible and modular in order to facilitate
the addition of new functionalities.

Figure 1. System’s generic architecture.

Client
The client application runs in users’ mobile devices and pro-
vides them contextual information. The application was de-
veloped to run on devices with Android OS. The interface in
the mobile device is divided in 3 parts (Figure 2): two top
parts where the agent can transmit textual and graphical in-
formation to the user and a bottom part where the user can
interact with the system.

Figure 2. User interface in the mobile device.

The wireless scanner sends the information about the de-
tectable access points by the mobile device (collected using
the WifiManager package of android.net.wifi) to the local-
ization server in order to receive the estimated location. An
agent handles user’s contextual information (e.g. friends or
places nearby) and collects information about user’s interac-
tions, for inferring user’s relationships. In order to not over-
load the mobile device the agent stores this information in
services server. The agent is constantly receiving the loca-
tion updates from wireless scanner and the inputs from the
user interface. Besides responding to user requests (reactive
component based on the subsumption architecture [14]), the
agent also has a reasoning component to provide informa-
tion to the user in a proactive way (based on Pratical Rea-
soning Agent algorithm [14]). To enrich the agent’s knowl-
edge about users and provide them useful information, the
agent logs the user’s interactions to infer different kinds of
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relations amongst them. The communication with the both
servers is established through the wireless LAN. The com-
munication between the client modules is based on events
and was implemented using the ION Framework [10].

Localization Server
Due to the limitations of mobile devices (e.g. processing
power or storage) the user’s localization is done by a local-
ization server, that receives from clients information about
the detectable access points and returns the estimated loca-
tion. The communication with the clients is anonymous, i.e.,
the server does no register any record about users or the esti-
mated locations. The localization component is based on an
existing wireless LAN infrastructure and combines the anal-
ysed methodologies (proximity, lateration and scene anal-
ysis), in order to improve location accuracy with the less
deployment effort. The proximity and the lateration method-
ologies are applied to all the environment and the scene anal-
ysis methodology is applied in specific places of the build-
ing, where it is necessary to have a better location accuracy,
in order to provide user precise information. The location re-
sult will depend on the results from each methodology. The
measurable characteristic used in the methodologies is the
Received Signal Strength Indicator (RSSI), which relates to
the distance (it decreases as the mobile device moves away
from the access point).
The lateration methodology explores the geometric relations
(e.g. distance), between the fixed and mobile nodes. To
apply lateration in a two and three-dimensional plan it is
necessary a minimum of three and four fixed points, respec-
tively, and the Cramer’s Rule is used to solve the equation
system. However, since every distance measures have er-
rors, the more fixed points are used, the more accurate the
final result is (but more complex is in terms of mathematical
resolution). In this case, it is necessary to solve an overde-
termined system of equations [7].
The scene analysis methodology was implemented in a spe-
cific room. To perform the off-line phase we developed a
simple application that collects the signal strength values
from each detectable access point, and sends them to the lo-
calization server. Twenty measures in 4 directions [2] were
collected in each point of the Cartesian coordinate system
within the room and stored in the localization database. In
the on-line phase, when the user is in a scene analysis zone,
the algorithm tries to find a coordinate point that corresponds
to more than 4 collected measures.
Using an existing infrastructure brings many advantages in
terms of time, space, energy and capital costs. However, it
is still necessary to analyse its components and its mode of
operation, such as the building’s infrastructure or how the
access points are distributed throughout the building. The
localization database stores required data for the users lo-
calization through the building, such as access points or lo-
cations information.

Services Server
The services server is responsible for handling the infor-
mation about the users and theirs relationships and places
in the environment, and to respond to client requests about
such type of information. In the communication with clients,

on contrary to what happens in the localization server, the
server knows the client’s identification, in order to provide
personalized information to each user (e.g. their friends nearby).
The services database stores information about users, the
locations where the users could be within the system’s sce-
nario, the places and informations that may interest to users
and the relationships between users. The services compo-
nent is able to process different types of requests, such as
update users’ location or find users’ friends.

EVALUATION
Two different experiments were performed to evaluate the
implemented system. The first are intended to measure the
usefulness and usability of our context-aware system with
real users. The latter intended to measure the accuracy of the
user’s location results. Considering the research questions
presented in the beginning of this document, our hypotheses
are:
1. Users will find our system useful and it will help them
during their daily tasks inside the university campus;
2. The location accuracy provided will be enough to users.

Usefulness and usability of the system
To evaluate the usefulness and the usability of the imple-
mented system and confirm our first hypothesis we performed
an experiment with two distinct groups of participants (each
one with 8 students with ages between the 17 and 18 years
old). One group of users was asked to complete a set of
four tasks (find a friend, find a bar, find the ATM machine
and find a research group) using the Context Guide applica-
tion and the other group was asked to complete the same set
of tasks without the Context Guide application. All partici-
pants started in the same place of the campus and received
one task at a time. The time they took to complete each task
was counted. When the participants completed their tasks,
they were asked to complete a questionnaire. The partici-
pants that used the system were given a questionnaire with
statements about the usefulness of the system, the quality of
information, the quality of the interface and the difficulty of
the tasks they had to complete. To the other ones it was given
a questionnaire with statements about the tasks they had to
complete.
Results. From this experiment we found significant differ-
ences on the amount of time users spent to complete a dif-
ficult task (Mann-Whitney test, U = 3.5, z = −2.995, p <
0.001, r = −0.75). Significant differences on the easiness
to find the information to complete the tasks were also found
(Independent t-Test, t(14) = 1.989, p < 0.05, r = 0.47).
Participants that used the system felt that information is much
easier to find than the other participants. Users also classi-
fied positively the overall system, and aspects regarding the
usefulness of the system, the information quality provided,
the quality of the interface and the location accuracy.

Location accuracy
In this experience we collected location results in four dif-
ferent kinds of environments (from open to closed environ-
ments). An amount of 20 results per location was collected.
Besides the response time of localization server to a local-
ization request, the location accuracy and precision were
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also measured. Accuracy measures the distance between the
estimated and the real position and precision measures how
often that accuracy is achieved [7]. Euclidean distance was
used to measure the accuracy of location results.
Results. In the quantitative evaluation of the location accu-
racy of the system, we obtained results with errors always
less than 9m, and in areas with a good coverage of access
points we obtained estimated locations with errors in the or-
der of the 5m, which we consider a good result (to a lo-
calization system based on wireless propagation model). In
specific rooms, where we implemented the scene analysis
methodology, we had a location accuracy of 3m with 90%
precision. The accuracy achieved in an area with the scene
analysis methodology is comparable to results obtained with
systems that use the same methodology and in areas with
good coverage of access points and using only the method-
ologies of proximity and lateration we got an acceptable
average error(about 5 meters). Regarding the localization
server response time, with one user, we obtained responses
in an average time of 1.4 seconds.

CONCLUSIONS
This work addressed the problem of context-aware applica-
tions that can be easily and without major costs deployed in
indoor environments. The design of these applications can
bring many advantages to the user, as they provide useful
information requiring almost no effort from the user. To ap-
proach our problem, we developed an indoor location system
(combining proximity, lateration and scene analysis method-
ologies) to gather users’ location based on an existing Wire-
less LAN, and taking into account the costs and time of
deployment. As a basis for our context-aware system, we
opted to develop an interface agent to a mobile device that
answers user’s requests and pro-actively provides useful in-
formation to the user (using information about inferred rela-
tionships amongst users). To evaluate the developed system
we performed two different experiments (one to measure the
usefulness of our context-aware system and the other one to
measure the accuracy of the location component). Overall,
we had a good feedback from our system, and significant
differences between the two groups were found on the time
taken to complete a difficult task and on the easiness to find
information to complete the tasks. The results of these ex-
periment indicate that users consider our system useful and
with a comfortable location accuracy. Given that, the out-
come of this evaluation motivate us to continue the path of
this work, in particular linking this type of applications with
current social networks systems.
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ABSTRACT 

People often visit public spaces such as shopping malls and 

museums in small groups. Ubiquitous computing will 

shortly allow tracking, monitoring and supporting 

individuals and groups in such spaces. Positioning data can 

then be used by an inference mechanism to capture the 

abstract meanings that underline the measurements, and 

represent the social context of real world small groups of 

people, located indoor, within a virtual world. However, 

current real world sensors are limited, leading to conditions 

where some measurements are lost, and some areas may not 

be covered by sensors. Sensors data should (and probably 

will) be augmented with inference mechanisms to 

overcome missing data and resolve conflicts. In the case of 

positioning, proximity measurements enable the assessment 

of the relative position of people. The synergetic 

combination of the proximity measurements and the direct 

positioning information can enable an inference mechanism 

to compensate for missing measurements and improve 

overall positioning data.  

Author Keywords 

Indoor Positioning, Social Signal Processing. 

ACM Classification Keywords 

H5.m. Information interfaces and presentation (e.g., HCI): 

Miscellaneous.  

INTRODUCTION 

Imagine being a miner in a Chilean mine trapped 

underground for the next two months; being onboard a US 

Navy carrier for the next 6 months; space travelling for the 

next year; or restricted to your home or to a hospital bed. In 

all of these cases you may enjoy a video call with your 

loved ones. However, you cannot enjoy a shared experience 

with your loved ones in a dynamic environment such as 

their nearest mall or museum. Now imagine a futuristic 

application that may enable you to join your loved ones in 

such a remote shared experience. This would require 

representation of the social context as part of the virtual 

presence of real world people within the virtual world. The 

other side of the coin is to enable social presence of a 

virtual agent in the real world for the benefit of the real 

world people. This requires mixed reality applications 

where the real world is represented in the virtual world and 

the virtual world is represented in the real world. Such 

applications would require measurements, inference and 

modeling of real world people. The type of data that is 

needed for such applications is accurate and continuous 

indoor positioning and proximity of the people involved 

[Mennecke et al., 2008] (in order to provide realistic 

representation of the real world in the virtual one). 

Today’s indoor positioning solutions are not perfect 

[Varshavsky and Patel, 2010]. Depending upon the 

technology, data may be incomplete, erroneous or simply 

inaccurate. Sometimes positioning messages might get lost 

or leave gaps in the positioning information. There are 

cases where partial information such as being in close 

proximity to a group of people may enable mutual updates 

of position (where accurate positioning data is not 

available). That is if A is near B, the position of A is 

unknown and the position of B is known, we may be able to 

infer the position of A from the position of B. The problem 

with current indoor positioning technologies is that they do 

not support the requirements for continuous and complete 

information [Meguerdichian, 2001; Varshavsky and Patel, 

2010]. In order to improve current position measurements, 

we suggest using complementary information available by 

the social context of people in close proximity to a person 

whose position is known. This involves augmenting indoor 

positioning with social signal processing reasoning. We 

used the instrumentation, installed at the Hecht Museum
1
 

for the PIL mobile museum guide project [Kuflik et al., to 

appear], to analyze possible contributions of social context 

to positioning. Among its services, the PIL system enables 

measurements of positions of individuals and group 

members. This positioning data was used to demonstrate 

how social proximity-based positioning can improve overall 

positioning.  

                                                           

1
 http://mushecht.haifa.ac.il/info_eng.aspx, accessed Sep 

30
th
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BACKGROUND 

Over the years, a variety of technologies have been 

experimented for indoor positioning in places such as 

warehouses, hospitals, shopping malls, manufacturing 

floors, smart houses and museums. These technologies 

include sensors such as visual camera positioning 

[Varshavsky and Patel, 2010], various implementations of 

Radio Frequency Identification (RFID) [Khoury and 

Kamat, 2009], indoor GPS [Khoury and Kamat, 2009],  

WiFi based positioning [Khoury and Kamat, 2009], 

Bluetooth [Hallberg et al., 2003], Ultrasound
2
, inertial 

navigation based on accelerometers for motion detection 

[Evennou and Marx, 2006], active floor [Varshavsky and 

Patel, 2010], power line positioning [Varshavsky and Patel, 

2010], airbus (detecting changes of pressure or air 

conditioning flow due to presence or movement) 

[Varshavsky and Patel, 2010], and other technologies 

applied for that purpose. Location estimation may use 

processing tools such as: Proximity measurements 

(closeness to a device, based on the device detection range), 

Trilateration (measuring the distance between a device and 

a number of reference points at a known location), Time-of-

Flight (estimating the time-of-flight of a signal between a 

device and a reference point, based on the speed of light or 

the speed of sound), Signal Strength Attenuation (by 

estimating distance based on the decrease in the strength of 

a signal as it travels away from the signal source), and dead 

reckoning (prediction of future position in the lack of 

measurements, based on the last known position, direction 

and average velocity) [Varshavsky and Patel, 2010]. In 

many cases positioning sensors are integrated into sensor 

networks using protocols such as ZigBee [Skibniewski, 

2006]. 

Some studies focused on the accuracy of the measurements 

[Khoury and Kamat, 2009]. Others e.g. [Meguerdichian, 

2001] referred to the question of quality of service, and 

especially the important questions of measurement 

coverage. "Holes" in coverage may be a result of several 

causes: "holes" in space (undetected / uncovered areas), 

"holes" in time (lost positioning messages) and "holes" in 

the sensor network (some areas within the sensor network 

do not forward messages due to low energy of the node, 

causing messages to travel through a longer path or to be 

lost) [Fang et al., 2006].  

Since "holes" in measurements pose major challenge to 

positioning systems, the use of complementary information 

from other sensors in the vicinity may help reduce their 

effect. In our case, such complementary information may be 

found in the analysis of the social context. That is if A is 

near B, the position of A is unknown and the position of B 

is known, we may be able to infer the position of A from 

the position of B 

                                                           

2
 http://www.sonitor.com/technology  accessed Oct 3

rd
, 

2010  

SOCIAL SIGNAL PROCESSING  

Social signal processing is a novel field of study  that seeks 

ways to measure, assess, model and improve human social- 

behavior by the use of technology that exploits non-verbal 

cues such as location, facial expressions, eye gaze, gestures, 

postures, and body language [Caridakis, 2010; Kim et al., 

2007; Mancas, 2009; Nakano and Ishii, 2010]. An example 

of improved group behavior is given by Kim et al. [2007]. 

It is based on the sociometric badge, a sensor which enables 

measurement of organizational behavior through 

conversation, location and acceleration. The researchers 

used the sociometric badge to assess quality of discussion 

and to deliver feedback in real-time to the participants in 

the discussion. Technologies such as the sociometric badge 

can be used for Organizational Social Engineering to assess 

human social behavior in organizations [Ara et al., 2008; 

Olgu´ın et. al, 2009; Waber et al., 2007]. The sociometric 

badge in this case enables feedback to management and 

employees, based on the physical location of workers 

within the organization’s buildings during work hours and 

based on the interaction between workers.   

PIL POSITIONING SYSTEM 

Given the fact that there is no commonly acceptable indoor 

positioning solution, the PIL project provided a solution 

that minimizes the installation complexity while providing 

acceptable accuracy of being within 1.5 to 2 meters from 

the object of interest (illustrated by Fig. 1, bottom, left). 

The Hecht museum is equipped with a Radio Frequency 

(RF) based positioning system based on a wireless sensor 

network (WSN) composed by RF devices designed and 

produced by Tretec
3
. The WSN operates on the 2.4GHz 

ISM band and is based on 802.15.4 protocol, the underlying 

layer of the well known ZigBee protocol. The 802.15.4 

WSN is formed by three different kinds of objects: fixed RF 

tags called Beacons (Fig. 1, top, right), small (matchbox 

size) mobile RF tags called Blinds (Fig. 1, top, left) and RF 

to TCP Gateways (Fig. 1 bottom, right). Beacons and 

Gateways have the same size and are roughly twice the size 

of a blind. 

      

      
Fig. 1: Positioning device and usage scenario 

                                                           

3
 http://www.3tec.it/ accessed Oct 18

th
 2010 
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The Gateways transfer the data reported by the Blinds and 

Beacons’ status, over a local area network to the PIL server. 

Beacons are statically located at entrances and exits, as well 

as near relevant locations of interest in the museum, while 

Blinds are carried by visitors (Fig. 1, top, left). When a 

Blind is in proximity of a Beacon or another Blind, that 

blind reports this information to the server using the nearest 

Gateway. The server parses, filters and enhances the 

information, determining the visitor’s position. Another PIL 

component then decides on actions, e.g. suggesting visitor 

personalized content adapted to the reported location. It 

should be noted that in general, several signals may be 

detected by a blind, so that it can report a number of 

possible locations with different weights. The ordered set of 

results, above a given threshold, is sent to the positioning 

server. The positioning system has several other important 

features: (i) measuring proximity among Blinds, allowing to 

reason about the proximity among visitors; (ii) detecting 

voice level and activity (due to privacy considerations it 

does not record voice), a feature that can be used to assess 

the level of conversation among visitors as well as their 

proximity (people may have a face to face conversation 

only if they are close to each other), (iii) detecting 

orientation of visitors, using embedded magnetometers, 

enabling the assessment of whether visitors are facing each 

other, the exhibits or standing back to back, and (iv) 

detecting motion using embedded accelerometers. 

THEORETICAL ANALYSIS OF SOCIAL PROXIMITY 

Proximity could be translated to a measureable radius 

around an object, a person, or a group of people. The 

sensors used by the PIL project (as well as many other 

indoor positioning sensors) have asymmetric transmission 

pattern, resulting in better detection in specific directions 

and poor detection in others. For example, a person's human 

body shields the transmitted or received signal of a Blind 

from behind that person if she / he is carrying the Blind on 

the chest. This makes the proximity detection directional. 

Therefore there are three options for directional proximity 

of two people: (1) "A sees B, B does not see A": A is within 

the transmission pattern of B, and B is not within the 

transmission pattern of A; (2) "B sees A, and A does not see 

B": B is within the transmission pattern of A, and A is not 

within the transmission pattern of B;  and (3) "Both A and 

B see each other": both A and B are within the others 

transmission pattern (Fig. 2-a). In any of these cases A and 

B are in close proximity to each other, and this applies for 

positioning sensors too. When it comes to three sensors or 

more, the directional proximity is not transitive. Sensor A 

may be in directional proximity to sensor B who is in 

directional proximity to sensor C, but sensor A might not 

detect sensor C (because A is out of C's transmission 

pattern)  (Fig. 2-b).  Even if a person A is in directional 

proximity to both B and C, it does not mean that person C is 

in close proximity to person B. (Fig. 2-c). In order to 

conclude that all three sensors A, B and C are in close 

proximity to each other it is essential to use each pair out of 

the  three  sensors  separately, to infer  about  the  proximity 

 

 Fig 2. Simplified schematic description of sensor proximity 

among the three.  (The case where A is in directional 

proximity to B, B is in directional proximity to C, and C is 

in directional proximity to A is a private case of the above). 

Position detection at the instrumented Hecht Museum is 

done by proximity to a location at the museum. This 

proximity is unidirectional, i.e. a mobile sensor Blind A 

detects the stationary positioning sensor Beacon B. This 

means that if another mobile sensor Blind C is in proximity 

to mobile sensor Blind A, it may still be out of range from 

the stationary sensor Beacon B (Fig. 2-d). Note that 

detection occurs when a mobile sensor is within the 

transmission pattern of a stationary sensor. The bottom line 

is that proximity between two people, where the position of 

one of them is directly known, leads to information about 

the assumed location of the other. This location is known 

within an uncertainty zone at the size of the proximity 

pattern around that person (in our case 0.25 to 2 meters). 

EVALUATION OF PROXIMITY BASED POSITIONING 

The evaluation focused on the positioning of 13 small 

groups of actual visitors at the Hecht Museum. There were 

4 groups of 3 persons and 9 pairs. The visits lasted from 35 

minutes to 135 minutes depending on the group (having an 

average of 64 minutes). During the visits, the museum 

a  

b   c 

d 
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Stationary Beacon sensor 

Mobile Blind transmission pattern 

(schematic) 

Stationary Beacon transmission pattern 

(schematic) 
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sensors reported 113,441 reports (39% of the reports – 

members of groups of three, and 61% – members of groups 

of two). 11,492 messages (10.1% of all messages) reported 

proximity to other visitors, out of them 789 messages 

reported proximity to two visitors. The relatively low 

percentage of proximity messages is probably due to people 

separating and not being in close proximity to others during 

the entire visit time, or due to partial detection of proximity 

by the mobile Blind sensors. Focusing on the 11,492 

messages that had proximity reports, 21% of them had also 

position report. The other 79% reports did not have a 

position report. The measured data is reported once a 

second. Since people walk quite slowly within the museum, 

it is assumed that positioning and proximity data are still 

valid within 2 seconds from the time of the report. If the 

data is older than 2 seconds, it is assumed that it has 

expired. Therefore this analysis uses only measurements of 

Blinds that did not have a position of their own, but were in 

proximity to other blinds (carried by people from the same 

group), that had a position measurement, which had not 

expire yet. 899 reports without position data were 

positioned by using their proximity to part of the 2,427 

reports containing a known position, increasing the number 

of known position reports by 37%. 

DISCUSSION AND CONCLUSIONS 

Considering proximity of visitors in instrumented space, 

may contribute to representing their position in the virtual 

space in several aspects: (1) Accuracy– Positioning by 

proximity of person A to a person B, whose position is 

known, enables positioning of person A, but this 

positioning is less accurate then the positioning of person B 

by the proximity distance. (2) Coverage and quality-of-

service - If the positioning system quality-of-service and 

coverage is excellent, the group members would know 

exactly where they are, and the positioning systems would 

contribute to the social inference. On the other hand, if the 

positioning system has partial coverage and suffers from 

gaps in measurements or reports, mutual social positioning 

may contribute to improve the positioning data. (3) The 

extent of temporal separation of group members - If 

group members choose to separate, and are not close to 

each other a mutual social positioning would not be 

available. On the other hand if group members choose to be 

together, social positioning would be available. (4) 

Crowding - crowded places may present both an 

opportunity to use the position of members of other groups 

or of individuals for social positioning, but might also 

overload or shield the positioning system or the sensor 

network increasing gaps and lost positioning reports. 

Crowding may also slow people down, enabling inference 

of social positioning out of a position, measured a little 

earlier or later than the proximity (The involved people 

could not quickly separate because of the crowd). (5) 

Complementary social factors – Other social factor such 

as orientation or conversation (voice detection) may serve 

in the determination of social positioning too. All the above 

may enable systems to build a spatial model of visitors to 

computerized environment, which, in turn, may enable 

them to communicate and share experience with remote as 

well as on-site colleagues, as suggested by the motivating 

scenario.  

All the above may allow a system to better monitor users in 

an instrumented environment. As a result, representation of 

real visitors in virtual worlds and especially in augmented 

reality scenarios will be more realistic. 
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ABSTRACT
In this position paper, we describe a first approach to de-
velop a framework for a management dashboard in a retail
scenario. This dashboard aims at visualizing a real super-
market in an interactive three-dimensional model in such a
way that changes in the real world are immediately reflected
in the virtual world and information from the virtual world
can be transferred to the real one. This approach is referred
to as dual reality. In addition to the visualization of the su-
permarket environment, we describe the idea of adding sim-
ulators and business intelligence services to the dashboard.
This paper also illustrates some results from a prototypical
implementation of different initial components, such as a vi-
sualization component using XML3D and an agent-based
communication channel to simulate sensors. Violations of
predefined policies detected by the agent component can be
illustrated in the visualization component.

Author Keywords
User interface, management dashboard, dual reality, retail
scenario

ACM Classification Keywords
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faces

General Terms
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INTRODUCTION
Nowadays, retailers are increasingly embedding technology
into their supermarkets in order to improve the shopping ex-
perience of their customers and support them in their shop-
ping process. Such an instrumentation could be used to track
the current state and context of the environment. For ex-
ample, the supermarket staff could easily raise an inventory
and get information about the best-before dates of all prod-
ucts, if each product instance can be identified at any time.
This identification can be obtained using the technology of
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digital product memories. The project SemProM (Semantic
Product Memory) [4] addresses this concept. Products are
uniquely labeled to identify every single product instance.
The applicable label types range from QR-codes and RFID
tags to smart sensors, such as SunSPOTs1. Using this infras-
tructure, each product keeps a diary containing a history of
its “product life”, which is either stored at the product itself
– for example at the RFID tag – or at a server in the environ-
ment. These product memories can be read out, modified,
and extended by different services. Beside the best-before
dates, the product memories can also contain storage infor-
mation. This information can be used to proactively signal
irregularities, which might occur during the product storage
and transportation, like for example too high or too low tem-
perature.

In the following, we describe the motivation and ideas for
the development of a management dashboard, which repre-
sents a current supermarket state in a 3D model including
simulators and a communication channel to the real world
and vice versa. The subsequent section describes a proto-
typical implementation. Finally, we conclude the paper with
a short summary and an outlook to possible next steps.

MOTIVATION AND IDEAS
As already mentioned, the instrumentation of supermarkets
is becoming more complex. Beside the instrumentation of
the shop itself, retailers use service applications to virtu-
ally design the supermarket’s layout. For example, a floor
planning tool is used to first position the shelves in a virtual
model, after which the real supermarket is arranged accord-
ingly. A more fine-grained planning of a individual shelf
layout with specific product placings and facings can be per-
formed with a space planning tool. In order to get a good
overview of the possible layouts, these tools offer a three-
dimensional view. However, the received models are static
and represent only the desired initial state of the supermarket
and do not reflect any changes in the real world. Interactiv-
ity can be added to these models using the instrumentation of
supermarkets. In this way, the resulting model could reflect
the current supermarket state.

The idea of the management dashboard described in this pa-
per is to enable monitoring and controlling of the services’
I/O behavior, which are provided by the supermarket instru-
mentation. Particular attention should be paid to the inter-
action between services and products. In order to transmit
1http://www.sunspotworld.com/



Figure 1. The architecture and communication channels for the implemented components (left) and screenshots of the visualization component
(right).

the data from distributed services of the real world to teh
virtual model, virtual access and service simulation should
be addressed. The management dashboard should be imple-
mented as a generic interface to simulators and real devices
in a bi-directional simulation environment for sensor-based
systems. For this purpose, we intend to enhance the so-
called Twin-World Mediator introduced by Ulrich et al. [8],
which has to be adapted to the scenario, and new concepts
for the integration of information services and their I/O be-
havior have to be developed. This behavior should be mod-
ifiable by context information retrieved from the real world.
Possible information sources can be provided by the digi-
tal product memories of objects. Simulators should facili-
tate the handling of distributed services and provide process
modelers the opportunity to combine internal and external
services.

In order to enable the control of information services and
simulators, new software interfaces have to be developed.
3D web components and dual reality [3] seem to be a good
choice to achieve an intuitive interaction with services and
to visualize their I/O behavior. In this context, the web 3D
can serve as a platform independent tool for 3D visualization
and interactivity.

PROTOTYPICAL IMPLEMENTATION
After a requirements analysis, we have implemented some
initial components of the proposed dashboard in order to
perform a first feasibility study. For the visualization com-

ponent, we use XML3D2, which is part of the standard DOM
(Document Object Model) tree. Thus, all graphical arti-
facts can be manipulated at runtime in a web browser using
JavaScript, and they can be accessed by the standard DOM
event handling. Since XML3D is still under development
and has not been standardized yet in the near future, we use
a modified version of the Google Chrome browser to interact
with the XML3D model. This modified version is available
for download at XML3D webpage1. It supports ray trace
rendering and Google Chrome web sockets. The advantage
of this technology in contrast to other 3D visualization com-
ponents, such as VRML3, X3D4 or SecondLife5, is that we
can influence the development to a certain extent in order to
get a sufficient set of interfaces for interaction.

The second implemented module is an agent-based com-
ponent which is used for sensor simulation and as a com-
munication channel between different agents. For example,
frozen products should transmit their current temperature to
the system and store it in their product memories. Since
not every product can be fitted with complex and often ex-
pensive sensors, we need simulators to estimate the prod-
uct temperature. In our case, the agent component retrieves
measurements from sensors installed in the environment and
transmits this data to the corresponding product memories.

2http://www.xml3d.org/
3http://en.wikipedia.org/wiki/VRML
4http://en.wikipedia.org/wiki/X3D
5http://secondlife.com/



The developed component comprises several agent and sen-
sor types. Each product is associated with a product agent
and each device, such as a freezer, is associated with a device
agent. These agents gather all information about the cor-
responding products or devices and are responsible for the
communication among them. Beside these two agent types,
we have implemented a product management agent, which
manages all product agent instances. The implemented sen-
sor agents recognize state changes and react accordingly.
The proximity sensor recognizes if a product appears or dis-
appears in the device’s sensor range and establishes a com-
munication channel between product and device agent if nec-
essary. The product registration sensor recognizes new prod-
ucts arriving at the warehouse and instantiates a new product
agent. A temperature sensor reports the measurements of
the corresponding thermometer at regular intervals, and the
purchase sensor sends an event as soon as a particular prod-
uct instance has been sold and destroys the corresponding
product agent.

The prototypical implementation has been installed and tested
in the Innovative Retail Laboratory (IRL) [6]. This is an
application-oriented research laboratory of the German Re-
search Center for Artificial Intelligence (DFKI) run in col-
laboration with the German retailer GLOBUS SB-Warenhaus
Holding in St. Wendel. In this lab, we conduct testings in
a large number of different fields all connected to intelligent
shopping consultants. The demonstrators range from a vir-
tual assistant responsible for matters of dieting and allergies,
over a digital sommelier, to personalized cross and up sell-
ing, smart items with digital product memories as a further
development of the RFID technology, indoor positioning and
navigation as well as new logistics concepts, to explore if
they are suitable for everyday life and useful for customers.

Figure 1 (left) illustrates the architecture of the implemented
components. At the lowest level, the physical layer repre-
sents the real supermarket with its physical devices, such as
a freezer, shelves, and products. The freezer is fitted with a
thermometer and an RFID antenna, which are virtually rep-
resented by a temperature sensor and a proximity sensor to
identify the products placed in the freezer. These two sen-
sors are associated with the freezer’s device agent. If a new
product is brought into the supermarket, which is recognized
by RFID antennas at the entrance, the product registration
sensor notifies the product management agent, which cre-
ates a new product agent that is assigned to this product in-
stance. As soon as the product is sold, the corresponding
product agent is deleted. The communication between the
physical and the agent layers is realized by an event-based
infrastructure, the so-called iROS event heap [1]. The man-
agement layer comprises the visualization component. The
agents can communicate with the XML3D scene via web
sockets.

In order to represent the IRL environment in a web browser,
we have designed a shelf and a freezer in Blender6 and trans-
formed these models to XML3D objects using an existing
converter. Afterwards, we have added multiple shelf and

6http://www.blender.org/

freezer instances to our scene, which also comprises a floor
and walls. In order to obtain a realistic supermarket model,
we also have added models of a cash, a shopping trolley,
several bottles, and pizza packagings to the scene. Figure 1
(right) shows the visualization of the resulting scene in dif-
ferent views. The topmost picture gives an overview of the
whole model. The lower three screenshots display a closer
look at the freezer containing five pizza packings (one salami
and four ham pizzas).

In addition to the visualization of the product placings, the
agent technology offers the possibility to specify policies,
which define restrictions of specific parameters in the model.
In the current implementation, we have defined three differ-
ent policies. The first one declares that the product must be
at least n days fresh according to its best-before date, where
n can be selected by the modeler. The next policy states that
the device (e.g. the freezer) has to contain at least m in-
stances of a product class p (e.g. salami pizza). And the last
policy specifies the optimal storage temperature of a prod-
uct. Each violation of a policy is transmitted to the XML3D
interface and visualized accordingly. The lower two images
of figure 1 illustrate the visualization of two different pol-
icy violations. When the minimum amount of products has
fallen below the specified number, the second policy is vi-
olated and the corresponding freezer is marked red in the
virtual model. If either the first or third policy is violated,
the corresponding products are marked red.

CONCLUSION AND FUTURE WORK
In this position paper, we have described the idea of a frame-
work for a management dashboard in a retail scenario. This
should reflect the current supermarket state in a visual 3D
representation. Beside the visualization of the supermar-
ket layout, it should illustrate the I/O behavior of the shop’s
services and offer the possibility to include business intel-
ligence services and simulations. Possible changes in the
virtual world should be send to and influence the real world
according to the dual reality paradigm. In a prototypical im-
plementation, we have shown the communication feasibility
between some initial components.

As a next step, we will start to design more interactive man-
agement dashboard components. We plan to integrate fur-
ther sensors and actuators, which will also allow to influence
the real world by the virtual model. One such actuator can
be a steerable projector, such as the one described in [5],
with which visual information can be displayed as an over-
lay in the shopping environment [2, 7]. In the next version
of the management dashboard, the modeler will be able to
specify the projector behavior by different parameters and
policies. In this way, the dashboard will offer communica-
tion channels in both directions: from the real world to the
virtual model and vice versa. A possible application field
for this bi-directional connection is customer attention con-
trol. The input for the virtual model can be e.g. the user’s
location and his interaction with products. According to this
input in combination with predefined policies, the manage-
ment dashboard will automatically issue the corresponding
projector output in the real environment.
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ABSTRACT
Aerial photographs play a major role in current remote sens-
ing applications. Traditionally such photographs were ac-
quired using airplanes or satellites, and later processed in
order to generate a virtual environment (VE). The industrial
research project AVIGLE explores novel approaches to mul-
timodal remote sensing by using a swarm of Miniature Un-
manned Aerial Vehicles (MUAVs), which are equipped with
different sensing and network technologies. The acquired
data will be sent in quasi-real time to a ground control sta-
tion, where a VE will be generated automatically. Although
this approach introduces a new low-cost alternative to the
traditional remote sensing processes, it opens up numerous
research and engineering challenges. In this position paper
we introduce a mixed reality (MR)-based simulation frame-
work, which has been developed in the scope of the AVIGLE
project. The main idea for this framework is to create a con-
trolled environment in which parts of the system are real,
whereas other parts are virtual and can be simulated for test-
ing purposes. This MR simulation framework is intended
to use virtual and real sensing technology in combination to
provide a flexible solution to simulate and evaluate different
hardware setups and algorithms.

Author Keywords
Mixed Reality, Sensor Simulation, Miniature Unmanned
Aerial Vehicles

INTRODUCTION
Aerial images play an essential role in surveying, the cre-
ation of maps and many other applications. Since the emer-
gence of tools like Google Maps and Google Earth, pho-
tographs taken from airplanes and satellites are no longer
restricted to specific uses, but are widely accessible. These
images are often combined with geo-referenced basis data
that represent the geometric properties of the corresponding
region [4]. While capturing a region airplanes usually fol-
low exact trajectories and time protocols. For instance, a
common pattern is to acquire images with an overlap of ap-
proximately 60%. In addition, in most cases metric cameras
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and exact on-board measurement devices are used in such
setups in order to simplify the registration and generation
process. All these constraints enable the extraction of 3D
points from the aerial images based. However, most of these
systems require a significant amount of manual processing,
and usually it takes a long time (up to several weeks) until
the recorded data is fully processed and a corresponding 3D
representation can be visualized. Therefore, the automatic
generation of virtual 3D models is of major interest in many
application domains, e. g., large scale geography or the cre-
ation of topological maps.

MUAVs are a low-cost, low-latency alternative to exist-
ing approaches. Because of the emergence of MUAVs,
the nowadays widespread use of non-metric digital cam-
eras and the progress of photogrammetric technologies, im-
age acquisition by low altitude images attracts significant
attention in photogrammetry. Currently, the mostly used
low altitude platforms for image data acquisition are heli-
copters, remotely controlled model aircraft or tethered bal-
loons. Until now, in the context of MUAVs none of the
existing solutions provides sufficient concepts which allow
to reconstruct a 3D model of the captured area in quasi
real-time. The AVIGLE (Avionic Digital Service Platform)
project is an industrial research project which provides a
promising approach to this challenge. The academic part-
ners in this project work on flight dynamics, communication
networks and computer graphics, virtual reality and visual-
ization together with industry experts for building MUAVs,
wireless communication technology, multimodal and tradi-
tional aerial photogrammetry to create a swarm of partly au-
tonomous flying robots. Besides the quasi-realtime creation
of a 3D model of the captured region multiple MUAVs will
be used as “aerial” communication hotspots in places where
no sufficient cellular network coverage is available, e. g., in
catastrophe management. Swarming strategies have to be
developed in order to provide an optimal coverage. In order
to integrate the different hardware systems and software in-
terfaces, it is essential to have an advanced control and sim-
ulation framework, which allows to monitor and control the
processing of already existing components, whereas other
components not yet available are simulated by virtual coun-
terparts.

In this position paper we introduce our MR framework that is
developed in the scope of the AVIGLE project. Since the de-
velopment of the MUAVs to be used for our aerial platform
is still in the early stages and the MUAVs are not yet avail-
able, a tool is needed for simulating the different processes

1



Figure 1. The workflow of the AVIGLE project divided into three basic steps: (1) Remote Sensing, (2) Data Processing and (3) Virtual Environment.

involving the MUAVs without relying on the availability of
the hardware. Additionally, fully testing the entire process
chain involves a number of risks and requires flight permis-
sions in urban regions which are not granted at this stage
of development. Obviously, it would be dangerous to test
different routing and obstacle avoidance algorithms within
urban regions. Since it is critical to replace the entire simula-
tion framework with real hardware and a real environment at
once and then perform a real-world test MR provides essen-
tial benefits for this project. It allows to successively replace
components of the simulation with their real counterparts. In
addition, certain hardware components can be tested before
actually deploying real hardware.

A similar MR simulation framework has been used in the
context of robot simulation [1]. We want to discover to what
extend MR can be used to assist the development of critical
systems like AVIGLE.

AVIGLE FRAMEWORK
The aim of the AVIGLE project is the development of a
swarm of partly autonomous, interconnected flying robots
that can support different high-tech services. In particular,
AVIGLE’s MUAVs will be equipped with different multi-
modal sensing technologies such as image, thermal or gas
cameras. Location and orientation awareness of the MUAVs
is achieved through a GPS receiver and an inertia measure-
ment unit. One of the main objectives of the AVIGLE project
is to create a VE derived from the sensor data captured by the
MUAVs. Sensors mounted on MUAVs will acquire image
data of a scene or area. These image data will be transferred
to a ground station where they are further processed in order
to build a 3D model. An incrementally constructed model is
then used as a basis for a VE showing the 3D world in the
area covered by the MUAVs. Since the system is intended
to be used in catastrophe management scenarios, it is cru-
cial that the results are displayed as soon as possible, and
that this incrementally growing VE can be explored interac-
tively. Therefore, an initial 3D model of the area covered
by the MUAVs needs to be created in quasi real-time, i. e.,
within a couple of minutes.

Workflow
The workflow of the AVIGLE project shown in Figure 1
consists of three blocks: (1) Remote Sensing, (2) Data Pro-
cessing and (3) Virtual Environment. At this stage of de-
velopment the first block in the workflow is provided by
the AVIGLE simulation framework. The real world is re-
placed by a complete virtual model, which has to be recon-
structed. The main data source for the construction of the VE
are aerial photographs currently generated in the AVIGLE
simulation framework by rendering images of such a city
model. In the next processing step a 3D model is recon-
structed from the aerial photographs. The image data re-
ceived from the MUAVs are processed in a pipeline that in-
volves the following stages: (1) Rectification and Georef-
erencing: Since the images captured by the MUAVs may
have different perspectives with respect to the orientation
of the MUAVs, at first, the rectangular perspective images
have to be rectified in order to provide a texture, which can
be further processed. Therefore, we use the data captured
by GPS and an inertia measurement unit for each image to
initially reference the image with respect to the world co-
ordinate system. (2) Image Registration: The precision of
the sensors may lead to inaccuracies in the 3D reconstruc-
tion process. Hence, it is necessary to register the images
with each other. Unique features in the current image have
to be detected which then have to be located in the over-
lapping image. (3) 2D Tile Generation: The entire set of
the registered images forms a mosaic of aerial images. In
order to be able to visualize the enormous amount of data,
smaller textures have to be generated from the set of aerial
images. (4) 3D Mesh Generation: The images captured by
a swarm of MUAVs will partly overlap. During the registra-
tion process the images will be registered based on features.
Certain features will have completely different positions in
corresponding images. Such situations usually occur when
the image covers three-dimensional objects from different
perspectives. These features allow the extraction of three-
dimensional information about the object. This reconstruc-
tion of several feature points results in a 3D point cloud from
which a 3D mesh can be derived. In the last step of the vir-
tual model generation, the data is sent to the visualization
and interaction module.
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Apart from the reconstruction of the 3D model from 2D im-
ages it is planned to consider also other sensing technologies
such as a thermal or gas that either give additional informa-
tion in catastrophic scenarios or can be used to support the
3D image creation or obstacle avoidance.

MIXED REALITY SIMULATION
In the scope of the AVIGLE project, we developed the
AVIGLE simulator [6] that helps to simulate sensors and
MUAV movement. By simulating the MUAV movement and
sensing in a VE, a data processing workflow can be devel-
oped using simulated data, which is independent of hardware
manufacturing and flight permissions.

By using the simulation framework, the project started en-
tirely as a virtual simulation. During the development more
and more parts will be replaced with physical counterparts
until the entire AVIGLE prototype can be used in real world
scenarios. Furthermore, the AVIGLE project is highly inter-
disciplinary, and often several decision makers are involved,
for example, in determining what sensing technology should
be used or in finding the best design for the flight platform.
MR setups as described below allow several collaborators to
revise the setup simultaneously without risks and problems
involved in a real world test, but with more valuable insights
in contrast to a purely virtual simulation.

We intend to use MR during the development process in a
general way by “moving along” the virtuality continuum first
introduced in [2] (see Figure 2). Similar approaches are al-
ready used in robotics [5]. In the AVIGLE project, at first
all components (i. e. the MUAVs and the sensor devices)
are simulated in a virtual world. Hence we reside at the vir-
tuality end of the continuum. As the development contin-
ues more and more components are successively replaced by
their real counterparts until the reality end is reached which
means that the hardware sensors and algorithms can be used
in a real world scenario. The possibility to replace parts suc-
cessively and not at one stroke makes allowance for the fact
that not all components are available during the development
process or that it is too risky to test several components in the
real world at an early stage of the project. Amongst other
things the MR setup should serve to refine the simulation
of these components so that the risks are minimized when
using them in a real environment. Throughout the develop-
ment we do not intend to move in a one way direction from
virtuality to reality. There are particular situations where
it makes sense to move back towards virtuality when some
new information becomes available which has been obtained
by replacing a virtual by a real component. Therefore, real
and virtual components can be exchanged seamlessly. One
of these use cases will be discussed later.

Since one of the main objectives of the AVIGLE project is to
create a VE based on the sensor data of the MUAVs, knowl-
edge of the position and orientation where and how the data
has been obtained is crucial. The position and orientation of
the MUAV provides the basis for every dataset created by the
sensors. Therefore, when setting up our MR simulation the

first step is to replace the simulation of the MUAV and the
determination of its position and orientation by real world
data.

Currently, we use a cheap, commercially available MUAV
(AR.Drone by Parrot), which can be operated indoors. This
device differs from the MUAVs which will finally be used
in the project. However, its usage gives first insights into the
behavior of sensors when being attached to an aerial vehicle.
The position and orientation data of the MUAV is obtained
within the laboratory with an active optical tracking system
(PPT X4 of WorldViz), which provides sub-millimeter pre-
cision and sub-centimeter accuracy at a maximum refresh
rate of 60Hz. In order to track not only the position but also
the orientation of the MUAV we use a rigid body tracking
approach. If a tracked MUAV hovers in our laboratory, its
position and orientation is mapped to the coordinate system
of the VE. In order to enable the operator to observe the
MUAV in the MR setup see-through head-mounted displays
or any other see-through device may be used. The operator
can interact with the MUAV by steering it directly with a
joystick or by specifying a path.

APPLICATION: TOF-SENSOR EVALUATION
In this section, we describe an example MR evaluation of a
ToF-sensor. A ToF-sensor captures distance images by illu-
minating an object with a light pulse and measuring the time-
of-flight of this pulse to the object and back to the camera. In
our explicit case the ToF-sensor can either be used to support
the generation of the 3D model or to provide information for
collision detection. At this point of the development it is
not known to what extent it can provide useful information
for any of these tasks. Hence it is crucial to evaluate this
sensing technology before deploying hardware. In addition
to the fundamental knowledge whether a sensing technol-
ogy is useful for the project, we also need information about
the parameters of the sensing device, which are necessary to
support the particular task in an optimal way. These parame-
ters could be guessed from a mathematical model for simple
situations, but in complex situations a MR simulation will
certainly provide more valuable insights.

The MR paradigm can be used in the following way to assist
the evaluation process: In the first step all components are
simulated, i. e., MUAVs, ToF-sensors and the environment
itself. Depth information are generated from a depth images
of the VE. The parameters of the virtual ToF-sensor (depth
and spatial resolution, latency, etc.) are chosen from the
specifications of available hardware sensors. A first rough
approximation of the parameters can be made from the sim-
ulation. In the next step of the MR continuum, the virtual
MUAV is replaced by the above mentioned indoor MUAV in
order to provide the simulation with real flight data. Based
on the mapped position of the indoor MUAV it can inter-
act with the VE using a virtual ToF-sensor. Now we can
test whether the virtual sensor provides useful information
under realistic flight conditions. Then a real ToF-sensor is
chosen on the basis of the acquired data and attached to the
real MUAV. Since the real ToF-sensor can only obtain data
from the real world the VE has to be overlapped by some real
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Figure 2. The mixed reality simulation in the context of the virtuality continuum: (left) virtual MUAV and environment, (middle) real MUAV and
VE, and (right) real MUAV and environment.

components representing obstacles or objects whose shapes
are to be reconstructed. Of course this cannot be done for
huge objects like buildings but since the real sensor can only
capture distances up to 7, 5 m at an aperture angle of 60◦ this
is not necessary and we can fully test it in a controlled envi-
ronment. The real components still retain a representation in
the virtual world. By using this approach data from the vir-
tual and the real sensor can be obtained simultaneously. By
comparing both datasets we are able to refine the simulation
of the sensor.

Therefore, we assume to have a reliable simulation of the
sensor, and we can continue from the controlled indoor en-
vironment to a more realistic use case by moving to an out-
door environment and replacing the indoor MUAV by the
aerial vehicle developed in the AVIGLE project.

The outdoor environment (e. g., an airfield) should not con-
tain real obstacles or buildings in order to avoid collisions.
Since the indoor tracking system has to be replaced by a GPS
receiver in an outdoor environment the accuracy of the po-
sition data is reduced. In order to simulate obstacles and
buildings, a virtual city could be simulated on the airfield,
and the real MUAV could be equipped with the virtual ToF-
sensor as explained above. In such a setup, we could test
different VEs and sensors with a real MUAV setup until the
system proves to be reliable.

In addition, the swarming behavior of multiple MUAVs can
be tested using the MR setup, starting with one virtual, mov-
ing to several virtual and one real MUAV such that colli-
sions between MUAVs can only occur in the virtual world
or between the real and virtual MUAVs respectively. After
the swarming algorithms are adopted to the real flight data
it should be possible to use several real MUAVs with a sig-
nificantly reduced risk of collisions. A similar approach has
been used by [3] to test the intersection management of au-
tonomous vehicles.

CONCLUSION
In this position paper we introduced a MR simulation frame-
work for the AVIGLE project, which supports the simula-
tion of all hardware components of the system. In the scope

this paper we focussed on different sensing technologies at-
tached to MUAVs. We have outlined the benefits of an MR
approach for such a critical system, and have outlined an ex-
ample sensor evaluation, i. e., the simulation of ToF-sensors.

In the future components of the AVIGLE system, e. g., gas,
thermal or radars sensors will be simulated in our framework
before they are integrated into the system. Using this proce-
dure, we will further transfer our MR setup to the reality end
of the virtuality continuum by replacing all virtual compo-
nents with real counterparts until the entire system processes
in a real world scenario.
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ABSTRACT 
Location-based applications often require field testing 
before launching the product. Setting up "the field" to 
produce various testing scenarios is often a logistical 
nightmare; real environments (e.g., an urban core) do not 
bend easily to controlled experiments. As an alternative, we 
wanted to explore the possibility of using virtual 
environments (VE) to test location-based applications. In 
this paper, we describe the construction of a virtual 
environment and the process of testing a location-based 
application for exiting a bus at a specific stop. Our 
approach is to start with an existing VE, Google 
StreetView, and then extend it to our needs. We discuss 
both the VE, and our efforts to connect it to an existing 
phone app. 

Author Keywords 
Virtual environment, field testing, location-based 
application 

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

INTRODUCTION 
Location-based applications [1,2,3] are becoming very 
popular to help travelers to be aware of the surrounding 
environment, and be more informed. Some of these 
applications also help travelers to navigate successfully. All 
these location-based applications are very helpful to get the 
sense of “Where am I?” and “What is around?” However, 
testing these applications is not always easy and time 
efficient. Applications that help with physical navigation 
[4,5] take a lot of time and effort to test in the field, i.e., in 
the actual situations they will be used. This led us to 

explore the possibility of testing location-based applications 
in virtual environments.  

In this paper, we describe the construction of a virtual 
environment, and a process for testing a location-based 
application in this virtual environment. This virtual 
environment was built on top of Google StreetView. We 
also built a location-based application, “MyStop” that had 
already been tested in the field but now we wanted to test in 
the virtual environment. MyStop reminds a traveler to get 
off the bus at the next step. We demonstrate a bus riding 
scenario to describe the testing process for this mobile 
application in our virtual environment. 

RELATED WORK 
The real world environment can be represented with a 
computer programmed display to allow users to interact and 
explore in the synthetic world.  The value of virtual reality 
applications for risky situations such as flight training [6] or 
teaching surgeons complex procedures [7] is well 
recognized. Turning to our interest in travel assistance, 
Joanne Lloyd et. al. [8] performed a study of route learning 
task and compared the performance of the subjects in VE 
with the real world subjects' performance. The result 
indicated equivalence between the real and virtual 
environments, with comparable error rates and no 
differences in strategy preferences. 

Arthur and Hancock [9] performed a study for navigation 
training in virtual environments. This study unveils that 
spatial knowledge acquisition form navigation in VE can be 
similar to actual navigation when viewing condition is 
unconstrained. 

Ruth Conroy in her PhD dissertation [10] on Spatial 
Navigation in immersive virtual environments tried to 
investigate whether we move trough virtual worlds in a 
manner that is analogous to our behavior in the real world. 
In one experiment she compared the virtual navigation data 
to the movement observations of people made in the real 
visit of the indoor setup of the London Tate Gallery. This 
experiment found strong statistical correlation between 
these two data sets and concluded that in the pattern of 
pedestrian movement there is relationship between real and 
virtual space.  
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All these studies [8,9,10] show that participants actually 
exert similar kind of behaviors when put in to the virtual 
environments. This finding is a strong catalyst for setting up 
a virtual environment to test location-based applications 
and expect test results in virtual environments to be similar 
to the field test.        

MyStop 
MyStop is part of a mobile phone application to help 
travelers make successful transitions along an itinerary. The 
application is loaded and tested on a Motorola Droid phone. 
Travelers wear an ear bud connected to the phone, and the 
reminders are given by voice.   
 

 
Figure 1. MyStop application 

 

As shown in the application screen in Figure 1, the 
application will mirror on the screen what is played through 
audio. In this case, the application knows the traveler's 
current location by onboard GPS, knows the correct stop to 
get off (by loading the user profile with desired stops), and 
can compute the optimal time to signal the driver (by 
pulling the cord) and give the reminder to the user. 

VIRTUAL ENVIRONMENT  
We tested MyStop with a variety of travelers in the Eugene 
OR area. We had good results. However, the field testing 
was logistically challenging to say the least. We decided to 
see if similar tests could be carried out in a VE. To test 
MyStop in a VE, there are two pieces to consider. First, we 
need a VE that mimics a real bus ride. This VE can be used 
irrespective of whether there are phone-based applications 
involved. For instance, it might be used for training people 
on how to use the bus. (There is a critical service in most 
cities that trains those with a cognitive impairment to use 

public transportation.) We have built a first prototype of the 
VE. As can be seen in Figure 2, we use Google StreetView 
as our "outside" VE. We have extended StreetView, using 
its API, to detect GPS coordinates and compare them to the 
known GPS coordinates of all bus stops in Eugene OR. API 
calls to Google StreetView provide the GPS coordinates of 
user’s current location, and the GPS coordinates of Eugene 
bus stops are pre-loaded to the VE. The VE can be 
projected on a larger screen or displayed on a desktop 
screen, and in either case, users can interact with the VE by 
using arrow keys. When a user gets close to a bus stop, we 
ask if they want to board the bus. 
 

 
Figure 2. Prompting for confirmation in StreetView 

 

If the traveler decides to board the bus, StreetView is 
replaced with a bus riding video as shown in Figure 3. This 
video is not part of StreetView, but was instead shot by our 
project team. It is played in a video-controller that we 
extend with potential actions by the user. 

The “Pull the string to get down” button simulates the string 
on the bus that is used to signal the driver to request to stop 
at next stop. The traveler can pull the string anytime when 
they are on the bus. It will cause the video to pause at the 
next bus stop for 10 seconds and then resume playing, i.e., 
continue the journey along the route. 

 
 

Figure 3. Bus riding video with “String Pulling” button on 
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When the bus stops (i.e., the video pauses), a new button 
will appear: “Get down from the bus” as show in Figure 4.  
 

 
 

Figure 4. Bus riding video with the “Get Down” button on 

Bus riding video is time-sampled to match with the bus stop 
coordinates, and if the traveler clicks the “Get down from 
the bus” button, he will be placed back in StreetView at the 
bus stop where he exited as shown in Figure 5.  

 
Figure 5. Exit to Google StreetView 

This virtual environment can be found in this location: 
http://ix.cs.uoregon.edu:7340/ve.jsp 

TESTING MYSTOP 
The VE as described has no location-aware testing 
component. It could be used for mobile applications that do 
not rely on context, e.g., give periodic reminders to pay 
attention to surroundings. However, our interest is in testing 
location-aware applications like MyStop. What we would 
like to do is for a user to start the VE and at the same time, 
start the MyStop app on a real phone. (With the Droid, we 
can also consider using the Android emulator to show both 
VE and phone app simultaneously on the screen.) As we 
move around the VE, we want the phone app to act as if we 
are moving in the real environment, e.g., remind us to pull 
the cord when we get near our bus stop.                         

There are two things missing to make this happen. 

1. There is no broadcast of events happening within the VE 
that might be of interest to a context-aware app. The critical 
one in our case is user location within StreetView and 
within the bus. One could see different information being 
passed out that might interest other apps, e.g., ambient light, 
ambient noise level. Our phone app will be useless if it does 
not believe it is moving on the streets or on the bus. 

2. Suppose our VE is extended to provide context 
information to the outside. The phone app has no way of 
receiving it. The phone app is set up to run in the real 
world, with real GPS satellites. Where are the satellites in 
the VE? 

The easier problem is extending the VE to provide context 
information. We have already done that for StreetView and 
our bus ride video. The VE will stream GPS information to 
whoever is listening as the user walks the streets or rides 
the bus. 

The more difficult problem is connecting this information 
to apps like MyStop. It is more of a software-architecture 
challenge than anything else. For now, we have used a 
short-cut and made use of the telnet feature on every 
Android phone, and in particular, the fix command that 
allows sending arbitrary GPS coordinates to the phone. 
These will be used internally to alert any GPS listeners 
(apps) of locations. In other words, Android has built-in a 
means to simulate movement below the app level, and 
hence, no changes are needed to the app itself. One should 
note that (a) other sensors cannot be simulated in Android 
in this way, only location, and (b) Google has made no 
guarantees that this feature will be permanent in future 
versions of Android. 

To make us less dependent on the fancy of hardware and 
software vendors of mobile devices, the other option we are 
exploring is the construction of context-aware apps that are 
"VE ready". For example, we are considering designing a 
Proxy location provider that will feed locations to our 
phone app regardless of the test environments, i.e. field or 
virtual. The idea is that if we opt for testing the app in the 
field, then the onboard GPS will be in use to provide 
locations to the app, and in case of VE testing, the Proxy 
location provider will hook up to VE for location 
coordinates (generated by StreetView API calls). During 
the app construction process, it is recognized that testing 
may occur in a VE. Hence, VE hooks are built-in (and not 
tacked on at the very end). This work is in its early stages, 
and we hope to have more to report at the workshop. 

In conclusion, we have two current efforts: (1) validating 
that our MyStop testing results in the VE mirror those we 
received in the field, and (2) framing a software engineering 
model that will allow future apps to be built for VE testing. 
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ABSTRACT
Globalization has been making many companies expand their
offices outside their national borders in order to maintain
a competitive market share worldwide. With this strategy
comes the overhead of managing globally dispersed teams
that must function as a unit. To achieve this result with-
out the overwhelming costs of air travel, most companies
resort to technology, web conferences, phone conferences,
e-mails and video conferences. Recently, a new form of in-
teraction was made viable with the use of virtual worlds,
enabling avatar-mediated communication and collaborative
work in an immersive environment [2]. IBM is one of the
companies that invested in this form of technology for the
purpose of virtual meetings, collaborative work and train-
ing, and developed a system called Sametime 3D which in-
tegrates their Sametime messenger to a virtual world. This
paper describes Sametime 3D and analyzes its features in the
context of mixed reality meetings.

Author Keywords
Virtual worlds, virtual reality, FOSS, OSS, DVAS

ACM Classification Keywords
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INTRODUCTION
According to a survey conducted by Thinkbalm, an analyst
firm focused on work-related use of the immersive internet,
over 40% of the companies using immersive technologies
saw a positive total economic benefit [4]. The study also
showed that the alternatives considered for immersive envi-
ronments were mainly web conferencing, face-to-face meet-
ing, video conferencing and phone. These options were con-
sidered more expensive than immersive environments (which
∗This work was conducted while the first author was working at
IBM.

Copyright is held by the author/owner(s)
IUI Workshop on Location Awareness for Mixed and Dual Reality
LAMDa’11, 13. February 2011, Palo Alto, California, USA.

is the main reason why companies chose immersive technol-
ogy), and less engaging. Communication scholars have also
argued that using virtual environments for work purpose can
increase productivity [13].

In 2006, IBM announced the investment of $100M in ris-
ing business areas, including virtual worlds [5]. This was
the beginning of Sametime 3D. Over 2500 IBM employees
and a variety of industries participated in pilot studies for
six months, until the final system was released to potential
clients on June 24th, 2009 [6]. Sametime 3D was also fea-
tured in the PBS (Public Broadcasting Service, an american
non-profit television channel) Frontline documentary on a
chapter dedicated to virtual worlds [11].

The main premise of environments such as Sametime 3D
is the idea that online interactions are more productive if
they take place within virtual reality that mimics the real
world and that captures some data feeds from the real world,
without capturing it in its entirety. Human presence is rep-
resented by avatars instead of video; those avatars may re-
produce events in the real world (like lips movement when
peope speak), but they establish a clear separation between
the two realities. Designers are only starting to scratch the
surface of the new possibilities that these systems present
with respect to producing dual reality environments. What
to mimic? What to keep separate? This paper does not pro-
vide any definite answers to these interesting questions; it
simply gives more context for these questions by analyzing
the concrete system Sametime 3D.

SAMETIME 3D
Sametime 3D was implemented on top of OpenSimulator, a
multi-platform, multi-user 3D application server that began
as a Second Life open source server implementation. A very
important requirement that IBM had from its clients was the
capability of delivering this service behind the clients fire-
wall to guarantee privacy and security of information. Open-
Simulator was a good match, as it can be deployed in the
clients own server. The application was developed by IBM
Research, and was called Virtual Collaboration for Lotus
Sametime, or Sametime 3D.

The integration with the original Sametime application re-
sulted in a unified user interface where creating virtual world
meetings is as simple as creating a regular chat message.

1



Figure 1. Collaborative space. c©IBM

Users choose the participants of the virtual world meeting
in their contact list. Conversation participants are automati-
cally logged in and transported to the virtual meeting room.
A web interface can be used to choose and load the meeting
rooms.

In the virtual world, Sametime 3D provides the regular text-
chat feature, as well as an optional spatial 3D voice capa-
bility (developed by Vivox). In the next subsections, the
features of this application will be described, analyzed, and
compared to other traditional methods of collaborative work
settings.

Virtual Spaces
Users can choose from three different collaborative spaces: a
theater-style amphitheater, a collaborative space or a board-
room. The amphitheater mimics a real amphitheater and is
planned for presentation to large audiences. It contains many
seats where all users can be positioned. The boardroom is
intended to duplicate a real work-environment conference
room, designed for a smaller number of users, but with the
common immersive feeling of a real conference room. These
two spaces are real-world representations that allow users to
be immersed and have the look-and-feel that they are used to
in real meetings, but do not bring any new functionality. In
this paper, we will focus on the virtual collaborative space,
see Figure 1.

Collaborative Space
The virtual collaborative space has all the tools that one would
expect from a collaborative environment. The tools available
in the virtual environment are a whiteboard, a screen that dis-
plays video and presentations, flip-charts, a brainstorming
wall and an interactive polling tool. Real-life offices usually
do not provide all these tools simultaneously in all confer-
ence rooms. Hence, these tools may make the Sametime 3D
application attractive over real life spaces.

On the whiteboard, users can draw freely, save and load im-
ages previously drawn, use shapes like squares, triangles,
circles, draw arrows, and other basic drawing functionalities
one would expect from common desktop drawing tool soft-
ware [14].

Figure 2. Whiteboard application in collaborative space. c©IBM

The screen allows for presentations in standard formats such
as PowerPoint or ODP (Open Document Presentation, a stan-
dardized open format document) to be loaded through the
web interface, and also allows video playback.

The flip-charts allow for text writing, importing and export-
ing. This feature is particular to Sametime 3D and Open-
Simulator, as drawing on primitives is not a feature Linden
Labs Second Life provides.

The brainstorming wall is an organizational tool where ideas
can be posted as notes in an organized table manner. The
table and notes can also be saved and loaded as needed.

The polling tool performs instant voting results based on
user position in the voting physical spaces.

The virtual whiteboard, show in Figure 2, brings scribbling
to the virtual world. Use of electronic whiteboards have
proven to be a very effective form of shaping the abstract
and creativity of users, improving learning, and performing
collaborative work [7, 8, 10]. By bringing the whiteboard to
its virtual version, users can collaborate as if they would in
the real world. It is common to not only look the drawings,
but also look at the participants movements. For instance, in
a real world meeting, a person standing up next to a board
will be likely to participate in the drawing soon, as where
people sitting in chairs are simply observers. This pattern
is likely to be followed by participants in a virtual world, as
users react in the same social patterns as they do within the
real world. [3]. This information is lost in a two dimensional
”screen-sharing” style of collaboration.

Real to Virtual
A relevant aspect of the Sametime 3D application is the flow
from real to virtual. Tools that are brought from the real
world, like the whiteboard, flipcharts, presentation screens
and post boards, have the potential to change how partici-
pants perceive reality versus virtual, and allows the virtual
to be believable. In return, when virtual is believable, users
may act as if the situation was real, and may attempt to be
more participative and creative, as if they were facing real
people and the real tools, rather then being hidden behind
usernames, encouraging anonymity and shyness [3].
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In this sense, the first potential impact of these environments
is behavioral. When participating on non-immersive and
non-visual meetings, such as chat rooms or phone confer-
ences, users will avoid exposure. Collaborating as if they
were dealing with a machine, focus is lost on the task at
hand when they are not being required to be actively partic-
ipating. Through virtual environments, where collaborators
are represented by avatars, and thus passing the notion of be-
ing face to face, users will tend to act more human towards
others and will pay more attention to the scenario, as there
are visual actions that encourage increased perception.

Compared to video-conferencing, Sametime 3D looses in-
formation from the real world. This loss is seen as poten-
tially benefitial: IBM employees often participate in these
online meetings from home, and video cannot avoid to cap-
ture their private spaces and context, such as people’s living
rooms, their clothes (e.g. pajamas), etc., which distract from
the working environment of these meetings.

From a technical perspective, virtual environments can po-
tentially appeal to people with real world aspects that allow
the mind to easily be convinced that it is a real situation.
The spatial voice tricks the mind into feeling surrounded by
an environment. Presentations that are uploaded to virtual
forms and displayed in virtual screens, similar to real world
projectors, bring the emotional and physical sensation of a
real meeting room. The benefits are mostly behavioral, since
it allows for the mind to believe it’s participating in a real
conference with real people, as opposed to web conferenc-
ing, where the user perceives others only as nicknames and
content only in the form of either recorded video or offline
view.

It should be noted that these potential benefits are largely
unproven, and only exploratory design and research will tell
how effective they are. Specifically, the line between captur-
ing data streams from the real world feeding them to the vir-
tual environment and choosing to ignore them is very much
an open design question.

IMPRESSIONS
A common complaint on traditional phone conferences with
many employees is the difficulty of telling who is currently
speaking, especially during first-time meetings. In virtual
worlds, the communication channel has been improved thanks
to:

• Visual symbols indicating the current speaker.

• Spatial voice, delivering an immersive sound experience.

Spatial voice increases immersion and enables users to fil-
ter conversations that are particular to a certain group and
thus allowing a multitude of groups to share a same virtual
region without interference. These Sametime 3D features
are offered as a paid service from Vivox, but OpenSimu-
lator currently supports an open source voice plugin called
FreeSwitch. This plugin development was made by IBM de-
velopers at the time of Sametime 3D development, and was
contributed back to the community.

In the marketplace, Sametime 3D had only a lukewarm ef-
fect, and, as such, market validation of the overall idea is
inconclusive. The price (in the order of $50,000) might have
been too high, particularly to smaller and medium business
interests. According to the Thinkbalm survey, the largest
benefit of using immersive environments is cost, so this high
value may have made it less appealing when compared to
other existing methods.

SIMILAR APPLICATIONS
As companies expand their borders in the world and trav-
elling costs become significant, the market for similar ap-
plications as Sametime 3D is growing. To cite a few, Am-
phisocial [1] is a virtual world meeting application that is
built on top of realeXtend [12], an open-source OpenSimu-
lator mod, and Oracle’s Wonderland Toolkit, another virtual
world simulator. MPK20 [9] is Oracle’s version of a virtual
workplace, based on their own Wonderland technology. An-
other very recent similar application, Venuegen [15], has im-
proved graphics and functionality and is based on their own
proprietary technology. It uses a photo of the user to create a
3D model, and allows for users to present facial expressions,
body posture and other nonverbal language to perform com-
munication between avatars.

CONCLUSION
Developed by IBM as an immersive meeting environment,
Sametime 3D was an attempt at exploring the space of dual
reality design for working environments. This space promises
to be a fruitful niche for gaining knowledge about people’s
perceptions of reality, and for developing innovative dual re-
ality products. Of particular interest is the set of decisions
about synchronizing the real and the virtual environments.
We use the word “synchronization” in a broad sense, to de-
note the number of design features related to bringing ele-
ments from one reality into another. A number of interesting
questions arise. Which elements of the real world are ef-
fective to reproduce in the virtual environment? Do people
use virtual whiteboards as they use whiteboards in the real
world? Are the secondary cues of whiteboard usage (such
as proximity) present in the virtual counterpart? What other
data feeds, besides voice, are important to bring into the vir-
tual environment? Is physical similarity between avatars and
their human drivers important for these interactions?

We have only started to scratch the surface on the potential
of mixed and dual reality design. Formulation of these ques-
tions is the driver for the exploratory design work that lies
ahead.
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