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Preface

This volume contains the proceedings of the Second European Ambient Intelligence
(Aml) Conference. The conference took place in Erlangen and Niirnberg, November
19-22, 2008. The concept of ambient intelligence (Aml) was introduced in the late
1990s as a novel paradigm for electronic environments for the years 2010-2020. It
builds on the early visions of Weiser describing a novel mobile computing infrastruc-
ture integrated into the networked environment of people. According to early defini-
tions, Aml refers to smart electronic surroundings that are sensitive and responsive to
the presence of people. The added value for the multi-dimensional society we are
living in lies in the fact that the large-scale integration of microelectronics into the
environment enables people and objects to interact with this environment in a seam-
less, trustworthy, and natural manner.

Obviously, Aml solutions deliver a new quality of communication and information
exchange, they help people to fulfill their professional tasks with increasing efficiency,
enable the older generation to stay much longer in the privacy of their own homes and
the younger one to lead a healthy and responsible life. Smart mobile devices navigate
in private apartments as well as in complex public or industrial environments in order
to support people with a broad variety of services. In logistics employees, smart ob-
jects and intelligent surroundings will be able to cooperate and use their communica-
tion and negotiation capabilities in order to avoid critical situations or to optimize
processes. Today it is obvious that during the last few years Weiser's vision has grown
mature in two complementary senses. On the one hand, the technological base is be-
coming more and more sophisticated. Today Aml solutions are based on electrical
engineering, computer science, industrial design, user interfaces, and cognitive sci-
ences. On the other hand, the spectrum of application domains has been extended a lot
during the last two years. Aml solutions for private homes, hospitals, for the logistics
services industry, for natural environments etc. are addressed in research and devel-
opment projects financed by the European Union and national governments all over
Europe.

Aml 2008 was the third joint conference that perpetuated two events focusing on
ambient intelligence. The first event was the Conference on Smart Objects (sOc),
which had been organized by France Telecom and by the French National Center for
Scientific Research (CNRS) in Grenoble, France in 2001 and 2003. The second event
was the European Symposium on Ambient Intelligence (EUSAI), which had been
organized by Philips and the University of Eindhoven in Eindhoven, The Netherlands
in 2003 and 2004. In 2005 the first joined conference of sOc and EUSAI was organ-
ized in Grenoble, France under the name sOc-EUSAI 2005. Aml 2007 in Darmstadt
expanded the scope of the series by including three different types of contributions:
research contributions, case studies as well as lessons-learned contributions and indus-
try and socio-economic contributions.

During last year’s discussion it became quite clear that the overwhelming economic
potential of Aml can be realized only provided that technologies and applications
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perfectly meet people’s needs. Solutions have to be embedded into services that de-
liver real value to the customer. Following that line of thinking, “Services for People”
was the key theme of AmI 2008. The call for papers addressed researchers from aca-
demia and industry working on hardware and software, on applications and services,
as well as on security aspects and ethical issues in order to create integrated and se-
cure Aml solutions based on strong business cases. “Wellbeing and Care” and “Mo-
bility and Logistics” were the two main fields of applications building the setting for
technical research contributions, for case studies, for lessons-learned and socio-
economic papers. The spectrum of “Wellbeing and Care” spanned from the exciting
shopping event in the retail outlets of tomorrow to a service-oriented comfortable
private home. “Mobility” addressed the freedom and flexibility of traveling as well as
the efficient bridging of distances. In contrast, “Logistics” was connected to the
autonomous and self-organized movement of vehicles, goods, and materials in intelli-
gent environments, supply chains, and networks. The two different application or
service domains were used to structure the current LNCS volume. Like Aml 2007, this
year’s conference provided the Aml research community with a venue to discuss in a
less formal setting preliminary results and upcoming ideas through a number of work-
shops. Again we felt that we should not hold back the results obtained in these work-
shops as they are in many cases quite intriguing and therefore might be stimulating in
the development of novel ideas. Therefore, we decided to publish these results in a
separate Springer volume under the title Constructing AmI—Aml 2008 Workshop
Proceedings.

The present volume shows quite clearly that the next steps toward the first imple-
mentations of Aml solutions in real life have been taken. The concept is obviously
gaining ground. The fact that the “localization and positioning issues” presented in
last year’s proceedings have been converted into “navigation issues” in the current
volume can be taken as a symptom for fundamental change. It seems that today Aml
researchers focus much more on problems and services (like navigation) than on tech-
nological functions (like position sensing). Thus, research questions concerning social
acceptance and security aspects in particular become more and more important and the
fact that some of the papers in the current volume address these issues is quite promis-
ing. As indicated last year there is a growing awareness of the fact that the success of
the Aml paradigm depends on the social acceptance of the newly proposed Aml
technology.

The Aml 2008 proceedings can be considered as another important milestone on
the scientific roadmap for developing the Aml paradigm. We are confident that they
provide a significant contribution to the dissemination of the Aml vision. We would
like to thank all those who have contributed — the authors of the research papers as
well as the members of the Program Committee. Without their commitment and their
enthusiasm neither the conference nor the proceedings would exist. We hope that you
as a reader will have many inspiring and fruitful reading hours.

September 2008 Emile Aarts
Heinz Gerhiuser



Message from the Program Chairs
“Wellbeing and Care”

At Aml 2008 the spectrum of "wellbeing and care" spanned from the service-
oriented comfortable private home to an exciting shopping event in the retail outlets
of tomorrow. This track focused on health care issues and measures of achieving
wellbeing, exploring its far reaching impact on lifestyles in the ambient intelligence
community.

Whereas ambient intelligence research has traditionally been focusing on user
experiences in more entertainment-oriented scenarios, there is a recent move toward
the deployment of ambient intelligence technologies for wellbeing and care-related
application scenarios. Wellbeing and care applications cut across the domains of
lifestyle (e.g., persuasive fitness applications) and healthcare (e.g., remote patient
monitoring systems for chronic care patients). It should be clear that the develop-
ment of applications related to our wellbeing and care will demand for some impor-
tant shifts in the ambient intelligence research paradigm. New requirements for the
enabling technologies that relate to ethics, new methodologies for empirical
research to better understand the context in which these applications will be posi-
tioned, and a shift from system intelligence to social intelligence are just some ex-
amples of challenges that call for a paradigm shift in ambient intelligence research.

While technology is miniaturizing and becoming pervasive, ambient intelligence
solutions can become actors in wellbeing applications. Rather than being limited to
passive monitoring, the ambient intelligence solutions will influence and persuade
end users to change their behavior or even modify their lifestyle. The care-focused
application scenarios are clearly driven by demographic trends that are signaling the
overwhelming need for ICT-based consumer care applications. One of the high
potential growth areas is the elderly care domain: according to the World Health
Organization, worldwide the proportion of people age 60 and over is growing faster
than any other age group. Hence, there will also be a reduction in the number of
people that can provide care to seniors. This clearly points to an opportunity for
ambient intelligence solutions to support independent living for seniors. Ambient-
assisted living refers to electronic environments that are sensitive and responsive to
the presence of people and that provide assistive propositions for maintaining an
independent lifestyle. The development of these solutions requires a continuous
user involvement to ensure a seamless fit with user needs and preferences and to
promote care provider endorsement.

The Wellbeing and Care track of Aml 2008 presented some important contribu-
tions in the following thematic sessions:

e  Service-oriented smart and comfortable homes for better recreation and lei-
sure time
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Intelligent and cooperative domestic devices for smart home and shopping
environments

Context-oriented health monitoring and alerting systems for a carefree life

Boris de Ruyter
Reiner Wichert



Message from the Program Chairs
“Mobility and Logistics”

The real power of ambient intelligence will become increasingly evident as ordinary
objects, augmented with computing, communications, sensing and interaction, are
increasingly integrated into everyday activities and environments. Thus we organized
sessions 4 and 5 around the concept of mobility and interaction within ordinary envi-
ronments and ordinary tasks.

Session 4 explores the use of mobile ambient intelligence for managing logistics
and information. In the paper "Collect&Drop: A Technique for Multi-Tag Interaction
with Real World Objects and Information," the authors investigate mobile interaction
with multiple mobile objects, using tags to associate information with objects. This
paper introduces the technique of collect and drop as a generic technique for multi-tag
interaction that supports the collection, storage and management of information from
the real world as well as its usage with different services.

In the paper "Tracking Outdoor Sports — User Experience Perspective," the authors
examine the potential role for ambient intelligence in tracking outdoor sports. In a user
study, the authors provided a mobile tracking tool and related Web services to a group
of 28 participants. The system collected and stored workout data such as the route,
speed and time, and compiled a training diary that can be viewed during exercise as
well as afterwards. The user study illustrates the potential benefits of using mobile
telephone technology to provide information both during and after outdoor sports.

The authors of "Rich Tactile Output on Mobile Devices" assess the potential of rich
tactile interaction using mobile phones. The results of experiments with up to six ac-
tuators within a mobile phone prototype are presented. These experiments explore the
user experience that can be created with multi-vibration output in a handheld device.
The experiments suggest where vibration motors should optimally be placed and dem-
onstrate that information can be reliably communicated by producing different pat-
terns of vibration output using a small number of actuators.

The paper "Ambient Agent Model Exploiting Workflow-Based Reasoning to Rec-
ognize Task Progress" describes the use of a workflow model to allow an ambient
agent to discretely recognize and model human activity without interaction.

The last paper of session 4, "An Architecture to Automate Ambient Business Sys-
tem Development," introduces a software architecture that allows the integration of
real-world objects into business processes. This architecture decouples architectural
concepts from technological solutions. Case studies are explored to illustrate the bene-
fits of such an architecture.

Session 5 addresses the use of ambient intelligence for navigation and guidance in
unknown environments and unusual situations. In the first paper, "C-NGINE: A Con-
textual Navigation Guide for Indoor Environments," the authors present a context-
aware navigation guide that draws information from a user profile. The paper focuses
on indoor environments and uses an ontology model expressed in OWL to capture and
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formally model user profiles and context information to provide personalized context-
aware navigation services.

In "Creating Design Guidelines for a Navigational Aid for Mild Demented Pedes-
trians,”" the authors examine the design options for a GPS-based navigation aid for
elderly with early-stage dementia. Lessons learned from a target group were used to
design a Wizard-of-Oz experiment to study the effectiveness of landmark based vs
left-right navigation instructions. This study shows that landmark-based instructions
resulted in fewer errors and less hesitation.

Indoor navigation has the potential to become a popular application for mobile am-
bient intelligence. In the paper "Context-Aware Indoor Navigation,"the authors focus
on path selection. Rather than simply present the shortest path, their system uses con-
textual information to suggest the most natural path for users. Experiments are de-
scribed in which the system uses an efficient spatial representation to guide users.

James Crowley
Alexander Pflaum
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Designing Acceptable Assisted Living Services
for Elderly Users

Martijn H. Vastenburg', Thomas Visser',
Marieke Vermaasz, and David V. KeysonI

! ID-StudioLab, Faculty of Industrial Design Engineering, Delft University of Technology,
Landbergstraat 15, 2628 CE, Delft, The Netherlands
{M.H.Vastenburg, T.Visser,D.V.Keyson}@tudelft.nl
2 Isolectra b.v., Department of Care Solutions, Rivium Boulevard 101, 2909 LK,
Capelle aan den IJssel, The Netherlands
Marieke.Vermaas@isolectra.nl

Abstract. With today’s technology, elderly users could be supported in living
independently in their own homes for a prolonged period of time. Commer-
cially available products enable remote monitoring of the state of the user, en-
hance social networks, and even support elderly citizens in their everyday
routines. Whereas technology seems to be in place to support elderly users, one
might question the value of present solutions in terms of solving real user prob-
lems such as loneliness and self-efficacy. Furthermore, products tend to be
complex in use and do not relate to the reference framework of elderly users.
Consequently, acceptability of many present solutions tends to be low. This pa-
per presents a design vision of assisted living solutions that elderly love to use.
Based on earlier work, five concrete design goals have been identified that are
specific to assisted living services for elderly users. The vision is illustrated by
three examples of ongoing work; these cases present the design process of pro-
totypes that are being tested in the field with elderly users. Even though the ex-
ample cases are limited in terms of number of participants and quantitative data,
the qualitative feedback and design experiences can serve as inspiration for de-
signers of assisted living services.

Keywords: design of interactive products, acceptability, assisted living, elderly
users.

1 Introduction

Demographic aging is a phenomenon that affects most industrialized countries. Ac-
cording to EuroStat, every 25 senior EU citizens in 2005 were matched with 100
citizens between 15 and 64 years old. This so-called old-age dependency ratio is ex-
pected to increase to 40 by 2030 [1]. The traditional elderly care system, which is
largely based on human resources and centralized care institutions, has major difficul-
ties in managing the increasing number of care clients. Not only do care companies
have problems finding adequate professional caregivers, the societal cost of elderly
care is also rising dramatically.

E. Aarts et al. (Eds.): AmI 2008, LNCS 5355, pp. 1 2008.
© Springer-Verlag Berlin Heidelberg 2008



2 M.H. Vastenburg et al.

Many elderly people indicate they would prefer to live independently in their own
homes as long as possible [2], which was confirmed in our interview sessions. In many
cases, however, support is needed to continue their everyday living routines. Whereas
support is nowadays typically given by both professional and informal caregivers,
support could in part be taken over and augmented by new technology. This assistive
technology is expected to play an increasingly important role in the coming years [3].

When making an inventory of products that support independent living of elderly
users, there are plenty of technological solutions available on the market. Typical
examples include personal alarms, communication tools, remote monitoring of physi-
cal status, and home automation. Current products are generally not aware of the
user’s context. These products do not take into account the environment, behavior and
current activities of the user. A typical solution offers remote access to physical status
information such as blood pressure and blood sugar levels, regardless of the current
user state. Increasingly, companies are working on products that are context-aware.
Such products could help provide support that is tailored to the user’s actual situa-
tions. Also, context-awareness enables efficient remote monitoring without extensive
person-to-person communication. State-of-the-art products range from low-level
sensor networks [e.g., 4, 5] to activity-awareness services [e.g., 6].

From a technological perspective, one might conclude that systems are in place to
support elderly and improve well-being. When talking to end users, however, accept-
ability of new assisted living technology appears to be low. Many issues including
usability problems, lack of user-perceived benefit, and user-perceived complexity of
new technology are reflected in low acceptability scores of existing assisted living
solutions [e.g., 7]. Products and services seem to be mostly designed to reduce the
costs of professional caregivers, instead of enhancing the quality of life of the elderly
user directly. Complexity of assisted living products might even increase due to the
increased use of context-aware and pro-active technologies. Furthermore, existing
products tend to be standalone rather than inter-connected in a meaningful way. Con-
sequently, end users have to learn new interaction paradigms for each new product,
and potential synergies and information-exchange between products are often not
exploited. In short, research is needed in order to increase end user acceptability,
thereby enabling industry to develop and market acceptable assisted living products.

This paper presents a vision of how to design acceptable and pleasurable assisted
living products and services for elderly users. The end user group is primarily defined
in terms of user needs, abilities and reference frame rather than age; the focus will be
on senior citizens who can profit from assisted living technology towards living inde-
pendently for a prolonged period of time, who are able to use assisted living technol-
ogy, and who have similar living routines and a similar reference frame in terms of
known metaphors. Acceptability issues of existing products and services were studied,
and underlying design challenges were identified. A design approach is proposed in
which perceived benefit by the end user and ease-of-use are used as guiding factors.

2 Design Vision

Earlier work [e.g., 7, 8,9, 10, 11, 12] on acceptability of assisted living technology by
elderly users has revealed multiple barriers that keep elderly users from adopting new
technology, including:



Designing Acceptable Assisted Living Services for Elderly Users 3

e Complexity and learnability. Elderly often regard technology as to be complex in
use, and they consider themselves incapable of mastering new products. This feel-
ing of complexity is reinforced by the lack of standardization; elderly users have to
learn operating instructions for each new product they like to use. Consequently, the
initial hurdle towards adopting new products tends to be too high.

e Lack of perceived benefit. Even though the benefit of new technology can be
evident for caregivers, since technology can help improve the efficiency of the care
process as well as tailor the care to individual users, perceived benefit for the eld-
erly themselves is often too low. Consequently, elderly often reason that they can
just as well do without.

¢ Compatibility issues. Current products are often standalone. Information exchange
between products is limited, resulting in suboptimal product behavior. Both product
benefit and product use can be affected by compatibility issues.

Due to these issues, elderly users often consider the cost of adopting new technology
higher than the expected benefit, resulting in a hesitant attitude towards innovations in
general.

Acceptability could be improved by increasing the perceived benefit, as well as by
decreasing the perceived cost. In terms of creating benefit, there is a need to make
explicit and/or increase the direct benefit of new technology. Whereas for example
professional caregivers would like to be able to monitor the presence of their clients
using sensor systems, there might not be a direct benefit for the care clients. Care
clients tend to be interested in issues such as establishing self-efficacy and countering
social isolation. Leveraging benefit by linking a presence monitoring system to —for
example- a fall detection system is expected to increase acceptability.

In terms of reducing cost, much effort has been put in improving product usability.
For example, products that are potentially very complex to use, can be made easily
accessible by designing the right user interface. In the current situation, however,
interoperability between products is low. Potential synergies and information-
exchange between products, in terms of improved awareness for caregivers and prod-
ucts that better consider the context of use in their adaptive behavior is low. Products
are generally not aware of the context of use, and they do not embed in the living
routines and context of use of elderly users.

Since perceived cost and benefit change in time, product adoption needs to be con-
sidered as a dynamic construct. Rather than focusing on initial product adoption,
products should support altering user needs. When a new product is introduced to the
users, accessibility and simplicity in terms of learning curve can contribute to accept-
ability. The same product might be rejected after a few weeks since the perceived
benefit does not match the user expectations in time. In other words, the desired level
of system complexity can be dynamically linked to the level of user experience.

Towards creating acceptable assisted living technology for elderly users, five con-
crete design goals have been identified. Even though each of these five goals might be
‘common sense’ for designers, these goals are considered crucial in view of problems
with existing products and in respect to needs and challenges specific to assisted liv-
ing services for elderly users based on earlier work and design experiences. These
goals could therefore serve as inspiration for designers of assisted living services.
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Goal 1: Short-term benefit should outweigh short-term cost

Acceptability primarily depends upon short-term benefits. Each product that requires
effort from the elderly users needs to give immediate benefit to the elderly in return.
External benefit (e.g., benefit for caregivers) needs to be accompanied by internal
benefit (i.e., benefit for elderly users). Long-term benefit (e.g., healthy body) needs to
be projected on short-term benefits (e.g., being able to visit grand children).

Goal 2: Relate to existing living patterns and known metaphors

Elderly users often have difficulties changing their living patterns and learning new
interaction paradigms. New products should therefore fit into existing living patterns,
rather than enforce new living patterns. By using metaphors that are already known
and that fit into the reference framework of the elderly users, new products can be
mastered more easily.

Goal 3: Multiple interfaces, uniform interaction patterns

Assisted living services will be used in different situations and for different purposes.
A single central interface will not suffice; for example, a television-based interface
when assisting elderly in the bathroom will result in higher cost, since the user has to
take more effort using the interface. Alternatively, users might select the optimal
interface based on the situation. This could range from a static TV-screen to a mobile
tangible device. Uniform interaction styles create a coherent interaction experience,
and will enhance the usability of the different devices.

Goal 4: Leverage existing social network

Rather than shifting responsibilities from caregivers and social networks to a techno-
logical solution, products and services should respect existing traditions and responsi-
bilities. Ideally, technology facilitates the process of human-human social interaction.
For example, routine tasks with no social value could be taken over by an automated
system, whereas human-human interactions could be encouraged. Likewise, caregiv-
ers, family and friends could be involved in complex product operations; hard-to-use
functions can then be shielded from elderly users.

Goal 5: Facilitate adaptation in time

User needs and skills change in time. When these changes affect acceptability of
assisted living services, these services should be able to dynamically adapt to the
changing contextual setting. Furthermore, since the changes in user needs might re-
quire a change in services, a service platform should enable dynamic reconfiguration
in order to cope with altering user needs.

To achieve these goals, designers need to carefully study the domestic routines, so-
cial network, experiences, needs, values, limitations and potentials of the elderly us-
ers. Designers can make more use of qualitative instruments such as interviews, diary
studies, cultural probes and focus group sessions to elicit the required information.
Information is needed not only on how people experience technology, but also on
how people interact with products and people. Such insight enables designers to cre-
ate interactions that are embedded in the daily lives and routines of people, thereby
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creating natural experiences. Also, such studies provide a baseline measure that can be
used when evaluating the interventions that result from the newly designed products.

In order to understand the acceptability of design concepts, user studies with work-
ing prototypes need to be conducted. It is questionable whether or not user-product
interaction with assisted living products and services can be studied in a laboratory
setting. These products and services are generally linked to living routines, and the
validity of studies of living routines in an artificial environment is not clear. Longitu-
dinal field studies are therefore considered an essential part of the design process of
assisted living services.

There is no single ‘right’ procedure for designing acceptable products and services
for elderly. A central theme in the design process needs to be the involvement of the
end users; the right tools and techniques depend on the problem at hand. The three
cases as described in the next section serve as examples of how the design goals can
be used to guide the design process.

3 Example Cases

Three example cases of ongoing work are described in the following sections. In these
cases, end users have been involved in the early stages of the design process, in order
to understand the user needs and reference framework. For each of the cases, the
design goals as presented in section 2 have been used to guide the design process. The
first example case has resulted in a prototype that has been tested in the field with
users; the second and third case represent work-in-progress that yet has to be tested in
the field. The findings are generally qualitative in nature; designers tend to be recep-
tive to qualitative input in their design process.

3.1 CASE 1: Interactive Bulletin Board

A first case study focused on creating a message-based interaction platform. The main
goal of the case study was to develop an easy-to-use communication product for eld-
erly users [13]. The resulting design concept aims to create direct benefit for the end
user (goal 1), is based on a known metaphor (goal 2) and aims to lower the threshold
for communicating within the care network (goal 4) and family or friends at home. It
was decided to consider multiple interfaces (goal 3) and adaptation in time (goal 5) in
a later project.

For the targeted user group of older seniors with little or no prior experience with
computers, message-based communication using the Internet could help maintain or
improve their social network. Furthermore, a message display could be used to pre-
sent system-generated messages, such as for example medicine reminders. A field
exploration, which aimed to understand the user needs and the context of use, re-
vealed that the user group was reluctant towards adopting new technology; even
though they acknowledged the value of communication, they indicated that even
though new technology could help, it would surely be too complex to use for them.

In informal interviews, five elderly care clients indicated that they regularly feel
lonely, since the number of visits from relatives and friends is low. The feeling of
isolation is strengthened by current developments in professional care that leave very
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little time for social interaction. The interviewees point out that they would like to be
actively involved and contribute to the lives of people they know, rather than being
dependent and passive. Whereas many of today’s care products inflict stigmatization
of the latter, they prefer products that do not underline their weaknesses. The care
clients indicated a dislike of ‘modern’ interaction metaphors. Moreover, they were
scared off by the complexity of new products in terms of for example functionalities
and layered menu structures [9].

Towards finding existing products that could be used for creating an interaction
metaphor for messaging systems, the designer visited the homes of the care clients.
Participants were asked to describe objects in their homes that were valuable to them.
Participants indicated that they most valued objects based on emotional value, in
terms of memories and social ties. Souvenirs from abroad, drawings from grandchil-
dren, and pictures of family and friends were also considered valuable. The home
visits were also used to get to know the living environment of the participants, and as
a source of inspiration for the design phase.

Three messaging metaphors were constructed and evaluated with a panel of three
designers. First, a photo frame metaphor was considered. The photo frame represents
social contacts; an enhanced photo frame could be used to display status information
and to start communications. Second, a convenience chair based interaction metaphor
was considered. Each participant had a convenience chair close to the television; since
the chair was used a lot, it could be used as a central location for communication.
Third, a bulletin board metaphor was considered. The bulletin board is a well-known
mechanism to store reminders and notes. These three metaphors could be linked to
context-aware technology, in such a way that the technical nature of the systems
could be shielded from the users. The three concepts were evaluated based on ease-of-
use, functionality, and ‘naturalness’ of the chosen metaphor. The bulletin board was
found to be the most intuitive and would fit best in the homes of the target users.

In designing the electronic bulletin board, the functionalities and affordances of
traditional bulletin boards were analyzed and mapped to electronic equivalents. Figure
1 shows the resulting working prototype. A touch screen interface is mounted on top
of a secretaire. Using the touch screen, users can view and remove notes. New notes
can be added using a scanner built in the secretaire. The number of functions available
to the elderly is limited in order to improve system understanding; therefore, notes
cannot be archived or re-arranged. In order to be able to save notes, a printer is at-
tached to the system and integrated in the secretaire; a note can be printed by selecting
an on-screen menu option on the touch screen.

The bulletin board is linked to an intelligent reminder service. When needed, a
medicine reminder can be displayed using multiple levels of intrusiveness. Further-
more, the bulletin board is linked to the Internet. Family members, friends or caregiv-
ers can view and modify the contents of the bulletin board via a website. Adding,
removing and modifying reminders is only possible using the website; elderly users
were not exposed to these management tasks.

To assess the usability and acceptability of the design, the prototype was tested in
the field. Field-testing was limited to two participants, four and seven days per par-
ticipant respectively, due to time constraints. Participants were senior citizens (76 and
84 years old), both living independently in their own houses, taking medicines, and
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Fig. 1. The interactive bulletin board provided the user with messaging functionality using a
known interaction metaphor

both relying on professional care. Each participant asked a non-professional caregiver
to take part in the test; these caregivers were asked to check and update the bulletin
board via the website. The bulletin board was placed in the living rooms of the par-
ticipants; the supervisor then gave an introduction to the bulletin board.

When looking for participants, several potential candidates indicated that they
thought they were unable to control an electronic messaging board. Proper presenta-
tion of the test was found to be crucial towards recruiting participants. When targeting
‘young’ seniors rather than ‘old’ seniors, problems related to technophobia are ex-
pected to be of minor relevance. During the introduction of the bulletin board both
participants indicated they were afraid of using technology repeatedly, even though
they could not indicate why.

Preliminary results indicate that both participants were positive about the way they
could interact with the system, and the functionalities the system provided. They
considered the system to be a bulletin board rather than a computer system. Since the
bulletin board was not experienced as a computer, the fear of using new technology
was not found to be a problem during the test. Even though both participants had not
used a touch screen before, they were able to control the interface without significant
problems. In case the participants did not know how to manage their goals using the
bulletin board, a trial and error approach generally led to the desired results. One
participant tended to forget the skills right away; he had to re-learn much of the inter-
face time and time again.

The user studies did provide feedback that can be used to improve the design of the
bulletin board. First of all, personalization of the content was found to an important
facilitator of acceptability. Whereas automated messages were impersonal, content
provided by caregivers was personal. The participants explicitly indicated that their
enthusiasm in terms of using the prototype was encouraged by personalized content.

Second, the touch screen was found to be a suitable interaction device for this spe-
cific application, as the users easily understood the link to the bulletin board meta-
phor. In order to fit in the user context and environment, some improvements could be
made, e.g. regarding day/nighttime differences. One of the participants attempted and
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succeeded in switching off the system at nighttime because the screen was too bright.
A backlit screen device should therefore adjust the brightness to the environment.

In terms of design goals, the bulletin board by nature scored high on short-term
benefit (goal 1) and on leveraging the existing social network (goal 4); participants
enjoyed the low-threshold communication to their care network that was provided by
the system. The interaction metaphor was deliberately chosen based on the interviews
and the home visits; the participants considered the system to be a bulletin board
rather than a computer system, and intuitively knew how to use the system. This con-
firms the expected merits of using a known metaphor (goal 2).

3.2 CASE 2: Physical Exercise Coach

A second case study focuses on stimulating the physical activity of elderly people.
The amount of physical activity of senior EU citizens tends to be below a healthy
level. As a result, their physical condition deteriorates. Assisted living technology
could be used to motivate elderly to exercise more. One solution might be to link
coaching and motivations directly to the activities done by the elderly user. There are
however practical obstacles towards deployment of automated motivational systems.
First of all, the long-term benefit of physical exercise (i.e., a healthy body) often does
not appeal to the short-term motivation. Secondly, the sensors and user interface that
are inherent to automated solutions could scare off end-users. Third, from a technical
point of view, it can be hard to measure actual physical activity levels that are needed
to link an exercise coach to user activities.

The main goal of this example was to develop a motivational system that appeals
to the elderly user group and the naturally fits into their existing living patterns
(goal 2). In terms of motivation, the resulting system would have to link to short-term
gains rather than long-term goals (goal 1). It was decided to consider the use of multi-
ple interfaces (goal 3), social motivation (goal 4) and adaptation in time (goal 5) in a
later project.

Towards selecting an effective motivational mechanism, persuasive principles as
described by Fogg [14] were studied. Based on these principles, multiple design goals
were defined, including allow self-monitoring of physical activity, induce intrinsic
motivation, act at the right time (kairos), and enhance accessibility and simplicity.
Three conceptual designs were created and evaluated with a user panel in a focus
group session. The first concept was based on goal setting; graphs were used to con-
tinuously show progress and goals. The second concept was based on rewards; new
family photos would be released when goals were met. The third concept was based
on social actorship; a flower that would be happy when the exercise levels were good
represented the activity coach.

Five elderly people were invited to join the focus group session. The goal of this
session was to discuss the three concepts and to extract key elements of each concept
that were or were not appreciated. The participants of the session explained that they
would like to have a direct and simplified overview of their current status, so without
too much detailed information. They also indicated that they would not like to have
their family pictures linked to their activity, as it would seem an illogical link. They
much rather would have the clear flower image, but with the possibility to ask for
additional information when needed.
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Strong elements of each of the three concepts were integrated in a final design: a
photo frame sized screen displaying a happy to unhappy flower (figure 2, left), with a
second layer of detailed information on activity performance (figure 2, right).
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Fig. 2. A photo frame sized touch screen displaying a happy to unhappy flower (left) provides
the user with up-to-date information on physical activity. Users can request a detailed overview
of the activity levels in respect to preset goals (right).

A working prototype has been developed and will be tested in the homes of three
elderly users. Whereas ideally the system would use real-time activity data, the cur-
rent system is based on a FitSense ActiPed [15] pedometer that streams step-count
data to a database on the Internet.

Towards creating a final version of the system, several challenges yet need to be
solved. First, the goal setting mechanism needs to be elaborated. Medical doctors are
not yet consulted towards setting exercise goals that are balanced with daily activity
levels. An understanding of optimal exercise targets in relation to day-to-day activi-
ties is needed. Second, an understanding is needed of how automated exercise
coaches can be used to actually change user behavior. Third, a non-intrusive mecha-
nism is needed for real-time measurement of physical activity levels.

Even though objective ratings of the design concept cannot be given at this stage of
the project, the use of the design goals guided the process towards a concept that sup-
posedly easily fits in the homes and living routines of elderly people. User evaluations
are planned to capture actual user experiences of participants for seven days in a row.

3.3 CASE 3: Activity Journal

A third case study focuses on creating a labeling mechanism for user activities. Activ-
ity recognition algorithms are increasingly being used not only to remotely monitor
living patterns and detect irregular situations [e.g., 16], but also to link routine support
to actual activities [17]. As described in section 4.2, one might even link a physical
exercise coach to the actual activity levels based on activity recognition.

Activity recognition is based on identification of recurring patterns in sensor
data. In order to be able to automatically recognize activities, activity recognition
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algorithms need to be trained using sensor data with activity labels. Since the sensor
layout and user activities differ between people and between locations, algorithms
need to be trained for each new setting.

The process of labeling activities might be experienced as interruptive and unac-
ceptable by end users. The perceived cost of interrupted activities and requested effort
can be high, whereas the short-term benefit might not be clear to the users. The main
goal of the case study was to develop an acceptable activity-labeling interface. The
resulting design concept aims to lower the cost (in terms of required user effort) of
activity labeling (goal 1), and to improve the ease-of-use by using a known interaction
metaphor (goal 2). It was decided to consider multiple interfaces (goal 3), linking to
the social network (goal 4) and adaptation in time (goal 5) in a later project. A con-
ceptual design is currently under development and yet has to be finalized.

In line with the first design goal, as stated in section 3, acceptability could be
improved by increasing the immediate benefit, for example by developing a new
service that uses activity information to support the user. In the present study, it was
however decided to focus on the labeling interface only; therefore benefit could not be
improved.

Instead, the cost of labeling could be decreased. One option would be to delegate
the labeling effort to a third party. For example, all labeling questions could be sent to
a family member, thereby shielding the labeling process from the elderly users. This
would be in line with goal 4, but a problem would be that a delegate has no clear
overview of the situation at hand, resulting in false labels. For the present study, it
was therefore decided to involve the elderly users in the labeling process.

As the choice of interaction metaphor can affect the learnability and understand-
ability of the final design, the first stage of the design process involved an exploration
of suitable metaphors. First, a calendar metaphor was studied. Because activities are
linked to time frames, a calendar seemed a logical way to present activities. A calen-
dar-based concept was sketched and evaluated in a focus group session with five
elderly users. The participants however indicated that a calendar metaphor led to false
expectations and misunderstandings. They also stated that that they never write day-
to-day activities in their home calendar, since they do not consider these activities as
appointments. Therefore, the calendar metaphor was rejected.

A second concept is based on an activity journal metaphor, as a journal seems to be
a logical place to write down activities. A journal-based interface could be used to
present system suggestions and ask for user feedback. Furthermore, since the journal
concept can easily be manifested in a mobile book-size device, technology does not
seem to be a limitation for implementation. The journal could be placed on any loca-
tion where elderly have the time and willingness to use it, for example on a coffee
table.

This design process has so far resulted in a design concept (figure 3) that is focused
on accessibility, understandability and direct feedback. This way, the design links to
the design goals as described in section 3 in terms of relating to existing patterns and
known metaphors (goal 2). As a next step, the concept is now being implemented in a
working prototype, in order to collect user experiences in a realistic setting, and to
iteratively improve the design.
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Fig. 3. An activity journal enables elderly users to label activities while hiding system complexity

4 Discussion and Future Work

While assisted living technology is gaining attention of researchers and companies, an
integrated user centered design vision in which the focus of user-product interaction is
developed around end-user acceptability is lacking. Acceptability of current care
products targeted at elderly users tends to be low.

The case studies as described in the present paper show how acceptability of as-
sisted living products and services can be improved by a design vision targeted at cre-
ating short-term benefit, leveraging known interaction metaphors, and leveraging exist-
ing social networks. The design goals guide the design process, thereby making sure
that the designer focuses on issues relevant to the domain and end user group. Even
though the user studies so far were limited in duration and number of participants, the
studies do suggest that the design concepts were acceptable; the elderly participants
were willing to adopt the new technology, even though they were skeptical at first.

Only three of the five design goals were covered in the example cases; multiple
interfaces, uniform interaction patterns (goal 3) and facilitate adaptation in time
(goal 5) were not studied. Since none of the example cases resulted in a system with
multiple user interfaces, uniform interaction was not an issue. Adaptation in time
could not be covered by the case studies presented here; this goal will be studied as
soon as a stable platform for longitudinal tests in the field is available.
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Whereas the case studies were based on dedicated sensor systems and communica-
tion platforms, creating a generic activity-aware service platform could enhance the
design process. A generic service platform is now being developed and will be de-
ployed in a series of houses towards facilitating the iterative design of future proto-
types. Furthermore, by linking multiple prototypes to a single platform, researchers
will be able to study the use of multiple interfaces to a single system more easily, and
they can better embed interactions in domestic routines of elderly users.
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Abstract. In this paper, we address the dynamic recognition of basic fa-
cial expressions. We introduce a view- and texture independent schemes
that exploits facial action parameters estimated by an appearance-based
3D face tracker. We represent the learned facial actions associated with
different facial expressions by time series. Furthermore, we compare this
dynamic scheme with a static one and show that the former performs
better than the latter. We provide evaluations of performance using sev-
eral classification schemes. With the proposed scheme, we developed an
application for social robotics, in which an AIBO is mirroring the facial
expression recognized.

1 Introduction

Facial expression plays an important role in recognition of human emotions.
Psychologists postulate that facial expressions have a consistent and meaning-
ful structure that can be backprojected in order to infer people inner affective
state [7U8]. Basic facial expressions typically recognized by psychologists are:
happiness, sadness, fear, anger, disgust and surprise [9]. In the beginning, facial
expression analysis was essentially a research topic for psychologists. However,
recent progresses in image processing and pattern recognition have motivated sig-
nificantly research works on automatic facial expression recognition [TO/ITIT2].
In the past, a lot of effort was dedicated to recognize facial expression in still
images. For this purpose, many techniques have been applied: neural networks
[16], Gabor wavelets [I7] and active appearance models [19]. A very important
limitation to this strategy is the fact that still images usually capture the apex
of the expression, i.e., the instant at which the indicators of emotion are most
marked. In their daily life, people seldom show apex of their facial expression
during normal communication with their counterparts, unless for very specific
cases and for very brief periods of time.

More recently, attention has been shifted particularly towards modelling dy-
namical facial expressions. This is because that the differences between expres-
sions are more powerfully modelled by dynamic transitions between different
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stages of an expression rather than their corresponding static key frames. This
is a very relevant observation, since for most of the communication act, people
rather use ’subtle’ facial expressions than showing deliberately exaggerated poses
in order to convey their message. In [3], the authors found that subtle expres-
sions that were not identifiable in individual images suddenly became apparent
when viewed in a video sequence.

Dynamical classifiers try to capture the temporal pattern in the sequence of
feature vectors related to each frame such as the Hidden Markov Models (HMMs)
and Dynamic Bayesian Networks [20]. In [21], parametric 2D flow models asso-
ciated with the whole face as well as with the mouth, eyebrows, and eyes are
first estimated. Then, mid-level predicates are inferred from these parameters.
Finally, universal facial expressions are detected and recognized using the esti-
mated predicates. In [12], a two-stage approach is used. Initially, a linear classi-
fication bank was applied and its output was fused to produce a characteristic
signature for each universal facial expression. The signatures thus computed
from the training data set were used to train discrete Hidden Markov Models
to learn the underlying model for each facial expression. A Bayesian approach
to modelling temporal transitions of facial expressions represented in a manifold
has been proposed in [I8]. However, the fact that the method relies heavily on
the gray level of the image can be a serious limitation.

As can be seen, most proposed expression recognition schemes require a frontal
view of the face. Moreover, most of them rely on the use of image raw brightness
changes. The recognition of facial expressions in image sequences with significant
head motion is a challenging problem. It is required by many applications such
as human computer interaction and computer graphics animation [I3UT4T5] as
well as training of social robots [5l6].

In this paper we propose a novel scheme for dynamic facial expression recog-
nition that is based on an appearance-based 3D face tracker [4]. Compared to
existing dynamical facial expression methods our proposed approach has sev-
eral advantages. First, unlike most expression recognition systems that require
a frontal view of the face, our system is view independent since the used tracker
simultaneously provides the 3D head pose and the facial actions. Second, it is
texture independent since the recognition scheme relies only on the estimated
facial actions—invariant geometrical parameters. Third, its learning phase is
simple compared to other techniques (e.g., the HMM). As a result, even when
the imaging conditions change, the learned expression dynamics need not to be
recomputed. The proposed approach for dynamic facial expression recognition
has been compared afterwards against static frame-based recognition methods,
showing a clear superiority in terms of recognition rates and robustness.

The rest of the paper is organized as follows. Section 2 briefly presents the
proposed 3D face and facial action tracking. Section 3 describes the proposed
recognition scheme. In section 4 we report some experimental results and method
comparisons. Section 5 describes a human robot interaction application that is
based on the developed facial expression recognition scheme. Finally, in section
6 we present our conclusions and some guidelines for future work.
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2 3D Facial Dynamics Extraction

2.1 A Deformable 3D Face Model

In our work, we use the 3D face model Candide [2]. This 3D deformable wireframe
model was first developed for the purpose of model-based image coding and com-
puter animation. The 3D shape of this wireframe model is directly recorded in
coordinate form. It is given by the coordinates of the 3D vertices P;,i =1,...,n
where n is the number of vertices. Thus, the shape up to a global scale can be
fully described by the 3n-vector g; the concatenation of the 3D coordinates of
all vertices P;. The vector g is written as:

g:gs+ATa (]‘)

where g, is the static shape of the model, 7, the animation control vector, and
the columns of A are the Animation Units. The static shape is constant for a
given person. In this study, we use six modes for the facial Animation Units
(AUs) matrix A. We have chosen the following AUs: lower lip depressor, lip
stretcher, lip corner depressor, upper lip raiser, eyebrow lowerer, and outer eye-
brow raiser. These AUs are enough to cover most common facial animations.
Moreover, they are essential for conveying emotions. Thus, for every frame in
the video, the state of the 3D wireframe model is given by the 3D head pose pa-
rameters (three rotations and three translations) and the internal face animation
control vector 7,. This is given by the 12-dimensional vector b:

b= [ezaeyaezatwatyatmT?;]T (2)
where:

— 0z, 0y, and 0, represent the three angles associated with the 3D rotation
between the 3D face model coordinate system and the camera coordinate
system.

— tg, ty, and ¢, represent the three components of the 3D translation vector
between the 3D face model coordinate system and the camera coordinate
system.

— Each component of the vector T, represents the intensity of one facial action.
This belongs to the interval [0, 1] where the zero value corresponds to the
neutral configuration (no deformation) and the one value corresponds to the
maximum deformation. In the sequel, the word ”facial action” will refer to
the facial action intensity.

2.2 Simultaneous Face and Facial Action Tracking

In order to recover the facial expression one has to compute the facial actions
encoded by the vector 7, which encapsulates the facial deformation. Since our
recognition scheme is view-independent these facial actions together with the 3D
head pose should be simultaneously estimated. In other words, the objective is
to compute the state vector b for every video frame.
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For this purpose, we use the tracker based on Online Appearance Models—
described in [4]. This appearance-based tracker aims at computing the 3D head
pose and the facial actions, i.e. the vector b, by minimizing a distance between
the incoming warped frame and the current shape-free appearance of the face.
This minimization is carried out using a gradient descent method. The statistics
of the shape-free appearance as well as the gradient matrix are updated every
frame. This scheme leads to a fast and robust tracking algorithm.

3 Facial Expression Recognition

Learning. In order to learn the spatio-temporal structures of the actions associ-
ated with facial expressions, we have used a simple supervised learning scheme
that consists in two stages. In the first stage, continuous videos depicting different
facial expressions are tracked and the retrieved facial actions 7, are represented
by time series. In the second stage, the time series representation of all train-
ing videos are registered in the time domain using the Dynamic Time Warping
technique. Thus, a given example (expression) is represented by a feature vector
obtained by concatenating the registered 7,.

Video sequences have been picked up from the CMU database [I]. These se-
quences depict five frontal view universal expressions (surprise, sadness, joy, dis-
gust and anger). Each expression is performed by 7 different subjects, starting
from the neutral one. Altogether we select 35 video sequences composed of around
15 to 20 frames each, that is, the average duration of each sequence is about half a
second. The learning phase consists of estimating the facial action parameters 7,
(a 6-element vector) associated with each training sequence, that is, the tempo-
ral trajectories of the action parameters. Figure[llshows the retrieved facial action
parameters associated with three sequences: surprise, anger, and joy. The training
video sequences have an interesting property: all performed expressions go from
the neutral expression to a high magnitude expression by going through a mod-
erate magnitude around the middle of the sequence. Therefore, using the same
training set we get two kinds of trajectories: (i) an entire trajectory which models
transitions from the neutral expression to a high magnitude expression, and (ii) a
truncated trajectory (the second half part of a given trajectory) which models the
transition from small/moderate magnitudes (half apex of the expression) to high
magnitudes (apex of the expression). Figure[2 show the half apex and apex facial
configurations for three expressions: surprise, anger, and joy. In the final stage of
the learning all training trajectories are aligned using the Dynamic Time Warping
technique by fixing a nominal duration for a facial expression. In our experiments,
this nominal duration is set to 18 frames.

Recognition. In the recognition phase, the 3D head pose and facial actions are
recovered from the video sequence using the appearance-based face and facial
action tracker. We infer the facial expression associated with the current frame ¢
by considering the estimated trajectory, i.e. the sequence of vectors 74(;) within
a temporal window of size 18 centered at the current frame ¢. This trajectory
(feature vector) is then classified using classical classification techniques that rely
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Fig. 1. Three examples (sequences) of learned facial action parameters as a function
of time. (a) Surprise expression. (b) Anger expression. (¢) Joy expression.

on the learned examples. We have used three different classification schemes: 1)
Linear Discriminant Analysis, ii) Non-parametric Discriminant Analysis, and iii)
Support Vector Machines with a Radial Basis Function.
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It is worth noting that the static recognition scheme will use the facial ac-
tions associated with only one single frame. In this case, the training examples
correspond to the apex of the expression or to its half apex.

4 Experimental Results and Method Comparisons

In our experiments, we used a subset from the CMU facial expression database,
containing 7 persons who are displaying 5 expressions: surprise, sadness, joy, dis-
gust and anger. For dynamical facial expression recognition evaluation, we used
the truncated trajectories, that is, the temporal sequence containing 9 frames,
with the first frame representing a ”subtle” facial expression (corresponding more
or less with a "half apex” state, see the left column of Figure[2)) and the last one
corresponding to the apex state of the facial expression (see the right column
of Figure 2)). We decided to remove in our analysis the first few frames (from
initial, "neutral” state to ”half-apex”) since we found them irrelevant for the
purposes of the current study. The results reported in this section are based on
the ”leave-one-out” cross-validation strategy. Several classification methods have
been tested: Linear Discriminant Analysis (LDA), Non-parametric Discriminant
Analysis (NDA) and Support Vector Machines (SVM). For LDA and NDA, the
classification was based on the K Nearest Neighbor rule (KNN). We considered
the following cases: K=1, 3 and 5. In order to assess the benefit of using tempo-
ral information, we performed also the ”static” facial expression recognition, by
comparing frame-wise the instances corresponding to half-apex and apex states
respectively. The results for LDA and NDA classifiers are reported in tables [
and [ respectively. The SVM results for the dynamic classifier are reported in
table Bl The kernel was a radial basis function. Thus, the SVM used has two
parameters to tune ’c’ and 'g’ (gamma). In this case we wanted to see how the
variation of parameters ’c’ (cost) and ’g’ (gamma) affect the recognition per-
formance. We considered 7 values for 'c’ and 3 for ‘gamma’. Table [§ shows the
confusion matrix associated with a given ”leave-one-out” for the dynamic classi-
fier using SVM. Since we noticed that ’'gamma’ doesn’t have a significant impact
on the classification results, for the study of frame-wise case we set this param-
eter to its default value (1/dim(vector) = 1/54) and considered only different
values for the 'c’ parameter. The results for the static classifier based on SVM
are presented in table[fl To conclude this part of the experimental results, we
could say that, in general, the dynamic recognition scheme has outperformed
all static recognition schemes. Moreover, we found out that the SVM clearly
outperforms LDA and NDA in classification accuracy.

Besides the experiments described above, we performed also a cross-check val-
idation. In the first experiment, we trained the static classifier with the frames
corresponding to half-apex expression and use the apex frames for test. We refer
to this case as 'minor’ static classifier. In a second experiment, we trained the
classifier with the apex frames and test it using the half-apex frames ('major’
static classifier). The results for LDA, NDA and SVM are presented in the tables
Bl [ and [ respectively. By analyzing the obtained results, we could observe that
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Fig. 2. Three video examples associated with the CMU database depicting surprise,
anger, and joy expressions. The left frames illustrate the half apex of the expression.
The right frames illustrate the apex of the expression.

the 'minor’ static classifier has comparable results to the static half apex clas-
sifier. This was confirmed by the three classification methods: LDA, NDA, and
SVM. This means that a learning based on data featuring half apex expressions
will have very good generalization capabilities since the tests with both kinds
of data (half-apex and apex expressions) have a high recognition rate. Also, one
can notice that the recognition rate of the minor static classifier is higher than
that of the major static classifier.
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Table 1. LDA - Overall classification results

|Classiﬁer type | K=1 | K=3 | K=5 |
Dynamic 94.2857%|88.5714%|82.8571%
Static (apex) 91.4286%|91.4286%|88.5714%
Static (half-apex)|85.7143%|82.8571%|80.0000%

Table 2. LDA - Cross-check validation results for the static classifier. Minor: train
with half-apex frames and test with apex. Major: train with apex frames and test with
half-apex.

|Static classiﬁer| K=1 | K=3 | K=5 |
Minor 82.8571%|85.7143%|85.7143%
Major 57.1429%65.7143%|62.8571%

Table 3. NDA - Overall classification results

|Classifier type | K=1 | K=3 [ K=5 |
Dynamic 88.5714%|88.5714%|85.7143%
Static (apex) 85.7143%|88.5714%(91.4286%
Static (half-apex)|82.8571%|80.0000%|80.0000%

Table 4. NDA - Cross-check validation results for the static classifier. Minor: train
with half-apex frames and test with apex. Major: train with apex frames and test with
half-apex.

[Static classifier] K=1 | K=3 | K=5 |
Minor 94.2857%|88.5714%|85.7143%
Major 65.7143%162.6571%]60.0000%

Table 5. SVM - Overall recognition rate for the dynamic classifier

c(e=1/59)] g2 | g | 2g |
1 91.4285% | 91.4285% |91.4285%
5 91.4285% | 94.2857% |97.1428%

10 97.1428% | 97.1428% |97.1428%
50 97.1428% |100.0000%|97.1428%
100 100.0000%| 97.1428% (97.1428%
500 97.1428% | 97.1428% |97.1428%
1000 97.1428% | 97.1428% |97.1428%

This result may have very practical implications assuming that training data
contain non-apex expressions, specially for real-world applications. In human-
computer interaction scenarios, for instance, we are interested in quantifying
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Table 6. SVM - Overall recognition rate for the static classifier

[Static type] ¢=1 | c¢=5 | ¢=10 | ¢=50 | ¢=100 [ ¢=500 | ¢=1000 |
Apex 82.8571%][97.1428%][100.0000%[94.2857%[94.2857%] 94.2857%[94.2857%
Half-apex [82.8571%82.8571%] 85.7142% [94.2857%|94.2857%]94.2857%]91.4285%

Table 7. SVM - Cross-check validation results for the static classifier. Minor: train
with half-apex frames and test with apex. Major: train with apex frames and test with
half-apex.

[Static type] c¢=1 | c¢=5 | ¢=10 [ ¢=50 | ¢=100 | ¢=500 | ¢=1000 |
Minor 80.0000%[80.0000%|85.7142%]85.7142%|82.8571%]80.0000%[82.8571%
Major 48.5714%]60.0000%|51.4285%|45.7142%|48.5714%|48.5714%|48.5714%

Table 8. Confusion matrix for the dynamic classifier. The results correspond to the
case when c=1 and g=0.0185.

Surprise|Sadness|Joy|Disgust|Anger
Surprise (7) 7 0 0 0 0
Sadness (7) 0 6 0 1 0
Joy (7) 0 0 7 0 0
Disgust (7) 0 0 0 7 0
Anger (7) 0 1 1 1 4

Surprise Joy Sadness Anger Disgust

Fig. 3. AIBO showing facial expressions

human reaction based on its natural behavior. For this reason, we have to acquire
and process data online without any external intervention. In this context, it is
highly unlikely to capture automatically a persons apex of the facial expression.
Most of the time we are tempted to show more subtle versions of our expressions
and when we indeed show apex, this is in very specific situations and for very
brief periods of time.

5 Application for AIBO: Mirroring Human Facial
Expression

With the dynamic facial expression recognition scheme proposed in this paper,
we developed an application for human-robot interaction. For this purpose, we
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Fig. 4. Left column: Some detected keyframes associated with the 1600-frame original
video. Middle column: The recognized expression. Right column: The correspond-
ing robot’s response.
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have used an AIBO robot which has the advantage of being specifically designed
for interaction with people. Among its communication mechanisms, it is en-
dowed with the ability of displaying ’facial expressions’ (according to its inner
state) through a set of colored LEDs located in the frontal part of the head (see
figure [)).

From its concept design, AIBO’s affective states are triggered by an emotion
generator engine. This occurs as a response to its internal state representation,
captured through a multi-sensorial mechanism (vision, audio, and touch). For
instance, it can display the happiness feeling when it detects a face or it hears a
voice. But it does not possess a built-in system for vision-based automatic facial-
expression recognition. For this reason, the current developed application can
be considered as a natural extension of its pre-built behaviors. This application
is a very simple one, in which the robot is just imitating the expression of a
human subject. In other words, we wanted to see its reaction according to the
emotional state displayed by a person. Some extracted frames are depicted in
figure [4

6 Conclusions and Future Work

In this paper, we addressed the dynamic facial expression recognition in videos.
We introduced a view and texture independent scheme that exploits facial action
parameters estimated by an appearance-based 3D face tracker. We represented
the corresponding learned facial actions associated with different facial expres-
sions by time series. In order to show even better the benefits of employing
a dynamic classifier, we compared it with static classifiers, built on the half-
apex and apex frames of the corresponding facial expressions. We also showed
that only by using half-apex frames to train the static classifiers, we still get
very reliable predictions about the real facial expression (test were done with
apex frames). With the proposed scheme, we developed an application for social
robotics, in which an AIBO is mirroring the facial expression recognized.

In the future, we want to further explore the results obtained in this paper
by focusing on two directions: using facial actions as a hint to assess persons’
level of interest during an event and trying to discriminate between a fake and
a genuine facial expression.

Acknowledgements

This work is supported by MEC Grant TIN2006-15308-C02 and CONSOLIDER-
INGENIO 2010 (CSD2007-00018), Ministerio de Educacin y Ciencia, Spain. Bog-
dan Raducanu is supported by the Ramon y Cajal research program, Ministerio
de Educacion y Ciencia, Spain. The authors thank Dr. Franck Davoine from
CNRS Compiegne France for providing some test videos.



24

B. Raducanu and F. Dornaika

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Kanade, T., Cohn, J., Tian, Y.L.: Comprehensive database for facial expression

analysis. In: Proc. of IEEE International Conference on Automatic Face and Ges-
ture Recognition (2000)

. Ahlberg, J.: Model-based coding: extraction, coding and evaluation of face model

parameters. Ph.D. Thesis, Dept. of Elec. Eng., Linkoping Univ., Sweden (Septem-
ber 2002)

. Ambadar, Z., Schooler, J., Cohn, J.: Deciphering the enigmatic face: the impor-

tance of facial dynamics to interpreting subtle facial expressions. Psychological
Science 16(5), 403-410 (2005)

. Dornaika, F., Davoine, F.: On appearance based face and facial action tracking.

IEEE Trans. on Circuits and Systems for Video Technology 16(9), 1107-1124 (2006)

. Breazeal, C.: Robot in society: friend or appliance? In: Proc. of Wksp. on Emotion-

Based Agent Architectures, pp. N/A (1999)

. Breazeal, C.: Sociable machines: Expressive social exchange between humans and

robots. Ph.D. dissertation, Dept. Elect. Eng. & Comput. Sci. MIT, Cambridge
(2000)

. Ekman, P.: Facial expression and emotion. American Psychologist 48(4), 384-392

(1993)

. Ekman, P., Davidson, R.: The nature of emotion: fundamental questions. Oxford

Univ. Press, New York (1994)

. Ekman, P.: Facial expressions of emotions: an old controversy and new findings.

Philos. Trans. of the Royal Society of London B 335, 63-69 (1992)

Fasel, B., Luettin, J.: Automatic facial expression analysis: a survey. Pattern Recog-
nition 36(1), 259-275 (2003)

Kim, Y., Lee, S., Kim, S., Park, G.: A fully automatic system recognizing human
facial expressions. In: Negoita, M.G., Howlett, R.J., Jain, L.C. (eds.) KES 2004.
LNCS (LNAI), vol. 3215, pp. 203-209. Springer, Heidelberg (2004)

Yeasin, M., Bullot, B., Sharma, R.: Recognition of facial expressions and measure-
ment of levels of interest from video. IEEE Trans. on Multimedia 8(3), 500-508
(2006)

Canamero, L., Gaussier, P.: Emotion understanding: robots as tools and models.
In: Nadel, J., Muir, D. (eds.) Emotional Development: Recent Research Advances,
pp. 235-258. Oxford Univesity Press, Oxford (2005)

Pantic, M.: Affective Computing. In: Pagani, M. (ed.) Encyclopedia of Multimedia
Technology and Networking, vol. I, pp. 8-14. Idea Group Publishing (2005)
Picard, R.W., Vyzas, E., Healy, J.: Toward machine emotional intelligence: anal-
ysis of affective physiological state. IEEE Trans. on Patt. Anal. and Machine In-
tell. 23(10), 1175-1191 (2001)

Tian, Y., Kanade, T., Cohn, J.F.: Recognizing action units for facial expression
analysis. IEEE Trans. on Patt. Anal. and Machine Intell. 23, 97-115 (2001)
Bartlett, M., Littlewort, G., Lainscsek, C., Fasel, 1., Movellan, J.: Machine learning
methods for fully automatic recognition of facial expressions and facial actions. In:
Proc. of IEEE Intl. Conf. on SMC, vol. I, pp. 592-597. The Hague, The Netherlands
(2004)

Dynamic facial expression recognition using a bayesian temporal manifold model.
In: Proc. of British Machine Vision Conference, Edinburgh, UK, vol. I, pp. 297-306
(2006)



19.

20.

21.

Dynamic vs. Static Recognition of Facial Expressions 25

Sung, J., Lee, S., Kim, D.: A real-time facial expression recognition using the
STAAM. In: Proc. of Intl. Conf. on Pattern Recognition, Hong Kong, PR China,
vol. I, pp. 275-278 (2006)

Zhang, Y., Ji, Q.: Active and dynamic information fusion for facial expression
understanding from image sequences. IEEE Trans. on Patt. Anal. and Machine
Intell. 27(5), 699-714 (2005)

Black, M.J., Yacoob, Y.: Recognizing facial expressions in image sequences using
local parameterized models of image motion. Intl. Journal of Comp. Vision 25(1),
23-48 (1997)



Towards Human Centered Ambient Intelligence

Thomas Pl6tz, Christian Kleine-Cosack, and Gernot A. Fink

Intelligent Systems Group, Robotics Research Institute,
Technische Universitdt Dortmund, Dortmund, Germany
{Thomas .Ploetz,Christian.Kleine-Cosack,Gernot. Fink}@udo .edu

Abstract. In this paper we present a novel approach to the integration
of humans into AmI environments. The key aspect of the concept which
we call human centered Ami is a dynamic and active user model which
creates a virtual doppelganger of the user on software level. This agent
not only complies to the specific characteristics of humans but directly
affects and triggers environmental activities. In fact the user’s persona
and behavior is mapped to system level. Utilizing this doppelganger we
introduce the integration of the users’ capabilities and skills into the
functionality of the environment. Human services enrich intelligent envi-
ronments and allow to overcome the “all-or-nothing” dilemma which we
identified in conventional approaches. The concept of human centered
Aml is put into effect within the perception-oriented intelligent environ-
ment FINCA. Results of a Wizard-of-Oz experiment with real users show
the benefits of the presented approach.

1 Introduction

With the availability of more and more powerful and cheap computing facili-
ties together with their substantially and continuously shrinking size one of the
most fascinating visions of computer scientists today appear to be truly realiz-
able: Ubiquitous computing systems integrated into and designed to permanently
support the users’ everyday life. The principle goal is the “disappearing com-
puter” [12] which silently serves humans whereby they are (most of the time)
not even aware of it. Consequently, it is the humans’ environment which becomes
more “intelligent” — the advent of Ambient Intelligence (Aml).

In the last few years tremendous progress in Aml research allowed for the
realization of impressive applications utilizing ubicomp techniques. Prominent
examples are so-called Smart Rooms and Smart Houses (cf. e.g. [3/4]). Here,
various sensors and actuators are integrated into the installations of buildings
aiming at the support of humans in their private home, or for elderly care, just
to mention two examples.

Compared to, e.g., standard desktop applications the key issue in all Aml
techniques is the permanent system awareness w.r.t. the global environmental
context which is necessary for generating appropriate system reactions. These
reactions often depend on hardly predictable actions performed by the very
humans to be served. In fact, permanent and reliable context awareness is the
main feature of the central Aml paradigm [BJ67].

E. Aarts et al. (Eds.): AmI 2008, LNCS 5355, pp. 26[43] 2008.
© Springer-Verlag Berlin Heidelberg 2008
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Reconsidering the aforementioned Smart Houses, a principle problem of cur-
rent Aml applications becomes manifest. For successfully realizing the neces-
sary context awareness at a global scale plus, in this case, the required physical
feedback of the system, significant effort for soft- and hardware deployment is
mandatory. Numerous sensors (e.g. microphones, cameras, tactile sensors etc.)
and, probably more importantly, actuators (automatic door openers, light dim-
mers, servos for diverse installation equipment like sun-blinds etc.) need to be
deployed and in collectivity provide intelligent functionality. If only certain parts
of this hardware “zoo” are missing or malfunctioning the overall Ambient Intel-
ligence will fail and the particular Smart House becomes useless. Furthermore
and probably more important, a transfer of certain Aml solutions to different
but related scenarios requires exactly the same high effort in hard- and software
installation. We call this the “all-or-nothing” dilemma which is, in our mind,
very obstructive for the generalization of Aml.

In our research we try to overcome the aforementioned “all-or-nothing” di-
lemma. The motivation for this is the development of Aml techniques which,
among others, should easily be transferable between related scenarios putatively
exhibiting different hardware settings. More specifically our work is directed to
the development of techniques for Smart Houses with special focus on the de-
ployment of perception-oriented approaches analyzing, e.g., visual and acoustic
data. Exemplarily integrated into a conference room equipped with, more or less,
standard hardware components, thereby explicitly avoiding special solutions like
automatic door openers etc., we target our vision of Aml “for the masses”.

In contrast to existing approaches for Smart Houses and as the key innovation
presented in this paper we propose the explicit integration of human users and
their physical abilities into the overall AmlI system. Humans are an decisive part
of the context and capable of doing numerous things which — for the sake of keeping
a system running instead of complete malfunction (see above) — should be used
for the design and practical operation of AmlI systems. As an example windows or
doors can easily be opened or closed by humans if they are — at the right time —
asked to do so. The common alternative in standard AmlI settings is to integrate
some kind of artificial actuator allowing for the automation of the process — the
“all-or-nothing” dilemma. Basically, this kind of paradigm shift opens up ways
out of the dilemma. Clearly, the user of an AmlI system must not be bothered by
the system to do anything which would contradict the general vision of AmI. We
propose to explicitly integrate humans into the architecture of Aml systems and
to make use of their physical capabilities whenever it is appropriate and necessary.
Consequently, our approach is directed towards human centered AmlI.

The technical realization of Ambient Intelligence environments is in practice
based on a Service Oriented Architecture (SOA) [§] which allows for easy mo-
dularization and to handle the complexity and dynamics of the system. Related
software frameworks like OSGi (cf., e.g., [9]) or Microsoft’s .NET currently repre-
sent the state-of-the-art and enable transparent communication between certain
(software) services dedicated to specific tasks. In this paper we describe a tech-
nical realization of the proposed human centered Aml integrated into a Smart
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House management system which is based on OSGi. As a key contribution for
the technical integration of humans into the framework virtual doppelgangers
are created, which — at the software level — transparently represent users of an
Aml system as any other device. The specific (physical) abilities of humans are
modeled by a new class of software services — human services. It is important to
mention, that the roles of humans in an Aml scenario might change dynamically.
Thus, certain human services principally offered by this person might be disabled
(or enabled again). As an example, related to our smart conference room, a per-
son, who is principally able to open the door for a mobile service robot trying
to enter the room, should not be asked to do so when he is presenting a talk.
Once the person is back in the audience he clearly can be asked to open the door,
though. By means of the proposed technique of human services dynamic changes
of a person’s available capabilities are realized via design patterns allowing for
flexible reconfiguration of objects at run time.

In reality the user plays an active, central and determining role in every in-
telligent environment. However, the analysis of state-of-the-art projects in this
field as, e.g., the GatorTech Smart House [I0], or the AMIGO platform [1I] re-
veal the fact, that user modeling takes place only within a passive and integral
context model. Contrary, in our approach we separate this modeling process and
create a user model which adapts to the specific characteristics of humans. In
consequence user centered design also at system level is achieved.

In this paper we develop the concept of human services as a tool for the realiza-
tion of human centered Ambient Intelligence. Human services are designed as a
general concept for at least partially overcoming the identified “all-or-nothing”
dilemma in Aml scenarios. As a first concrete implementation of human cen-
tered Aml we integrated human services in our smart environment — the FINCA
which is briefly described in section 2l Following this in section[3] human services
are presented in detail. For a qualitative evaluation of the effectiveness of the
proposed human services we conducted a practical case-study in the FINCA.
Therefore, Wizard-of-Oz experiments with real users of the FINCA’s smart con-
ference room were performed and the cognitive load of the users was measured.
It is shown, that the application of human services lowers the cognitive load of
Aml users which makes the particular systems easier and more intuitive to use
(section []). As a side effect this study shows the acceptance and the intuitive
understanding of the concept of human services by the user. The paper concludes
with a discussion.

2 A Perception-Oriented Smart Environment:

The FINCA

The work described in this paper was conducted within the greater context of a
research project aiming at the development of techniques for sophisticated and
natural human-computer interaction. Therefore, especially sensor data related
to human perception (visual or acoustic signals) are processed using statistical
pattern recognition techniques. Serving as an integration scenario for Ambient
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Fig.1. Overview of the FINCA (left) and inside view of the smart conference room.
Ceiling mounted microphones are marked with red circles whereas the active cameras
(also mounted at the ceiling) are marked with blue, dashed circles.

Intelligence applications a Smart House has been created — the FINCA, a Flex-
ible, Intelligent eNvironment with Computational Augmentation [12].

Basically, the FINCA subsumes two areas under one roof: a smart confer-
ence room and, connected to this, an open and flexible lab-space. Within both
areas various sensors, namely cameras, microphones, infra-red sensors etc. are
integrated. Electro-mechanical sensors (e.g. light switches) and actors (e.g. light
or sunblind control units) are integrated and connected via an EIB (European
Installation Bus) installation. All sensors and actuators are standard, off-the-
shelf components. The reason for this is, that we — for better transferability of
developed solutions — explicitly aim to avoid special solutions which are only
available for the FINCA. Furthermore, a mobile service robot is integrated into
the FINCA. According to its capabilities the robot is used as an “external sen-
sor” and actuator, e.g., for concierge services within the smart environment. For
general system integration an OSGi based middleware framework is used.

Ultimately an intelligent, cooperative house environment, which supports hu-
man users during various activities (conferences, information retrieval, communi-
cation, entertainment etc.) is created. For natural and thus intuitive interaction
with the environment special teaching of human users will not be required. There-
fore, the FINCA detects, locates and tracks communication partners by analyzing
visual and acoustic data. The results are combined allowing for multimodal scene
analysis aiming at a successful automatic interpretation of user’s intentions.

In figure [[ an overview of the FINCA (left hand side) is given plus an in-
side view of the smart conference room. The FINCA is integrated into a larger
laboratory including numerous machines and working places. Thus, a (realistic)
rendering of the actual smart house gives a better overview rather than an actual
photo of the Smart House.

3 User Modeling and Human Services

In everyday life humans are confronted with numerous different computer based
systems. It is the central aspect of AmlI to combine their functions into
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intelligent environments whose emergent characteristics should generate substan-
tial benefits for the human thereby improving his experience. However, without
an integration concept this combination process results in a tangled mass of user
interfaces and usage concepts each demanding for specialized knowledge. Even-
tually, human computer interaction looses all its originally intended intuitiveness
and the central concept of assistance is doomed.

In the last few years various approaches addressing this integration challenge
have been developed where the focus is, basically, on the creation of context
aware Aml environments. The strong dependency on sensors and actuators,
however, results in the “all-or-nothing” dilemma as discussed in section [Il The
representation of humans at system level, i.e. within the particular middleware
frameworks integrating the different software services and hardware control, is
realized within in a passive context model. This traditional concept of context
awareness, basically, does not cope with the special characteristics of humans.

In this paper we present a new approach aiming at the integration of hu-
mans as active components into intelligent environments. The motivation for
this is to open up ways out of the “all-or-nothing” dilemma. We target on a
user representation within an intelligent environment’s middleware framework
which explicitly respects the characteristics and specific role of the user in the
real world. Thus, it allows for the dynamic integration of human capabilities into
the functionality of the environment.

As a concrete technical realization of the proposed concept we create a virtual
doppelganger of the user at software level. Separated from the standard passive
context model this concept allows for user integration at the service level — hu-
man services which represent the key aspect to overcome the “all-or-nothing”
dilemma. The functional gap of most intelligent environments substantially de-
pending on the existence of all required hardware devices is closed. The key idea
here is to transfer the approach for resolving software dependencies as known
from service oriented architectures (SOA) to hardware related dependencies. The
central aspect for filling the gap of missing sensors or actuators in an intelligent
environment is the dynamic assistance by humans.

In the following the concept of human centered Aml, namely the explicit mod-
eling of users, modeling the users’ behavior, and human services are discussed
in detail.

3.1 Explicit Modeling of Users

In the research field of ubiquitous computing and Aml the user context model
primarily consists of the user’s location and his social context. Recent studies,
however, argue that modeling only the external context does not comply with
the characteristics of humans in reality [I3]. Accordingly, an explicit modeling
of the user separated from a general context model is discussed in the related
literature [T4J15].

In fact a close relation between the user model and the environment model
exists which constitutes the specific context at system level as illustrated in fig-
ure 2l The environmental context (right hand side of the figure) influences the
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Fig. 2. There is a close relation between user and context model. The state of the
environment directly influences the role of the user and vice versa the user implicitly
determines the current state of the environment.

user model (left) and, vice versa, the state of the user model directly affects the
general context of the environment. In particular the role of the user within an
intelligent environment might change due to changes within the general context
model. Therefore, specific user activity is not necessarily to be observed. Simi-
larly, user actions might change the environmental context. In consequence the
user model and the context model have to be linked according to interference
and integrity rules.

In our approach human users are represented by software objects at system
level. This object oriented technique allows for modeling human characteristics
and their activities in detail as well as for providing methods for direct commu-
nication between the virtual doppelgangers and software modules. Furthermore,
intelligent user oriented system behavior becomes possible which accounts for
the user’s individual characteristics.

3.2 Modeling the User’s Behavior

The conceptual goal of virtual doppelgangers is to represent the active and dy-
namic character of the user within the software framework of an Aml environ-
ment. Integral part of this concept is the mapping of user activities to system
actions. Consequently, the user model not only consists of passive information
about the user and his present state — which corresponds to conventional Aml
designs — but, instead, is an active part of the system, able to trigger actions.
Changes of local user data as well as system activities are controlled by this
virtual doppelganger. As an example a single observed user action can lead to
a continuous sequence of system actions controlled by the user model. According
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Fig. 3. The decoration of objects, i.e. the representation of the human user, allows for
dynamic changes of their methods at runtime. Due to the use of abstract interfaces
even multiple decorations and different properties can be combined.

to its equivalent in the real world the virtual doppelganger becomes a system
component which actively and continuously determines the system behavior.

The implementation of the user model at the software level is based on differ-
ent design patterns [16] to achieve a highly dynamic and flexible virtual doppel-
ganger. The user’s attributes and methods can be decorated at runtime allowing
to adapt the model constantly (cf. figure B]). Based on abstract interfaces new
decorations can be provided by external modules and they can be applied to
already existing instances of the user model. By decoration not only static data
of the model can be changed but, additionally, the specific implementation of
methods. As an example methods which are responsible for the communication
between the real human user and his virtual doppelganger can change dynam-
ically allowing to adopt to context information or user characteristics (e.g. to
change the modality or language of communication). Consequently, a user cen-
tered intelligence emerges.

Utilizing the state pattern the active and continuous role of the user is mod-
eled. Each thread based state is able to use the framework’s functionality to
control the environmental conditions in accordance to the users activity. For ex-
ample, the virtual doppelganger could continuously adapt the lighting conditions
according to the current activity thus avoiding disturbances of the user.

3.3 Human Services

Generally, hardware devices and software modules propagate their functionality
as services within the middleware of an intelligent environment. According to this
paradigm of service orientation the idea behind the proposed concept of human
services is to analogously propagate the capabilities of humans dynamically and
dependent on the global context. Consequently, while holding all the user data the
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Fig. 4. Abstract service interfaces can be implemented by conventional modules and
the user model. The service itself is completely described by the interface and no special
knowledge about a (human) service in needed. In consequence human services in usage
do not differ from conventional services.

user model itself represents the instance to decide which human service to offer or
to withdraw. Depending on the information about the human user, the environ-
mental context, and the current activities these decisions about dynamic offering
of human services are taken by the user model. In consequence the dynamics of
the model affects this process directly and determines the service offering.

The typical SOA of an intelligent environment (as implemented in our own
Smart House — the FINCA, see section [2) combined with the explicit user model
represent a perfect base for the realization of human services. In our case we use
the OSGi framework functions for propagating human services of the user model
which, in this case, are implementations of defined abstract Java interfaces. Note
that the proposed concept of human centered Aml incl. human services does not
rely on utilizing an OSGi framework.

In general those interfaces can be sorted by function in two groups which is
illustrated in figure @l On the one hand there are service interfaces describing
skills and capabilities of humans. As an example for the case study presented
in this paper (see next section) a service interface describing a door-opening
service was defined and implemented. On the other hand there are so called
communication interfaces which account for the lack of a direct communication
channel between the system and the user. These interfaces provide abstract input
and output methods for software modules to contact the user. Dependent on the
user’s actual state these methods are mapped within the user model to sensor and
actuator based environmental functions. Examples of communication services
are speech- and handwriting-recognition, visual terminals and speech synthesis.
The communication interfaces provide context adaptive communication channels
encapsulated by the user model.
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Fig. 5. Human services allow for the integration of the user’s capabilities into the action
planning of intelligent environments and are the key feature of the approach developed
in this paper. On the left hand side the real user is shown, on the right his virtual
doppelganger. The integration of the user model into the system is accomplished at
service level. The role of the user shifts from being the trigger of system activities to
an active component within the overall system. The user model thereby controls the
intelligent communication between the user and his virtual doppelganger.

Human services extend the role of humans in Aml environments and lead to
the proposed user integration at service level which is illustrated in figure Bl In
consequence the user is no longer considered to be only the trigger of system
activities but, instead, the functionality of the environment is enhanced by the
user’s skills. Functional dependencies at hardware level as discussed above are
dramatically reduced by human services. The intelligence of the environment
extends beyond the boundary of physical sensor and actuator installations.

4 Human Services in Action: A Case-Study

Traditionally, AmI systems are evaluated by means of usability studies. Due to
the complexity of such systems the evaluation with (naive) users in the loop
in practice turns out to be a challenging task with numerous issues to be re-
spected. In particular methods used in HCI studies are not likely to be feasible
in situations with disappearing computing. As an example, the communication
interfaces are invisible and — at least partially — unknown to the user. Further-
more, often input methods tend to be error prone.
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In addition improving the usability in fact corresponds to a multidisciplinary
task and, unfortunately, no general solutions exist [I7]. The evaluation of a gen-
eral concept like the one presented in this work raises further questions regarding
the methodology of experiments to be conducted. The goal of the evaluation is
to measure the overall influence of a system’s design on it’s usability rather than
limiting to some isolated functionality of certain components.

The hypothesis to be verified in the experiments are the following:

1. The concept of human services accompanied by intelligent user interaction
lowers the cognitive load of Aml users. In consequence the overall system
usability increases and the system becomes easier and more intuitive without
the need of precise user instructions.

2. The concept of human services is naturally understood by the untaught user
and specific user instructions are superfluous.

4.1 Experiment Design

In these premises we performed a case-study with human services integrated
into the FINCA. Therefore, real users were asked to interact with the smart
conference room of the FINCA. More specifically they should check and rate
environmental functions like speech and gesture recognition, localization and
control of lighting conditions. As an example while pointing to a specific light
source the user had to give a voice command to turn on the light. A reference
sheet explaining the available functionality was given to the subjects before the
experiment started. The underlying goal of these experiments was to encour-
age human users to perform realistic (and unconstrained) interaction with the
intelligent environment.

In addition to this rather simple task, in order to evaluate the usability in
a cognitively demanding situation, the subjects were given a more complex in-
teraction task. This advanced interaction task is triggered and defined by the
following occurrences and accordant solutions. Note that only the goals of this
task were pre-defined, the interaction between users and the FINCA remained
unconstrained.

— The mobile service robot, which at some point tries to enter the conference
room, must be assisted. Therefore, the door needs to be opened by the
subject.

— A software module occasionally malfunctioning during the experiment is
required to be restarted.

In order to minimize functional influences of (putatively error prone) input
methods and to concentrate on the evaluation of the new concept of human
services this study was designed as an Wizard-of-Oz experiment [I8]. Thus,
speech and gesture recognition were simulated by an (invisible) operator whereby
the particular subject was in belief of using real intelligent functionality of the
conference room.
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Fig. 6. During the experiment the subject is interacting with the intelligent environ-
ment (it’s active components are marked blue). Interaction is accomplished via the
speech recognition and synthesis module based on an artificial head equipped with
stereo microphones and speakers. The operator remains in background out of view of
the subject.

Using installed cameras and microphones the operator monitored the subject
and coordinated system activities following a specified and detailed protocol.
Speech commands and gestures given by the subject were treated by the opera-
tor, outputs to the subject were entered in textform and processed by a speech
synthesis module. In order to handle unpredicted incidences the mobile service
robot was at some point during the experiment manually navigated into the
FINCA. The experimental setup is illustrated in figure

After completion the experiment was evaluated by means of a questionnaire
survey. This survey was targeted on the subject’s role in the environment, the
complexity of the tasks and, finally, examined whether the concept of (offering)
human services (e.g. manually opening the door for the robot) were naturally
accepted or perceived to be distracting. Answers had to be given based on the
5-point Likert scale [19].

4.2 Dual-Task Interference

Although the role of the user in the environment as examined by the ques-
tionnaire survey is important concerning the goal of user integration, this sur-
vey does not provide a measure of neither the usability of the system nor, in
this context, the advantages over conventional Aml concepts. In consequence
some additional examination of how the subjects managed to fulfill the advanced
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interaction task is needed. Unfortunately, standard evaluation methods from
HCI applications are often inappropriate (see introduction of section M.

In order to measure the usability of the smart conference room we additionally
performed an evaluation following the dual-task paradigm which evolved from
psychological research (cf. e.g. [20]). It addresses the analysis of the cognitive
load of humans while fulfilling given tasks. In fact, the cognitive load corresponds
to a direct measure of the usability: The lower the cognitive load the more
intuitive and, thus, higher is the usability of the smart environment. The basis
of this assumption is the fact that people tend to have problems when processing
multiple cognitively demanding activities in parallel. The reason for which lies
in the limited capacity of certain cognitive resources and the competition of
parallel activities for such. This mutual interference of activities is called dual-
task interference and is utilized in this study by giving the subjects a second,
cognitively demanding and measurable task — the control task — in parallel to
the advanced interaction task.

The memorization of unassociated information has been proved to be appro-
priate as control task [21]. In our experiments a multi-digit random number was
presented to the subjects and the memorization performance was measured at
the end of the experiment. Preliminary tests have identified a nine-digit number,
presented in three blocks with 3 digits each, as reasonable. To assure for equal
conditions w.r.t. cognitive elaboration the number is not visually presented but
read to the subject by the investigator until it was correctly repeated. For quan-
tifying the results the Levenshtein distance [22] is used which conforms to typical
errors made in such tasks.

This control task provides a simple yet effective measure for the cognitive
load of a subject during the experiment. By design these results correlate with
the complexity of the intelligent environment, which is directly connected to the
usability.

4.3 Test Procedure

We conducted experiments with 15 different participants (namely undergradu-
ate students), all of them being naive users w.r.t. Aml related research. Three
disjoint sub-groups were created by (randomly) splitting the cohort and assigned
to one of the following experimental conditions:

1. Subjects contained by the first group are not confronted with extended and
cognitively demanding interaction task. The results of the control task are
expected to be optimal as no cognitive interference will occur. The results
of the memorization task of this control group will serve as reference value.

2. Prior to the experiment the subjects of this group are given detailed instruc-
tions on how to solve the advanced interaction task (cf. section [1]) but at
the time of occurrence no interactive help is given. Instead, the subjects must
recall the required information. The condition in this group complies with
conventional AmI design: The user does not offer a human service which can
be dynamically requested by the environment. In order to be able to handle
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certain situations — i.e. the door needs to be opened, a software module is
malfunctioning — the user needs specific and detailed knowledge.

3. The subjects of the last group do not have any detailed pre-instructions on
how to handle the advanced interaction task. At the time of occurrence, how-
ever, the user is given interactive help by the intelligent conference room.
Utilizing human services the environment is able to involve the user’s capa-
bilities in action planning, i.e. for opening the door for the robot a service is
used which is offered by the user — an instance of a human service. In con-
sequence the handling of the proposed advanced task — a task which exceed
the possibilities of conventional AmI — is managed by the environment itself
to disburden the user. This is what we call human centered Aml.

As already mentioned, at the beginning of an experiment the subjects received
short introductions about the functionality of the smart conference room. De-
pending on the sub-group the subject belongs to, the particular task description
was given to the user. During the experiment the subject was left alone within
the FINCA ensuring the completion of the task with as little disturbances as
possible. At the end of the experiment the performance in the memorization task
was measured and the questionnaire was filled out.

Reconsidering the initial assumptions w.r.t. the practical evaluation the effec-
tiveness of human services can be evaluated. The results of the memorization task
measure the cognitive load of the subject during experiment and, in consequence,
the complexity of the specific experimental condition. The acceptance of the con-
cept of human services is implicitly examined and further information regarding
the perception of the particular subject’s role is gathered by questionnaire.

4.4 Results

For the quantitative evaluation of the experimental results we utilized the well-
established ANOVA (analysis of variances) method (cf. e.g. [23]), a statistical
procedure which evaluates the differences of certain measurements in dependency
of the condition of the particular experiment. Basically, different experimental
conditions are compared aiming for the analysis of the effectiveness of the pro-
posed human services. By means of the analysis of certain statistical measures
differences between the experiments performed by the three sub-groups are in-
vestigated. In this case-study the group conditions differ in presence or absence
of the proposed human centered Aml (see previous section). Thus, results are
analyzed by means of one-factor ANOVA.

In the following the results for the evaluation of both the complexity of the
task itself and for the control task results are given.

Task Complexity. Although the complexity of both the standard interaction
task (see definition of the control group in section F3) and the advanced in-
teraction task (second and third sub-group assigned to the actual evaluation of
human centered Aml) are comparable, different subjects might differently per-
ceive its complexity. Since it is the general goal to evaluate the memorization
results such putative biases need to be eliminated.
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Table 1. ANOVA table of general task complexity — no significant changes are caused
by the introduction of the proposed human services which allows for direct comparison
of the memorization results to those obtained from the control group.

source of variance S? df MS F D

human centered AmI 0.93 2 0.47 0.64 0.5462
random error 8.8 12 0.73

total 9.7314 0.7

Table 2. Descriptive statistics of general task complexity. The results show no signif-
icant differences between either groups.

group N mean standard error standard deviation

1 5 4.6 0.24 0.54

2 5 42 0.58 1.3

3 5 48 0.2 0.44
total 5  4.53 0.22 0.83

In order to measure the complexity of the task to fulfill, a questionnaire —
completed by the test persons after conducting the experiment — was evaluated
thereby offering standardized numerical answers from the 5-point Likert scale.
In table [[l and 2] respectively, the results of this survey are summarized. Table
[ contains the ANOVA measures squared sum S?, degree of freedom df, mean
sum M S, F-test statistics F', and statistical significance p — each w.r.t. the
Likert based answers given in the questionnaires. The results of the first row
(human centered Aml) are averaged over the three sub-groups with different
experimental conditions. According to standard ANOVA presentations and for
completeness also figures for random error and total are given. In the second
table the descriptive statistics are given separately for the three sub-groups.

The influence of the experimental condition is given by statistical significance
of p = 0.5462 which is close to random and the mean differs only marginally
It can be seen that the introduction of human services does not change the
perceived complexity of the task — which justifies the overall evaluation approach.
The results obtained from control group experiments and those obtained when
human services are activated are, thus, directly comparable.

Control Task Results. In the previous section the general evaluation method-
ology was justified by verifying the comparability of the general task complexi-
ties. Consequently, we can now focus on the main evaluation of the effectiveness

1 According to ANOVA the statistics of significance is the probability that the dif-
ference in variance between groups is caused by random and not by experimental
conditions. The level of significance is defined as o = 0.05 and a difference of signif-
icance is given by p < a. [23]
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Table 3. ANOVA table of error rates in control task (memorization of nine-digit num-
bers during the experiments). The results show a trend towards a significant difference
between the particular sub-groups of the case-study which gives evidence for the effec-
tiveness of human services.

source of variance S? df MS F D
human centered AmI 22.8 2 11.4 2.9 0.0940
random error 47.2 12 3.93

total 70 14 5

Table 4. Descriptive statistics of control task results. The results show a substantial
improvement in memorization performance by human centered Aml (group 3) com-
pared to conventional AmI conditions (group 2).

group N mean standard error standard deviation

1 5 1.8 0.66 1.48
2 5 3.6 1.33 2.96
3 5 0.6 0.4 0.89
total 15 2 0.58 2.23

of human services. This means the measurement of the cognitive loads of the test
persons while conducting the particular experiments either using human services
or not. Therefore, the memorization performances of the subjects assigned to the
particular sub-groups are compared.

The ANOVA analysis of the mismatches, i.e. the Levenshtein distances be-
tween the nine-digit numbers to be memorized and those numbers which actually
were reproduced by the subjects, shows a trend towards a significant difference
(p = 0.094) between the sub-groups of the case-study. In table 3] the particular
measures are summarized accordingly. It can be seen that the proposed approach
of human centred AmI (group 3) reduces the error rate to a level similar to the
control group (group 1) where no cognitive interference was inducted (table [).
Contrary to a conventional Aml system (group 2) the error rate is halved —
which gives strong evidence for the effectiveness of human services in related
Aml domains.

4.5 Conclusion

By means of an user-oriented case-study where naive users interacted without
constraints in a Wizard-of-Oz setup with an intelligent environment which was
designed according to the proposed approach, the effectiveness of human services
has been demonstrated. The results of the experimental evaluation show that
the new concept of human centered Aml not only enriches the environmental
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functionality as described in section Bl Furthermore, the usability of the intelli-
gent environment has become more intuitive. Evidence for these improvements is
given by means of the results of dual-task interference experiments. The quanti-
tative analysis of the memorization performance of test persons interacting with
the FINCA shows that their cognitive load is decreased when human services
are enabled — the Aml has become easier to use. To summarize, intelligent inter-
action, user guidance, and the integration of human services in action planning
processes allow for intuitive interaction with a complex intelligent environment
without the need for detailed pre-instructions.

Furthermore, this case-study shows a natural understanding for the proposed
concept by the user. None of the test persons responded irritated when he was
asked to help the robot or to restart a software module, i.e. when the subject
was asked for a human service. A qualitative analysis of the questionnaire sur-
vey unveiled the stronger integration of the user into the environment by the
presented approach: The role of the user shifts from a trigger of actions to an
integral component of the environment which in fact is the main goal of human
centered Aml on system level.

5 Discussion

The key to successful applications within the field of Ambient Intelligence is
the permanent system awareness w.r.t. the particular environmental context. In
contrast to, e.g., desktop applications, Aml scenarios are based on the integration
of various software services running in parallel on different computers.

In this paper we proposed a new concept for direct user integration into Ambi-
ent Intelligence environments resulting in human centered Aml. The motivation
for this is to overcome the “all-or-nothing” dilemma which we identified for
conventional Aml applications: If a certain application relies on specific soft- or
hardware services the overall application is hardly transferable to related scenar-
ios where the setup just slightly differs. As an example, Aml solutions developed
for Smart Houses substantially depend on the existence of the same hardware
“z00”. Otherwise, i.e. if some device is missing or malfunctioning the application
will fail completely. We used the example of automatic door-openers allowing a
mobile robot to enter a room. If such a device is not available or malfunctioning
the robot cannot be used at all and the AmI probably becomes, at least partially,
useless.

In order to open up ways out of the “all-or-nothing” dilemma we explicitly
integrate human users and their physical abilities into the overall Aml system.
Within the software framework of Aml architectures human users are explicitly
represented by virtual doppelgangers. These objects are transparently integrated
as any other devices (i.e. sensors and actuators) thereby also offering services
— human services. Via software patterns dynamic role changes of the human
users — depending on their, now explicitly modeled, context and the state of the
environment — are realized at runtime. By means of an experimental evaluation
within a practical case-study in our own Smart House the effectiveness of the
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proposed approach has been shown. For a quantitative evaluation we utilized the
dual-task interference paradigm. Due to the integration of human services the
cognitive load of the users is lowered which indicates a more intuitive usability.

In this paper we presented the general framework for human centered Aml.
In order to concentrate on the new concept and to avoid getting stuck in certain
practical implementation issues its general effectiveness was evaluated by means
of Wizard-of-Oz experiments. Clearly, when entering the real-world such prac-
tical details have to be solved. Probably the most important module required
is the one which decides whether a human service or some (original) technical
service shall be used. In a worst-case scenario the proposed concept would de-
generate and human users offering human services are doing all the work — which
is far from the original AmlI vision. Such decisions, however, can be solved very
effectively when integrating global reasoning modules (e.g. based on ontholo-
gies). By design such functionalities can easily be integrated into the framework
of human centered Ambient Intelligence.
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Abstract. Digital Picture Frames has received attention both research wise and
by consumers, who are increasingly buying existing solutions. In this paper we
investigate how to design improved picture frames through providing means for
two-way communication and through exploring the potential in providing
automatically generated context information. We report on the design and trial
use of a HOMEinTOUCH, an experience prototype of a picture frame for do-
mestic environment, supporting two-way communication and context-
information around pictures. We tested this prototype, as well as two other
commercial products during a journey and interviewed both the people travel-
ing and the ones at home after the completion of the journey. Based on this ma-
terial we provide design indications for future generation of such products.

Keywords: Digital Picture Frames, Extended family members, context-
information, two-way ambient communication, and interaction design.

1 Introduction

“joy which we cannot share with others is only half enjoyed”
- The Old Street Lamp by H.C. Andersen

The potential for Digital Picture Frames in connecting people who are apart has been
pointed out in a number of designs and studies [6][14]. In addition, digital picture
frames have become a commercial success over the past years, and are expected to
become even more in the years to come. In this paper we investigate the potential in
supporting sharing of experiences between extended family members with HOMEin
TOUCH a new type of digital picture frame, which explores the potential in

E. Aarts et al. (Eds.): AmI 2008, LNCS 5355, pp. 44 2008.
© Springer-Verlag Berlin Heidelberg 2008



HOMEinTOUCH Designing Two-Way Ambient Communication 45

e Supporting better two-way communication than are offered in most com-
mercial picture frames

e Integrating the communication mechanism in the physical home and in eve-
ryday life

e Exploring the role of context-data for supporting the communication

Thus while these aspects have been investigated separately, in this study we ex-
plore them in conjunction. Our investigation consists of the design of a prototype of a
new type of picture frame HOMEinTOUCH, an experience prototype we have devel-
oped to explore the above themes. We set up a field trial where three different means
of communication were explored on the same trip. One of the communication chan-
nels was HOMEinTOUCH. In addition an iGoogle site and a commercial Picture
frame (Seeframe) were used. These three communication mechanisms were set up in
three different households. After the trip all the parties involved were interviewed to
investigate the strengths and weaknesses of existing solutions and to point towards
potential future solutions.

This paper outlines the rationale and experiences from designing the frame and re-
port on the experiences from the use of this frame and other related communication
means during a travel.

The experiences from the design and trial use lead to reflections about the experi-
ence prototype. This paper is a roundup on some of the outcome and discussions
concerning two-way ambient awareness. One theme is concerning the two-way com-
munication in this specific case with one part being away and the other part being
home, another theme is the obligations that the infected have towards each other when
communicating and a last theme is the connectedness through this prototype. This
paper outlines related work and puts the work in the context of a larger project inves-
tigating new means for people to make home where they are. It describes and moti-
vated the designed experience prototype and outlines experiences from a trial use.
Finally design indications are synthesized from the experiment.

2 Related Work

A range of research has investigated how to support connections between people who
are apart.

Various devices supporting one-way communication have been suggested for the
home. Examples include picture frames such as the Digital Family Portrait [14],
which connects elderly people to their extended family members. Both the digital
family portrait [ibid] and Tollmar and Persson’s 6™ sense [16] conveys activity
awareness from one home to another home and thus allows for the awareness between
people in different homes. Both these concepts support one-way communication.
These concepts concentrate primarily on the ambient awareness and not on the shar-
ing of experiences and contents.

Examples of two-way communication systems include InTouch, which allows for
synchronous and tangible connections between individuals. This is an early concept,
which is not developed in particular for a home and does not hold considerations on
how such a concept would fit into a home and everyday life.
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Virtual intimate objects [7] also explore two-way communication between closely
related people. This study investigates how extremely simple information and interac-
tion can support intimacy between couples in long-distance relationships. The concept
explored consists of a small circle in the menu-bar on a desktop, which changes color
as it is clicked. This research focuses on the desktop environment and is not particu-
larly focused on the specific context of use.

A number of studies have explored the potential of situated displays, such as the
HomeNote [13] and Whereabouts clock [3], which are both people-to-place commu-
nication displays. HomeNote supports communication between family members in
the same household allowing text messaging or scribbling to a shared display in a
kitchen. This device supports the daily contact and connections between people who
live in the same house. Communication here is one way, from people to the display.

The Whereabouts clock [3] conveys coarse-grained position information of house-
hold members on a situated display in the home, typically placed in the kitchen. This
device has successfully used position information solely to support rich awareness
about family members activities.

Context photography [10] explores the potential in conveying context-information
through modifying the pictures themselves in response to e.g. the sound level. This
work uses the mobile phone as the platform for both capture and experience, where
we are more interested in how this context information contributes meaning in the
context of a remote household.

In line with others, [1], we are concerned about the communication demands new
devices can impose, but at the same time, several of the above cases point out how
rich and complex interpretations are done over seemingly simple information [7][3]
[11] and indeed provide value to the people using these systems. In particular, people
who are closely connected interpret the data in the context of the knowledge they
have about each other. We are intrigued by these findings and seek additional ways of
supporting this.

3 Connected While Apart

HOMEiInTOUCH has been developed as part of a larger project which seeks to inves-
tigate new means for supporting people in living a mobile and global life, through
devising means for people to make home where they are. This perspective is inspired
by the research of ethnographer Ida Winther [15] who is also interested in how people
increasingly live a mobile life. She emphasizes that this does not mean that people are
place-less nomades [ibid] but rather that our ability to make home in these changing
circumstances is key to be in the world. Inspired by this perspective, the challenge of
the increasing mobilization and globalization is to develop strategies for making home
as a way of being in the world. To understand better the conditions, practices, every-
day life and advanced strategies developed by people who travel, we have conducted
an ethnographic study of different kinds of people who are frequently on the move
and have strong connections with people and places throughout the world.

One of the people we followed as part of this study works as a steward, Paul who
has a flat and a wife in London, a son in Copenhagen, Denmark, He was born in New
Zeeland where his parents and brother still live, and as part of his job he flies
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regularly between London, Los Angeles and Singapore. Figure 1 illustrates Paul’s
desktop in his hotel room in Los Angeles, where he is waiting to take a flight back to
London. He has carefully organized the desk in the room with his computer. On his
desktop, he continuously has his messenger contacts as well as the current weather
conditions in places where people he cares about live or in places where he is often
traveling.

Fig. 1. Paul pointing at his desktop where he monitors the weather in different places around
the world. These are places where his loved ones are and where he is traveling often.

4 Designing the Frame

The aim was to create an artifact to support sharing of experiences between extended
family members and friends. We were interested in designing an artifact for a home
as “in homes, people are concerned first and foremost with other household members,
followed by family members outside of the household and then, less importantly,
friends and other relationships such as those of shared interest groups” [6]. We were
interested in supporting the communication between close relatives. Further, as
pointed out by Hindus et al [ibid], these new communication resources also poten-
tially impose new communication obligations. Thus we were interested in carefully
designing the communication mechanism in the home in a way, which fits into the
daily routines in this context. The intention was to support awareness of the relatives
while they are traveling and to give the travelers a medium to communicate their
experiences with their family and friends and for the receivers’ to communicate back
to the travelers in a way that fits in with their everyday life in the home.
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We constructed an experience prototype [4] to explore the potential qualities of
supporting better two-way communication than are offered in most commercial pic-
ture frames, of integrating the communication mechanism in the physical home and in
everyday life, and finally of exploring the role of context-data for supporting the
communication. Our experience prototype consists of two artifacts. One is an aug-
mented digital picture frame and one is a mobile phone, which communicates with the
picture frame. The experience prototype can be seen in figures 2 and 3.

Fig. 2. HOMEinTOUCH picture frame during the field trial

The prototype realizes the above qualities in the following way. The largest picture
in the picture frame displays the picture sent by the relative. In this case the picture of
a cruise ship. Above this to the right, there are three small pictures, a portrait of the
person who sent the picture, a clock showing the current local time where the picture
is taken, as well as the current weather. Below this is the position indicated on a
globe. The black round spots on the sides of the frame are squeezable zones where the
recipient of the photo can squeeze to indicate that she or he has seen the picture. As
these are squeezed, the sender gets a small round icon on the mobile phone with the
picture seen at the time of the squeeze.

The intention with the squeezable sides on the frame is to allow for a way to ac-
knowledge that the picture has been seen, in a way that integrated with the situation of
viewing the picture and in a way that did not impose a burden in terms of complex
interaction on the viewer of the picture. The intention with the context-information
was to support the ambient awareness about the distant locality of the relatives. In
particular, we were also inspired by the steward Paul, discussed in section two, who
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Send to Carsten
More options

Fig. 3. Sending an image from the mobile phone in the left picture to the frame with the con-
tents depicted on the right side

finds that the weather information is a useful way of establishing awareness on rela-
tives who are far away.

5 Implementing the Experience Prototype

Focusing on the potential qualities of the experience, we chose to implement an ex-
perience prototype using a combination of existing technologies and services. The
prototype consists of the picture frame and a mobile device for taking and uploading
pictures.

The picture frame is a custom built case containing a tablet pc displaying a full
screen .Net/Flash application (see Fig. 2 and 3). The application displays a picture
slideshow fetched from PicasaWeb using the Google PicasaWeb API. Photos are
refreshed at a given time interval and if new images have been uploaded the frame
will give audio feedback.

In addition to the picture slideshow the application also displays various contextual
information related to the pictures. This includes the current location of the sender on
a map, the current weather conditions fetched from Yahoo! Weather and the current,
local time at the position where the picture is send from. For the purpose of the ex-
periment, some of this information was prepared and not truly updated real time. The
clock was set to Philippine time and the weather was shown for the Capital Manila
while Aviaja and her family was traveling around the Philippines. The location of the
sender was basically a series of Google Maps screenshots displayed at a given time.

Another feature of the picture frame is the possibility for the viewer to squeeze the
frame to reply to the sender. We incorporated a Phidget pressure sensor to detect
squeezing of the frame. An e-mail was then sent to the traveler when the pressure on
the Phidget pressure sensor was above a certain threshold in the application.

The other part of the setup was the mobile device. We decided to use a Nokia N95
8GB smart phone. The only explicit hardware requirements to the phone are built-in
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camera and Internet access, which are more or less standard equipment in today’s cell
phones.

For the purpose of taking pictures we decided to use the built-in camera (and cam-
era application) on the phone. In addition to this we used Shozu. Shozu is a photo
sharing software program for mobile devices; it connects to social photo sharing sites
on the Internet (like PicasaWeb, Flickr and Facebook) and it’s able to upload pictures
taken with the camera and receive pictures uploaded by others. We used the combina-
tion of Shozu and build-in camera to upload the pictures to a PicasaWeb album dis-
played on the picture frame.

An e-mail account was set up to give notifications if the picture frame was
squeezed. An improvement of the prototype could be the ability to properly track
location of the sender using the phone. This is part of giving the viewers of the picture
frame an opportunity to follow the journey. Implementing this with current mobile
phones would be a challenge due to poor battery lifetime when continuously tracking
GPS and moreover, when traveling in areas with poor network as e.g. the Philippines.
A solution could be to display the location of the current image being displayed on
HOMEinTOUCH. But that would also mean losing the awareness of the current loca-
tion and conditions of the traveler.

6 The Journey Experiment

We conducted a qualitative experiment where we set up different means of commu-
nication between Aviaja and different members of her extended family. Figure 4
illustrates the communication mechanisms, which were set up before the travel. All
participants got introduced to the communication types immediately before Aviaja
and her family went on their trip. Aviaja. Anders and Anton went on a holiday to the
Phililppines for two weeks.

6.1 Participants

Aviaja lives with her husband, Anders and their one-year old son in a flat in a medium
sized city in Denmark. They frequently see and communicate with their extended
family on a weekly basis either face to face or via phone calls. Aviaja also communi-
cates via text messages with her father and more often her mother.

Aviaja’s father and his younger daughter live in the same city. They were equipped
with the HOMEinTOUCH prototype. Aviaja’s mother lives in the capital and she
received a commercial digital picture frame (eStarling seeframe) in the airport where
she came to send off the family. Aviaja’s mother in law got introduced to an igoogle
website set up for the journey and her father in law was not introduced to any com-
munication means by Aviaja and her family, but discovered some of them during the
travel. The four parents all live in each their household. Table 1 provides an overview
of the qualities of the different communication types.

Immediately after the journey was completed interviews were conducted with
Aviaja, her father, her mother, her father in law, and mother in law. In the following
we analyze these interviews to understand the strengths and weaknesses of these dif-
ferent communication mechanisms.



HOMEinTOUCH Designing Two-Way Ambient Communication 51

Mapping of setup

Carsten -Aviaja’s father

Bent -Anders’ father

Pitureframe

iGoogle website

Jane -Anders’ mother

Fig. 4. The communication ecology set up before the travel

Table 1. The communication mechanisms explored in the field trial and the qualities repre-
sented by the different solutions

Physical Displaying Displaying Two-way
artifact pictures metadata communi-
cation
HOMEinTOUCH X X X X
(Carsten)
iGoogle website X X
(Jane and later Bent)
SeeFrame X X
(Kisser)

7 The Journey Experiences

One of the immediate findings was that that in the course of the travel, the communica-
tion mechanisms introduced only formed part of an ecology of communication devices,
which were exploited by the participants. Figure 5 provides a map of the communica-
tions during the trip and key statements from the interviews with the participants.
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Mapping of journey
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Fig. 5. Mapping of the communication during the travel

All the relatives were pleased to be involved in the trip:
“It was nice to be engaged in the trip. Normally there is no contact when they are on
vacation -they are just gone.” (Jane, testing the iGoogle version).

Even though Bent, Anders’ father had not been introduced to the experiment, he en-
gaged in the material as he learnt about the iGoogle site from Anders’ mother. Both
Bent and Kisser engaged very actively with the contents send by Aviaja. E.g. both
Bent and Kisser uploaded some of the pictures to their own website / laptop and
Kisser got motivated to further research the area where Aviaja and her family were
travelling: “The pictures inspired me to do some background research about different
things: When I saw a picture of the beach I looked up coco beach on the Internet to
learn more about the place. When I saw that they were diving, I searched for diving in
the specific area. It was a way of indirectly following the trip.” (Kisser, testing the
commercial picture frame).

The introduction of the communication channel imposed some expectations from
the participants. Both Kisser and Carsten touched upon this during the interview.
Carsten argued that he found that there were slightly too few pictures being sent to the
frame. He speculated on the need to make an agreement beforehand regarding the
frequency of pictures, but he also found that this could introduce unneeded concerns
if this frequency for various reasons were not obeyed. Carsten argued that the com-
munication on his side (the touch on the frame) was not a burden. It was like a posi-
tive obligation. Kisser sent an SMS with her mobile phone each time she received a
picture in this way trying to encourage Aviaja and her family to send more pictures. It
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is interesting that the two people having the physical artefact were the ones who ex-
pressed the biggest expectations regarding new content. This suggests that centrally
placed physical artefact is a powerful means for supporting continuous awareness, but
on the other hand also potentially impose greater expectations.

Aviaja, at the Philippines, found that all the SMS messages sent by Kisser was to
some extend a burden in that they introduced expectations on her to communicate back.

The attraction clearly was when new contents arrived. “I was joyous and humble
for having the opportunity to follow the trip and the grandchild”and “I was full of
elation every time a picture arrived” (Kisser, testing the commercial picture frame).
But none of the solutions tried out offered good notification mechanisms when new
contents had arrived. Carsten (HOMEinTOUCH) regularly gleaned through the whole
sequence to see if new materials had arrived, and felt quite awkward having to do this.
Kisser (commercial picture frame) adjusted the speed of the shifting of pictures on her
frame. She set it to shift every 10 seconds when she expected new material to come
and after the travel was completed, and she did not expect new contents she adjusted
it to shift every 3 minutes. Kisser checked the frame several times every day. This
clearly points to the need for investigating graceful notification mechanisms for this
kind of material in the home. Jane (iGoogle website) established a routine where she
visited the site one time every day.

The context information seemed to support awareness well, but it was slightly hard
to investigate the specific role it played through the interview. It did though seem to
provide the context for the pictures explored and the idea about where Aviaja and her
family were. For instance, Carsten was surprised to see when, according to the
HOMEinTOUCH picture frame, Aviaja and her family had arrived back in Copenha-
gen prior to his expectations. He called Kisser to ask whether she knew about their
position, and it turned out that they were not there yet, it was the frame, which had
displayed it at a wrong time (it was pre-programmed). When asking directly about it,
both Carsten, Jane and Bent, who had the weather conditions available had all noticed
how great the weather had been though at times a bit cloudy.

Kisser and Carsten with the physical frames were pleased with the way they inte-
grated in the home. Carsten argued: “This belongs to the home. It is a home-thing. It
is good that it belongs here in the home. I did not think about it while in Copenha-
gen”. (Carsten was away from the home 2 days during the time of the trip) Kisser
found it a luxury to have the frame. When showing it, one of her friends spontane-
ously pointed out, that is a real grandmother thing.

8 Design Indications

The experiment is an example of research-through-design [11] as we tested the poten-
tial in
e Supporting better two-way communication than are offered in most com-
mercial picture frames
e Integrating the communication mechanism in the physical home and in eve-
ryday life
e Exploring the role of context-data for supporting the communication
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This was done through the experience prototypes to understand the potentials of
the design and to learn about the imprints it made in the family. Our findings lead in
various directions where some of our assumptions were supported and others could be
further developed in the next generation of prototypes. The following is a discussion
about different design indications we find from the experience. In this way we can
improve our design to make a product that improve the various communication
strategies.

8.1 Two-Way Communication

The first strategy was our setup for two-way communication. All the receivers re-
sponded to new content (pictures) with a message to the senders. Using a separate
media (text message) was not convenient in this setup, as it was a start of a conversa-
tion that obligated the travelers to respond again. The squeeze on the other hand was
very straightforward and gave the sense of connection without further obligations. It
can be discussed whether the feedback should be attached with a comment on the
photo or the notification is enough. Another issue for further design investigation is
the squeeze action — is it the right way to interact with the frame? Carsten said that it
“gave a sense of connection” and that is interesting to follow. How can we support the
semantics about the feeling of connection? There is an indication that we can embody
this notion [8] without doing it in a 1:1 translation. A way to support it better may be
to have both squeeze areas activated simultaneously as an electrical system, where
you have to establish the connection, thereby establishing both the physical and the
conceptual connection. It could also be further enhanced through haptic feedback as
you push the frame and then you can physically feel the connection. One thing is clear
and that is the potentials in supporting the connected feeling.

The obligation theme came up several times and the participants expressed that it
was a positive obligation to give feedback or not an obligation at all. The travelers on
the other hand felt too obligated to answer all the text messages, which they were not
interested in as they were on vacation. It is therefore an indication towards an open
communication where neither of the participants should feel obligated to respond.

8.2 Person-to-Place Communication

Researchers from related fields have implied that there’s potential in designing for
communication from person-to-place [12] specifically in a home context with several
family members. HOMEinTOUCH is a home artefact and we have therefore decided
to put it in the field of slow-design and slow technology [5] that doesn’t call for speed
nor efficiency. HOMEinTOUCH is a way of making slow messaging [8] from person-
to-place that sometimes is instant, when traveler or the ones at home explore new
content/feedback as it comes in.

The experience prototype HOMEinTOUCH was integrated in a home setting as
was the SeeFrame but not the iGoogle site. The biggest difference was that the pic-
tures were seen by others in the homes and became center for conversation, The
frames were also checked for new content several times daily in the homes, but only
once daily in iGoogle, as it was facilitated by the computer which was only used once
daily. This made it more ambiently integrated through the physical object and the
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people in the home were reminded about the ones being away in a peripheral sense.
Carsten said that HOMEinTOUCH was best to have in a specific place, being in the
home as it was “not a work thing”. He didn’t give it any thoughts while being away
from it but stared at it often when being home. This supports our anticipation of it
being integrated in the home settings. This then brings us to another issue concerning
trust. The HOMEinTOUCH is a window to the world, but at the same time a part of
the decoration of the home juxtaposed to picture frames. The sender/traveler can ex-
pose pictures that the receiver might not want to look at in their homes. This might
not become a problem as it is made for people in close relationships, but it is an issue
that we have to consider for future development.

8.3 Visual Communication

HOMEIinTOUCH is a rapid way of communicating through pictures that is seamless
and convenient while on the move. We experienced that the travelers started to think
in new ways of picture taking —telling a story through the picture. In this way they
didn’t have to write to tell where they were or what they did. They began to take pic-
tures that were self-explanatory e.g. in front of a sign (Figure 6) or illustrating more of
an atmosphere. (Figure 7).

Fig. 6. Fig. 7.

Other research indicates that this kind of photosharing between family members
and close friends is a culture itself (Kodak Culture) that have a need for more private
sharing tool than for instance Flickr.com [12]. The Kodak Culture people use pictures
to tell stories, stay connected with others and show different activities and experi-
ences. We suggest that HOMEinTOUCH is an answer to this need as it is direct from
person-to-place and it provides a stage for the stories. It represents some kind of an
enriched interactive postcard with several pictures telling the stories. This is further
supported with the context for data shown. In that way it is possible to send a picture,
just to show where in the world you are and what time it is at this longitude or show-
ing what the weather is like. We see HOMEinTOUCH as stage for several users.
Perhaps the parents have several children traveling or living around the world. They
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can then keep in contact/track of them via HOMEinTOUCH. That is why the picture
of the sender is also being displayed. We would like to test this use in a future setup,
letting it stay in the home for a longer period because it would be interesting to see
how the receivers would like to be able to edit the content over time. This leads to
another issue concerning ownership of the content. When a picture has been displayed
for a while the receiver may either want to delete it or save it to another media. Both
was actually seen in our testing of SeeFrame as Kisser deleted some pictures from
testing the setup and saved some pictures to her computer as it then came under her
ownership. We have to decide if we want to support this hacking of the digital content
or try to avoid it. Most indications draw towards supporting it as it has already been
edited and given as a gift/message from the traveler. It can then transform into a more
persistent picture.

9 Conclusion

We have investigated design indications for HOMEinTOUCH and found that it
should support two-way communication in a seamless way giving a notion of con-
nectedness. We also found it relevant to design for slow messaging from person-to-
place having a physical object in the home as a stage for storytelling. In that way
HOMEinTOUCH is an enriched interactive postcard with context aware metadata
displayed.
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Abstract. This paper presents the results of a study on how elderly people per-
ceive an intelligent system, embedded in their home, which should enable them
to live independently longer. Users of a motion sensor system were interviewed
about their experiences. A sensor system that autonomously works as well as a
manipulated version was studied. The manipulation contained a touch screen
that informed the users if the gathered information was correct before sending it
to caregivers, so more control over personal information was provided. To test
the use intention of the motion sensor system Spiekermann’s Ubiquitous Com-
puting Acceptance Model of was used. This study shows that people, who per-
ceive more control over their wellbeing, show more use intention. And that the
subjective norm influences their acceptance. This study shows that acceptance
models for Ambient Intelligence application in care situations need to be
developed.

Keywords: ambient intelligence, user experiences, elderly, telecare.

1 Introduction

The vision of Ambient Intelligence (Aml) proclaims a future life filled with small
computers embedded in environments of everyday life. The aim of Aml is that people
in a particular environment will be assisted by the ubiquitous distribution of small
computers in this environment [1]. Due to the context awareness of Aml, the environ-
ment should adapt itself to its present users and their needs. The users should interact
with their environment in a natural way [1, 2]. The smart environment so provides
more comfort and saves time and money, empowering the user and providing more
entertainment [3]. The Institute for Prospective Technological Studies (IPTS) describes
it as: “...'human centred computing’ where the emphasis is on user-friendliness, effi-
cient and distributed service support, user-empowerment, and support for human in-
teractions [2]. Thus, Aml should strengthen humans in their own environments.

Together with these positive sides, some major concerns are frequently voiced as
well. Loss of privacy, autonomy and control are often cited as downsides of the vision
of Aml [2, 3, 4, 5].
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Up to this moment it is unclear whether these enrichments or threats will actually
occur, since this has not been studied often and because the technology has not been
presented yet. This study investigates whether the level of control influences the use
intention of Aml.

As the IST Advisory Group (ISTAG) forecasted, many intelligent systems will sur-
round humans in their daily lives and activities in 2010 [6]. These forecasts have been
criticized on their sense of reality and optimistic vision [7], but this does not mean
that the realization of the vision has been compromised. At present many major re-
search centres focus on the development of Aml, such as Philips, Microsoft and MIT.
Also the European Commission and the Dutch government see many possibilities of
Aml, for society and economy. Their policy focuses strongly on investing in ICT as
an important part of, for example, health care and transport.

Despite the ongoing development of Aml, user centredness and use intention have
not been researched much. At the Ubicomp 2007 conference, only five of the twenty-
nine surveys focus partly on user experiences and expectations in their studies [8].
This is understandable, as the technology to realize the vision has not yet been fully
developed. There are not many applications or settings that contain all the five key
features of Aml [9]. To develop and test a technology that contains embedded net-
work devices and is context aware, personalized, adaptive and anticipates towards the
users’ needs, is, at this moment, practically impossible. To be user centred, you must
test how people perceive intelligent and assistive technology. Especially the equilib-
rium between personalized and assistive possibilities versus perceived invasion of
privacy and threat to autonomy needs more attention and research.

The first Aml-like environments are gradually appearing in daily life. Intelligent
vehicles and home equipment trickle through to the consumer market. One example is
the safety features to assist the driver in automobiles. Examples of intelligence at
home are sensor technology to automatically adjust light or energy use, robot vacuum
cleaners and remote controls for managing lighting. Especially the care for elderly
people makes use of information and communication technology to help the elderly
live more independently. The technology should improve their way of live.

In spite of these technological improvements, the question remains how people re-
act to this integration of ‘smart’ technology in their daily life. How do they cope with
the possible threats and new opportunities elicited by AmI? This study tries to gain
insight in the attitude of elderly people who could live in an ‘assistive’ environment
and how this influences their intention to use and accept such an environment. The
goal of this study is to investigate whether the level of perceived control over well-
being influences the use intention of such an intelligent environment. A sub goal of
the study is to look for indications of differences in use intention between Potential
Users (PU), the ones that participated in the study, and Actual Users (AU).

The next section highlights some of the methods of user studies within the field of AmI
or Ubiquitous Computing' (Ubicomp), followed by the introduction of the Ubiquitous
Computing Services Acceptance Model (UC AM), introduced by Spiekermann [10].

' The two concepts are closely related [1, 2] and for the readability of the text only the term
Aml will be used in the remainder of this paper.
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2 Previous Research on AmI and Related Technologies

The user studies in the field of Aml are mainly executed by using films or scenarios
of a future with smart devices [11, 12] or by the use of single prototypes of systems
that could be used in an Aml environment [13, 14]. These studies mainly focused on
perceived effects of ‘smart’ devices on humans; in particular perceived control and
perceived privacy were measured. They also show effects of the experiences people
have with suggested scenarios or used prototypes. However, none of these studies
used technology that is actually deployed in real life or that fits two or more key fea-
tures of Aml as stated by Aarts [1]. This could mean that the perception of the partici-
pants will not correspond with the perception of actual users of Aml-like technology.
The perception of privacy and the level of control can be perceived differently by
actual users than by potential users. Another way to study the perceptions of users in
Aml-like settings is by the use of a living laboratory or a Smart Home. Such labora-
tory studies create real-time interaction with Aml technology and can provide in re-
sults of actual use experiences.

The next paragraphs describe the research methods and results of other user studies
of Aml-like technologies.

Spiekermann [11] used a film showing the future of shopping, in which Radio Fre-
quency Identification (RFID) is used to provide personalized services. RFID is con-
sidered one of the important building blocks of Ubicomp [7], and therefore also of
Aml. The results showed that people prefer to destroy the RFID tag, despite the per-
ceived value of after sales services which it could provide. It seems that people put
the protection of their privacy above the possible benefits of the use of RFID technol-
ogy. There was also an indication that people did not prefer to manually activate the
RFID tag (User scheme) over automatically determine the privacy settings of the user
through a “watchdog” (Agent scheme). There was no difference in perceived control
between the two settings, so an autonomous system was not seen as less preferable
than the system with more user control. However, the results suggested that the level
of information control provided by the User scheme does influence its appreciation.
Perceived control appeared to influence the appreciation of automated personalized
services.

Another study by Niemeld, et al [12] used three scenarios of Aml environments to
test the attitude of elderly people towards Aml applications that support the elderly in
living independently. One scenario introduced a smart pillbox. A second scenario
drew a sleep quality logger to check for sleep apnoea. The third scenario described a
home equipped with several interlinked ambient sensors. Overall some privacy con-
cerns arose, as did questions about usability: The first two scenarios transferred per-
sonal data to someone else, which led to some worries. In two scenarios, it was
required to interact with the system by using a mobile phone. Several participants
considered this to be difficult and preferred an easier interface. But mainly the par-
ticipants did accept services and applications that improved their living and facilitated
a more independent way of living.

A study that also surveyed perceived privacy and presence was conducted by
Brown et al [13]. They used a Whereabouts Clock (WAC) to investigate the experi-
ences of using a family locating system. The clock could, coarse-grained, track the
whereabouts of relatives. The researchers investigated whether the WAC was
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perceived as a helpful smart tool to enhance family values. This study showed that the
technology can also help families to “be a family”: it can enhance social cohesion.
The participants perceived the WAC as supporting their reassurance, connectedness,
expression of identity and social touch.

Janse et al [14] also studied perceived privacy and presence and looked at the pref-
erences for manual or automatic operation of the system. One result was that percep-
tion of privacy and level of control is a personal experience. This study also showed
that people prefer to share their information with only a small group of closely related
people, with whom sharing location information does have some benefits. So privacy
concerns did influence their attitudes towards the system.

Besides user studies that used scenarios or single service prototypes, there are also
studies that used a simulated environment like the Philips HomeLab [15] or the
Aware Home [16]. The aim of these smart homes is to discover the subtle characteris-
tics of human behaviour and experiences when interacting with technology in a home
situation. The use of technology in a home setting is different than in a working envi-
ronment [16]. Creating realistic prototypes in a controlled but realistic environment
[15] could gain insight into how people interact with and perceive a smart
environment.

The papers cited above contain good ways to study user behaviour in Aml, but de-
spite the high fidelity of the settings, they are still laboratory situations. To gain more
insight into the role of smart technology, more field study is necessary [15] because
“both the impact of the environment and the impact of time on the behaviour of the
users of these applications must be considered.” [17]. Due to the laboratory setting of
these methods the social environment of the user is mainly left out, and as the Unified
Theory of Acceptance and Use of Technology [18] states: social environment does
influence the intention of technology use.

The user studies of Aml technologies described above showed that privacy does
indeed somehow concern the users, especially the control over personal information
and over who receives this information. Automatic situations were preferred in one
situation, but not in others. Perceptual presence reassured people. Stimuli were used
to invoke user perceptions. Live laboratory studies used actual stimuli, but lacked the
social environment of the users. However, these studies did not apply to natural set-
tings. This study tries to avoid this pitfall with the use of a real time system that meets
most Aml characteristics.

3 Home Automation

As the previous section shows, using scenarios, films, single prototypes or laboratory
settings are helpful ways to gain insight in the perception and experience of users of
Aml-like environments. But all these methods use unreal settings, so actual experi-
ences that form real intentions are not revealed. To avoid this, this study uses an envi-
ronment that is actually deployed with technology strongly related to Aml: home
automation.

Home automation can be seen as a precursor of Aml. The aim of home automation
is the same as the aim of Aml: both should strengthen the users in their own environ-
ment. The Rathanau Institute describes the comparison between Aml and home
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automation as follows: home automation is the integration of technology and services
within the home, emphasizing the improvement of the quality of life by enhancing
safety, comfort and better communication. With home automation as well as with
Aml, the technology ought to be ‘intelligent’ and disappear into the background [24].
The system used in this study consists of motion detecting sensors. This motion sen-
sor system (MSS) approaches the five key elements of Aml. It is embedded in the
environment, it is adjusted to the settings of the user, the monitoring makes it possible
to detect differences in the context, and it informs care givers and relatives when
differences are observed. Only the pro-active element is not yet deployed in the MSS.

As stated before, Aml is seen as a worthwhile supplement in health care. It could
provide personalized care and surveillance at home, especially for the care of elderly
people. Home automation is seen as a way to maintain a good level of care for the
elderly. The use of ICT is seen as one way to meet the rising demand for elderly care
[16, 24]. This study used one of the latest forms of home automation. This consisted
of monitoring devices that unobtrusively keep an eye on the behaviour of the elderly
by using motion sensors. The MMS was installed in the home of the user. These sen-
sors registered daily habits, such as the pattern of taking medicine, eating, the
sleep/wake pattern and the room temperature. By means of these patterns of behav-
iour a personalized care program could be facilitated. After about two weeks a life-
style pattern could be determined. When the MSS detected differences in this lifestyle
pattern a signal was automatically given to a central care giving organization and to
designated relatives. Detected differences in lifestyle patterns might indicate that the
person’s abilities have started to degenerate or that some problem has occurred. The
MSS used informed the care giving centre whether differences in sleeping pattern,
kitchen use or room temperature had taken place. The MSS could generate an imme-
diate alert when a serious problem would take place, such as a fall in the bathroom.
This MSS worked automatically and did not inform the elderly user whether an alert
was transferred.

In December 2007 a home care organization in the Netherlands started a field study
to determine whether the MSS would be suitable for their clients. This created the
opportunity to investigate the difference in use intention if the MSS would be less
autonomous and to ask the user whether registered differences in lifestyle patterns are
correct or not. As the previous studies [11, 12] indicated, control over information
flow influenced the appreciation of a smart system.

The model and the method used to measure the experiences in this setting are de-
scribed in the following sections.

4 Measuring Use Intention and Acceptance

To avoid the pitfall mentioned in section two, this research aims to study the influence
of the level of control on use intention of an actually deployed home automation sys-
tem. In this way the real experiences of living in an assistive environment can be
measured. These results can be compared with the expected experiences of potential
users of the same system. The setting was described in the previous section.

To measure the experiences with this technology, we used a new model: the Ubig-
uitous Computing services Acceptance Model (UCAM) of Spiekermann [10].
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Spiekermann developed a model that predicts the acceptance and use intention of
Ubicomp applications. As stated before, Aml is closely related to Ubicomp. Ben Al-
louch [19] described the differences and similarities between the two in her disserta-
tion. Spiekermann’s model could therefore be used for investigating the experience
and acceptance of Aml.

As Aml focuses on the empowerment of people in their everyday life, one needs to
measure the elements that influence the experience of everyday life. Spiekermann
tried to capture these elements in the following variables: usefulness, cognitive atti-
tude, affective attitude, privacy, control and risk. The model is shown below and the
variables are explained in the following paragraphs.

Perceived > Cognitive

Usefulness Attitude

Perceived
Risk

Behavioral
Intention to
use

Perceived
Privacy

Affective
Attitude

Perceived
Control

Fig. 1. Ubiquitous Computing-service Acceptance Model, Spiekermann (2007)

The UCAM is based on the Technology Acceptance Model (TAM) [20]. The TAM
was developed to test the adoption of information systems in organizations. It was not
designed for measuring the adoption of Ambient Intelligence. The variable usefulness
is one of two used in the TAM. Spiekermann follows the TAM by treating it as a
variable that influences the acceptance of UC, even though it is not in a professional
environment. She leaves the second variable, ease of use, out of the model, because
the vision of Ubicomp, and of Aml as well, describes an intuitive interaction with the
system. This makes ease of use part of the system. Usefulness influences the cognitive
attitude as well as the affective attitude. These attitudes are the centre of the accep-
tance model of UC. Spiekermann here follows Yang and Yoo [21], who have ex-
panded the TAM with cognitive attitude and affective attitude. The cognitive attitude
describes the expected performance of the system and the affective attitude is closely
related to the appeal and usability of the system. Both attitudes have their own effect
on the use intention of the technology.
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Spiekermann states that the dimension “compatibility” is an important missing
variable in the TAM. Compatibility has been defined by Spiekermann as the degree to
which an innovation is perceived as consistent with existing values, past experience,
and needs of potential adopters. According to Spiekermann, the UC characteristics
that potentially undermine privacy and control fall into this category. Perceived pri-
vacy concerns (privacy) influences both the cognitive attitude and the affective atti-
tude because privacy is formed through a cost-benefit rationale. Moreover, she states
that privacy could influence the intention to use a system. Perceived control (control)
is another part of the compatibility dimension and also closely related to privacy [6,
5]. Although the vision of Aml states that people will have more control over their
environment, an intelligent environment can be a threat to the autonomy of the user
[3]. That is why Spiekermann estimates that perceived control influences the affective
attitude and the intention to use intelligent technology. The last variable of the model
is perceived risk. Spiekermann has chosen to measure an overall perceived risk (risk).
She follows Featherman and Pavlou [22] who state that several types of risk, as iden-
tified by Kaplan, Szybillo and Jacoby [23], share a common core. That is why a uni-
fied risk perception is measured by the risk variable. Perceived risk influences the
attitudes towards the technology and the intention to use the technology, as well as the
cognitive and affective attitude.

The main focus of this study was on the intention of elderly people to use a ‘smart’
environment. In this study we mean by ‘use intention’ the same as the variable inten-
tion to use in Spiekermann’s UCAM. The other variables of the UCAM were also
taken into account to find out how they stand out in the care for the elderly.

We wanted to study the use intentions of elderly people for a smart device and
whether the level of control influences this use intention for an Aml application. This
led to the following research question.

RQ: How does the level of control influence the use intention of Ambient Intelligence
technology by elderly?

5 Methodology

To study the use intention of the MSS, three groups were formed. One group con-
sisted of Actual Users (AU) of the MSS. These were participants in the field study of
the home automation experiment. The two other groups both consisted of Potential
Users (PU), and were named PU1 and PU2. The PUI group received a description of
an existing system, which works autonomously. The PU2 group received a descrip-
tion of an adjusted system, which means that it had a touch screen that could ask the
participant a question about the registration. This adjustment is explained further
below table 1, which shows the design of the research experiment.

For this study a description of the MSS was used. The description was reviewed by
two home automation specialists and a Dutch language specialist for accuracy and
neutral tone of voice.

A description of an existing home automation system was presented to the partici-
pants. It described the features of the system neutrally. The participants received a
questionnaire with questions about perceived privacy concerns, perceived control,
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Table 1. Research design

Actual Potential Potential
Users Users 1 Users 2
Autonomous system X X -
User control X - X

perceived usefulness, perceived risk and attitude towards such a system. This ques-
tionnaire was based on Spiekermann [6] and the text was translated into Dutch and
adjusted to the home automation system used. The context of the question changed
from a smart refrigerator and smart car to living safely and independently. The ques-
tions to measure the variables of the model could be taken over from the question-
naire. Only the question to measure the variable perceived control was changed from
“I think that <with the system> I can decide any time on <the task> myself” and “this
system leaves me sufficient control over my <task>" to “with the <name> I can do
my daily tasks more safely” and “with the <name> I can do my daily tasks more inde-
pendent”. And the question “the <name> gives sufficient control over my wellbeing”
was added in this study to test the difference between the actual used system and the
adjusted version.

The readability and comprehensibility of the questionnaire was tested by a test
group (n=12, mean age=68.8). Only small textual adjustments had to be made.

For the AU group the description of the system and text of the questionnaire were
adjusted to the fact that they were familiar with the system and had actual use experi-
ence. For both PU groups the description as well as the questionnaire was formulated
with the focus on potential use.

The AU (n=18) were approached by people of the home care organization which
conducted the field test with the system used. This test lasted five months. Fifteen
persons agreed to participate. The participants of the PU groups (n=208) were over
sixty and lived independently, but could move to a supported environment in the near
future. All the participants were visitors of a Day Activity Centre (DAC) that helps
them to be socially active. They all have an indication, which means that a low level
of care is necessary and that the health insurance pays for the cost of the DAC.

These PU were split into two equal groups. The PU1 group received the descrip-
tion of the MMS as it was deployed. The PU2 received an adjusted version of the
description. This adjustment consisted of a user control function. If the system regis-
tered an irregularity in the patterns, it asked a question by means of a little touch
screen monitor, mounted on the home central. For example if the system detected an
irregularity in medicine use, it asked the user whether this detection was correct. See
figure 2.
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Good morning Mr. Holwerda,
did you take your medicine today?

w m

Fig. 2. Example question from the PU2 experiment

Earlier work has indicated that autonomous systems were preferred above manual
systems [12, 13, 14], but that the transfer of personal data led to privacy concerns [8,
14]. That is why this extra level of control for the user was inserted in the scenario.

After the results of the questionnaire were collected and analyzed, a focus group
meeting was organized. The goal of the focus group meeting was to elaborate on the
results of the questionnaire. The groups consisted of five to seven people who had
participated in the study. This was smaller than suggested [25], but followed the rec-
ommendations of Zajicek [26] to minimize the number of participants in focus groups
if they consist of elderly people. By using smaller groups, the participants could con-
tribute more easily and focus more on the discussion.

6 Results

The results of this study are divided into two sections. First we will present the results
of the questionnaires, followed by the qualitative results of the focus group meetings.

6.1 Quantitative Results

This section presents the results of the questionnaires. First the variables used will be
explained briefly, followed by the results of the study.

Usefulness measured the perceived benefits of the system. The variable control
checked the perceived control over well-being. The variable risk measured the per-
ceived risks of using such a system. The variable privacy measured perceived privacy
concerns. The variables cognitive attitude and affective attitude measured the personal
attitudes towards the presented or used system. The variable use intention measured
the level of willingness to use or reject the system.

The three research groups consisted of 15 (AU), 43 (PU1) and 40 (PU2) persons.
To test the results of the questionnaire, a reliability check was done for variables of
UCAM. Cronbach’s alpha (o) was used as an indication of how well a set of items
measures a latent construct. A scale is regarded as reliable when Cronbach’s alpha is
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at least between .60 and .70. Therefore all variables with a < 0.60 were not taken into
further analysis.

The variables that were usable for further processing were: usefulness (o = 0.76),
affective attitude (a. = 0.88), cognitive attitude (0. = 0.95) and privacy (o = 0.87). For
the Touch Screen setting, the variable privacy (o = 0.81) was the only reliable one.
The variable use intention was formed by three questions, but these had a low alpha.
That is why only one question was used to represent the variable use intention. The
question I would naturally adopt the system, without any advice of others was used
because its high face validity for measuring use intention.

In the two other groups (PU 1 and PU2), all variables had an alpha between 0.64
(affective attitude, PU1) and 0.87 (control in PU2).

Table 2. Cronbach’s Alpha in groups PUI and PU2

Variable Cronbach’s alpha (o) Cronbach’s alpha (o)
PU1 PU2
Usefulness 0.82 0.74
Affective Attitude 0.77 0.64
Cognitive Attitude 0.86 0.74
Control 0.87 0.87
Risk 0.76 0.78
Privacy 0.73 0.69

To test the correlation between use intention and the other variables of the UCAM,
we used Spearman’s Rho. The results are shown in table 3 below. Only the significant
correlations between the variables of the model are shown in the table.

The results for the AU group show a positive association between cognitive atti-
tude and use intention (p = 0.62; p < 0.05). The association between usefulness and
use intention was also positive (p = 0.62; p < 0.05).

For the potential users who were offered a description of the actual, non-control,
version of the system (PU1), the following results appeared after the Spearman’s Rho
test. Only two variables of the UCAM had a significant association with use intention.
Usefulness had a positive association with use intention (p = 0.34; p < 0.052) and
control had a positive association with use intention (p = 0.38; p < 0.05).

The results of the Potential Users who received a description of the system, con-
taining an extra control function, the Touch Screen (PU2), showed three significant
associations between use intention and other variables of the UCAM. Usefulness had
a positive association with use intention (p = 0.38; p < 0.05). Also risk had a positive
association with use intention (p = 0.36; p < 0.05). But the most interesting result was
the positive association between control and use intention (p = 0.54; p < 0.01).

The results show that the association between control and use intention in the
situation with the user control function was stronger than the association between
control and use intention in the existing system. In table 3 below, all significant re-
sults of the correlations between the variables and use intention are presented. These
results also clearly show that many relations, as predicted by the UCAM, were not
found in this study.
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Table 3. Correlations between the variables of the UCAM* p < 0.05, ** p <.0.01

Use intention Use intention Use intention
Actual Users Potential Users Potential Users
1 2
Cognitive 0.62*
Attitude
Usefulness 0.62* 0.34* 0.38*
Control
0.38* 0.56%*

The subjective norm was also tested and it showed that this was positively corre-
lated with four variables of the UCAM within the AU group, namely use intention
(p = 0.64; p < 0.05), cognitive attitude (p = 0.55; p < 0.05) affective attitude (p =
0.58; p < 0.05) and usefulness (p = 0.65; p < 0.05). For the PU1 group also four posi-
tive associations were found between the subjective norm and variables of the model.
These were cognitive attitude (p = 0.53; p < 0.01), usefulness (p = 0.33; p < 0.05),
privacy (p = -0.32; p < 0.05) and control (p = 0.63; p < 0.01). The negative correla-
tion between subjective norm and privacy indicates that people who have low con-
cerns about their privacy rate high on the subjective norm.

For the PU2 group five positive associations occurred between subjective norm and
variables of the model. These were use intention (p = 0.60; p < 0.01), cognitive atti-
tude (p = 0.57; p < 0.01), usefulness (p = 0.58; p < 0.01), risk (p = 0.57; p < 0.01),
and control (p =0.83; p <0.01).

This shows that people in the social environment of the elderly influence their per-
ception, attitude and use intention towards such a system. Fulk et al [27] already pos-
tulated that the social environment influences the attitude towards communication
technology.

The Mann-Whitney U was used to test whether the differences between the control
setting by the added touch screen and the system as it was actually deployed were
significant. For the AU group this test could not be performed. Due to the low reli-
ability of the variables they could not be compared.

For the PU groups the results show that there were significant differences in use-
fulness and control between both groups. There was a significant difference for per-
ceived usefulness (U = 618.000; p < 0.05) between PU1 (mean rank = 36.21) and PU2
(mean rank = 47.05). The potential users with touch screen system (mean rank =
47.08) also differed significantly (U = 621.000; p < 0.05) with regard to the perceived
control of the system from the potential users who did not have the touch screen sys-
tem (mean rank = 36.44). These results indicate that the potential user group with the
adjusted system perceived the system as more useful and that they perceived having
more control over their well-being than the potential user group that had experienced
the autonomously working system.
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6.2 Qualitative Results

To get more insight into the results of the questionnaires, three focus group meetings
were scheduled with the user groups. Since the actual users lived dispersed and lack
the mobility to come to a central place for a focus group meeting. That is why open
interviews were conducted with them. For both PU groups a focus group meeting
was held.

First we will describe the results of the open interviews with the AU, followed by
the results of the focus group meetings of PU1 en PU2.

Five participants of the AU were randomly selected to answer some open questions
about their experience with the system. Four of the five persons thought the system
was useful as a precautionary system for living safely. One person had fallen during
the research period and the system did not respond immediately. Thanks to her per-
sonal alarm trigger she could alert the care givers. None of the participants were both-
ered by the fact that the home care organization could monitor their life pattern. As
one person said “I rely on them to be careful with it”. All participants also used a
personal alarm trigger and stated that they preferred the direct action that occurs when
the alarm button is pushed. Direct control over an alarm was appreciated over the
sensor technology by the actual users. The personal alarm gave a greater sense of
security to the elderly than the sensor system did. If the system would have a direct
interaction possibility with care givers, or if the presented touch screen could facilitate
mediated contact to check up on them, they would appreciate the sensor system more.
All the interviewed persons said that they relied more on their personal alarm than
they did on the sensor system. The tested system was seen as secondary by the inter-
viewed participants.

These results correspond with the results of the questionnaires of the PU groups;
the more control people perceived over their well-being, the more useful the system
seemed to them. A higher level of personal control, for instance the possibility to
contact a caregiver directly, increased their perception of the usefulness of the system.
Communication via a screen or an alarm button could fill this need.

The results of a focus group meeting with 5 participants of the PU1 group show
that they perceived the presented system as useful. The system gave them the feeling
of being less lonely and of being looked after. Three of them stated that the system is
better than the personal alarm trigger that has to be worn around your neck. “People
forget to wear those”, was their comment.

Privacy was considered important by the elderly, but they stated that when you
need help it becomes less important. The home care organization was trusted to deal
carefully and discretely with the collected data. The participants stated that good
agreements between the user and the organization are necessary. The cost of such a
system was an important variable for them. If they live alone and if they can afford it,
they would like to use and buy such a system. Relatives or other closely related per-
sons were another main variable. If those people would say that the system is useful,
they would use it. So the subjective norm of family and others seemed to have a posi-
tive and strong effect on the intention of the elderly to use the system.

The target group of the system would be elderly people who live alone, accord-
ing to most of them. Three persons also stated that it would be preferable if the
system would also work outside their house. Control over their well-being provided
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by their social environment was preferred by most of the participants. But the sys-
tem could also support their children in combining their own lives with taking care
of their parents. Two persons saw this as a positive aspect of the system. If the care
givers would visit them in case of a false alarm, it would not be a problem. It was
important, though, that the care giver should be a person known to the care
receiver.

During the focus group meeting of 7 participants of the PU2 group the following
results could be derived. The adjusted system was especially useful for people who
live alone. It provided a secure feeling for the elderly. However, 5 participants stated
that they preferred to be watched over by their social environment instead of being
watched by ‘technical surveillance’. The fact that the system was able to check on
medicine intake, mainly as a reminder, was appreciated by three persons. As someone
said “everybody forgets something sometimes”. Two persons preferred the data being
sent to the care giver automatically, without a control check.

According to the elderly, the cost of such a system was an important variable in
deciding whether they were going to use it or not. However, one person stated that
security was more important than cost. Furthermore, privacy was also a concern for
two persons in this group, but the care giver or volunteer aids were allowed to know
‘everything’ in case of health situations. The other persons did not care much about
their privacy. As someone said: “What does privacy matters at our age”.

All of the participants were clear with respect to the fact that if a relative or closely
related person would think that the system would be useful for them, they all would
use the system. Within this group the subjective norm was also a strong variable for
use intention. The system would be more useful if it were expanded with more alarm
functions, as was the case in the bathroom, or with a personal alarm trigger. The eld-
erly thought that this would increase their level of control over their well-being in
case of an emergency.

The results of the focus group meetings and interviews show that, for most of the
elderly, control over their well-being and contact with caregivers was considered
important and the elderly’s social environment strongly influenced their intention to
use the system. This corresponds with the findings of the questionnaires for PU1 and
PU2, in which more control was preferred. The qualitative results also show that pri-
vacy for the elderly in a care situation was considered to be not very important. The
results were similar with regard to the subjective norm: The results of the question-
naires and the interviews and focus groups show that the subjective norm played an
important role for the elderly in their intention to use such systems. Summarized,
elderly people perceived the subjective norm of family and other closely related per-
sons and the perceived control over their well-being as important variables for their
intention to use intelligent systems in a care setting. Privacy seemed to play a less
important role for the elderly. The results of the questionnaires already indicated this.
However, the relevance of these results became clearer in the interviews and focus
group meetings.

In the next section we will present the overall conclusions, which will then be dis-
cussed further.
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7 Conclusions and Discussion

The aim of this study was to investigate how the level of control influences the use
intention of an intelligent system for elderly people who might need it to live inde-
pendently. The main conclusion of this study is that the more control someone per-
ceives, the greater the use intention is. Another important result is that the subjective
norm also has a strong influence on use intention. These results appeared in the ques-
tionnaire as well as in the focus group meetings. The next paragraph elaborates on the
overall conclusions of this study.

The subjective norm is found to play an important role in the use intention of the
system by the elderly. This is shown by the results of the questionnaires and this was
also clearly reflected by the elderly in the interviews. Based on these findings, it is
clear that the attitude of closely related people and contact with care givers influence
the use intention of the elderly with regard to an intelligent care system. To increase
the acceptance of Aml in the care setting by elderly people, it is very important to
involve the social environment of the elderly in the acceptance process.

This study shows that the acceptance of ambient intelligence in a care setting is not
completely comparable with the acceptance process of intelligent devices that are not
meant directly for care settings. In the explorative interviews the Actual Users stated
that if the system would integrate an alarm trigger, such as they were all using at the
time, it would be more useful. The participants missed the direct control over their
well-being. This indicates that actual users, as well as potential users, prefer more
control over when to call for help or to contact care givers. This finding does not
correspond with some earlier work [13, 14] in which ‘intelligent’ applications that
worked automatically were preferred over a manual working system. This could be
caused by the target group of this study and the goals of the used system. Maybe eld-
erly people prefer more control because their well-being is at stake. For example, in
the work of Janse et al [14] families participate in the study, and not elderly people.

Furthermore, more research into the role of control is needed to get a better under-
standing of its part in the acceptance process of ambient intelligence. The UCAM
provides an ambiguous picture of the control variable. Sometimes the variable is used
to measure personal autonomy and sometimes it is used to measure control over per-
sonal information. This study shows that more control, such as control over one’s
well-being, leads to a higher use intention. Privacy, which is regarded to be an impor-
tant factor of success for the acceptance of ambient intelligence, can also be seen as
the lack of control over personal information. In this study, privacy is not regarded as
very important for elderly people in a setting in which they depend on care. By defini-
tion, when you come to depend on the care of someone else, you lose a bit of control
over your well-being and also some privacy. Apparently, privacy seems less impor-
tant for the use intention of Aml-like systems by the elderly, if they need it for living
independently. In the study of the after sale services provided by RFID [11], manual
control was preferred over autonomous services. The study of Niemeli et al [12] also
showed that automatically transferred personal information led to privacy concerns.
However, the studies of the whereabouts clock [14] and the presence detecting lamp
[14] show that an automatic system is preferred over a manual one. These differences
between the results of different studies towards perception of control and privacy in
different settings need more attention. Especially because Aml wants to empower
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people in their own environment, control and privacy can play a vital role in that
process.

An explanation for the contradictory findings with regard to control in the different
studies could be that the user in a care setting is not the care taker, but the care giver.
So the actual user of the system is not always clear on first sight. Besides this, in a
care setting you do not always want a user to have control over a system that should
support them. If a person lacks the insight that he or she needs care, or just ignores it,
then they could overrule the system. So it could be that AmlI in elderly care could be a
part of some kind of compassionate interference,

This creates a thin dividing line between user in control and user centeredness. Es-
pecially in care for the elderly, more attention should be given to this issue.

One of the limitations of this study is that the small group of actual users who par-
ticipated in this study all used a personal alarm trigger beside the sensor system. They
did not completely have to rely on the system. This could influence their perception of
the system. Future research should try to include more elderly persons, although their
inclusion in research projects can prove to be very difficult.

This study showed that financial risks also seem to influence the use intention of an
intelligent system but this variable was only significant within the PU2 group. The
interviews showed that costs are an important issue for the users, but the other types
of risks, as identified by Kaplan, et al [23] were not frequently mentioned by the par-
ticipants of all the groups.

Furthermore, the results of this study show that most relations, as predicted by the
UCAM, did not appear in this study. In all three research groups, only a few correla-
tions were significant. This could indicate that the UCAM is not suited to predict the
use intention of Aml applications that should enable assistive living for elderly peo-
ple. A possible explanation for this finding could be that the UCAM stems from the
TAM. The TAM was designed for acceptance of technology in organizations and not
for a domestic setting or a health care setting. The UCAM was originally used in a
retail setting and not tested in a care setting. The specific target group of elderly peo-
ple could also have played a role in the outcome of this study. More research is
needed to explore this finding in more depth. However, this study shows that we have
to be careful with using general acceptance models of Aml which may not be suitable
for specific contexts and specific target groups. Furthermore, more research is needed
to investigate the relationship between use intention and actual use of specific ambi-
ent intelligent applications such as domestic health care applications or intelligent
retail systems.
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Abstract. The challenging context of Ambient Assisted Living (AAL)
demands for a service-oriented technological shift in the field of ubiquitous
computing. Recently, novel paradigms have been proposed, most of them
envisioning arbitrary pairs of peer application entities communicating and
providing services directly with each other and to users. In order to en-
force these paradigms even to systems which include devices with limited
processing and storage resources, lightweight middleware components are
required. JXTA-SOAP, a portable software component supporting peer-
to-peer sharing of Web Services, is a suitable solution. We illustrate its
features and a possible deployment to enable AAL services.

Keywords: ubiquitous computing, ambient assisted living, services,
peer-to-peer.

1 Introduction

The concept of ambient intelligence (Aml), which refers to a digital environ-
ment that proactively supports people in their daily lives, was introduced by
the information Society Technologies Advisory Group (ISTAG) of the European
Commission [I1]. AmI overlaps with other concepts, such as ubiquitous comput-
ing, pervasive computing, context awareness, embedded systems and artificial
intelligence [27].

In the AmlI context, the European Commission recently started the Ambient
Assisted Living (AAL) technology and innovation funding programme, aiming
at extending the time older people can live in their home environment by in-
creasing their autonomy and assisting them in carrying out activities of daily
living, feeling included, secure, protected and supported. AAL spaces are phys-
ical places featured with Aml enabling technologies, including the intelligence
which supports the services. Examples of AAL spaces are the home where the
user lives, the neighborhood, the town, but also the body of the user itself. The
technical challenge is to develop an integrated technological platform that allows
the practical implementation of the AAL concept for the seamless and natural
access to those services indicated above, to empower the citizen to adopt ambient
intelligence as a natural environment in which to live.

E. Aarts et al. (Eds.): AmI 2008, LNCS 5355, pp. 75[90] 2008.
© Springer-Verlag Berlin Heidelberg 2008
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In this paper we mainly focus on AAL exploitation based on the concept
of ubiquitous computing, whose main objective is to provide globally available
services and resources in a network by giving users the ability to access them
anytime and anywhere. In particular, we consider novel paradigms for regulating
the interactions among the software entities of AAL-oriented AmlI systems.

Recently, Gaber [7] has proposed two alternatives to the traditional client/
server paradigm (CSP) to design and implement ubiquitous and pervasive ap-
plications: the Adaptive Services/Client Paradigm (SCP) and the Spontaneous
Service Emergence Paradigm (SEP). In other words, the peer-to-peer paradigm
is completed respectively by the self-organization and the self-adaptation prin-
ciples. In SCP a decentralized and self-organizing middleware that implements
an intelligent network should be able to provide services to users according to
their availability and the network status. In SEP, spontaneous services can be
created on the fly and be provided by mobile devices that interact through ad
hoc connections without any prior planning.

In order to enforce these paradigms to systems which include devices with
limited processing and storage resources, lightweight middleware components
are strongly required. In [5], Bodhuin et al. compare some traditional solutions
for net-centric computing middleware, such as Jini, OSGi and CORBA, listing
their pros and cons. Not surprisingly, the survey does not include Sun MicroSys-
tem’s JXTA [25], probably due to the fact that in year 2005 an implementation
for mobile devices was not completed. JXTA is mainly the specification of a
set of open protocols for building overlay networks, independent from platforms
and languages. Currently there are three official implementation of JXTA proto-
cols: J2SE-based, J2ME-based and C/C++/Cf-based. In particular, an almost
complete version of the JXTA Java Micro Edition (JXTA-J2ME, a.k.a. JXME)
has been recently released. It provides a JXTA compatible platform on resource
constrained devices using the Connected Limited Device Configuration (CLDC)
with Mobile Information Device Profile 2.0 (MIDP), or Connected Device Con-
figuration (CDC). Supported devices range from smartphones to PDAs.

How does JXTA cope with the service concepts characterizing the previously
summarized paradigms for ubiquitous computing? The Web Service community
considers services as the only mean for accessing resources (this concept has been
explicitly formalized in the WSRF specification [31]), yet centralized registries,
themselves exposed as services (like UDDI), are still deemed the primary tool to
support the publication and the discovery phases.

Unfortunately, a peer-to-peer network of Web Service providers with a publi-
cation/discovery infrastructure implemented as a set of interacting Web Services
would be absolutely unefficient due to the heaviness of the SOAP messaging
protocol. On the other side, in JXTA each peer’s service is just an example of
resource which can be exploited by the user which owns the peer, or shared
in the network, i.e. advertised by the user and exploited by other users. Re-
source descriptions have the shape of XML documents, namely advertisements.
A JXTA advertisement can be filled with any document, e.g. a WSDL interface
if the shared resource is a Web Service. In summary, JXTA provides a lot of
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flexibility by separating basic infrastructural services, mandatory for all peers,
from specialized services, with different levels of description and efficiency.

Within the context of JXTA and Web Service integration, we are responsi-
ble for the development and maintenance of the JXTA-SOAP component [12],
enabling Web Service deployment in JXTA peers, as well as distributed WSDL
publication and discovery, and SOAP message transport over JXTA pipes (i.e.
virtual communication channels which may connect peers that do not have a
direct physical link, resulting in a logical connection bound to peer endpoints
corresponding to available peer network interfaces with an example being a TCP
port and associated IP address). JXTA-SOAP is currently implemented in two
versions: J2SE-based (fully featured, extending JXTA-J2SE) and J2ME-based
(partially featured, extending JXME).

The remainder of the paper is organized as follows. Section 2] illustrates User
Activity Monitoring as emblematic example of complex AAL service, which re-
quires the cooperation of several components providing diversified information
and/or specific services. SectionBldescribes related work on Aml (and in particu-
lar AAL) systems, middleware for peer-to-peer service-oriented ubiquitous com-
puting, and Web Services on resource-constrained devices. Section Ml illustrates
the internal design of the JXTA-SOAP component. Some interesting details of
the implementation, referring to both J2SE and J2ME versions of JXTA-SOAP,
are given in section [Bl Section [6] describes how the component has been tested,
with several different settings. Finally, section [0 provides a conclusive discussion
and describes future work.

2 AAL Service Example: User Activity Monitoring

One of the most challenging AAL services is User Activity Monitoring, which
is transversal to every AAL scenario. The SCP and SEP paradigms illustrated
in section [I] are able to provide the flexibility required to deal with highly dy-
namic environments where devices continuously change their availability and
(or) physical location (e.g. those which are carried or worn by the user). This
complex problem of composing and decomposing connections among nodes is
abstracted in an overlay network where the Activity Monitor (AM) compo-
nent subscribes for raw context events coming from other distributed compo-
nents (sensors, specialized data filters, etc.), searches for remote services which
may provide useful information for its reasoning function, and publishes context
events which describe indoor and outdoor activity of the user, taking into account
different contour information such as medical prescriptions, planned agenda, etc
(figure [).

A distinction between static and dynamic activities is necessary. Static activ-
ities like ”standing” or ”sitting” can be inferred directly from the low-level data
at a particular time instant (such as the pose of the person at a certain time
using some kind of thresholding mechanism on the pose estimate). By contrast
dynamic activities, such as "moving around”, are usually composite activities
requiring a monitoring of a full sequence of low-level data (e.g. context events
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Fig. 1. User activity monitoring (indoor)

describing ongoing sub-activities). Low-level data needs to be stored for several
time frames (in a context buffer), as the whole sequence is needed to infer that
activity from an evolution of the low level data. For example: ”cooking” may
be composed of several low-level data at different time instances: ”opening the
fridge”, ”closing the fridge”, ”standing in front of the oven”, etc.

Outdoor user activities are even more challenging to detect. The user may
wear a personal mobile device (PMD) and sensors that monitor the level of
its activity. The PMD should have a mechanism to be called from an external
entity to deliver the activity level. Thus, the mobile device would be both ser-
vice provider and service consumer. Collected information, which is analyzed in
deferred time, may be useful for several other AAL services, e.g. planning the
weekly menu (the less activity, the less amount of calories to ingest).

3 Related Work

In the first part of this section we discuss four recent Aml projects that in our
opinion are the most advanced (one of them is clearly AAL-oriented). Then we
revise the state of the art of technologies for ubiquitous peer-to-peer sharing
of services. Finally, we discuss current middleware solutions for deploying and
consuming Web Services on resource-constrained devices.
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3.1 State-of-Art AmI Projects

The Agent-based Intelligent Reactive Environments (AIRE) project [I] is dedi-
cated to examining how to design pervasive computing systems and applications
for people. To this purpose, AIRE designs and constructs Intelligent Environ-
ments (IEs), which are spaces augmented with basic perceptual sensing, speech
recognition, and distributed agent logic. AIRE’s IEs have encompassed a large
range of form factors and sizes, from a pocket-sized computer up to networks of
conference rooms. Each of these serves as individual platform, or ATRE-space on
which pervasive computing applications can be layered. Examples of AIRE ap-
plications currently under development include a meeting manager and capture
application, contextual and natural language information retrieval, and a sketch
interpretation system [19].

The Reconfigurable Ubiquitous Networked Embedded Systems (RUNES)
project [22], funded by the EU Commission, envisions to enable the creation
of large-scale, widely distributed, heterogeneous networked embedded systems
that interoperate and adapt to their environments. The inherent complexity
of such systems requires a standardised architecture allowing self-organisation
to suit a changeable environment. To this purpose, RUNES aims to realize an
adaptive middleware platform providing a common language that simplifies the
application creation process. This should allow for a dramatic cut in the cost
of new application development and a much faster time to market, transform-
ing applications which are already technically possible into forms that are easy
and straightforward for designers to use, and enabling applications which were
previously unattainable. The project also examines the potential uses and im-
plications of the technology, develop demonstrator systems and design training
courses to aid in dissemination of RUNES technology. At this time, the theoret-
ical framework proposed by RUNES is really convincing, but the middleware is
almost uncomplete and has the strong limitation of being tailored for MANETSs.

Another EU-funded AmlI project is AMIGO [26], developing middleware that
dynamically integrates heterogeneous systems to achieve interoperability be-
tween services and devices. For example, home appliances (heating systems,
lighting systems, washing machines, refrigerators), multimedia players and ren-
derers (that communicate by means of UPnP) and personal devices (mobile
phones, PDAs) are connected in the home network to work in an interoperable
way. This interoperability across different application domains can also be ex-
tended across different homes and locations. The project develops applications
in different domains to show the potential for end-users and the benefits of the
service oriented-middleware architecture for application developers. These appli-
cations are: ”Home Care and Safety”, ”Home Information and Entertainment”,
and the ”"Extended Home Environment” in which multiple homes are connected.
The enhanced service discovery and the semantic service composition methods
addressed in Amigo are interesting and fall inline with requirements for compos-
ability and interoperability of services in an Aml environment. One drawback is
the integration of input and output processing components into the middleware
(UI service), while support for pluggability whould have been a better strategy.
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Clearly AAL-oriented, the ASK-IT project [] is driven by the vision of devel-
oping services that allow mobility impaired people to live more independently.
By means of a mobile phone or PDA, users should have access to relevant and
real-time information primarily for travelling but also whilst home, for work and
leisure services. ASK-IT has not the objective to develop a standard ambient
intelligence architecture. The emphasis is on a seamless service provision and a
device that is intelligent enough to address the personal needs and preferences
of the user. For example, information for a visually impaired person should be
given orally, while for an illiterate person mostly in graphics.

Finally, project PERSONA [3], funded by the European Commission, aims
at advancing the paradigm of Ambient Intelligence through the harmonisation
of Ambient Assisted Living technologies and concepts for the development of
sustainable and affordable solutions for the social inclusion and independent
living of Senior Citizen, integrated in a common semantic framework. Project
PERSONA seeks to develop a scalable open standard technological platform
to build a broad range of AAL services, which are the services that the end
user perceives as the final services and what he pays for. Each AAL service is
composed by a hardware infrastructure and software components together with a
user interface to communicate with the user. All accessible operations of software
components provided with a usable interface are atomic services. Atomic services
provided by the same component or by different components may be composed
according to one or more patterns, resulting in composite services.

In conclusion, the lesson we learned is that Aml systems require a light and
flexible middleware layer, providing facilities for building both client/server and
peer-to-peer applications, supporting standard data and service descriptions, and
allowing run-time component pluggability.

3.2 Ubiquitous Peer-to-Peer Sharing of Services

OSGi [18] is a Java-based technology which provides a service-oriented plug-in-
based platform for application development. The core component of the OSGi
Specifications is the OSGi Framework, which provides a standardized environ-
ment to applications (called bundles). On top of the Framework, services are
specified by a Java interface. Bundles can implement this interface and regis-
ter the service with the Service Registry. Clients of the service can find it in
the registry, or react to it when it appears or disappears. Advanced networking
features, such as e.g. peer-to-peer connectivity, are not provided by OSGi and
must be implemented on top of it. For example, in the PERSONA platform [3] a
middleware layer has been implemented (as a set of OSGi bundles), which hides
the distribution and enables collaboration and communication, whether using a
central registry or not.

To the best of our knowledge JXTA-SOAP is the sole open source project for
P2P sharing of Web services being actively maintained and updated. WSPeer
[10] is a J2SE toolkit for deploying and invoking Web Services in peer-to-peer
Grid environments, which wraps Globus Toolkit core libraries to support the WS
Resource Framework (WSRF) [31]. More interesting for ubiquitous computing



JXTA-SOAP 81

environments is the Mobile Web Services Mediation Framework (MWSMF)
[23124], an adaptation of Apache ServiceMix, which is an open source ESB (En-
terprise Service Bus). It provides an hybrid solution, since it must be configured
as JXTA-J2SE peer and established as an intermediary between Web Service
clients and mobile hosts, the latter being configured as JXME peers. Web Ser-
vice clients can invoke the services deployed on mobile hosts via the MWSMF,
which compresses SOAP messages (to BinXML format) and sends them through
JXTA pipes. The MWSMF also manages message persistence, guaranteed deliv-
ery, failure handling and transaction support. Unfortunately, the source code is
not publicly availble and few details are given about the realization of lightweight
Web Service providers running on mobile hosts.

3.3 Web Services on Resource-Constrained Devices

Besides hardware constraints, mobile devices introduce many other specific chal-
lenges which make difficult the deployment of Web Services on top of them [4].
Unlike dedicated servers, mobile devices will typically have intermittent connec-
tivity to the network. As a result, the services offered on a mobile device may
not be accessible all the time. An application that uses or composes such Web
Services needs to operate in an opportunistic manner, leveraging such services
when they become available. On the server side, Web Services on mobile de-
vices should also attempt to keep messages as short as possible. Another issue
to be addressed is the change of IP address which may arise when a mobile
device moves between different locations, and from one administrative domain
to another. However, with the P2P in place, the need for the Public IP can be
eliminated and the mobiles can be addressed with unique peer ID. Each device
in the P2P network is associated with the same peer ID, even though the peers
can communicate with each other using the best of the many network interfaces
supported by the devices like Ethernet, WiFi, etc. [23].

Since the WS message protocol, namely SOAP, introduces some significant
overhead, few toolkits support the deployment of Web Services on limited de-
vices, such as PDAs, smart phones, etc. One is gSoap [27], which provides a WS
engine with run-time call de-serialization. Unfortunately, gSoap is written in
C/C++, thus requiring a priori stub/skeleton generation by means of a specific
compiler, which also means lack of portability.

.NET Compact Framework [I7] is a subset of the .NET platform, targeting
mobile devices. Its class library enables the development of Web Service clients,
but does not allow to host Web Services.

Looking at the Java Micro Edition (J2ME) platform, most libraries are only
for client side functionality. The Java Wireless Toolkit (WTK) provides J2ME
Web Services API (WSA) [29], based on JSR 172 [13], which specifies runtime
ServiceProvider interface to allow the generation of portable stubs from WSDL
files. The specification contains some notable limitations, most of them due to
the requirement for WS-I Basic Profile compliance. Conforming to the profile
ensures interoperability, but also prevents using alternative methods. Another
widely used solution is the kSoap2 [I5] open source component, which is a parser
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for SOAP messages (with RPC/literal or document/literal style encoding), not
supporting the generation of client side stubs. kSoap2 is compliant with devices
lacking JSR. 172 support, and allows to access non WS-I conformant services.
To the best of our knowledge, the unique solution enabling J2ME applications
(CLDC, CDC) as service endpoints is the Micro Application Server (mAS) [16].
It can be considered a lightweight version of Axis, by which it is inspired. For
this reason we have chosen it to implement the J2ME version of JXTA-SOAP.

4 Internal Architecture of the JXTA-SOAP Component

The JXTA-SOAP component extends JXTA which is a set of open, generalized
peer-to-peer protocols that allow a vast class of networked devices (smartphones,
PDAs, PCs and servers) to communicate and collaborate seamlessly in a highly
decentralized fashion. JXTA-SOAP has been designed having in mind ubiquitous
computing needs, such as those defined by the SCP and SEP paradigms [3].
JXTA-SOAP completes the JXTA framework (which defines a naming scheme,
advertisements, peergroups, pipes, and a number of core policies) with service
supporting mechanisms based on state-of-art software design patterns, with the
purpose to reduce the complexity otherwise required to build and deploy peer-
to-peer service-oriented applications.

In this section we shortly describe the internal architecture of JXTA-SOAP,
with the purpose of conceptualizing its main features at a high abstraction level.
Technical details are out of the scope of this paper, but the interested reader
may refer to [2].

4.1 Service Deployment

In order to deploy its services, a JXTA-SOAP based peer has to instantiate
and configure the related service objects (one for each hosted service), and to
advertise the service interfaces in the network. The diagram in figure[2illustrates
the relationships among objects which are involved in this tasks. The Peer class
represents the generic peer application implemented by the developer, and relies
on JXTA-SOAP’s API which provides all the other classes illustrated in the
diagram.

At start-up, each peer bootstraps the JXTA platform, configuring basic con-
nectivity settings, such as TCP/IP and HTTP ports. Bridges to existing common
membership and access technologies allow the peer to establish its identity within
peergroups (the main one, i.e. JXTA public peergroup, and its subgroups). These
tasks are illustrated by the sequence diagram in figure Bl and detailed in the fol-
lowing of this section.

For each service to be deployed, a service descriptor must be istantiated and
filled with service-specific information, such as the service name, a brief descrip-
tion of the functionalities the service provides, the implementation class name,
the peergroup ID, the security tag. Moreover, the service descriptor accepts a
Context Object [14] (constructed by the user application) to the Web Service
class.
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Fig. 2. Objects involved in service deployment

Then, the service advertisement (i.e. a XML document describing a resource,
in JXTA jargon) must be filled with the service WSDL. Next step is to create
the context object, whose parameters are stored in a hashmap, and to pass it to
the service instance, along with the associated security policy.

Moreover, the initialization of the service triggers the creation and publica-
tion of the advertisement of a public pipe for the invocation of the service itself.
For each service implementation, the peer spawns a thread which waits for con-
sumers’ connections to that service, on the service public pipe, and creates a pool
of invocation threads to serve requests concurrently, according to the Threadpool

pattern [20]).

4.2 Service Publication and Lookup

The main enhancement of JXTA-SOAP with respect to traditional Web Ser-
vice frameworks is the adopted distributed approach for service advertising and
lookup. JXTA-SOAP allows to encapsulate WSDL interfaces in specific JXTA
advertisements, which can be spread into the network using one of the routing
policies which can be inserted in JXTA protocol stack.

Service publication is a distributed process, which uses network nodes as a
distributed repository (on the contrary, traditional UDDI registries are central-
ized interface description repositories). As for publication, service lookup is a
distributed process, which can be conceptualized as message exchange between
low-level JXTA modules.

JXTA’s default message routing protocol for advertisement sharing and dis-
covery is called SRDI. Its description is out of the scope of this paper, thus we
suggest the interested reader to read the paper of Traversat et al. [25] for details.
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Fig. 3. The service deployment process represented with a sequence diagram

4.3 Service Invocation

Figure @ illustrates associations among objects which are involved in the service
invocation task, performed by a generic peer. The latter, once it has discovered
the service advertisement and the WSDL interface of the Web Service, creates a
SOAP transport deployer, which manages the transmission of SOAP messages to
and fro