
  
 
 

IST – 2006 – 045212 

 
SOPRANO 

 
Service or iented programmable smar t environments for  older  Europeans 

 
 
Instrument: Integrated Project (IP) 
Thematic Pr ior ity: 6.2.2: Ambient Assisted Living for the Ageing Society 

 
 
 

Deliverable D1.1.2 

Review state-of-the-art and market analysis 
 
 
 
 
 
 
 

Document information 
Due date of deliverable M3 (March 2007) 
Actual submission date May 2007 

 
Start date of the project 1 January 2007 
Duration 40 months 

 
Organisation name of lead contractor 
for this deliverable 

CAS 

Revision Version 1.1 
 
 
 

Project co-funded by the European Commission within the Sixth Framework Programme  
(2002-2006) 

Dissemination Level 
PU Public X 
PP Restricted to other programme participants (including the Commission Services)  
RE Restricted to a group specified by the consortium (including the Commission Services)  
CO Confidential, only for members of the consortium (including the Commission Services)  
 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 2 of 207  
 

 

Versioning and contribution history 
Version Description  Comments 

0.1 Structure of the document and task assignment  

0.9 Nearly complete document, still some contributions missing  

0.9.1 - added Section on "Smarthomes"  
- added Section on "Ambient Assisted Living" 

 

0.9.2 - added Section on "Continua" (Section 3.3.6) 
- added Section on "Assistive Technologies" (Section 2.4) 

 

0.9.6 Added corrections of Sonja Müller EMPIRICA 
- Section 2.1 “Independent Living” 
- Combined Section 2.2/2.3 into one “Telecare” section 
- Correction in Section 2.5 “Smarthomes” 

 

0.9.7 Minor typo corrections 
Added corrections from TNO 

 

0.9.9 Homogenized document 
Added Introduction, Conclusion, SOA section 

 

1.0 Nearly Complete, peer-reviewed and consolidated version of 
the document (to be sent to Project Mgm for final quality 
assurance) 
Missing: SODA, Section 3.2 

 

1.1 - moved and reformulated 2.2 to 3.2 
- moved 3.3 to appropriate subsections of 2 
- moved "Ambient Intelligence" to D1.1.1 and "Ambient Assisted 
Living" 
- Adapted the intro text and renamed it to "Document Synopsis" 
- added the Table of Content 
- Corrected some smaller typos 

 

1.2 Changed cover and header / footer  

 

Deliverable process schedule 
 

No Process step Responsible Timing Comments 

1 Table of contents and task 
assignment  

CAS 10.02.2007  

2 First version of findings 
All 
participants 
of A1.1.2 

28.02.2007 
09.03.2007 

Are the task assignments correct?  
Each participant should fill in the 
content of his/her section. 

3 Circulation of first complete 
version of the deliverable  

CAS 28.02.2007 
09.03.2007 

 

4 Collection of comments 
All 
participants 
of A1.1.2 

23.03.2007  

5 Final consolidation of the 
document.  CAS 20.04.2007 

24.04.2007 Version 1.0 

6 Quality Assurance EXODUS 29.04.2007  

7 Submission to EC EXODUS 
20.04.2007 
30.04.2007 
15.05.2007 

Version 1.2 

8     

 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 3 of 207  
 

Table of Contents 

1. DOCUMENT SYNOPSIS 5 

2. STATE-OF-THE-ART 8 

2.1. Independent L iving 8 
2.1.1. Introduction 8 
2.1.2. Concept(s) of Independent Living 8 
2.1.3. Critical Assessment of the Independent Living Concept 10 
2.1.4. Relevance for SOPRANO 12 
2.1.5. Literature 12 

2.2. Ambient Assisted Living (AAL) 14 
2.2.1. Introduction 14 
2.2.2. Ambient Intelligence 16 
2.2.3. Research efforts on the field 17 
2.2.4. Relevance for SOPRANO 38 
2.2.5. Market Study (Existing systems using this technology) 38 
2.2.6. Literature 39 

2.3. Assistive Technologies 42 
2.3.1. Introduction 42 
2.3.2. Research efforts on the field 47 
2.3.3. Relevance for SOPRANO 49 
2.3.4. Market Study (Existing systems using this technology) 50 

2.4. Smart Homes 52 
2.4.1. Introduction 52 
2.4.2. Research efforts 58 
2.4.3. Interest Group DLNA 61 
2.4.4. Relevance for SOPRANO 65 
2.4.5. Market study (existing systems using this technology) 66 
2.4.6. Literature 69 

2.5. Architectural and Design Approaches 71 
2.5.1. Service Oriented Architecture (SOA) 71 
2.5.2. Service area networks and Service virtualisation 72 
2.5.3. Service-Oriented Device Architecture (SODA) 73 
2.5.4. Challenges and perspectives for next-generation distributed middleware 75 
2.5.5. Urban pervasive system design concepts 76 
2.5.6. INTERPLAY: device integration & task orchestration middleware 79 
2.5.7. Open Services Gateway Initiative (OSGi) 80 
2.5.8. Relevance for SOPRANO 82 

2.6. Semantic Metamodels 84 
2.6.1. Introduction 84 
2.6.2. Research efforts on the field 84 
2.6.3. Relevance for SOPRANO 107 
2.6.4. Literature 108 

2.7. Context Models and Context Management Systems 111 
2.7.1. Introduction 111 
2.7.2. Research Efforts in the Field 111 
2.7.3. Context Management Systems 118 
2.7.4. Relevance for SOPRANO 124 
2.7.5. Market Study 125 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 4 of 207  
 

2.7.6. Literature 125 

2.8. Sensors 128 
2.8.1. Introduction 128 
2.8.2. Research efforts and future perspective 128 
2.8.3. Relevance for SOPRANO 138 
2.8.4. Market Study (Existing systems using these technologies) 139 

2.9. RFID Technology 141 
2.9.1. Basic principles for identification 141 
2.9.2. Relevance for SOPRANO 146 
2.9.3. Market Study (Existing systems using this technology) 147 

2.10. Radar  Technology 151 
2.10.1. Introduction 151 
2.10.2. Patient observation with radar 153 
2.10.3. Relevance for Soprano 155 

2.11. Networking 156 
2.11.1. Introduction 156 
2.11.2. Standards 157 
2.11.3. Research efforts on the field 162 
2.11.4. Relevance for Soprano 163 
2.11.5. Market study 163 

3. MARKET ANALYSIS 164 

3.1. Current Socioeconomic Situation of the Market 164 
3.1.1. Demographic challenges 164 
3.1.2. Demographics likely to increase needs and drive demand 166 
3.1.3. Cost pressures on health care and social care systems 174 
3.1.4. Trends in reimbursement of Independent Living Solutions 176 
3.1.5. Living arrangements of older people 177 
3.1.6. The desired wish to remain independent 179 
3.1.7. Current barriers to market exploitation 179 
3.1.8. References 180 

3.2. Existing and Upcoming Systems on the Market 184 
3.2.1. Introduction: Generations of Telecare Systems 184 
3.2.2. Market Study of Existing Systems 187 
3.2.3. Systems in Research and Devopment 196 
3.2.4. Literature 202 

4. CONCLUSION 207 

 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 5 of 207  
 

1. Document Synopsis 
 

SOPRANO’s aim to design an ICT-based system which assists older people to cope with 
everyday life in greater comfort, safety and independence and to play a full role in society is 
very ambitious. SOPRANO will not only support the assisted person (AP) living in the well-
known environment, but also care professionals and relatives through different interfaces. 
However, SOPRANO shall not only be a repetition of existing solutions like a passively 
reacting “smart home” or a standard “ remote care”  system that monitors the AP and sends 
out an alarm to a remote central system in case of a problem. Rather, SOPRANO’s vision is a 
great leap beyond all that as it will act as an informed and friendly agent that takes orders, 
advices the AP, reminds, helps and gets help if needed.  

Such a system will only be possible if technologies and solutions from diverse areas are 
extended and combined. In spite of its complexity, such a system is increasingly needed as 
examination of the market reveal. This Deliverable is therefore twofold: In a first step 
(Chapter 2), the current state-of-the-art of important technologies that will be used in 
SOPRANO are analysed in depth.1 In a second step, in Chapter 3, the current situation of the 
market for such products is presented. Literature references are provided at the end of each 
section. 

STATE OF THE ART 

In Chapter 2, each technology and approach is presented in its own section: A general 
introduction is given and the current research efforts in the field are presented. Then the 
relevance of this technology for SOPRANO is analysed as along with presentations of 
systems based on the presented technology. Technologies from three areas are inspected: 
Smart Environments for the Elderly (Sections 2.1 to 2.4), Basic Technologies (Sections 2.5 
to 2.7) and Sensors & Networks (Sections 2.8 to 2.11). In detail, the sections are structured in 
the following manner: 

Smart Environments for the Elderly 

�  Section 2.1 presents the notion of Independent Living as one of the most central and 
oldest concepts in Health and Social care. Traditionally, the concept is understood as 
“absence or avoidance of dependencies”. This understanding is challenged in this 
section, along with a discussion on different definitions of the concept. As the concept is 
also central for SOPRANO, the section can also be seen as a methodological introduction 
and basis for the subsequent sections. 

�  Section 2.2 presents the concept of Ambient Assisted Living (AAL). AAL’s goal is to 
improve the quality of life of elderly people at their own homes by assisting them in a 
smart and non-intrusive manner. Many publicly funded projects have been completed or 
are currently ongoing in this area, especially due to the strong interest of European 
research in this topic (Treaty 169, strategic objective in FP6 and FP7). As several of the 
currently running projects (like e.g. PERSONA) have similar scenarios, goal or 
approaches as SOPRANO, an active exchange between the projects should be promoted. 

�  Section 2.3 deals with Assistive Technologies (AT). The term describes technologies that 
aim at providing a greater independence for people with disabilities by enabling them to 
perform tasks that they were formerly unable to accomplish, or had great difficulty 
accomplishing. This is achieved by providing enhancements to interacting with the 

                                                      
1 Further technologies concerning Human Computer Interaction (HCI) and Experience & Application 
Research (E&AR) are presented in depth in Deliverable D1.1.1 
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technology needed to accomplish such tasks. The section will mainly cover AT in form 
of speech technology and associated modalities. 

�  Section 2.4 presents the current state-of-the-art in the area of Smart Homes, i.e. houses 
that are able to respond and modify themselves continuously according to the situation 
and the needs of their inhabitants using various technologies. Especially for elderly 
people, such homes can be a great step towards a more self-determined living. It is 
important to notice that the primary purpose of a smart home is not to automate as many 
tasks as possible in the house, but to empower the residents to address their social, 
rational and emotional needs. Moreover, the main challenge of such a house is not to add 
additional technological equipment into it, but to interconnect the various sensors and 
devices and provide suitable administration and configuration interfaces. A very 
important part of practical smart house research is the use of demo houses that will also 
be used within SOPRANO. 

Basic Technologies 

�  As an introduction to basic technologies, Section 2.5 presents the paradigm of Service 
Oriented Architectures (SOA) and its high relevance for the SOPRANO system. As 
SOPRANO will be highly context-aware, a dynamic service binding will be necessary. 
Dynamic service binding creates the need of a semantic service description language or 
similar approach. Also a proposed architectural extension to SOA, the Service Oriented 
Device Architecture (SODA), could be an interesting option for the realisation of 
SOPRANO and is presented in the section. 

�  Section 2.6 introduces the large area of Semantic Metamodels. A semantic data 
representation model is usually behind a system’s ‘apparent’  ability to ‘understand’  its 
task. Typically, such a representation is central and used in nearly any module of a 
system, e.g. for describing the services, for defining the exchanged messages, for 
annotating the interfaces and so on. Today, ontologies and logic languages are used for 
these tasks. The main challenge is the trade-off between expressivity and efficient 
computability. The section gives an overview over the existing ontology languages in 
general as well as specialized applications of them to describe services semantically.  

�  In Section 2.7, Context Models and Context Management Systems are introduced. In 
recent years, the importance of systems reacting in a context-aware manner has 
increased. The context can be seen as the user’s and the environment’s state at a given 
point in time. Very important for a computer system is the representation of the context 
as it has to understand the meaning and the impact of a situation in order to react 
accordingly. Thus the context information has to be captured in a computer-
understandable format and ontologies have proven their suitability for this representation 
task. Several different ontologies are presented in the section. 

Sensors & Networks 

�  Section 2.8 presents the current state-of-the-art in the area of Sensors. Sensors can be 
used for a wide range of applications such as identification, positioning, sensing lifesigns 
and parameters of home as well as data communication. They can work in isolation or by 
forming small body area networks (BANs) or personal area networks (PANs). The major 
success factor for sensors in intelligent telecare applications like SOPRANO is an 
ongoing increase of miniaturization and a large independence time from external power 
supplies. 

�  In Section 2.9, the Radio Frequency Identification (RFID) is introduced. RFID is a 
technology of small, low-cost tags that can be attached to products, devices or even 
people. Their content (typically a small piece of information such as an ID) can be read 
by a special reader and used for identification or localisation purposes. RFID is available 
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in different types (active/passive, different frequency bands etc.) – each one of them 
suitable for a certain environment. For SOPRANO the possibilities offered by RFID for 
tracking and identification are of large interest. 

�  Section 2.10 presents the latest innovations on in-house Radar technology. Radar can be 
used for positioning purposes in situations where other sensors fail (e.g. because of 
darkness, smoke, obstacles etc.). As Radar presents a non-obtrusive way to monitor a 
person, it is of high interest for the SOPRANO project. 

�  Section 2.11 introduces the state-of-the-art on wireless Networking. To avoid wiring, 
SOPRANO needs wireless communication between tags and nodes as well as between 
nodes and the central server. Different standards are available (ZigBee, WLAN, 
Bluetooth etc.) which differ in respect to their application area, battery life, bandwidth 
and range. 

MARKET ANALYSIS 

In Chapter 3, the current situation of the market is inspected. The following topics are 
analysed in detail: 

�  Section 3.1 reviews in detail the current and future socio-economic impact of the ageing 
society in the EC. Because of ever-increasing life expectancy and ever-decreasing birth 
rates, the EC population becomes increasingly older. The healthcare area and systems are 
greatly affected by this ageing process. The section presents an analysis of these 
consequences on health & care and puts them into relation with the SOPRANO project. 

�  Section 3.2 analyses the market of telecare systems. Typically those systems are 
subdivided into three generations: the first generation is based on passive devices that 
have to be activated by the AP in case of an emergency; the second generation utilises 
active devices that monitor the state of the AP automatically; while the third generation 
is characterised by an effort to prevent emergencies rather than just detect them and act 
upon them, e.g. by long-lasting measurements of health signals. Basing on this 
categorisation, existing systems as well as systems that are currently in development and 
research are presented and compared to the evolving SOPRANO system. 
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2. State-of-the-art 

2.1. Independent Living  

2.1.1. Introduction 

The concept of Independent L iving (IL) challenges the preconceived medial models of 
disability and old age, by emphasizing self-determination and equal opportunities and the 
removal of societal barriers to participation. The medical view casts frail older and disabled 
people as defective and deviant, a burden for society and as passive recipients of professional 
interventions. IL emphasizes active social participation and the organization of societal 
supports within a radical agenda. Recent disability rights legislation and the recasting of 
health and social care policy has begun to move in this direction, but older and disabled 
people still find themselves marginalized within society. A review of the IL concept is 
provided in the paper by Sarah Gillinson, Hannah Green and Paul Miller (2005). This section 
of the SOPRANO state-of-the-art review aims at outlining the concept of IL, at looking at 
research within the field, at critically evaluating it and at assessing its implications for 
SOPRANO. The section should also be understood as a methodological introduction to the 
next section on telecare. 

2.1.2. Concept(s) of Independent Living 

Promoting independence and the concept of independent living is a central issue in the 
development of Health and Social care policy for all patient and client groups. For example, 
this centrality is reflected in the importance of maintaining and supporting independence as 
an objective within the UK National Service Framework for Older People (Department of 
Health 2001), and in subsequent social care polices and initiatives, such as the preventative 
technologies grant (Department of Health 2005a, 2005b). Independence is a concept with 
wide support from policy makers, researchers and older people themselves. In several 
studies, a majority of older people have expressed the desire to remain independent, most 
usually in their own homes (Sixsmith 1990, Gattuso 1996, Moore 2000, CSCI 2004). 
However, within this context little work has actually attempted to understand the concept of 
independence, particularly in relation to older people (Sixsmith 1986, Secker et al 2003). 
Few have asked what the term means, or what are its constituent parts, despite it being a 
complex term, with a number of subtleties and nuances contributing to its meaning. 

Rather it is assumed that the definition of independence is known and understood, reflecting 
a taken-for-granted approach to its adoption and use within health & social care policy, a 
position supported by its widespread support from older people themselves. However, 
despite this, the concept of independence and its wider use within health and social policy is 
open to further investigation. In order to gain an understanding of how independence is 
understood and experienced by older people, a more rigorous analysis of the concept is 
required. Such a critique should be rooted within an analysis reflecting the everyday lived 
experiences of older people, and the meaning of independence within the context of these 
experiences. 

Independence has been most commonly defined and conceptualised within health and social 
policy based research in terms of the avoidance or absence of dependency. In this sense 
independence is commonly conceptualised in the sense of not being reliant on others in order 
to carry out everyday activities of daily living. This approach to the concept of dependency, 
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concentrating on functional abilities amongst older people is commonly reflected within the 
needs-based policies and practices of health and social care service providers, in which the 
major task is to meet individuals’  functional needs through the provision of ‘care’  (Bland 
1999, Tanner 2001). However, such understandings neglect the importance of concepts such 
as autonomy and freedom of choice in understanding how people understand and experience 
independence. 

Other work has taken place attempting to provide a deeper understanding as a concept. In 
developing an alternative model for the analysis of independence amongst older people, 
Secker et al (2003) consider the use of a two dimensional model which reflects both an 
individual’s reliance on the resources of others, and whether their lived experience meets 
their desired level of choice, sense of self, autonomy and other core values as reflected 
above. Such a model demonstrates that individuals can and do feel ‘ independent’  while 
receiving a variety of assistance in the form of people and resources, or that individuals while 
appearing self reliant, may be severely curtailed in their ability to lead an independent life. In 
this regard, independence becomes a far more complex phenomenon, being rooted in a 
person’s ability for self-actualisation, and in a person’s ability to define the paths of their 
own existence. This model may also be particularly useful in considering the implications of 
older peoples experience of independence in terms of service provision (Secker et al 2003).  

Approaches to supporting IL 

Using this model, Secker et al (2003) highlight how interventions can promote independence 
at four levels; by individuals, within institutional care settings; within the home and 
community, and at the societal level. Many of the interventions described at each of these 
levels promote the experience of independence using approaches that involve and empower 
individuals, rather than simply assisting in their ability to live without assistance from others. 
Indeed, in the case of social care provision, providing forms of care solely focused upon 
meeting the physical, health related and/or functional needs may actively restrict an 
individual’s experience of independence and independent living. (Backman & Hentinen 
1999, Milligan 2003). In contrast, forms of social care provision which focus upon 
individuals social and emotional needs in relation to independence such as those highlighted 
above may enhance an individual’s experience of independence and independent living 
(Bland 1999, Tanner 2003). 

Policy agendas 

This independence agenda is an important part of current health, social care and housing 
policy literature for older people. Within the UK context, the effective use of telecare and 
assistive technologies is seen as contributing towards key NHS, social care and housing 
priorities, and as a potential solution to the challenges facing these services as a result of 
demographic changes. Its central basic tenet is to enable older people to live independently 
within their own homes for as long as possible, by providing care that meets their functional 
needs. Residential care, or other institutional forms of provision are seen as a last resort; an 
essential part of the housing mix for older people, but a part that should be avoided for older 
people for as long as possible. An admission to residential care is seen as much a failure to 
provide care for a person in their own home (either by relatives or the state), as it is a 
reflection of an individuals needs. Within current European health, social care and housing 
policy discourses, and also within the policy positions of other countries such as the USA, 
the objective of promoting independent living is seen as value-free and self-evident and 
essential “atheoretical”  (Oldman 2003). 
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IL and the home environment 

A variant of IL can be described as “ ageing in place”  policies. With improved living 
conditions, hygiene and health care, more and more people across European Union are living 
into very old age (EC, 2003) such that present and future populations will live a great deal 
longer than any previous generation. This increase brings with it dilemmas in health and 
social care for our ageing population in terms of extending healthy ageing and providing very 
old people with a good quality of life and opportunities for enjoying a sense of well-being 
(Tinker et al, 2001). In this respect, the notion of ‘ageing in place’  has become an important 
issue in redefining health and social care policy for older people in recent years, with some 
proponents suggesting that ‘staying put’  at home fundamentally and positively contributes to 
an increase in well-being, independence, social participation and healthy ageing amongst 
older people (AARP, 2000; Mynatt et al, 2004; Perez et al, 2001). In terms of technology, a 
key driver has been to develop assistive devices and systems that will support and enable the 
person to remain living at home. While policies that emphasize “ageing in place”  may bring 
benefits to the older person, there can also be a significant ‘down-side’  on an everyday level 
(Sixsmith et al, 2005). Home in old age can be a place of intense emotional experiences, 
frustrations and negative experiences, such as loneliness. There may also be significant 
deficiencies in the informal support, physical environment of the home and neighbourhood 
and social network, which undermine the person’s ability to live independently. Moreover, 
the health and social care provided may be insufficient or inappropriate to supporting the 
needs of the person. In these kinds of situations, the person may experience long-term 
malaise and stress and/or traumatic breakdown of their ability to remain independent. At a 
service level, the emphasis on ageing in place may marginalize residential and nursing home 
care, leading to a second-rate service and reduced options for clients. The key message here 
is that policy and practice cannot assume that simply by supporting the basic needs of a 
person at home will inevitably lead to improved well-being. 

2.1.3. Critical Assessment of the Independent Living Concept 

However, the concept of independent living is open to critique. Oldman (2003) draws upon 
post-modern theories adopted within critical gerontology to provide a powerful critique of 
the concept of independent living, and its implications for policy, and on the lives of older 
people. At its heart this critique highlights the twin position of current independent living 
policies, that they provide a totalising discourse that home is always better than institutional 
living, and that their policies reflect attitudes that are done to older people on their behalf, 
rather than taking place with their participation. Oldman further criticises the overriding 
agenda of current policies as allowing governments to reduce spending by transferring 
responsibility for the care of older people from the state to families, and to reduce investment 
in quality institutional and social housing:  

“ Independent living policies provide the perfect justification for savage cutbacks. 
Independent living to the government means persuading people to stay at home supported by 
relatives and receiving services such as obtrusive and costly adaptations they may not want.”  
(Oldman 2003 pp53) 

Taking the position that current concepts of independence are indeed open to critique, Secker 
et al (2003) argue that the cultural emphasis placed upon independence as the avoidance of 
reliance on others is a result of the valorisation of autonomy and self-reliance within British 
and American ideology. Dependency is constructed as a weakness, to be avoided or reduced 
to a minimum, even when the choice of remaining independent may cause harm to the 
person: “ the most important thing in the world is to remain independent. So old people live 
alone, perhaps on the verge of starvation, in time without friends but we are independent”  
(Mead 1971 in Secker et al 2003 pp 379). Fear of disability in old age is also linked to this 
experience, with disability being linked the dependence in the perceptions of many older 
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people (Stone 2003). Indeed, such an ideology is illustrated in older people’s reluctance to 
consider residential care as a positive alternative to remaining within their own home, even 
where a person’s ability to live within their own home is severely restricted (Bland 1999). 
Negative experiences of independence such as these examples may be neglected within this 
conceptualisation of independence as self-reliance. While this understanding of independence 
is of importance both to service providers and to older people themselves, such a definition 
ignores a variety of individual and societal factors that affect how older people and people 
experience independence and independent living. 

IL : A complex phenomenon 

When understanding the issue of independence in relation to older people, two problems can 
be identified with the definition of independence as a lack of dependency, or being able to 
look after oneself. Firstly, it ignores the importance of the issues of freedom of choice, and 
the maintenance of a meaningful role and identity within a wider society (Sixsmith 1986, 
Secker et al 2003). Sixsmith (1986), in one of the few studies examining how the notion of 
independence is understood by older people, gives three areas in which the meaning of 
independence is negotiated amongst older people, only one of which considers independence 
as a lack of dependency. The two further elements are identified as the capacity for self-
direction, or being free to choose what to do, and feelings of obligation, or not being 
financially or personally indebted to others. More recent work research on care provision for 
older people has illustrated the importance of providing freedom of choice and control can 
enhance a sense of independence for older people generally (Tanner 2003). A definition of 
independence based solely upon a lack of dependence fails to fully account for these further 
experiences, or for the lack of them, in a person’s everyday life. Secondly, the notion of 
independence is linked to the maintenance and continuity of a sense of self. Within this 
maintenance of self, maintaining activities of daily living are not only seen in terms of their 
functional aspects, but rather impact upon a person’s subjective ability to evaluate their own 
quality of life (Tanner 2001). Bland (1999) further expands the core values of a definition of 
independence in old age to include ‘privacy, dignity, choice, autonomy and fulfilment’ . 
While the notion of independence as a lack of dependency is still commonly utilised within 
health & social care policy making, these issues demonstrate the richness of the subjective 
experience of independence amongst older people, and the complexities inherent in gaining a 
richer understanding of this concept. This is underpinned by recommendations recently made 
by the ENABLE-AGE project emphasising that much more attention needs to be drawn on 
supporting a person’s holistic needs. Another key outcome of the project was for example 
that many factors can influence a person©s health, well-being and ability to remain living 
independently. Independence can be encouraged through a range of formal and informal 
sources: family support, home care, transport facilities, adapted housing, accessible 
buildings, policy orientation promoting independence and local authority funding to provide 
appropriate care services. A further recommendation focused on the need to involve older 
adults in consultation and participation in the planning process in order to provide 
appropriate housing alternatives. 

In her critique of commonplace conceptualisations of independence, Oldman (2003) draws 
on three strands in which this critique can be used to influence future debates and policy 
relating to independence. Firstly, at an academic level, her critique illustrates that a focus 
upon disability and its impacts diverts attention away from the wider social and economic 
processes which seek to exclude many older people from wider society. Secondly, at a policy 
level, attitudes towards independence and the home should be focused toward the concept of 
help rather than care. This implies a more equal relationship between older people and care 
providers, and also considers the importance of the home as being constituted by more than 
just its physical attributes. Finally, a critique of independence provides just one focus for the 
growth of a social movement and model for collective action for older people in the 21st 
century. 
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2.1.4. Relevance for SOPRANO 

New technology offers many opportunities to help older people living at home, by providing 
additional safety and security, supporting independent living and improving quality of life. 
However, research within the area of technology and ageing tends to be a-theoretical and a 
key concern within this work is to move away from technology-push and problem-focused 
approaches to researching technology and ageing to an approach that is driven by 
gerontological theories and concepts. The focus should be how technologies can positively 
enhance independence, well-being and quality of life. Most of the research on ageing and 
technology has focused on “care technologies”  that aim to support frail or disabled people 
living at home. While this is important, it tends to “problematize” old age and deal with 
issues around safety and security, rather than self-determination, personally meaningful 
activities and enjoyment of life. Everyday technologies may indeed support life at home, but 
this may be more as a “side effect”  rather than a conscious aim.  

A theory driven approach 

The lack of a solid theoretical foundation for ageing and technology research has led to a 
focus on “problems” of old age, such as safety, security and control of “undesirable”  
behaviours. The danger here is that conventional practices within society (often 
marginalising older people) become embedded within technologies and technology based 
products and services, working against their best interests. For example, many of the benefits 
associated with “ telecare” (technology-mediated health and social care) may be accompanied 
by potential disbenefits such as loss of privacy and self-determination. Moreover, 
technological “solutions” are likely to be driven by the technical contingencies and may not 
be fully in tune with the wishes and preferences of potential users and their everyday 
realities. A key component of the project will be to develop a theoretical framework that will 
drive subsequent empirical research.  

Implications for empirical user research 

A second issue focuses on the empirical base on which subsequent technology development 
can be based. It is important that new developments within Ambient Assisted Living (AAL, 
see also Section 2.2) take seriously the multifaceted nature of everyday human experience. 
The driving concepts behind AAL generally and SOPRANO specifically situate pervasive 
computing within the domain of the home and the everyday life, rather than the paternalistic 
models of “care”  that have driven technology development in the past. In this context the 
perspectives of the older person and their caregivers become paramount, rather than being 
contingent on the organisational structures of the health and social care agendas. The wishes, 
preferences, desires, fears, anxieties and enjoyments of older people need to be understood 
within broader concepts of IL and quality of life. The definition of “user requirements”  for 
SOPRANO will therefore need to move beyond incremental user research into “ telecare” (i.e. 
the second generation) and empirically explore these emerging domains using appropriate 
methodologies. 
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2.2. Ambient Assisted Living (AAL) 

2.2.1. Introduction 

What does Ambient Assisted Living stand for? 

 
Ambient Assisted Living (AAL) aims to extend the time people can live independently in 
their home environment by increasing their autonomy and self-confidence, the discharge of 
monotonously everyday activities, to monitor and care for the elderly or ill person, to 
enhance the security and to save resources. 

Ambient Assisted Living (AAL) is a European Initiative based on the Article 169 of the 
European Treaty that was born in order to address the needs of the ageing population, to 
reduce innovation barriers of forthcoming promising markets and also to lower future social 
security costs. This initiative is planned to be implemented during the 7th EU Framework 
Programme. 

The overall goals of AAL would be the following: 

�  Improve the quality of life of elderly people at their homes as it is known that they prefer 
to live at their own home instead of living at an old people’s home. 

�  Reduce the costs associated with elderly care. 

Is it only aimed at elderly people? 

AAL addresses in particular the issues affecting an ageing population and targets the needs of 
the individual person and their caretakers, but two groups of persons are considered: 

�  Elderly people who can be disabled or actively aged. Actively aged are those elderly 
people whose limitations because of age are not perceived as a disability.  

�  Disabled people. 

Is it a European initiative? 

AAL is a European initiative but Europe is not the only one facing the problem of an aging 
society because the problem is a worldwide one. The philosophy behind AAL, this is, 
assisting elderly people to live independently in their own home environment as long as 
possible, is extended worldwide. In the following paragraphs we will describe projects and 
initiatives that have been developed or are being developed not only in Europe but in the rest 
of the world too. 

What is the relationship between AAL and technology? Is AAL a technology? 

AAL is not a technology but a philosophy. Typically, several technologies will be needed to 
develop AAL solutions. Those technologies include products and services that enable 
persons to perform tasks or functions at a level similar to an earlier experience, and/or 
contribute to a lifestyle of independence. Some of these AAL-related technologies would be 
the following: 

�  Software and network technologies 
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�  Sensors and actuators 

�  Human machine interfaces 

�  New materials 

�  Embedded systems 

�  Several technologies involved in smart homes 

�  Other ambient intelligence technologies 

Are AAL technologies related to assistive technologies or healthcare 
technologies? 

Assistive technologies are those products and services that enable persons (regardless of age) 
to perform a function that due to some disability would otherwise be difficult to perform. 
While some disabilities are associated with aging, aging itself is not a disability and even if 
some limitations exist many elderly people do not perceive themselves as being disabled. On 
the one hand this means that assistive technologies would be a part of AAL technologies. 

On the other hand, healthcare technologies are not AAL technologies but are closely related 
to them because aging population is the most concerned with healthcare.  

AAL technologies cover a wider range of aging-related concerns. They represent a new 
category of technology with the following functionalities: 

�  Enable elderly and disabled people to live in their own environment. 

�  Assist aging people to function in society, facilitating social contacts, in addition to 
context-based infotainment and entertainment. 

�  Provide communication services to aging persons so that they can communicate with 
family, caregivers and medical resources. 

�  Telehealth, this means allowing a medical source to remotely monitor, diagnose and treat 
a patient. 

 
Each functionality describes functions that may apply less to persons of a certain age than to 
“quality of life”  and independence regardless of age. 

What is the AAL169 initiative? 

AAL169 stands for Ambient Assisted Living. The number 169 refers to the article 169 of the 
European Community Treaty. This article states that the European Commission may support 
a member state driven initiative on Research and Technology Development. This article 
enables the European Commission to participate in research programs undertaken jointly by 
several Member States. 

AAL169 aims to reinforce a consolidated European market for AAL products, environments 
and services, through funding of research and innovation projects, with emphasis on 
integration of required technologies into relevant products and services (see Figure 1). 
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Figure 1: AAL169 Innovation model 

2.2.2. Ambient Intelligence 

The basis for Abient Assisted Living is Ambient Intelligence (AmI), which is bringing 
about a major paradigm shift in the interaction between humans and technology. New 
developments no longer focus on the purely functional Human Computer Interaction (HCI). 
Instead, the individual will be embedded in an intelligent environment which guarantees 
proactive assistance and enables totally natural interaction. Therefore, Ambient Intelligence 
is the concept of networked devices communicating with each other and following strategies 
in order to react intelligently to the user©s situation, interaction and goals (context and 
situation awareness). In order to achieve this, it is necessary to have distributed software 
infrastructures, which enable the self-organization of devices and their software components. 
Technological developments in the field of intelligent components, which are able to 
interpret situations and develop strategies regarding the functions to execute, are also 
necessary [Aarts 2004, Aarts 2005, Ducatel 2001, Shadbolt 2003]. 

Ambient Intelligence-supported functions have already arrived in numerous application 
areas, also in home automation and the automotive domain. Previous solutions as well as 
current ongoing research activities have concentrated on the technologies of the respective 
application areas. This has led to various isolated applications and incompatible architectures 
from the specific application areas, which hinder any technological or commercial 
conversion on a broad scale.  

Well known projects that built up smart environments are the EMBASSI [Embassi 2003, 
Herfet 2001] project that realizes smart environment within a living room scenario, within 
automobiles and terminal systems, the MAP project [MAP 2003, Weiss 2003] for office 
scenarios and the Smartkom project [Wahlster 2000] for mobile and consumer scenarios. 
Other well-established examples are the Easy Living project from Microsoft [Brumitt 2000], 
the Interactive Workspaces Project [Johanson 2002] from Stanford University, the Intelligent 
Classroom [Flachsbart 2000] from Northwestern University, or the Oxygen project [Oxygen 
2005] of the Massachusetts Institute of Technology. Those smart environments from the 
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various research labs are usually assembled from devices and components whose 
functionality is known to the developers. Furthermore, in systems with distributed devices, 
the data flow from device to device is determined for every use case. Consequently the 
intelligence of Ambient Intelligence prototypes and demonstrators is carefully handcrafted. 

A middleware for the visions of Ambient Intelligence must provide complete decentralized 
communication among its components. Furthermore to provide extensibility and 
exchangeability the middleware must be able to execute conflict resolution strategies to 
guarantee reasonable data-flow even if there are competing components. Different 
technologies and approaches face single aspects of the mentioned requirements. Jini [Jini 
2003], HAVi [HAVi 2001], JXTA [JXTA 2003] and UPnP [Universal 2005] make the 
communication between devices from different vendors possible (there are basic 
technologies like Corba or RMI we do not want to go into details). Unfortunately no conflict 
resolution mechanisms - apart from graphical user interfaces - are provided. Vesper [Vesper 
2000] is a service management middleware. Some agent technologies are well known like 
SRI’s Open Agent Architecture (OAA) [Martin 1999], the Galaxy Communicator 
Architecture [Seneff 1999] or INCA [Truong 2004]. Galaxy uses a centralized hub-
component that owns routing rules that determine the data-flow whereas the OAA uses 
Prolog based mechanisms that are located in special meta-agents. That is alike the Jaspis 
framework [Turunen 2005] that uses evaluation agents for the evaluation of the quality of 
possible addressee agents. INCA uses a central component for registering components and 
for delivering messages. The abstract system architecture of AMIGO [Amigo 2005] 
recognizes the needs for service discovery and service composition strategies but each 
component is responsible for the application of such strategies. This means these strategies 
are not public or transparent to the application developers. The middleware model SodaPop 
[Hellenschmitt 2004] that is applied in the project DynAMITE [Dynamite 2005] offers the 
possibility to group components and to route the communication between the different 
component groups with public conflict resolution strategies. Thereby SodaPop follows the 
communication flow metaphor. 

2.2.3. Research efforts on the field 

In this paragraph we will describe some relevant research projects in the field of AAL. Our 
primary focus will be on European projects but will describe some initiatives in USA and 
Japan as well. 

COGKNOW Project: Helping people with mild dementia navigate their day 2 

 
People with dementia need to be helped to do a lot of things: getting help to remember, 
maintaining social contact, performing daily life activities and enhancing their feeling of 
safety. 

The core technological objective of this project is to research and prototype a successful, 
near-to-market, portable, remotely configurable, user-validated cognitive prosthetic device 
and associated services for people with mild dementia. It will address this core objective by 
focusing on scientific and technological objectives for the device, including:  

�  Remotely configurable reminding functionality 

�  Communication and interaction functionality 

�  Supportive technology for performing activities of daily living (ADLs), e.g., via voice 
prompts  

                                                      
2 http://www.cogknow.tid.es/ 
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�  Anomaly detection and emergency contact.  
 

The solution helps this group of people to navigate through their day, unobtrusively offering 
information and reassurance and allowing them to retain control over their daily life 
activities. 

This project is a STREP project, has launched on 2006 September the 1st and has an 
estimated duration of 36 months. 

ELDERGAMES Project: Development of high therapeutic value IST-based 
games for monitoring and improving the quality of life of Elderly People.3 

The ElderGames project is based on the verified importance of leisure for senior citizens 
quality of life and those scientific results that show how play activity not only contributes to 
an enrichment of leisure time, but can also prove to be a powerful application when used for 
rehabilitation and prevention of the negative effects linked to aging memory loss, 
degradation of cognitive ability, disintegration of social networks, etc.  

The project will create an interactive play board (ElderGames) that will be the first 
opportunity to scientifically explore how emerging advances in ICT can be adapted, applied 
and combined with play activities to obtain a new preventive therapeutic tool for improving 
cognitive skills and quality of life (affective, physiological and social) in old age. 
ElderGames will also be the first play platform able to monitor cognitive health and welfare, 
allowing an early detection of cognitive disease or social unease and the response to them. 
The ElderGames interactive board will also integrate an alternative communication system 
for overcoming the linguistic barriers, which could exist between different native languages, 
allowing on-line games between users from different European countries. 

To obtain the final technology the following steps will be taken: 

�  Prototype Design and Development  
o Definition of the functional specifications of the prototype  
o Development of prototype mockups for ergonomic evaluation  
o Ergonomic evaluation of mockups  
o Implementation of prototypes  

�  Prototype Validation and Testing  
o Prototype Installation  
o Training and selection of experts and users  
o Questionnaires and templates development  
o Playing sessions and data collecting  
o Data analysis and feedback  

�  Refined Pre-commercial Prototype  
o Adaptation of the prototype with the generated feed-back  
o Final integration in a pre-commercial version  

�  Technology Demonstration  
o Refined Prototype Validation  

�  Organization of Demonstration Sessions 
 

                                                      
3 http://www.eldergames.eu 
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ELDERGAMES is a STREP project, has launched on 2006 September the 1st and has an 
estimated duration of 30 months. 

I2HOME Project: Intuitive interaction for everyone with home appliances based 
on industry standards.4 

I2HOME will address the problem of living an independent life and realizing full potential 
with an approach based on existing and evolving industry standards. They will focus on the 
use of home appliances by persons with cognitive disabilities and older persons. At the same 
time the project will take care that the developed and standardized access strategies will be 
applicable to domains beyond the home. 

In I2HOME, participants will build upon a new series of industry standards (ANSI/INCITS 
389ff) for interfacing networked appliances by means of a Universal Remote Console 
(URC). They will use architecture with a Universal Control Hub (UCH) as core component 
that communicates to networked (off-the-shelf) home appliances and consumer electronics 
devices through industry networking protocols (cv. Figure 2).  

 

Figure 2: Architecture of the I2HOME platform 

The UCH will provide intelligent and adaptable interfaces that are particularly targeted to 
persons with cognitive disabilities and older persons. The user interfaces will be designed 
according to the results of a broad requirements analysis and will include multi-modal 
communication and activity management. In an incremental process, the project will conduct 
large evaluations of the project intermediate results in controlled laboratory environments as 
well as in day-care centers. 

I2HOME is a STREP project launched on 01/09/2006 and has an estimated duration of 36 
months. 

MONAMI Project: Mainstreaming on ambient intelligence.5 

The MONAMI project focuses on:  
                                                      
4 http://www.i2home.org 
5 http://www.monami.info 
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�  capitalizing on Ambient Intelligence technologies to ensure that the services can be used 
without behavioural change  

�  building on top of mainstream devices and services such as TV based internet, nomadic 
devices, etc.  

�  doing initial experimentation in Feasibility and Usability centres and subsequent large-
scale validation in Validation centres in five countries  

�  addressing economic viability and long term sustainability of such services in large 
communities in different Member States  

 
MONAMI will select bouquets of services in the areas of comfort applications, 
communication/information, health, safety and security. It will build, test and deploy these 
services and demonstrate that they can be economically brought through the future 
mainstream ambient intelligence technologies.  

MONAMI will focus on services, platforms and usability: The technology platform will be 
derived from mainstream technology. Usability requirements will be identified, an evaluation 
methodology will be selected and usability analyses will be carried out. 

The platforms to deliver the services will be derived from standard technology. They will 
integrate elements such as reliable self-organizing networks, wearable devices, user 
interaction technology, monitoring capability and service infrastructures that ensure quality 
of service, reliability and privacy.  

The services will be delivered on mainstream devices and services such as digital TV, third-
generation mobile telephones and broadband Internet. To facilitate use and user interaction, 
MONAMI will develop an innovative interface, involving an embodied conversational agent. 

MONAMI is a IP project launched on 2006 september the 1-st and has an estimated duration 
of 48 months. 

MPOWER Project: Middleware platform for eMPOWERing cognitive disabled 
and elderly.6 

MPOWER will define and implement an open platform to simplify and speed up the task of 
developing and deploying services for persons with cognitive disabilities and elderly.  

This platform will in particular support:  

�  Integration of Smart House and sensor technology;  

�  Interoperability between profession and institution specific systems (e.g. Hospital 
Information System);  

�  Secure and safe information management, including both social and medical 
information; 

�  Mobile users that often change context and tools.  
The project will research and develop the platform as a suite of independent building blocks. 
It will demonstrate its feasibility through the deployment of two end-user applications that 
will be deployed over a longer period.  

The end-user applications will be the following:  

�  Individual plan management: the goal is to demonstrate the feasibility of the platform in 
relation to a dynamic sharing of plans and information  

                                                      
6 http://www.sintef.no/content/page12____13218.aspx 
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�  Smart home and sensor connectivity: this application will demonstrate the feasibility of 
the platform in relation to interconnectivity and integration of Smart Home and sensor 
technologies. 

MPOWER is a STREP project launched on 2006 october the 1-st and has an estimated 
duration of 30 months. 

ALADIN Project: Ambient lighting assistance for an ageing population.7 

 
The ALADIN prototype will comprise the following components:  

�  An intelligent open-loop control and biofeedback system which can adapt various light 
parameters such as intensity, light directions or colour in response to the psycho-
physiological data, which are continuously registered by the system.  

�  A control system that can be manually adjusted via graphical interfaces and allows the 
resetting of all light parameters to their default values. To achieve truly ageing friendly 
interfaces design-for-all principles will be applied which take into account changing 
levels of capability due to age.  

�  An advice and support application that can intervene and assist older people in 
accomplishing their daily activities. The interventions can be defined by a therapeutic 
plan to regulate a person©s circadian rhythms.  

 
By developing an assessment system that captures and analyses the individual and situational 
differences of the cognitive and emotional effects of lighting, ALADIN will go well beyond 
the current state of the art of compensation systems for older adults.  

Both hardware and software applications will be developed to allow easy integration with 
other ICT building blocks, thus becoming part of a general assistive environment. Due to its 
open architecture, the system can easily be extended to include other environmental factors 
such as temperature, acoustics, colour or information displays and other application domains 
and target groups. 

ALADIN is a STREP project launched on 2007 january the 1-st and has an estimated 
duration of 24 months. 

CAALYX Project: Complete ambient assisting living experiment.8 

This project’s main objective is to develop a wearable light device able to measure specific 
vital signs of the elder or ill person, to detect falls and to communicate autonomously in real 
time with his/her caregiver in case of an emergency, wherever they are. The emergency 
information can be directed either to the personal caretaker or to the 112 Emergency Service.  

The emergency information will provide the geographic position and health information of 
the elder in a sensible way for the caretaker or emergency service. The incorporation of 
largely non-intrusive new sensors for fall detection and highly sensitive positioning is 
expected to address many of the elderly concerns about adopting technology.  

The monitoring device for the caretaker can range from a mobile phone and/or a more 
complex system so that an integrated care-taking service can be created to look after groups 
of elders. In this case, when monitoring the elder at home, the system will be complemented 
with other devices such as cameras in a way that personal services can be established for the 

                                                      
7 http://cordis.europa.eu/ 
8 http://caalyx.eu 
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elder. The system will be tested in a real usability site arranged through a social programme 
for the elderly, and will obtain reliable assessment by gathering real end user©s feedback. 

CAALYX is a STREP project launched on 2007 January the 1st and has an estimated 
duration of 24 months. 

EMERGE Project: Emergency monitoring and prevention.9 

This project’s approach is to use ambient and unobtrusive sensors to monitor activity, 
location, and vital data. Daily routine is tracked in order to detect abnormalities and to create 
early indicators for potentially arising emergencies.  

EMERGE engineers a prototypical solution that treats emergencies with a stepwise 
assistance.  

�  First, it provides early proactive assistance to the elderly himself.  

�  Next, it integrates friends, family, or caregivers.  

�  In case of an emergency that cannot be handled in the first two steps, an integrated 
emergency medical service (EMS) is called and informed about the case and the personal 
situation of the affected person. The integrated EMS can resolve the situation through 
medical care, telemedicine counselling, activation of social services, or sending a rescue 
team.  

The impact of the developed prototypical solution on quality of life will be measured in an 
Assisted Living Laboratory and in a multinational site evaluation. It is expected that 
EMERGE will help elderly people to live a safer, self-determined life and to stay longer in 
their preferred environment. 

EMERGE is a STREP project launched later than SOPRANO, on 2007 february the 1st and 
will have an estimated duration of 33 months. 

INHOME Project: An intelligent interactive services environment for assisted 
living at home10 

The goal of the INHOME project is to provide the means for improving the quality of life of 
elderly people at home, by developing generic technologies for managing their domestic 
ambient environment, comprised of white goods, entertainment equipment and home 
automation systems with the aim to increase their autonomy and safety. Rather than 
discriminating between enabled or disabled users INHOME project focuses on the problem 
of appliances flexible use by discriminating between experienced and inexperienced users. 

The project is based on the technology provided by the ESTIA project, which focuses on the 
design and development of technologies for efficient personalised management of 
audiovisual content and white goods functions, locally within the home. INHOME will use 
ESTIA architecture in order to design and develop a set of services for aged people, which 
will be delivered in the form of the following showcases with the aim to enhance their 
autonomy and safety at home:  

�  Activity Monitoring 

�  Home Environment Simple Management  

�  Tasks scheduling  

�  Flexible AV streams handling Household appliances flexible access 

                                                      
9 http://cordis.europa.eu/ 
10 http://cordis.europa.eu/ 
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The consortium includes four Europe-wide leaders in telecommunications, IT and household 
appliances systems manufacturing (ALCATEL, THALES, SIEMENS, GORENJE), three 
SME systems development companies (TELETEL, THOSS, VMWS) with significant know-
how in communication protocols and services in the telecommunications and healthcare 
sectors, a University (University of Aegean) and a User Group (Health Centre of Vyronas) 
specialised in the provision of medical services to elderly people at home. 

INHOME is a STREP project launched on 2007 January the 1st and will have an estimated 
duration of 24 months. 

NETCARITY Project: A networked multi-sensor system for elderly people: 
health care, safety and security in home environment11 

The project will seek to advance ambient intelligence technologies in the integration of micro 
and nano systems in a networked wireless/wired multi-sensing environment with plug and 
play capabilities and intelligent decision making for an effective detection of critical 
situations and support of task completion. Efforts will be concentrated in developing low-
cost solutions and could rapidly reach the market and facilitate easy adaptation in a wide 
number of existing homes.  

NETCARITY is a large EU project that aims to develop technologies and services for an 
ageing European society. The project will experiment with existing and new technologies in 
real homes (20 in Trento, Italy, and 20 in Eindhoven, Holland). In particular, the project 
targets health and inclusion topics typical for elderly people living alone. NETCARITY is an 
IP project with partners from five different EU countries (Italy, Germany, Spain, Holland and 
Poland). 

NETCARITY is a IP project launched on 2007 february the 1st and will have an estimated 
duration of 48 months. 

OLDES Project: Older people's e-services at home12 

OLDES project aims at developing a very low cost and easy to use entertainment and health 
care platform designed to ease the life of older people and diabetics in their homes. In order 
to achieve this, new concepts developed in Information Technologies will be integrated and 
adapted. OLDES intends to put patients at the centre and makes their needs the main priority 
in all developments. 

The prototype will be based on a PC corresponding to Negroponte©s paradigm of a � 100 
device, giving the guarantee of an affordable system. OLDES will provide: user 
entertainment services, through easy-to-access thematic channels and special interest forums 
supported by animators; and health care facilities based on established Internet and telecare 
communication standards.  

The system will include wireless ambient and medical sensors linked via a contact centre to 
social services and health care providers. OLDES will also cover the definition, 
implementation and evaluation of a Knowledge Management (KM) program, an advanced 
user profiling system that will enhance the communication between all the stakeholders of 
the system. The system will be tested at two different locations: Italy over a group of 100 
elderly (including 10 suffering with cardio disease) and Czech Republic over a group of 10 
diabetic patients. OLDES puts older people at the centre and makes their needs the main 
priority in all developments.  

                                                      
11 http://cordis.europa.eu/ 
12 http://cordis.europa.eu/ 
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This will be achieved through the use of modelling and animation tools to create scenarios 
designed to elicit responses from older people, their carers, and service providers. Animation 
and simulation will help to ensure that developments are, at all stages, grounded in the 
realties of social and health care, the cultures and economies of the specific pilot contexts, 
and as wide a range as possible of other European public service contexts. 

OLDES is a STREP project launched on 2007 January the 1st and will have an estimated 
duration of 36 months. 

EASY-LINE+ Project: Low cost advanced white goods for a longer 
independent life of elderly people13 

The project foresees using the integrated RFID, Neuronal Networks and HMI technologies to 
build a system that can capture data of the home environment, and can control any white 
good in the home via two mechanisms: wireless communications (Zigbee) or the mains 
electricity (EMS PLC). 

The users, elderly persons, may actuate by themselves any white good in the home, or may 
leave a control system named "e-servant" to do the actuation. The e-servant will be a white 
good control system, based on the sensor information and the habits of the user that can 
program any application with or without user cooperation. The e-servant will also be a 
learning system that detects the loss of abilities of the user and will triy to compensate them.  

The consortium of this project will be led BSH-E as European level and third at world level 
in White Goods manufacturing, jointly with R&D experts in new technologies suitable for 
increasing the functionalities of white goods like I3A (Neuronal Networks, Zigbee, RFID 
sensors), NEWI (Human Machine Interfaces), accessibility expert as SBS C-LAB, important 
industries in RFID applications (IDENT), software/HM (ADSS) and demotic implementation 
(G2V). 

EASY-LINE+ is a STREP project launched on 2007 January the 1st and will have an 
estimated duration of 30 months. 

ENABLE Project: A wearable system supporting services to enable elderly 
people to live well, independently and at ease.14 

The aim of ENABLE project is to develop an open and highly accessible reference 
architecture, to which subsystems and services can be seamlessly added according to 
particular needs of elderly people and their carers.  

The system is built round a dual platform of mobile phone and wrist unit, to which will be 
added modular capabilities for:  

�  alarm function,  

�  control of appliances and other devices around the home,  

�  identification of objects,  

�  identifying the user©s location,  

�  health monitoring and  

�  security. The project addresses mobile phone accessibility by providing a highly 
accessible user interface extension, using the wrist unit and speech guidance. 

 

                                                      
13 http://cordis.europa.eu 
14 http://cordis.europa.eu 
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ENABLE is a STREP project launched on 2007 january the 1st and will have an estimated 
duration of 36 months. 

PERSONA Project: Perceptive spaces promoting independent aging.15 

The main challenges of PERSONA project are:  

�  To find solutions and develop AAL Services for social inclusion, for support in daily life 
activities, for early risk detection, for personal protection from health and environmental 
risks, for support in mobility and displacements.  

�  To develop a technological platform that allows the seamless and natural access to those 
services indicated above.  

�  To create psychologically pleasant and easy to use integrated solutions. 

�  To demonstrate that the solutions found are affordable and sustainable for all the actors 
and stakeholders involved: elderly citizens living, welfare systems and service providers 
in the AAL market.  

The PERSONA technical platform will exploit and incorporate a broad range of relevant 
technologies which are developed and integrated in the project: AAL system reference 
architecture, micro and nano-electronics, embedded systems, Human Machine Interfaces, 
Communication, software, web and network technologies, biosensors, embedded and 
distributed sensors, energy generation and control technologies and intelligent software to 
tools for decision support. 

PERSONA is an IP project launched on 2007 January the 1st and will have an estimated 
duration of 42 months. 

SHARE-IT Project: Supported human autonomy for recovery and enhancement 
of cognitive and motor abilities using information technologies.16 

SHARE-IT will address important issues in sensor networks, assisted mobility, knowledge 
engineering and Ambient Intelligence.  

In this context SHARE-IT will make significant contributions to fundamental, long-term 
research in the following two areas:  

�  Verifying system adaptation to persons with special needs: both at design and run-time - 
as operating conditions and governing norms change - to establish e.g. safety, regulatory 
and security requirements  

�  Incorporating shared autonomy: ensuring individual components can be designed to 
operate in a given intelligent ambiance and adapt to possible changes both in the needs of 
the user or in the environment  

 
Objectives of SHARE-IT are:  

�  To explore the benefits of the concept of situated intelligence to build elements (add-ons) 
that will enhance the autonomy of the target user group in their daily life in their 
preferred environment  

�  To investigate and implement innovative forms of shared autonomy  

�  To build appropriate add-ons to standardised technologies to provide ubiquitous sensing, 
computation and assistance  

                                                      
15 http://cordis.europa.eu 
16 http://cordis.europa.eu 
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�  To build adaptive interfaces for the target group 
 

SHARE-IT is a STREP project launched on 2007 January the 1st and will have an estimated 
duration of 36 months.  

 

SENSACTION-AAL Project: SENsing and ACTION to support mobility in 
Ambient Assisted Living.17 

SENSACTION-AAL offers the opportunity to pursue a meaningful advance of the state of 
the art in the field of the portable help oriented to increase either the security and stability of 
both balance and movement. 

The project aims at helping elderly people to maintain their independence, as far as it is 
related to their mobility, during the daily life activities, and to avoid falls. The system will 
use a wearable intelligent sensor system that will allow the medical staff to take part in the 
home environment. 

In order to reach these goals, SENSACTION-AAL will design, test and provide a new 
generation intelligent, wireless and wearable system that will allow: 

�  To monitor daily activities. 

�  To control in real time the user’s motor ability taking advantage of principles such as 
biofeedback and sensory increase.  

The system will be equipped with biosensors and bioactuators connected in a network. The 
system architecture will render a solution with the following characteristics: 

�  Easy to wear and easy to use. 

�  Ubiquitous and always on.  

�  Economically competitive. 
 

SENSACTION-AAL aims to develop a technological solution highly accessible that can help 
elderly people in their own environment. The key challenge of the project will be the 
development of a system that successfully integrates the different components involved: 
network nodes, communication protocols, real-time algorithms for the control of actuators, 
signal conditioning algorithms, data storing, and data access through the network. 

The project will also prepare a procedure to continuously validate the results with the 
participation of end users. The validation will verify that the user requirements have been 
adequately addressed before launching industrial production. 

SENSACTION-AAL is a STREP project that has launched on 2007 january the 1st and has a 
duration of 30 months. 

Modular Versatile Mobility Enhancement Technology (MOVEMENT) 

MOVEMENT aims at developing a new solution for supporting personal mobility which 
meets the users© expectations for an inconspicuous, non-stigmatising, tailorable, ready to use 
and affordable mobility aid. As a consequence, the objectives of the project are:  

Addressing all three aspects of mobility (moving people, objects and information) by a fully 
modular set of assistive devices that can be freely assembled depending on the user©s needs. 

                                                      
17 http://cordis.europa.eu 
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Providing a concrete solution which can be placed on the assistive technology market soon 
after completion of the project.  

Pursuing an active dissemination and demonstration strategy by which users, care-givers and 
the health system is informed about the product under development, leading to awareness 
creation on an European level. 

Technical Aims 

MOVEMENT sets out to realise the necessary modules by closing the existing technological 
gaps:  

�  Developing the individual system modules with a generic mobile (robotic) platform in 
the centre and several application modules for moving people, for transportation and 
manipulation of everyday objects. 

�  Developing adequate sensor systems to enable navigation of the mobile platform in a 
known indoor environment. 

�  Developing an intuitive and self-adapting high-level command user interface for 
controlling the entire system readily usable for old and disabled people. 

�  Integration of the system into intelligent housing environments. 

�  Developing of a mobile ICT-Terminal to be freely moved by the mobile platform. 

Evaluate and refine the modules and the interface with the "Human-in-the-loop" paradigm, 
where the users not only specify the performance requirements but where they also test and 
evaluate the system.  

Disseminating and demonstrating the modular system and its benefits to experts in 
gerontology, gerontechnology, social care provision, the community of old / disabled people 
and to the public at large. 

To achieve these goals the consortium integrates research and commercial know how from 
recent developments in the required fields of industrial automation, transport and wheelchair 
technology, manipulation and robotics devices, perception and control engineering, human 
computer interface technology, assistive technology and gerontechnology. 

I-Living: An Open System Architecture for Assisted Living18 

Researchers at the University of Illinois have been designing, implementing, and evaluating 
with testable hypothesis an assisted-living supportive software architecture that allows 
disparate technologies, software components, and wireless devices to work together in a low 
cost, dependable, and secure fashion and enables elderly people to regain their capability of 
independent living. This architecture has been named I-Living (see Figure 3).  

                                                      
18 http://lion.cs.uiuc.edu/assistedliving/publications/I-Living.pdf 
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Figure 3: I-Living overall system architecture 

Specifically, the I-Living architecture was designed to meet the following requirements:  

�  Dependability: Critical services will be failure safe, and delivered in spite of the failures 
of useful but noncritical services. Moreover, the system as a whole will have high 
availability and robustness. 

�  Low Cost and Flexibility: The assisted living infrastructure will be open with well 
defined interfaces, machine checkable QoS assumptions, and support the use of low-cost, 
third-party devices. As incompatible and incomplete assumptions have been reported to 
be a major source of unexpected interactions leading to high maintenance cost, these 
attributes will significantly reduce system integration, deployment time and promote 
industry standardization. 

�  Security and Privacy: Medical and personal data will be protected with different levels of 
information disclosure to different roles (health care providers, medical team, relatives, 
and assisted persons). Also, with wireless networking being the predominant 
communication medium, security mechanisms will be built in these communication 
facilities and associated information storage. 

�  Quality-of-Service Provisioning: In spite of the existence of various forms of workload 
dynamics, ranging from transmission of reminder messages, monitoring information, 
audio commands, to time-critical multimedia streams supporting tele-medicine, Quality 
of Service (QoS) will be provided at different levels to applications subject to their 
timing, reliability and criticality requirements. 

�  Wireless Interference Mitigation: Different wireless devices of disparate protocol 
families can interfere with each other when they are in range, e.g., Bluetooth versus 
IEEE 802.11b, and IEEE 802.11a versus microwave. We will ensure that interference is 
mitigated to the maximal possible extent and QoS is provided even in the presence of 
wireless interference and medium contention. 

�  Light-Weight, Easy-to-Use HCIs: The user interfaces will be easy-to-use, safe, 
accommodate with respect to user mistakes, and provide different control levels of 
information disclosure. 
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�  Thorough Evaluation and User Group Studies: The assisted living system will be 
evaluated in terms of the extent to which these technologies help elderly people with 
their independent living in the home or assisted living facilities, their attitudes toward 
deploying these technologies in the environment. Different hypotheses that are amenable 
to theoretically-grounded tests will be established, and a detailed, comprehensive 
evaluation will be carried out by professional, quality-of-care experts to (in-)validate the 
hypotheses. 

 
The project envisions an assisted living supportive environment in which various embedded 
devices (sensors, actuators, displays, and bluetooth-enabled medical devices) either operate 
independently or are coordinated under the local intelligence node, called the Assisted Living 
Hub (ALH).  

The ALH can be a specialized PC, PDA, or a black box equipped with one or more wireless 
interface cards (IEEE 802.11, Bluetooth, Ultra Wide Band, or Infrared). 

Independent devices or smart devices and the ALH can communicate with the Assisted 
Living Service Provider (ALSP) server over the Internet. The ALSP server also provides 
web-based interfaces to allow caregivers, health care providers and medical experts to 
monitor the environment, retrieve/analyze measurement data, and issue instructions/feedback 
(see Figure 4). 

 

Figure 4: System architecture of this ALH node 

The project also suggests some assisted living application scenarios: 

 

�  Activity Reminder: The ALH obtains from the ALSP server (to which health care 
providers have access) updated prescription and appointment records of the Assisted 
Person (AP) through secure channels. When ít is time for the AP to carry out his/her time 
driven routines, such as taking medicine or taking vital signs, the ALH locates active 
wireless-enabled devices (e.g., TVs, cell phones, wearable headsets, and/or active badges 
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in range, and sends reminder messages to one or more devices that are in the proximity 
of the AP. 

�  Vital Sign Measurement: Vital signs such as the glucose level, blood pressure or heart bit 
rate can be measured and transmitted by Bluetooth-enabled meters to the ALH and then 
to the ALSP server (through the secure channels established between the ALH and the 
server). This way, health care providers can monitor various vital signs at desirable time 
granularity. 

�  Personal Belonging Localization: Personal belongings such as eyeglasses, hearing aids, 
and key chains can be attached with tags, and located through the use of RFID readers. 
When a person cannot find his/her belongings he/she can issue a simple vocal command 
to the ALH which then schedules the RFID readers to scan the environment and help 
locate the object. 

�  Personal Behaviour Profiling: With the same set of sensor localization techniques, the 
assisted living environment can profile the movement of assisted persons in a privacy 
preserving manner (e.g., without the use of surveillance video cameras) and detect early 
warning signs for depression (no longer taking medicine regularly, giving up routine 
activities, or staying in bed for long periods of time) and/or other chronic diseases such 
as Parkinson©s disease and Alzheimer©s disease. The person will wear a RFID tag or an 
active badge (turned into, for example, a bracelet or a button on his clothes). The RFID 
readers installed in the environment will keep track of his location, and hence will be 
able to detect abnormal spatio-temporal movement, without intrusion of privacy. 

�  Emergency Detection: In case of the need for emergency attention, realtime 
communication channels can be established to notify on-site caregivers (in the case of 
assisted living), health care providers (in the case of clinical use), and/or designated 
relatives, and facilitate transmission of electrocardiogram and other measures in real-
time. 

Assisted Cognition Project19 

The goal of the Assisted Cognition project is to create novel computer systems that will 
enhance the quality of life of people suffering from Alzheimer©s Disease and similar 
cognitive disorders. It is an interdisciplinary project that combines computer science research 
in artificial intelligence and ubiquitous computing with clinical research on patient care.  

Assisted Cognition systems are proactive memory and problem solving aids that help an 
individual perform the tasks of day-to-day life. These systems have the following 
functionalities:  

�  sense aspects of an individual©s location and environment, both outdoors and at home, 
relying on a wide range of sensors such as GPS, active badges, motion detectors, and 
other ubiquitous computing infrastructure;  

�  learn to interpret patterns of everyday behaviour, and recognize signs of distress, 
disorientation, or confusion, using techniques from state estimation, plan recognition, 
and machine learning;  

�  offer help to patients through various kinds of verbal and physical interventions; and  

�  alert human caregivers in case of danger  
This is a project that is being developed by the University of Washington Department of 
Computer Science and Engineering with the funding of Intel through the Intel Research 
Council. 

                                                      
19 http://www.cs.rochester.edu/u/kautz/ac 
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ACCESS Project: Assisted Cognition in Community, Employment and Support 
Settings20 

In this project, the use of Assistive Technologies for Cognition (ATC) is investigated as tools 
for caregivers in supporting individuals with cognitive disabilities in living, working, and 
fully participates in community activities. It will be evaluated the use of ATC in increasing 
independence and decreasing reliance of individuals with cognitive disabilities on the 
family/friend/caregiver network and paid support staff.  

Initially, it is focusing on the development of devices for providing assistance in route 
finding and community mobility to individuals with cognitive disabilities. The first assisted 
cognition device that it is being developed is called Opportunity Knocks. It will detect when 
a user is likely to be lost or wandering, and will guide the user back to home or another place 
of safety when necessary. Opportunity Knocks meshes several technologies (cell phone, GPS 
receiver and wireless modem). In its final form, it will learn a user©s typical daily routines 
(including locations of activities), monitor for variations in the individual©s typical day-to-day 
activities and then decide whether a prompt is necessary if the routine is unexpectedly 
changed. It exists as a preliminary proof of concept prototype.  

The outcome of the project will be the continued development of prototype devices that 
provide sophisticated assistance in functional areas requiring cognitive skills as well as the 
training protocols needed to prepare users to effectively use them.  

This project is located at the University of Washington and is a collaboration of  

�  the Department of Rehabilitation Medicine,  

�  the Assisted Cognition Project in the Department of Computer Science and Engineering, 
and  

�  the Center for Technology and Disability Studies at the Center on Human Development 
and Disability.  

The project is funded by the National Institute on Disability and Rehabilitation Research 
(USA) 

AlarmNet Project: Assisted-Living And Residential Monitoring Network. A 
wireless sensor network for smart healthcare.21 

The AlarmNet system integrates heterogeneous devices, some wearable on the patient and 
some placed inside the living space. Together they perform a health-mission specified by a 
healthcare provider. Data is collected, aggregated, pre-processed, stored, and acted upon, 
according to a set of system requirements we have identified. 

                                                      
20 http://cognitivetech.washington.edu/index.htm 
21 http://www.cs.virginia.edu/wsn/medical/index.html 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 32 of 207  
 

 

Figure 5: Smart assisted-living space, instrumented with sensors and devices.(© UVA 
Department of Computer Science) 

 
Figure 5 graphically depicts the variety of sensors and devices in the architecture. Multiple 
body networks may be present in a single system. Traditional healthcare provider networks 
may connect to the system by a gateway, or directly to its database. 

Some elements of the network are mobile, while others are stationary. Some can use line 
power, but others depend on batteries. If any fixed computing or communication 
infrastructure is present it can be used, but the system can be deployed into existing 
structures without the need to retrofit. 

The project is part of the Laboratory for Real-Time & Embedded Computing in the 
Computer Science Department at the University of Virginia. This research laboratory studies 
a wide range of issues in all aspects of real-time computing and embedded systems. 

Wearable Wellness Monitoring Using ECG and Accelerometer Data22 

Hewlett-Packard developed a prototype wearable system for wellness and activity monitoring 
using ECG and accelerometer sensors. Accelerometer-based activity monitoring can be used 
to assess exercise compliance and determine the amount of energy the wearer uses in a day to 
help plan dietary needs. An increase in activity can indicate an improvement in health, due to 
successful medicinal or lifestyle changes. 

Conversely, a decrease in activity can serve as a warning sign for the worsening of diseases 
such as congestive heart failure (CHF) and depression. ECG monitoring provides a detailed 
record of cardiac health, allowing doctors to track hour by hour heart rate changes, the 
number of ectopic beats and the occurrence of arrhythmias such as atrial fibrillation, which 
can often be asymptomatic. 

Combining the data from both the ECG and the accelerometer it allows to interpret the ECG 
in context. For example, the arrhythmia tachycardia is defined as a heart rate greater than 100 

                                                      
22 http://www.hpl.hp.com/techreports/2005/HPL-2005-134.pdf 
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beats per minute (bpm). In a resting wearer, this would be cause for concern, but in an 
exercising person this would be normal. Finally, the accelerometer data can be used to 
estimate the quality of the signal data and give a confidence rating on the results of the 
analysis algorithms. 

The system hardware consists of off-the-shelf components: an ECG monitor, a two-axis 
accelerometer and two iPaq units. The iPaq units provide local processing and storage, but 
are mainly intended to be used a link between the user and a back-end system with far greater 
resources. The iPaq allows the wearer to see sensor signals as they are collected and to 
annotate the record with specific activities, symptoms and medications using: a checklist 
based Wellness Diary, voice messages or digital pictures. 

LARES Project: An Intelligent Sweet Home for Assisting the Elderly and the 
Handicapped 

 
LARES is a project, funded by two Korean organizations: 

�  HWRS-ERC (Human-friendly Welfare Robot System-Engineering Research Center) 

�  KAIST (Korea Advanced Institute of Science & Technology) 
 

The project consists of an Intelligent Home for assisting elderly and handicapped people, and 
is focused on the development of three detailed research parts:  

�  An intelligent bed robot, 

�  a soft remote control and 

�  a network as shown in Figure 6. 

 

Figure 6: LARES project parts 

The intelligent bed system is developed to assist the elderly people to live a convenient daily 
life since they usually spend much time in their beds. The prototype of the bed system 
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consists of three parts: the automatic bed, a robotic arm and a motion capture system. The 
bed is designed in consideration of human body and can change its pose in various ways. The 
upper part can be folded from 0 to 90 degrees and the folded curve is similarly formed as the 
curve from pelvis to waist of human body by adopting 4-bar mechanism. The lower part is 
folded from –70 to 70 degrees for the user to keep a comfortable pose. MANUS arm is 
attached to the side of the bed and is utilized to serve transporting objects, pulling a quilt 
over, etc. To inform the robotic arm of the on-line position information of objects with high 
accuracy in real time, the motion capture system is utilized and the active ultrared sensors are 
attached to the objects. The intelligent bed robot with a proposed configuration is very useful 
to assist daily life of the elderly and the handicapped, and is able to serve four kinds of 
fundamental tasks: pulling a book and put it back on the bookshelf, transporting a newspaper, 
giving a message, and pulling a quilt over and putting away it. 

Recognising an object pointed to by the finger and a successive hand gesture for 
commanding machines is an alternative way in the sense of human-friendliness since it is 
how human does. Three cameras were attached on the ceiling to capture the arm position and 
algorithms were implemented for extracting arm image, calculating the arm direction, and 
finding the nearest object as well as general infrared signal transmission system for specified 
home appliances. Currently, it’ s able to do ON/OFF control for several home appliances 
including TV, VCR, automatic door, light and curtain. 

The intelligent sweet home consists of many assistive devices and sensors such as robotic 
arm, motion capture device, camera system and a hand gesture recognition system. Since 
some devices are responded to the other devices, network connection is in demand to comply 
with sharing information each other and TCP/IP-based network configuration is established 
with home network server. 

Daily Life Support Experiment at Ubiquitous Computing Home23 

This Japanese experiment consisted in the construction of a real life test bed called the 
Ubiquitous Computing Home (UCH), for developing daily human life support services and 
perform home context-aware service experiments. The project is not specifically addressed to 
elderly people but to the whole family living at home.  

For the home applications, there are two important issues, the choice of platform and the 
choice of interface. For the former issue, a distributed cooperative function platform called 
“UKARI core,” was designed (see Figure 7). UKARI stands for Universal Knowledgeable 
Architecture for Real-Life appliances. For the latter issue, a robot called Phyno was created 
which can interact with the user via natural language. This would be a universal interface for 
people in all the ages. 

                                                      
23 http://www.imel1.kuis.kyoto-u.ac.jp/research/doc/726/P534.pdf 
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Figure 7: View on Daily Life Support Experiment at Ubiquitous Computing Home 

In order to provide context-aware services, it was necessary to identify each person living at 
home. The context considered to provide services, was the location of each member of the 
family, and the technique used for personal identification at home was a face recognition 
system installed in the robot. The resident can be recognized by the networked robots when 
he/she speaks to one of them. 

Sensor technologies are also essential to obtaining the user context. An active-type RFID tag 
system is used to identify a resident. Floor pressure and vibration sensors are used to collect 
the location information of the residents. The camera can observe human behaviour and the 
microphone can observe human voice. Collecting all the information from all the sensors at 
home, the unconscious robot UCH can detect the context of the user. Based on this context, 
the system invokes context aware services for supporting families’  daily life. 

Some of the context-aware services that have been implemented are the following: 

�  Intelligent message presentation: this is a collaboration service of the laundry, speakers 
and the RFID system. The laundry can transmit its status information such as “washing” 
or “drying finish” in the text format to the home network. In the context-aware service, 
this message is converted into voice data and presented to the speaker closest to the user. 

�  Wake up service: it is a collaboration service of a sleeping sensor on the bed, an electric 
clock and the robot Phyno. When the time to wake up has come, the sleeping sensor 
checks the depth of sleep of the user and Phyno plays music that is suitable to the depth 
and that is preferable to the user. The context in this service is the depth of the sleep that 
is sensed by the sleeping sensor. 

�  Have you got everything? This service is a collaboration service of a floor sensor, the 
robot Phyno and the RFID system. When a user of this service appears in the hall, the 
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floor sensor detects it and inform Phyno to speak to the user that he/she should present 
his/her baggage in front of the RFID tag reader. If the unconscious robot knows what 
items the user should have before going, it can let the user know what item is missing. 

�  Music follows wherever you go: this service is a collaboration service of speakers, music 
player and the RFID system. When the RFID system detects the movement of the user 
who is listening to the music, the system tracks the user and using the nearest speaker 
available of the user, the music continues. 

�  Recommendation of TV program: this service is a collaboration service of TV set, 
history server and the RFID system. The history of the user which TV program the user 
watches is stored in the database. When the user comes and turns on the TV, the system 
retrieve the database, and recommend a TV program that may be preferable to the user. 

DynAMITE – Self-organizing Software-Infrastructures 

 
In the future, Ambient Intelligence environments will consist of numerous heterogeneous 
devices, which must be able to communicate and cooperate with each other. This poses new 
challenges for the underlying software infrastructures. These software infrastructures must 
guarantee the autonomy of each individual device, while at the same time guaranteeing their 
seamless integration in existing device networks. Such software infrastructures must also be 
able to avoid all centralized components, dynamically integrate new devices, ensure that 
devices can be removed, and resolve conflicts in the event of competing devices. An intuitive 
example of such a device ensemble is an ad-hoc meeting, in which the participants bring their 
personal devices into a previously empty room. If at least one participant brings a projector, 
which can be used to display presentations, then the conference room could be considered to 
be fully equipped on a basic level. But the way in which entertainment devices from different 
manufacturers may be acquired and combined by users at different times clearly 
demonstrates the demands placed on the self-organizing capabilities of software 
infrastructures. Without defining a central (master) component and without burdening the 
user with too many technical issues and decisions, the devices – whose arrangement can 
change at any time – must be able to cooperate with each other sensibly in the interests of the 
user. 

 

Figure 8: Topology defined in the DynAMITE project supporting a natural interaction 
differentiates between input and output components and components for dialog 

management, execution strategies, and actuators. 

The DynAMITE project [Nazari 2006] is sponsored by the German Federal Ministry of 
Education and Research. Within the project a distributed software infrastructure for 
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spontaneous cooperation between devices is developed. This software infrastructure supports 
component topologies, which are determined by a data flow model. Figure 3 illustrates one 
possible component topology, which identifies components as multimodal input and output 
components, dialogue components, strategy components and actuators. The different 
component levels are connected to each other through semantic channels. These semantic 
channels make it possible to define specific strategies for distributing messages. These 
strategies can be used if there are competing components, and they can enable the 
cooperation of components and the fragmentation of messages into sub-messages. These 
strategies can be implemented in a distributed way across the software infrastructure and can 
thus be carried out by all devices in an ensemble. The total ensemble can therefore react 
dynamically to changes in its composition, and it thus behaves in a self-organizing way. In 
comparison to conventional communication infrastructures for distributed components, the 
software infrastructure developed in the DynAMITE project introduces innovations over 
existing systems, which help guarantee self-organization. On one hand, static 
publish/subscribe procedures at (central) routing components are replaced by dynamic 
communication along semantic channels. On the other hand, static communication rules at 
central points in communication systems are replaced by distributed semantic channel 
strategies in which all devices participate. These dynamics allow the ensemble to react 
quickly to changes – if, for example, a participant in a meeting leaves the room with his 
devices, or if a new entertainment device is connected for a certain period of time in an 
existing living room. In the DynAMITE project, demonstrators for lecture halls and for 
consumer electronics in living rooms are being developed in cooperation with the European 
Media Laboratory GmbH in Heidelberg and the Loewe Competence Centre in Hannover. 
Figure 4 shows the structure of the component topology when some devices are combined. 
Each device contributes components of the topology defined in DynAMITE. The channel 
structures shared by the devices are easy to identify. This is where the messages, generated 
by the individual components, are published and distributed to the correct receiving 
components by means of semantic channel strategies. The physical limits of the devices are 
thus dynamically overcome. Devices can »see« the input information on other devices, and 
components can request messages and tasks in their channels. In the middle of the project, 
the first version of the software infrastructure was completed and made available to 
download on the project website. Smaller demonstrators – which are capable of running 
across different computers – provide a vivid demonstration of distributed software 
infrastructures and self-organized components and enable the implementation of one’s own 
applications. 

 

Figure 9: DynAMITE demonstrator setup (left) and simplified usage of entertainment 
technology (right). 
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2.2.4. Relevance for SOPRANO 

The AAL European projects described before are emerging at this moment, just as 
SOPRANO project is doing. Some common characteristics between them should be the 
following: 

�  Projects are focused on user-centric design. User needs in terms of accessibility, 
reliability, convenience, use easiness, etc. are planned to be in the core of the AAL 
designs. 

�  Low cost: most projects agree on the need to develop cost-effective solutions in order to 
easily reach the market and be widely spread. 

�  Another interesting matter most projects agree on is the need to design an architecture 
that allows the integration of existing heterogeneous devices. 

�  Some projects are targeted to a particular group of elderly people (people with cognitive 
impairments or people with restricted mobility) but many others (like SOPRANO) are 
targeted to elderly people in general. 

 
With the expected results SOPRANO will clearly surpass the current state of the art. There 
have been no comprehensive solutions for the construction of AAL systems that flexibly and 
dynamically organize the sensors, as well as the devices and services of the environment in 
ensembles, such that the environment becomes realizable and applicable to user requirements 
and objectives in arbitrary scenarios. The development of Ambient Intelligence middleware 
components is a key element for linking existing isolated By synergistically merging 
important key technologies, a unique opportunity for attaining a significant competitive edge 
presents itself. A long-term objective of SOPRANO entails continuing activities with 
industry partners in the area of AAL at both a national and international level. 

The main advances over the state of the art will be: 

�  The further development of certain technologies e.g. the enhancement of existing agent 
platforms to self-organizing component ensembles, the construction of intelligent 
scenarios and rooms in such a way that devices configure themselves according to the 
perceived events, or the consideration and interpretation of polymodal interaction 
technologies. 

�  The development of transparent cooperation respective service composition and service 
discovery strategies for the fast assembling of cooperative device ensembles 

�  The development and implementation of AAL scenarios under strict consideration of the 
user©s needs, his preferences and social demands. 

 

Most of the European projects described are quite in an initial phase. From the point of view 
of SOPRANO it would be interesting to track their evolution and results. It can be also 
interesting to find ways to share information or cooperate with them, in particular projects 
with goals similar to those of SOPRANO like MONAMI, INHOME, OLDES or PERSONA.  

2.2.5. Market Study (Existing systems using this technology) 

The market of AAL solutions is still in an early phase of evolution with no established 
business, trade or industry organizations that represent the interests of companies engaged in 
research, development, manufacture or distribution of technology for an aging population. 

The contents of this paragraph are mainly based on an interesting report titled “Europe is 
facing a Demographic Challenge. Ambient Assisted Living Offers Solutions”  that was 
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compiled by the german enterprise VDI/VDE Innovation + Technik GmbH, within the 
Specific Support Action "Ambient Assisted Living - preparation of an article 169-initiative" 
funded by the European Commission. 

This report refers to the European AAL market as an immature market with several 
innovation barriers that have to be overcome. The report lists the following challenges and 
innovation barriers for future AAL products and services in Europe: 

�  “AAL-Market” is still in an early phase of evolution with no established structures, 
prices, networks. It implies high risks and transaction costs. 

�  How to ensure entrance for all people without digital divide? 

�  New technologies for elderly people are not yet in the focus of development and 
advertisement. 

�  How to preserve people’s autonomy, individuality, dignity, privacy and security? On the 
one hand users do not want to be always accessible and on the other hand the immense 
data tracks that are created have an influence on people’s privacy and security. 

�  How to overcome the lack of technical culture and low acceptance of new technologies 
by users? 

�  A big challenge in terms of marketing (but chance with regard to acceptance) is the 
ongoing changing perception of the AAL-target group towards their own needs. The 
currently 50+ generation with low affinity to technology will be replaced by a generation 
with more individualized consumer requirements and higher affinity to technology. 

�  European industries so far have failed to fully exploit the market potential of products 
and services for the rapidly growing number of older users. 

�  Producers/companies still have not enough information about the user needs/demands. 

�  Potential customers are not informed well enough about possible solutions. 

�  Heterogeneous set of industrial branches and service sectors could produce and offer 
AAL products and services. This heterogeneity causes problems for interaction as for 
innovation, value-chains etc. 

�  How to overcome the lack of know-how and technical culture of craftsmen and 
installation firms? 

�  Costs of AAL-technologies and products have to be low. 

�  Usable business models for AAL-Solutions have to be developed. 

�  For production and dissemination AAL needs agreements on international. 
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2.3.  Assistive Technologies  

2.3.1. Introduction 

Background knowledge  

Assistive Technologies (AT) is a generic term that includes assistive, adaptive, and 
rehabilitative technologies and devices and the process used in selecting, locating, and using 
them. AT promotes greater independence for people with disabilities by enabling them to 
perform tasks that they were formerly unable to accomplish, or had great difficulty 
accomplishing, by providing enhancements to or changed methods of interacting with the 
technology needed to accomplish such tasks. SOPRANO is focusing to the elderly. An 
elderly person is not necessarily a person with disabilities. But in most of the cases various 
disabilities are revealed to a certain extent when a person is reaching the old age. 

Universal accessibility or universal design means excellent usability, particularly for people 
with disabilities or elderly people. But, advocates of assistive technology argue, universally 
accessible technology yields great rewards to the typical user; good accessible design is 
universal design, they say. Consider an example of an assistive technology. The modern 
telephone is not accessible to people who are deaf or hard of hearing. Combined with a text 
telephone (also known as a TDD24 and in the USA generally called a TTY25), which converts 
typed characters into tones that may be sent over the telephone line, a deaf person is able to 
communicate immediately at a distance. Together with "relay" services (where an operator 
reads what the deaf person types and types what a hearing person says) the deaf person is 
then given access to everyone©s telephone, not just those of people who possess text 
telephones. Many telephones now have volume controls, which are primarily intended for the 
benefit of people who are hard of hearing, but can be useful for all users at times and places 
where there is significant background noise. Some have larger keys well-spaced to facilitate 
accurate dialling. 

Another example: calculators are cheap, but a person with mobility impairment can have 
difficulty using them. Speech recognition software could recognize short commands and 
make use of calculators a little easier. People with cognitive disabilities would appreciate the 
simplicity; others would as well. 

Telecare is a particular sort of assistive technology that uses electronic sensors connected to 
an alarm system to help caregivers manage risk and help vulnerable people stay independent 
at home longer. A good example would be the systems being put in place for senior people 
such as fall detectors, thermometers (for hypothermia risk), flooding and unlit gas sensors 
(for people with mild dementia). The principle being that these alerts can be customised to 
the particular person©s risks. When the alert is triggered, a message is sent to a carer or 
contact centre who can respond appropriately. The range of sensors is wide and expanding 
rapidly. Technology similar to Telecare can also be used to act within a person©s home rather 
than just to respond to a detected crisis. Using one of the examples above, unlit gas sensors 
for people with dementia can be used to trigger a device that turns off the gas and tells 
someone what has happened. This is safer than just telling an external person that there is a 
problem. 

 

                                                      
24 TDD = Telephone Device for the Deaf 
25 TTY = TeleTYpewriter 
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Scope of this section 

As several technologies or fields that are similar to “Assistive Technologies”  such as Smart 
Home Technologies (Section 2.4) and Ambient Assisted Living (Section 2.2) have been 
covered in other section of this document, in this section we will focus on Speech 
technologies that include speech recognition, speech synthesis speech coding and speech 
analysis that has been increasingly deployed in AT applications. Speech synthesis is used for 
reading, writing, programming and general voice output communication, and speech 
recognition for writing and programming and for controlling devices in the user©s 
environment. More information on this topic can be found in the Deliverable D1.1.1 
presenting the state-of-the-art in HCI technologies in depth. 

We also cover in some extend Portable Devices. SOPRANO will deal mainly with 
integrating portable devices in the main platform and not build new ones. The technologies 
for those purposes and their state of the art are covered in other sections, mainly in the 
sections on Networking (Section 2.11). Portable devices have been developed for various 
reasons such as the capability to detect lost objects l ike a key and in this way to support 
people with light to moderate (but not severe) memory loss. In the longer run, more powerful 
devices can be expected to become available, including robots designed to support dependent 
people in carrying out a variety of tasks without any human support.  

Speech Technologies 

Speech interaction is only one possible interaction modality in current day’s systems. 
Nevertheless, its main advantage over the other modalities is that it can easily carry 
extremely complex information/interaction via natural language. It is thus a very rich way of 
communication between humans, and even our most advanced research platforms are far 
from exploiting all of its potential. 

A speech-based dialogue system consists of a number of components: the system starts by 
receiving a speech signal from the user as input, recognizes the spoken words, understands 
the meaning of the utterance and at the end produces speech output that expresses the 
system©s response to that input. It has been working in four different aspects: signal pre-
processing, speech input, speech output and speaker recognition.  

Signal preprocessing integrates various techniques for capturing speech input and ensuring 
that the signal is received as clearly as possible and thus enhancing the performance of 
speech recognition. The following modules can be identified: 

�  Array management: in the home/office environment multiple microphones or 
microphone arrays are required in order to cover the entire area optimally. Depending on 
the user©s position the array management module decides on using the combination of 
microphones with the best signal. 

�  Beam forming: this is responsible for speech acquisition by restricting the receptive field 
to the desired talker with the objective of signal separation and ambient noise 
suppression. 

�  Noise cancellation and room acoustic suppression: in most environments, there is a high 
level of noise that must be filtered before processing the signal (i.e. in a normal home or 
mobile environment it is very likely to have radios and TV noise, side conversations or 
environmental noise). These modules reduce extraneous voices by using various acoustic 
echo-filtering techniques. 

Speech input is the unit where the system recognizes the user©s speech, understands the 
meaning of the spoken utterance and acts accordingly. Three main modules are: 

�  Automatic speech recognition: speech recognition is the process of converting an 
acoustic signal to a set of words. The conversion is made by comparing the features of 
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the signal to three sources of knowledge: an inventory of acoustic reference models 
(Acoustic Models), a list of words that the system can recognize (Lexicon) and 
information about the likelihood of particular word sequences occurring in a given 
context (Language Model).  

�  Speech understanding: the output of the speech recognition module is a set of hypotheses 
as to the correct transcription of the spoken utterance. These hypotheses form the input to 
the understanding module, which interprets the utterance on the basis of language rules 
(Grammar), specifically compiled for the application in question, and generates the 
semantic output of the spoken utterance. 

�  Dialogue handling: during natural dialogue interaction the system takes into account the 
semantics of the user©s input, what it knows it can do (System Knowledge) and what the 
system knows about the user (User Model). The dialogue handling module (or Dialogue 
Manager) combines this information to decide the system©s response or action to the 
user©s input. 

Speech output is the unit where the system generates and presents to the user its response. 
Depending on the current status of the interaction, this response may be a question, a 
confirmation or the information requested by the user. Two main components are identified: 

�  Natural language generation: language generation is the process of preparing the output 
speech in line with any rules on what would be appropriate, putting it in the relevant 
context so as to make it easier for the user to understand it and forming the output 
utterances following grammatical rules.  

�  Text-to-speech synthesis: in simple dialogue systems pre-recorded messages are used for 
system output. In more advanced systems the output of the language generation is fed to 
the speech synthesis engine that dynamically converts the written utterance to a speech 
signal to be played by the system. 

Speaker recognition is the process of automatically recognizing who is speaking on the 
basis of individual information included in speech waves. This technique makes it possible to 
use the speaker©s voice to verify their identity and control access to services and information. 
Speaker recognition methods can be divided into speaker identification and speaker 
verification. Speaker identification is the process of determining which registered speaker 
provides a given utterance based on the comparison of the user©s voiceprint with the set 
stored in the system©s database. Speaker verification is the process of accepting or rejecting 
the identity claim of a speaker.  

The role of speech as part of multimodal interactions 

Through analogy with person-to-person communication, we propose next to define and 
classify person-to-machine interaction modalities according to their relation with our five 
senses or their equivalent in state-of-the-art technologies. These relationships are 
summarized in Figure 10. Note that the typology of interaction modalities presented here is 
not definitive and is only meant to illustrate a possible clustering, which can obviously be 
adapted and extended. 
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Figure 10: Person-to-machine interaction modalities 

Some senses are poorly exploited for now by state-of-the-art HCI systems, for example taste 
and smell, whereas other senses are very rich, like sight and touch. In the diagram, the arrows 
from sight are not shown, because they actually target every interaction modality except the 
first one. Let us now give some concrete examples for every possible sense and associated 
modality: 

Sound 

�  Any type of audible sound may be used for direct or implicit interactions. Imagine for 
example a scenario where a user asks his computer to power off when he will whistle a 
specific melody.  

�  Large vocabulary speech recognition can also be used to transfer some spoken text or 
discourse to the dialogue manager for interpretation. 

�  Small vocabulary speech recognition or word spotting can also be used to select some 
item, like in command-and-control applications for example. 

Sight 

Vision offers the widest range of possibilities concerning user interactions. The following 
algorithms can be used for example: 

�  Optical Character Recognition to recognize some text written by the user. 

�  Image recognition can be exploited to find out some item that resembles the picture 
drawn by the user. 

�  User and face tracking algorithms can be used to localize the user. 
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�  Diagrams drawn by the user can be recognized and interpreted. 

�  2D or 3D gestures made by the user can be interpreted for example to select or move 
virtual objects in augmented reality applications. 

�  Target items can be selected using pointing gestures. 

�  Continuous values can also be exploited, for example when using physical captors, like 
an eye tracker that gives the instantaneous value of the 3D angle that the user is looking 
at. 

Touch 

By analogy with the human hand, we can encompass within the “ tactile”  sense the following 
kinds of information: 

�  Pressure level 

�  Temperature level 

�  Recognition of surface textures 
Therefore, every device that exploits one of these kinds of information can be classified as 
tactile. In our view, this includes keyboards, pressure and temperature captors, mice, haptic 
devices etc. From this point of view, tactile senses are already largely exploited by traditional 
user interfaces. They are used for example to: 

�  Input some text in natural language with some keyboard. 

�  Draw some diagrams on a touch-screen. 

�  Analyze and interpret 2D gestures realized with an electronic pen on a touch-screen, such 
as scribbling, circling some important item etc. The meaning of such interaction gestures 
differs from the meaning of drawings as mentioned previously. 

�  Press a button. This also differs from item selection using sight, where physical pressure 
information is not exploited at all, but the computer uses a camera to “ recognize”  a 
pointing gesture and estimate the position of the hand. 

�  Capture some analogical information from a temperature captor for example. 
 

Note that to the best of our knowledge, state-of-the-art HCI systems do not yet use surface 
textures as an input modality. Although sight and touch can be exploited from many 
perspectives, speech is the Grail of advanced interfaces for several reasons: 

�  It carries text, on which our languages are based and languages are the most 
accomplished ways of communication between humans, because of their tremendous 
capability to transmit complex information compared to other modalities. 

�  It is the fastest solution to transfer complex sentences and ideas. 

�  It is the most natural modality of interaction between humans, and historically the first 
one. 

This is why speech interactions will be mainly exploited and applied in SOPRANO but we 
will also investigate to combine modalities. Combining modalities for user interactions can 
serve several purposes: 

�  Disambiguate the user’s inputs: for example, speech recognition and lip-reading using 
cameras can be combined to improve the accuracy of speech recognition. More 
generally, Oviatt showed that 80 % error avoidance could be achieved via mutual 
disambiguation across media. 

�  Accommodate a wider range of users than traditional interfaces: multimodal interfaces 
especially provide a clear added-value for disabled and handicapped people, but also for 
specific categories of people. 
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�  Capture and merge different kinds of information that might be important to interpret and 
understand the user’s inputs. For example, speech recognition can be combined with 
facial expression recognition in order to label the text stream with meta-data such as 
sentence types (questions, orders etc.), dialog acts, emotions etc. 

�  Improve the naturalness of ambient intelligence user interactions, as real communication 
between people naturally exploits several modalities. 

�  Improve the effectiveness and quality of the way information and feedbacks are 
presented for the user, for example with an “emotional”  talking head. 

Most person-to-person interactions are implicit. For example, looking at someone else may 
have different meanings depending on the context and “shared knowledge”. This notion of 
“shared knowledge” is central to any communication between two entities. It includes a 
common language and many notions that are shared by the participants. Implicit interactions 
heavily rely on this shared knowledge, which shall be trained automatically or defined 
manually in every ambient intelligence system. It can be as simple as a garage door that 
“knows” it should open when the user’s car is approaching, or as complex as the implicit 
meaning of someone’s look. Ideally, this common knowledge shall include all the concepts 
of our human world and history, but our state-of-the-art technology can only handle for now 
very restricted concepts constrained to a specific application domain. An interesting 
perspective of ambient intelligence user interactions consists of automatically training such a 
common knowledge by observing our world and how we (humans) interact with it and 
between us. 

Many experimental platforms and systems have been developed over the past few years that 
include some form of multimodal interaction. Most of them use speech input combined with 
pointing gestures such as the SmartKOM system26 that develops speech and pointing with 
hands in augmented reality and the MIAMM project27 that develops a portable device that 
merges speech recognition and haptic interactions for a music selection application. 

The Multimodal Interaction working group of the W3C has been created in 2002, with the 
objective of “extending the Web to allow users to dynamically select the most appropriate 
mode of interaction for their current needs” . This group has focused on the use cases and 
interaction requirements, and is working on an extensible multi-modal annotations (EMMA) 
language and on the definition of a multimodal architecture. 

2.3.2. Research efforts on the field 

There are various running RTD projects in the EU level that deal with Assistive 
Technologies in the general sense. From a quite long list, we have selected projects from the 
areas of eInclusion, eAgeing and eAccessibility that use and exploit the technologies that we 
are interested. In this subsection, we outline the objectives of those projects and highlight 
their efforts in this field. In the next section we try to correlate the relevant activities of those 
projects with SOPRANO.  

I2HOME (Intuitive interaction for everyone with home appliances based on industry 
standards): I2HOME will focus on the use of home appliances by persons with cognitive 
disabilities and older persons. At the same time we will take care that the developed and 
standardized access strategies will be applicable to domains beyond the home. In I2HOME, 
we will build upon a new series of industry standards (ANSI/INCITS 389ff) for interfacing 
networked appliances by means of a Universal Remote Console (URC). We will use an 
architecture with a Universal Control Hub (UCH) as core component that communicates to 
networked (off-the-shelf) home appliances and consumer electronics devices through 

                                                      
26 http://www.smartkom.org 
27 http://www.miamm.org 
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industry networking protocols. The UCH will provide intelligent and adaptable interfaces 
that are particularly targeted to persons with cognitive disabilities and older persons. The user 
interfaces will be designed according to the results of a broad requirements analysis and will 
include multi-modal communication and activity management. In an incremental process, we 
will conduct large evaluations of the project intermediate results in controlled laboratory 
environments as well as in day-care centres. 

MonAMI (Mainstreaming on Ambient Intelligence): Previous European projects have 
shown that technological augmentation of the living space can help alleviate the problems of 
daily living, increase quality of life and reduce the need for institutional and other care. The 
proposed project builds on these results and aims to move such services from the laboratory 
and small-scale demonstrators to the status of mainstream technology. The project focuses 
on: 1. capitalizing on Ambient Intelligence (AmI) technologies to ensure that the services can 
be used without behavioural change, 2. building on top of mainstream devices and services 
such as TV based internet, nomadic devices, etc., 3. doing initial experimentation in 
Feasibility and Usability centres and subsequent large-scale validation in Validation centres 
in five countries, 4. addressing economic viability and long term sustainability of such 
services in large communities in different Member States. MonAMI will select bouquets of 
services in the areas of comfort applications, communication/information, health, safety and 
security. It will build, test and deploy these services and demonstrate that they can be 
economically brought through the future mainstream ambient intelligence technologies. 
MonAMI will focus on services, platforms and usability: The technology platform will be 
derived from mainstream technology. Usability requirements will be identified, an evaluation 
methodology will be selected and usability analyses will be carried out. 

ASK-IT (Ambient Intelligence System of Agents for Knowledge-based and Integrated 
Services for  Mobility Impaired users): Mobility Impaired (Ml) people have a wide variety 
of functional limitations, from different types of physical impairments to activity limitations. 
ICT systems following the "design for all" and adequate content are required, so as to take 
advantage of both internet and mobile-based services. ASK-IT integrated project aims to 
establish Ambient Intelligence (Ami) in semantic wed enabled services, to support and 
promote the mobility of the Mobility Impaired people, enabling the provision of 
personalised, self-configurable, intuitive and context-related applications and services and 
facilitating knowledge and content organisation and processing.  

MAPPED (Mobilisation and Accessibility Planning for People with Disabilities)  

The MAPPED project aims to provide disabled users with the ability to plan excursions from 
any point to any other point, at any time, using public transport, their own vehicle, walking, 
or using a wheelchair, taking into consideration all their accessibility needs. In addition to 
this, MAPPED aims to provide the users with location-based services tailored to their 
accessibility needs.  

MAPPED is clustered with ASK-IT (Ambient Intelligence System of Agents for Knowledge-
based and Integrated services for Mobility Impaired Users) – see above. 

Many disabled users are prevented from accessing functionally and socially important 
activities such as shopping, visiting public parks, theatres etc. because of a lack of real-time 
accessibility knowledge. Currently the simplest of excursions can involve military scale 
planning to ensure that the planned journey is feasible. MAPPED will develop an intelligent 
system that will empower persons with disabilities to play a full role in society and to 
increase their autonomy. To meet these goals MAPPED will incorporate:  

�  a multi-modal route planner that allows for disability specific routing information 
and reservation of accessibility services 

�  geographically indexed accessibility information 
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�  disabled friendly mobile user interfaces 

 

AMIGO (Ambient Intelligence for  the networked home environment): The Amigo 
project will focus on the usability of a networked home system by developing open, 
standardized, interoperable middleware. The developed middleware will guarantee automatic 
dynamic configuration of the devices and services within this home system by addressing 
autonomy and composability aspects. The second focus of the Amigo project will be on 
improving the end-user attractiveness of a networked home system by developing 
interoperable intelligent user services and application prototypes. The Amigo project will 
further support interoperability between equipment and services within the networked home 
environment by using standard technology when possible and by making the basic 
middleware (components and infrastructure) and intelligent user services available as open 
source software together with architectural rules for everyone to use. The Amigo project is a 
huge step towards general introduction of the networked home and towards Ambient 
Intelligence by solving the main technological issues that endanger the usability of a 
networked home system, as well as creating clear end-user benefits by introducing intelligent 
user services and attractive prototype applications. 

DIVINES: The goal of DIVINES is to develop some new knowledge towards renewed 
feature extraction and modelling techniques that would have better capacities, particularly in 
handling speech intrinsic variabilities. First, human and machine performance and the effect 
of intrinsic variabilities will be compared based on a diagnostic procedure. The outcomes of 
this analysis will then be exploited to target feature extraction, acoustic and lexical 
modelling. Compatibility with techniques dealing with noise and integration within current 
systems are also part of the objectives. The project is relevant to the "multimodal interfaces" 
objective as it concerns more accurate and adaptable recognition of spoken language. This is 
central to the concept of multimodal man-machine interaction where the speech 
understanding service is likely to remain an independent component in a modular design. 
Advances in this field could be decisive in realizing the vision of natural interactivity. 

Several SOPRANO partners are participated in the Association for the Advancement of 
Assistive Technology in Europe and will be able to close monitor the research activities of 
this Association as well as to participate in the research conferences that are organised. 

2.3.3. Relevance for SOPRANO 

As previously stated in this section we try to correlate the activities carried out in research 
projects in the field with SOPRANO 

 
Project Field Relevance with SOPRANO 

I2HOME Industry 
standards 

I2HOME will focus on the use of home appliances by persons 
with cognitive disabilities and older persons. In SOPRANO we 
intent to have home appliances “participate” in the user 
scenarios and to investigate how an old person can efficiently 
interact with such type of devices exploiting as much as possible 
their features. 

MonAMI AAL, Smart 
Homes, Portable 
Devices  

Besides other things MonAMI focuses on building on top of 
mainstream devices and services such as TV based internet, 
nomadic devices, etc. SOPRANO is also doing research on the 
same issues focusing on usability aspects of the portable 
devices or handsets 

ASK-IT Portable Devices, 
AAL 

ASK-IT aims to establish Ambient Intelligence (Ami) to support 
and promote the mobility of the Mobility Impaired people. In the 
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terms of ASK-IT various portable devices will be investigated 
and can be upgraded to support the mobility of disabled people 
mainly outside home but also inside home. In those fields the 
outcomes of this project will be investigated by SOPRANO and 
possibly exploited. 

AMIGO Speech 
Technologies, 
Smart homes, 
networking 
issues, 
multimodal 
interaction 

Amigo project is focusing on the usability of a networked home 
system by developing open, standardized, interoperable 
middleware. AMIGO is very relevant with SOPRANO in various 
technologies including speech technologies  

DIVINES Speech 
Technologies – 
Multimodal 
Interaction 

DIVINES project deals with multimodal man-machine interaction 
where the speech understanding service is likely to remain an 
independent component in a modular design. DIVINES is an 
option for SOPRANO, which can use the results of this project 
and try to adapt them to the needs of the elderly 

Table 1: Overview of the Projects 

2.3.4. Market Study (Existing systems using this technology) 

As stated in the previous paragraphs from the Assistive Technologies we are focusing on the 
Speech Technologies for which we present below several types of existing systems in the 
market.  

Interactive Voice Response (IVR) Systems: are used to create and manage services such as 
telephone banking, order placement, caller identification and routing, balance inquiry, and 
airline ticket booking. Voice mail systems are different from IVR systems in that they are a 
one-way communication tool (the caller leaves a message), whereas IVR systems attempt 
two-way interaction with the caller. Automatic call distributor (ACD) systems are often the 
first point of contact when calling many larger businesses, and can be used in place of more 
expensive IVR systems. IVR systems are generally used at the front end of call centres to 
identify which service the caller wants and to extract numeric information such as account 
numbers and to provide answers to simple questions such as account balances or pre-
recorded information. Account numbers from the IVR system are often compared to caller ID 
data for security reasons and additional IVR responses are required if the caller ID data does 
not match the account record. IVR systems can also recognize the caller©s simple spoken 
answer such as "yes", "no", or a number as a valid response to the voice prompt. 

Speech to Text and Text to speech applications: Those have been implemented to augment 
the capabilities office applications capabilities such MS Word or facilitate secretarial work. 
The second category “Text to speech” has been also widely used in the movie industry or 
support people with disabilities. 

Voice Command Recognition device and products: are device controlled by means of the 
human voice. By removing the need to use buttons, dials and switches, consumers can easily 
operate appliances with their hands full or while doing other tasks. The first examples in 
home appliances are washing machines that allow consumers to operate washing controls 
through vocal commands, and mobile phones with voice-activated dialling. Newer VCDs are 
speaker-independent, so they can respond to multiple voices, regardless of accent or dialectal 
influences. They are also capable of responding to several commands at once, separating 
vocal messages and providing appropriate feedback, accurately imitating a natural 
conversation. They can understand around 50 different commands and retain up to 2 minutes 
of vocal messages. Market examples of these products are: 
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�  Microsoft Voice Command is an application which can control the Windows or 
Windows Mobile devices by voice. 

�  COMAND: The COckpit Management and Navigation Device acts as a “command 
centre” for all audio, telematic and telecommunications functions. Depending on vehicle 
specification, functions like the radio, CD player, DVD player, navigation system with 
dynamic routing, and amplifiers are all integrated in the COMAND system. A high-
performance processor controls the system and manages the various programmes. If 
requested by the customer, the CD changer, sound system, TV receiver, telephone and 
Linguatronic voice control system can also be linked up to COMAND. The latest 
generation of the COMAND system used in the Mercedes-Benz S-Class boasts a large 
colour TFT screen in 16:9 (widescreen) formats, and uses a multidirectional wheel - 
located in the centre console - to navigate and use the numerous menus and functions. 
The system allows the control of a huge number of features, from seat bolster inflation to 
the satellite navigation. The COMAND APS system includes a navigation computer with 
a second DVD player in the boot. With the Mercedes-Benz COMAND APS system, for 
instance, the car radio can act in concert with the telephone to establish contact with a 
service provider that will transmit digital traffic-jam warnings to the navigation system 
via SMS and recommend a detour if necessary. 

Automatic Translation tools: help translators of all levels to understand different contexts 
in which words are used, and how this can impact on their translation into foreign languages. 
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2.4. Smart Homes 

2.4.1. Introduction 

Definition 

Improving the quality of life for the strongly increasing number of older people is becoming 
a more and more essential task for today’s European societies One way to improve the 
quality of life is by making the home environment a more comfortable place to live in by 
turning it into a smart home environment.  

The terms smart homes, intelligent homes, home networking have been used for more than a 
decade to introduce the concept of networking devices and equipment in the house. 
According to the Smart Homes Association the best definition of smart home technology is: 
the integration of technology and services through home networking for a better quality of 
living. 

Other terms that are related to smart homes are aware house, changeable home, attentive 
house and ambient intelligence. These terms are used to emphasise that the home 
environment should be able to respond and modify itself continuously according to its 
diverse residents and their changeable needs. With regard to the home environment there is a 
growing amount of digital equipment present in the home to support the residents. This 
doesn’ t mean that there are always the high-tech solutions that are present in the homes but 
also existing low-key technological devices which are readily available can make a 
contribution. In this sense smart homes are considered to be a first step in the process of 
creating a sensitive, adaptive and responsive home environment.  

From a user perspective it is important to realise that residents consider their home to be a 
safe and comfortable place to live in. Sometimes technology is seen as an intruder in their 
safe environment, residents are afraid to lose control over their home. Some people even fear 
the use of technology in their home. So technology and the home environment are not 
naturally a perfect fit. With respect to smart home technology for elderly and disabled people 
another aspect is important. Some solutions are implemented to reduce the need to do things 
but it is also important to implement solutions that increase the participation of the resident in 
an activity. The goal of equipping the home environment with technology isn’ t just to 
automate all the tasks that are carried out by the residents. The objective in design is to 
provide tools and services that empower and enable people themselves to address their social, 
rational, and emotional needs. Equality, autonomy, and control are the goals of empowering 
design. 

Furthermore technology is not the solution to create a perfect home environment but has the 
ability to make a useful contribution. The environment as a whole, including for instance 
social contacts and location of the home, is responsible for the overall satisfaction of the 
residents. 

Hierarchical classes of smart homes 

During the past years as a result of technical developments the possibilities of smart 
environments have risen tremendously. This increase in possibilities is physically visible in 
different types of realised smart homes. In order to classify smart homes, a functional 
perspective can be used. Since smart home technology is changing rapidly the functional 
perspective provides a better framework than a technological point of view.  
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With a focus on the functionality available to the user Aldrich proposes five hierarchical 
classes of smart homes [Aldrich, 2003]: 

�  Homes which contain intelligent objects – homes contain single, stand-alone applications 
and objects which function in an intelligent manner. 

�  Homes which contain intelligent, communicating objects – homes contain appliances and 
objects which function intelligently in their own right and which also exchange 
information between one another to increase functionality. 

�  Connected homes – homes have internal and external networks, allowing interactive and 
remote control of systems, as well as access to services and information, both within and 
beyond the home. 

�  Learning homes – patterns of activity in the homes are recorded and the accumulated 
data are used to anticipate users’  needs and to control the technology accordingly. 

�  Attentive homes – the activity and location of people and objects within the homes are 
constantly registered, and this information is used to control technology in anticipation of 
the occupants’  needs. 

 
Since broadband is becoming more widespread, available smart homes are shifting within the 
hierarchy from homes which contain intelligent, communicating objects to connected homes. 
Learning and attentive homes do exist but only in demonstration settings. The technology 
used in those homes is in most instances still experimental. From the viewpoint that a home 
should make a substantial contribution to the quality of life, the home should at least be 
qualified as a connected home. For the delivery of services to the home, a connection to an 
external network is essential. This opinion is also expressed by CENELEC, the European 
Committee for Electrotechnical Standardisation. Within the eEurope context they have 
defined a working model of the Smart Home environment, with its three separable interest 
areas as follows [Tronnier, 2003]: 

�  The Smart House/Home and its in-house networks and applications, i.e. the clients; 

�  The access point to the Smart House, often referred to as residential gateway; 

�  Provision of services in a standardized way to the Smart House and related access 
networks. 

Smart home technology 

The use of stand-alone equipment for helping people carry out everyday activities – assistive 
technology – is widespread (Barlow, Bayer & Curry, 2003). By integrating stand-alone 
equipment into systems, the possibility to create a far more customized and integrated 
approach to healthcare increases but with it also the complexity of the system. 

As computer-based systems and artefacts penetrate more and more into people’s everyday 
lives and homes, the ‘design problem’  is not so much concerned with the creation of new 
technical artefacts as it is with their effective and dependable configuration and integration. 

Smart home technology is the integration of technology and services through home 
networking for a better quality of living. At the moment smart home technology is shifting 
from being purely concerned with the integration of electrical equipment within the home to 
a broader perspective, which also includes ICT functionalities. This is visible in the home 
environment (Figure 11) in terms of different networks for work & productivity, 
entertainment, communication and information and home automation that are merging and 
connected to the outside world by a residential gateway(s) [Junestrand, 2004]. 
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Figure 11: Schematic model of a technical structure of a smart home [Junestrand, 2004] 

The value of the home network does not depend on one single system but on the way the 
different systems are connected to each other and supplement each other. Furthermore the 
process is not static but the preferences and desires can change over time. 

The development of smart home technology during the past years is best described by using a 
model consisting of three layers: 

�  Network layer 

�  Platform layer 

�  User layer 
The network refers to the familiar cables which we already have to a large extent, both inside 
and outside the house: telephone cable, TV cable and the power supply network. It also refers 
to the extra infrastructure which in most cases does not exist yet: computer cables and lower 
voltage cables. It refers to infrared (IR) and radio frequent communication (RF).  

Products of traditional suppliers contain a protocol, which allows communication between 
the products, remote control and central control by the resident. Ideally, all products of the 
different manufacturers can communicate via the same protocol. In practice, this is however 
not the case.  

A homebus is a physical wire, a special low voltage cable, which is used to transfer signals 
within the house via a certain protocol. Generally, two types of homebus systems can be 
distinguished: the systems with fixed, built-in intelligence and the systems which can be 
programmed via a PC. Next to the homebus systems there are the powerline systems and the 
RF systems to transfer signals within the home. From the powerline systems, the X10 is the 
oldest one. Improvements on this protocol resulted in the so-called A10 system, which has a 
growing popularity for use in both newly built and existing houses, because of its low 
pricing. Recently, various RF-systems are coming on the market, making installation of 
smart technology in existing dwellings easier.  

All media are different in their properties and have both, advantages and disadvantages. The 
right selection is also a question of cost. As a general rule, more data speed means higher 
costs. However, the demand of bandwidth or bit rate strongly depends on the application. In 
general, for control data transmission, a bit rate of some kbps is sufficient. This holds for the 
most of the smart home components (sensors, actuators, control and visualization units). 
However, for telecommunication purposes (above all video communication), the bit rate 
increases to the Megabit range.  
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At the moment, the following standards are most relevant: 

�  KNX is a new standard resulting from an amalgamation of three European bus standards, 
with EIB being one of them. KNX is expected to replace EIB in the near future. KNX 
fully complies with the EN 50090 series, the European Standard for Home and Building 
Electronic Systems. 

�  LON (Local Operating Network) is a proprietary standard, used for energy-control, 
steering machinery and access control systems in industry and larger buildings. The 
standard is mostly known for powerline signalling, but also supports signal cables, 
coaxial cables, radio and fibre optical transmission.  

�  X10 is a standard for powerline signalling, widely used for management of domestic 
electrical commodities, like lamps and radiators. It is also used in environmental control 
systems in single houses. The protocol has small range of commands, limited to start and 
stop.  

�  BACnet is a standard developed in the USA for the control of functions in larger 
buildings, but has so far not been observed in European smart homes. BACnet is 
supposed to easily communicate with the EIB. 

�  Internet Protocol (IP) is not used as a bus system, but is relevant for communicating in 
and out of local networks during re-programming and maintenance. IP is also becoming 
more and more important for communication within the local network. 

This list shows that there is not just one standard for smart home technology, but there are 
several. Standardization is however an important issue for the success of smart home 
technology. The end user, housing operator and real estate management should have the 
freedom to choose the applications and services they want to use and should not be forced to 
buy products from one specific supplier. They also should have the possibility to expand the 
system with little effort. In that way the end user can always adjust the home to their specific 
wishes and the housing operator and real estate management have homes that have a good 
market value for a long period of time. According to CENELEC interoperability must be 
addressed at different levels such as terminal devices, content delivery and presentation 
across different platforms. Furthermore standardization agreements do not restrict 
competition, if the standards are adopted by recognized standards organizations, which work 
according to open, non-discriminatory and transparent procedures.  

In this context two initiatives are worth mentioning here. The first is the KNX standard. An 
important aspect of this standard is that it supports different media types. Owing to the 4 
different supported media types in the KNX Standard, installers can use the media best suited 
for the transport of KNX messages (e.g. Twisted Pair in new installations, Power Line or 
Radio Frequency in renovations or retrofit). KNX messages can also be transported inside IP 
messages: KNX and Internet can in this way be linked.28 

The second initiative is the Smart House Code of Practice developed by CENELEC 
[Pattenden, 2005]. This code is a document that provides a “ system designer”  working to 
implement a Smart House (to be used as dwelling and as a home office) with a source of 
information on sensible and pragmatic guidelines for the design, installation and maintenance 
of Smart House systems and the services and applications provided. It is recognized that 
providers and installers must work within diverse regulatory environments and must be free 
to make choices appropriate to their business objectives (which in relation to this document 
focus on meeting the needs of domestic and small-office users, not large-scale commercial 
premises). Therefore, standards should be considered as enablers and leave prescriptive 
aspects to local regulation. The aim is to provide a useful reference document to ensure that 
the user may exploit the benefits of a consistent system architecture by utilizing European 
and International Standards and other generally accepted specifications in the design of the 
Smart House system. This code of practice delivers a route to investment synergies, 

                                                      
28 www.konnex.org 
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flexibility of services and useful and usable applications that satisfy the individual 
consumer’s needs and requirements. 

But for now and the near future, an optimum solution is a hybrid network, consisting of 
Power Line as well as other cables (if already existing) and wireless components (WLAN).  

A major problem with smart home design is the integration and interaction among 
heterogeneous subsystems, which may probably not be designed to interact with each other. 
Assistive technologies are very heterogeneous when attending needs due to individual and 
temporal variations. Moreover, devices are usually designed by different manufacturers using 
different technologies for heterogeneous applications. The Design-for-All concept considers 
the lack of simplification usually made when considering a standard user. At the same time, 
this lack of standardization and individual diversity and variability increases heterogeneity in 
subsystem development, both in terms of applications and services, in a kind of vicious 
circle. The result may be called "islands of functionality": solutions adapted to specific users 
in particular environments. 

A smart home should be able to support the interaction of heterogeneous devices, networks, 
services and applications.  

First, there is a need to interact at the internetworking level. At this level, the necessary 
mobility of the user implies that interconnectivity cannot be guaranteed at all times so 
communications should be asynchronous. Clients asking for a service and devices offering it 
may not be connected at the same time. Therefore, the communication paradigm should be 
connectionless (vs. connection oriented), well suited for intermittent connections. In smart 
homes, if a backbone fixed infrastructure is available then a Nomadic system may be better 
than an ad hoc system: mobile devices connected through wireless links to a fixed wired 
network. For instance the backbone network may be based on the IP protocol, a robust and 
contrasted solution, which has demonstrated its success in the interconnection of 
heterogeneous devices (a good example is the Internet). Most devices can be connected 
through this IP network while secondary, maybe simpler, devices (e.g. sensors) may be 
connected using non-IP communications. In this case a gateway is used to interconnect IP 
and non-IP sub-networks. This solution permits environmental control in a remote mode via 
a web page as well as direct Internet access in home automation through residential 
gateways. 

Second, interoperability should include dynamic service discovering (periodically or 
triggered by determined events), service description (including actions that may be 
performed, properties that may be useful), and service control (actions and modifications of 
state or attributes of a service in a sub-network from another device connected to a different 
sub-network). Services and information from a given subsystem should be described using 
common languages and media formats to be accessible to other subsystems. Interaction 
between context-aware subsystems requires common context representations that are 
independent of the applications. But it is not just a simple problem of using a common 
format. Further issues are how this context information is interchanged among subsystems, 
how services are discovered or offered, and how they are integrated in user interfaces. A 
number of available architectures can support these functions: HAVi, Jini, UPnP (Universal 
Plug and Play). 

This interaction is usually a syntactic interaction, without considering the “meaning” of 
discovered and shared services. However, in the future a higher level of semantic interactions 
may be possible allowing services to be pre-selected to offer adapted assistive services to the 
right people or to adapt or empower the functionality of existing applications according to 
new services (cf. Section 2.6 on Semantic Metamodels). New applications may become 
available based on the new services.  
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A typical example of this interaction could be a sensor network monitoring physiological 
parameters (heart rate, blood pressure, sugar level). Some of the sensors may be body-worn, 
using a low-rate WPAN like 802.15.4. Others, may be integrated into the surroundings 
(chair, bed, building), probably connected through a backbone network like EIB or a WLAN 
like 802.11g. One of the body sensors may act as a bridge to the ambient sensor network, 
providing interconnectivity at the network level. But additionally, these devices may 
interoperate themselves at a higher level. As an example, in a health monitoring application 
alarms or drug doses may be adapted using information from the ambient sensors, for 
instance inferring the user activity state (e.g. driving, sleeping, exercising, or talking to 
someone). 

Wireless technologies have clear advantages and drawbacks when applied to the smart home 
environment. Among the advantages, flexibility and easy installation are clearly important 
characteristics in this type of networks. Among the drawbacks, clearly safety and security 
can’ t reach the levels which can be obtained with wired networks, deterministic response 
times are not possible and RF emissions might cause some user concern.  

Research investigating spread spectrum techniques in the 2.4 GHz range which allow a 
protected transmission to solve the security problem are being conducted [Fellbaum, 1999 
and van Berlo, 1999]. They are robust against sinus- and noise-like disturbance sources and 
wall reflections and they avoid crosstalk effects between the different RF channels. There is 
only a serious problem if a microwave oven is used. This device produces a wide band 
disturbance signal which can easily blot out the control and communication signals, even if 
the oven is carefully shielded.  

However, it is clear that, in many cases the advantages overcome the drawbacks and wireless 
network become the most feasible alternative for home automation.  

Originally wireless smart home networks were based on protocols specifically designed for 
this purpose but currently, due to the huge penetration of computer and telecom wireless 
networks; this is not always the case. To be more specific, three different network families 
are currently used to support smart homes: 

�  Traditional RF Home automation networks: These are usually based on relatively low 
frequency carriers and modulation techniques are usually quite basic, thus available 
bandwidth is usually very small (a few kbits/s or lower). Examples of these protocols 
include X10 over RF (at 200MHz) or KNX over RF (at 868MHz). Many proprietary 
networks based on RF remote control frequencies (433MHz) are also widely used 

�  Wideband RF protocols: These protocols were originally designed for computer 
networks and provide relatively high bandwidth (currently up to hundreds of Mbits/s). 
They usually operate at 2.4 GHz or 5 GHz. Currently the most popular among these type 
of networks is the WiFi family (IEEE 802.11a/b/g). These networks are very useful for 
relatively complex devices but for simple devices, the costs per node and especially 
power consumption rule them out 

�  Generic Low power networks: These networks have been designed very specifically for 
mobile device and optimized for low power usage. Bluetooth is currently the most 
widely used but its protocols are relatively complex and its power requirements are not 
suitable for devices that have to run on a small battery for years (or get the power 
somehow from the environment). Zigbee is a new type of very low power, low 
complexity network with some built in localisation capabilities that seems to be very 
promising for smart home applications. 

Probably in the near future most smart home networks will be based on a mix of WiFi and 
low power networks interoperating possibly with some wired segments as well.  



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 58 of 207  
 

Within the field of smart home technology products and services play an important role in 
creating benefits for users. In general products and services can be divided into six 
categories: 

�  Comfort 

�  Energy management 

�  Multimedia and entertainment 

�  Healthcare 

�  Security and Safety 

�  Communication 
 

The division is not strict, the different categories overlap. Mostly people don’ t choose just 
one category but several. The different categories strengthen each other leading to the fact 
that overall functionality of several categories combined is more than the sum of 
functionality of the independent categories.  

2.4.2. Research efforts 

Developments in the field of smart homes are not an isolated case. First of all the 
developments take place within the society and are influenced by trends within that society. 
Furthermore in order to create added value the focus should be on the smart home 
environment instead of only on the used technology. Thirdly creating smart environments to 
support elderly and disabled persons has enormous potential. To live up fully to the 
expectations is however a complex process which involves various stakeholders. 

“ There is a technology race for smaller, cheaper and faster processors, for terabit memories, 
and ever greater communication bandwidths. At the same time, advances in sensor 
technologies, microsystems, displays and software, are paving the way for new systems and 
applications characterized by intuitive, flexible and more autonomous behaviour. 
Breakthroughs are also expected by pursuing ICT research in combination with other 
disciplines, for example those related to new materials, bio- and life sciences and from the 
knowledge base of the cognitive, biological and social sciences”  [ISTAG, 2006]. 

These new technologies will become part of the environment in which people fulfil their 
tasks and in which people live. User interfaces will disappear and interaction will be with a 
federation of devices like sensors, actuators and microcomputers. The communication in 
these intelligent surroundings will be based on conversational interaction technologies such 
as speech, gesture and emotions. In such an environment human-computer interaction will be 
transformed into human-computer co-operation. In this sense Weiser’s vision of “Machines 
that fit the human environment instead of forcing humans to enter theirs will make using a 
computer as refreshing as a walk in the woods” [Weiser, 1991] could become reality. 

All technological fields and options that meet the user needs and demand, or help to solve 
general Ambient Assisted Living challenges (cf. Section 2.2) are relevant for smart home 
technology. Nevertheless, fields of higher priority can be identified: 

�  New materials (e.g. polymer technologies) 

�  Micro- and nanoelectronics (nanocoatings, polymer actuators) 

�  Embedded systems (e.g. as in smart textiles) 

�  Micro System Technology, including biomicrotechnology (biochips, sensors to measure 
values like blood pressure, temperature, weight, respiration, urine output and to observe 
activity patterns nutrition, gait sleep) 
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�  Energy generation and control technologies (energy harvesting) 

�  Human Machine Interfaces (display technologies, natural language communication), cf. 
to Deliverable D1.1.1 for details on these technologies 

�  Communication (e.g. body area network), cf. Section 2.11 

�  Software, web & network technologies (e.g. tele-services) 

�  [Steg, Strese, Loroff, Hull & Schmidt, 2006] 
This list emphasizes again the complexity of the field of smart home technology. A lot of 
technological developments could create new possibilities for assisted living. It is a challenge 
to keep track of all the developments and to combine results from different technological 
fields into useful concepts. 

A serious problem of a lot of technology in the home environment is an adequate control of 
these systems. Let’s consider a person with some mobility problems, sitting in a chair in front 
of a TV set. Usually a remote control is available. A first idea could be to extend the number 
of keys of the remote control in order to add more control functions. However, with more 
keys the number of malfunctions will significantly increase and, especially with elderly 
people, the user acceptance will dramatically decrease. With a voice controlled system, 
virtually all control functions can be executed by voice, which also includes a voice output 
(with the aid of a small built-in loudspeaker), a visual component is however indispensable to 
remind the user about the functionality he is controlling. The right ‘mixture’  of audio and 
visual information, in other words, the ergonomics, has a strong influence on the acceptance 
by the user. So, there is still room for innovative research on human-technology interfaces in 
the area of smart homes. 

Demo smart houses 

It is the SOPRANO team’s strong belief that ambient intelligence, but also smart home 
technology in general, will not be widely accepted and used, unless users are deeply involved 
in the shaping of these technologies. Developers need to do more than just bring new 
technologies to users to ask them what they think. A novel two-way relationship needs to be 
established between those that develop new technologies and those that use them. Users 
should be integrated into the processes of R&D, and new product creation and introduction. 
Users should be part of the innovation process, a source of ideas, and not just a resource to 
evaluate ideas generated by professionals. An extremely useful research tool is the use of 
demonstration houses. In the following three European demonstration houses are briefly 
described. The third one, the so-called Smartest Home of The Netherlands, is available for 
use in SOPRANO. 

The inHaus project in Duisburg offers a networked living environment following an integral 
concept of product-oriented innovations and networked life. The facility offers areas of 
home, workshop, car and garden. The common goal is co-operative support of innovation, 
R&D, acceptance, and marketing for the intelligent home, through networking with partners 
about ideas, technologies, products, and activities. With a long-term contract, the project 
offers a: 

�  a living laboratory for testing, including the social and market research 

�  comprehensive centre for integration, research, testing, development 
In addition there is also a demonstration of intelligent living, which was set up with the goal 
of marketing smart-living products and services. The benefits of the project are results from 
market and technology acceptance research with respect to novel smart-living products, 
functions, and services. These results can then be developed in laboratories, and then later 
tested in the inHaus facility. A close feedback practice between the partners and activities 
provides the basis for an accurate and thoroughly analyzed evaluation of results. 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 60 of 207  
 

In Eindhoven, Philips has set up a special observation home, called HomeLab, in which 
multidisciplinary teams of researchers can try out technologies in realistic settings and 
observe people using ambient intelligence in normal home surroundings. HomeLab is part of 
a research effort addressing the practical implementation of ambient intelligence in ordinary 
homes. The aim is to identify the technical problems that have to be overcome, and what user 
objections need to be resolved. The Home is a two-story house with a living room, a kitchen, 
two bedrooms, a bathroom and a study. It looks like a normal family home; only the location 
of the home and the small black domes in the ceilings concealing cameras and microphones 
indicate that it is something different. 

The Lab, next door, has two observation rooms from which researchers can watch what is 
going on in the Home via two-way mirrors and video cameras. The main observation room 
looks on to the living room, while the other observation room, located upstairs, looks on to 
the bathroom, so that researchers can watch people shaving, drying their hair or cleaning 
their teeth. The two-way mirrors here can be turned into smart mirrors, which enable people 
to check the news, traffic position or even their weight. 

The Smartest House of The Netherlands (see Figure 12), built and exploited by the Smart 
Homes Association, is available for demonstration and testing/evaluating new products and 
smart home concepts to anybody since 2001. 

  

Figure 12: The Smartest House of the Netherlands 

It is a 160 m² show home, with lots of smart technology and home networks, in which 
families can also live for a while to experience new technologies in real life. It was built in 
accordance with the latest recommendations for construction of new houses, including barrier 
free housing. Using lasting materials, optimizing the atmosphere and using energy saving 
applications are considered to be smart as well. Above all, the house is flexible and can be 
disassembled, which makes it easy to move frequently to different locations within the 
Netherlands. The first location was chosen to be in Tilburg. During the calendar year 2007, 
the house is located in Amsterdam, its sixth location.  
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The Smartest House of the Netherlands is the successor of the earlier built ‘Model home for 
all Ages’ , which was exploited by the Smart Homes Association as a main information centre 
from 1994 until 2000. In the total period from 1994 to 2007, many older people (approx. 
25,000) and many professionals in building and care (approx. 20,000) have seen the benefits 
of smart houses. This has certainly contributed to the fact that the phenomenon of smart 
houses has become popular.  

Also in other European countries experiments with smart homes have been carried out. For 
example, in Sweden three projects were launched in order to test adequate technology 
solutions29 for older people. Another example is the Gloucester Smart House30 in the UK, 
demonstrating how this technology can assist people suffering from dementia in living 
independently. 

2.4.3. Interest Group DLNA 

The Digital Living Network Alliance (DLNA) was founded in June 2003 from the former 
Digital Home Working Group (DHWG). It is a cross-industry organization of leading 
consumer electronics (e.g. Sony, Pioneer, Philips), computing industry (e.g., Fujitsu, IBM, 
Intel, Hewlett-Packard) and mobile device (e.g., Nokia, Motorola) companies. Today DLNA 
has more than 260 member companies, amongst others also the SerCHo participants Alcatel 
and Siemens.  

The DLNA Vision 

In the near future, digital homes will contain one or more intelligent platforms, such as an 
advanced set-top box or network-attached storage server device. These intelligent platforms 
will manage and distribute rich digital content to devices such as TVs and wireless monitors 
from devices such as digital cameras, camcorders and multimedia mobile phones. In this 
connection also the SerCHo Platform, developed and implemented in our project, can be 
defined as such an intelligent platform installed in future home environments.  

The DLNA members share a vision of a wired and wireless interoperable network of 
Personal Computers (PC), Consumer Electronics (CE) and mobile devices in the home and 
on the road enabling a seamless environment for sharing and growing new digital media and 
content services. The devices in these three domains existing in the home today are (see also 
Figure 13):  

�  The PC Internet World where PC and PC peripherals communicate. 

�  The CE Broadcast World of set-top boxes and traditional consumer electronics. 

�  The Mobile World of multimedia mobile phones, personal digital assistants, MP3 
players, laptop computers and similar devices provides unparalleled connectivity and 
freedom of movement into and out of the home environment. 

                                                      
29 http://www.villasmartbo.se/ and  
http://www.lboro.ac.uk/research/esri/smarthomes/report/12-14.htm 
30 http://www.dementia-voice.org.uk/Projects/Projects_GloucesterProject.htm 
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Figure 13: DLNA vision on wired and wireless interoperable networks 

The DLNA Scope 

In order to deliver on digital interoperability in the home, DLNA has recently published a 
common set of industry design guidelines that allow vendors to participate in a growing 
marketplace, leading to more innovation, simplicity and value for consumers. The DLNA 
Interoperability Guidelines specify the interoperable building blocks that are available to 
build platforms and software infrastructure. They have focused on interoperability between 
networked entertainment and media devices for personal media uses involving imaging, 
audio and video.  
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Figure 14: DLNA Interoperability Guidelines 

Over time, as new technology and standards become available, the guidelines may broaden to 
additionally cover other areas, such as home control, communications and advanced 
entertainment scenarios. Phased development of the guidelines will take place by DLNA to 
enable new user scenarios as they become important to consumers.  

The DLNA Architecture 

As stated above, the digital home consists of a network of PC, CE and mobile devices that 
co-operate transparently, delivering simple, seamless interoperability that enhances and 
enriches user experiences. This is the communications and control backbone for the home 
network and is based on IP networking and UPnP™ and IETF technologies.  

Interoperability is accomplished between devices when they can collaborate transparently on 
a particular service that they provide to the user. Typically, this includes the ability of 
devices to communicate with each other and exchange meaningful information. The building 
blocks needed to facilitate this interoperability are described below.  

�  Transparent connectivity between devices inside the digital home: This includes 
networking compatibility at the link layer (layer 2) for devices directly connected to each 
other. When devices of different layer 2 technologies need to communicate, appropriate 
layer 2 bridging and layer 3 routing must exist between these devices. The overall goal is 
to enable end-to-end connectivity between all devices exchanging information over the 
home network. 

�  Unified approach for device discovery, configuration and control: Any device on the 
home network must be able to discover the presence of other devices and services on the 
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network and identify their function and associated capabilities. It also includes the ability 
to configure these devices and services, and control their operation with appropriate 
ease-of-use. 

�  Interoperable media formats and streaming protocols: Once devices can communicate 
with each other, they need to agree on a common streaming protocol in order to establish 
media streaming sessions. These devices also need to agree on the media formats that 
they support to ensure that the media can be shared, consumed and rendered. 

�  Interoperable media management and control: Interoperable media management across 
all devices in the digital home enables the proper exchange of media information and 
control between devices provided by different vendors. It must include the ability to 
organize, browse, search, and select media items to be processed, in addition to the 
ability to control the operation of media streaming sessions. 

�  Compatible quality of service mechanisms: Quality of Service (QoS) for networking is 
essential when transferring high-definition media streams in the digital home, 
particularly in the presence of best effort traffic. For this to work, vendors must agree on 
how to address QoS in the digital home. Devices must still interoperate, even if there are 
no QoS mechanisms implemented. 

�  Compatible authentication and authorization mechanisms for users and devices: A 
number of authentication and authorization mechanisms are being considered by device 
manufacturers and application developers to provide appropriate security for access and 
control. It is imperative to settle on compatible authentication and authorization 
mechanisms that enable devices to request and/or grant access to particular devices and 
services in the home. 

The DLNA Process 

DLNA realizes that a deep understanding of end users, their environment and current use of 
technology is critical to success. Equally important are a clear sense of the end users attitude 
to new capabilities and an understanding of the features that will ensure the quick uptake and 
diffusion of products into the market. Similar to the SerCHo project, DLNA decided to use 
the established approach of use cases to document this knowledge. Only after refining, 
documenting and prioritizing use cases and usage scenarios can the process of creating 
detailed technical guidelines based on recognized industry standards move forward.  

 

Figure 15: Guidelines Creation Process 
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DLNA Achievements 

A collaborative effort of cross-industry member companies, the DLNA Interoperability 
Guidelines were formed from prioritized consumer usage scenarios and open and established 
PC, CE and mobile industry standards.  

�  June 2004: Publication of the Home Networked Device Interoperability Guidelines just 
one year after DLNA was founded. 

�  January 2005: Release of the Optional Media Format Addendum Guidelines. With 
support for more media formats common to many PC, CE and mobile devices, the value 
of devices based on DLNA guidelines is increased. 

�  March 2006: Publication of the March, 2006 Home Networked Device Interoperability 
Guidelines adds significant functionality to the DLNA network. The introduction of 
mobile devices and printers allow information sharing among existing DLNA products 
and these new device categories. The capabilities of media servers and players are 
extended, and streaming of commercial content is allowed. 

�  DNLA Certified Products: Products designed to the DLNA Interoperability Guidelines 
are granted use of the DLNA CERTIFIED™ Logo after meeting all DLNA certification 
and testing requirements. The first DLNA CERTIFIED™ products are expected to be on 
retail shelves by Q1 2006 and will enable a better experience for consumers, building 
consumer confidence and adding value to the PC, CE and mobile markets. 

DLNA Security 

As listed in the “DLNA Architecture” subsection, one of the main security specific targets of 
DLNA is the specification of compatible authentication and authorization mechanisms for 
users and devices within the (extended) home environment. As DLNA is focused on 
interoperability between networked entertainment and media devices for personal media uses 
involving imaging, audio and video, another security related topic is the initialization of 
functions to support DRM (Digital Rights Management) for media content. Today, there are 
several DRM technologies available to device designers and content providers. One or more 
of these solutions will typically be provided on DLNA devices to protect, administer and 
distribute stored content as one component of content protection in the digital home. Other 
components of DRM that support additional user scenarios are being considered for 
development in the UPnP™ forum and elsewhere in the industry. 

2.4.4. Relevance for SOPRANO 

Smart homes in general are very relevant for SOPRANO. The current concepts of home 
automation in a classical sense have shown to be very useful to further extension in smart 
services for older people. SOPRANO technology will certainly make use of the current 
concepts of smart homes, while adding software packages and layers to make them much 
smarter than they are right now.  

But also experiences with the first generations of smart homes will be extremely valuable to 
develop new and other concepts of smart services and smart care solutions. Acceptance of 
technology by current and future generations of older people will be crucial. In that respect 
also, the current smart homes experiences are most relevant.  

In comparison to most other smart home projects carried out in the past few years 
SOPRANO is more focussed on modularity and feasibility to use the technology in practice. 
An important difference will also be the fact that services and technology modules can be 
chosen by the older residents themselves instead of by the housing corporations. The great 
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challenge is to be able to implement the developed solutions within the existing 
environments of the elderly. 

Some of the main problems within realised smart home projects lay within the lack of 
standards on communications and infrastructure within smart homes as well as the lack of 
knowledge and skills in the installation business. For SOPRANO it must be priority to keep 
systems simple to install and program, possibly with features as PnP and self installation. 
Moreover, the human-machine interaction is permanently underestimated, though this point 
is very important to earn the users trust in the system. 

When addressing the smart homes market, which is a very difficult one, it has to be kept in 
mind that the residents of the home are and must remain in control of their own homes. Over-
automation leads to unwanted situations and unpredictable failures which will not be 
tolerated by the residents. 

2.4.5. Market study (existing systems using this technology) 

In the Netherlands, the number of projects with smart home technology is strongly growing 
over the past few years. One of the important observations is that the discussion about the 
possibility of the use of smart home technology starts earlier in the design process than some 
years ago. This means not only that all involved parties have a better understanding of the 
impact of the technology, but also that a proper budget can be allocated and maintained.  

The main characteristics of the projects are that they have a fairly large amount of home 
automation, but that they are not ICT or web-based controlled. Most of the applications and 
services refer to independent, safe, secure and comfortable living of senior citizens. 
Evaluations have been carried out in many of the projects. The overall conclusion is that, 
despite some shortcomings in lay-out and human interfaces, there is an overall feeling of 
safety and security among the residents of the smart home projects. People feel protected 
with a guarantee of follow up if something happens. Those residents who still feel well and 
active do not want all applications to be active from the beginning. They are very satisfied 
with the options in the house in case they really need them. The subjective feeling of 
mastering one’s own life, without being dependent on the help of other persons, is an 
important aspect of smart home technology, to strengthen one’s self-respect and quality of 
life [van Berlo, 2002]. 

During the first, experimental, smart home projects in the Netherlands a list of 10 desired 
functionalities was composed after panel sessions and interviews with the future residents in 
Smart Homes’  demo house. During the evaluation of the experimental projects it was 
concluded that a lot of residents didn’ t want all of the applications installed in their home. 
Therefore in the following projects packages of applications were offered. For instance there 
was a package ‘Security’  and a package ‘Comfort’ . Residents could choose between the 
different packages and could also make combinations of packages. But still the desired 
functionalities are pre defined. Another approach is to divide applications and services within 
the smart home into categories by using the functionalities available to the residents as a 
basis. Making it clear to the residents in what area they can expect the benefits of the 
installed technology to occur.  

The results of conducted evaluations are that the following applications are most appreciated 
[Bierhoff et al, 2006] 

�  Security applications (burglary and fire) 

�  Health care applications (nurse call systems and measurement of inactivity) 

�  Automatic lighting 

�  Electrical sun blinds 
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�  Opening the door from a distance with a speech and visual connection 

�  The possibility the shut down several applications (for instance when going to sleep) 
with one single action. 

Because the overall goal is to achieve a better quality of life it is obviously important to 
ensure that the wishes and desires of the residents are met. Older persons and in many cases 
also elderly people on the minimum pension, have been the "test" group for starting 
demonstration projects with home automation in the Netherlands for the past years. They had 
clearly outspoken needs and wishes. A general comment of very old residents in particular 
was that moving into a new house with different functions, such as switching the house 
"on/off", automatic lights and an intruder alarm was extra difficult. They would have 
preferred a gradual introduction of the new functions after they were accustomed to the 
house. Another aspect of importance is that most residents want to keep the control over their 
house. They want to overrule automatic functions or alarms. It is also a fear that the house is 
not accessible or usable if the power supply should fail. Residents also try to create a fitting 
home environment by taking the matter into their own hands. 

Overall it appeared that some applications were too difficult for the residents to understand. 
There are two main reasons for the fact that not all residents are able to operate some 
applications. The first one is that the concept behind the applications is unclear. The second 
reason concerns the number of actions the resident has to perform in order to operate the 
system. The exceptions to the standard way of operating are also confusing.  

Only if residents feel they receive enough information about the technology and if the 
technology itself functions perfectly with any problems arising being easily fixed, the 
residents do have a positive attitude towards the technology and are willing to invest time 
and effort in learning to use the technology. If a positive attitude is present residents actually 
make use of the technology and after a few months they are fully familiar with the 
technology.  

The following list provides sub conclusions from individual evaluation studies in smart home 
projects in The Netherlands: 

Negative observations: 

�  No agreement on technical standards 

�  No agreement on flexible infrastructure 

�  Not enough skills in installation business 

�  Installers traditionally from electro technical mono discipline 

�  Consumer not aware of possibilities and opportunities 

�  Human – machine interaction permanently underestimated 

�  Basic control system relatively expensive 

�  Full networked and smart houses are still rare 

�  Major barriers for quick introduction are disagreement about internal infrastructure and 
failing awareness 

�  Market is technology driven, little user involvement 

�  Technology is expensive 

�  Implementation is stuck in the pilot phase 

�  There is no dominant network, too many standards 

�  There is a gap between research and actual implementation 

�  There is a lack of spreading knowledge 
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Neutral and positive observations: 

�  Current socio-economic and technological drivers will rise an enormous interest for 
home automation and electronic services within the next decades 

�  Wired or wireless is not the question: wireless will always demand new wire and a 
connected world will demand cable for external and internal infrastructure 

�  Ageing societies have big needs for home automation and electronic services, but kids 
introduce new electronic lifestyles 

�  It’ s important to develop solutions for existing homes 

�  Benefits are clear for disabled persons 

�  Entertainment is a good starting point on the market, people have an image of the 
possibilities 

�  Communication between all involved parties is essential 

�  Little practical solutions can have a major impact 

�  Simple user interface that is adjustable to specific user requirements 

�  Technical solutions should be inspiring and supporting not making decisions for the user. 
The overall conclusion of the evaluation of existing smart home projects is that despite the 
aforementioned shortcomings there is an overall feeling of safety and security among the 
residents of smart home projects. The subjective feeling of mastering one’s own life, without 
being dependent on the help of other persons, is an important aspect of smart home 
technology, strengthening a person’s self-respect and quality of life. 

Quantitative market figures about future installations are difficult to give. Particularly, the 
concept of smart homes is broad and many different applications and services could be 
included in a smart home. But, if rough estimations are to be given, one could envisage, 
based on experiences in the past 10 years in the Netherlands, that at least one third to half of 
all older people are really interested in smart home applications to various natures and 
numbers (cf. Figure 16). They would be particularly motivated if this would keep them out of 
residential care.  
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Figure 16: Opinions about living in a Smart Home. Source: JOSEPH ROWNTREE 
FOUNDATION 2000. Base: 1,000 households in the UK 
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2.5.  Architectural and Design Approaches 

2.5.1. Service Oriented Architecture (SOA) 

Service Oriented Architecture (SOA) is widely regarded as the software paradigm of the next 
decade. Service orientation allows easy integration of external functionality into an overall 
application in order to obtain systems with a larger and dynamic variety of functionality. This 
external functionality is provided as services whose internal logic, as well as the data used by 
the service provider, are hidden behind an interface. Service provider and service requestor 
only perform a loose coupling, i.e. their systems are not initially designed to fit together but 
adjusted during runtime by the service oriented middleware.  

The communication between both parties (service requestor and provider) is message-
oriented. E.g., in case of web services the messages are based on XML or more specifically 
SOAP, the exchange is done via the internet. Other service-oriented platforms (like OSGi, 
see Section 2.5.7) use different message format and transport protocols. 

Relevance for SOPRANO 

A central concept of service-oriented architectures is loose-coupling, which is also of great 
importance to the SOPRANO system. Loose coupling describes the fact that service 
requestor and service provider are not bound together in a pre-defined, strict fashion, but join 
together to form temporary alliances, i.e. the implementation of service and application (and 
especially their data models, programming languages, interfaces and invocation sequence) 
does not need to be harmonised before-hand. Rather, they have been developed separately 
and are connected during runtime by the service-oriented middleware. They communicate via 
the exchange of standardised messages.  

One advantage of loose-coupling is its likeness to a real-world market of services or 
products: In case a service is no longer available, performs badly or is not adequate in a 
certain situation, another service provider can be chosen without having to change the overall 
application. Thus, services should not be simple or highly specialised functions or methods 
that only provide value in a certain application or environment. Rather, services should be of 
common utility and be offered in a way that they can be used by different service requestors.  

Loose coupling can be achieved in two degrees: 

�  Static service binding. The coupling between service requestor and provider is arranged 
during the design time of the system. Typically an administrator determines the most 
suitable services (by changing configuration files, i.e. without changing the program 
code). In case of a change of the situation, the application is stopped, re-configured and 
re-started. Again, the human administrator has the task to look for appropriate service 
providers and bind them into the application. This kind of coupling can be used in 
situations where long-lasting agreements between service provider and requestor are 
necessary, e.g. in the area of inter-organizational business services. 

�  Dynamic service binding. The coupling between service requestor and service provider is 
defined during the run time of the system. In a context-aware system, this coupling is 
done on a case by case basis by seeking for an appropriate service that is suitable in that 
situation each time such kind of service shall be invoked. In such a system, the search 
and selection of an appropriate service cannot be performed by a human anymore but is 
done by a computer agent. This degree of service binding is useful if the selection of 
services has to be done in a highly context-aware manner (as in SOPRANO) or services 
providers enter and leave the system frequently.  
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In order to achieve a loose coupling between service requestor and service provider, a third 
party is necessary: the service repository. It manages a list of all currently available services. 
To keep the repository up to date, service providers have the task to announce newly offered 
services as well as services that are not available anymore. Service requestors have the 
possibility to search in the repository for services providing certain functionality. In order to 
do this automatically during run time, a common service description language is necessary 
that is used to describe the offered as well as the requested services and can be automatically 
and efficiently compared. The state-of-the-art for this are semantic service description 
languages that combine aspects of traditional service description languages like WSDL and 
Semantic Web technologies like ontologies, rules and reasoning. 

2.5.2. Service area networks and Service virtualisation 

SOA as we know it today is only the first step towards universal service-based architectures. 
One extension we have already mentioned is that towards the ‘physical world’  of sensors, 
actuators and various similar devices (SODA). Apart from extensions like SODA, SOA is 
bound to evolve in order to alleviate today’s limitations: 

It is only natural that SOA and event-driven architecture systems (EDA) will converge to 
some point (and in some maner), in order to make available event-driven services modelling, 
thus satisfying a greater part of an enterprise’s real requirements. SOA and EDA can be seen 
as complementary of each other, a marriage of sorts is therefore seen as beneficial. 

Even though the Enterprise service bus (ESB) is an architectural construct that reduces 
significantly the complexity of service interaction management, it does not reduce the 
reliance on specific service endpoints. Despite the modular SOA approach allowing 
independent development of parts of applications, building composite applications still 
requires a lot of effort to ensure that all services are interoperable. 

A service consumer is bound to be tied to one particular service provider at runtime, meaning 
that a service is always location-dependent and immobile. The move to a utility-computing 
environment where multiple heterogeneous devices are interconnected seamlessly, is 
hindered by the complexity of absorbing the differences between their interfaces and access 
mechanisms and abstracting them as services. 

The main concepts that need to be addressed in SOAs’  evolution are the service location 
independence and the service mobility. Both will result in moving away from specific service 
implementation and eventually defining a virtual network of services. This virtual network, 
where services are also virtual and effectively service consumers need to address the network 
with service requests is called a Service Area Network (SAN) and is seen as the evolution of 
the SOA architecture. 

In a SAN, services will be: 

�  network-attached 

�  called indirectly (service controller / indirection mechanism will apply). This mechanism 
is effectively how service virtualisation is achieved 

�  location – independent 

�  platform – independent from the requester 

�  capable of being executed in parallel instances 
The SAN style of SOA will enable development of service requests as simple calls to 
functions without the need of specifying service endpoints in the design. This effectively 
renders not only the services but also the consumer entities fully mobile (within areas of 
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service coverage). Analysts predict that it is highly probable that within the next 8 years, 
more than 50% of deployed Web services will operate within a Service Area Network. It is 
foreseen that this evolution will increase design and development productivity, it will reduce 
the cost of system changes and enable greater control of resources.  

Although this idea seems a bit radical for SOPRANO’s inside the home (thus centralized 
architecture) concepts of this can still be considered for the collaboration of heterogeneous 
devices, even within the home, over heterogeneous networking protocols. 

2.5.3. Service-Oriented Device Architecture (SODA) 

The abundance and variety of sensors, actuators and other ‘physical-world’  devices that one 
may need to integrate today in a distributed enterprise system or network, may offer 
unlimited access to all types of functionality and data sources, they do come however at a 
high price. The multitude of device interfaces, connections and protocols render device 
integration a very costly and complex task. To eliminate this complexity and cost, at least to 
the extent that this is feasible, an efficient middleware architecture approach needs to be 
adopted. 

The Service-Oriented Device Architecture (SODA, not to be confused with the Services-
Oriented Development of Applications) shows promise in being a suitable architectural 
approach. SODA is an adaptation of a service-oriented architecture – SOA – and aims at 
providing high-level abstractions of physical-world devices, rendering the ever-increasing 
number of interfaces and access methods transparent to system design & development and 
abstracting interaction between IT systems and physical world devices in a set of services. 

A SODA implementation will model any device as a service abstraction, by absorbing all 
interfacing peculiarities in a device adapter layer, thus allowing device data and functionality 
to be presented as SOA services over a network through a bus adapter.   
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Figure 17: SODA principle 

So any SODA implementation needs to include three main components: 

�  Device adapters that encapsulate all device particularities like interfaces, protocols and 
connections and present an abstract services model of the device on the other. This 
adaptation layer may also include any scenario-specific logic components that may be 
required by the particular implementation or system logic. 

�  The bus adapter  that moves device data over network protocols and maps the device’s 
abstract service model to the specific SOA binding mechanism used in the particular 
system. 

�  The device service registry, effectively the service publication and access mechanism 
used in the particular implementation to allow discovery and access of the device 
services. 

It will also need to satisfy a generic set of requirements, including but not limited to: 

�  use open standards wherever these are available 

�  support the implementation of a wide collection of device adapters 

�  support remote control and updating of all device adapter components 

�  adapting security mechanisms as required by the particular scenario/domain 
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�  implement an Enterprise Service Bus or equivalent messaging interface capable of 
supporting multiple streaming services (common in SOA systems) 

Relevance for SOPRANO 

This SODA approach is considered highly significant for the design of SOPRANO 
architecture. The early approach was that SOPRANO software components (SES) and 
SOPRANO Networked Devices (SND) are implemented by separate logic and services. 
Following SODA, and in perfect compliance with the OSGi framework, the software services 
and Device services can be implemented as elements of a common OSGi registry, which is 
accessible by the SOPRANO Ambient Middleware in a unified manner.  

2.5.4. Challenges and perspectives for next-generation distributed 
middleware 

Middleware is the key word in all future ditributed systems of the SOPRANO mould, as is 
also evident in the SODA architecture. Evidently, the SOPRANO project belongs to the new 
generation of pervasive/distributed computing systems, where an ever-increasing 
heterogeneous selection of (possibly mobile) devices are brought together and are meant to 
communicate and interoperate, evolving in an “ internet of things” where this myriad of 
devices will also be expected to communicate with various types of servers. 

These new distributed system infrastructures are characterised by heterogeneity, adaptability, 
spontaneity and of course their large scale, thus creating several new strong requirements and 
impacting greatly middleware design. 

The work of Bernard31 presents a very interesting starting point for researching the current 
status of this general area (from the middleware viewpoint), suggesting a set of challenges 
and requirements for the new systems, their software architectures and design approaches. 
We believe several directions can be drawn from this work, as it also concurs with our 
preliminary findings on early SOPRANO work. 

The general requirements for this new generation of systems, according to [Bernard] are: 

�  Loosely-coupled interaction mechanisms, between application and data sources 

�  Middleware needs to integrate quality of service management, in order to make 
applications and services independent of access mechanisms and best-effort networks 
like the internet 

�  Middleware needs to absorb all environmental changes or peculiarities (network 
characteristics like error rate, bandwidth, battery consumption etc.) to allow seamless 
mobility of consumer entities  

�  New means for addressing and naming, since future networks will include a variety of 
heterogeneous and all-new devices and components 

In terms of the interaction model needed, the synchronous client-server architecture seems 
inappropriate. Next-generation middleware will need to cater for a variety of interaction 
scenarios, thus having to bring together many interaction paradigms, like push/pull, 
publish/subscribe, shared memory, mobile code and peer-to-peer interaction, to name a few. 

[Bernard] confirms our findings and directions with regards to a new software architecture 
(as already described). First and foremost, [Bernard] suggests that integrating small devices 

                                                      
31 BERNARD, G. ‘Middleware for Next Generation Distributed Systems: Main Challenges and 
Perspectives’, Proceedings of the 17th International Conference on Database and Expert Systems 
Applications (DEXA ’06) 
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with limited resources into distributed environments will have to be based on customised 
middleware platforms, which of course will be based on frameworks and follow some 
general design principles. One such principle is that standard software layering will no longer 
be required as it is seen to be too rigid for the many forms of direct interaction required 
among middleware, application, user and device. Another, is the need for selective (as 
opposed to distribution) transparency features, because the system as a whole needs to adapt 
and react to changes in the environment, and it is necessary for different changes to be 
absorbed at different levels of the system (application/middleware/user levels of the system). 

Dynamic reconfiguration (also termed adaptability or self-organisation elsewhere in this 
document) is, as has already been described, a major challenge. Next generation middleware 
will need to address all system adaptation scenarios and issues like disconnected operation, 
dynamic resource and service supply variation (and therefore detection, composition and 
selection), ad hoc system organisation due to mobility and spontaneous forming of ad hoc 
agglomerations. 

Even though the work of Bernard is too generic to be of direct significance to SOPRANO, 
the taxonomy and analysis of the current and future situation (drawing its conclusions from 
the projects of the 6th framework program and similar resources) is of great value in setting 
the framework for this project. The individual nature of sensor systems is also analysed as 
part of the next generation of distributed systems taxonomy and the domain of sensor 
systems is characterised as ‘very complex, since it spans from electronics to applications’  and 
stress is put on the fact that middleware designers need to address this area with completely 
new solutions.  

2.5.5. Urban pervasive system design concepts 

When designing a new pervasive system, or even conceptualising base architecture for such a 
system, certain indirect factors need to be taken into consideration. In urban public spaces but 
even in one’s home, architectural spaces and other individuals create a mesh of external 
factors with which the pervasive system and the individual(s) in its centre interact. 

These concepts of architectural and information spaces, the barriers introduced by 
architecture and technology, and how these affect information flow and the notion of 
information ‘publicness’  have been analysed by, among others, [Kostakos et al.]. It is evident 
from this work that the interaction spaces created, affected and controlled by a pervasive 
system need to be key considerations in its design. The framework presented therein along 
with the pervasive system patterns of ‘ insulating technology’  (linking technology and 
architectural spaces) and ‘secrets-revealed’  (linking technology with information) allow 
system designers to be aware of all important aspects of the system and make appropriate 
design decisions. 

Insulating Technology 

Individual and/or group privacy is a key concept that needs to be considered by pervasive 
systems in the general assisted living area. On one hand, making design provisions for  
privacy, depending on the particular application area and scenario, is a definite requirement 
for most systems like SOPRANO, where both information and individual needs and feelings 
are of a very sensitive nature. On the other, cases and scenarios where individual/group 
privacy is an undesired effect need to also be identified and dealt with in the early design 
stages. 

Even though the main focus of SOPRANO is the home, an architectural space that by 
definition offers certain ‘ insulation’  from the public, still, interaction of the system with 
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external entities, along with the potential presence of multiple individuals in the same home, 
makes ‘ insulating technology’  a key concept in our system’s design. 

The interaction of insulating technology with architectural spaces, and the associated location 
and information, is depicted in Figure 18. 

 

 

Figure 18: Insulating technology isolates individuals from their environment 

Secrets Revealed 

If the insulating-technology pattern is “ turned on its head”, we have the “secrets-revealed”  
design pattern. This pattern captures the case where private or social information is made 
public.  

The fact that this pattern describes situations where information is revealed, intentionally or 
not, to a public space or social group, intentionally or not, needs to be considered in any 
pervasive system design. The situations described by this pattern can undermine information 
privacy or security, with all the undesirable consequences that this may have.  

There are of course cases and scenarios where the secrets-revealed pattern may be a desirable 
or intentional aspect of a system. For example, for systems like SOPRANO, emergency 
situations may require urgent and appropriately-channelled dissemination of private 
information.  

The interaction of the secrets-revealed pattern with architectural spaces, and the associated 
location and information, is depicted in Figure 19. 
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Figure 19: The secrets-revealed pattern describes situations in which people publicise 
private information 

From this and other relevant works we will draw concepts and ideas that may affect the 
design of the system and, more importantly, future work planning. These concepts may seem 
trivial to some, or straightforward and obvious to others. However, the importance of 
security, privacy and information dissemination cannot be overestimated. ITU as well, in its 
“ Internet of Things”  report, highlights these concepts as very central in the next generation of 
computer systems like SOPRANO. 
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2.5.6. INTERPLAY: device integration & task orchestration middleware 

Introduction 

Interplay is a middleware prototype aiming at seamlessly integrating devices and content in a 
home, capturing user intention and allowing a user to effortlessly operate sevaral devices 
simultaneously (in an ‘orchestrated manner’ , i.e. to achieve a common goal). This work is 
mainly directed at CE device integration and, mostly, infotainment activities, and is centred 
on an average user (not someone with special needs). However, the central concepts, system 
components and key problems to tackle are quite similar to the ones faced by SOPRANO. 
Studying in more detail the INTERPLAY work and prototype will help us to identify several 
useful analogies between INTERPLAY and SOPRANO, and draw conclusions or ideas.  

Motivation 

The level of tech awareness required to operate several of today’s CE devices in order for 
them to jointly perform a function along with the unnecessary degree of complexity in 
performing simple tasks involving multiple CE devices (and the respective content and 
content storage facilities) are the main problems that Interplay tackles. However, given the 
increased sense of independence that can be offered by being able to perform such tasks on 
one’s own, the benefits of such an approach that aims to capture user intention cannot be 
overestimated. 

Even for tech-savvy users, the motivation is to allow them the ease of focusing on what they 
want to do (i.e. the end goal of, for example, playing a dvd movie, rather than how to do it, 
what configuration is needed per device or what compatibility issues may exist between 
devices). 

Key Concepts 

Interplay’s key concepts are a direct product of an analytical decomposition of real-world 
scenarios it aims to assist. The components of these scenarios are identified as follows: 

�  Task orchestration, meaning the user’s control and configuration of devices to perfom 
one common function like e.g. play a DVD movie. 

�  Task session, meaning the “shared state” condition across all involved devices in order 
to perform a particular task, and which must be somewhat remembered by the user in 
order to perform the same task next time around. 

�  Device collaboration, meaning the seamless interworking of multiple devices. 

�  Content selection, meaning the search & select process across all potential content 
available in the home, in various formats and on various storage types. 

The INTERPLAY team’s conviction is that achieving their goal while overcoming 
limitations of past approaches or implimentations lies in the selection of a middleware-based 
architecture (and the respective solution). So, INTERPLAY is this middleware 
architecture/solution that models the aforementioned scenario concepts as follows: 

Two archiectural Layers: 

�  Task Orchestration layer , providing functionality for selecting and executing tasks in 
the home, rather than dealing with individual device functionalities. Performs a mapping 
from the user concept to the device concept thusd allowing multi-device interoperation 
per task. This layer is further divided into sublayers, assigned with task access modelling 
and UI interfacing (Task Access sublayer), and composition and execution (Task 
Composition sublayer).  
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�  Seamless Device Integration layer , which effectively presents an abstraction layer 
aggregating device and content information into on consistent view for seamless device 
configuration and control. As in other similar architectures, this layer interfaces with 
individual device middleware and absorbs all peculiarities of devices/interfaces. This 
layer too is divided into sublayers: the Common Framework SubLayer, enabling device 
interoperability and apparent homogeneity, the Single View sublayer, acting as the 
aggregating layer for content, devices, and user data and finally, the Service Abstraction 
sublayer, which handles interactions with the task orchestration layer and the UI.  

Key concepts introduced by this work and that may be of interest to our work, are the task 
orchestration/session concepts and the use of pseudo-sentence constructs. Pseudo 
sentences are elliptic language constructs that are used to interact with the user and built 
progressively on the user’s input. Therefore, they constitute a means of defining a context for 
the user’s actions and thus capturing the user’s intent. Task orchestration and task session are 
concepts that define context internally to the system and allow for pseudo-sentences to be 
formed based on predefined rules (e.g. the verbs can be associated with a device, devices 
pairs or sets that can collaborate in order to achieve one of the user’ s intended actions etc.). 

Interplay, more than an architectural proposal, has also been developed into a prototype, 
using sevaral frameworks and/or technologies also relevant for our work: 

�  Web Ontology Language (OWL) and Resource Description Framework (RDF) for 
device and task description schema definition. 

�  Jave Expert System Shell (JESS) for processing these descriptions. 

�  UPnP, with customised implementations, for interoperability and accessibility of devices. 

2.5.7. Open Services Gateway Initiative (OSGi) 

The OSGi Alliance is an independent non-profit corporation comprised of technology 
innovators and developers and focused on the interoperability of applications and services 
based on its component integration platform. 

OSGi technology is Universal Middleware. 

OSGi technology provides a service-oriented, component-based environment for developers 
and offers standardized ways to manage the software lifecycle. These capabilities greatly 
increase the value of a wide range of computers and devices that use the Java™ platform. 

Formed in 1999, the OSGi Alliance focused initially on solutions for the Embedded Java and 
networked devices markets. As a result OSGi technology has been implemented and 
deployed in products and solutions throughout the world and across a range of markets. 
Today, OSGi technology also enjoys widespread acceptance in the Open Source community, 
as demonstrated by the Apache Felix and Derby projects, the Eclipse Callisto, Equinox and 
Corona projects, OSCAR, Knopflerfish, and others. As a result the core OSGi technology is 
now increasingly prevalent in the Enterprise, and it is also seen as the key component of a 
next generation Java Service Platform that enables the dynamic deployment of Web 2.0 
services and Mashups. 

OSGi-Framework – Core Specification 

The Framework forms the core of the OSGi Service Platform Specifications. It provides a 
general-purpose, secure, and managed Java framework that supports the deployment of 
extensible and downloadable applications known as bundles.  
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OSGi-compliant devices can download and install OSGi bundles, and remove them when 
they are no longer required. The framework manages the installation and update of bundles 
in an OSGi environment in a dynamic and scalable fashion. To achieve this, it manages the 
dependencies between bundles and services in detail. 

It provides the bundle developer with the resources necessary to take advantage of Java’s 
platform independence and dynamic code-loading capability in order to easily develop 
services for small-memory devices that can be deployed on a large scale.  

The functionality of the Framework is divided in the following layers:  

�  Security Layer  

�  Module Layer  

�  Life Cycle Layer  

�  Service Layer  

�  Actual Services 
 

The Security Layer is based on Java 2 security but adds a number of constraints and fills in 
some of the blanks that standard Java leaves open.  

The Module Layer defines a modularization model for Java. It addresses some of the 
shortcomings of Java’s deployment model. The modularization layer has strict rules for 
sharing Java packages between bundles or hiding packages from other bundles. The Module 
Layer can be used without the life cycle and Service Layer. The Life Cycle Layer provides 
an API to manage the bundles in the Module Layer, while the Service Layer provides a 
communication model for the bundles.  

The Life Cycle Layer provides a life cycle API to bundles. This API provides a run-time 
model for bundles. It defines how bundles are started and stopped as well as how bundles are 
installed, updated and uninstalled. Additionally, it provides a comprehensive event API to 
allow a management bundle to control the operations of the service platform. The Life Cycle 
Layer requires the Module Layer but the Security Layer is optional.  

The Service Layer provides a dynamic, concise and consistent programming model for Java 
bundle developers, simplifying the development and deployment of service bundles by de-
coupling the service’s specification (Java interface) from its implementations. This model 
allows bundle developers to bind to services only using their interface specifications. The 
selection of a specific implementation, optimized for a specific need or from a specific 
vendor, can thus be deferred to runtime.  

A consistent programming model helps bundle developers cope with scalability issues in 
many different dimensions – critical because the Framework is intended to run on a variety 
of devices whose differing hardware characteristics may affect many aspects of a service 
implementation. Consistent interfaces insure that the software components can be mixed and 
matched and still result in stable systems.  
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Figure 20: OSGi Service Platform Releases 

The Framework allows bundles to select an available implementation at runtime through the 
Framework service registry. Bundles register new services, receive notifications about the 
state of services, or look up existing services to adapt to the current capabilities of the device. 
This aspect of the Framework makes an installed bundle extensible after deployment: new 
bundles can be installed for added features or existing bundles can be modified and updated 
without requiring the system to be restarted. 

2.5.8. Relevance for SOPRANO 

SOPRANO aims at presenting innovative ideas and solutions in many areas, including 
architecture and system design. We will select the most suitable paradigms and approaches 
from relevant research, and customise solutions or make design decisions that better-suite our 
particular application area and use scenarios. 

The SOA paradigm is of course the basic architectural approach of choice, as is also evident 
from the project’ s name. Within the SOA framework, there are several design decisions and 
approaches that need to be selected. For service binding, for example, dynamic service 
binding will be inevitable, although it is much more difficult to realise and still a topic of 
research (see Section 2.6 on “Semantic Service Models”). As SOPRANO will need an 
automatic and dynamic service binding, a semantic service description will also have to be 
used and need to be selected/adapted from the most developed upcoming standards as 
described in Section 2.6.2. With regards to specific architectural decisions, SOPRANO’s 
application area and system composition (multiple “ real-world” devices) is naturally close to 
the SODA paradigm. Even though we see the work on SOPRANO as naturally extensible (in 
the future) to include full person mobility support and thus ad-hoc networking, unlimited by 
specific locations, still, SOPRANO’s application will be an individual’s personal living 
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space. Therefore, a middleware-based architecture and a form of centralised control, as in 
SODA, seems more appropriate for the specific case. Of course guidelines and ideas can be 
drawn from the SAN paradigm, especially with regards to service detection, composition and 
the like. However, the SAN approach is alltogether closer to an adhoc network organisation, 
than a pre-defined living space; hence SOPRANO will be very SODA-oriented and less 
SAN-oriented. 

Paramount in SOPRANO’s architecture will be the system middleware. There have been 
several middleware-based approaches in various systems and research-based architectures 
and prototypes. Even though their relevance to SOPRANO may not be always evident - 
INTERPLAY, for example, focuses on infotainment applications – the development reported 
there should be considered in order to make particular design decisions for the most complex 
system that SOPRANO promises. Task orchestration and the pseudo-sentence approach from 
INTERPLAY seem promising. 

We also intend to exploit various research results and proposals from the general areas of 
pervasive computing and distributed systems. One such example is presented above, with the 
design patterns discussed in the context of urban pervasive system design (insulating 
technology, secrets-revealed pattern) – even though this is not SOPRANO’s main application 
area, we still find the concepts of privacy and security of personal information rather 
sensitive, so we intend to use examples from other similar areas, if we find they may improve 
our design. 

Regarding the OSGi framework, this has been selected as the development framework for 
SOPRANO – a decision reached unanimously by the cosnortium’s technical team following 
a detailed discussion and debate in a previous technical meeting. 
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2.6. Semantic Metamodels 

2.6.1. Introduction 

In this section, we present current state-of-the-art technologies in the filed of the Semantic 
Web. In specifically, we perform state-of-the-art review and analysis in the following 
knowledge domains: a) ontology representation formalisms and languages, b) reasoning and 
inference tools, and c) semantic web services models.  

2.6.2. Research efforts on the field 

Ontology Representation Languages, Representation Formalisms 

A representation language for Ontologies has to fulfil at least the following requirements: it 
should be computationally and epistemologically effective (DIP Consortium, 2004). 
Computational effectiveness guarantees that there is an effective computational environment 
that can reason with Ontologies in this language. Epistemological effectiveness guarantees 
that the modelling process is efficient and effective, since the primitives of the language 
allow the entities of the domain to be expressed with minimal effort in a form which is easy 
and intuitive to understand. Different logic-based representation languages and inference 
engines have been described in the knowledge representation and reasoning literature. In the 
following sections, a brief review of existing approaches will be presented and their usability 
for inference with ontologies and metadata discussed. 

Higher-Order Logic 

Higher-order logics (HOL) have the greatest expressive power logics used for Knowledge 
Representation. In mathematics it is often necessary to talk about properties and relations as 
well as about entities, since this ability is required for certain reasoning and modelling tasks. 
By higher-order language, logicians usually mean a language in which variables are allowed 
to appear in places where normally predicate and/or function symbols appear. 

One possible interpretation of second-order quantifiers is the set of all relations, i.e., all 
subsets of the first-order universe (also called the power set of the universe). This 
interpretation is usually taken for second order logics by mathematicians. Unfortunately, no 
logical calculus can be complete with respect to this semantics, since the power set of a 
countable infinite universe is uncountable. Thus the set of relations of the integers is 
uncountable. For inference engines this results in unpleasant behaviour: there are true 
statements, which are improvable - this is a consequence of Goedel’s Incompleteness 
Theorem (Kerber, 1994) - and thus these engines are not very useful in situations in which 
completeness is required. 

First-Order Logic  

First order logic (FOL), which is also called first order predicate calculus, is known as the 
“ language of the mathematics”, because it is the basis of several formal languages. The FOL 
calculus consists of three parts: a) the formation rules (i.e. recursive definitions for forming 
well-formed formulas), b) the transformation rules (i.e. inference rules for deriving 
theorems), and c) the axioms or axiom schemas (possibly countably infinite).  

The axioms considered here are logical axioms which are part of classical FOL. Further, non-
logical axioms are added to yield specific first-order theories that are based on the axioms of 
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classical FOL (and hence are called classical first-order theories, such as classical set-
theory). The axioms of first-order theories are not regarded as truths of logic per se, but 
rather as truths of the particular theory that usually has associated with it an intended 
interpretation of its non-logical symbols. Classical FOL does not have associated with it an 
intended interpretation of its non-logical vocabulary (except arguably a symbol denoting 
identity, depending on whether one regards such a symbol as logical). 

The set of all the possible logic or non-logic symbols constitutes the alphabet of the 
language. The logic symbols of FOL are the punctuation marks, logic connectives and 
variables. The logic connectives includes: negation (-), conjunction (� ), union (� ), universal 
& existential quantifiers (�  and � ), and the equality symbol (=). The logical connectives and 
quantifiers are used for building complex sentences. The non-logical symbols are the 
relation symbols (i.e. functions and predicates). Each of these has an associated arity, which 
determines the number of arguments this symbol can take.  

Modelling a problem in FOL requires a set of objects in the domain, which have their own 
identity and properties. There can be relations between the objects. Axioms should be 
defined to describe the basic facts of a domain. These axioms compose the knowledge base 
as assertions. The questions are called queries or goals. 

FOL with equality is the highest order classical logic for which (sound and complete) 
automated reasoning is theoretically possible. Most first-order reasoners are either theorem 
provers or model finders; some systems use a mixed strategy. Theorem provers are 
programs designed to prove a given FOL formula with respect to a set of axioms. It is proved 
that first-order validity is semi-decidable. There are provers which have the option to be 
complete, most provers though employ a narrower and incomplete, but perhaps more 
efficient search strategy. The most wide-spread theorem proving algorithms are variations of 
first-order resolution. On the other hand, model finders try to find counter-examples. None 
of them can be complete, for each model finder there are false theorems to which no counter-
examples can be found. They usually play a background role, searching quickly for an easy 
counter-example before a theorem prover with a high time limit is applied. 

While efficient at solving complex FOL problems, these systems are not suited for handling 
number arithmetic, set theoretic problems, or recursive/inductive structures, such as lists. A 
possible workaround is turning towards higher-order logic (in which difficult theories can be 
axiomatized with the sacrifice that more user interaction is required during reasoning) or 
towards weaker logics (description logics or rule-based systems: in which the simple 
structure of the logic makes it possible to support arithmetic by performing calculations, 
rather than deductions on axioms of number theory). A recent alternative is an extension of 
propositional logic with background theories (including function symbols, theory of 
numbers, arrays); Satisfiability Modulo Theories has no quantifiers, therefore stronger than 
propositional logic but weaker than FOL32.  

Model checking is the task of deciding whether a certain model satisfies a set of axioms. It is 
often used in the world of temporal logic (TL). In TL the properties of permanently running 
systems (like Operating Systems) can be described and the temporal (ordinal) changes of the 
statements can be analyzed. In higher-order logics, like modal, temporal and dynamic logics 
there can be many other extensions. For example in the second-order logic the quantifiers can 
be used for relations and functions. 

Description Logic  

Description Logics (DLs) is a family of knowledge representation formalisms designed for 
the representation and reasoning about terminological knowledge. It was defined as an 
extension to frame systems and semantic networks, which were not equipped with formal 

                                                      
32 SMT-COMP (2006), http://www.csl.sri.com/users/demoura/smt-comp/introduction.shtml 
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logic-based semantics. DLs use logic-based semantics which can be given by a translation 
into first-order predicate logic. These languages are subsets of FOL and their most important 
feature is that they are decidable. This means that there exist algorithms which determine if a 
given DL formula is satisfiable or not in bounded number of steps.  

Every DL knowledge base consists of two components, the TBox and the ABox. The TBox 
introduces the terminology, the vocabulary of an application domain: concepts and roles 
which correspond to unary and binary relations of FOL. Correspondingly, there are two types 
of terminological axioms, the role and the concept axioms. The ABox contains assertions 
about named individuals with respect to TBox.  

We give a very simple example, which is a graphical representation of a few TBox 
statements in Figure 21. Rectangulars denote concepts, and the rhombuses symbolize the 
roles: A producer supplies products for the distributor, so the domain of the supplies role is 
producer and its range is distributor. The producers can be certified by certifications, which 
has a type and are set out by an auditor, and so on. The queries are interpreted by the 
reasoner component of the knowledge representation system. Having a terminology system 
(TBox), the first reasoning task is checking its consistency. A TBox is consistent if it has a 
model. A further task is to check whether a given concept is satisfiable with respect to a 
TBox. This holds if there is a model satisfying the TBox axioms in which the given concept 
is non-empty. A more complex problem is to check the coherency of the TBox. A TBox is 
coherent if each atomic concept in it is satisfiable. One can also check the relationship among 
the concepts which can be the follows: subsumption, equivalence and disjointness. These 
reasoning tasks are reducible to each other. The usual algorithm for checking the satisfiability 
of a concept is based on tableaux method. This procedure tries to build a model for the 
concept, in a complete way. 

Producer

Product
Certification

Type

Distributor

Auditor

is a

Computer

supplies

produces certifies

has typesets out
is a

Monitor

 

Figure 21: Graphical representation of indicative TBox statements 

Like for the Terminology box the first question for an ABox is its consistency with respect to 
the TBox. Other inference challenges: instance check, instance retrieval and realization. 
Instance check is to verify if an assertion is a logical entailment of a given ABox. Instance 
retrieval is when we are interested in the instances of a concept. In case of realization our 
task is to find the closest concept to a given instance. Theoretically these reasoning tasks are 
all reducible to the consistency problem, but this is quite expensive, so in practice systems 
use different approaches.  
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An example inference task is the retrieval of the instances of the following concept: 
“Distributors, who don’ t have any producers without certification, and have at least one 
producer, who produces at least 5 products and at least two of these are computers, and this 
producer has ISO or  InfoSec certification.” . The reasoner would list the instances of this 
concept answering to this query.  

The basic DL language is the Attributive Language (AL) language with a very limited 
expressive power. There are only the following concepts and constructors: atomic concept, 
top, bottom, atomic negation, intersection, limited existential restriction, value restriction. 
Concatenating the symbols of the constructors expressing the basic language with AL 
nominates the dialect. Some of the languages can be equivalent, but usually the different 
names mean different expressive power.  

 

Figure 22: DL Concept Constructors 

The symbol S can be found in the mostly used DL languages, which is equivalent to ALCR+ 
language. It is an extension of ALC allowing transitivity axioms. This means that language S 
makes it possible to declare roles as being transitive.  

The mostly known language is SHIQ composed of the language S, H, I and Q constructs. H 
allows to define hierarchy among the roles, extension I  allows the use of inverted roles and Q 
let us specify qualified number restrictions (see Figure 22).  

There are advanced description logic constructs, which even go beyond the SHIQ language. 
Language extension (D) introduces concrete domains, for example, integers, strings, etc. The 
extension denoted by O allows the use of nominals, i.e. concepts which can only have a 
single instance. While SHIQ only allows very limited of role constructors (namely only the 
inverse) it can be extended by role intersection, union, complement, composition, etc. Most 
of these extensions however result in an undecidable logic. Role propagation (R) is an 
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exception, which is a specific kind of axiom (R �  S �  S) that includes role composition and 
makes possible the convenient and concise specification of, for example, medical 
terminology systems. RIQ is an extension of SHIQ by this special role composition axiom. 
The RIQ language is decidable and a reasoning algorithm has recently been published for it. 
The SHOIN(D), SHIQ, RIQ are some of the most expressive languages, which are still 
decidable  

Frame Logic  

Frame logic (F-logic) is a formalism, which is suitable for defining, querying, and 
manipulating database schemas (Kifer et al., 1995). It represents higher-order and object-
oriented concepts directly, both syntactically and semantically. F-logic has model-theoretic 
semantics and a sound and complete proof theory. A small number of fundamental concepts 
that come from object-oriented programming have direct representation in F-logic; other, 
secondary aspects of this paradigm are easily modelled as well. It is an extension of FOL by 
primitives to describe classes, objects and methods, but as in FOL, the most basic constructs 
of the language are terms, composed of function symbols, constants and variables. The 
extensions modify the syntax as well as the semantics, but most extensions can be mapped 
back to conventional first-order semantics (Martín-Recuerda et al., 2004).  

F-logic is also an extensible logic, as it can be combined with other recently proposed logics 
for knowledge representation, such as HiLog, Transaction Logic, and Annotated Predicate 
Logic (Kifer et al., 1995). In contrast to most Description Logics, expressing the ontology in 
Frame-Logic allows queries that directly use parts of the ontology as first class citizens, i.e. 
variables can range over classes, instances, and attributes, and concept and attribute names 
can be provided as answers to queries via variable substitutions.  

Everything in F-logic is built around the concept of object. There is no distinction between 
classes and individual objects: they both belong to the same domain. In its most basic 
version, F-logic doesn’ t make any distinction between complex objects and atomic values 
(Lenzerini et al., 2003). As an example to these formulas, the statement 
“Samsung_710T::Monitor; Monitor::Product” declares that the Samsung 710T is an instance 
of monitor class, which is a subclass of products.  

As usual in object-oriented systems, objects in F-Logic can have attributes, for example the 
statement “Samsung_710T [size->19” ] “  means the size of this monitor is 19” . Finally, F-
Logic provides a type system for checking arguments of methods and their return values. 
Specifying that the value of the method “certifies”  for the class “Certification” must belong 
to class “Producer”  can be done in the following way: “Certification [certifies => 
Producer] ” . 

Ontology Languages 

In this Section, we give a short summary of the applications of the previously shown logics. 
First, we present UML/OCL which roughly corresponds to FOL. Next, we describe RDFS 
and OWL as DL applications, and finally, WSML as F-logic dialect.  

UML/OCL 

Because of the fact that UML33 class diagrams describe taxonomy-like knowledge, they can 
be considered as lightweight ontologies. Object Constraint Language (OCL)34 is a formal 
language, part of the UML specification, used to impose constraints on a class diagram. It 
extends the expressive power of class diagrams to the level of first-order logic, also including 

                                                      
33 Unified Modelling Language, www.uml.org/ 
34 UML 2.0 OCL Specification (www.omg.org/docs/ptc/03-10-14.pdf) 
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data types such as strings or numbers, complicated set operations (e.g. sum of elements); and 
with the introduction of pre/post invariants, even temporal logic. 

There are three kinds of OCL constraints: a) invar iants that are conditions that must hold for 
every single state of the system being modelled (or analogously, queries over objects 
described in a model), b) pre-conditions and c) post-conditions that can be used to specify 
operations / actions that, when executed, alter the state of the system.  

UML modelers can use OCL to specify application-specific constraints in their models, and 
OCL can also be used to specify queries on the UML model, which are completely 
programming language independent. In the UML/OCL specification there are several 
suggestions where to use OCL: 

�  As a query language 

�  To specify invariants on classes and types in the class model 

�  To specify type invariants for Stereotypes 

�  To describe pre- and post conditions on Operations and Methods 

�  To describe Guards 

�  To specify target (sets) for messages and actions 

�  To specify constraints on operations 

�  To specify derivation rules for attributes for any expression over a UML model. 
The structure of OCL differs from classical logic formalisms. The central concept of OCL is 
the OCL expression, which can be of any arbitrary type (e.g. set of tuples of objects of a 
given class). OCL constraints (i.e. invariants, pre-conditions and post-conditions) state that a 
Boolean-valued OCL expression has to be true in a certain context.  

The most important building brick of OCL expressions is navigation, which starts from an 
object or set of objects, traverses through associations and reaches another set of objects. 
OCL allows various ways of set manipulation, e.g. rejecting members which fulfil a given 
property (Boolean-valued OCL expression). Attributes of objects can also be accessed, as 
well as operations of their respective types.  

A variety of tools have been developed to work with OCL, ranging from simple syntax 
checkers to complex verifiers such as USE (UML Specification Environment)35. USE allows 
the user to build a snapshot of the world (i.e. objects with attributes and links conforming to 
the class diagram), then evaluate OCL expressions and verify constraints on that snapshot. 

RDF Schema (RDFS) 

The RDF36 language alone is not sufficient to support reasoning during Internet queries, 
because one can not express meta-knowledge. For example, using plain RDF, it is not 
possible to find someone©s friends when their acquaintances are being searched for. This is 
because the inference system does not have the knowledge that friends are acquainted with 
each other. This problem is solved by introducing RDF Schema (RDFS)37, which enriches 
the basic RDF model, by providing a vocabulary for RDF, which is assumed to have certain 
semantics. Thus the meaning of a resource is made more specific by formally describing its 
relationship with other entities. For example, one can declare that between any two resources 
for which the friendOf relation holds, the acquaintanceOf relation also holds.  

At the first glance, the RDF Schema looks nothing but a few new resources, with well 
defined meaning, added to the vocabulary of RDF. These resources can be used in RDF 
statements (e.g. for instantiation). So, it is important to see that no new language is 

                                                      
35 http://www.db.informatik.uni-bremen.de/projects/USE/ 
36 www.w3.org/RDF/ 
37 www.w3.org/TR/rdf-schema/ 
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introduced, the RDF notation is used. Looking more closely, however, one notices that the 
RDF Schema extension allows the users to define their own application-specific classes and 
properties, as well as to describe the features of these resources, and specify the hierarchical 
relationships between them. 

A user-specific class can be defined by instantiating the rdfs:Class class. We can regard the 
rdfs:Class resource as the super-class of all classes. By using the rdfs:subClassOf property, 
one can state that class A is a subclass of class B. This means that any instance of A is an 
instance of B as well. 

A new property can be defined as an instance of the rdf:Property class. Similarly to classes, 
the RDF schema allows hierarchical relations between properties as well. Such specifications 
can be made by using the rdfs:subPropertyOf property. The RDF Schema also supports the 
description of data-level relations between classes and properties. Namely, by using schemas, 
one can describe the domain and range of a property. This information can be used for 
consistency checking, as well as for reasoning, or even to make the behaviour of an RDF 
editor more intelligent. 

The concepts used by the RDF Schema show similarities to those in object-oriented 
languages. The RDF properties, however, have an interesting feature that they are only linked 
to resources at run time. In object-oriented systems, a class definition contains all the 
attributes of the objects which are created by the instantiation of the class. In contrast, in the 
world of RDF, a property is defined in terms of the classes it is applicable to, while a class is 
specified by the features of its elements. This shows that property-oriented languages, such 
as the RDF Schema, can nicely accommodate the anyone-can-say-anything philosophy of the 
Semantic Web.  

Web Ontology Language (OWL) 

OWL (Web Ontology Language)38, which constitutes the formal W3C39 Recommendation 
for an ontology representation language, builds on RDF and RDF Schema and adds more 
vocabulary for describing properties and classes: among others, relations between classes, 
cardinality, equality, richer typing of properties, characteristics of properties, and enumerated 
classes. It is usually said that the RDFS is a light weight ontology language; the OWL is the 
heavy one (while the OWL-Lite is a straightforward extension of RDFS).  

The OWL description of the example knowledge base presented in Figure 21: Graphical 
representation of indicative TBox statementsFigure 21 is composed statements like these: 

 <owl : Cl ass r df : I D=" Moni t or " > 

  <r df s: subCl assOf > 

   <owl : Cl ass r df : I D=" Pr oduct " / > 

  </ r df s: subCl assOf > 

 </ owl : Cl ass>  

 <owl : Obj ect Pr oper t y r df : I D=" suppl i es" > 

  <r df s: r ange r df : r esour ce=" #Di st r i but or " / > 

  <r df s: domai n r df : r esour ce=" #Pr oducer " / > 

 </ owl : Obj ect Pr oper t y> 

                                                      
38 www.w3.org/TR/owl-features/ 
39 www.w3.org/  
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The OWL standard defines three sublanguages, which differ in expressive power. The 
strongest OWL sublanguage does not place any restriction on the use of OWL resources. The 
other OWL sublanguages contain restrictions, but in return for this, ensure higher efficiency 
in reasoning. The three OWL dialects are: a) OWL-DL that provides maximum 
expressiveness while retaining computational completeness and decidability, b) OWL-Lite 
that provides less expressive power (SHIF(D)) than OWL DL (SHION(D)), and c) OWL-
Full that goes beyond DL. OWL-DL and OWL-Full provide the same language constructs, 
but OWL-DL places some restrictions on usage in order to avoid problems with 
completeness and decidability. 

In OWL, object properties and data type properties can be distinguished. The former 
associate individuals with individuals, while the latter individuals with values. OWL does not 
allow the definition of composite properties. On the other hand, we can use several axiom 
schemes for expressing our knowledge about the properties. Besides constructions already 
used in the RDF Schema, OWL allows to state that properties are equivalent, or, that one 
property is the inverse of another. Additionally to these, global number restrictions can be 
specified, and such property features as transitivity and symmetry can be declared. 

An important feature of OWL is that allows the specification of not only global property 
restrictions, which are already present in RDF schema, but also their local variants. The 
meaning of documents in OWL is provided by first order logic. In contrast with this, the RDF 
Schema does not use a standard model theory. The most extraordinary feature of the RDF is 
that the built-in resources are also elements of the domain. This feature makes it difficult to 
give the Semantic Web a layered structure.  

Web Service Modelling Language (WSML) 

The Web Service Modelling Language (WSML)40 is a language for the specification of 
ontologies for (Web) Services. Moreover, several dialects of WSML exist corresponding 
with different logical foundation (see Figure 23). All WSML variants provide both XML and 
RDF exchange syntax, and therefore a mapping to OWL ontologies is possible. WSML 
includes the following dialects:  

�  WSML-Core corresponds with the intersection of Description Logic and Horn Logic 
(without function symbols and without equality), extended with data-types;  

�  WSML-DL extends WSML-Core to an expressive Description Logic, namely, SHIQ. 
Extending WSML-Core in direction of Logic programming;  

�  WSML-Flight has a rich set of modelling primitives for different aspects of attributes, 
such as value and integrity constraints and non-monotonic negation, while still allowing 
efficient decidable reasoning. WSML-Flight is based on a logic programming variant, 
full Datalog subset of F-Logic;  

�  WSML-Rule extends WSML-Flight, offering the same kind of conceptual modelling 
features and allowing the use of function symbols and unsafe rules; and 

�  WSML-Full is a superset of WSML-Rule and WSML-DL and can be seen as a 
notational variant of First-Order Logic with non-monotonic extensions. 

                                                      
40 The Web Service Modelling Language WSML (2006), http://www.wsmo.org/wsml/wsml-syntax# 
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Figure 23: The WSML Variants vs. Logical Foundations 

Reasoning Tools  

Up to now we have discussed the mathematic background of the representation languages. 
Beyond a representation language we will examine the existing tools that support logical 
reasoning upon these languages. The three methods for logical reasoning, deduction, 
induction and abduction can be explained in the following way: 

Given preconditions � , postconditions �  and the rule R1: �  .. �  (�  therefore � ). 

�  Deduction means determining � . It is using the rule and its preconditions to make a 
conclusion (�  ^ R1 �  � ). 

�  Induction means determining R1. It is learning R1 after numerous examples of �  and � . 

�  Abduction means determining � . It is using the postcondition and the rule to assume that 
the precondition could explain the postcondition (�  ^ R1 �  � ). 

For the purposes of SOPRANO Project we are interested in Description Logic reasoning, 
since our needs are restricted to performing reasoning tasks on Knowledge Bases 
(Ontologies). Before listing the various tools that support DL reasoning we will examine the 
reasoning capabilities of the most prominent languages like RDF/S and OWL(-DL). 

RDF/RDFS Reasoning Capabilities 

The RDF/RDFS reasoning capabilities can be summarised as follows: 

�  Type inheritance through r df s: subcl assOf  

�  Reflexivity of r df s: subPr oper t yOf  and r df s: subcl assOf  

�  Type inference through r df s: r ange and r df s: domai n constraints 

�  Transitivity of r df s: subCl assOf  and r df s: subPr oper t yOf  

OWL Reasoning Capabilities 

OWL reasoning capabilities include the RDF/RDFS reasoning capabilities as well as the 
following capabilities. In all references to reasoning with r df s: subCl assOf , the same type 
of reasoning is done with owl : subCl assOf .  

�  transitivity of owl : Tr ansi t i vePr oper t y  

�  Semantics of owl : Symmet r i cPr oper t y  is enforced 
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�  Reasoning with owl : i nver seOf  

�  Inheritance of disjointness constraints 

�  When an owl : sameAs  relationship is asserted or inferred between two entities that are 
known to be classes, an owl : equi val ent Cl ass  relationship is inferred between the 
classes. Similarly, when an owl : sameAs  relationship is asserted or inferred between two 
entities that are known to be properties, an owl : equi val ent Pr oper t y  relationship is 
inferred between the classes 

�  All the subclasses of a given class are disjoint with the class©s complement.  

�  If a class A is owl : oneOf  a list of objects, say X, Y, and Z, then each of X, Y, and Z has 
r df : t ype A.  

�  If an object is r df : t ype an owl : hasVal ue owl : Rest r i c t i on, then the object has 
the specified value for the specified property.  

�  If an owl : hasVal ue owl : Rest r i c t i on restricts a particular property to a particular 
value, and an object has that value for that property, then the object has the Restriction as 
a type.  

�  If an object is a r df : t ype an owl : al l Val uesFr om owl : Rest r i c t i on, and the 
object has values for the specified property, then the values are of the specified type.  

�  If an owl : someVal uesFr om owl : Rest r i c t i on restricts a particular property to a 
particular type, and if an object has some values of the specificied type for the specified 
property, then that object has the Restriction as a type.  

�  If a property Q is owl : i nver seOf  of a property P, and P is an 
owl : Tr ansi t i vePr oper t y , then Q is also an owl : Tr ansi t i vePr oper t y .  

�  All of the elements of an owl : Al l Di f f er ent  are owl : di f f er ent Fr om each other.  

OWL Classification inferences 

�  All classes are r df s: subCl assOf  owl : Thi ng.  

�  If a class A is the owl : uni onOf  a list of classes, say B, C, and D, then each of B, C, and 
D, is r df s: subCl assOf  A.  

�  If a class A is the owl : i nt er sect i onOf  a list of classes, say B, C, and D, then A is 
r df s: subCl assOf  of each of B, C, and D.  

�  If a class A is the owl : i nt er sect i onOf  a list of constituent classes and a class B is the 
owl : i nt er sect i onOf  a list of constituent classes, then A is a r df s: subCl assOf  B if 
every constituent of A is a r df s: subCl assOf  some constituent of B.  

�  If a class A is the owl : uni onOf  a list of constituent classes and a class B is the 
owl : uni onOf  a list of constituent classes, then A is a r df s: subCl assOf  B if every 
constituent of B is a superclass of some constituent of A.  

�  If a class A is the owl : i nt er sect i onOf  a list of constituent classes and a class B is the 
owl : uni onOf  a list of constituent classes, then A is a r df s: subCl assOf  B if every 
constituent of A is a r df s: subCl assOf  every constituent of B.  

�  An owl : hasVal ue owl : Rest r i c t i on A subsumes another owl : hasVal ue restriction 
B if the property restricted by B is a r df s: subPr oper t yOf  the property restricted by A, 
and the restricted value is the same.  

�  An owl : al l Val uesFr om owl : Rest r i c t i on A subsumes another 
owl : al l Val uesFr om restriction B if the property restricted by B is a 
r df s: subPr oper t yOf  the property restricted by A, and the restricted class of B is a 
r df s: subCl assOf  the restricted class of A. Recall that any class is a subclass of itself, 
and any property is a subproperty of itself.  
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�  If an object is a type of owl : maxCar di nal i t y  owl : Rest r i c t i on where the specified 
property is restricted to a maximum of 1 value, then all values of which the object has for 
the specified property are owl : sameAs one anot her .   

�  An owl : mi nCar di nal i t y  owl : Rest r i c t i on A is disjoint from an 
owl : maxCar di nal i t y  owl : Rest r i c t i on B if the property restricted by A is a 
r df s: subPr oper t yOf  the property restricted by B, and the number of values specified 
by A is greater than the number of values specified by B.  

�  An owl : mi nCar di nal i t y  owl : Rest r i c t i on A subsumes another 
owl : mi nCar di nal i t y  restriction B if the property restricted by B is a 
r df s: subPr oper t yOf  the property restricted by A, and the number of values specified 
by A is less than or equal to the number of values specified by B.  

�  An owl : maxCar di nal i t y  owl : Rest r i c t i on A subsumes another 
owl : maxCar di nal i t y  restriction B if the property restricted by B is a 
r df s: subPr oper t yOf  the property restricted by A, and the number of values specified 
by A is greater than or equal to the number of values specified by B.  

 

Tools 

After examining what is reasoning and what is DL-based reasoning specifically we will 
provide a list of existing tools that support reasoning.  

�  CEL41 is a free (for non-commercial use) LISP-based reasoner for EL with GCIs and 
complex role inclusions. It implements a refined version of a known polynomial-time 
classification algorithm. Currently, it accepts inputs in a small extension of the KRSS 
syntax and supports the DIG-API.  

�  Cerebra Engine42 is a commercial C++-based reasoner. It implements a tableau-based 
decision procedure for general TBoxes (subsumption, satisfiability, classification) and 
ABoxes (retrieval, tree-conjunctive query answering using an XQuery-like syntax). It 
supports the OWL-API and comes with numerous other features.  

�  Fact++43 is a free open-source C++-based reasoner for SHOIQ with simple datatypes 
(i.e., for OWL-DL with qualifying cardinality restrictions). It implements a tableau-based 
decision procedure for general TBoxes (subsumption, satisfiability, classification) and 
incomplete support of ABoxes (retrieval). It supports the lisp-API and the DIG-API.  

�  FuzzyDL 44 is a free Java/C++ based reasoner for fuzzy SHIF with concrete fuzzy 
concepts (explicit definition of fuzzy sets + modifiers). It implements a tableau + Mixed 
Integer Linear Programming optimization decision procedure to compute the maximal 
degree of subsumption and instance checking w.r.t. a general TBox and ABox. It 
supports Zadeh semantics, Lukasiewicz semantics and is backward compatible with 
classical description logic reasoning.  

�  KAON245 is a free (free for non-commercial usage) Java reasoner for SHIQ extended 
with the DL-safe fragment of SWRL. It implements a resolution-based decision 
procedure for general TBoxes (subsumption, satisfiability, classification) and ABoxes 
(retrieval, conjunctive query answering). It comes with its own, Java-based interface, and 
supports the DIG-API.  

                                                      
41 http://lat.inf.tu-dresden.de/systems/cel/ 
42 http://www.cerebra.com/ 
43 http://owl.man.ac.uk/factplusplus 
44 http://gaia.isti.cnr.it/~straccia/software/fuzzyDL/fuzzyDL.html 
45 http://kaon2.semanticweb.org/ 
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�  MSPASS46 is a free open-source C reasoner for numerous description logics. It 
implements a resolution-based decision procedure for extensions of ALB (which is ALC 
with inverse and Boolean operators on roles) with general TBoxes (satisfiability, 
subsumption) and ABoxes (instance checking, retrieval). It is an extension of the 
theorem prover SPASS, and can thus also be used to reason about arbitrary first-order 
statements.  

�  Pellet47 is a free open-source Java-based reasoner for SROIQ with simple datatypes (i.e., 
for OWL 1.1). It implements a tableau-based decision procedure for general TBoxes 
(subsumption, satisfiability, classification) and ABoxes (retrieval, conjunctive query 
answering). It supports the OWL-API, the DIG-API, and Jena interface and comes with 
numerous other features.  

�  QuOnto48 is a free (for non-commercial use) Java-based reasoner for DL-lite with GCIs. 
Besides implementing the usual TBox reasoning tasks, it uses relational database 
technology to answer (unions of) conjunctive queries over ABoxes expressed in terms of 
the TBox alphabet. It supports the DIG-API and comes with numerous other features.  

�  RacerPro49 is a commercial (free trials and research licenses are available) lisp-based 
reasoner for SHIQ with simple datatypes (i.e., for OWL-DL with qualified number 
restrictions, but without nominals). It implements a tableau-based decision procedure for 
general TBoxes (subsumption, satisfiability, classification) and ABoxes (retrieval, nRQL 
query answering). It supports the OWL-API and the DIG-API and comes with numerous 
other features. 

 

 

                                                      
46 http://www.cs.man.ac.uk/~schmidt/mspass/ 
47 http://pellet.owldl.com/ 
48 http://www.dis.uniroma1.it/~quonto/ 
49 http://www.racer-systems.com/ 
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Semantic Service Models  

Overview of Semantic Service Models  

The long-term goal of the Web Services effort is seamless interoperation among networked 
programs and devices. Once this is achieved, Web Services can be seen as providing the 
infrastructure for universal plug-and-play and ubiquitous computing (Weiser, 2003). 
Nevertheless, current Web service technologies around SOAP, WSDL and UDDI operate at a 
syntactic level and, therefore, although they support interoperability (i.e. interoperability 
between the many diverse application development platforms that exist today) through 
common standards, they still require human interaction to a large extent: the human 
programmer has to manually search for appropriate Web services in order to combine them 
in a useful manner, which limits scalability and greatly curtails the added economic value of 
envisioned with the advent of Web services (Fensel & Bussler, 2002). Thus, the main 
obstacle of achieving interoperability among deployed Web Services is that the technical and 
functional description (profile) of the services is based on semi-formal natural language 
descriptions, which are not formally defined, not allowing computers to process and interpret 
the data to be exchanged among Web Services.  

The purpose of the Semantic Web Initiative (Berners-Lee et al., 2001) is similar to that of the 
Web Services: to make the Web machine processable rather than merely “human 
processable” (Preece & Decker, 2002). Thus, Web Services are considered as an essential 
ingredient of the Semantic Web and benefit from the Semantic Web technologies. The 
upcoming standards of the Semantic Web provide a set of concepts that can be used to 
annotate services and processes in a way machines can analyze. The key components of the 
Semantic Web Technology (Arroyo et al., 2004) (see  

Figure 24), which enables the design and development of ontologies summarizing and 
structuring services’  and processes’  annotation concepts, include:  

�  a unified data model called Resource Definition Framework (RDF) (W3C, 2004),  

�  a RDF abstraction layer called RDF Schema (RDFS),  

�  a language with well defined, formal semantics, built on RDF, such as the Web Ontology 
Language (OWL) (Guiness & Harmelen, 2004), which constitutes the outcome of the 
fusion of the DARPA Mark-up Language (DAML) and the Ontology Inference Layer 
(OIL), and  

�  formal ontologies of standardized terminology for marking up web resources, used by 
semantically enriched service level descriptions, such as OWL-S (former DAML-S, 
DAML-based Web Service Ontology), containing parameters for describing the 
functional behaviour of a web service including input and output parameter, 
preconditions and effects, and description of the quality of a service.  
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Figure 24: Semantic Web Services Technology  

Enriching Web Services descriptions with formal defined semantics by introducing the 
notion of semantic mark-up, leading towards the Semantic Web Services, enables machine-
interpretable profiles of services and applications, realizing the vision of dynamic and 
seamless integration. As this semantic mark-up is machine-processable and -interpretable, the 
developed semantic profiles of web services can be exploited to automate the tasks of 
discovering web services, executing them, composing them and interoperating with them 
(McIlraith et al., 2001-a), moving a step forward towards the implementation of intelligent, 
semantic web services.  

The combination of Web Services and Semantic Web technologies, resulting in the 
deployment of machine-processable and, therefore, usable for automation semantic web 
services, supports and allows a set of essential automated services regarding the use of 
deployed web services (McIlraith et al., 2001-a; McIlraith et al., 2001-b):  

�  automatic Web Service discovery, involving automatic location Web Services that 
provide a particular functionality and that adhere to requested properties expressed as a 
user goal,  

�  automatic Web Service composition, involving dynamic combination and aggregation of 
several web services to provide a given functionality,  

�  automatic Web Service invocation, involving automatic execution of an identified Web 
Service by an agent,  

�  automatic Web Service interoperation within and across organizational boundaries.  
As it has been already stated that the deployment of Semantic Web Services will rely on the 
further development and combination of Web Services and Semantic Web enabling 
technologies. There exist several initiatives taking place in industry and academia, which are 
investigating solutions for the main issues regarding the infrastructure for Semantic Web 
Services. Currently, five (5) different proposals / submissions for a W3C standardization 
framework for Semantic Web Services are emerging: SAWSDL, OWL-S, WSMO, WSDL-S, 
and SWSF.  

In the following these standardization efforts will be analyzed, explained and compared in 
the basis of the Semantic Web Services lifecycle, which includes a) Semantic Annotation of 
Web Services, b) Publication of Semantic Web Services, c) Semantic Discovery and 
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Selection of the published Semantic Web Services, and d) Orchestration and Composition 
of Semantic Web Services leveraging the notion of the, so-called, Semantic Web Process.  

The SAWSDL Approach  

The Web Services Description Language (WSDL) specifies a way to describe the abstract 
functionalities of a service and concretely how and where to invoke it. The WSDL 
specification (both v1.1 and v2.0) does not include semantics in the description, thus two 
services can have similar descriptions while totally different meanings. That is why the 
objective of the Semantic Annotations for WSDL Working Group (SAWSDL WG50), which 
is a part of the Web Services and Semantics (WS2) Project51 (IST-FP6-004308), a Specific 
Support Action (SSA) (financed by European Commission©s IST Programme) promoting 
Web Services and work on integration of semantics, is to develop a mechanism to enable 
annotation of Web Services descriptions. This mechanism will take advantage of the WSDL 
2.0 extension mechanisms to build a simple and generic support for semantics in Web 
services. 

The latest release of the SAWSDL Working Group (also part of the W3C Web Services 
Activity) is the January 2007 release of the Semantic Annotations for WSDL and XML 
(SAWSDL) specification52, which is an official W3C Candidate Recommendation (26 
January 2007). This latest SAWSDL specification defines a set of extension attributes for the 
Web Services Description Language (WSDL 2.0) that allow the description of additional 
semantics of WSDL components. The specification defines how such semantic annotation is 
accomplished using references to semantic models, e.g. ontologies. SAWSDL does not 
specify a language for representing the semantic models. Instead it provides mechanisms by 
which concepts from the semantic models, typically defined outside the WSDL document, 
can be referenced from within WSDL components using annotations.  

More specific, the Semantic Annotations for WSDL (SAWSDL) specification defines how to 
add semantic annotations to various parts of a WSDL document such as input and output 
message structures, interfaces and operations. The extension attributes defined in this 
specification fit within the WSDL 2.0 extensibility framework. For example, it defines a way 
to annotate WSDL interfaces and operations with categorization information that can be used 
to publish a Web Service in a registry. The annotations on schema types can be used during 
Web Service discovery and composition. In addition, SAWSDL defines an annotation 
mechanism for specifying the structural mapping of XML Schema types to and from an 
ontology. Such mappings could be used during invocation, particularly when mediation is 
required. To accomplish semantic annotation, SAWSDL defines extension attributes that can 
be applied both to WSDL elements and to XML Schema elements.  

In SAWSDL, semantic annotations are references from an element within a WSDL or XML 
Schema document to a concept in an ontology or to a mapping. This specification defines 
annotation mechanisms for relating the constituent structures of WSDL input and output 
messages to concepts defined in an outside ontology. Similarly, it defines how to annotate 
WSDL operations and interfaces. Further, it defines an annotation mechanism for specifying 
the structural mapping of XML Schema types to and from an ontology by means of a 
reference to a mapping definition. The annotation mechanism is independent of the ontology 
expression language and this specification requires no particular ontology language. It is also 
independent of mapping languages and does not restrict the possible choices of such 
languages. 

                                                      
50 http://www.w3.org/2002/ws/sawsdl/ 
51 http://www.w3.org/2004/WS2/ 
52 http://www.w3.org/TR/sawsdl/ 
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The SAWSDL Annotation Mechanisms 

Conceptually, WSDL 2.0 has the following components to represent service descriptions: 
types, inter face, operation, fault, binding, service and endpoint. Of these, the first four, 
namely types, interface and operation deal with the abstract definition of a service while the 
latter three deal with service implementation. This specification focuses on semantically 
annotating the abstract definition of a service to enable dynamic discovery, composition and 
invocation of services. The SAWSDL specification does not address the annotation of 
service implementations. It provides reference mechanisms that can be applied to WSDL 
type, interface and operation components to point to concepts defined in semantic models. A 
summary of the extension attributes defined by SAWSDL is given below: 

�  an extension attribute, named modelReference, to specify the association between a 
WSDL components and a concept in some semantic model. It is used to annotate XSD 
complex type definitions, simple type definitions, element declarations, and attribute 
declarations as well as WSDL interfaces, operations, and faults.  

�  two extension attributes, named liftingSchemaMapping and 
loweringSchemaMapping, that are added to XML Schema element declarations, 
complex type definitions and simple type definitions for specifying mappings between 
semantic data and XML. The mappings can be used during service invocation.  

The semantic annotation mechanism defined by this specification does not rely on any 
particular semantic modelling language. It only requires that the semantic concepts defined in 
it be identifiable via URI references. The URIs typically refer to concepts in a semantic 
model that is external to the WSDL document. However, the URIs can also refer to elements 
within the WSDL document if semantic information is included in the document via WSDL 
extension elements.  

The WSDL-S Approach 

Another W3C submission for a semantic web service standard is WSDL-S (Akkiraju et al., 
2005; Holbrook, 2005) which is developed in LSDIS laboratory of the University of 
Georgia53 and IBM54, in the frame of the METEOR-S project55, aiming to extend Web 
Services standards with Semantic Web technologies to achieve greater dynamism and 
scalability. Specifically, METEOR-S focuses on adding semantics to WSDL and UDDI (this 
work termed WSDL-S is being provided as input for next version of WSDL that will support 
semantic representation), and to BPEL4WS, while METEOR-S discusses a semi-automatic 
approach for annotating Web services described using WSDL. METEOR-S provides specific 
tools per each phase regarding the Semantic Web Services lifecycle: a) Semantic Annotation 
of web-services, b) Semantic Publication of web-services, c) Semantic Discovery of web 
Services, and d) Orchestration & Composition of Web Services.  

                                                      
53 http://lsdis.cs.uga.edu 
54 http://www.ibm.com/ 
55 http://lsdis.cs.uga.edu/projects/meteor-s/ 
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Figure 25 Associating semantics to WSDL elements 

Starting from the assumption that a semantic model of the Web service already exists, 
WSDL-S describes a mechanism to link this semantic model with the syntactical functional 
description captured by WSDL. Using the extensibility elements of WSDL, a set of 
annotations can be created to semantically describe the inputs, outputs and the operation of a 
Web service. By this the semantic model is kept outside WSDL, making the approach 
agnostic to any ontology representation language (see Figure 25).  

�  The advantage of such an approach is that it is an incremental approach, building on top 
of an already existing standard and taking advantage the already existing expertise and 
tool support. In addition the user can develop in WSDL in a compatible manner both the 
semantic and operational level aspects of Web services.  

WSDL-S focuses on semantically annotating the abstract definition of a service to enable 
dynamic discovery, composition and invocation of services. WSDL-S provide URI reference 
mechanisms via extensibility elements to the interface, operation and message constructs to 
point to the semantic annotations defined in the domain models for services. WSDL-S 
proposes five extensibility elements to be used in annotating the inputs, outputs and 
operations of Web services: 

�  an extension attribute, namely “modelReference”, to specify the association between a 
WSDL entity and a concept in some semantic model. It can be added to a complex type, 
element, operation, as well as the extension elements - precondition and effect.  

�  an extension attribute, namely “schemaMapping” , which is added to XSD elements and 
complex types, for handling structural differences between the schema elements of a 
Web service and their corresponding semantic model concepts.  

�  two new elements, namely “precondition” and “effect” , which are specified as child 
elements of the operation element. Preconditions and effects are primarily used in service 
discovery, and are not necessarily required to invoke a given service. Preconditions and 
effects could include a combination of complex expressions to the underlying semantic 
domain representation models or ontologies, and  

�  an extension attribute on the interface element, namely “category”. It consists of service 
categorization information that could be used when publishing a service in a Web 
Services registry such as UDDI.  
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The WSMO Approach 

Based on the Web Service Modelling Framework (WSMF) (Fensel & Bussler, 2002), the 
Web Service Modelling Ontology (WSMO) (Lausen et al., 2005), developed mainly at DERI 
(Galway, Ireland) and promoted by the so-called WSMO initiative56, is a conceptual model 
for Semantic Web Services. WSMO comes along with a Web Services Modelling Language 
(WSML), a language that provides a formal syntax and semantics for WSMO (deBrujin & 
Lausen, 2005), and the Web Service Modelling Execution Environment (WSMX), an 
integrated environment for execution (see Figure 26).  

 

Figure 26: The WSMO approach to Semantic Web Services 

The WSMO initiative, part of the SDK Cluster57, is considered to be the leading initiative in 
the area of Semantic Web Services in Europe, aiming at standardizing a unified framework 
for Semantic Web Services that provides support for conceptual modelling and formally 
representing services, as well as for automatic execution of services. The WSMO initiative 
has already submitted the WSMO approach and the specifications of WSMO, WSML and 
WSMX to W3C, in 2005 (Polleres et al., 2005), to become the standard and formal 
framework for Semantic Web Services.  

WSMO – Web Services Modelling Ontology 

WSMO (Roman et al, 2005) is a formal ontology and language that provides ontological 
specifications for the core elements of Semantic Web services. The WSMO ontology consists 
of four different main elements for describing Semantic Web Services:  

�  Ontologies. Ontologies provide the formal semantics for the terminology used within all 
other WSMO components. 

�  Web services. WSMO provides service functional and behavioural descriptions for 
describing services that are requested by service requesters, provided by service 
providers, and agreed between service providers and requesters.  

�  Goals. A goal specifies the objectives that a client may have when consulting a Web 
Service, describing aspects related to user desires with respect to the requested 
functionality and behaviour. Ontologies are used as the semantically defined terminology 
for goal specification. Goals model the user view in the Web Service usage process and 
therefore are a separate top level entity in WSMO.  

                                                      
56 http://www.wsmo.org 
57 http://www.sdk-cluster.org/ 
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�  Mediators. The concept of Mediation in WSMO addresses the handling of 
heterogeneities occurring between elements that shall interoperate by resolving 
mismatches between different used terminologies (data level), on communicative 
behaviour between services (protocol level), and on the business process level. A WSMO 
Mediator connects the WSMO elements in a loosely coupled manner, and provides 
mediation facilities for resolving mismatches that might arise in the process of 
connecting different elements defined by WSMO. 

WSMX – Web Service Modelling Execution Environment 

WSMX is an execution environment which enables discovery, selection, mediation, and 
invocation of Semantic Web Services (Cimpian et al., 2005). WSMX is based on the 
conceptual model provided by WSMO, being at the same time a reference implementation of 
it. WSMX provides a test-bed for WSMO and proves the viability of WSMO approach to 
achieve dynamic interpretability of Semantic Web Services.  

The main components that have been already designed and implemented in WSMX are: the 
Core Component, Resource Manager, Discovery, Selection, Data and Process Mediator, 
Communication Manager, Choreography Engine, Web Service Modelling Toolkit and the 
Reasoner (Cimpian et al., 2005). Regarding the standard interfaces of WSMX, which enable 
communication with external entities, there are four mandatory entry points that have to be 
available in each working instance of the system, triggering particular execution semantics 
which select the set of components to be used for that particular scenario (Zaremba & Oren, 
2005).  

The OWL-S Approach 

OWL-S (Martin et al., 2004; OWL-S Coalition, 2004), formerly DAML-S (DAML-S 
Coalition, 2003), is an OWL-based Web Service Ontology, which supplies Web Service 
providers with a core set of mark-up language constructs for describing the properties and 
capabilities of their Web services in unambiguous, computer-interpretable form. OWL-S 
provides building blocks for rich, formal semantic service descriptions, in a way that builds 
naturally upon OWL, while the OWL-S ontology provides a vocabulary that can be used 
together with the other aspects of the OWL to create service descriptions. OWL-S mark-up 
of Web services aims to facilitate the automation of Web service tasks including automated 
Web service discovery, execution, interoperation, composition and execution monitoring.  

OWL-S is an upper ontology for services, already developed and presented to the Semantic 
Web Services project of the DAML program58, while the OWL-S specification has already 
been submitted in November 2004 (Barstow et al., 2004) to become a W3C standard 
regarding Semantic Web Services. OWL-S classifies the Web Services into two categories 
as: 

�  “primitive”  in the sense that they invoke only a single Web-accessible computer 
program, sensor, or device that does not rely upon another Web service, and there is no 
ongoing interaction between the user and the service, beyond a simple response. 

�  “complex” that are composed of multiple primitive services, often requiring an 
interaction or conversation between the user and the services, so that the user can make 
choices and provide information conditionally.  

 
OWL-S upper service ontology consists of three interrelated sub-ontologies, known as the 
profile, process model, and grounding, providing three essential types of knowledge about a 
service, each characterized by the question it answers:  

                                                      
58 http://www.daml.org/ 
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�  What does the service provide for prospective clients? The answer to this question is 
given in the "profile", which is used for service advertising, constructing service 
requests, and matchmaking,  

�  How is it used? Or how does it work? The answer to this question is given in the 
"process model", which enables service invocation, enactment, composition, monitoring 
and recovery, and  

�  How does one interact with it? The answer to this question is given in the "grounding". 
Grounding provides the needed details about transport protocols, mapping the constructs 
of the process model onto detailed specifications of message formats and protocols.  

 

Figure 27 Top level elements of OWL-S 

All OWL-S sub-ontologies (profile, process model and grounding) are linked to the top-level 
OWL-S concept called Service, which owns the properties “presents” , “describedBy”, and 
“supports” , see Figure 27, serving as an organizational point of reference for declaring Web 
Services.  

OWL-S Service Profile 

The OWL-S Service Profile provides means to describe the services offered by the providers, 
and the services needed by the requesters. The Service Profile gives the types of information 
needed by a service-seeking or matchmaking agent to determine whether the service meets 
the requester’s needs. The Service Profile can be used to create specialized representations of 
services that can be used as service profiles. The information that can be represented using 
the OWL-S Service Profile can be structured as follows:  

�  Service functionality and preconditions. The specification of the functionality provided 
and the transformations produced, including the inputs required and the outputs 
generated, by the service, as well as the specification of the conditions required to be 
satisfied for a successful service execution. These are represented with the 
“hasParameter” , “hasInput” , “hasOutput” , “hasPrecondition”  and “hasEffect”  properties.  

�  Service provider organization. The contact information of the service provider, provided 
in human-readable format, that refers to the entity (e.g. organization) that provides the 
service. These properties include “serviceName”, “ textDescription”  and 
“contactInformation”.  

�  Service characteristics. The specification of the possible classification of the service 
using the “serviceCategory”  property, the quality rating of the service that is 
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guaranteeing using the “serviceParameter” property, and an absolute list of user-defined 
parameters.  

OWL-S Service Model  

As the OWL-S Service Profile describes only the overall service provided functionality, a 
detailed perspective on how to interact with the service is needed. This interaction can be 
viewed as a process, while the OWL-S Service Model provides means to define processes.  

 

Figure 28: OWL-S top level process ontology 

The OWL-S Service Model describes what happens when the service is carried out. For 
nontrivial services (those composed of several steps over time), this description may be used 
by a service-seeking agent in at least four different ways: (1) to perform a more in-depth 
analysis of whether the service meets its needs; (2) to compose service descriptions from 
multiple services to perform a specific task; (3) during the course of the service enactment, to 
coordinate the activities of the different participants; and (4) to monitor the execution of the 
service. These details can be provided using the “ProcessModel”  which has been defined as a 
subclass of the OWL-S Service Model (Figure 28). There can be three types of processes:  

�  Atomic processes. Description of services that expects one (possibly complex) message 
and returns one (possibly complex) message in response. The atomic processes are 
directly invocable, have no sub-processes, and execute in a single step, from the 
perspective of the service requester.  

�  Composite processes. Processes that maintain some state; each message the client sends 
advances it through the process. Composite processes are decomposable into other (non-
composite or composite) processes; their decomposition can be specified by using 
control constructs such as Sequence, Split, Split+Join, Unordered, Choice, If-Then-Else, 
Iterate, and Repeat-Until.  
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�  Simple processes. Processes used as elements of abstraction, i.e. a simple process may 
be used either to provide a view of (a specialized way of using) some atomic process, or 
a simplified representation of some composite process (for purposes of planning and 
reasoning). Simple processes are not invocable and are not associated with grounding, 
but, like atomic processes, they are conceived of as having single-step executions.  

OWL-S Service Grounding  

The grounding concept in the OWL-S ontology provides information about how to access 
(invoke) the service, i.e. details on the protocol, message formats, serialization, transport, and 
addressing. It is viewed as a mapping from an abstract to a concrete specification of those 
service description elements that are required for interacting with the service.  

The main feature of the OWL-S Service Grounding is to show how the abstract inputs and 
outputs of an atomic process are to be realized concretely as messages, which carry those 
inputs and outputs in some specific transmittable format.  

Since there exists a significant body of work in the area of concrete message specification, 
which is already well along in terms of industry adoption, namely Web Services Description 
Language [WSDL], OWL-S has chosen to use WSDL as a basis for OWL-S Service 
Grounding.  

The SWSF Approach 

Semantic Web Services Framework (SWSF) (Battle et al., 2005-a) is one of the newest 
approaches, and another W3C submission (Battle et al., 2005-b), beside OWL-S and WSMO, 
for Semantic Web Services, being proposed and promoted by Semantic Web Services 
Language Committee59 (SWSLC) of the Semantic Web Services Initiative60 (SWSI). SWSF 
is based on two major components:  

�  The Semantic Web Services Language (SWSL), constituting an underlying basis used to 
specify formal characterizations of Web services concepts and descriptions. It includes 
two sublanguages. SWSL-FOL is based on first-order logic and is used primarily to 
express the formal characterization of Web service concepts, while SWSL-Rules, which 
is similarly to WSML-Rule, is based on logic programming and is used to support the 
use of the service ontology in reasoning and execution environments.  

�  The Semantic Web Services Ontology (SWSO), presenting a conceptual model by which 
Web services can be described, and a formal characterization (ontology), of that model. 
SWSO can be divided in two forms. FLOWS, the first-order logic ontology for web 
services which has three major components: Service Descriptors, Process Model and 
Grounding. A fundamental building block of FLOWS is the concept of an atomic process 
(similar to OWL-S). Associated with an atomic process are zero or more parameters that 
capture the inputs, outputs, preconditions and effects (simply called IOPEs). ROWS, the 
rules ontology for web services which enables implementations in reasoning and 
execution environments based on logic programming.  

SWSO – Semantic Web Services Ontology  

Semantic Web Services Ontology (SWSO) presents a conceptual model for semantically 
describing Web services and an axiomatization, formal characterization of this model given 
in one of the two variants of SWSL: SWSL-FOL based on First Order Logic or SWSL-Rules 
based on Logic programming. The resulting ontologies are called: FLOWS (First-Order 
Logic Ontology for Web Services), which relies on First Order Logic semantics, and ROWS 
(Rule Ontology for Web Services), which relies on Logic Programming semantics.  

                                                      
59 http://www.daml.org/services/swsl/ 
60 http://www.swsi.org/ 
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The development of FLOWS ontology was influenced by the OWL-S ontology and the 
lessons learned from developing this ontology. Another fundamental aspect in the 
development of FLOWS is the provision of a rich behavioural process model based on 
Process Specification Language (PSL) (Gruninger, 2003). FLOWS can be seen as an 
extension / refinement of OWL-S ontology with a special focus on providing interoperability 
or semantics to existing standards in Web services area (e.g. BPEL, WSDL, etc.) Although 
there are many similarities between FLOWS and OWL-S ontologies, one important 
difference is the expressiveness of the underling language. FLOWS is based on first-order 
logic, which means it has a richer, more expressive, support than OWL-S which is based on 
OWL-DL, on description logics formalisms. Being based on First Order Logic, FLOWS 
makes use of logic predicates and terms to model the state of the world. Features from 
situation calculus, like the use of predicates and terms which vary over time, were introduced 
to model the change of the world.  

The FLOWS ontology consists of three major components: Service Descriptors, Process 
Model and Grounding. The Service Descriptors are used to provide basic descriptive 
information about the service. The Process Model is used to describe how the service works. 
The Grounding is used to link the semantic, abstract descriptions of the service provided in 
SWSO to detailed specifications of messages, protocols and so forth used by Web services.  

Semantic Service Models Comparative Analysis 

Semantic Web Services constitute one of the most promising research directions to improve 
the integration of applications within and across enterprise boundaries. In this context, this 
section provides an overview of the most important approaches to Semantic Web Services 
and points out the main concepts that these dominant approaches define. The following 
paragraphs present a comparative analysis among current holistic frameworks for Semantic 
Web Services. We claim that in order such a comparative analysis to be realistic, efficient 
and effective, it should contain a) a comparative table that points out the alternative 
approaches of the proposed Semantic Web Services frameworks regarding each dimension of 
the Semantic Web Service infrastructure and each phase of the Semantic Web Service 
lifecycle, and b) a brief overview of the interrelations between the different approaches, 
concerning mainly i) the possible common conceptual basis of the proposed frameworks, ii) 
the potential cases of harmonization and cooperation of several approaches and iii) severe 
contradictions among frameworks.  

In comparison, WSDL-S and OWL-S semantic web services frameworks are rather 
complementary in a way, as OWL-S can provide the conceptual high-level model, while 
WSDL-S can provide implemented and fine-tuned tools and algorithms. Moreover, SWSF 
extends the OWL-S standard by enabling rule languages and extends the description-logic 
framework used in OWL-S to first-order logic making easier the description of concepts and 
their relationships. On the contrary, WSMO and OWL-S are rather contradictive semantic 
web services approaches, as they provide incompatible tools and languages (WSML vs. 
OWL/OWL-S).  

WSDL-S and OWL-S approaches fully respect the industrial Web Services Standards (i.e. 
WSDL, UDDI, BPEL and BPEL4WS), while WSMO promotes WSML that is an alternative 
to OWL – that is an official W3C standard. However, the compatibility among WSML and 
OWL is supported through custom parsers WSML2OWL and vice versa – that could not be 
considered, both conceptually and technically a best practice. In addition, existing OWL-
oriented tools, e.g. editors, validators, inference tools, matchmaking algorithms are fully 
compatible and could be used to enrich the OWL-S approach.  

Below, a comparative table that points out the alternative approaches of the proposed 
Semantic Web Services frameworks is presented, taken into account the three (3) most 
mature W3C submissions, i.e. SAWSDL, WSMO, and OWL-S. The most recently W3C 
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submitted framework for Semantic Web Services, i.e. SWSF, is not going to be included in 
this comparative table, as it constitutes an extension of the OWL-S approach.  

 

 SAWSDL/WSDL-S WSMO OWL-S 

Semantic Model Lifecycle Oriented Based on WSMO model 
(WSMF) 

OWL-S model  

Annotation Performed semi-
automatically through 
Semantic Web Service 
Designer component (Eclipse 
plug-in) Annotations 
performed using domain 
ontologies (written in 
standard languages such as 
OWL) 

Performed manually in 
WSMX Editor. The 
descriptive language is 
WSML 

Performed manually 
(yet semi-
automation provided 
by Meteor-S 
algorithms are 100% 
usable) 

Protégé OWL-S 
Editor is rather 
mature 

Publishing Performed through Semantic 
Description Generator 
component that generates 
optionally WSDL, WSDL-S 
and OWL-S and Publishing 
interface component. 

Publishing to 
standardised 
repositories is not 
supported. (Annotations 
stored to WSMO 
repository) 

Not specific 
component.  

Storage UDDI ver2 used with 
semantic enrichment of 
placeholders 

WSMO repository which 
stores WSML mappings 

Possible UDDI ver3 
usage with semantic 
enrichment of 
placeholders 

Discovery Discovery Engine based in 
heuristics ( operation name, 
action, data type matching ) 

Based on Goal 
Discovery, Web Service 
Discovery and Service 
Discovery 

Matchmaking 
algorithms exist 
(heuristics) 

Orchestration Internal Engine based 
on WSML mapping 

Choreography 

Vision of smooth BPEL4WS 
integration 

Extension of 
Orchestration Engine  

Vision of smooth 
BPEL4WS 
integration 

Table 2 Semantic Web Services approaches comparative table 

2.6.3. Relevance for SOPRANO  

Representation of everyday situations and specific needs of elderly (or handicapped users) 
are being investigated, e.g., in the Gator Tech Smart House project [Helal2005], in the Japan-
wide joint project UBILA, and in the Dutch AWARENESS project; however, there is not yet 
a widely accepted standard for such ontologies.  

In terms of services models both approaches are not yet tested in a large scale, sophisticated 
scenario and need extensions to the specific requirements of SOPRANO, i.e., only recently 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 108 of 207  
 

authors started to discuss performance aspects as a central ontological question in the 
typically resource-constrained area of ambient intelligence applications [Lera2005]. 

Ontology language: OWL lacks constructs to express the required phenomena in a natural 
and efficient-to-process manner, e.g. context reasoning built-in functionality for reasoning 
over time and space; also other phenomena are fuzzy by nature or may become inconsistent 
(e.g. certain sensor inputs), such that straightforward first-order predicate-logic inspired (as 
Description Logics are, and such is OWL) approaches will not suffice. Problem-solving 
knowledge, e.g., for service composition, must be expressed in some rule formalism which is 
in the process of standardization, but not yet fixed by W3C. 

Reasoning: OWL extensions will need to be extended to support SOPRANO ontologies, by 
integrating concrete domains (theoretical results exist, but no up-to-date implementation), 
integration of fuzzy results (algorithms exist, but no efficient implementation), or integration 
of monotonic features (i.e. rules). Context reasoning, require adoption of Case-Base 
Reasoning, which is not yet sufficiently adopted by Semantic Web. Techniques from Truth-
Maintenance-Systems, AI and Real-time Expert systems will be adopted for reactive systems 
(continuous change require anytime algorithms and anytime ability to change inputs) and 
resource constraints. 
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2.7. Context Models and Context Management Systems 

2.7.1. Introduction 

Within the last years, there has been an upsurge of interest in systems that are able to capture 
the user’ s state and environment at a given point in time when interacting with computer 
systems. This information is usually called “user context”  or simply “context”. Also 
SOPRANO is planned to be a context-aware system.  

Context can be roughly distinguished along to dimensions: (1) user and environmental 
context and (2) short-lasting and long-lasting context. In order for a computer system to act 
context-aware, it has to understand the meaning and the impact of a situation, thus the 
context information has to be captured in a computer-understandable format. In the recent 
years, ontologies have proven their suitability for this representation task. In the following 
subsections current approaches to representing user context (context models) and for dealing 
with such information (context management systems) are going to be explored. 

2.7.2. Research Efforts in the Field 

Context (Meta-) Models  

Standard Ontology for Ubiquitous and Pervasive Applications (SOUPA) 

SOUPA (Standard Ontology for Ubiquitous and Pervasive Applications, [Chen et al. 2004]) 
is a set of ontologies for supporting pervasive computing applications. Ontologies are defined 
using the OWL language. SOUPA consists of two sets of ontology documents: SOUPA Core 
and SOUPA Extension. SOUPA Core defines generic vocabularies that are universal for 
different pervasive computing applications. SOUPA Extension defines additional 
vocabularies for supporting specific types of applications and provides examples for the 
future ontology extensions. 

SOUPA supersedes the development of the COBRA ontology. 

SOUPA Core covers the following: 

�  Person 

�  Policies for restricting allowed actions (e.g. for access control) 

�  Agent & Belief-Desire-Intentions 

�  Time 

�  Space 

�  Events 
SOUPA extensions include 

�  Meeting & Schedule 

�  Document & Digital Document 

�  Image Capture 

�  Location 
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SOUPA adopts several existing ontologies like FOAF61 (for representing personal 
relationships), DAML-Time for expressing temporal concepts, OpenCyc spatial ontology for 
symbolic representations of space, COBRA-ONT for describing smart meeting rooms and 
MoGATU BDI ontology for describing beliefs, desires and intentions of human users and of 
software agents. An overview of the ontological concepts of SOUPA is depicted in Figure 
29. 

 

Figure 29: Overview of SOUPA 

 

GUMO (General User Model Ontology) and UbisWorld,  

GUMO/UbisWorld was developed at DFKI within several projects like smart shopping and 
context-aware office rooms. The main idea of the GUMO ontology [Heckmann 2006], which 
is described in OWL, is to provide a general upper ontology for all types of user models in 
different application areas. The main conceptual idea in the approach is to divide the 
descriptions of user model dimensions into the three parts auxiliary, predicate and range: 

                                                      
61 FOAF = Friend of a Friend 
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subject {UserModelDimension} object 

subject {auxiliary; predicate; range} object 
 

If one wants to say something about the user’s interest in football, one could divide this into 
the auxiliary=hasInterest, the predicate=football and the range=low-medium-high. If one 
wants to express something like knowledge about symphonies, one could divide this into the 
auxiliary=hasKnowledge, the predicate=symphonies and the range=poor-average-good-
excellent. Identified user model auxiliaries are hasKnowledge, hasInterest, hasBelieve, 
hasPlan, hasProperty, hasGoal, hasPlan, hasRegularity and hasLocation. 

 

In UbisWorld, the GUMO framework is used for developing a user modelling ontology to be 
used for a broad range of applications. User model dimensions (derived from previous user 
modelling research) can be grouped into the following categories: 

-  
 

The ontology does not only provide concepts, but also a comprehensive set of instances so 
that it is ready to use for general purpose user model dimensions. 

Context Ontology Language (CoOL) & Aspect-Scale-Context (ASC) model 

CoOL describes a context modelling approach using ontologies as a formal fundament. An 
Aspect-Scale-Context (ASC) model is used to enable context-awareness and contextual 
interoperability during service discovery and execution in a distributed system architecture.  

The Aspect-Scale-Context (ASC) model (which forms the conceptual basis) is named after 
the core concepts of the model [Strang et al. 2003], which are aspect, scale and context 
information. Each aspect aggregates one or more scales, and each scale aggregates one or 
more context information. An aspect is a set of one or more related scales. Likewise, any 
aspect is a dimension of the situation space, being used as a collective term for information 
objects having the same semantic type. A scale is an unordered set of objects defining the 
range of valid context information. In other words, a valid context information with respect 
to an aspect is one of the elements of the aspect’s scales. For instance the aspect 
“GeographicCoordinateAspect” may have two scales, “WGS84Scale”  and 
“GaussKruegerScale”. 
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CoOL is divided into a core part, which can be expressed in DAML+OIL, OWL and F-
Logic. The second subset, CoOL Integration, is a collection of schema and protocol 
extensions as well as common subconcepts of the model, enabling the use of CoOL Core in 
several service frameworks. The CoOL ontology is designed so that it can be integrated 
within a service description language like DAML-S. 

The Context Ontology (CONON) 

The Context Ontology (CONON, [Gu et al. 2004]) was one of the first approaches that used 
OWL for modelling context in pervasive computing environments. The central concept in 
CONON is the context entity and its subclasses computational entity, location, person, and 
activity. Person and computational entity can be roughly mapped to objects in the evaluation 
framework. CONON does not model attributes, events, and situations respectively whole 
contexts. Moreover, activities can be regarded as specialized relations, since they relate 
persons with computational entities. Locations in CONON are rather quantitative; for 
example, one can specify the longitude and the latitude of a location. Except from classifying 
locations into indoor and outdoor locations, no qualitative spatial as well as temporal 
approaches are considered. Thematic roles, in form of agents, are also present. Since 
situations are not explicitly modelled, there are also no situation types and situations are not 
handled as objects (cp. [Baumgartner & Retschitzegger 2006]). 

 

 

Figure 30: CONON Ontology 
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Figure 31: Home Ontology of CONON 

COMANTO - A Context Ontology for Pervasive Service Provision  

 
COMANTO, developed within the DAIDALOS project (Roussaki et al. 2006), describes 
general context types and interrelationships that are not domain-, application- or situation-
specific. The location-based context model proposed focuses on addressing context 
management challenges in distributed pervasive environments, and is integrated with the 
COMANTO context knowledge. The modelling approach based on OWL aims to enable 
efficient management of context data and allow for a widely applicable context formalism. 
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Figure 32: COMANTO 

 
Key concepts of COMANTO are: 

�  Person: The class “Person” is the central entity in the COMANTO ontology and 
corresponds to all human entities. It offers various datatype properties for incorporating 
the user related context. For representing the person-to-person associations (e.g. 
“ friendOf”), there is the “multiTypeP2PRelations”  object property that is extended by the 
various P2P properties. 

�  Place: The class “Place”  represents the abstraction of a physical spatial place. It offers a 
set of data properties that traditionally associate a physical location with its symbolic or 
geographic representation. 

�  Preferences: For semantically representing user preferences in a generic, well-defined 
and widely accepted manner, four “Preferences”  subclasses are distinguished, namely: 
“DevicePreferences”, “ServicePreferences”, “NetworkPreferences”  and 
“OtherPreferences”. The four preference subclasses are defined to be disjoint with each 
other. 

�  Activity: The user activity context includes all information relevant to the user’s task 
during the specified task’s duration. Two main types are identified: the physical and the 
service activities. The physical activity (e.g. watching TV) contains all the activities that 
do not belong to the service activity category. To represent the above concepts, two 
disjoint “Activity”  subclasses have been introduced: the “PhysicalActivity”  and the 
“ServiceActivity” . 
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�  Agenda: The user agenda context refers to the calendar information of the user. 
Although this information is often managed and maintained by a company or a third 
party service provider, in which case it requires a user subscription, yet we believe that it 
substantially augments to user’s activity modelling. Thus, the “Agenda” semantic context 
entity was entered in the COMANTO ontology. 

�  Time: The point in time is crucial information. The time context comprises all 
information related to the current time and serves as a timestamp for all context 
information that may change over time. 

�  Physical Object: The notion of “PhysicalObject”  is introduced in order to represent 
artefacts that can not be considered as devices (e.g. furniture). The “Device”  class is 
defined as its subclass. 

�  Sensor: The “Sensor”  class is introduced to represent sensors that are used to collect 
context information. It holds various datatype properties representing sensors’  
configuration features. 

�  Service: The “Service”  class captures information relevant to the services/applications 
the user has subscribed to.  

�  Network: The “Network” class comprises all information related to the underlying 
network. 

�  Legal Entity: The “LegalEntity” class represents the corporate actors involved in the 
pervasive computing supply chain. 

 

The Unified Context Model 

The UUCM models characteristics of the user and his situation and context along different 
dimensions. In the UUCM, several working contexts of a user can be modelled. An 
extensible set of UUCM facets does not only describe characteristics of the users themselves 
like interests and skills, but also aspects of the users’  situation and environment. UUCM 
incorporates several dimensions such as Task, Relationship, and Cognitive Patterns 
dimensions. This supports flexibly modelling aspects of the user like the tasks of a user and 
information objects related to the user.  
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Figure 33: UUCM 

2.7.3. Context Management Systems 

LIP User Context Management 

Within the framework of context-aware workplace learning support in the project “Learning 
in Project”, a user context management infrastructure was developed that is geared towards 
dealing with high-level context information (Schmidt 2006), i.e. context information that is 
not directly measurable by sensors, but rather has to be indirectly derived via heuristics. It 
takes into account the imperfection resulting from these heuristics, in particular the 
uncertainty and potential outdatedness. 

It provides a layered architecture to keep the complexity manageable and to provide access to 
context information on different abstraction levels (see Figure 34): 

�  Internal Layer. The internal layer as the lowermost layer stores all collected 
information about users in a time-dependent way as so-called context facts. The context 
facts can be queried according to their timestamp or by using value-level operators (on 
different data types). 

�  Logical Layer. This layer provides a consistent view on the collected data, conforming 
to a (single) specified schema. For a specific instant in time, the service on this layer can 
provide a consistent and semantically enriched view (based on schema-level information 
or background knowledge) on the context facts that adheres to certain quality criteria. 

�  External Layer . The top-most layer represents the usage context of a particular 
application at a certain instant of time. The context information is in the schema the 
application understands, which could be different from the logical schema. 
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Figure 34: LIP User Context Manager 

u2m.org User Modelling Service 

Within the research activities around ubiquitous user modelling, the u2m.org service was 
conceived and developed as part of PhD research work at DFKI [Heckmann 2006]. The 
u2m.org SituationServices manages information about users, about their contexts and the 
situation in general. It contributes additional benefit compared to a pure situation server or 
context broker that only manages information. The presented service is an independent 
application with a distributed approach for accessing and storing information, the possibility 
to exchange and understand data between different applications as well as adding privacy and 
transparency to statements (see Figure 35). A key feature is that the semantics for all user 
model and context dimensions are mapped to the general user model & context ontology 
GUMO. The distributed services consist of: 

�  Situation Server, a web-server that manages the storage of the statements 

�  Situation Adder, a parser that analyzes incoming statements and distributes the 
repositories. 

�  Retrieval Filter, a procedure that controls the retrieval of situation statements 

�  Conflict Resolution, a complex process that detects and resolves possible conflicts 

�  Inference Engine, a proactive engine that applies meta rules and triggers events 

�  Interface Manager, a control mechanism that integrates the user interfaces 
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�  Ontology Reasoning, a reasoner that applies knowledge from the various ontologies 
 

 

Figure 35: u2m.org Situation Service 

Service-Oriented Context-Aware Middleware (SOCAM) 

SOCAM’s aims are to enable building and rapid prototyping of context-aware services in 
pervasive computing environments. The middleware is based on the CONON ontology (see 
above) for the general concepts in pervasive computing and domain-specific ontologies 
which apply to different sub-domains. The middleware converts various physical spaces 
where contexts are acquired from into a semantic space where contexts can be easily shared 
and accessed by context-aware services. It consists of the following components which act as 
independent service components (see Figure 36): 

�  Context Providers: They abstract useful contexts from heterogeneous sources (external or 
internal) and convert them into OWL representations so that contexts can be shared and 
reused by other service components. 

�  Context Interpreter: It provides logic reasoning services including inferring indirect 
contexts from direct contexts, querying context knowledge, maintaining the consistency 
of context knowledge and resolving conflicts. 

�  Context Database: It stores context ontologies and instances according to the sub-
domain, i.e., a smart home. 

�  Context-aware Services: They make use of different level of contexts and adapt the way 
they behave according to the current context. 
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�  Service Locating Service: It provides a mechanism where Context Providers and the 
Context Interpreter can advertise their presence; it also enables users or applications to 
locate these services. 

SOCAM components are designed as independent service components that can be distributed 
over heterogeneous networks and can interact with each other. All SOCAM components are 
implemented in Java as OSGi services. SOCAM has been designed especially for home 
automation scenarios. 

 

 

Figure 36: SOCAM Architecture 

COBRA – Context Broker Architecture 

ContextBroker (Chen et al. 2003) was one of the first comprehensive architectures for 
dealing with context information and using the “broker metaphor” , i.e., providing context 
management as middleware functionality (see Figure 37): 

�  CoBrA uses the Web Ontology Language OWL to define ontologies of context (people, 
agents, devices, events, time, space, etc.). In other systems, context is often implemented 
as programming language objects (e.g., Java classes), lacking the expressive power to 
support context reasoning and high-level knowledge sharing. 

�  CoBrA provides a resource-rich context broker to maintain a shared model of context for 
all computing entities in an associated space. In other systems, individual entities are 
usually required to manage their own contextual knowledge.  

�  CoBrA allows the users to define privacy policy to control the sharing and the use of 
their situational information (e.g., where they are, who they are with, what they are 
doing). In other systems, the computing entities are usually free to share any acquired 
situational information of a user. 
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Figure 37: Context Broker Architecture 

AMIGO User Context Management 

The AMIGO project (aiming at ambient intelligence services in smart homes) developed a 
middleware service for context management (CMS). The CMS provides a well-defined 
interface to context aware applications [Magerkurth et al. 2006]. This interface enables 
applications to query context information or subscribe to context change events. This 
interface is also used by the Awareness & Notification Service (ANS) as well as by the User 
Modelling and Profiling Service (UMPS). The CMS architecture prescribes the encapsulation 
of physical sensors or any devices that could provide context information within a software 
layer that implements this interface. Pure data processing systems such as a context history 
management system or dedicated context interpreters that abstract or aggregate context 
information implement also this interface. Entities implementing this interface are called 
Context Sources because they constitute the primary source of context information. The 
CMS infrastructure provides a directory service called Context Broker which is aware of 
context sources that are actually available. Based on this information the context broker is 
able to connect context consumers to context sources. 
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Figure 38: Conceptual Overview of the AMIGO Context Management Service 

 

Figure 39: Architecture of the Context Management Service 

CAMUS 

 
CAMUS stands for Context-Aware Middleware for URC Systems. URC stands for 
Ubiquitous Robotic Companion – a new concept for a network-based service robot. The 
work on CAMUS is presented in [Kim, H. et al.]. 

CAMUS is an interesting work on context-management, defining and prototyping the 
architecture for a middleware responsible for providing context-aware applications with 
development and execution methodology. 

The main functions of the middleware can be summarised as follows: 
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�  Context information gathering (from sensors etc.) and distribution to context-aware 
applications and tasks 

�  Inferring higher level context from low level sensed contexts 

�  Support of Universal Data Model (UDM) to represent and manage context 
information 

�  Providing an EDA (event-condition-action) rule-based programming language that is 
a java extension 

�  Tracking user and other entity location, in order to provide location-based services 

�  Supporting a service framework to enable easy integration of sensors and legacy 
applications 

The CAMUS architectural concepts can be analysed by detailing the features and purpose of 
its 3 main components: 

�  The CAMUS-MS (main server) which is central to CAMUS. It is a framework for 
context information collection and supports functions for context-aware application 
development. The main server contains also the service framework to connect to the 
basic service agents in the distributed devices (in the CAMUS-specific case a robot 
controller and sensors). 

�  The Service Agent Manager (SAM) which manages and controls all the agents in the 
distributed devices that form the environment. SAM can be a distributed entity, 
installed in various ‘ locations’  or nodes in the network. 

�  The Service Agent (SA) is the module that is installed on devices, sensors and legacy 
applications, to integrate them to the framework/network. SA communicates 
constantly with SAM and MS to exchange information – provide data and receive 
instructions.  

In terms of middleware architecture, CAMUS may be a customised middleware for a 
particular architecture; it does however follow the general ideas outlined elsewhere in terms 
of functional distribution, adaptation layer and distributed device control. With regards to 
context awareness, CAMUS introduces a rule-based programming language, and event-based 
state transitions to define context awareness and decisions/flows based on particular contexts.  

Implementing a CAMUS-like approach requires the selection of a very particular application 
area, as context description cannot be infinite; it rather needs to be constrained by specific 
scenarios. 

2.7.4. Relevance for SOPRANO 

Existing ontological approaches to user context modelling are promising starting points for 
developing a SOPRANO-specific user context model. Especially approaches like GUMO 
and UbisWorld provide good top-level categorization that can be refined for the SOPRANO 
purposes. CONON is also worth considering because it has already produced a 
conceptualization of a smart home environment. 

Concerning the infrastructure, the approaches do not differ much on their core functionalities 
and the architectural patterns used. The AMIGO project shows similarities to the SOPRANO 
objectives that it is worth exploring the approach further. Still, it highly depends on the 
requirements identified to choose between different approaches. 
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2.7.5. Market Study 

Although several research projects have explored systematically (user) context management 
in a diverse range of application scenarios, commercial products hardly make use of user 
context information. Commercial user context management services are currently not 
available. 
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2.8. Sensors 

2.8.1. Introduction 

Sensors can be differentiated along the physical aspects of their technology, i.e. radio signals, 
radar signals, optical systems, IR-systems, active vs. passive RFID, measurement techniques 
for the positioning systems. For this section, it can be already concluded that some sensors 
have the potential to fulfil one or more of the main functions of the intended hardware 
platform of SOPRANO: 

�  Identification 

�  Positioning 

�  Sensing lifesigns and parameters of home 

�  Communication of data to SOPRANO’s engine. 

2.8.2. Research efforts and future perspective 

Nanotechnology and microsystem technologies for human health and 
wellbeing 

Human centric systems are in development in order to secure and optimize human 
performance and well-being. The systems provide monitoring and feedback functions of the 
human being in its environment plus protection and support tools. This approach is seen in 
top sport, medical care, revalidation, first responders, fire-fighters, police and the military. In 
practice such systems result in the ability to participate in a mobile information network, use 
of more comfortable, protective and functional suits, wearable intelligence such as sensors 
and displays for situational awareness and body condition monitoring. Nanotechnology and 
micro system technology is here crucial. Without miniaturization such functionalities can not 
be adapted to lightweight, wearable systems. 

Mater ials: nanotechnology enables high strength, durable, sensory and active materials. 
Nanostructures and nanocomposites are in development for the following functionalities: 

�  lightweight protective clothes: supportive against heavy injuries 

�  adaptive suit: switchable fabric for improved thermal control, switchable functionality 

�  microsensors for body & brain sensing, environmental and situational awareness 

�  wearable and/or flexible displays for visual feedback 

�  auxiliary supports: flexible/rigid textiles for additional strength, exoskeletons and 
robotics to assist tasks 

Information: in order to operate in a safe and secure wireless network, the human will be 
equipped with: 

�  miniaturized hardware: sensors, readers, displays and radio transmitters, some of this 
already present in PDAs and mobile phones 

�  personal secured access to equipment (biometric id) and information (digital id) 
 

Energy: with the increase in wearable functionalities and electronics, the need for 
lightweight wearable electric power is very critical. The following developments are present: 
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�  flexible solar cells to recharge batteries 

�  � -fuel cell, preferentially to be operated by diesel or biofuel (e.g. sugar) 

�  � -nuclear battery for long endurance 

�  energy scavengers, e.g. electricity from vibrations, for low power applications 
 

Bio: the nano-bio fusion is a booming area with high expectations that major steps in health 
treatment, body repair and body improvement can be made. It is regarded as the most 
innovative domain of this moment. Developments are in the field of: 

�  nanomedicine: targeted drug delivery by medically functionalized nanoparticles, for 
rapid cure without side effects or human stimulation 

�  regenerative medicine: DNA programmed tissue engineering for quick and efficient 
wound healing, rebuilt of organs and other body parts 

�  smart implants: biocompatible implants that can sense and actuate in order to repair or 
enhance a body function  

 
In the “Technology Radar of TNO”  (see Figure 40) relevant sensor technologies for elderly 
care, telemonitoring and independent living have been identified as well as connected 
technologies in the area of ICT, materials, biology and equipment. 

 

 

Figure 40: Technology radar (TNO Future Technology Centre, 2006) 
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Another method of presenting relevant sensor (RFID, positioning, body sensors) and related 
technologies for assistive living environment is the so-called flower model as used by TNO 
in the health technology roadmap for 2005 to 2010. It is depicted in Figure 41. 

 

Figure 41: Assistive environment technologies (TNO, Human Health Book, 2006) 

Body area networks 

Body area network are foreseen to be implemented in the future to enable human beings to 
monitor their own health, to determine their position to inform others and to enhance, support 
or enable daily activities. In the year 2010, people will be able to carry around their own 
personal network on their body: miniature sensors and actuators with their own energy 
supply. Each device will have enough built-in intelligence to perform tasks and 
intercommunicate, and also to communicate with the outside world by means of wireless 
communication technology. The network will monitor illnesses or handicaps, make 
diagnoses and, if necessary, call for assistance. The Holst Centre with participation of TNO, 
IMEC and Philips in Eindhoven is working on embedded systems such as these and believes 
that such devices will offer people the opportunity to remain independent for a longer period 
of time and keep themselves healthier. 

IMEC’s own Human++ research program aims to achieve highly miniaturized and 
autonomous sensor systems that enable people to carry their personal body area network. The 
body area network will provide medical, lifestyle, assisted living, sports or entertainment 
functions. It combines expertise in wireless ultra-low power communications, packaging, 3D 
integration technologies, MEMS energy scavenging techniques and low-power design 
techniques. 

It is anticipated that microsystem technology will increase the functionality of lifestyle and 
healthcare devices to gradually match the needs of society. It is expected that by the year 
2010, technology will enable people to carry their personal body area network (BAN) that 
provides medical, lifestyle, assisted living, sports or entertainment functions for the user 
(Figure 42). This network comprises a series of miniature sensor/actuator nodes each of 
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which has its own energy supply, consisting of storage and energy scavenging devices. Each 
node has enough intelligence to carry out its task. Each node is able to communicate with 
other sensor nodes or with a central node worn on the body. The central node communicates 
with the outside world using a standard telecommunication infrastructure such as a wireless 
local area or cellular phone network. The network can provide services to the person using 
the BAN. These services can include the management of chronic disease, medical diagnostic, 
home monitoring, biometrics, and sports and fitness tracking.  

The successful realization of this vision requires innovative solutions to remove the critical 
technological obstacles. First, the overall size should be compatible with the required form 
factor. This requires new integration and packaging technologies. Second, the energy 
autonomy of current battery-powered devices is limited and must be extended. 

 

Figure 42: The technology vision for the year 2010: people will be carrying their personal 
body area network and be connected with service providers regarding medical, lifestyle, 

assisted living, sports and entertainment functions. 

Another example of research on Body Area Networks is the UbiMon Body Sensor Network 
Architecture of Lancaster University, Imperial College London and Cardionetics Limited, 
Part of the research in UbiMon is network-oriented: The body sensor network system, 
illustrated in Figure 43 and Figure 44, has been designed by using six main components: the 
sensors, the remote sensing units, the local processing units, the central server, the patient 
database, and the workstations. These components are interconnected by using both ad hoc 
body-area and general wireless communication technologies. 
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Figure 43: An UbiMon Body Sensor Network 

 

Figure 44: Overview of the UbiMon Body Sensor Network architecture 
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With the UbiMon architecture, the remote sensing units consist of physiological sensors 
which are placed on the subject, and are capable of delivering real-time data to a local 
processing unit via wireless RF link. The local processing unit then processes the incoming 
data streams in preparation for sending over the wireless networks. The central server 
receives the real-time multi-sensory data and stores it to the database, with which long-term 
trend analysis on historical data can be conducted. 

This allows the prediction and identification of potential life-threatening conditions. The 
patient database is optimally designed for coping with multiple continuous data streams, as 
well as queries from client applications. To ensure security, the database is only reachable 
through the central server after authentication. Workstations are generally used by the 
clinicians to view and interrogate subject data for detailed examination of significant cardiac 
events. 

With the UbiMon architecture, the remote sensing units consist of physiological sensors 
which are placed on the subject, and are capable of delivering real-time data to a local 
processing unit via wireless RF link. The local processing unit then processes the incoming 
data streams in preparation for sending over the wireless networks. The central server 
receives the real-time multi-sensory data and stores it to the database, with which long-term 
trend analysis on historical data can be conducted. 

This allows the prediction and identification of potential life-threatening conditions. The 
patient database is optimally designed for coping with multiple continuous data streams, as 
well as queries from client applications. To ensure security, the database is only reachable 
through the central server after authentication. Workstations are generally used by the 
clinicians to view and interrogate subject data for detailed examination of significant cardiac 
events. 

Body Sensors and Activity Recognition in UbiMon architecture 

The detection of the activities and conditions of patients normally requires the use of imaging 
or external sensors around the body. This imposes a significant burden on the overall 
requirements of the system. The suitable sampling rates for different types of sensor can be 
significantly different. This, along with the large amount of sensor data due to real-time 
continuous sampling, has raised the need for appropriate multi-sensory data fusion 
techniques, such as application-specific classifiers, feature selection and data 
synchronization. For UbiMon, the body sensor network relies on wireless technology which 
can be affected by noise and missampling of data. To integrate these multi-sensory data, a 
model that is capable of representing a possibly incomplete and noisy dataset has been 
investigated. The method is based on the unsupervised clustering algorithms combined with a 
novel feature selection strategy for optimal sensor positioning and resource utilization. This 
further enhances the generalization capability of the classifier. 

Wireless sensor networks and personal area networks 

There are a number of different types of sensor available for monitoring human beings as 
well as their surrounding and living and working environment. A collection of wearable 
medical sensors could communicate using personal area network or body network, which can 
be even integrated into the user’s clothes. The intelligent monitor connects to a specialized 
medical service only in the event of a medical emergency or if an episode requires 
intervention. The user or doctor or both could formulate triggers that cause even more data to 
be collected, additional sensors to be enabled, or medical personnel to be contacted. In the 
case of wireless monitoring systems, security and reliability are particularly important issue. 
Security can be preserved using the data encryption, balancing strength of encryption with 
power (both in terms of Watts and MIPS), etc. It is important to emphasize that in the case of 
medical monitoring applications simply wearing the device may disclose to the user©s 
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employer/insurer/acquaintances that the user is suffering from a medical condition. 
Consequently, the wearable monitoring device has to be as unobtrusive as possible, to 
preserve the patient’s privacy. Proposed concept of wireless network of WISE sensors would 
efficiently hide individual sensors and their connection with the personal server. Intelligent 
sensors would cover only limited range (in the order of ten feet) and therefore require very 
low power consumption for communication 

TELEMEDICAL SYSTEM 

Recent advances in microcontroller and sensor technology, including low power 
consumption and good performance to cost ratio made possible a whole range of new 
applications using distributed sensor networks. We believe that the concept of intelligent 
wireless sensors would be an excellent solution for a number of biomedical and monitoring 
applications, particularly in telemedical environment. We developed WISE sensors as a basic 
building block of future systems. A block diagram of the personal area network (PAN) 
system architecture in a telemedical environment is presented in Figure 45. The proposed 
architecture features hierarchical signal processing and collaboration in telemedical 
environment. The WISE sensors perform local data acquisition and simple signal processing 
tasks like filtering. The personal area network is client server network with a single server 
(PERSONAL SERVER) and multiple clients (WISE). In our system personal, the server is a 
DSP board that executes the following tasks: 

�  PAN control and supervision 

�  User interface (keyboard input/LCD output), warnings, etc. 

�  Telemedical server communication using standard cellular link. 

�  Archive of events and signals; compact flash memory card used as a secondary memory. 

�  One possible application of a health monitor in telemedical environment is presented. 
Multiple physiological signals (such as ECG, EEG, GSR, and limb movement) are 
monitored using 

�  Intelligent sensors and their state integrated using a low-power DSP based personal 
server. Other applications of monitoring in telemedical and telecare environments could 
be in smart homes, assistive living environment for elderly, sports environment etc.  

 

Figure 45: PAN-system 

Sensor systems 

A sensor system or microsystem is defined as a miniaturized system combining functions as 
intelligence, sensing, processing, communication and actuation. A microsystem is normally 
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realized by combining two or more electrical, mechanical, optical or other functions on a 
single chip or on a hybrid module incorporating several components. Figure 46 illustrates the 
most straightforward method in capturing data and transmitting it to the monitoring site. A 
sensor is placed on or in a human being to provide relevant information, with the sole 
intention to be able to control the process as accurately as desired. The sensor is coupled to a 
sequence of stages, which each play their proper role in signal handling and conditioning. 
First part is the analog sensor interface circuit, which must be well adapted to the sensor and 
often requires a careful design, not to jeopardize the usually small sensor output signals. Its 
role is to amplify the minute signals from the sensors up to acceptable levels for further 
treatment. In modern systems, an analog to digital conversion is carried out as soon as 
possible, to take advantage of the many possibilities that are offered by the ever increasing 
mathematical and decisive power of digital electronics these days. The transmitter stage is an 
important stage in biomedical systems, since this stage will send the information wirelessly 
to a matched receiver unit, in order to not disturb the user or patient. After decoding the 
received signal, the data handling and storage unit will usually decide on the relevance of the 
signals, will store interesting data, and will provide useful or important information to the 
outside (e.g. on a display) or will process it in a central system. The displayed data, which 
should be corresponding to the sensor©s output, is used as a decisive element to take the 
required measures for action and control of the biosystem. 

 

Figure 46: Basic system configuration of a sensor system 

An approach to create these kinds of sensors or microsystems is the use of so called modular 
microbricks, which are or have the basic functions of a sensor system. Key elements of a 
wireless micro module sensor system are:                    

�  Modular microsystems: building blocks, micro-bricks for power, RF, sensor, DSP etc. 

�  Power management: minimising and optimising of power  

�  Interfacing: I/O cabled and/or wireless (RF, antennas).  

�  Packaging: hermetic, 3D and cost price  

�  Assembly solutions: develop production technology and machine platform.  
Key characteristics of energy sources in MST devices are:  

�  Relatively large 

�  High weight 
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�  Low energy content 

�  Supply low peak currents. 
The following areas are very important: 

�  Battery technology 

�  Load management  

�  Power management components (regulators, boost converters, chargers, supervisors) 

�  Antenna technology 

�  Miniaturization 

�  Universal hardware components 

�  Development and integration of accurate and micro sensors. 
�
�

 

Figure 47: Experimental WMMS system with powerbrick, brainsbrick (DSP) and RF-
brick 

Sensor in wireless sensor system can have various functions: 

�  Temperature measurements 

�  Air or mechanical pressure measurement 

�  Chemical detection and identification 

�  Optical measurements 

�  Displacement measurement  

�  Acceleration measurements. 

�  Moisture measurements 

�  Audio/visual signals 

�  etc. 

 
An Overview of sensor measurements which could be carried out by wireless senor networks can be 
found in Figure 48. 
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Figure 48: Overview of sensor measurements which could be carried out by wireless 
senor networks, BAN, PAN etc. 
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2.8.3. Relevance for SOPRANO 

The relevance of sensor systems for Soprano in the field of identification, control/actuation 
by near presence detection, lifesign sensing and communication of data/connection to the 
SOPRANO middleware is summarized in Table 3.  

  

 

Table 3: Relevance of different sensor technologies for SOPRANO 

The SOPRANO project needs to identify people, identify objects and the near presence of the 
user, locate people, actuate systems (TV, shower etc), sense basic lifesigns and transmit data 
to the SOPRANO ambient middleware. It is important that these people cooperate to be able 
to be identified. Therefore people should voluntarily wear a tag, or wear a tag without notice. 
Thus, a combination of sensors seems to make sense when looking at aspects such as: 

�  desired functionality 

�  costs 

�  size 

�  power supply 

�  availability of components 

2.8.4. Market Study (Existing systems using these technologies) 

The “ Smart Surroundings”  project  

 
In this project TI-WMC (Twente Institute for Wireless and Mobile Communications) creates 
a wireless sensor health-care application. The sensor network monitors the physical 
environment, the physiological state and the current location of clients. It optionally monitors 
the location of caretakers. The application combines sensor with context information to 
notify the closest caretaker in case of urgencies, and log events for long-term analysis or 
administration. Significant events include "change diaper of client", "client sleeping 
uneasily" or "client may have fallen". 
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BAN L H H H 
PAN L H H H 
RF-sensor tags L H H L 
Sensor nodes L H H H 
Radar L L H L 
Radar ID H L L L 
13.56 MHz RFID-tags H H L L 
868 MHz RFID-tags H H L L 
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The localization is based on low accuracy signal strength measurements of active tags and 
short range RFID tag recognition at critical positions like doors. The active tags are like key 
labels and the passive RFID tags are mounted inside shoes. An infra red system detects 
persons who don’ t wear a tag. 

In the UK homes are being equipped now with RFID-tags near the door which can be read 
and eventually be opened with a NOKIA phone equipped with a NFA RFID reader chip. For 
access control cards in general 13.56 MHz RFID smart cards are the common standard, if 
necessary equipped with DES-encryption or other (Myfair cards). Radar is hardly being used 
nowadays for activities such as lifesign detection (only for the military and first responders) 
and identification. Sensor networks are being used more and more nowadays for sensing and 
actuation in domotica applications (temperature regulation, closing/opening doors, 
ventilation, actuation of devices etc.). 

DIALOC  

Dialoc ID is a developer of EAS- and RFID-systems, develops and produces read/write 
equipment and is involved in the development and production of tag technology. 

Research efforts on the field 

Dialoc ID has experience in the development of new RFID and EAS-systems for several 
kinds of user groups. Dialoc ID is also involved in specific development programs in which 
programs the human interface is an important parts of the process. As an example, over the 
last years, we have developed for a library self-service a full circulation self-service unit with 
a user friendly touch screen user interface. Together with the Dutch Railway organisation 
Nederlandse Spoorwegen (NS) we introduced an internet based RFID electronic ticketing for 
the Frequent International Traveller, by integrating an RFID reader in to a PDA. 

In several Dutch Cities (i.e. Amsterdam, Almere, Lelystad, Maastricht, etc.) we developed 
for the local council RFID City passes. For example in the City Maastricht this RFID pass 
can be used by all citizens for several programs, like access to public buildings, access and 
payment in the library, access to public transport and parking facilities, to open underground 
containers and to register the waste disposal (see Figure 49). 

Recently the Tourist organisation in the city of Amsterdam (VVV) introduced the RFID 
based “ I Amsterdam” tourist pass. With this pre-paid RFID Tourist pass and the public 
transport ticket, the Amsterdam visitor can have easy access to all museums, public transport, 
and canal boats. Besides this, the RFID card will provide to the owner discounts on payments 
in shops, restaurants and hotels. 

We are now in the process of integrating our RFID technology in interactive kiosks. To 
localise real time the distribution and all movements of waste transportation in Belgium and 
The Netherlands Dialoc ID develops and supplies active RFID tags and readers in connection 
with GPS/GPRS modems for positioning and tracking and tracing. 
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Figure 49: Using RFID Access & Control for waste distribution in Maastricht 

 
Over the last years, Dialoc ID has been contributing their EAS/RFID expertise into several 
TNO programs for tracking and tracing of products and human, sensing and objects. 
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2.9. RFID Technology 

In the last years, an increasing interest has be noticed in the possibilities to apply intelligent 
identification methods and sensor technologies in packaging, objects, materials, goods and 
persons/users of RFID-tags and cards. One can label a product, material, person or packaging 
as an intelligent system when it becomes part of a control or feedback mechanism in relation 
to its usage environment (warehouses, logistic chain, manufacturing processes, and smart 
homes). Products and intelligence covers a wide area of subjects. It is also often referred to as 
tracking and tracing of products. The whole working field can be divided into several areas. 
Essential is the possibility to identify the product, material, or person/user in a usage situation 
in a living environment. After identification, it will be possible to trace (localise) him or her 
in the living environment and to track (follow) the user. Furthermore it is possible to monitor 
or to sense conditions on or around the body of the user (rf sensor tags, sensors).  

There have been already a lot of existing identification systems applied to packaging and 
transportation systems, products, objects and individual persons: barcodes (linear, 2D, 
3D/snowflake), colour and shape identification with visual sensors (eyes, camera/s), GPS-
tracking & tracing systems for transportation containers, RFID-labels etc.  

The recent technological developments in the area of electronics and materials will probably 
make it possible in the future to identify and follow low cost food packaging systems and 
their contents in the logistic and usage chain.  

This section will further deal with following subjects: 

�  Basics principles for identification 

�  RFID-tags and RFID-readers  

�  EAS-tags 

�  New tag developments 

�  Sensors 

2.9.1. Basic principles for identification 

To identify a product, material, packaging or object, one can use elements already present in 
the products or materials or on the surface of products or materials one can add on specific 
identification tags. The first approach consists of a visual identification of product or 
materials on basis of used colours, shape, used readable information, print (brand, name, 
numbers, symbols etc.) or unique material structures. Fibres for instance can be randomly 
arranged in paper or plastic materials and create as a results of this a unique pattern which 
can be determined to a specified surface area (see Figure 50). This area could be recorded 
with optical device (camera/vision system, microscope etc.) and coupled to specific 
information about the product or material in a web based database or locally on a server, PC, 
laptop or PDA.  
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Figure 50: Visual identification of products 

Another principle solution is to add or carry an identification tags which can be read with 
special devices (see Figure 51): 

�  Optical barcodes (linear, 2D, 3D) 

�  RFID-tags, RFID-labels and EAS-labels 

�  Magnetic strips (e.g. Flying Null magnetic strips or magnetic strips on bank and credit 
cards) 

�  Hybrid forms. 
 

These principle solutions give more data storage capacity. 

 

Figure 51: Added-on identification tags (optical barcodes, RFID-tags, magnetic strips). 

RFID-tags  

RFID means Radio Frequency Identification. The main advantages of RFID-tags are that line 
of sight is not necessary to read out the data of the tag or to send data to the tag, furthermore 
a larger group of tags can be identified and addressed and finally information can be changed 
on the tags (the write option). The distinctions between RFID-technologies are based on the 
following parameters: 

�  Read and/or write: Read only, Read/write 

�  Passive or active (tags with or without own energy source) 

�  Operating frequencies: 125 kHz, 13.56 MHz, UHF (850-968 MHz) going up to 2.5 GHz. 
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Frequency Band Characteristics Typical Applications 

Low 
100-500 kHz 

Short to medium read range 

Inexpensive 

Low reading speed 

Access control 

Animal and human identification 

Inventory control 

Medical applications 
 

Intermediate 
10-15 MHz 

Short to medium read range 

Inexpensive 

Medium reading speed 

Access control 

Smart cards 

Packaging, goods/products 

High 
850-968 MHz 
2.4-5.8 GHz 

Long read range 

High reading speed 

Line of sight required 

From inexpensive to expensive 

Access control 

Packaging, goods/products 

Containers 

Toll collection systems 

Figure 52: Characteristics of the RFID-frequencies 

The choice of carrier frequency and associated bandwidth of RFID systems and tag design is 
influenced by a number of factors including: 

�  Data transfer rate (the higher the frequency the higher the data rate) 

�  Propagation capability and associated range (the higher the frequency the further the 
range and the higher the power needed) 

�  Size and cost of tag construction (the lower the frequency the higher the cost of antenna 
for inductive/passive systems) 

 
Key parts of the tags are: IC (chip), antenna, antenna-chip connection (these last three are 
inlay parts), packaging of inlay (chip and antenna), and battery (optional, only for active 
tags). 

The passive RFID-tags or RFID-labels on frequencies as 125 kHz (transmission rate of 
information is relatively low) and 13.56 MHz (ISO standards 15693, ISO 14443) are 
commonly used in logistic situations (tagging of pallets, beer keg, containers crates etc), 
access control systems (smart cards) and tagging of bicycles and scooters. The UHF RFID-
tags in the range of 868-968 MHz are being standardised now in the ISO 18000 drafts. Such 
an RFID tag is shown in Figure 53. 

 

Figure 53: 13.56 MHz RFID-tag 
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Due to the relative high price of flexible passive 13.56 MHz RFID-labels use is limited to 
tagging of re-usable packaging systems and products. The continuous re-use of these systems 
and the benefits originating from the automatic identification and data management in the 
logistic chain will make the use of these systems profitable. Depending on quantities of 
RFID-labels ordered the prices of the 13.56 MHz labels varies from 1 EUR to 0.2-0.5 EUR. 
The trend however shows that prices for the silicon IC’s are dropping due to the 
minimisation of the size of the tag (e.g. the smallest read-only Electronic Product Code tag 
will have a MEM-size of 128 bit.). This means that it will be possible to tag more goods, 
materials and object with passive RFID-tags in the near future.  

 

 
Figure 54: Myfair 13.56 MHz smart card for access control 

The major IC-producers for RFID tags (Philips, TI, Infineon, Inside Contactless, Impinj, 
Gemplus) supply 13.56 MHz and 868 MHz RFID ICs either as single chips with bond pads 
or as modules with larger metal bond pad to inlet and label and smart card manufacturers 
which make the chip-antenna connection and pack the tag inlay in films and other materials. 
They also develop and produce hardware components (picocontrollers and microcontrollers) 
which are provided with the required ISO and supplier specific protocols as software or 
digital coded hardware. These hardware components, the so-called couplers, are not universal 
and only able to read and write the IC’s of the same supplier. Although ISO-standards have 
been identified it means in everyday practice that one can only read the serial number of the 
silicon IC of another source with the coupler. The benefits of the standardisations are 
therefore limited now, although the potential is there to make this 13.56 MHz and UHF 
RFID-tag system more universal. This would be very interesting to do for the smart homes of 
the future to facilitate and provide reading and writing in all circumstances of RFID-tags on 
persons, objects and household equipment regardless which supplier of the 13.56 MHz or 
868 MHz UHF tags on them.  

 

Figure 55: UHF RFID-tag 868 MHz, EPC gen 2 read only chip 
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New tag developments 

The use of intrinsically conductive polymers in FETs (transistors) and logic electronic 
circuitry has been topic of various research and development projects. Companies active in 
this field are Philips, Infineon, ST, Plastic Logic, TNO etc. (e.g. EU project POLYAPPLY). 
Most efforts seem to be concentrated on creating copies of silicon structures in a polymer 
composition. These types of plastic chips are relatively slow in switching speed, but could at 
the end be produced with simpler and much less equipment than silicon chips (use of adapted 
printing technologies). This seems to be an enormous advantage to create low cost all plastic 
chips and tags (plastic chip with antenna). Due to the ongoing research and development 
work in this area it is not expected that these kinds of tags are available on short notice for 
identification during the SOPRANO project. 

 

 
Figure 56: All polymer integrated circuits on a wafer prototype 

It would be better to focus now also on development of hybrid tags with available RFID and 
EAS materials and technologies combined with a first use of conductive polymers such as 
basis polymer transistors in the tag design.   

RF sensor tags ����

The last 10 years, RFID technology has been developed to such a level that low cost RFID 
tagging has become reality for returnable transit items, expensive goods, access control 
cards, passport, bankcards etc. Even individual item tagging is possible within a few years 
with ultra low cost UHF read only EPC tags and in 5-10 years all polymer printed RFID-tags. 
Connected to this expected RFID roll out there are in various market/product sector 
developing needs for sensor tags which can be wirelessly read via RF, optical or Ultrasound 
devices and which give indicative values of the presence of certain substances near on the 
sensor tag or give reasonable accurate measurement of physical parameters such as 
temperature, pressure, moisture level etc. Sensor tags can be passive and will only measure 
when they are within field of a rf-reader or optical device, they can possibly harvest and 
retain power and by this will be able to measure at more moments, the last option is to equip 
them with film batteries to be able to sense critical values when needed and time log them. 
To create sensor tags several technologies are or will become available: 

�  Coupling of RFID passive chips to sensors via sensor interfaces 
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�  Make passive capacitor circuits with reactive antenna substrates and dielectric materials 
(use conductive polymers, CNTs, nanowires) 

�  Thin film batteries 

�  Conductive, reactive polymers and functionalized nanomaterials (CNTs, nanowires, 
nanodots) 

�  Silicon chips 

�  Polymer logic. 
 

Ideally they have the size of a credit card, are flat and can be powered and read via a RFID-
reader integrated in clothing, PDA, phone or watch. Sensor tags have potential application in 
the following areas: 

�  Food processing 

�  Food packaging 

�  Personal protection of soldiers, first responders 

�  Health monitoring (on skin for diabetic, under skin, as wound dressings, dehydration). 
 

 

Figure 57: Sensor tag of Tagsense (start up from MIT); Basic construction sensor tag 
(VTT); Senstenna rf-sensor (TNO). Companies active in this field are: VTT, Infratab, 

Tagsense, TNO, Philips. Source: Future Technology Centre 

2.9.2. Relevance for SOPRANO 

With the existing EAS/RFID Know How Dialoc ID build-up experience in all frequently 
ranges for low-cost tags and sensors based on the EAS technology. In the RFID field the 
Dialoc ID Know-How is based on the Short-Range 13.56 Mc. ISO standard ISO 14443 A + 
B (most used applications in this field are Access Control and Payment applications). In the 
field of Long Range item level reading and logistics (for products and people) the 13.56 Mc. 
ISO 15693 is used. The Long Range UHF 868 Mc. + 915 Mc. (EPC) can be used in detection 
ranges up-to 5 meter. For this range we also developed special UHF-RFID tags for use in 
inmoulding processes. 

The Dialoc ID active RFID tag and reader know-how are based on the 433 Mc. range. 

Those active tag products can be adapted with temperature-, pressure, time stamp, light, and 
shock sensing. 

In relevance to the Soprano project, Dialoc ID equipped several retail stores with floor 
detection and people counting for the store visitors. The active RFID tags and readers can be 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 147 of 207  
 

used for asset management by providing RFID tags to like tags on laptops, wheelchairs, 
PDAs in Buildings on which ID and location easily can be recognised. Dialoc ID is also 
building active positioning systems with options for sensing. All this know-how can be 
contributed in the SOPRANO project to identify, localise and sense users and environment. 

2.9.3. Market Study (Existing systems using this technology) 

All the used basic RFID Technologies by Dialoc ID are State of the Art and practised for 
years by Dialoc ID in a wide variety of World Wide distributed products and applications. 

Introduction positioning 

This section describes different sensor techniques for positioning and implementations. It 
also describes how they can be implemented into the SOPRANO system. In positioning 
systems we can identify five different kinds of positioning. 

�  High accuracy outdoors.  
o GPS (or Galileo) receiver and public network. 

�  Low accuracy outdoors.  
o Mobile phone 

�  High accuracy indoors.  
o Unidirectional time domain distance measurements, triangular positioning. 
o Wide angle (RF) radar or (sound) sonar. 
o Active RF or sound broadcast tag (powered by a battery)  
o Passive RF or sound broadcasting tags (no battery required) 
o Pulsed UWB 
o Direction Finding, triangular positioning. 
o Narrow angle radar 
o Beam forming antennas combined with active broadcasting tag. 
o Imaging 
o Video camera, visual light or infra red.  

�  Low accuracy. (“ In which area are you?”) 
o Signal strength measurements 
o Active broadcast tag 
o Passive RFID tag 

�  Awareness (“ Is there somebody?”) 
o Acoustic 
o Infra red 

 
Persons can carry an active or passive tag. Persons without a tag can be detected by the 
awareness sensor (see Figure 58). Active tags can transmit sensor data. Passive tags can 
return only a limited amount of data, in most cases only the ID. Location is actually the 
position of a person in the house; the posture detection is the position in which the person is 
(standing, sitting, lying down etc.) 
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Figure 58: With mounted devices in indoor environments (RF, IR, radar) 

Introduction on sensors 

Sensors can be connected to the body to measure physiological parameters, or autonomous 
sensors without body contact. For the last kind, e.g. a sensor can detect if a person is in a 
position in which he is not expected to be (fallen down on the floor) or a person didn’ t move 
during a certain time frame. 

Research efforts and future perspective on positioning systems 

1. GPS based positioning systems.  

Many possible configurations are available. GPS receiver modules are made by Atmel, 
Falcom and others. The receiver silicon is made by SiRF and others. This technology is not 
of interest for the SOPRANO project. 

2. Unidirectional time domain measurements with (active) tags. 

Abatec LPM system: It measures the position of special RF tags in the 5 GHz band. Tags are 
triggered to transmit a wide band signal with some data. A computer calculates with high 
accuracy the position of every tag, measuring the delay time to each receiving node. Abatec 
and TNO founded a joint venture called Inmotio, based in the Netherlands.  

Nanotron RFID system, called nanoLOC: With its unique ranging capability, nanoLOC can 
measure the link distance between a RFID tag and two nodes. Thus, nanoLOC supports 
location awareness applications including location based services and enhanced RFID. A 
high precision mode is provided. 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 149 of 207  
 

3. Unidirectional time domain measurements with passive broadcasting tags. 

FMCW radar: In the automotive industry there is a demand for FMCW radar systems, which 
can be used in combination with passive radar reflectors.  

TNO Senstenna: TNO develops a system with passive tags to measure the distance.  

4. Direction Finding, triangular positioning 

The Fraunhofer Institute has developed a solution for the in-house localisation of human 
resources with an active broadcasting tag (smart tag) and adaptive antennas (see Figure 59). 

   

Figure 59: In-house localisation of persons with active broadcasting tags and adaptive 
antennas. 

Four antenna arrays – each containing 4 identical antennas – are used to estimate the angle 
between the face of the antennas and the signal path connecting the array with the point of 
interest (for example an electronic tag). The four angles and additional information on the 
exact position and the orientation of the arrays can be used to calculate the position of the 
point of interest. Here position accuracy varies between 20 and 30 cm.  

Cairos is another company with a system, able to locate objects under optimal conditions 
with a high accuracy (3 to 5 cm). Unfortunately the better performance has to be paid with a 
highly complex and very expensive infrastructure. 

5. Low accuracy positioning. 

Localisation systems based on sensor networks might be an alternative. Here the position of 
an object is estimated based on the strength of the signals coming from neighbour nodes as 
well as on the number of hops between the sensor node that is attached to the object and at 
least three anchor nodes of which the exact positions are known to the sensor network. The 
position accuracy might reach 30 percent of the range of a single node. That means that a 
range of 10 meter corresponds to an accuracy of 3 meter. 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 150 of 207  
 

6. Sensors 

Position sensors exist as small mechanical switches and as advanced earth magnetic field 
sensors. Moving sensors exist also as small mechanical switches, measuring acceleration, and 
advanced earth magnetic field sensors.  

7. UWB 

The latest research efforts are on pulsed UWB, a low power Ultra Wide Band radio 
application. Holst Imec is a player in this area. Other companies are Picosecond Pulse Labs, 
PulseLink and others. 

At TNO we have a different position sensor in development. It is a passive type of sensor 
with the ability to measure the position in 3 dimensions with sensors readers in the room.  

Real-time indoor tracking (RFID &  ultrasonic) 

The problem of constant person and object monitoring, in terms of location and mobility, is 
one that can be solved in a number of ways. The work of Al-Sabbagh et al. [REFERENCE] 
proposes a solution to in-house location monitoring and mobility tracking, based on the 
combined use of RFID technology and an ultrasonic based location system. The basic idea 
behind the combined use of the two is that RFID signal travels with the speed of light, 
whereas ultrasonic waves obviously travel at the speed of sound. Thus, a simple TDOA 
(Time Difference of Arrivals) calculation is sufficient in order to calculate with great 
precision the location of a ‘ tag’  worn by a person or located on a particular object. The 
authors propose satisfactory solutions for the system’s control layer and the scheduling of 
sound and RF signals in an optimal way in terms of energy, cost, and efficiency. 

According to the authors, the RF/ultrasonic combined solution, has the following advantages: 

�  low cost 

�  is non-intrusive  

�  can monitor not only persons but also objects, when a person carries them or is in 
very close proximity to them 

�  very high precision in location calculations 

The solution above seems somewhat promising, however, combination of two types of waves 
require a selection of Tx/Rx modules and there is also some doubt regarding the complexity 
and cost of the portable/mobile devices that will need to carry both ultrasonic and RFID 
modules. 
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2.10. Radar Technology 

2.10.1. Introduction 

Radar systems have abilities and functionalities which are not present in other sensor 
systems, they operate independently from the presence of daylight, night, smoke and can 
penetrate through different materials, such as walls and last but not least the transmitted 
signal is cannot be monitored . 

TNO develops small, low-cost, portable radar systems with smart processing capabilities 
which can be used for a number of purposes. The Frequency Modulated Continuous Wave 
(FMCW) radar systems hardware and software can be developed, engineered and 
dimensioned specifically for an application such as imaging radar but also height radar. 
FMCW radars have the advantage that they can stand off from a wall at a large distance 
(distances larger than 30 m) through walls.  

The smart processing translates radar measurements into information which is 
comprehensible for everyone, such as patterns on a map depicting the trajectory of targets but 
also Virtual Reality images of moving persons. The smart or intelligent radar van be applied 
where other sensors fail or in combination with other sensors. TNO is one of the few 
companies able to develop radar systems, the other operate in the field of the defence 
industry (Thales, Qinetic etc.) 

The expertise areas of TNO are:  

�  Detection and identification of small targets at sea, land and in the air 

�  Detection of oil pollution spots on the surface of the sea 

�  Traffic control and automotive radars. 

�  Through-the-wall radar for detection and tracking of persons in buildings, ruins, fire and 
trucks 

�  Through-the-wall mapping for creating maps of buildings 

�  Contactless measurement of small displacements in the body, such as breathing, heart 
rhythm and movement of persons  

�  Radar imaging. By measurement on different receiver channels a radar image can be 
created of an environment. This radar image contains stationary targets such as walls and 
tables as well as moving targets such as persons  

�  Identification and tracking of persons with passive Radar ID tags  
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.  

 

Figure 60: Spectrogram of a walking person, on the horizontal axis time on the vertical 
axis speed. Specific processing can give a synthetic picture of a moving person 
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Figure 61: Example of radar imaging set-up and results. Upper left the radar image, 
upper right the optical image, bottom left radar set up, bottom right the observation room 

2.10.2. Patient observation with radar 

FMCW Radar systems can be used in the future in a number of ways to observe/monitor 
patients (see Figure 60 and Figure 61). These patients can carry a RFID tag or a Radar ID tag 

Positioning 

Positioning can be done in several ways: 

�  Multiple send/receiver radar systems. One or a number of spot radars will be installed. 
Combination of different radar measurements will give with the appropriate algorithm 
the position of the person. The static background is deducted with a 
background/foreground estimation algorithm.  

�  Interferometric imaging radar. This radar system has one send antenna and several 
receivers. Combination of received signals will give the location of a person. 

�  Beam directed radar. This system directs the radar beam through the room. In very beam 
position the distance-speed image can be determined.  

With the positioning radars one can create a synthetic/artificial image of the surroundings 
with the static parts and dynamic parts.  
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Live-sign detection 

For live-sign detection small movements such as breathing of a person can be detected. If 
these movements cannot be detected, an alert should be raised.  

Heart rhythm monitoring 

Radar systems with a wavelength of 2.4 GHz have the characteristic that they can penetrate 
through materials, such as human tissue. By this penetration movements of the heart can be 
detected (see Figure 62). The heartbeat can be measured up to a distance of approximately 5 
m, depending on the type of the radar system and external scattering of the signal. 
Measurement showed that interferometry radar systems can also be used at short distances.  

 
 

Figure 62: (a) Detail time signal with breathing filter; (b) Spectrogram heart beat 

Presence detector 

Radar systems can also be used as presence detector or line detector. In this case the opposite 
mounted RF tag (can be passive or active) will be detected continuously. When an object will 
move between radar and tag the reception of the signal will be disturbed and an alarm can be 
given. 
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2.10.3. Relevance for Soprano 
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FMCW automotive radar 24 of 76 GHz H H   
Time delay measurement with active broadcast tag L H L H 
Time delay measurement with passive broadcast 
tag 

L H L L 

Time delay measurement with pulsed UWB tag L H  H 
Direction finding with active broadcast tag L L  H 
Video imaging H H L  
Acoustic sensor L    
Infra red sensor H    

Table 4: Relevance of Radar technologies for SOPRANO 

 
The SOPRANO project needs to locate people. It is important that these people cooperate to 
be able to be located. Therefore people should voluntarily wear a tag, or wear a tag without 
notice or are localized with tagless systems (radar, infrared sensors/camera). Active tags with 
batteries can be frightening while tags with physical connections to the human body scare 
people. Active tags require servicing like battery charging. An overview over the relevance 
of the different Radar technologies in SOPRANO is given in Table 4. 
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2.11. Networking 

2.11.1. Introduction 

This section describes different networking techniques and implementations. Networks are 
used in the SOPRANO project to manage data streams between a tag and a node, and 
between nodes and the network server.  

There are several methods of communication between a tag and a node.  

�  A broadcasting tag transmits data without listening. There is no confirmation that the 
data has been accepted by the node. It’s like broadcasting a message, not knowing who is 
listening. 

�  A tag communicates with a network. The network forwards the data to the server node 
and the server node replies to the tag. A delay is possible. The internet is a kind of such a 
network. 

�  A tag communicates directly with the node. Wired or wireless telephony is such a kind of 
peer to peer communication. 

This kind of network with communication between a tag and a node is called a Local Area 
Network (LAN). It is also possible to install a Personal Area Network (PAN) on a person, 
exchanging data to a personal server which communicates with the “external”  world. It 
reduces the amount of data by preprocessing locally the collected information, transmitting it 
to the node of the Local Area Network.   

After the data has arrived at the node, further transport is needed. The data can be sent over 
exclusive networks with no other users. Copper or glass fibre wiring is required for each 
communication channel. It is robust but inflexible. On the other hand it is possible to share an 
existing medium like power lines, radio frequencies or infra red light.  

RF networks are not free to choose, one has to participate in an existing network like the 
large area covering GSM, GPRS, UMTS and WiMAX networks. Or one has to create a small 
area network, sharing license free frequencies with other users, using existing or own 
protocols.  

The wireless networked system arising from the connection of a number of sensors with 
other element of the networks, such as hubs/base-stations, in industrial applications, has been 
termed by several as SPIN (= Sensor, Positioning, and Identification Network). The acronym 
reminds the main functions to be performed by the system. Actually these are just the most 
important ones, and beside these it may be necessary to add micro-actuators, DSP pre-
processing/post-processing capabilities before transmit/after receive the signal, like for 
instance making an FFT of the sensor signal and transmit samples in the frequency domain 
instead of time domain, antenna technology which is more versatile in use and has minimized 
dimensions, battery management techniques, or even power scavenging techniques (recover 
electric energy from other forms of energy, like kinematics energy) where the system is 
batteryless.  

SPIN Networks for smart homes are characterized by a quite large number of sensors in the 
house, that should normally communicate at typical data rates of tens-hundred of kbit/s, over 
medium-long distances (~10m), but it is not difficult to imagine some situations, like the 
transmission of images from a camera sensor, checking for instance the position and 
dynamics of a person, or also secured encrypted communications, where the data rate can 
grow up to reach the Mbit/s upper limit. In home applications, such systems should feature a 
high degree of reliability, a robustness to interferences also in challenging propagation 
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environments as well as a very simple user interface which can be operated without difficult 
interaction or interference of end-user. 

Another key element of the SPIN networks will be the use of low cost RFID-tags (see also 
Section 2.9) which can be identified (read) and which can be provided with data by micro, 
wearable wireless RFID-readers on basis of a similar sensor platform. These RFID-readers 
can either be fixed at equipment in the smart home (doors, shower, refrigerator, stove etc.) or 
can be mobile carried by the elderly, and can be installed in furniture, floors etc.  

After analysis of the required features, the following wireless modes selected from an already 
huge existing family of standards, are expected to be the most suitable ones and have to be 
researched further. 

2.11.2. Standards 

IEEE802.15.4 (“ ZigBee” ) 

IEEE802.15.4 is considered ‘de facto’  the new emerging, winning standard which will enable 
a large number of applications based on wireless networks of sensors. It is IEEE approved, 
and can reach in principle a maximum data rate of 250 kbits/s with a maximum distance of 
30m. The standard can operate worldwide in the ISM unlicensed band of 2.4 GHz (2400-
2483.5 MHz), and uses a BPSK-OQPSK modulation type, with a Direct Sequence Spread 
Spectrum (DS-SS). Required receiver sensitivity is –85dBm.  

Wireless sensor networks based on ZigBee protocol can have the following communication 
patterns: 

  

Figure 63: (a) Star network; (b) Mesh network; (c) Cluster tree 

Bluetooth 

Bluetooth appears to be a serious, almost necessary candidate, in those applications 
demanding higher data rates (HDR), which overcome the maximum ZigBee data-rate, which 
is limited to 250kbit/s. The added value brought by Bluetooth, if considered as a second 
mode integrated besides ZigBee, is that it can increase the data rate to 1 Mbit/s. The 
maximum covered distance is 10m. What is also interesting, is that it operates in the same 
2.4GHz ISM unlicensed band, with electrical characteristics not so far from IEEE802.15.4 
(ZigBee): it still utilizes a Direct-Sequence Frequency-Hopped (DS-FH) spreading technique, 
with a GFSK modulation type, and required receiver sensitivity is only –70 dBm. Channel 
bandwidths are also quite comparable for the two standards (1 MHz Bluetooth versus 0.3-
0.6-2 MHz for ZigBee). It is imperative that the HW solution should be based on a circuit 
implementation enabling the lowest possible power dissipations, and in particular 
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comparable with IEEE802.15.4. Any Bluetooth chip dissipating power far higher than the 
ZigBee counterpart would not be exploitable or at least not competitive for the applications 
targeted in SOPRANO. The typical network structures of Bluetooth are depicted in Figure 
64. 

 

Figure 64: (a) Piconet Bluetooth; (b) Scatternet Bluetooth  

GPS 

GPS represents today one of the most viable solutions to address, at still reasonably low cost, 
the problem of positioning/localization of objects, goods, products, in out-door or out-door-
like environments. Such situations can be found in several industrial realities. GPS is a 
positioning and timing service, which will be available to users on a continuous, worldwide 
basis with no direct charge. It is well-known to the reader that a similar initiative is ongoing 
in Europe with Galileo. The main interest to use today, or at least near future, GPS in SPIN 
(Sensor, Positioning, Identification Networks) applications discussed here, is that it is 
possible to leverage on a very positive future consumer market trend (automotive, cell 
phones), tending to massively increase the volumes and decrease the costs of GPS integrated 
solutions. Several Companies, mainly based in U.S., have recently demonstrated GPS radio 
chips designed in CMOS technology, and efforts are currently ongoing to design completely 
integrated analog-digital GPS mono-chips solutions to cut further the costs. The medium-
long term target price of such solution would be in the order of only of 2-3$ per chip, which 
is a target price very similar to Bluetooth, ZigBee radio ones. About the electrical 
characteristics of the standard, the system operates at 1.575 GHz, occupied bandwidth is 
2.046 MHz, it uses DS-SS (Direct Sequence Spread Spectrum), and BPSK modulation. 
Receiver sensitivity should be in the order of –140dBm, which represents a much more 
challenging one if compared to Bluetooth-ZigBee. This implies the need to design very low 
noise amplifiers (LNA).  

WLAN (Wireless Local Area Network) – IEEE802.11b 

A more common wireless standard is WLAN for high data rate (1 MB/sec) communication 
between devices. It’s already present in laptops and desktop systems. It is fast, flexible, 
operates on a long range (10-100 m), but is comparatively energy consuming. WLAN can 
operate in two modes: in the infrastructure mode or in ad-hoc mode (see Figure 65). 
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Figure 65: (a) Infrastructural mode; (b) Adhoc mode  

New standards 

Some people find that ZigBee standard still remains quite complex for some applications 
requiring much less powerful protocols, and strongly believe this shall give a place for 
further introduction of other new standard(s). The SOPRANO Consortium should actively 
participate to any eventual ongoing or future standardization activity, which is pertinent to 
the project. 

UWB (Ultra Wide Band) – IEEE802.15.3a 

UWB is considered by many as a disruptive technology, or better, transmission technique. 
According to FCC, the Federal Communication Commission, UWB is any signal that 
occupies more than 500MHz bandwidth in the 3.1-10.6GHz band, and has a spectrum which 
meets minimum attenuation requirements starting from the hundred MHz (for the indoor 
communication systems), specified by a spectral mask. According to this definition, UWB is 
not anymore strictly speaking a technology, as was done in the past by associating it to very 
sharp impulses, but available spectrum for unlicensed use. Any transmission technique, no 
matter how is implemented, meeting these requirements, can be considered as UWB 
technology. The basic innovative idea behind UWB is the ‘spectral overlay’  non-
conventional approach, which means that instead for looking for new possible, unsuitable 
bands – as we know the spectrum is already very crowded - , we try to optimally re-use the 
existing spectrum, by transmitting very low amount of energy per unity of bandwidth, in 
order to not interfere with other existing standards, like IEEE802.11a, Hiperlan (located 
exactly in the 3.1-10.6 GHz band), or even disturbing other out-of-band weak signals, like 
GPS. This is made possible by the Shannon law on the channel capacity, stating that a same 
capacity can be reached also transmitting much less energy per bandwidth, if the total 
channel bandwidth is made higher than the one strictly necessary to transmit the signal (basic 
concept of spread spectrum transmission). In practice, UWB transmissions are also being 
standardized by IEEE, like for the IEEE802.15.3a.  

It is believed that UWB, and in particular the low data rate option, UWB-LDR, will be the 
winning technology to implement the “RF ID&LO” (Identification and Localization) smart 
tag. More in general, in the in-door environment, where GPS currently may be ineffective 
due to signal losses, the UWB transmission of data, from an object through very narrow 
impulses permits at the same time to transmit information and providing localization 
(distance) of the object. This is done by measuring the dispersion of the packet, by multiple 
sampling of the received wave, in reception. See Figure 66 for differences between narrow-
band signals (carrier based) and UWB. 
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Figure 66: Carrier-based and Pulsed UWB 

Standardisation of UWB takes place within the IEEE. The IEEE 802.15.3a intends to set a 
standard for high-speed connection for short range distances (alternative for USB or 
firewire). Within the working group some disagreements exist regarding the technology to be 
used. The IEEE 802.15.4a intends to set a standard for low-power, low-cost connection for 
medium range distances with an option to carry out positioning of devices.  

For the application area of positioning which is interesting for TNO and SOPRANO (low-
power wireless sensors and actuators with a low datarate, combined with positioning) 
developments within IEEE 802.15.4a are interesting. Applicability of UWB might be limited 
although due to the status of developments of components. 

The IEEE 802.15.3 standard tends to merge low data rate and high data rate providing thus a 
combination of both types of data. 

The main features of the discussed standards are reported in Table 5. Note that the table 
reports available data for UWB-HDR, but UWB-LDR is expected to be the standard that will 
be largely deployed. 
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Characteris
tics 

IEEE802.15.4 

(ZigBee) 

Bluetooth GPS IEEE802.15.3a 

(UWB-HDR) 

Max. Data 
Rate 

250 kbit/s 1 Mbit/s 50 bit/s 100 Mbit/s @ 10m 

200 Mbit/s @ 4m 

Max. 
Distance 

30 meters 10 meters -  10 meters 

Frequency 
Allocation 

2.4-2.4835 GHz 

(ISM) 

2.4 GHz (ISM) 1.57542 GHz 3.1 – 10.6 GHz 

Channel 
Bandwidth 

0.3-0.6-2 MHz 1 MHz 2.046 MHz Min. 500MHz 

Max. 7.5 GHz 

No. RF 

Channels 

1-10-16 79 -  1-15 

Modulation BPSK-OQPSK GFSK BPSK BPSK, QPSK  

Spreading DS-SS DS-FH DS-SS (Multiband) 

Max. TX 
Power 

~25mW,max in EU 20dBm - (only RX) -41.3 dBm/Hz 

Sensitivity -85dBm -70 dBm -140 dBm -  

Table 5: Characteristics of the standards considered in the Platform for wireless smart 
communicative components 

�

Figure 67: Characteristics wireless communication technologies: data rate and 
communication distance 

   UMTS 
  UWB 

 

     DECT Blueto
oth 

WLAN/ 
WiFi 

GSM 

Distance 

Data 
Rate 

1m 1k
m 

10m 100m 10k
m 

100km 1000km 

speach 

Tele-applic. 

video 

hq-video 

Babyto
oth 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 162 of 207  
 

 

�� � �� � � � � � � 	 
� � 

 � � �� � �� � �� � � � 	 
� � 
� � � � � � � � � 	 
� � � �

� � � ��� � ��� � �
� � � � �

� � � ��� � �� � � 	 
 � �
 �� 
 � �
 � 
 � 
 � �� � �� 
 ����� �� 
 � ��
� 
 � �

� �  �� ! �
� � " � �� � ! � � � �

� ���� � �� � � �
 � � �� � � �� � � �
 � � �� �� � � �
 �

� � ��� � � ���#� �
$%� �  &�

� � � ���� � � � � � ��� � � !� ���� �

� � �' � � ( �
� � %�  �

� � � ���" � � �  � � � �

� � � %' �%�� �
$( � ���  &�

� � � �  � � � � � � !� � � �

) � � � � �$! &� � � � � � �� � � � �#�� � � �

* � � �
� ��� �� � � �

	 � $���%� � 
 � �
� � � $&� � ��� � �

	 � $���
 
 $
 �� ' �&$
 � 
 � ( 
 $��
 � � �' �
 ) �� �
 �

� � � � � � � � � � �� � � � � �� ��

Table 6: Characteristics of wireless sensor networks based on ZigBee/WLAN/Bluetooth 

2.11.3. Research efforts on the field 

Power Line Communication is a new kind of communication over an existing wired network. 
It is in development and already available on small scale. The disadvantage is that it can not 
be used for communication with portable tags, but server nodes can simply placed in any 
room where electricity is available. 

License free RF communication with channel based RF transmitters is well known under 
names likes Bluetooth, Zigbee, Berkeley Nodes, etc. Bluetooth is a peer to peer application 
while ZigBee allows communicating in a community of users without interfering with the 
radio communication of other users.  

TNO has a ZigBee like communication network, called TNOdes (see Figure 68) 

The main characteristics of these integrated devices are: 

�  power supply 

�  sensors 

�  embedded processor 

�  wireless link 
 

Many, cheap sensors 

�  wireless �  easy to install & operate 

�  intelligent �  collaboration 

�  low-power �  long lifetime 
 

Small size 
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�  Increased applicability 

�  Low production cost 

�  MST 

 

Figure 68: TNOdes 

The latest research efforts are on pulsed UWB, low power Ultra Wide Band radio 
application. Holst Imec is a player in this area. Other companies are Picosecond Pulse Labs, 
PulseLink and others. 

2.11.4. Relevance for Soprano 

The SOPRANO project needs wireless communication between tags and nodes, and any kind 
of communication between the nodes and the central server. To avoid exclusive wiring, 
participating in existing or exclusive installed RF networks is an option. ZigBee is a nice 
example of a Local Area Network.  

Applicability of UWB might be limited due to the status of developments of components. 

2.11.5. Market study 

Active companies in the field of ZigBee chip development are: 

�  Philips semiconductors 

�  Crossbow 

�  Intel 

�  Atmel 

�  Etc. 
 

Active companies on develop of UWB-chips or UWB systems are: 

�  Ubisense 

�  IMEC 

�  IMST 

�  Intel 
 

An active company in the area of wireless nodes is e.g. Dust Inc in the US. 
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3. Market Analysis 
This chapter analyses the current socioeconomic situation of the market for supportive 
technologies for the elderly (Section 3.1) as well as existing products that are currently 
available on the market (Section 3.2). 

3.1. Current Socioeconomic Situation of the Market 

In 2007, we are at a stage where demographic ageing is already beginning and will soon start 
to accelerate. In the meantime the deployment of computers, the Internet and mobile 
communications in all aspects of the economy, services and everyday life continues apace. 

These two trends can hardly pass each other by without interacting in a multitude of ways. 

To get an idea of the market for AAL solutions that is opened by these two major forces of 
change – demographic ageing and the increasing pervasiveness of Information and 
Communication Technologies (ICTs) – several aspects that will or may have an influence on 
the market should be explained and discussed in more detail.  

Important market drivers are the dimension of the demographic change, the related 
development of state of health of older people, specific problems of the increasing older 
generation, the resulting estimated increase of the need for care, current structure of care and 
expected cost pressures on health care and social care systems. 

3.1.1. Demographic challenges 

The process of population ageing is mainly driven by two key developments, namely 
increasing life expectancy and low fertility rates. On the one hand, while the population of 
the 25 countries that today form the European Union has grown from 378 million in 1960 to 
over 453 million in 2002, population growth has in recent decades slowed down to a rate of a 
mere 0.3% in 2003 (EUROSTAT 2004: 40). Neither in the EU15 nor in the enlarged Union do 
fertility rates currently reach the so-called replacement level (that is a reproduction rate high 
enough to replace an area©s population) of 2.1 children per woman62. On the other hand, life 
expectancy has continuously increased. In the last decade alone, life expectancy at birth has 
risen by almost three years in the 25 EU countries, reaching 75 years for men and 81 years 
for women in 2002 (EUROSTAT 2004: 58; compare also CEC 2002: 8-9). In 1991 a 65 year 
old man and a 65 year old woman could statistically expect to live for another 14.8 and 18.5 
years respectively. By 2002 this figures have risen to 16.0 years for males and 19.9 years for 
females.63 

These figures illustrate the unprecedented demographic shift the European Union is facing 
today. When assessing future demographic trends one needs however to bear in mind that 
typically different “ futures” , i.e. different possible scenarios, exist depending on certain 
assumptions on can make in relation factors that ultimately influence demographic 
developments. Also, once projections are known they can have an impact on policy and can 
thereby change reality, resulting in a different outcome than projected. It is thus clear that 
demographic forecasts are inevitably affiliated with a certain degree of uncertainty. 

                                                      
62 One-tenth of a child extra is needed to make up for the different sex ratio at birth. 
63 EUROSTAT website: 
http://epp.eurostat.cec.eu.int/portal/page?_pageid=1996,39140985&_dad=portal&_schema=PORTA
L&screen=detailref&language=de&product=sdi_as&root=sdi_as/sdi_as/sdi_as_dem/sdi_as1200  
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Nevertheless, the demographic developments sketched above are most likely to continue 
during the coming decades. 

Demographers predict that life expectancy will continue to rise for both sexes. According to 
EUROSTAT (2004), in 2050 the average life expectancy for the European Union’s male 
population may have reached 80.5 years, nearly 8 years more than in 1995. For women the 
increase is however likely to be less pronounced; their average life expectancy is predicted to 
amount to 83.8 years in 2050, a plus of nearly 4 years from the 1995 figure. 

Although fertility rates are projected to slightly increase in the near future, they are likely to 
remain below the replacement level for the whole period up to 2050. In an optimistic 
scenario, the EU25 fertility rate may increase from 1.48 in 2000 to 1.93 in 2050, with France 
and Sweden reaching the 2.10 mark but not surpassing it. A less optimistic scenario envisions 
only an increase to 1.62, with no European country even near the replacement mark. 

Due to these trends, the share of older people in the overall population will continue to rise 
(cf. Figure 69). Leaving aside possible migration developments the share of the 50+ 
population is likely to rise from 35% (i.e. from some 159 Mio) in 2005 up to some 48.5% (to 
some 202 Mio) in 2050. At the same time, the share of the people older than 75 years is 
predicted to rise from 7.6% (some 34 Mio) to 19% (some 75 Mio) by 2050. Thanks to 
immigration the European Union’s overall population is assumed to increase slightly until 
2025 – i.e. by 2% when compared with 2005 - before starting to drop thenceforward (CEC 
2005). 

 

Figure 69: Projection of EU25 population according to age (no migration variant). 
Source: EMPIRICA and WRC 2005: 5 
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It is clear that member states will not be affected by these developments to the same degree 
and at the same time. While some countries are affected already today others are some way 
removed from this point and may thus not experience the same urgency in implementing 
measures to alleviate the resulting problems. 

However, towards the end of this decade the majority of countries will have to face up to a 
declining workforce, even if it may take one or more decades before the demographic 
development starts to take effect in terms of a shrinking overall population. For most 
countries the effect of the demographic shift on their working populations will come 
considerably earlier than the effect on the size of their overall population. 

3.1.2. Demographics likely to increase needs and drive demand 

Population ageing, health and disability 

In the past, advances in health have promoted population aging in almost all industrialised 
countries (BUTLER 1997). “ In the last quarter of this century, older people have made 
substantive health gains. Explanations for this vary and may be interactive including 
improvements in health education, health services, medicine, public health and standard of 
living” (MESTHENEOS et. al. 1999: 155). However, whether the age-specific health status will 
remain constant or change in future - and in which direction - remains to be seen. Progress in 
medical technology cuts both ways in terms of the average health status of older people: 
“While it is reasonable to assume that some elderly will be healthier and have a health status 
equivalent to that of younger individuals in the previous generation, others may survive into 
the older age cohorts because of improved medical technology, but their health status may 
still be relatively poor for their age”  (SHOVEN et. al. 1994: 1337). Thus, simplistic 
conceptions about the interrelationship of population ageing and health seem to be 
misplaced. Nevertheless, analysts have predicted that “health trends in the next 25 years will 
be determined mainly by the ageing of the world’s population”  (MURRAY and LOPEZ 1997: 
1498).  

Typically, ageing is conceptualised as a progressive loss of functions with advancing 
biological age, and it will not come as a surprise that there is manifold evidence that the 
prevalence of activity limitations and health problems among older people tends to be 
relatively high (see Figure 70). According to the SENIORWATCH (2001a) survey conducted in 
2001, some 60% of the 50+ population in the EU15 Member States were for instance treated 
for a chronic disease or any long term condition. The more recent SHARE (2005) survey of 
the 50+ population in 10 Member States revealed that 40% of the respondents reported to 
have some activity limitation due to health problems, and almost 50% reported to have some 
long term health problems. (MACKENBACH et al. 2005: 83). The authors conclude that 
“almost all physical health problems are strongly related to age: their prevalence usually rises 
steeply with age, in a linear, sometimes even exponential fashion.” (MACKENBACH et al.: 
84). This result is in line with data available from EUROSTAT.  
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Figure 70: Prevalence of frequent diseases among older people 

The proportion of those stating that they are hampered in daily activities by any physical or 
mental health problem, illness or disability is twice as high in the 65+ age range when 
compared with the age range between 16 and 64 years. 

Older people also tend to have mobility and balancing restrictions. This results in an 
increasing prevalence of falls in old age, as shown in Figure 71. 
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Figure 71: Prevalence of falls among older people. Source: Mortality Statistics for 
England and Wales 2000; Annual Reports of the Registrars 
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Another highly important health theme is dementia. These are typically progressive 
conditions, beginning with relatively mild manifestations of forgetfulness and disorientation 
(in time and/or place) and progressing (without effective treatment) to a need for continual 
care. Currently, the age-specific prevalence rates for the various forms of dementia are: 60-
69 (1%), 70-79 (5%) and 80+ (25%). There are about 6 million Europeans with dementia at 
present with this projected to grow to more than 16 million by 2050 (cf. Figure 72). 

 

Figure 72: People with dementia in the EU 

There is however great diversity in relation to the extent to which adults develop health 
problems during later stages of life. For instance, while about more than two thirds of the 
respondents of the SHARE survey reported to have at least one chronic disease diagnosed 
during their life time (40% even two or more) around one third reported no chronic disease at 
all, or no symptoms at all (MACKENBACH et al.: 2005: 83). Clearly, socio-economic and 
cultural factors as well as cohort effects seem to have a bearing on the extent to which the 
biological ageing process comes along with health problems and disabilities. There is strong 
evidence that “ individuals with lower socio-economic status have more health problems, face 
more disability problems and live shorter than those with a more privileged socio-economic 
position” (AVENDANO et al.: 2005: 89). 

Health and disability are closely related. According to an OECD study the relative proportion 
of people with disabilities in the overall elderly population seems to have declined during the 
early 1990 in many industrialised countries (CAMBOIS et al. 1998). The study found out that 
sever disabilities had declined in nine of the OECD member countries between 1990 and 
1994. However, the gains were mainly found in the younger age groups (65-80), and they 
were greater for men than for women. The study also detected that the decline was 
pronounced in private households. However, rising disability rates in the institutionalised 
population were observed – possibly due to a general trend towards increased home care 
provision. Four countries had significant gains including France, Germany, Japan and the 
USA. There were mixed results in Canada and Sweden while Australia, the Netherlands and 
the UK had very moderate or no gains. 

While disability rates seem to decline the total number of frail and disabled persons is likely 
to rise in the future because of the demographic shift in the coming decades. According to 
CAMBOIS et al. (1998) the OECD found for instance that Japan would see a 74% increase in 
the number of older people living in institutions by 2020. Canada would see a 61% increase 
while the growth would be 33% in the U.S. Other European nations were forecast to have 
lower growth rates: Germany, 26%; France, 29%; the U.K., 18%; Sweden, 27% (ibid.). 
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According to another study the number of disabled living at home is set to grow even faster. 
For example, a 74% rise of disabled elderly in Japan between 2000 and 2020 has been 
forecasted; in Canada a 62% jump and in the U.S. a 41% increase. The corresponding figure 
for Germany is 38%, for France 54% and for Sweden 29% (England 2001: 73%). 

Cognitive ageing and limitations in performance of (instrumental) activities of 
daily living (I)ADL 

Apart from health problems and susceptibility to chronic disease, a number of cognitive and 
other changes threaten independence in living: 

�  poor recall / memory, loss of attention, tiredness (not switching a hot-plate off, not 
adding cold water to a hot bath, low medication compliance…) 

�  reduced fluency of speech (difficulty in articulating a need for assistance, loss of social 
contacts…) 

�  inability to act to counter potential threats (not checking windows and doors properly 
locked, frailty when confronting an intruder...) 

�  reduced ability to perceive and understand spoken or written messages (dangers through 
lack of information, inability to be warned…) 

�  inability to carry out activities to maintain well-being (from toilet and clothing to 
cleaning and cooking) 

�  susceptibility to health-related problems needing remedial action (from loss of balance & 
falling to sudden deterioration of a chronic condition) 

�  inability to perceive threatening developments (smoke / loss of smell; leaking water / 
poor vision...) 

Declining cognitive abilities can be a particular threat to autonomy. Cognitive abilities are 
clearly age-related, which finds its expression in the term of cognitive ageing. Cognitive 
decline is generally detectable at the earliest in the fifth decade of life and only if sensitive, 
effortful tests are used (SCHAIE1989). The stability of most aspects of cognitive ability in 
earlier years points to strong influences from genetics, early environment and education 
(RICHARDS2004). Age-related decline generally starts with loss of memory functions and is 
progressive. However, only a minority go on to suffer from clinically significant dementia, 
whose prevalence in Europe is around 2% for those aged 65-70, and doubles with every five 
year increase in age, reaching around 25-30% for all those aged 85 years and over [LOBO 
et.al2000]. The Share project [DEWEY&PRINCE 2005] measured cognitive ability of over-50-
year-old Europeans in several countries using simple tests of orientation, memory 
(registration and recall of a list of ten words), verbal fluency (a test of executive function) 
and numeracy (arithmetical calculations). It was found that cognitive impairment (verbal 
fluency, memory recall and numeracy) were all strongly associated with one or more 
limitations in performance of (instrumental) activities of daily living (I)ADL. This 
association with reduced functioning was most prominent in Northern Europe, whereas an 
association between cognitive decline and receipt of support was found to be stronger in 
Southern Europe. 

Turning to the practical implications of such limitations, it has been estimated that there may 
be at least 7 million older people in Europe (EU15) that have difficulties leaving their homes 
for day-to-day activities. For these people, support for remote access to everyday services 
can make a major contribution to independent living. 

Mental health and emotional well-being 

Psycho-social problems represent another key challenge for independent living in old age, 
and these are as heterogeneous as the broadly defined population group of the elderly itself. It 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 170 of 207  
 

is therefore quite challenging to clearly define what constitutes needs of older people, in 
particular intangible psycho-social needs in relation to independent living. However, if 
independence is to mean more than just basic survival for elderly people, psycho-social needs 
clearly have to be considered when defining spheres of personal needs. Two of the most 
important needs are the need for socio-emotional support on the one hand and the need for 
social participation on the other. 

Older people face the risk of experiencing a number of changes that might reduce their social 
networks and opportunities for interpersonal contact, and, as a consequence, increase social 
needs. There is manifold evidence that social changes associated with retirement, increased 
likelihood of losses in interpersonal relationships and possible restrictions in social 
participation because of functional limitations. Available evidence suggests that up to fifteen 
percent of older Europeans may experience frequent loneliness (PERLMAN 2004). 

Also, available evidence suggests that there is a strong association between physical health 
and emotional well-being. For example, studies have shown a strong association between 
disability and the subsequent onset of a depression, which is a very important indicator of 
general well-being and mental health. Worth mentioning in this regard is that the effect of 
disability increases in those population groups with the least social support, underpinning the 
importance of the latter for the overall emotional and physical well-being of older people 
(PRINCE et al 1998). On the other hand, higher levels of depressive symptoms are associated 
with higher rates of physical illness and greater functional disability and a significant effect 
of depression on the ability to cope with activities of daily living and mobility, which is 
another indication that emotional and physical health should not be regarded as separate 
components of the overall health status and well-being of older people (SHARE 2005). 

There are at least two application themes that would seem to have high relevance. One area 
concerns social contact, support and participation. Here communication technologies have a 
significant potential (e.g. video telephony, new forms of networking on the Internet and so 
on). The other area concerns therapeutic interventions and there are now some well-
established programmes providing tele-psychiatry and tele-counselling services to clients in 
their own homes. 

Potential demand for independent living solutions 

The market dynamics of demand and supply are quite complex and seem to be determined 
not at least by structural peculiarities of national health care systems, and care provision 
schemes as well. For instance, there is a close correlation between the structure of the health 
care system, the organisation of the services provided and the ability of the citizen to 
approach health care providers. Structural aspects of health care supply would thus seem to 
determine actual demand, at least in part (COUNCIL FOR PUBLIC HEALTH AND HEALTH CARE 
2004). As the care and independent living domain – in particular health care systems – are 
currently undergoing significant changes in many countries, exact predictions about future 
demand are difficult to make.  

Nevertheless, extrapolation of current demand potential for care and independent living 
solutions according to demographic projections provides a useful indication about the level 
of magnitude at which population ageing is likely to drive demand over the time. Therefore, 
a quantitative estimate of demand likely to emerge over time – with the caveats mentioned 
above - is provided below. The estimate reported here refers to “potential”  demand rather 
than actual demand. This is because the independent living domain is still an emerging one. 

For the purposes of assessing potential demand, telecare and telemedicine applications are 
assumed to be of particular interest for older adults in need of regularly being in contact with 
external care providers and/or medical staff. Further, they are judged as being relevant for 
persons who are at risk of facing an emergency situation due to certain conditions they may 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 171 of 207  
 

have, or who at least fear such a situation. Not at least, they are of interest for older adults 
who have care responsibilities themselves while having other commitments, e.g., in the 
family or due to their occupation. Smart homes and assistive technology devices are assumed 
being of relevance for older persons who experience difficulties in coping with daily living 
due to restricted cognitive or physical functions. These restrictions may stem from an age-
related loss/reduction of functionalities, long standing illness/disability or acute health 
condition such as a stroke.  

Despite limitations in the availability of demographic data for these population segments it is 
possible to put at least some boundaries on likely demand and to put some estimates for the 
absolute levels of demand for the independent living domain.  

Potential beneficiary groupings for which demographic data are available include: 

�  older people already using an alarm service. For the purpose of demand assessment it is 
assumed that the penetration level observed in the most matured market of alarm service, 
i.e. in the UK market, reasonably reflects potential demand in other countries; 

�  older people who suffer from chronic diseases or other forms of long standing illness 
requiring regular monitoring and/or interactions with medical staff. For the purposes of 
demand assessment it is assumed that not all persons affected would benefit from 
independent living/care solutions. Expert estimations suggest a higher probability for 
older age cohorts to potentially benefit from such solutions mainly for two reasons. 
Typically, the severity of manifestation of experienced diseases increases with growing 
age. Further, the older a person gets the higher is the probability to live alone, and 
capabilities potentially provided by ICT systems and devices may help to substitute 
family support. The estimated demand potential presented here therefore relies on the 
assumptions that 25% of those concerned in the age range between 50 and 80 years 
would benefit from care/independent living solutions while in the age group of the 80+ 
this would be the case for 60%; 

�  older people with personal care responsibilities who are in employment. For the purposes 
of demand assessment it is assumed that all of these would potentially benefit from 
telecare/telemedicine applications through a reduction of their care burden; 

�  older people having difficulties with activities of daily living such as dressing, hygiene 
and moving around. For the purposes of demand assessment it is assumed that all of 
these people can potentially benefit from independent living solutions; 

�  older people who are severely restricted in using common technology in the wider 
environment.  

For the purposes of demand assessment it is assumed that all of these people can potentially 
benefit from AAL solutions. 

The estimated figures given in Table 7 and Table 8 indicate a potential demand in a two digit 
million range for every sub-domain. It needs however to be considered that the figures given 
for individual groups can not simply be aggregated in order to arrive at an estimated overall 
demand for a particular sub-domain. This is because the prevalence given for the individual 
beneficiary groupings are not necessarily independent and mutually distinct. This problem is 
unavoidable in view of the rather coarse grained data base available in relation to potential 
beneficiary groups. 

Nevertheless, the estimate suggests a significant demand potential today among the 50+ 
population that seems to slightly increasing over the coming decade. In the longer run, the 
potential demand can however be expected to increase considerably. In the light of the 
hitherto presented analysis, it will not come as a surprise that the increase is however much 
steeper when only considering the oldest old. For instance, while in the age range between 50 
and 79 years the number of people having difficulties to move around is estimated to increase 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 172 of 207  
 

from 12.1 Mio to 15.9 Mio, i.e. by 31%, between 2005 and 2050 the increase in the 80+ age 
segment will amount to 154% during the same period, i.e. from 5.7 Mio to 14.5 Mio.
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Extrapolation of the absolute no. of 
potential beneficiaries in the EU25 (in Mio) 

Indicator of potential demand  

2005 2010 2020 2050 

50-59 years     
60-69 years 5.7 6.1 7.1 7.1 
70-79 years 7.4 7.7 8.8 11.4 

Proportion of 50+ population having 
difficulties shopping according to 
SeniorWatch 

80+ years  6.8 7.9 9.9 18.5 
50-59 years 3.0 3.2 3.5 2.8 
60-69 years 4.5 4.8 5.6 5.5 
70-79 years 2.8 3.3 4.1 7.7 

Proportion of 50+ population having 
difficulties to take bath or shower according 
to SeniorWatch 

80+ years 4.7 5.4 6.8 12.6 
50-59 years 3.0 3.2 3.5 2.8 
60-69 years 3.7 4.0 4.7 4.6 
70-79 years 3.9 4.1 4.7 6.1 

Proportion of 50+ population having 
difficulties getting dressed according to 
SeniorWatch 

80+ years 2.8 3.3 4.1 7.6 
50-59 years 2.6 2.8 3.1 2.5 
60-69 years 4.2 4.5 5.3 5.2 
70-79 years 5.3 5.6 6.4 8.2 

Proportion of 50+ population finding it very 
difficult to move around according to 
SeniorWatch  

80+ years 5.7 6.6 8.2 14.5 

Table 7: Estimated market potential for Smart Home / AT for cognitive or physical 
functions applications among the 50+ population in the EU 25. Source: Own calculation 

based on Eurostat demographic projection (medium variant) and data available from 
SENIORWATCH (2001a, b) and EURODEM 

Extrapolation of absolute no of potential 
beneficiaries in the EU25 (in Mio) 

Indicator for potential demand 
 

2005 2010 2020 2050 

Proportion of 50+ population using community alarms in most mature 
EU market (UK) according to SeniorWatch 

21.3 22.9 26.3 29.2 

50-59 years (25%) 2.8 3.0 3.2 2.6 
60-69 years (25%) 3.1 3.4 3.9 3.9 
70-79 years (25%) 2.7 2.8 3.2 4.1 

25% / 60% of those 50+ having 
joint/bone/muscle disease according to 
SeniorWatch  

80+ years (60%) 4.0 4.6 5.8 10.8 
50-59 years (25%) - - - - 
60-69 years (25%) 0.1 0.1 0.2 0.1 
70-79 years (25%) 0.4 0.5 0.5 0.7 

25% / 60% of those 50+ having dementia 
according to Eurodem 
 

80+ years (60%) 2.8 3.3 4.1 7.7 
50-59 years (25%) 0.8 0.8 0.9 0.7 
60-69 years (25%) 1.0 1.1 1.3 1.3 
70-79 years (25%) 1.0 1.1 1.2 1.6 

25% / 60% of those 50+ having chronic 
respiratory disease according to SeniorWatch 

80+ years (60%) 1.3 1.5 1.9 3.5 
50-59 years (25%) 1.0 1.1 1.2 0.9 
60-69 years (25%) 1.1 1.2 1.4 1.4 
70-79 years (25%) 1.1 1.1 1.3 1.7 

25% / 60% of those 50+ in treatment for 
diabetes according to SeniorWatch 

80+ years (60%) 1.1 1.3 1.7 3.1 
50-59 years (25%) 1.1 1.1 1.3 1.0 
60-69 years (25%) 1.7 1.8 2.1 2.1 
70-79 years (25%) 2.4 2.5 2.9 3.7 

25% / 60% of those in treatment for heart 
disease according to SeniorWatch 

80+ years (60%) 4.0 4.7 5.9 11.0 

Table 8: Estimated market potential for remote social and medical care applications 
among the 50+ population in the EU25. Source: Own calculation based on Eurostat 

demographic projection (medium variant) and data available from SENIORWATCH and 
EURODEM  
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In terms of providing support for older people the nature of the specific condition(s), of 
course, will determine what supports are needed and how they can be delivered. For 
cardiovascular problems, AAL services and applications are already being used to support 
ambulatory monitoring in the home, remote transmission of data to monitoring centres and 
even remote management of acute interventions such as telecontrol of defibrillators. It has 
been estimated that there are at least 2 million potential candidates for home cardiac 
monitoring services in Europe (SATS, 2000). For diabetes, glucose monitoring and insulin 
delivery systems clearly also have a lot of potential. In the case of joint/bone/muscle 
diseases, technologies to support activities of daily living are likely to have particular 
relevance.  

3.1.3. Cost pressures on health care and social care systems 

Up to now, evidence indicates that changes in real benefits (better services, enlarged supply) 
account for 50% or more of the increase in health care costs, whereas demographic change 
has played a lesser role (CAVE and PANIS 1996). However, forecasts suggest that that 
changes in the age distribution as measured by dependency ratios will in future indeed affect 
health systems’  burden of cost, and, via the dramatically decreasing relative proportion of the 
population earning an income and paying taxes/social security contributions, may impact 
strongly on system income. In addition, it is expected that the extraordinary growth of the 
proportion of people aged 80 and over will significantly contribute to the growth of the 
demand for other social services. In particular, the expected sharp increase in the absolute 
number of disabled people will push up spending on publicly financed long term care as a 
proportion of national GDP. ENGLAND (2001: 73) estimates a 102% increase in spending 
between 2000 and 2020 for Japan and an increase in the proportion from 0.75% to 1.54%; 
Canada is estimated to see a 48% increase in long-term care spending, from 0.5% to 0.81% 
of GDP; in the U.S. long-term care spending is supposed to rise 21%, from 0.68% to 0.82% 
of GDP; in Germany, it is expected to rise 38%, from 0.71% to 1.02% of GDP; in France, it 
may rise 51%, from 0.60% to 0.98% of GDP.  

It has been estimated that the costs of Alzheimer’s disease alone in the EU15 could reach as 
much as 225 billion Euros by 2025. There is a lot of hope now pinned on developing 
pharmaceutical responses to reduce the impacts through prevention or delaying the onset and 
progression of these conditions. In the meantime, there is growing activity in the application 
of AAL for dementia. In the early stages of the condition where forgetfulness and 
disorientation often begin to appear, technological supports in these areas have been shown 
to offer a lot of potential (e.g. digital calendars, electronic medication reminders, electronic 
cooker monitors and electronic object locators). In the later stages, devices that can help 
carers© to keep track of erratic behaviour have indicated a lot of potential. 

Considering that - on the one hand - population ageing may have a negative effect on 
economic growth, and - on the other hand - that at least a considerable part of the remaining 
growth may have to be devoted to financing pension, health and social security programmes, 
the social explosiveness of these developments should be obvious. 

Cost-benefit considerations 

A very important aspect for a real widespread implementation will be simple cost-benefit 
calculation. In relation to the question whether AAL implementations can be regarded as a 
promising avenue to follow to enable national care and social systems to cope with budgetary 
constraints, the evidence base currently available does not allow for a general judgment. As 
the case arises, consideration always needs to be given to the relative merits of investing in 
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ICT-based solutions and paying for other forms of support, e.g. more labour-intensive service 
models. In the case of relatively simple solutions such as item locators costs do not seem to 
be a major issue when compared with benefits experienced by older people and their carers. 

However, in relation to assistive technology and personal emergency response systems there 
is some evidence that using this technology yielded a positive cost/benefit ratio mainly 
through the reduction of the burden of on-site care and assistance (ANDRICH 2000; MANN et 
al. 1999). Also, more recent implementations in community care settings suggest potentials 
to reduce delayed hospital discharges and the length of hospital stays. For instance, by 
implementing technology packages into existing houses and the newly built housing with 
smart technology the West Lothian authorities have achieved a mean duration of stay in 
hospital by a patient assessed as being ready to move of 9 days, as opposed to the Scottish 
average of 57 days. Furthermore, an evaluation of the West Lothian Home Safety Service 
which was undertaken by the University of Stirling (Figure 73) highlights strong economic 
benefits of telecare technology: the gross annual cost for providing one care home place 
stands at £ 21.840, compared with £ 7.121 for the support in the community package 
including telecare technology, 24 hours response and ten hours of care (KELLY 2005; BOWES 
and MCCOGHAN 2002, 2003, 2005). 

 

Figure 73: WLC Cost Comparisons. Source: WLC Smart technology at home Interim 
report February 2005, University of Stirling  

In the UK, central government has recently prepared support materials for care service 
providers (BUILDING TELECARE IN ENGLAND 2005) covering a number of issues such as 
cost-benefit modelling, organisational change, implementation, governance or ethics (see 
Figure 74). 
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Figure 74: Cost-benefit modelling 

UK Dept. of Health 

In the case of more complex AAL systems, it is however very difficult to make a 
comprehensive cost benefit assessment due to the complexity of cost benefit relations in this 
domain. Depending on structural peculiarities of national welfare and health systems, costs as 
well as benefits may accrue to a variety of actors in different roles (e.g. care recipients and 
their families, municipalities, charity organisations, public and private funding organisations, 
commercial service and technology providers). These roles are at different levels as well. A 
further aspect adding complexity is the fact that cost savings may not only occur in relation 
to the utilisation of technologies at the “ front office”  level, i.e. for the purposes of immediate 
services delivery to the older client, e.g. by means of telecare applications, but also at the 
“back office”  level. Here, productivity gains seem possible through ICTs, e.g. in relation to a 
more efficient coordination of the various actors involved throughout the entire service chain.  

3.1.4. Trends in reimbursement of Independent Living Solutions 

Although there is probably a growing inclination by governments to have the general public 
pay part of their care/health cost out-of-pocket, actual services financed exclusively on this 
basis are rare exceptions in countries with well developed national health systems. Most 
people seem to take the stand that they have paid insurance fees and therefore expect the 
insurance companies or welfare system to cover all or at least part of their care expenses. It 
may thus not come as a surprise that existing AAL solutions seem to be provided largely 
under the auspices of diverse public delivery or reimbursement schemes. However, current 
reimbursement practice in the IL domain is a largely under-researched theme, and a 
comprehensive overview of what is being financed under what circumstances is currently not 
available. 

Some evidence is available from the SeniorWatch conducted during 2001/2002 
(SENIORWATCH 2001). As summarised by Table 9, funding seems is often limited, based on 
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local arrangements with variations between the countries. In some countries funding was 
available for a selection of ICT-based devices, such as passive alarms. Other countries had no 
funding sources or funding was only available on an institutional level. 

 

Country  Funding model  
Denmark  ICTs provided free. No distinction made between AT and ICTs.  
Belgium, France, Germany, Greece, 
Ireland, Italy, Netherlands, Portugal 
(Norway)  

Some funding available for selective ICT-based services, e.g. passive/ 
tele-alarms (and for smart home technology in Norway).  

Austria, Finland, UK  
Some funding available for selected ICT-based homecare devices, but 
subject to needs assessment.  

Spain  No funding for ICT-based homecare services, only for assistive 
technologies.  

Luxembourg  
No funding available for ICT-based homecare devices or ser-vices; 
only available at institutional level.  

Table 9: Reimbursements Policies for existing AAL solutions 

All in all, it seems fair to assume although a certain level of private, consumer-driven 
demand for IL (and for standalone assistive technology) can be expected to emerge, health 
and social care services are the key conduit to such AAL technologies for older people in 
most European countries. 

However, another axis of this costs problem is whether care providers are the only ones to 
consideration of baring the relative costs and also whether this is valid for all countries. It is 
expected that in practice, other parties may cover these costs as well: i.e. in the Netherlands 
already appears that many housing associations see it as their social duty to invest in these 
technologies. Additionally, recently, the National State council that supplies the money to 
nursing homes and residential homes has issued a measurement, where service providers can 
get reimbursed for all ICT and smart technologies which contribute to longer independent 
living. In other words, now that the national governments also appear to paying for these 
extra costs, due to the savings already mentioned above. Finally, from Jan. 1, 2007, 
Municipalities are expected to start paying for these costs. Although the Netherlands is in a 
privileged position regarding introduction of smart home technology for independent living, 
it can be noted here that this position is the result of more than 8 years of pilot projects and 
continuously stressing the point that investing in this will eventually pay back. 

3.1.5. Living arrangements of older people 

At present, nearly one-third of the EU-15 population aged 65 or over live alone, more than 
half live with a partner (sometimes in a household that may include their children and others) 
and the remainder live with their children (or relatives/friends) or in a long-term care 
institution (typically around 5% of older people overall (CEC 2004). The proportions living 
alone increase substantially when moving up through the age ranges, reaching more than fifty 
percent amongst those aged 80 and over (EUROSTAT 2003). The proportions living in 
institutional settings also increase significantly amongst the oldest age groups.  
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Figure 75: Living arrangements of older persons in need for care. Source: 
EUROFAMCARE 2006 

 
Such living arrangements have an important relevance for the types of supports that may be 
needed to remain living independently. One important aspect of this concerns informal, 
family care, which constitutes to be main source of support for independent living for older 
Europeans. In the case of the large number of older people living alone, a key area of support 
can be through enabling care at a distance. Existing applications include alarm and 
monitoring devices in the older person’s home, linked to the carer.  

Clearly, the core burden of care giving is currently taken by informal carers, and the biggest 
group of those constitute family members. Between the ages of 50 and 65, “ […] individuals 
face a particular busy time as far as family support is concerned […]”  (KOHLI et. al. 2005 : 
175). During that life period they tend to be involved in personal care mainly with their 
parents, and thereafter with their spouse. (ATTIAS-DONFUT et al. 2005a). The SENIORWATCH 
study (2002a) found that in 2001 some 16% of the 50+population in the EU-15 countries 
were providing informal care. Results from the SHARE study suggest that “ […] while rates 
of giving general forms of help and personal care to a parent decrease significantly with age, 
levels of giving personal care remain constant with age.” (ATTIAS-DONFUT et al. 2005a: 
175).  

Against this background another important market segment will be the people who are 
responsible for the people with need of care/help. If we have a look at the living 
arrangements of people in need of care (Figure 75) we see that most of these people live with 
partner or family, which take over automatically care responsibilities. Fewest live in 
professional institutions or do only get professional help. Therefore it can be accepted that 
the driving force for implementing independent living solutions will often be the person with 
caring responsibilities and not the cared-for person itself. 
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3.1.6. The desired wish to remain independent 

In several studies, a majority of older people have expressed the desire to remain 
independent, most usually in their own homes (SIXSMITH 1990, GATTUSO 1996, Moore 
2000, CSCI 2004). Today©s older people are generally better educated than in the past and 
have a strong desire to remain independent. Keeping older people integrated within their 
community as far as possible, so as to preserve their personal autonomy and quality of life, 
while ensuring their personal security and protection, becomes obvious one of the main goals 
for policy (DG JRC and IPTS 2006). This widespread wish to live independently at home as 
long as possible will open the doors for creative solutions in the area of independent living 
that will be taken up by the concerned persons. 

3.1.7. Current barriers to market exploitation 

In view of the hitherto presented review of existing evidence, it may not come as a surprise 
that a single market place for the wide range of ICT enabled solutions that can be subsumed 
under the independent living domain seems to have not yet emerged. Rather different “sub-
markets”  have – if at all – matured to quite different extent. When it comes to the 
identification of barriers to market exploitation of AAL services and technologies, available 
evidence suggest that depending of the type of application concerned quite different aspects 
come to the fore (EMPIRICA and WRC 2005). 

As far as Assistive Technology devices are concerned, the specific market structures 
prevailing in the AT domain tend to negatively impact on both demand for and supply of 
state of the art products. Most assistive technology products are produced in small series with 
the result of high price levels. Moreover, the market strongly lacks transparency due to the 
complexity of current delivery systems and processes. Lacking awareness of an offer, it 
seems very likely that many people principally in need of an AT do not express their 
demand. On the other hand, complex distribution channels and the large number of very 
small manufacturers tend to hamper technology transfer from the research domain to the 
market. 

When it comes to smart home technologies, in particular technology standards seem to have 
generally failed to create the right conditions for the growth of a mass market for smart home 
applications. The first Code of Practice available from the eEurope 2005 initiative may 
however give the smart home domain a critical push towards the development of marketable 
products. Also, more recent activities of large players from consumer electronics industry 
may contribute to the emergence of a commercial value chain along which home networking 
products and services may soon flow to the consumer. It seems however unlikely that those 
population segments that would most benefit - in terms of improved independence - from a 
commercial market for home networking products would be addressed by consumer 
electronics industry. This seems only likely if those actors typically working with dependent 
people (e.g. care service providers) where able to find a place within the emerging 
commercial value chain of home automation products. 

In relation to more advanced AAL implementations such as dwelling-based health 
monitoring, the domain represents an extremely complex and varied market environment. 
Despite extensive piloting in Europe and beyond, the potential more advanced applications 
generally hold in relation to improving care processes – e.g. in terms of higher quality of life 
for care recipients – is very likely not (yet) enough for the sustained success of ICT-based 
care services. Key hurdles for the wider diffusion include insufficient technical 
infrastructure, security and privacy issues as well as lacking standardization and business 
models. Moreover, they include lack of awareness and knowledge of what is possible and its 
potential. However, recent approaches towards integrating well established AAL components 
into day-to-day community care practice, as exemplarily described elsewhere in this report, 
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indicate that sustainable tele-care models seem to become possible, at least in community 
care settings. Such schemes may soon be emulated if they prove able to deliver expected 
outcomes under routine conditions. In relation to the private market, perhaps most urgently 
needed seems a reliable source of information for self-purchasers about the types of 
equipment that are available, as well as quality standards for the products and services that 
are on offer, if the market is to develop its potential. 
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3.2. Existing and Upcoming Systems on the Market 

3.2.1. Introduction: Generations of Telecare Systems 

The market of telecare systems is large, growing and rather old. “Telecare”  is often used to 
refer to a separate set of technologies, usually electronic, that are designed to provide remote 
care for an individual, often using sensors to monitor activities, and to raise an alert when 
activities fall outside a normal range (e.g. if a person appears to have fallen). Systems of this 
kind have been categorised in three generations. As this categorisation is very important to 
understand the general differences of the systems on market, it is presented in the following.  

A “ first generation”  (Doughty K, Cameron, K and Garner P 1996) of telecare refers to 
community alarms that are widely used by elderly and vulnerable individuals to raise an alert 
should assistance be required. More recent developments have included ©smart sensors© which 
incorporate a degree of intelligence to monitor and interpret the movements of a person. 
These “second generation” systems aim to automatically raise an alarm even if the person is 
incapacitated and unable to do so themselves (Sixsmith, 2000). Most recent trends involve 
“pervasive”  (or ambient and ubiquitous computing) technologies that will comprise the 
domestic, consumer and business computing and communications environment of the future 
(Satyanarayanan, 2004). These embed intelligence within non-PC products and devices, so 
that everyday appliances and electronic environments can communicate with each other and 
transform digital technology into an integral and intuitive part of daily life, accessible to 
those who do not regard themselves as “computer-literate”  (DTI Next Wave Programme. 
What is Next Wave?64). As well as enhancing safety and security, this “ third generation” of 
telecare could contribute to supporting independent living and enhancing the quality of life 
for elderly people in other ways, for example in facilitating a whole range of health and 
social care interventions.  

Community Alarm Systems and 1st Generation Telecare Alarms 

The use of technology to enable people to seek help in the event of an emergency goes back 
as far in time as the telephone itself. However, mid-way through the 20th century, many older 
and vulnerable people who lived in sheltered housing had no access to a telephone, so hard-
wired community alarm systems were established to enable them to contact their warden at 
any time of the day or night. As more older people chose to continue to live in their dispersed 
properties as they became older and more dependent, and as telephones became more 
affordable, 24 hour monitoring centres appeared which enabled the alarm systems to be used 
all who needed them. New wireless technology appeared which allowed individuals to raise 
an alarm by pressing a switch on a pendant or on a wrist-band rather than pulling a cord or 
pressing a button on a speech unit. 

By 2000, almost 1.5 million people in the UK were protected by community alarms, roughly 
half of them in retirement housing. Their operation was limited by the need for active 
participation by the service user in raising an alarm i.e. the need to interact with the system 
by pressing a button or pulling a cord. This resulted in a problem if the user wasn’ t carrying 
their personal trigger or if a pull-cord was out of reach. If the user failed to recognise the 
danger presented by a situation (or was physically unable to activate an alarm) then the 
system again failed. User groups with cognitive impairment, or with physical challenges, or 
with communication deficits, were also compromised in their ability to use the system 
effectively, especially with regard to articulating the nature of a problem so that an 
appropriate response might be initiated. 

                                                      
64 http://www.nextwave.org.uk/docs/summary.htm 
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When a physical response to an emergency situation was required, the alarm monitoring 
centre would either contact the GP, the ambulance, police or fire service, as appropriate in 
the event of a serious incident, or would contact the key-holder or warden service (in a 
sheltered housing situation). The lack of a key-holder to respond to alerts of a non-critical 
nature for a potential service user might prevent that service user from receiving a service.  

2nd Generation Telecare Alarms 

The transition from community alarms to telecare began in 1992 when the alarm protocols 
operated by Tunstall Telecom were extended to enable the automatic signalling of peripheral 
sensor elements through a Lifeline carephone to a remote monitoring centre where the device 
and the alarm meaning could be interpreted. The original focus was environmental sensing of 
smoke, heat and dangerous gases such as carbon monoxide (CO) and natural gas (CH4). This 
later extended to security elements such as pressure pads, door and window contacts, and 
movement within rooms (passive infra-red detectors). 

These alarm systems were employed in Falkirk in Scotland from 1996-99, and in Anglesey 
from 1998-2000 to support people with dementia in their own homes. Modified devices, and 
some new smart sensors were employed to detect dangerous behaviour which was found to 
help manage the risks to independence. The first major project to investigate the use of 2nd 
generation telecare was the “Opening Doors for Older People”  project in West Lothian in 
2001. This involved the use of some new devices which would detect “social”  problems such 
as falls and bed absence as well as environmental problems such as extremes of heat. The 
success of this project in helping to reengineer the delivery of community services through a 
more focused use of technology led to the wholesale adoption of this model by the council 
which offered all households with a resident aged over 65 a home safety package of telecare 
with those whose assessed needs were greater receiving a wider range of technology 
consistent with their unmet needs and risks to independence. Enhanced packages were also 
provided to tenants of their new Housing With Care facilities which were designed to replace 
ageing residential care homes. 

3rd Generation Telecare - Health Coaching and Improvement 

Monitoring Well-being 

The limitation of alarm telecare is that an emergency has already occurred before a response 
can be initiated. Necessarily, this will require a response which involves unscheduled care, 
attracting charges for the Primary Care Trust under the Payments by Results regime. It also 
follows that many people - especially members of older and more vulnerable groups - will 
remain in hospital for observation and further assessment for several days. This not only 
attracts further charges, but also increases the risk that they may never return to their own 
homes again. Hospitalisation is an accepted trigger for long term institutional care. 

The alternative is a preventive approach based on monitoring regimes. Although ill-health is 
usually associated with clinical features such as temperature, pallor, headaches and tiredness, 
these are often consequences that are observed some time into the episode. Illness can also 
affect an individual’s ability, or desire, to perform domestic activities, to socialise and to 
participate in self-entertainment. It has been postulated that the recording of all actions and 
events as an activity log, and its real-time or retrospective analysis, can reveal changes in 
behaviour or habit that are extremely sensitive to well-being, and which can provide an early 
indication of a social or medical problem. In the same way, a self-assessment of parameters 
such as pain, comfort and mental state can indicate an individual’ s more general subjective 
well-being (SWB) in a manner which cannot be achieved using direct measurements of other 
parameters. The background (or ambient) measurement of fairly low level factors such as the 
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frequency of transfer from bed or chair, can, when suitably analysed, offer a far less invasive 
approach to prevention through early detection of change. 

Of course, the ambient data may be supplemented by daily (or continuous) recordings of 
health status either through the measurement of physiological parameters (e.g. ECG, pulse, 
breathing, blood glucose), or through functional performance of a period of time (e.g. a 
pedometer output), or through a subjective assessment of their responses to a series of 
questions. The former is the most developed and is based on the data that might be collected 
by a vital signs monitor. The data format is well established and is ideally suited for transfer 
to a central monitoring station where it can be processed and displayed for subsequent 
viewing by a clinician or for automated analysis using bespoke software. Target groups will 
be those people suffering from a chronic disease which can’ t be cured but which can be 
managed through medication and lifestyle change. Relevant diseases include congestive heart 
failure (CHF), chronic obstructive pulmonary disease (COPD) and diabetes. 

A combination of all types of monitoring may be achieved through the use of an appropriate 
well-being model which combines the history of accidents, with a self-assessment, 
physiological measurements and the domestic log. No model has yet been validated. 

Ultimately, the aim of any healthcare system is to promote good health, good lifestyle and 
less preventable illness and disease. This involves a partnership between the end-user of 
services and the healthcare system. In other words, the system needs to provide the “patient” 
with information and advice which encourages healthy living. The cessation of unsafe 
lifestyle practices such as smoking, heavy drinking and the use of recreational drugs may be 
fundamental to this approach, but the need to manage the risks of accident and of over-
indulgence in eating, and the lack of exercise are also important. 

Third generation telecare requires an interaction between the individual and the healthcare 
system, both to provide the monitoring input (which might be achieved through second 
generation telecare systems) and to provide feedback and/or control. Feedback requires the 
display of relevant information in a format which encourages easy understanding perhaps as 
a graphical display on the TV, or as a set of audio messages. Control might involve 
automation of the home environment (such as the switching off of a water supply to prevent a 
flood) or the locking of doors to prevent access at inappropriate times. It might also involve 
closed loop of medication delivery in an implanted or body worn system. 

As the most futuristic aspect of telecare, the third generation is likely to make use of the very 
latest innovations in Information and Communications Technology. Broadband 
communication may be assumed and, with it, the potential to provide real-time video 
conferencing with both health and social care professionals (i.e. remote consultations) but 
also a wide range of social interactions that might help to avoid depression, loneliness and 
social isolation for some people. This may be particularly relevant to older people who are 
house-bound or whose families live many miles away, perhaps in a different country. It 
follows that the introduction and acceptance of these technologies may be more associated 
with the content of these services rather than with the technology itself. 

Assistive Technology devices 

A working definition of assistive technology was developed by the Royal Commission on 
long term care (1999) as ‘any device or system that allows an individual to perform a task 
that they would otherwise be unable to do, or increases the ease and safety with which the 
task can be performed”. Indeed this report first gave prominence to the contribution that 
assistive technology can make in enabling people to remain within their own homes 
(McCreadie & Tinker 2005). An updated definition of Assistive technology was formulated 
in 2001 stating ‘Assistive Technology (AT) is any product or service designed to enable 
independence for disabled and older people’ .  
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Stand-alone assistive technologies enable to compensate in some way for motor, sensory or 
cognitive difficulties. Relevant technologies include items such as remote control systems, 
robot carpet sweepers and simple reminder devices which don’ t communicate with anyone 
outside the property. They are now considered also to be telecare items but should, more 
correctly, be called electronic assistive technology devices. Of course, when they are 
integrated with telecare systems, they can become important components in supporting 
independence and overcoming unmet needs. Future developments in domestic robots will 
come under this category. 

3.2.2. Market Study of Existing Systems 

Social alarm services 

Social alarm services are directed towards security-related needs of older people and are 
meanwhile widely available in many countries (SATS 2000; PORTEUS and BROWNSELL 
2000). Depending on the national context, they are known as ‘community alarms’ , ‘social 
alarms’  or ‘personal alarms’ . In many countries active alarm systems are offered by the 
municipality, in other countries charity or commercial organisations act as service providers. 
Accordingly, different “business models”  exist ranging from commercial service provision 
were charges have to be paid by the clients to public service provision without any costs 
incurred by the user. In some countries welfare schemes exist were incurring service charges 
can be reimbursed, at least when complying with certain eligibility criteria.  

Social alarms are the most widespread telecare appliance in Europe. Penetration varies 
considerably between countries, however. Especially in the UK, social alarm services have 
reached larger parts of the older adult population, as Table 10 shows. Most UK local 
authorities have operated community alarm services for 15 years or more. Although the 
majority have performed customer satisfaction surveys on a regular basis, no research has 
been performed to measure the cost-effectiveness of the systems. However, there is 
considerable evidence to show that services are popular with service users, and that they 
relieve anxiety amongst family members. They are a factor in enabling people to “stay put”  
and are therefore a means of supporting independence in many older and vulnerable groups. 
 

Country Population (in m) Clients 65+ Penetration in % (in 65+) 
UK 57.7 3,500,000 37.9 
Germany 82.2 350,000 2.9 
Netherlands 15.1 180,000 9.2 
France 59.3 175,000 2.2 
Sweden 8.9 150,000 9.2 
Spain 40.0 80,000 n.a. 
Finland 5.3 60,000 n.a. 
Denmark 5.3 42,000 n.a. 
Switzerland 8.1 25,000 n.a. 
Austria 7.3 25,000 n.a. 

Table 10: Community alarm services in ten European countries. Source: http://www.bv-
hausnotruf.de/europa. n.a. = not available. 

In many countries these alarms services are offered by the municipality, in other countries 
charity or commercial organisations act as service providers. Accordingly, different business 
models exist ranging from commercial service provision where charges have to be paid by 
the clients and public service provision without any costs incurred by the user. Some trials 
have experimented with social alarms combined with specialised telephones and 
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videoconferencing and have received encouraging results. While ‘active’  alarm systems 
require the client to actively call for help when an emergency situation arises, ‘passive’  
systems rely upon the registration of the absence of a particular event. Passive systems vary 
from simple, where agreed regular telephone calls made by the individual to a service centre 
and triggering an alarm if a call is not made to more automated where they often combined 
with the monitoring of particular health parameters like blood pressure or temperature, or 
systems with combined active and passive components. 

Most recent passive alarm systems have been automated and often combined with the 
monitoring of particular health parameters like blood pressure or temperature.  

Also, active and passive components of alarm systems are now being combined. The “PC 
Emergency Call System” being developed in Finland serves as an example here. In this 
system, emergency calls from the residents’  rooms are directed to the care centre and 
additionally, a life style monitoring sensor detects abnormalities in behaviour of the resident 
and automatically initiates an alarm of appropriate (KENCHIKU KIKAKU SEKKEISHA 2005). 
Also in the UK, social alarm manufacturers such as Tunstall have been engaged in a large 
number of trials with local authorities involving their current and emerging monitoring 
products.65 

Telecare sensors 

The range of telecare sensors is ever expanding but list in Table 11 might serve as current 
state-of –the- art in this regard. 

 

Bed/chair occupancy sensor Specially designed pressure pads which fit under the mattress and turns 
bedside lights on and off or raises an alarm signal if a person fails to return to 
bed after a certain period of time. 

Property exit sensor Monitors for people leaving a property between pre-set times and raise an 
alarm which can be directed to a scheme manager’s hand set, a monitoring 
centre or a carer pager. 

Gas detector and shut off 
valve 

If the sensor detects dangerous levels of gas, the shut off valve automatically 
terminates the supply. 

Smoke detector and flood 
detector 

Raise a local audible alarm upon detecting smoke/flooding and also alert a 
carer or monitoring centre. 

Temperature extremes sensor Detects rapid rise in temperature over a short period of time and also raises 
a separate alarm if the temperature falls below a certain level. 

Enuresis Sensor A mat positioned between the mattress and top sheet of a bet to alert carers 
or a monitoring centre if an event occurs. 

Carbon monoxide detector Detects for potentially dangerous levels of carbon monoxide. 
Epilepsy sensor Places underneath the bed sheet and detects a range of seizures by 

monitoring the users’ vital signs. 
Bogus Caller Button Provides reassurance in the event of an unexpected caller. 
Lifestyle reassurance Utilises telecare sensors in conjunction with additional sensors which will 

record how much electrical appliances have been used and how often 
cupboard or fridge doors have been opened. This monitoring enables the 
establishment of patterns of normal activities of daily living. 

Environmental control 
solutions 

Enable people with limited dexterity and mobility to perform a wide range of 
everyday activities. 

Home alert carer pager Immediately notifies carers of alarm calls from telecare sensors when they 
are at home. 

Telemedicine Are designed to reduce the need for hospitalisation by supporting the remote 
monitoring of people’s vital signs. 

Pillow alert solution Provides a smoke alarm alert to a sleeping user by the use of a vibrating pad 
which is positioned underneath a pillow. 

Movement/Fall detector Wakes up from a sleep state when the impact of fall is detected. It also looks 
at the user’s orientation through a second sensor and raises an emergency 

                                                      
65 www.tunstall.co.uk/home.asp 
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alarm of the state is unchanged for 15 seconds. 
 

Table 11: Telecare sensors available on the market. Source: www.tunstalltown.com  

Home monitoring systems 

Just Checking 

This is the simplest form of activity monitoring and display. It involves the use of only 
movement detectors (PIRs) and door status sensors in order to provide a display of the type 
shown in Figure 3. More recent improvements include the use of inferred home occupancy 
and the ability to request an up-dated view. 

 

 
Figure 76: The Simple “Just Checking” Approach to Monitoring 

Quiet Care 

The major differences between Quiet Care and Just Checking are: 

�  The extended use of miniature bespoke movement detectors that can be used to check the 
status of appliances and furniture as well as room occupancy 

�  The inferences made that are specific to low level activities such as the time spent in bed. 
Figure 4 shows how the number of nocturnal visits to the bathroom can be shown to allow 
unusual behaviour to be detected. Current systems allows for falls detection through inferred 
lack of movement. However, this is an uncertain alarm condition and may be plagued with 
false alarms when an individual is still in any room watching the TV or lying down on a 
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settee or bed. Soprano will enable such limitations to be overcome through improved 
interfaces and the use of sensors which can describe the status unambiguously. 

 

 

 
 

Figure 77: Bathroom Information Display from Quiet Care System 

MIDAS 3 

This builds on the experience gained through the use of MIDAS2 by housing providers for 
Extracare as well as the short-term application for assessment purposes. The latter 
application is made possible by the use of simpler procedures for reassigning measurement 
devices as equipment is moved between locations. Thus, an electrical usage monitor used to 
monitor the use of a microwave oven for cooking purposes in one property may be used to 
monitor the use of a vacuum cleaner in another property. Soprano will enable in-house 
feedback to be provided to support self-care as opposed to intervention services. 

Although home monitoring services have not yet been widely developed across the EU and 
elsewhere, a range of solutions have been successfully piloted during recent years. Examples 
include for instance the Liverpool City Council Telecare Project and related research 
activities providing a monitoring service for vulnerable customers while they are in their 
home. This monitoring service triggers an alarm to a call centre if the customer has not 
performed a normally daily task.66 

In Italy, Tesan, a private telematic service provider together with a local public authority 
providing social and healthcare services have deployed an innovative homecare telemedicine 
network on an experimental basis in the Veneto region. Various telemedicine services- 
ranging from telecardiology to telemetry of clinical parameters- have been implemented on a 
basis to support frail citizens.67  

In Sweden, there is a wealth of projects that have developed solutions for telemonitoring for 
prevention, assistance and emergency. For instance the Old@Home initiative, one of the 
largest elderly home care projects in Sweden, is directed towards providing a seamless 
information and communication flow between primary carer, social services, elderly patients 
and their relatives. The project is located in the non-urban municipality of Hudiksvall, 
County Council of Gävleborg with a population of about 37000 inhabitants whereof 5,5% 

                                                      
66 http://www.liverpool.gov.uk/pdfs/EG_statement_2.pdf  
67 http://www.tesononline.it/default.asp?id=15&mnu=15  
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aged over 80. In technical regard, the services rely on a fully established fibre-optical 
network infrastructure connecting all test sites in the project, namely two primary care 
centres, one nursing home and the elderly and private homes.68 

The CareMobil is another example coming from Denmark. It is run by the Danish local 
govern, being a platform for integration of IT in homecare. Here is the aim to get mobile 
access for homecare nurses to patient data, medication information and logistical 
information. 

Some community care schemes have now started to incorporate Telecare components into 
their regular service portfolio. Possibly the most widely known example comes from the UK. 
Here, the Council of West Lothian is rolling out technology packages for its Home Safety 
Service to everyone in the district aged 60 and over (about 10,000 households). The aim is to 
increase the level of care as needs increase, rather than moving the person into increasingly 
intensive care settings. Self-assessment has been introduced for simple personal aids, and 
new meals and shopping delivery services have been introduced to free up personal care staff 
time for other duties. By February 2006, there were 1,950 households with a Home Safety 
Service package consisting of: 

�  a ‘ lifeline’  unit, which links sensors to the call centre when triggered 

�  two passive infra-red (PIR) detectors to monitor activity and potential intruders 

�  two flood detectors, activated by leaking pipes, overflowing baths, etc 

�  one heat sensor, sensitive to both high and low temperatures 

�  one smoke detector 
About 10% of participating households had additional technology such as falls detectors, 
falls alarms, wandering detectors, incontinence detectors, video door entry, medication 
reminders and bed/chair occupancy monitors. The large scale deployment of telecare 
components under the ambit of community care required a comprehensive restructuring of 
existing service delivery processes, and financing practices as well. The council’s decision to 
bring primary care and social work together under a so called “Community Health and Care 
Partnership”  is part of that restructuring. As a result, the budget for both primary care and all 
social work is now managed under one umbrella. 

Overall, there is currently a tremendous amount of experimentation with tele-medicine and 
tele-care applications - both within the European Union and beyond - and there are many 
indications that these developments offer great potential in relation to care and independent 
living as far as older people are concerned. Many of the more specific tele-medicine 
applications such as tele-rehabilitation seem not yet to have found their way into the daily 
routine of the typical health care agencies such hospitals. However, in the field of community 
care ICTs are now starting to become integrated into routine care processes, as can be 
illustrated by the example of the West Lothian community in Scotland. As far as alarm 
services are concerned, strong national markets have existed in many countries for some 
years. However, the large variety in market penetration of current alarms across the EU may 
serve as an indication that there is demand not yet adequately met. 

Tracking Systems 

With regard to tracking systems, people with various forms of dementia are a large potential 
target group. These people are usually unable to use a classical (home-based) social alarm 
function because they are not able to trigger the alarm buttons when they get lost in outside 
their immediate living environment. Currently there are two different types of tracking 
systems available in the market: 

                                                      
68 Final report available at http://www.vinnova.se  



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 192 of 207  
 

�  In-house tracking systems which use a locator to detect the lost person are available for 
quite some time 

�  More recently tracking systems relying upon the Global System for Mobile 
Communications (GSM), like for example the Senior Track, have become available. 
Another type of system relies upon the geographic positioning system (GPS). These are 
the most advanced tracking systems currently emerging on the market (LINDSTRÖM 
1999). The “Mobile Rescue Phone” developed already some years ago by the MORE 
project may serve as a good practice example: The phone is based on the Public 
Switched Telephone Network, a GIS and GPS (EKBERG at al 2001). Another system, the 
so called MobilAlarm, combines an emergency alarm function with a tracking device via 
GPS. The device works independently from base stations and can constantly check the 
current position of users. The position identified most recently is restored. In this way, 
the user can activate the alarm device wherever he or she is. A speech connection 
between the user in need and a service centre is possible independently from the 
location- as long as within reach of a GSM provider. Comparable traditional social alarm 
services emergency calls are handled in service centres of social provider organisations. 

In general, tracking systems are not yet widely implemented. In Japan this technology is used 
for locating pets rather than family members. A reason for this might seem to be ethical 
issues arising when people are being traced 24 hours a day. This is a problem particularly in 
the case of lost persons who do not voluntarily use such as system, e.g. people with dementia. 
In Germany for instance, a court approval for constantly tracing people with dementia is 
required (MOBILALARM 2005; CULLEN and ROBINSON 1997). 

Lusora 

The Lusora LISA is a personal security system over 24/7, which enables senior citizens to 
stay in constant contact with relatives or care-providers, via a Web interface that delivers 
data provided by Lusora©s wireless sensor devices.  

It is differentiated from other products through two technical innovations: 

�  The LISA Pendant – which is a wearable device that includes an emergency panic alarm, 
tracking device and automatic fall sensor. The device employs advanced electronics for 
measuring sudden gravitational changes such as those experienced in a fall. It can be 
calibrated to prevent false alarms.  

�  The LISA Tag – this is about the size of a credit card and monitors activity such as 
motion and temperature changes. Typically, tags are placed on doors and windows 
throughout the home or residential care unit, as well as key places in the house such as 
medicine cabinets and refrigerators taking account of specific usage by the occupants. 

However, it does not support use by people with disabilities such as those with manual 
dexterity issues, nor does it open up the opportunity for user feedback and video displays 
using broadband communications features. 

Eaton Homeheartbeat 

Essentially it is a system that transmits information about what is happening in a person©s 
house to a Home Key (a small USB key style device with an LED display) within 90 foot of 
the system©s base station. This is shown in Figure 78. 
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Figure 78: The Eaton Homeheartbeat System Home Key 

Once the homeowner moves outside of that range the Home Heartbeat system can then be 
configured to report any changes in the home to the user via email or text message. Broad 
band links to the home unit are soon to be introduced. 

Personal Health Devices 

There are different kinds of personal health devices that are- at least in principle- available. 
These range from technology components such as sensors to self-contained systems. 

Physical and biochemical sensors are for instance being used for electrical sensing of the 
central nervous system, as implantable devices for brain stimulation in cases of Parkinson, 
epilepsy and depression, and also for activity monitoring for elderly people. Non-invasive 
sensors for glucose monitoring and measurement of heart and respiratory rate include optical, 
acoustic, electrical sensors, and radio-frequency sensors (measurement of chest movements; 
impedance measurements correlated to glucose levels). The need to monitor both mental and 
physical status – so called multi-parameter monitoring – will require the use of multiple 
sensors, data fusion and complex analysis.  

Cardiac arrhythmias are often the first sign of heart problems which need subsequent 
management. ECG signals can be collected using either electrodes on the chest, or through 
less invasive sensing methods. The analysis of the variability in peak to peak timings can be 
used to trigger an alert. The technology is available for direct integration into a warning 
system using a mobile telephone. It could easily be adapted to operate through a Lifeline unit 
in a telecare system. 

Portable systems can be seen as an important component in comprehensive home Telecare 
services which facilitate high levels of self-care and self management. The Telemedcare 
system, for instance, requires less than 20 minutes a day of patient interaction and provides 
daily logs, questionnaire instruments, health education and medication management as well 
as clinical measurements (BRANKO CELLER 2006). A growing number of portable health 
devices and personal health records can now connect to PCs, enabling transfer of data, and to 
organise and store it in one central place. Software and online resources offer ways to analyse 
the data, tailor health and fitness regimes, share information with professionals and 
healthcare providers, and get support to stay motivated. A selection of devices currently on 
the market is provided in Table 5 below. Here, products are listed that are available through 
retail stores or online, designed to help a person to manage wellness and personal health 
records.  

 

 



 
Del. 1.1.2 –  Review state-of-the-art and market analysis 

 

IST – 2006 - 045212 Page 194 of 207  
 

Manufacturer Model Description 
BodyMedia Bodybugg Activity monitor that measures heart rate and body temperature to 

determine calories burned for weight loss 
Garmin 
International 

Forerunner 
205 

GPS-based activity monitor for speed and distance tracking and course 
mapping 

SportBrain iStep X2 PC connected pedometer for activity monitoring: steps, distance and 
calories 

WalkStyles Dash Trak PC connected pedometer for activity monitoring: steps, distance and 
calories 

Wild Divine Journey to 
Wild Divine 

Biofeedback sensors tie human physical response to software control on 
the PC screen for learning stress relief and relaxation 

CapMed Personal 
HealthKey 

SB flash device with personal health record software application 

MedicTag MedicTag USB flash device with personal health record software forms 

Table 12: Health devices and personal health records connectable to a PC 

Another type of devices that can be mentioned here concerns implantable monitors. Such 
devices have been used in the outpatient management of patients with congestive heart 
failure. The monitor transmits data via a modem to a centralised web space where health care 
providers can access detailed and summary data via a website through a secure network 
connection. Similarly, MobiHealth and HealthService24 have developed a generic Body 
Area Network (BAN) for healthcare and a mobile health service platform (HERZOG et al 
2006). 

Progress of miniaturisation (in nanotechnology) and system integration has led to the 
development of intelligent wearable personal sensors and systems, enabling continuing 
health monitoring and feedback. Extremely miniaturised MEMS (Micro- Electro- 
Mechanical Systems) have been developed, which can replace larger and hence more 
cumbersome biomedical sensors and diagnostic tools (FERRANTE 2005). MEMS can be 
combined with mircoelectronics and wireless devices to create so called Wireless Integrated 
MicroSystems (WIMS). With properly integrated home-based WIMS systems, patients could 
be monitored on a continuous basis and care professionals alerted automatically when events 
merit attention. Blood oximeters, heart rate monitors, and temperature sensors could all be 
components of WIMS; swallowable capsules for viewing the digestive tract are already in 
use (FIREMAN 2004). 

Tools for supporting integrated care 

ICT-based systems offer a number of new possibilities that are particularly important for 
integrated care for chronically ill citizens- who are mostly older people.69 Such solutions 
come under the name of electronic patient records (EPR), continuity of care records (CCR), 
decision support systems (DSS) etc. Their functionality include some or all of the following: 

�  The ability to make particular parts of the information available to specified individuals 
involved in the care of the person 

�  The possibility to monitor, receive alerts and work proactively 

�  The capacity to involve patients and informal carers 

�  The facility to support coordination and case management better than with paper files 

�  Enabling the reimbursement-relevant, administrative and financial data of patients or 
clients to be easily combined 

                                                      
69 CARMEN project: http://www.ehma.org/carmen/is_12.html  
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�  Enabling working with aggregated data for the purpose of management, accounting, 
assessing cost effectiveness, quality, macro-planning and research. 

In many European countries, national pilot tests and developments in information 
management in integrated care are taking place. For example, In the UK, the NHS 
Information Authority’s Electronic Record Development and Implementation Programme 
(ERDIP) has seen health communities across England carry out detailed work piloting 
different aspects of the development and use of electronic health records and information 
management. Some of the projects have direct bearing on integrated care for older people, 
such as those on developing information management in integrated pathways, integrated care 
record services, and electronic links sharing information between health and social care 
professionals (all stakeholders represented in the Care Record Development Board 
(CRDB).70 

One of the strategic goals of the National Programme for IT, to be delivered by Connecting 
for Health, is to develop a unified Health Record that embraces health and social care. Social 
care in England is delivered through a quite separate local government organisational 
structure which has different accountability and funding streams. The Department of Health 
has defined the Electronic Social Care Record (ESCR) which would typically be accessed 
by: the social worker responsible for the care on an elderly person, the providers of the 
support (home care organisation, district nursing service) and probably the GP.71 Access by 
the client him- or herself is also an important issue. 

In Finland, the government has included ICT in the social sector into the national programme 
of enhancing the social care sector (started in 2004). This project works in close 
communication with the eHealth programmes and experience is shared. New legislation for 
handling electronic patient documents will include handling the documents of social service 
customers (under preparation, planned to be in force in 2007). 

In Finland, the government took a leading role in stimulating the integration of health and 
care services, and in developing supporting ICT applications. One major experimental 
environment was the Satakunta Macro Pilot project in western Finland.72 This was an 
extensive project involving the development of seamless care and service chains with the 
optimal use of ICT, with a specific sub-project on the care of older people in the city of Pori 
(pop. 76,000). Further sub-projects developed new integrated service chains for specific sub-
groups among older people, such as diabetes, dementia, COPD and rehabilitation. From 
2004, the results have been implemented nationwide. 

In Blekinge, Sweden, a dedicated ICT-based information system model has replaced a 
routine of sending faxes to various components of the regional care and social services 
system before a patient is discharged from hospital. The care system relates to the co-
operation between a regional hospital, local primary care teams and social services 
departments. 

In Denmark, the Danish Health Data Network (DHDN) provides an excellent example for 
faster and more reliable and efficient communication between healthcare and social care 
professionals: exchange of information about current medication, function level, 
rehabilitation, and prompt notification of transfers from hospitals to home care services 
leading to avoiding delays in assessment and preparation. The role of a Collaboration Server 

                                                      
70 http://www.connectingforhealth.nhs.uk/crdb  
71 Defining the Electronic Care Record, January 2004: Final version, Information Policy Unit- Social 
Care, Department of Health, 
http://www.dh.gov.uk/PolicyandGuidance/InformationPolicy/InformationForSocialCare 
72 www.tekes.fi/eng/news/uutis_tiedot.asp?id=898  
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for communication is currently being tested in a project, involving a home care unit in the 
Copenhagen municipality and Hvidovre Hospital.73 

A more general example of an ICT-supported approach to integrated care is The Resident 
Assessment Instrument (RAI) that is increasingly used worldwide, primarily for assessment 
and care planning. It has patient record documentation features that render it well suited to a 
health information system for integrated care (whether for home care, residential home, 
nursing home, mental health care or hospital). ICT-based applications have already been used 
for funding, quality improvement, benchmarking and care assignment. 

3.2.3. Systems in Research and Devopment 

First generation sensor research  

From an initial focus on environmental problems, there came calls to extend the range of 
sensors so that it could, firstly, manage the risks most associated with admission to 
residential care homes. The situations are more complex and generally require 2 or more 
parameters to be monitored over a function of time. Falls remain an important trigger for loss 
of independence. They can occur at any time, giving rise to different devices to detect falls 
during the day (i.e. worn devices) and those when a worn device would not be appropriate 
(e.g. at night and in the bathroom).  

Improving wearability has been an aim of some researchers who believe that a device will 
only be used if it can be worn on the wrist. The degrees of freedom of the wrist, and the 
complex movements associated with a fall, make simple approaches based on orientation, 
and changes in acceleration impractical and, consequently, unreliable. The use of twin 
accelerometers has been investigated in order to provide sufficient independent inputs. This 
approach is computationally intensive and, therefore, requires significant power in order to 
operate. In trials, it was able to detect most straightforward falls in a forward direction but 
was too often insensitive to backward falls and those that occurred in sideways direction. 

The detection of falls during the evening and night has involved measuring the occupancy of 
the bed or the bathroom respectively. The former requires the use of a pad which lies beneath 
the mattress and which changes resistance (or capacitance) according to the presence or 
absence of a person in the bed. Reliable detection of occupancy depends on overcoming 
changes that may be due to environmental factors. The occupancy state of a bathroom 
requires the use of linked movement detectors to ensure that any movement out of the room 
is detected separately and quickly. A study of people in Guildford who were offered falls 
advice and the use of a telecare package for falls management found significant increases in 
people’s confidence compared with a control group. It also found that they were nearly 20% 
more likely to undertake Activities of Daily Living such as bathing and getting themselves 
dressed, indicating a reduction in the need for homecare service. 

Both of the above two occupancy sensors could be replaced using camera techniques which 
involve image recognition. The WeSpot range of sensors employs such a technique and 
allows sophisticated alarms to be raised. However, the devices have not proved to be popular 
in the UK on the grounds of privacy despite no images being transferred from the sensor 
device. It is possible that the technology might prove to be acceptable in rooms other than the 
bathroom and the bedroom. Unfortunately, these are the locations for 3 out of every 4 falls. 

                                                      
73 www.medcom.dk/moder_ref/styregruppe/Telemedicinsk%20Collaboration-serve.pdf  
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Second generation telecare system research 

 
Following the original trial of this technology on Australia’s Gold Coast in the early 1990s, 
the first complete system for monitoring activities within the home environment was MIDAS 
(Modular Intelligent Domiciliary Alarm System). This was used in a number of controlled 
trials to validate the performance of some new integrated sensors, and to explore the user 
interface to display charts and graphs to professional care givers. In addition to basic 
monitoring of movement, door status, and bed and chair occupancy, the sensors monitored 
room temperature, humidity, sound level and light levels, as well as the use of water. The 
presentation of low-level data was not found to be useful for operational staff. 

MIDAS2 was subsequently introduced by Tunstall and using the same movement and bed 
(and chair) occupancy sensors and transmitters that were being used for alarm generation. 
This dual use of the sensors meant that sensors could be used both to protect vulnerable 
people and to provide a log of activities. To promote the use of the technology in long term 
monitoring, the system could be used to generate indices of activities such as hygiene, 
mobility and nutrition. Deviation of an index outside thresholds about the mean could 
generate alarms and/or e-mail alerts. This allowed the technology to be used for “virtual 
visits”. 

A less sophisticated package of sensors was deployed in a project in Liverpool and Ipswich 
between BT and the Anchor Housing Association. It proved both the acceptance of this form 
of monitoring (by the client group), and the need for more information in order to avoid 
mistakes based on inference. This led to the Millennium Homes project where BT teamed up 
with Huntleigh Technology, Brunel University and a range of partner organisations to 
investigate the use of providing alerts to the individual based on the potential emergencies 
detected by a range of actual and combinational sensors. Following the conclusion of the 
academic project, the partner organisations continue to develop rival versions of the 
technology. In particular, BT partnered 6 academic institutions in a Foresight Research 
Programme to produce a model and a practical realisation of a home monitoring system 
which could detect changes in well-being of vulnerable people automatically from a remote 
location. 

Medical telecare monitoring systems have been extended to include real-time measurements 
based on smart sensing materials and products such as the “Lifeshirt” . These systems have 
been shown to be capable of analysing cardiac, breathing and cough behaviour and to 
determine the status of an exacerbation of a disease such as asthma. The problem is now one 
of dealing with enormous volumes of data, and its transfer and storage. 

A number of small studies have demonstrated the potential for managing chronic disease 
such as diabetes, hypertension, congestive heart failure and chronic obstructive pulmonary 
disease through medical monitoring of blood glucose levels, weight, blood pressure and peak 
flow. Projects led by Barnsley Hospital NHS Trust have involved the use of domestic activity 
monitoring and vital signs monitoring in older people in order to correlate changes detected 
by the two forms of monitoring. The work is on-going. 

Third generation telecare systems 

 
Due to the popularity of the World Wide Web and the low cost availability of wider 
bandwidths through technologies such as ADSL, considerable effort is now being employed 
to introduce worthwhile applications in healthcare. Videoconferencing remains impractical 
using most dedicated video-phones both because of the small screen size and because of the 
asymmetric nature of the communications (i.e. data enters the home typically 10 times faster 
than it leaves it). However, with suitable compression, it is likely that set-top boxes will 
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enable such services to be offered shortly through the standard television with a camera 
placed on top of the TV. 

In the meantime, psychologists are working on improved methods of deploying “always-on”  
technologies to provide less intense methods of sharing presence. These include techniques 
such as the “digital portrait”  which allow family members to demonstrate that they are 
thinking of someone by touching the frame of a photograph of that person. This is displayed 
in a reciprocal manner at the home of the family member allowing them to feel that they are 
in the minds of absent family and friends. The “virtual frosted window” technique is another 
video-based technique to allow unobtrusive monitoring through degradation of images.  

Recent developments in the area of smart sensors, RFID and radar systems are also holding 
great potential in relation to improved telecare services. Strong advantages are currently 
being made in sensor research by taking advantage of miniaturisation of all components, the 
selectivity and sensitivity, the cost level due to downscaling and the wireless connection. 
There are today sensors to measure a range of real-world physical parameters such as 
pressure, temperature, humidity, heat, flow, force, acceleration, position, torque or strain. 
This information can be integrated into a sensor to generate more complex information such 
as vibration or shock; two-dimensional images can be captured and information can be sent 
on demand. One problem in many settings to date is the need to provide wiring to obtain 
information from the sensor. This is the background to current strong interest in wireless 
sensors. A wireless sensor module consists of some combination of a sensor, controller, 
transceiver, battery (if necessary), and antenna. Cell phones with microphone and camera can 
be seen as first generation wireless sensors, however, the focus of interest today is on much 
smaller scales. Research into micro wireless sensors is ongoing across the world. Terms such 
as “ambient” , “ invisible”, “smart dust”  and “motes”  are used to describe related visions, such 
as that of tiny, self-contained, battery-powered micro and nano computers with radio links 
that enable self-organisation into networks and the exchange of data with one another via 
hopping from mote or node to another. For wireless microsystems, research challenges 
include cost-effective designs of sensor nodes, minimalisation of power consumption and 
heat dissipation, modulation and demodulation schemes, transmission ranges, integrating RF 
transmissions on silicon, and communications protocols. 

Radar systems have already entered the consumer sphere, e.g. helping drivers maintain their 
distance to other vehicles on the road. These systems hold as yet untapped promise for AAL, 
a potential which will be thoroughly explored in SOPRANO. Radar is a clear alternative to 
UWB, ZigBee, RFID and other systems for determining position in the home. The main 
benefit is that one could do it without tagging the object. The bi- or tri-angular measurement 
of running times of radar signals reflected from the body itself or conductive elements on the 
body - such as a watch, ring, tag, or bracelet - can be used to determine the position of a user, 
and this will probably be possible to an accuracy of 30-100 cm. Position detection on the 
basis of body reflection of radar signals will be researched and demonstrated in Soprano. 
However, radar has capabilities going significantly beyond positioning, with or without 
conductive elements. Indoor FMCW radar sensor technology can determine not only position 
but most likely also basic body postures (standing, lying and movement of limbs). The 
detection of heartbeat rhythm and breathing pattern will be researched and demonstrated in a 
prototype. We will develop an interface with the rest of the SW-system and we will adapt 
and/or develop radar image/reflection pattern algorithms and basic software for data-
interpretation. 

Recent research is also increasingly attempting to understand how individuals use these 
technologies within their everyday lives. For example, research has shown older people judge 
the acceptability of assistive technology via complex judgements based upon an interaction 
between personal characteristics, their own housing types, perceived levels of need for 
assistance, access to devices, and the various attributes of devices, all contributing towards its 
acceptability (McCreadie & Tinker 2005). Further work has demonstrated that systematic 
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applications of generic systems may not adequately meet the needs of older people, whose to 
use particular devices can change rapidly, as a result of changes in health status or level of 
social access (Percival &  Hanson 2006). As such, assessment procedures for the deployment 
of such devices need to consider the varying needs of individuals, and how best to deploy 
assistive technology systems to meet these needs (Monk et al 2006). Finally, perhaps one of 
most significant critiques of the use of telecare and assistive technologies is its potential use 
to replace existing services, by replacing care services with technology, and restrict access of 
vulnerable older people to important sources of human contact. Research has illustrated that 
for individuals in receipt of health and social care services, people receive a significant 
benefit to wellbeing through social contact with care staff (Gibson et al 2007). The use of 
telecare may well provide opportunities for the redeployment of time spent by care workers 
on particular tasks, which may include a reduction in time spent on instrumental care tasks. 
However there is also the potential for telecare to be used in order to reduce service 
provision, substituting social care provision, rather than complementing it (Woolham et al 
2007). 

Much of current telecare development has been focused upon a provider or developer 
perspective, either ignoring or neglecting user needs and preferences (Sixsmith & Sixsmith 
2000). Indeed Percival & Hanson (2006) note that few studies have presented the views of 
potential users of telecare, and that there is a lack of evidence as to how telecare is used by 
older people. In presenting these views this work has illustrated the importance of 
considering the implications of telecare in terms of the autonomy and privacy of older people 
using telecare, and the possibility of telecare replacing human contact. Telecare was viewed 
as having the potential to promote independence by giving people more choice in their 
interactions, but could also limit choice by promoted learned dependency (ie by 
automatically shutting off a tap left running). Privacy became an issue through the collection 
of large amounts of data by an individual, raising questions about the possible misuse of such 
data, in ways that may be contrary to the needs of individuals (e.g. using a person’s personal 
data to restrict access to services or benefits). Finally, telecare is indicated as having a great 
potential for providing care, however there is also the potential for telecare to replace 
existing services, thereby replacing the already limited social contact many vulnerable older 
people receive. 

Publicly-driven RTD programmes 

Ongoing and future RTD programmes- and not to forget related socio-economic research- 
will have a strong bearing on the further evolution of the Telecare domain. Over the years, 
considerable RTD efforts have already been pursued by the European Commission. Relevant 
projects include for example IST@Home, a project that developed affordable components 
enabling broadband video-based services to be delivered into homes of older people and 
meeting service needs of telecare providers. Standards-compliant services run over in-home 
broadband wireless and heterogeneous access networks. Portable home service access 
devices were developed; a dual architecture linked alarm and IP-based systems. Existing 
service centre designs were adapted to manage home devices and the designs validated 
extensively as prototypes on operational networks in real homes and service centres.74 

Increasingly, research is focusing upon the potential and benefits of telecare and assistive 
technology beyond the currently available range of telecare devices. A number of key areas 
can be identified, with potential benefits for older people suffering from a range of physical 
and cognitive impairments. These include supervision and surveillance; safety, security and 
comfort; and activities of daily living (Sixsmith 2006). In particular, much work is taking 
place developing integrated activity and well-being monitoring systems, with several devices 
approaching the market. Increasingly, the potential of AT and telecare to promote quality of 

                                                      
74 http://istresults.cordis.europa.eu.int/index.cfm/section/news/tpl/article/ 
BrowsingType/Features/ID/81348. 
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l ife for older people is also taking place. Under research programmes such as European R&D 
frameworks, the UK EQUAL initiative (Extending Quality of Life for Older People) and 
New Dynamics of Ageing (NDA) programmes and the ETAC programme in the US, several 
projects are attempting to develop Assistive technology and telecare systems with the 
potential to enhance quality of life for older people. Examples include the development of 
tools to aid with conversation and reminiscence activities for people with dementia (Gowans 
et al 2004), and the development of devices that can promote access to enjoyable activities 
such as music, or interacting with others (Sixsmith & Gibson 2007). Interestingly, much of 
this research is indicating the potential for the use of AT in these areas, and also many 
individual issues that shape the deployment and use of these devices.  

The table below lists some of the RTD project relevant for the purpose of SOPRANO that 
have been funded under the European Union’s Framework and eTEN programmes.  

 

Healthcare Domain Social Care Domain 
(includes ADL) 

P.Cezanne Implantable biosensor for diabetes 
care 

ASK-IT Ambient Intelligence for Mobility 
Impaired 

BIOTEX Bio-sensing textiles  CONFIDENT Remote home care and support 

HEARTFAID Home support for elderly with heart 
failure 

LOCOMOTION Mobile support for independent 
living 

K4CARE HomeCare eServices for older 
people 

SAID Social aid interactive supports 

MyHeart Smart electronic and textile systems SILC Remote care and support 

OFSETH Smart textiles TELECARE Telecare for older people 

PALLIANET Integrated palliative care BLUEEAR Bluetooth assistive living system 

PIPS Continuous home self-monitoring MATS Flexible mechatronic assistive 
technology 

SAPHIRE Intelligent monitoring in homecare MEDICATE Delivery of medications 

@Home Remote home monitoring of patients ACTION Teleseupport for carers 

ADICOL Portable systems for Insulin infusion ASTRID  Technology and dementia 

AMON Portable telemedical monitor CAALYX Complete Ambient Assisting 
Living EXperiment 

C-CARE Continuous care COGKNOW Helping people with mild 
dementia navigate their day 

CEMAT Advanced systems for telediagnosis CUSTODIAN Smart home systems for older 
people 

CHARM Health and social service 
information 

DAILY Assitive Technology information 
system 

CHRONIC Home care of chronic conditions DISCUS Distance support for carers 

CHS Tele Homecare EASYTEX Textiles for older people 

DAPHNE Home telemonitoring EMERGE Emergency Monitoring and 
Prevention 

DIAFOOT Remote monitoring of diabetic feet FACILE ICT support for housing design 
etc. 

DIAPOLE Continuous blood glucose 
monitoring 

HOME-AOM Home environmental control 

DOCMEN Ubiquitous permanent access to 
EHR 

HOMEBRAIN Home automation 

e-Care Health monitoring and decision 
support 

ICAN Home automation / control 

EPI-MEDICS Monitoring / interpreting cardiac 
symptoms 

INHOME Intelligent Interactive Services 
Environment for Assisted Living 
at Home 

E-Remedy Telemedicine for home rehabilitation MOBIL Intelligent mobility and transport 
support 

GAIT Intelligent orthoses MONAMI Mainstreaming on ambient 
intelligence 

H-CAD Home support for patient MORE Mobile rescue phone 
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rehabilitation 

HealthMate Personal mobile systems for 
telecare 

MOSAIC-HS Home systems 

HEARTS Personal systems for heart 
conditions 

OLDES Older People’s e-services at 
home 

H-LIFE Intelligent personal health assistant PAM-AID Personal adaptive mobility aid 

HOMEY Home monitoring PCAD Personal communication system 

IMP-ART Remote support for wound 
management 

PERSONA PERceptive Spaces prOmoting 
iNdependent Aging 

INCA  Intelligent control system for 
diabetes 

RESORT Remote service of rehabilitation 
technology 

M2DSM Telematic management of diabetes RISE Home care for older people 

MEMO Cluster activity on medical mobile 
devices 

SAFE 21 Social Alarms 

MOBI-DEV Mobile support for care personnel SEODEL Secure document delivery 

MOBIHEALTH Mobile healthcare Seniorline Networks for older people 

MOEBIUS Self-monitoring at home SENSACTION-
AAL 

SENsing and ACTION to support 
mobility in Ambient Assisted 
Living 

NETCARITY A NETworked multisensor system 
for elderly people: health CARe, 
safety and securITY in home 
environment 

Service 2000 Intelligent service shops for older 
people 

PANACEA-iTV Health & lifestyle management by 
iTV 

SWAMI Safeguards in a World of 
AMbient Intelligence 

PARREHA Rehabilitation IT Aid for Parkinsons SWIFT Workflow support for services for 
elderly 

PHARMA Logistics for delivery of medications TASC Telematics supporting cognition 

PICNIC Integrated care TRANSWHEEL Advanced wheelchair 

TELECARE Remote sensors and monitoring TREMOR Assistive technology for tremor 

TELEMEDICARE Real-time monitoring in own home ELDERATHOME Support for living at home 

TOPCARE Home care platform and integrated 
care 

ENABLE Technology for people with 
dementia 

U-R-SAFE Continuous home monitoring CARMEN Care management for older 
people 

USBONE Remote monitoring of bone healing PROCARE Integrated health and social care 
for elderly 

WEALTHY Wearable healthcare system ADHOC Homecare 

TEN-CARE Home care PLANEC Integrated care and planning for 
elderly 

Table 13: Some relevant EU RTD from FP and eTEN programmes 

Industry-driven RTD programmes 

Apart from RTD initiatives driven by public agencies, there is an increasing body of market-
driven RTD pursued by industry.  

Perhaps the most recent example is the formation of the CONTINUA Health Alliance in 
2006, a non-profit group and open industry alliance of global healthcare and technology 
companies.75 The groups comprises of major technology, medical device and health care 
industry players such as General Electricts Healthcare, IBM, Phillips and many others. Its 
formation aims at fostering the development of ICT enabled solutions for personal 
healthcare. In detail, its objectives include: 

�  Developing design guidelines that will enable vendors to build interoperable sensors, 
home networks, telehealth platforms, and health and wellness services. 

                                                      
75 for details see: http://www.continuaalliance.org/home 
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�  Establishing a product certification program with a consumer-recognizable logo 
signifying the promise of interoperability across certified products. 

�  Collaborating with government regulatory agencies to provide methods for safe and 
effective management of diverse vendor solutions. 

�  Working with leaders in the health care industries to develop new ways to address the 
costs of providing personal telehealth systems. 

The Continua Health Alliance will establish an ecosystem of connected personal health and 
fitness products and services, making it possible for patients, caregivers and health care 
providers to more proactively address ongoing health care needs. The Alliance will select 
existing connectivity standards as well as work to fill gaps in some standards bodies so that 
personal telehealth solutions are interoperable and contribute toward improved health 
management. Additionally, the Alliance will write guidelines on specifically how to use the 
standards to achieve true interoperability across many companies and many devices. Proven 
connectivity standards that will be considered include Bluetooth®, USB, Wi-Fi™, Z-
Wave™ and ZigBee™, among other established transports. 

The Alliance considers several use case categories, among them of particular relevance to 
SOPRANO project is the “Elderly Monitoring”  theme. An example considers an elderly 
woman living alone and describes the several aspects of her life that could be monitored in 
order to ensure comfort and convenience to herself and her daughter who is a 45-minute 
drive away, and provide prompt and proper information to the professional health care 
personnel in case of emergency. These include: 

�  Assistance with daily health and monitoring tasks 

�  Medical reminders 

�  Activity prompts 

�  Monitoring and early warning using bio-sensor data collection 

�  Automated dietician 

�  Emergency response 

�  Real-time alerts and communication 
 

Another example of a market driven RTD programme concerns the formation of Intel’s 
Proactive Health Research project in 1999, a multi-disciplinary team actively researching 
people’s healthcare needs and integrated technology solutions.76 Today, the Proactive Health 
lab has evolved into Intel’s Health Research and Innovation Lab, an integrated team of social 
scientists, designers and systems engineers. The members of this interdisciplinary team go to 
homes, hospitals, and doctors’  offices, living or co-locating with patients, doctors and nurses, 
over long periods of time to observe and understand their specific needs. They also respond 
to those needs by designing and developing prototypes of new technology solutions which 
are tested in a variety of healthcare settings, from the hospital to the home.  
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4. Conclusion 
 

The goal of SOPRANO is to design the next generation of systems for ambient assisted 
living in the EC, based on highly innovative context-aware, smart home environment 
services with natural and comfortable interfaces for older people, in order to significantly 
extend the time during which elderly people can live independently and self-determined in 
their well-known environment. The market analysis has shown that this goal is very 
important for the future living in the EC as the society will become increasingly older due to 
the rising life expectation and the decreasing birth rates throughout the EC. Because of the 
great importance of the topic, several past, current and upcoming research projects with 
similar goals and approaches like SOPRANO can be found and were analysed in this 
document. 

As a summary, the SOPRANO system is a huge challenge. Several approaches and 
technologies from very different areas have to be extended and combined into one coherent 
system. In this document, the current state-of-the-art of important technologies has been 
analysed in detail and their relevance for the SOPRANO system has been assessed.77 The 
technologies stem from three areas: Smart Environments for the Elderly (like Independent 
Living, Telecare Services, Ambient Assisted Living, and Assistive Technologies), Basic 
Technologies (like Service Oriented Architectures, Semantic Metamodels and Context 
Models) and Sensors & Networks (especially RFID and Radar). In most areas, the basic 
approaches are available but have to be adapted in order to adequately integrate them into the 
overall SOPRANO system. If this succeeds, SOPRANO will be a great leap beyond the 
current state-of-the-art, and its vision of an informed and friendly agent that takes orders, 
advices the AP, reminds, helps and gets help if needed will become true.  

                                                      
77 Further technologies concerning Human Computer Interaction (HCI) and Experience & Application 
Research (E&AR) are presented in depth in Deliverable D1.1.1 


