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Abstract

“Ambient Intelligence” (AmI) refers to a vision of the future information society stemming from the convergence of ubiquitous computing, ubiquitous communication and intelligent user-friendly interfaces as envisaged in the ISTAG Scenarios of Ambient Intelligence in 2010 (ISTAG 2001). It puts the emphasis on user-friendliness, user-empowerment and support for human interactions.

An open question is whether the coming AmI functions have the potential to include a majority of people by delivering effectively useful, accessible and trustworthy innovative functions. If it is not the case, AmI could become an additional source of exclusion in society. It is the concern of policy-makers to influence the ongoing evolution towards more cohesion and inclusiveness or at least to mitigate some of its negative effects.

Prospective studies are aiming at providing decision-oriented overviews on expected S&T developments, at raising their societal and policy implications, and at sketching scenarios for the future. S&T roadmapping is one of the methods used in prospective studies. Technology roadmapping has originally been developed as a R&D management and foresight methodology in industry. It is used for displaying and synthesizing networks of past, present and future stages of S&T developments, components of strategies, causes or solutions to a problem, potential disruptions, and for highlighting the necessary steps to reach the market with the right products at the right time. It traditionally endorses a “technology-push” approach.

This paper refers to the “Ambient Intelligence in Everyday Life” (AmI@Life) S&T roadmap under development within the Institute for Prospective Technological Studies of the European Commission’s Joint Research Centre. Its objective is to adapt the methodology of technology roadmapping to R&D policy intelligence by implementing a “function-oriented” approach intermediate between technology-push and user-pull.

· The project shows that a function-oriented approach provides fruitful ways of thinking about useful and accessible services and reflects some of the “human dimensions” (economic, social, political and demographic). However, taking them systematically into account within the roadmapping process is not straightforward.

Introduction to Ambient Intelligence

“Ambient Intelligence” (AmI) refers to a vision of the future information society stemming from the convergence of ubiquitous computing, ubiquitous communication and intelligent user-friendly interfaces as envisaged in the ISTAG-Scenarios of Ambient Intelligence in 2010 (ISTAG 2001). It puts the emphasis on user-friendliness, user-empowerment and support for human interactions.

Information and Communication Technologies-based artefacts and computers would fade into the background. People would be surrounded by intelligent and intuitive interfaces embedded in all kinds of objects. The environment would recognize individuals and their needs and wants, as well as changes in individuals, changes in needs and wants, and changes in the environment. It would respond in a seamless, unobtrusive and often invisible way, nevertheless remaining under the control of humans. Intelligent agents would eventually make decisions that automatically serve a person or notify a person of a need to make a decision or to carry out an action (adapted from SRI Pervasive Computing 2001).

In short, computers would conform to and serve the needs of humans rather than require people to conform to computers by learning specific skills and performing lengthy tasks. Interactions between humans and computers would become relaxing and enjoyable without steep learning curves (ISTAG 2001).

The vision of “Ambient Intelligence” as being developed in the ISTAG report is far-reaching and assumes a paradigm shift in computing from machine-centred towards human-centred computing. It argues for placing the user at the centre of future development. Technologies should be designed for people rather than making people adapt to technologies.

Assessment of the Social Utility of Ambient Intelligence

AmI is more a vision of the future than a prediction. It is per definition normative and portrays a desirable future. By putting a major claim on being people-oriented, it also assumes that AmI will potentially be inclusive, providing of course it delivers up to its promises of being user-friendly, unobtrusive and controllable. But even if these promises are met, the fundamental question remains open if AmI will be able to include a majority of people or if it rather will benefit mostly the young, urban and mobile techno-freaks? In the latter case, AmI could become an additional source of exclusion in society, also referred to as the "digital divide".
The concept of “universal and trusted access” is preferred however, over the terminology of “digital divide” because it leaves room for voluntary exclusion. People should always have the possibility to refuse these evolutions, but they also should be able to accept part or all of them.

Addressing the problem of universal and trusted access to Information Society Technologies (ISTs) is today discussed and researched in many different ways and one of them consists of framing the problem in a prospective way.

Prospective can be defined as a systematic process for visualising science, technology, industry, economy and society in the future with the purpose of identifying the actions that can benefit tomorrow’s society. Prospective technological studies are aiming at providing decision-oriented overviews on expected S&T developments, at raising their societal and policy implications, and at sketching dynamic and flexible scenarios for the future.

Numerous methods are used in prospective technological studies including: Scenarios, Delphi, Environmental Scanning, Expert Panels, Brainstorming, SWOT (Strengths, Weaknesses, Opportunities, Threats) Analysis, Trend Extrapolation, Simulation Modelling, Cross Impact Analysis, Critical/Key Technologies, Relevance Trees, Morphological Analysis… S&T roadmapping is one of them.

The methodology of Science & Technology Roadmapping is elaborated in this paper as a way to depict and understand future developments in AmI for everyday life. It proposes a “function-oriented” approach to link technology developments to user requirements and needs. It addresses universal and trusted access to AmI by way of thinking about delivering useful, accessible and trustworthy innovative AmI functions for ordinary persons. Universal access to AmI is not only about access to infrastructures but also about providing attractive and useful services and applications and also access to the necessary resources and capabilities (money, time, skills, attitudes, language, etc.) to buy and use these new AmI functions in the home/everyday environment.

It encompasses the technical (user-friendliness, (), economical (affordability, () and social (acceptability, () dimensions, as well as security issues. All these dimensions have to be pro-actively taken into account in research, development and the design of new technologies, in contrast with reactively trying to influence their diffusion in society. Ultimately, it is the concern of policy-makers to influence the ongoing evolution towards more cohesion and inclusiveness or at least to mitigate some of its negative effects.

S&T Roadmapping as a Prospective Methodology

The terminology “Technology Roadmapping” (TRM) is used to designate studies encompassing visions of future possible technological developments, products or environments (Da Costa et al 2003). One common feature of the various definitions put forward is that the output usually includes graphical representations in which “nodes” (past, present or future steps of S&T development) are connected by “links” (causal or temporal relations). Two key interrelated functions can be seen to emerge.

· Firstly, TRM produces representations of the state of the art of S&T at a certain point in time and of the nature, rate and direction of potential S&T developments. TRM is therefore a prospective methodology.

· Secondly, the representation is put to practical use in negotiating the way forward and in informing decisions about possible future options. As such, a roadmap is also a planning methodology: “a traveller's tool that provides essential understanding, proximity, direction, and some degree of certainty in travel planning.” (Kostoff 2002)

Technology roadmapping has originally been developed as a R&D management and foresight methodology in industry since the mid-1980s. As the concept and methodologies have matured, it has come to be applied in an increasingly broad range of areas, from single individual companies (Corporate TRM), to entire industry sectors (Industry TRM), trans-disciplinary hi-tech common goals (goal-oriented TRM) or the provision of intelligence for S&T policy-making (S&TRM for Policy Intelligence).

In this context, it is used for displaying and synthesizing networks of past, present and future stages of S&T developments, causes or solutions to a problem, and for highlighting the necessary steps to reach the market with the right products at the right time (Garcia Bray 2002). It traditionally endorses a “technology-push” approach.

A function-oriented approach to S&T Roadmapping

“Ambient Intelligence in Everyday Life (AmI@Life)” is one of the two pilot S&T roadmaps currently under development at IPTS (Institute for Prospective Technological Studies) of the European Commission’s Joint Research Centre in collaboration with the ESTO (European Science and Technology Observatory) network. The other pilot roadmap is on “The delivery of Healthcare in the context of an ageing society” analysing the “likely technological pathways to the effective delivery of healthcare in an ageing and diverse European society”.

AmI@Life roadmap focuses on “trusted and universal access to Ambient Intelligence technologies within the context of everyday life”, raising the potential of full IST integration in the everyday life of ordinary European citizens. It endorses a specific approach directed towards everyday life outside the professional sphere. Indeed, AmI in everyday life requires specific attention because there is no simple spill-over of technologies from the office to the home. Also there is the already-mentioned policy concern of exclusion.

Traditional technology roadmapping tends to focus only on the development trajectories of technologies to provide new products (Corporate TRM) or on detailed enabling technologies in the pre-competitive domain (Industry TRM). A “function-oriented” approach has been developed in order to give a fuller account of the “innovation chain”, also including non-technological factors:

· S&T developments,

· Applications,

· Key functions,

· Users.

The “function-oriented” approach constitutes an intermediate way between the technology-push and the user-pull approach. It consists of the following three, interrelated but orthogonal dimensions or axis:

· Identifying key functions where AmI is expected to “make a difference”. Focussing on functions enables to take into account both foreseeable AmI applications and everyday behaviour (social trends).

· Identifying the key technologies that are needed to develop the AmI applications and/or functions. 

· Mapping these developments over time, using a yearly time scale and a time horizon of up to 15 to 20 years.

As it is not feasible to investigate the interactions between these three dimensions at once, the following three pairs are studied:

· Key Functions and Key Technologies

· Key Technologies and Time

· Key Functions and Time

The process consists therefore of the following four successive but interrelated steps.

Application Areas

The project started with a “problem-definition workshop” including the project partners
 and external experts. It emerged from the brainstorming that the broad field of “Everyday Life” is to be divided into application areas to be shared between partners according to their respective expertises. The application areas are defined as:

· Health;

· Mobility & Transport;

· Work (only the everyday life at work, purely business and corporate issues being excluded);

· Housing & Home;

· Education & Learning;

· Shopping & Commerce;

· Culture, Leisure & Entertainment;

· Socialisation & Communication;

· Participation & Inclusion.

Key Functions

The second step is to identify some of the key functions to which “AmI can make a difference” in each of these application areas.

These first two steps are in themselves a strong statement because they imply that from the start the process was envisaged from the perspective of the applications and functions while in traditional roadmapping, the starting point would be the different key technologies.

To illustrate this approach, the key function of “Intelligent heritage and cultural tourism” is described here, within the application area of “Culture, Leisure & Entertainment”.

“The issue is to enhance and personalise the visits of historical sites / museums / exhibitions in an AmI environment. Multimedia information access on the Internet already creates a new paradigm for museums and exhibitions. The cultural tourism of the future will be a combination of exhibitions of real artefacts and access to virtual multimedia material from cultural heritage stored in museums and exhibitions around the world.

This function has important implications for the continuing education and training; visiting museums and exhibitions is already an important complements to the advanced and interactive education methods.

Some visions include:

· Recreation and animation of historical or cultural objects or buildings, living experience of travelling through time and/or space (visit of the same castle in the past and/or link to similar castles in the same region / country().

· Meta-exhibitions: while visiting a painting exhibition, it is possible to virtually access to other paintings of the same authors, from the same school, from the same period, of the same geographical location( even if these paintings are in the real world spread all over the world. It is also possible to consult, at the required depth, information on the painter, the painting technique, the subject of the painting etc. Each visitor can draw his own route through the meta information-space including some of the material present in real life.

In this area, AmI technologies should play a major role, more especially the advanced interface and display technologies: Multi-sensoriality, Multi-modality, Multi-lingualism, Virtual & augmented reality, 3D displays, Telepresence and the knowledge technologies: Semantic web, Advanced Knowledge Management, Advanced Datawarehousing, Converging media.”
Key Technologies

The third step is to link these functions to key technologies, the technologies being priory classified into “Broad Technology Area”.

· Communication & Networking 

· Software

· Microsystems & Electronics (Storage)

· User Interfaces

· Displays

· Knowledge Management

· Artificial Intelligence

· Robotics

· Trust & Security

· Power sources

It is worth noting that not all of these technologies are “AmI technologies” in the strict sense. Most of the IST have actually been included. 

A matrix
 between the key functions and the key technologies is built and constitutes the first major output of the project.

The whole table includes:

	Applications
	Key Functions
	Communication & Networking 
	Software
	Microsystems & Electronics (Storage)
	User Interfaces
	Displays
	Knowledge Management
	Artificial Intelligence
	Robotics
	Trust & Security
	Power sources

	Culture, Leisure & Entertainment
	Intelligent heritage and cultural tourism (historical sites / museums / exhibitions)
	LAN, WAN & broadband networks
3G+ mobile systems
	Large-scale distributed systems
Embedded systems
 XML, WML, XSL language; open standards
	Networked sensors & actuators
	Multi-sensoriality
Multi-modality, multimedia interface (sound, video, animation, graphic and photographic)
Multi-lingualism
Virtual & augmented reality
	3D displays
	Semantic web, ontologies
Advanced Knowledge Management
Advanced Datawarehousing
CoD, AoD, VoD technology
Converging media
 Access, searching and browsing technology
	Advanced profiling
Cognitive vision
	 
	Digital Rights Management
Dependability (reliability, maintainability)
	Lower power consumption


Time

The fourth step is to construct the Technology and Function roadmaps themselves.

The foreseen developments of key technologies versus time constitute the “Technology Roadmap”. It synthesises:

· Milestones;

· Potential breakthroughs or disruptions;

· Alternative scenarios;

· Co-dependencies, i.e. how different technologies need to evolve and come together at a certain point in time in order to allow a macro progress.

The potential trajectories of key functions/ products versus time constitute the “Function Roadmap”. It is obtained from the integration of “Key Functions ( Key Technologies” and “Key Technologies ( Time”. It synthesises:

· Milestones;

· Potential breakthroughs or disruptions of different natures (S&T, economy, environment, society, demography, policy);

· Critical paths for the development of the key functions;

· Alternative scenarios;

The function roadmap includes (provided only for illustration):

	Applications
	Key Functions
	 
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	beyond

	 
	 
	
	Short Term
	Medium Term
	Long Term
	

	Culture, Leisure & Entertainment
	Intelligent heritage and cultural tourism (historical sites / museums / exhibitions)
	

	First generation interactive and augmented-reality exhibitions (Cité des Sciences et de l'Industrie, Puy-du-Fou)
	 
	 
	 
	Multi-sensorial, multi-modal exhibitions
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	Tourism in some areas limited to Net access
	 
	3D exhibitions using holographic displays
	
	
	
	

	
	
	
	
	
	
	
	
	Widespread use of virtual reality for education and recreation
	 
	 
	 
	 
	 
	 
	 
	Widespread use of virtual environements

	 
	"Out-of-house" cultural participation and recreation (film, theatre, dance, music, amusement parks, sport events, manifestations)
	
	
	
	
	
	
	
	 
	 
	 
	 
	 
	 
	 
	


Relevance of the S&T Roadmapping Methodology for the Study of AmI “Human Dimensions”

· A systematic methodology to investigate the 3D matrix (key functions, key technologies, time) was presented. The question is whether this methodology is relevant and efficient for the study of the interrelationship between the technological and the human (economic, social, political and demographic) dimensions of Ambient Intelligence.

The identification of the functions, technologies and the timelines have been derived from a careful and iterative process of analysis and synthesis of previous works and from brainstorming. It has been possible to highlight some applications of S&T technologies in terms of useful, accessible and trustworthy innovative functions. These functions are effectively the starting point and leading dimension of our roadmapping methodology, before key technologies and time. This is probably one the main specificities and added values of our output compared to the existing corporate and industry roadmaps, our “function-oriented” approach seems to be closer to the user.

A future challenge would be to take this approach a step further by assessing the potential of the elaborated functions on the basis of user and acceptance criteria such as:

· Money. At what cost the functions can be delivered to include as many people as possible? What percentage of peoples' budget would need to be spent on them? 

· Time. Is this new function going to save or cost time?

· Skills. What is the education level required to use this new function?

· User groups. What are the user groups targeted by the functions (youngsters, communities, ()?

Some of the longer-term societal and demographic trends shaping people’s everyday life, such as ageing population, mosaic society (individualism, diversity, mobility, choice of personal lifestyles, (), oscillations between consumerism and “traditional” values, end of life employment, etc. could possibly be taken into account as well.

Assuming that the functions are well-designed, well-bordered and firmly grounded on realistic assumptions, it should be possible to derive crude estimations of their inclusive potential, for instance on how many people will have access to specific functions. One drawback of the methodology is that such precisely defined functions would certainly be less innovative and futuristic and probably more short-term improvements of what already exists.

However, research on use and acceptance demonstrates that even if innovative functions are accessible to people, there is no inherent guarantee that they will actually accept and use them (Punie 2003). In the past, there have been many market failures (e.g. videotext, Video on Demand, WAP) and unforeseen successes. Short Message Services (SMS) is an interesting example of the latter, not only because its success surprised many experts, but also because of its function. Sending text messages via the mobile phone may first appeared marginal but finally encountered a huge market. It is difficult to foresee which functions in the future Ambient Intelligence environments will provide the trigger for reaching a critical mass of users. People make use of new technologies in ways that are very different from their intended uses by suppliers (e.g. the Internet, SMS), there is no typical, uniform user and use but rather a diversity of users and uses. Suppliers generally have difficulties in understanding the user market in a qualitative way.

Successful innovation is the result of a specific socio-economic and technological constellation, i.e. the right product, on the right market, at the right time and in the right combination where specific requirements in terms of user needs, user-friendliness, price, attractive supply, standards, interoperability, and so on have to be met. If they are not, the commercialisation will certainly fail. However, failed attempts may ultimately emerge as successful, perhaps in new guises, when the right conditions are in place (Miles ea. 2002).

Also, some well-educated and well-off people may completely refuse innovation in specific fields (e.g. GMOs), if the relevance appears too marginal compared to the investments required to access the new functions and the intrinsic risks of the technologies. In a critical essay, Araya (Araya 1995, Punie 2002) describes the marginality of the enhancement proposed (e.g. elevator stops at right floor, rooms greet people by name, automatic coffee, etc) as a fundamental character of ubiquitous computing. According to him, ubiquitous computing “constitutes an attempt at a violent technological penetration of everyday life”.

· Scanning and integrating this qualitative information within a systematic process raise numerous theoretical and practical difficulties. There is a natural tendency to put more emphasis on the areas for which quantitative elements or, in this specific case, clear and undisputable relations are available, to the detriment of areas for which they are not. The “human dimensions” have rather to be addressed with qualitative and case-by-case studies complementing the identification and characterisation of the key functions.

· As a conclusion we can argue that a function-oriented approach provides fruitful ways of thinking about useful and accessible services and reflects some of the “human dimensions”. However, there would be a need for future exercises of scenario and trend building to complement the roadmapping phase in this respect.
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� The partners are organisations members of the ESTO network: Fraunhofer ISI, ENEA, Fondazione Rosselli, TNO-STB, VTT and IPTS.


� A matrix is a table of rows and columns in two or more dimensions.
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