Annex: Research in the ten sub areas of the IST priority

The current situation, research in FP6 and the expected output 

The three technology building blocks (items 1,2 and 3) and the applied IST (item 4) divide into ten specific sub areas that complement each other. This annex describes the position today, the required research in FP6 and the expected outcome in FP6 for each of the sub areas and for FET (Future and Emerging Technologies). 



1.1. Micro,  opto and nanoelectronics

Microelectronics (including opto-electronics) is the processes, the know-how, design tools and materials for the making of chips (integrated circuits, opto-electronic devices etc.). It is the basis without which the information society cannot function. Microelectronics is different from most areas in that there is a long-term research road map, for around the next 12 years. 

The roadmap is the result of an international  cooperative effort of the global industry manufacturers and suppliers, government organisations, consortia, and universities. Periodically, new discoveries and paradigm shifts occur and push further the frontier of the roadmap in terms of higher integration and miniaturisation, faster components, lower power consumption and lower costs. 

Where do we stand today?

The chip technology commercialised in 2001 is at the 150 nm scale. The roadmap forecasts the 50 nm scale to be reached by 2010. Today’s technology enables, for example, the storage of 64000 A4 text pages or 90 minutes audio(stereo-quality) on a chip of 2cm2. This capacity will be multiplied by almost a 100 in the next ten years. European industry and research community has to follow, and often lead the development in order to remain competitive. 

Thanks, to a large extent, to co-operation at a European level within the EU IST programmes and within complementary successful Eureka initiatives, the European microelectronic industry is gaining ground and the three big Europeans (Siemens’ Infineon, Philips and ST micro-electronics)  belong to the 10 largest microelectronics manufacturers world-wide.

Research in the IST programme aims at pushing the limit of current CMOS technology anticipating the development of the roadmap. It aims at improving the design and production processes for more integrated (e.g. complete Systems on a Chip), higher speed, lower cost and lower power components. 

The programme supports also the identification/exploration of paradigm shifts such as nano-electronics (the 1nm scale) using new material. The IST programme (FET, Future and Emerging technology activity) was a precursor in supporting exploratory research in this field. This has generated a pool of knowhow for the European industry to exploit and lead.
What type of research is required?

Pushing the limit of current CMOS technology along the roadmap requires still an important research effort where public support at a European level is crucial to enable industrial and industry-academia cooperation. This will help constitute a critical mass of work and a driving force for the industrial and research community. Nano-electronics is also becoming a mainstream research field and requires an important effort to prepare adequately the next generation electronics and paradigm shift that might occur at any one time in the future (e.g. computing at the quantum scale is expected to be used starting 2007). 

The expected output

Design tools and methods and production processes for more integrated, higher speed, lower cost and lower power electronic components which are essential for the future generation of networks, computing devices and appliances.

1.2. Micro and nano-systems

Europe has a very strong position both in research and in commercial exploitations of microsystems that incorporate, on a single component at the micro scale, sensors, actuators,  networking and processing elements. 

Networked microsystems to be embedded in our everyday environment are key for the  upcoming generation of IST. They provide the means for easy and natural interaction with applications and services, and for efficient and accurate information and knowledge acquisition. 

Applications range from health, environment and transport to industrial production and entertainment. 

Where do we stand today?

Research in this field is multidisciplinary by nature as micro-systems integrate electronic components with other materials such as mechanical and optical systems. Current work is on both the integration of additional functionality and on miniaturisation and use of new material so that micro-systems can be embedded in any object, take any shape and be networked and interconnected to the internet and to applications and services. 

The IST current and previous programmes were instrumental in introducing, defining and advancing European research in micro-systems and in supporting its industrial uptake across the Union. The programme activities build on, and help consolidate the activities of the member states in the field. Several new start-up companies have emerged from research labs involved in the programme.

What research is required in FP6?

It is clear that research in micro-systems is fundamental for the next generation of Information Society technologies and needs to be intensified. It provides (with research in microelectronics) the basic components to be integrated in appliances and everyday objects. 

Research is required in FP6 on design, processing techniques, system architecture and packaging technologies for the use and integration of microsystems and subsystems in any  miniaturised object including portable/wearable devices and even inside the human body. It should address the integration of new materials and the exploitation of other disciplines (e.g. materials, quantum physics, biology, chemistry, medical science, fluids,..) in order to increase functionality and reduce costs and power consumption. It is also required for the further miniaturisation of these systems bringing them to the nano-scale. This will enable their easy incorporation in any object. 

Expected output

New sensors and micro-systems at the micro and nano scale that can be interconnected to the internet and the information infrastructure in a wireless way. 

Applications are expected in health, transport, environment  and industrial production.

2.1. Communication and Networking Technologies
The major emphasis in FP6 is on (i) mobile and wireless technologies, (ii) optical networks  (iii) networks interoperability and (iv) networked audio-visual systems. 

a) Mobile and wireless technologies:

Where do we stand today?

Due in large part to the current and previous EU RTD Programmes, Europe benefits from a unique world leadership in this field. Critical mass of RTD, together with  a consensus building approach, have led to the establishment of European standards which are today adopted by a majority of countries world wide (e.g. GSM, UMTS). Operators, manufacturers and service providers are currently deploying third generation technologies (UMTS in Europe). 

Aside from 3G systems, a range of wireless technologies are also evolving providing mobile or portable connectivity either in a very local context (body area networks, wireless LAN’s) or in a wider context (broadband wireless access, satellites).  There is a clear trend appearing today, and strongly supported by industry, towards optimised co-operation and interworking of this multiplicity of wireless access environments to optimise the delivery of services in a context-dependent manner. Examples include the mobile-broadcasting integration, identified by both the terrestrial and space sectors, or UMTS-Wireless LAN’s integration. Another key trend is the expected wider use of unlicensed bands. 

These topics require continued R&D in the field of mobile and wireless technologies
. Critical research areas thus concern interoperability between mobile and wireless networks, terminals and devices, and the need for optimal use of spectrum. Preparing for the next generation of wireless technologies should start now for Europe to maintain its lead and to be able to offer to European citizens better and lower cost, truly mobile knowledge based services. 

What research is required in FP6?

The next wave, targeting optimised integration of wireless access technologies for the seamless delivery of services is currently under preparation. It will notably address the interoperability issues by making networks, terminals and devices reconfigurable, allowing users to access services from a multiplicity of wireless infrastructures anywhere in the world. Significant effort is needed to optimise distribution of software across networks and terminals and to develop new communication systems and protocols, able to cope with the variety of wireless connected devices. The other major development required in this field is on communication systems that allow spectrum sharing and optimisation in order to reduce costs and spectrum allocation problems.
This should be accompanied by the development of innovative mobile applications and services that optimises third generation technologies and of the roll-out of the new Internet protocol,  IPv6. These will cover in particular the areas of transport, health, entertainment, mobile ecommerce and services for mobile workers. Work should include developing terminals that recognise speech or that use other senses such as touch and even gesture. 

Expected output

New standards for the next generation beyond 3G mobile systems, the full roll out of which will be beyond 2010; wireless devices, equipment and applications for “personal, local, wide area access networks”; optimised interworking of heterogeneous wireless environments; A suite of tools allowing for friendly development of application over heterogeneous wireless environments.

b) All  optical networks

Where do we stand today?

Research in optics/photonics technologies has been fundamental to increasing the bandwidth/capacity of telecoms/data networks to meet the explosion in demand for information transfer. Over the past decade, the transmission capacity of optical networks has increased by a factor of 1000. Irrespective of short-term fluctuation, the long-term trend will demand a further 1000 fold increase. This requirement can only be met by further substitution of photonics for electronics, leading to the all-optical network, with information carried end-to-end along managed wavelength paths.  In order to provide affordable broad band access for all users, a crucial requirement for the future Information Society, it is necessary to further increase the capacity of optical core networks, by removing the existing electronic bottlenecks, and to extend the reach of existing optical network infrastructure, with lower-cost direct access by end-users

What research is required in FP6?

Research will be focussed on new concepts for communication network architectures, optical/photonic signal processing, new optical components, both for terabit speeds and for lower cost,  and on the integration of optical with radio/wireless technologies.

Expected output

Fully optical networks, incorporating optical switching and routing, that will increase the capacity of core networks  by 1000, and will provide affordable broadband access for all users.  

c) Interoperable network solutions 

Where do we stand today? 

Today’s communications networks generate 550B€ of revenues for voice services alone and 25B€ (2000 figures) for the newly emerging IP and broadband services sector. In the wake of market liberalisation and technological innovation and convergence, network operators have been forced to reconsider their roles and business models in the communications services market, embrace new technologies and adapt their networks accordingly. A marked trend is to separate services from the requirement of a dedicated infrastructure, so that any service or application can be adapted to run on any infrastructure, and any infrastructure will support any service or application.

The ability of underpinning technologies (DWDM, Internet Protocol, ADSL,..) to interoperate is key to enabling the growth of the coming generation of broadband multi-service infrastructures and mobile access networks. These infrastructures need to support diverse types of traffic (fixed and mobile) and increasingly complex services and applications.  With 2800 licenced operators (2000 figure) and at least 20 pan-European networks, Europe should be well-positioned to exploit this fiercely competitive, multi-billion-Euro market. A crucial factor in service differentiation, will be to offer customers (carriers, service providers or users) enhanced service management capabilities, allowing them to customise services as their applications evolve, for example. 

What research is required in FP6?

Interoperable network solutions, including end-to-end network management are required which support generic services provision and interworking, and interoperation between heterogeneous networks and platforms. The aim is to enable the infrastructure - irrespective of its technology - to support any service or application. Generic services provision and improved user-access will be facilitated by masking differences in underlying systems and supporting their mutual cooperation. Support for adaptive and real-time allocation of network resources and enhanced service management capabilities by customers will be provided by programmable networks.

Expected output:

A network infrastructure supporting - irrespective of its technology - any service or application.
d) Networked Audio-visual Systems

The success of digital television in Europe is reflected in its rapid penetration rate in countries where it has been introduced. European standards and technologies (DVB) dominate the world in satellite, cable and terrestrial  domains. 

Europe plays a leading role in audio-visual global standards (MPEG) introducing the next generation of video processing technologies and opening the door for the seamless integration of synthetic and natural images and enhanced user interaction.

Where do we stand today ?

Current work in the IST programme addresses open platforms to accommodate audio-visual interactive services. The aim is to provide platforms with full interactivity and that ensure service convergence in co-operative networks. This  raises new challenges for communication infrastructures and end-user audio-visual terminals.

The programme addresses also the development of  essential building blocks for advanced services supporting audio-visual communications. These depend on ever more complex algorithms and tools. Work covers as well the technologies for the capture and display of very high resolution audio-visual signals necessitate  intensive and intelligent generations of signal processing. 

In addition, essential technologies for Virtual and Mixed realities have been crucial in many sectors like entertainment, industrial manufacturing, telecommunication, supporting the evolution that allows the user to pass from information to experience.

What research is required in FP6?

Research in FP6 has to be intensified on  audio-visual information processing including  audio-visual signal representation and coding and compression technology that takes more account of the semantic representation of the content. It has to address the future generation of open trusted and interoperable multimedia user platforms and devices (DVB-MHP/MExE)

Research on displays is still essential including innovative concepts for the “disappearing displays”, higher resolution immersive devices and holography. These will address all kind of terminals including small nomadic, large area stationary, or wearable terminals; 
Expected output

Open platforms with full interactivity capacity and integrating multiple audio-visual technologies for end-to-end service delivery.

Contribution to European and global standards in relevant areas (representation and coding, networked environments..). This will be build on successes (MPEG, DVB...) which has shown that co-ordination of efforts at European level is essential. 
2.2. Software technologies, services and systems
The work in this area  will cover software technologies focussing on architectures, and tools, service creation environments, as well as distributed systems and middleware. 

Where do we stand today?

The software sector covers today mainly packaged software, embedded software and end-user-developed software – Europe is acknowledged as being strong in the latter two. The embedded software sector, which has become a key enabling technology for vertical markets such as automotive, aeronautics, chemical, etc, has a large SME constituency, due in part to spin-offs from European Research Institutes and Universities. 

Europe is weaker in generic software, the packaged offering being confined to niche areas such as business software and software integration. Technologies for software extend to services and systems (distributed and embedded). The emerging services market, including software provided as a service, is arising from the combination of traditional telephony and Internet technologies. 

In addition, control, as a means to handle increasingly complex systems, is becoming a core enabling technology and poses major opportunities and challenges for basic research. Today, management and control systems, embedded systems, real-time software developments, cognitive methods, languages and integration tools are closely interacting domains.

What research is required?

The way to develop and implement software, systems and services will change dramatically in the next years as infrastructures and applications grow in complexity, becoming increasingly distributed and often supporting mobile communication features. New software modelling and design techniques, middleware, tools and control strategies are required to enable development, management and use of robust and self-adaptive distributed applications.

The current effort in the IST programme in FP5 in this area  (less than of 5% of the budget) is largely insufficient to cope with the upcoming challenges. It has to be substantially strengthened in FP6. The research community exists mainly in academia, in niche industries and SMEs. It is essential to build a coherent framework to bring together and extend the European effort in this area. Europe’s strong niche areas in software and computing systems, become clear assets that can be built on, to reposition Europe in this field.  

Expected output?

New technologies addressing reliability and robustness, adaptability and scalability in software, systems and services; middleware providing for interoperability of data, services and systems; service creation environments for future IT and communication service functionality.

3.1. Knowledge technologies

The growth in multimedia content is unprecedented. Last year's global production of print, film, optical and magnetic media was estimated to equal up to 250 megabytes for every living person on earth. In the near future, the average household will be managing terabytes of photos, music, videos, software and documents.

The Web was invented in Europe. It enabled the spread of the Internet and triggered the development of immense information bases. “Knowledge technologies” are the tools (often software and algorithms) that  enable a more efficient capturing, representation, retrieval and understanding of the knowledge that information contains. It is a shift from the current Internet and Web technologies towards the building of richer repositories of knowledge that are accessible across the world. 

Where do we stand today?
Existing information retrieval engines and browsers are insufficient to deal with the overwhelming volume of information available on the internet. Future knowledge technologies are about using “content and context” to represent and search for information rather than the pure “word indexing” schemes previously used. It is an essential technology for the future and has impact on all application fields. 

The next generation Web is expected to be based on “Knowledge Grids” that bring together “content” from across the world and that enable easy and relevant searches. Research has started on this aspect and the World Wide Web consortium is active defining a new standard (The Semantic Web) that constitutes a major milestone for further research work.  

What research is required?

RTD work is required to enable a better content and semantic-based knowledge handling. This includes work in a number of frontier domains such as knowledge representation (including ontological developments and semantics), knowledge visualisation (including interfaces for knowledge presentation and understanding), and knowledge analysis (including intelligent agents and “datamining” knowledge analyses). 

Research is also necessary in knowledge management systems that will transform the existing ‘passive’ knowledge repositories into what is called ‘active’ learning environments.
Expected output

Tools for “a new knowledge-based” Web including content search and capturing engines to be incorporated in all applications. Consolidating Europe’s contribution to the Web standardisation processes.   
Applications in corporate knowledge management, health, environment, learning, transport and administrations.

3.2. Interface Technologies

Interfaces are a key component in building an all inclusive knowledge society. Human-centred interfaces enable people to use knowledge based services and appliances in an easy and natural way. The concept of “man-machine interfaces” previously used to identify this domain no longer reflects its scope and importance. Increasingly it involves the use of intelligent agents that act as intermediaries in communication, seeking and retrieving relevant information. Natural interfaces therefore are an important part of a chain that enables us to communicate with each other in our language of choice and access knowledge. 

Where do we stand today?

The focus of research is on more natural interactions that hides the complexity of the underpinning technology. To date research has been spread across a number of fields including sensor technology, recognition systems (for speech, image, smell and touch) and gesture capturing and recognition. The integration of interfaces into devices, services and applications is also addressed. Examples include speech recognition interfaces in mobile phones for speech-based internet access, and new interfaces for disabled people. 

Interface research in the FP5 IST programme is gaining ground reflecting the emergence of a new generation of technology that extends beyond the traditional keyboard and screen based interfaces. However research in Europe remains fragmented and continued support is needed to aggregate the efforts of member states. 

What research is required in FP6?

To achieve natural interaction with networked sensors embedded in our environment, (e.g. in home appliances, in car devices, around us in the office and in wearable devices, etc.) “technology” needs to understand and interpret our senses in an integral way. Up till now focus has been purely on independent senses rather than on combined senses (multi-sensorial) that optimises natural interaction with technologies their applications and services. 

The IST priority in FP6 can build on the strong European research community in this field to lead the next generation technology and applications by making these more user and people centred. To achieve this, an intensification and concentration of research effort is required on new sensing techniques and on multi-sensorial interfaces. Europe is also in a prime position to improve multilingual services such as accurate (context-dependent) automatic translation systems. 

Reserach in FP6 needs also to include interactions within virtual environments. For example research is required to improve the technology and to incorporate augmented reality in applications such as surgery, industrial design and visualisation of computation results in all science and engineering field. 

Expected output

The integration of multisensorial interfaces in new terminals, for use in the home, office and transport environments and for higher performance augmented reality environments for specific application fields.


4.1. Technologies to improve trust and confidence in the knowledge society

Trust and confidence technologies include the algorithms, methods, software tools, and hardware and software components for improving security, privacy and rights protection of the IST applications and the dependability and service assurance for the networking infrastructure. Examples include authentication and security of payments systems, prevention of fraud, protection against cyber crime and virus attacks. 

These technologies have a critical role in the development of the knowledge society and the problems they address constitute major hurdles for the deployment of IST.  

Where do  we stand today?

Current work in FP5 covers both trust and confidence technologies, and their applications. The support for technologies is for about 80 M Euro and covers a wide range of fields including smart card technologies (in particular the interoperability issues in relation with the Smart Card Charter), encryption and authentication tools and privacy enhancing technologies. The effort in the application fields covers several fields including electronic payment, health, elderly and disabled, cultural heritage, electronic publishing and eCommerce. 

The effort devoted to the area in FP5 is limited compared with the new challenges that the development of the knowledge society raises. Just to state one example, mobile applications and services will bring an expanse of possibilities for the users but also several new security challenges as the user can be located anywhere and will use several devices to interact with the services.

What research is required in FP6?

The next step in mobile services will see the deployment of personal area networks composed of personal devices, including devices implanted in the human body. These devices can all be interconnected and individually or jointly may store and manage considerable amounts of information. In addition to securing the transactions, privacy aspects related to anonymity, pseudonymity, and observability become essential issues. 

The effort on high performance Trust & Confidence components & sub-systems (cryptographic chips, trusted cryptographic resources,…) needs to be strengthened in FP6. The construction of European E-signature and E-business/administration infrastructures rely almost totally on US technology for these critical components. Another area of importance in FP6 will be the cyber attacks. RTD in this field will bring radical solutions such as developing “self-immunity” within the infrastructure against such attacks. 

Expected output
Solutions for networks, systems  and transactions security including encryption tools and security architectures. Tools to create “self immune” networks and robust IST applications and services. Advanced smart cards and smart devices and their use in all kinds of services.   

4.2. Addressing societal challenges

Applied research in IST in FP6 will address the areas of health, inclusion of people with special needs, transport, learning, environment and cultural heritage. Research will include both the integration of leading edge technologies into innovative applications and the development of technologies  which are specific for an application field. 

The common threads of research across the areas are derived from progress in new sensing technologies, more user friendly interfaces, broader band communication networks and more efficient knowledge management tools. The objectives are to enable:

· precise information capturing 

· effortless interaction modes with applications and services 

· fast and cost-effective information exchange

· better retrieval of the meanings and concepts that information contains.  

In FP5, the work is currently evolving from traditional Telematics applications,  towards a more integrated approach that is in line with above objectives. The effort has to continue and be strengthened in FP6 as exemplified more precisely for the areas of health, transport and cultural heritage and people with special needs. 

a) IST based Health systems

Where do we stand today?

IST applications in the health sector are some of the most demanding in terms of performance, functionality and security requirements. The EU IST programmes have been addressing the health sector since their outset. The Telematics programmes, until the fourth framework programme, have focussed mainly on health telematics which has developed into what we call eHealth today. The objective was to develop health information infrastructures for the health professionals that would enable them to access easily patients files (documents and images), and as a means to share experience and information across the profession.  The tools to improve diagnostics and therapies were also addressed including medical image processing and recognition. 

In FP5, there are currently more than 170 projects addressing the Health applications area. The work is on two fronts: (i) Further improving the health infrastructure for professionals, with better means of acquiring, storing and retrieving larger health information sets and (ii) providing patients and all citizens with means to automatically monitor and manage their health. Work addresses also the core technologies, in particular those related to networked sensors where new materials are used to sense and acquire, as early as possible, information about health deficiencies, as well as  the tools for more content and semantic based information handling (i.e. health “knowledge” management).   
What type of  research is required in FP6?

Research  in FP 6 will address health knowledge management. This will enable the building of interoperable “multilingual” health knowledge bases which are accessible and “understandable”  across Europe. Information will be stored and retrieved not only by using word indexing but by using the “content” of this information. This requires work in health knowledge representation and “ontologies”. Major advantages are expected from this work for health management across Europe. It will contribute to more efficient therapies, in particular when combined to human Genome knowledge bases, to better health management systems, and to the substantial reduction in public health spending. The objective is to reduce by at least 30 % the number of errors in diagnostics per year. This will save millions of lives. 

The second important axis is the one related to health knowledge acquisition. Work will focus on new networked sensors and their interconnection to the knowledge infrastructure. This has started in FP5 and is already bringing very promising results for fighting major killer diseases such as Cancer and heart diseases. The objective is to embed sensors everywhere in our environment including the human body itself or clothes. These would detect as early as possible potential health problems and will enable to treat diseases even before their start. In addition work will continue into new visualisation and virtual environments that will improve operations such as  surgery and other treatments and that will help improve the accuracy and efficiency of medical equipment. 

Work on the Grid and large scale distributed systems will provide researchers in health and biotechnology as well as  practitioners with the means to run large scale simulation and data analysis using any available computing resources around the globe. 

Expected output
Architectures and tools for health knowledge management. Visualisation and medical imaging tools. Health monitoring and advanced decision support systems based on advanced sensing techniques. Health knowledge and computing GRIDS.

b) IST based transport systems

Like the health sector, the transport sector is an early adopter of IST innovations both for transportation systems (cars, trains and planes) and in the transport information infrastructure. The work in the IST programme and its predecessor focussed on both areas.

Where do we stand today 

More than a hundred projects in the current IST programme address the transport sector. Almost half of these projects concern research into innovative applications including location based services for the mobile user, car systems ensuring comfort and improving safety in all transportation. They also include optimisation tools for fleet control and for scheduling. The other half deals with research on the core technologies including sensors, dependable control systems, engineering simulation and optimisation tools and information handling engines. Results are already obtained in all these fields. Most fleet control systems in Europe have at least benefited from, if not been totally developed within the context of community IST programmes. Standards for dependable control systems in cars were also developed in the IST and predecessor programmes. These are being currently exploited by industry across all Europe. 

What research is required in FP6?

The transport industry and research community has the skills and know how to take full advantage of progress in IST. The focus in FP6 will be mainly on improving safety systems in transport and on extending the location based services. IST provides efficient solutions for the safety problem. For example, networked sensors and control devices within the vehicles, play an important role in reducing car accidents and improving comfort in transportation.

More intensive work will be conducted on networked embedded sensors and devices in vehicles which are linked for example to the transport information infrastructure and to the in board control systems. A very specific objective is to reduce the victims of car accidents, for example, by 50% per year by 2010. Research is also required on the combination of navigation tools and mobile communications to provide efficient and low cost location based services in all transportation systems.  

Expected output 

Dependable safety systems for vehicles and contributing to future standards of  on board vehicle control systems. Low cost innovative location based services that take advantage of 3G mobile. Drastic reduction in road traffic  accidents  The creation of an “optimum mobility” environment, i.e. services delivered seamlessly to the point of need.  

c)   IST based systems for “accessibility for all” including elderly and disabled persons.

In the knowledge based society citizens of all ages and in all walks of life should have better and easier access to technology and the services which technology can deliver. Today this access is unequally distributed, with disabled and elderly persons in particular being at great risk of being digitally disenfranchised, and thereby less able to participate in society. Demographic trends show that by the year 2010, about 25% of the European population will be aged over 60, rising to 30% by 2020. Correspondingly, the proportion of persons with disabilities will rise from about 11% today (- a conservative estimate) to around 18% by 2020.

Where do we stand today?

Research to address this “eAccessibility for All” challenge is multi-disciplinary by nature and has to focus on the real-world needs and concerns of users in all aspects of their lives. It is based on the exploration and combination of different domains including leading-edge information and communication technologies, advanced materials, robotics, nanosciences, and knowledge-management. 

Research projects in the IST programme, bring together these various technologies to provide solutions for more independent living such as intelligent home environments designed for persons with disabilities and older adults as well as monitoring devices for improving safety and security. The effort is still limited and needs to be expanded in FP6 in order to meet the expectations. 

What type of research is required in FP6?

The work to be undertaken in FP6 will target two inter-related areas of research, to be pursued in parallel: (i) what is called today “Barrier-free Technologies” and (ii) ‘Empowering Technologies’. The barrier free technologies require research into more personalised interaction techniques which are adaptable to the needs of individuals. Empowering technologies are those that support and improve the access of people to applications and services such as IST based prosthetic devices and assistive interfaces. 

Expected output?

Results should include products and services which can lead to a fully accessible and inclusive European society with user-friendly and accessible technology-based systems, services and products for European citizens of all ages and abilities, to be achieved between 2010–2020. This will lead to increased  access to employment, greater possibilities for independent living and active ageing.

c) IST based environment systems

The EP resolution on Environment, Security and Foreign Policy (01/99) recognises the need to integrate all environmental information in order to  tackle the wide range of issues  such as environmental degradation, trans-border water supply, agriculture, public health, desertification, population growth, environmental hazards etc. Understanding the dynamics of such  complex systems is one of the significant challenges facing the scientific community. 

Where do we stand today?

In complement to monitoring systems such as GMES (Global Monitoring for Environment and Security), research is on going on new data acquisition and information management to make environment management more efficient and effective. These have to take into account the global eco-system and require the acquisition and processing of huge amounts  of inter-related data. Research in current IST programme is addressing the tools for efficient acquisition, processing and exploitation of environmental information. Major breakthroughs are needed in  data exploration,  simulation, high performance grid computing , handling of large data sets under real time constraints in order to be able to exploit and advance the environment monitoring and management systems. For example, advanced data-mining techniques combined with new knowledge representation tools will facilitate automation of knowledge acquisition on complex environmental phenomena. 
Research required in FP6

The optimal utilisation of multiple heterogeneous data and computing resources will demand the creation of  a uniform  computing landscape: a global  intelligent info-structure for  the environment,  a system that will automatically collect, record and process environmental data coming from a wide range of sources, such as satellites, intelligent sensors assisting in risk assessment, prediction and crisis management at local, regional, European and global level . The systems envisaged are expected to be an order of magnitude more complex than any current system and provide information which is more accurate. They will have to cope not only with greater volumes of data but also  users, processes and transactions. 

Expected output

Provide the foundation on which Integrated Environmental Information Systems  will be built.  Those will allow to understand the impact of  environmental parameters on the EU economic and social fabric and  the assessment  of  related policies and provide relevant information to the citizen anywhere at any time using intelligent  visualisation interfaces. 

Applications in  operational management of  large scale  ecosystems  (i.e. water systems, supply, distribution ) including environmental interactions. Systems  for environmental protection and emergency management  such as automatic early warning systems focusing on short and medium term time scales, at  both regional and national levels.
e) Accessing and preserving the Cultural heritage

Cultural and scientific content, in its physical and digital forms, underpins the knowledge society and sustains the cultural and social identities and heritage of its citizens.  Research is needed to maintain Europe's cultural, artistic and scientific presence and to provide dynamic access to tangible and intangible cultural and scientific heritage. 
Where do we stand today?

The growth in volume of digital cultural and scientific content continues to accelerate; it is increasingly complex and dynamic as well as highly distributed.  New social and business environments are emerging for intelligent heritage and cultural expression. There are growing risks of knowledge exclusion, of cultural poverty and of creating a society without memory (digital dark ages).

Under previous framework programmes, work has progressively moved from early networking of libraries to improving access to cultural resources and preserving them.  Current research in IST draws on knowledge technologies and semantic tools, on visualisation and augmented reality, on video and film analysis, and on intelligent interface. These are used to create virtual heritage environments, and to support the community memory in digital form. They are also used to develop networks of digital libraries' and applications across different data sources and for a wide range of academic disciplines. Under the IST programme, there are already over 80 projects funded in the cultural and scientific heritage applications area.

What research is required in FP6?

Research is needed to address critical problems such as obsolescence and loss of tangible and intangible heritage over time, addressing carrier, content, context and conservation. In order to support cultural creativity and community memory, research is needed into tools that will assist cultural and artistic communities to develop intelligent and creative cultural spaces as well as building new online communities of use and of experience.  

Expected output

The research should result in the emergence of quality and sustainable content infrastructures, available Europe-wide to all citizens and creating a Web of trust; generic platforms and tools for creative expression; Expected results are also intelligent environments for creating and archiving the community memory; and new tools and systems to support digital longevity and preservation.

4.3. IST for Economic Challenges

At the core of Europe’s ambition to lead the transformation to the knowledge-based economy lies the need to promote the research, development and broad adoption of novel technologies and practices for ework, ebusiness and egovernment and to do so through close coordination between research and policy activities.
a) eBusiness, mobile and  ecommerce and egovernment

To make Europe the most competitive region in the global knowledge-based economy and society, European organisations (profit and non-profit) have to be equipped with the  tools that enable them to quickly adapt to ever changing business and market requirements. 

This needs the research, development and validation of secure and interoperable solutions for dynamically partnering with other organisations, reorganising business processes, supporting effective collaboration (e.g. intelligent workflow management, planning and coordination), learning  and knowledge sharing both within and across functional and organisational boundaries. 

Anywhere/anytime access to an ever increasing number of internet services requires the research and development of new environments capable of dynamically presenting users with content that is relevant to their context (e.g. activity, surrounding environment, location, preferences) and to do so in as natural a manner as possible. 

This includes  the development of languages to describe the properties of internet services, technology to capture contextual attributes, agent functionality capable of carrying out tasks and access multiple internet services on the behalf of their users as well as the development of new interface paradigms and new modes of interactions with the users (e.g. conversational dialogues). At the center of all this also lies a number of interoperability challenges, which can strongly benefit from coordination at the European level.

The main challenge for governments today is that they have to face increasing demands and expectations from citizens, businesses and society as a whole. Governments must analyse, co-ordinate and react more quickly than ever in a context of rapid technological, market and societal changes. 
Where do we stand today?

Research in the current IST programme aims at providing solutions for businesses and public administrations to cope with change. The expected results include generic software packaged tools for businesses and governments as well as methods, processes  and sector specific tools that are adapted to the needs. A key element is the development of solutions that are easy to use and whose level of automation can dynamically adapt to the nature of the tasks at hand.

Research in this field in FP5 aims at integrating and advancing technologies such as mobile communications (2.5 and 3G), interface technologies, optimisation tools, interoperable software and systems, knowledge technologies, trust and secure transactions.   

Research required in FP6

Mobile ecommerce is developing and will be one of the main applications of third generation communications. Research in FP6 will be required therefore to prepare  for the next wave of innovative mobile ecommerce applications. It will have to address the major hurdles that mobile applications are facing including pan European interoperability and multi-linguism. It will include more intensive use of advanced interfaces such as speech and will aim at building integrated systems that enable seamless access to commercial transactions from any wireless or fixed device 

In the future e-business transactions will no longer be limited to well-defined goods, but also be able to offer assistance with product and service specification and customisation. They will also not necessarily be restricted to the centralised marketplace model but may involve for example peer-to-peer and coalition trading as well as collaborative e-business. This will require assisted or automated partner search, negotiation and contracting as well as dispute resolution. Research has therefore to concentrate on providing tools for businesses that take advantage of advanced interface technologies, interoperable software and systems, knowledge technologies, trust and secure transactions.

Research will be also required into corporate and organisational knowledge management to optimise the use of corporate intangible assets and enable a better integration of processes across the value chains. 

Government applications are generally big and their change, through the use of emerging technologies, can face serious organisational, financial and regulatory obstacles. The challenge in FP6 is not only to develop tools to “digitise” the current working methods, but to reengineer the existing ones according to modern business practices. This includes the means to maintain the security of information wherever necessary (e.g., in health management or electronic vote).

Expected output

Innovative mobile applications for ebusiness and e commerce. Tools to support dynamic value creation in modern organisations. Knowledge management tools based on semantics and content that will allow knowledge sharing within and across organisations (private businesses or governments).
Contribution to the elaboration of a Reference Model in the form of a Government Technical Framework, which will allow the independent and scalable development of compatible applications and interoperability between new and legacy government systems
b) E work

Over 12 million Europeans already benefit from the flexibility and new opportunities of e-Work.  About half of all businesses in Europe, representing 6.5 million employers, already make use of eWork both for their direct employees and in outsourcing services. These new working practices involve the use of network and Information technologies to increase efficiency; to re-locate work where skills are available, and nearer where people live. They include mobile working, notably with the emerging 2.5 and 3G infrastructures and services, as well as wider use of the Internet and company Intranets for employees within traditional offices, outside in telecentres or their “home-offices” and external service-providers.  

Social, economic and technological research is combined  in multi-disciplinary projects to identify how best technologies can be used to meet the business and personal aspirations in Europe. 

Where do we stand today?
To date research into eWork systems has focused on new ways of organising work, both in time and place, to optimise the use of skills and people’s abilities to balance work and family commitments.  Since 2000, a new focus has been developed on workplace designs incorporating innovative technologies, office designs, architectures and community-planning ideas to facilitate creativity and collaboration, and on increasing resource-use efficiency and on extending work opportunities to all in local communities. 

In 2001, a further acceleration in the development and adoption of new mobile solutions and practices for e-work, based on use of the 2.5 and 3G mobile services, and a new emphasis of use of state-of-the-art broadband access in community telecentres to meet the e-Europe objective of public-access eWork facilities in all communities. 
What research is required in FP6?

A vast number of technological and social research challenges remain to be addressed before the potential benefits of eWork can be fully realised. The challenge in FP6 is to equip the future European workforce with the world-best tools for participation in the knowledge economy of 2010,  to ensure that there is the widest possible opportunity for everyone, everywhere to participate in employment through eWork; and to ensure that eWork offers both a high quality of work and a more sustainable use of resources. 

New technology development is needed to ensure that work-tools and environments are appropriate for all types and levels of worker through a variety of intuitive human interfaces; based on innovative use of voice, visual and other media; coping with differences in language and culture. They must provide transparent interoperation between different tools, systems and services used by the knowledge based worker, so that unnecessary complexity and the subsequent burden of retraining are minimised.  

Social research is needed to understand better how different working practices can meet the needs of enterprises, administrations and employees and how new work opportunities and technologies can contribute to sustainable global development, within frameworks of Corporate Social responsibility.
Expected output

A higher quality of working life; a higher participation in knowledge work, and more sustainable development through new tools and interfaces, novel architectures and solutions for interoperability, scalability, customisability, multilinguality and dependability, as well as better architectural design of work environments.  
c) eLearning

Individuals, living in a rapidly changing and increasingly complex world where knowledge is the key factor for economic growth, need to learn faster and more often. Employability now depends more on the ability of a person to be flexible - to learn new skills and acquire new competencies, to work in teams and to solve problems (the 'soft skills') - than it does on having specific technical skills. Similarly, greater emphasis is being placed on active citizenship and on increasing people's awareness to social and cultural issues. For all aspects of life - education, work, leisure - modern society needs to provide efficient and inclusive support for its citizens to learn continuously if it is to remain competitive and socially aware. Of particular importance is the need to ensure that opportunities are open to all within this evolving Knowledge Society (avoiding the  "digital divide") and that there is a sufficient number of skilled ICT professionals (addressing the "ICT skills gap").
Where do we stand today?

ICT has helped enormously in making learning resources more accessible to local communities, to schools, to universities and to individuals for work or for pleasure. But we have seen only the tip of the iceberg; the real challenge lies ahead with the convergence of ICT to produce ever more powerful, mobile, intelligent devices. Further research needs to be carried out before we can really understand the benefits of this new technology for learning and how best to use it to ensure quality (in terms of user friendliness, pedagogical methodology, learner guidance, etc) and efficiency.  

What research is required in FP6?

Research in FP6 needs to build upon existing work and further develop technologies that provide rapid access to repositories of content, tailored to the individual and presented in their preferred style. 

Key technical challenges include: accessibility for everyone at any time in any place (ambient learning) - taking advantage of broadband communications and GRID technology; improving user interfaces for learning environments to make them more natural - developing new 'learning appliances'; integration of learning support into education/work environments, taking advantage of intelligent coaching and tutoring; providing continued access to college or work learning at home or on the move (mLearning).There is also a need to support on-line certification of content and quality and to develop more natural environments for virtual interaction. Security of confidential data needs to be ensured as does the protection of minors against harmful data. 

Through a user-centred approach, e-learning will help maintain the democratic traditions of learning for all and will implement key aspects of eEurope, in particular with regard to investing in people and skills.
Expected output

Innovative technologies for personalised access to and interaction with learning material. Multisensorial interfaces, natural learning environments for virtual interaction, security and protection technologies. A better understanding of the added-value of e-learning, of the appropriateness of various pedagogical approaches and of sustainable business models for its exploitation.
4.4. Complex problem solving  in Science, Engineering, Businesses and society


Complex problem solving in science, engineering businesses and for addressing societal challenges is often data- and compute- intensive. 

Knowledge and Computing GRIDs, that span across regions and countries, are emerging as cost-effective solutions for complex problem solving and as precursors of the next generation computing and networking paradigm (e.g. Next generation Internet). GRIDs rely on broadband communication networks that interconnect computing and knowledge resources. The main backbone infrastructures for GRIDs today are the research networking infrastructures. 

Areas of applications abound and include bio-science and molecular modelling, health systems and medical imaging, earth modelling, weather forecast and environmental simulations, engineering design in all industries including aerospace, automotive, chemical and pharmaceutical industries as well business decision support systems.

Where do we stand today?

The area is of critical importance for Europe both to support its science, business and industrial communities and for contributing to the building of the next generation Internet. GRIDs form an essential component in the building of the European Research Area. 

National GRID initiatives are being launched in the majority of the member states. The IST programme has launched the GEANT project and supports research in networks and distributed systems. It had a leading role in launching Grid technologies, their applications and testbeds at an early stage. 

The community effort builds on the member state effort and develops the European dimension by interconnecting the research infrastructure and building pan European GRIDs.  

Apart from supporting the infrastructure and the related test-beds, research on GRID technologies and applications address one or both of the following: 

· Computational GRIDs which is the basic layer for harnessing processing power by distributing massive computational tasks to numerous resources (compute cycles and data storage) over matching communication links. 

· Information and knowledge GRIDs allowing access to dispersed information, and knowledge discovery and extraction from spread knowledge resources. They make use of cognitive techniques and tools such as data mining, machine learning, content semantics, ontology engineering, information visualisation and intelligent agents.  

Grid technologies are also to be interpreted in a broad sense including technologies for Peer-to-Peer Computing (P2P) using commodity hardware to enable the co-ordinated use of geographically distributed resources without central control
Developments in the field have to be conducted in close coordination with the support to the research infrastructure ( Specific Programme on structuring the ERA) and needs also to be supported by policy orientations and commitments. The Commission Communication on ERA and the parliament resolution on Next Generation Internet clearly set the priorities and orientations for this activity. Research in FP6 will follow these orientations. 

What research is required in FP6?
The use and development of GRIDs is still in its infancy. Improvement is needed in their efficiency and performance as well as in their usability and dependability.  

Research in FP6 will aim at the development computing-, information- or knowledge GRID-specific toolkits including grid security infrastructure, software and system architectures that ensure performance and scalability of solutions together with usability and functionality. It will also include the development of large-scale applications where computing, data and/or knowledge intensive requirements justify a Grid approach (physics, meteorology, environment, earth observation, biology and health, aeronautics, automotive, e-business, e-learning, entertainment etc.). Solving of interoperability issues will be also important in particular between Grid technologies and commodity middleware to facilitate integration with legacy systems. 

The IST priority will also build test-beds “at scale” (international links are encouraged) to  integrate and implement diverse underlying technologies for end to end service deployment in the context of full scale applications.
Expected output

Knowledge and computing GRID toolkits for generic use as well as, when needed, specific tools which sector-dependent. 

Pilot innovative applications in physics, meteorology, environment, earth observation, biology and health, aeronautics, automotive, e-business, e-learning, entertainment that take full advantage of GRIDs and demonstrate its usefulness.

Contributing to standards on GRIDs and Next Generation Internet technologies. 

5. Future and Emerging Technologies (FET)

While the main part of the IST priority addresses today’s most important objectives, FET addresses two additional, generic, requirements: Firstly, the emergence of entirely new research ideas. Secondly, the focus on key interdisciplinary basic research challenges of an exploratory or visionary nature – giving birth to new research communities. Such advanced research also provides timely training of future generations of scientists and engineers in areas that are not at present well-defined.  

Where do we stand today?

FET was designed to pioneer the development of new research areas and communities. For example, in the early 90’s it supported a range of initiatives in language and microsystem technologies which then became part of the mainstream activities of the IST Programme. In 1996 FET supported world-class research in “intelligent information interfaces” (i3), which evolved into the vision of a “landscape of ambient intelligence” for IST in the 6th FP. In 1996, FET launched an initiative in nanotechnologies, leading the state-of-the-art internationally. 

New areas emerge all the time. Recent rapid progress in biotechnology, genomics, cognition and neuroscience, can lead to the development of information technologies inspired from the way the “living” process information. Advances in mathematics of complexity provide new insights to the design of large systems of interacting components, be they software agents, molecules, or social entities. FET should continue to act as the midwife for such emergence.

What type of research is required?

The intention is to maintain the ability to respond to new opportunities related to the IST priority, from a visionary and exploratory perspective. Such orientation, implies very high risk research – a risk worth taking because of the high return in case of success and because of the knowledge acquired in the research process under all circumstances.

Focal points for specific initiatives will emerge from a large and open body of bottom-up ideas expressing themselves in a multitude of exploratory projects, and unrestricted in their objectives and orientation, but falling within the scope of the IST priority as a whole.

Meeting challenges with ambitious objectives takes the form of strategic proactive initiatives in areas that show promise, where close coordination across a broad range of research actors is necessary. The following characterise such challenges: quantum information processing involving physics, mathematics, computer science and electronic engineering; molecular computing where novel architectures and quantum physics join with chemistry and nanotechnology to provide new computing paradigms; the combination of information technology and life sciences to develop artefacts inspired from the biological and cognitive characteristics of living organisms; new forms of mediation in human interaction where research in information technologies combine with design, cognitive and social sciences.
The expected output

The ambition of FET is to: ensure a leading position in areas that could become key in the 7th and 8th framework programmes; produce technology breakthroughs and paradigm shifts; and, in doing that, train scientists and engineers in the skills that will be needed in the future.
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� As indicated notably in the Communication of the Commission: ‘The Introduction of Third Generation Mobile Communications in the European Union:State of Play and the Way Forward’, doc COM(2001)141 and in the communication ‘Europe and Space: Turning to a new chapter’, doc COM(2000) 597








