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EXECUTIVE SUMMARY

This roadmap document defines the 2013 European vision of collaborative engineering workspaces of the future and identifies future research challenges in implementing this collective vision that will bring together key players across Europe.  It addresses the aerospace, automotive and building construction sectors and shows how end user needs will be satisfied in the year 2013.

We start by describing the collective vision for 2013 from the three perspectives of the users, of the technologies and of human factors.  We describe in detail four scenarios that show how these workspaces will be implemented at that time and we define the benefits that will accrue from them.  The benefits include improved time-to-market, reduced costs, reduced waste, reduced environmental impact and improvements to the work/life balance for the workers, their families and their communities.

We then briefly review the current state of the art, both the current working practices in each of the industrial sectors, including their present drawbacks, and the enabling technologies, before enumerating in some detail the research challenges to be addressed in the achievement of the vision.

The roadmap to develop the solutions to these research challenges is then described.  This places the focus initially on integration of current technologies during the next two years.  While continuing with further integration actions, the emphasis shifts to introducing true mobility into these workspaces during the following three years.  Finally, augmenting both integration and mobility over the next five years, we focus on developing the intelligence inherent in these workspaces through the incorporation of intuition and human-friendly interfaces into them. 

We also consider the ancillary issues – drivers, deployment challenges, barriers, dependencies and risks – that are part and parcel of achieving this collective vision, identifying actions that need to be taken in order to deliver the benefits.  After enumerating the key actors who need to be involved in this challenging roadmap, we consider the wider benefits associated with these Future Workspaces.

Collaborative engineering workspaces each involve a number of participants (actors) working together to achieve a joint objective, often geographically separated from each other, in which each of these individuals appears to the others to be co-located.  The ICT tools and the infrastructure are configured dynamically to support this team of individuals to achieve their joint objective.  The configuration of individuals, their tasks, roles and organisation, the information they need and employ and the tools and equipment they use are defined as a collaborative engineering workspace.  At the completion of the task and the achievement of the objective, the individuals, the ICT tools and the associated infrastructure are re-deployed in different configurations (workspaces) for their respective next tasks.  These workspaces will be secure, the security of each domain being policy-based rather than discretionary, where trust relationships can be dynamically created and closed down between security domains, where industrial grids and virtual organisations can be created and brought into operation with a minimum of effort, yet retaining tight security control in all areas of confidentiality, availability and integrity.

Ultimately, engineers will be able to work seamlessly in their office environment with documents, scientific models and virtual prototypes, both alone and collaboratively with distant colleagues as if they were in the same room. Virtual and hybrid prototypes will be available as means for engineers to design new products. They will access specialised services via intelligent network infrastructures that can detect, predict and satisfy user demand when and where it occurs at any time and any place through location- and device- independent applications, which are able to seamlessly migrate across network technologies.

This roadmap has been defined with three landing places over a 2, 5 and 10 year periods. We have placed the emphasis for the next two years on Integration of the relevant research results for industrial implementation.  Thus,  the target for  2005 is mainly to consolidate the current technologies to develop the foundation for future collaborative workspaces to reach a high usability level. The target for 2008 (5 year target)  is to build on the software integration efforts to improve Ubiquity and  mobility of the collaborative workspaces and to establish its deployment  among all the stakeholders of an engineering project.  The target for 2013 (10 year target) is to achieve higher degree of Intelligence  in collaborative workspaces which are self learning and  self organising  to  offer appropriate computing power, bandwidth and context-aware information to allow the workers to work more productively.
Benefits resulting from these collaborative engineering workspaces will include better involvement of all parties in an enterprise and their clients in the specification, design and building phases, yielding cost savings, reduced wastage and reduce overall timescales.  Emerging problems, which could have serious cost and timescale implications, will be resolved quickly by involving all the relevant parties at an early stage in identifying all associated issues and in seeking a solution acceptable to all of them.  The integra-tion of design tools will facilitate the design and development process, although some of those tools will involve such enormous computing power and memory consumption that they will only be able to be utilised fully once Grid technologies, power-on-demand and bandwidth-on-demand are fully available.  Project management will be improved through the measurement, presentation and availability of all information required to keep massive, and not so massive, projects under control.  This will include close integration between Concurrent Engineering and eBusiness tools.

Thus, these workspaces will bring benefits at three levels. Firstly, they will contribute to improving the market position of each of the organisations that implement them through cost savings, reduction of waste and of delays, improved quality of the products and services and better customer satisfaction. Secondly, they will contribute more widely to improving the competitiveness of European industry through the increased effectiveness of collaborative working. Thirdly, they will contribute to the EU strategy on sustainable development in the knowledge economy, reducing pollution and improving the environment and the Quality of Life of its citizens.

It is highly likely that these collaborative workspaces and their contributory technologies will spin off into other industries directly, e.g. shipbuilding, electronics, and more widely into other commercial and even leisure sectors. One could even envisage spin-offs into the games market, although heretofore this sector has tended to lead the engineering industry in some of the technologies and applications.  Other demon-stration workspaces will be used throughout the high street, where personalised designs are required – e.g. kitchens, bedrooms, apartments, houses – but there are just as likely to be sales and marketing implement-ations in the insurance industry, in banking, in the legal industry (e.g. for representing scenes).

Applications in the healthcare industry are easy to envisage.  Other applications in local administrations will be many, including citizen support centres, town planning, protection of the countryside and the environment.  Entertainment applications are obvious, but these will stretch into edutainment and into education – not just subjects where visualisation can be helpful – history, geography – but also in teaching science, even languages.

Thus, this roadmap for collaborative engineering workspaces of the future will bring wide-ranging benefits across not only the industrial communities but also the social communities that they support.

1 INTRODUCTION

Advances in Information and Communications Technologies (ICT), global competition and customer demand for more sophisticated, safer, customised and environmentally friendly products are forcing change in European engineering sectors. Due to global competition, these engineering sectors in Europe are now under severe pressure to reduce the lead-time and cost for new products and also to improve their quality, and their customer- and market- responsiveness. Many European engineering companies have, and are continuing to, establish partnerships with international players and work as Extended Enterprises, adopting Concurrent Engineering practices, to respond to the global competition. However, such Extended Enterprises have a need for sophisticated ICT-based working environments which overcome the barriers, such as geographical separation between teams, promote social interaction necessary for team work, provide transparent access to computing power and appropriate design tools and intuitive interfaces for assessing designs from various design perspectives. It is inevitable that, over the next 10 years, such demands will force many companies to adopt new forms of workspaces which support tighter integration with geographically dispersed business partners and virtual interfaces, which allow efficient collaborative working and promote social interaction between remote team members. Emerging advances in techno-logies such as networking (Grid, wireless), high performance computing, virtual reality collaborative interfaces and simulation technologies will undoubtedly influence and make significant step changes to future workspaces for engineering practice.

1.1 Rationale

The rationale behind this roadmap project is to define a shared collective "European Vision" of future workspaces and to guide future IST research to address problems currently faced by the European Union engineering industry and to contribute to a "growth-based" sustainable development. However, establish-ing a "European Vision" of future workspaces requires the collaboration of key European players. The nature of the work involved in creating collaborative engineering workspaces requires multidisciplinary and multifunctional technical expertise and input from industry across Europe. It requires inclusive discussion between various stakeholders and experts across Europe including engineering and construction companies, human factors experts and technologists from many areas such as virtual environments, distributed systems, communications, network security, multi-modal interfaces etc.

1.2 Mission

The mission of this roadmap project is to define the 2013 European Vision of Collaborative Engineer-ing Workspaces of the Future and to identify future research challenges in implementing this collective vision by bringing together key players across Europe.

This project focuses on the aerospace, automotive and building construction sectors, and the concept of Collaborative Engineering Workspaces of the Future is driven by end-user demands, user-centred design and technological, economical and social needs. The concept of Collaborative Engineering Workspaces of the Future is being developed to increase the competitiveness of EU engineering companies in the global marketplace, whilst at the same time supporting sustainable development in the knowledge economy.

1.3 Objectives

This Future Workspaces roadmap project therefore brings together key players across Europe to define the "European Vision" of Collaborative Engineering Workspaces of the Future and to develop a roadmap for implementing this vision with prioritised key challenges over 2, 5 and 10 year periods.
The key objectives of the Future Workspaces project are:

1. To define the 2013 Vision of Collaborative Engineering Workspaces of the Future for the aerospace, automotive and building construction sectors through a series of scenarios. 

2. To identify end-user needs, human factors issues and technology challenges (gaps) in implement-ing these Collaborative Engineering Workspaces of the Future. 

3. To develop a roadmap for implementing the Collaborative Engineering Workspaces of the Future with prioritised key challenges over 2, 5 and 10 year periods. 

4. To identify the key players who can contribute to the implementation of the roadmap. 

5. To prepare for a possible industry-supported Integrated Project in the 6th Framework Programme.
1.4 The Focus

This project focuses upon the following issues within the industrial context of each of these three sectors:

· Collaboration using intuitive interfaces;

· Real time design reviews from different sites;

· Collaboration between distributed teams;

· Related working methods and organisations;

· People support / Technology support;

· Best practices in each industrial sector;

· Management of fully distributed engineering activities;

· Change management;

· Measure of business effects;

· Usability evaluation.

1.5 This Roadmap

This roadmap document is based upon the results of two workshops held in February and May 2003, which built upon earlier draft roadmaps and reports written by each of the work package teams covering business demands and vision building, human factors challenges and technology challenges.  These are presented in [1], [3] and [5], together with assessments of the key actors [2], [4] and [6].  These reports were based upon the consultations carried out by each of the work package teams during the first six months of this project, which involved key actors and have taken into account the intermediate reports of each of them. 

The final draft roadmap was subjected to critical scrutiny by key actors at the final workshop in early May 2003 and was then revised to incorporate comments made at that workshop and others submitted by correspondence.  The participants and contributors to this workshop and to its predecessors are listed in the final annex.

This resultant roadmap is the final written deliverable from this project and the basis for subsequent dissemination actions.  The reader is asked to note that this document does not directly refer to any of the substantial number of references that are quoted in the reports [1] to [6]; you are asked to refer to them for the body of literature upon which they call.

2 COLLECTIVE VISION AND SCENARIOS FOR 2013 

Future mobile workers will require access to multimedia communications everywhere, at any time and on any terminal – the right information at the right place at the right time. The employment of a wide variety of technologies will lead to integration of previously isolated environments (home, office, car, mobile, etc). The result will be a scenario of ubiquitous communication where users will be always connected. They will be able to get what they need, when they need it, where they need it and how they need it across the most appropriate interface. Technical developments in multi-modal interfaces, context-based services and personalisation by tracking users' stream-clicks will contribute significantly to offering relevant services in this ubiquitous scenario.

2.1 Collaborative Engineering in 2013

The future will show a growing demand for process integration between internal and external organis-ations – e.g. design, production planning, manufacturing, engineering, partners and suppliers, respectively, including their commercial processes. Thus ICT infrastructures will have to support the transparent, reliable and flexible execution of cross-organisational engineering processes through advanced distributed workflow systems with open and standardised information and process technology.

Integrated technologies will allow for the creation of true virtual environments, the seamless integration of tools including eBusiness issues, like contract negotiation and finalisation. Engineering networks will evolve towards distributed workspaces that will be specific to each engineering domain. 

These workspaces will each involve a number of participants (actors) working together to achieve a joint objective, often geographically separated from each other, in which each of these individuals appears to the others to be co-located.  The ICT tools and the infrastructure are configured dynamically to support this team of individuals to achieve their objective.  The configuration of individuals, their tasks, roles and organisation, the information they need and employ and the tools and equipment they use are defined as a collaborative engineering workspace.  At the completion of the task and the achievement of the objective, the individuals with their ICT tools and the associated infrastructure are re-deployed in different configurations (workspaces) for their next tasks.

The general vision of a secure collaborative engineering workspace is one comprising an infrastructure of independently managed security domains, with distributed management within each security domain, where the security of each domain is policy-based rather than discretionary, where trust relationships can be dynamically created and closed down between security domains, where protocols for authentication, authorisation, accounting, auditing etc are standardised; in short, where industrial grids and virtual organisations can be created and brought into operation with a minimum of effort, yet retaining tight security control in all areas of confidentiality, availability and integrity.

Ultimately, engineers will be able to work seamlessly in their office environment with documents, scientific models and virtual prototypes both alone and collaboratively with distant colleagues as if they were in the same room. Virtual and hybrid prototypes will be available as means for engineers to design new products. They will access specialised services via intelligent network infrastructures that can detect, predict and satisfy user demand when and where it occurs at any time and any place through location- and device- independent applications, which are able to seamlessly migrate across network technologies.

2.2 End Users Vision

The end users’ vision is expressed as a set of workspaces that are relevant to a wide variety of engineering applications.  These are mapped using the following axes:

· The Lifecycle

The lifecycle is directly related to the time axis. It imposes constraints related to the programme/ project time. For example during the early stages, few people are involved. During the middle phases, Integrated Teams are set-up. During the later phases the product is built and people interact directly with the physical product. It is thus recognised that the required workspaces will depend on the life-cycle phase.

· The Product

The products of the engineering activities are data that can be categorised in several fields: functional representation, definition file, and the final operative data to be used at plant level. These sets of product data must not be considered as attached to the lifecycle but as another view (an orthogonal one). The required workspaces will depend on the product view that the operators have to deal with.

· The Decision Type

As illustrated in the scenarios described later, the collaborative situations are strongly related to the decision-making processes. Several types of decision have to be made during the day-to-day engineer-ing work: 

· decision-making linked to analysis: for example, analysis of a virtual mock-up, 

· decision-making linked to investigation: for example, search for an innovative solution to solve a problem,

· decision-making linked to the programme planning: for example, re-allocation of work due to a problem with resources.

The segmentation of workspace types can be investigated using these three orthogonal axes, building a matrix of workspace classes. This will allow a detailed requirement analysis related to each workspace type, and also to identify more specialised workspaces. For example the “investigation-related” workspace can be further specialised in an “expertise room”, where one can meet (virtual) experts and get inform-ation or can innovate in an ideas generation environment (e.g. generating digital sketches, elaborating them and, even, animating them), in a “training room” or in a “virtual library”, depending on the most convenient (or efficient) way to acquire the knowledge.

The following set of collaborative workspaces is proposed:

1. Marketing room / Client Briefing Space
2. Brainstorming environment / Investigation Space (co-design, unplanned meeting)
3. Distributed meeting environment

4. Design Review Space (planned meeting)

5. Project Management Space (remote project management, project dashboard)

6. Expertise Space (customers’ e-support)

7. Operator virtual environment / Operators Supervision Space (Project dashboard on a lower level, customers’ e-support)

Descriptions of four specific examples of these workspaces (1, 2, 4 and 5) are given in section 2.5.4 and a full set of descriptions is given in [1].

Other workspaces can be envisaged, involving further sets of end users, e.g. the customers and consumers of the products that have been developed and built by this set of end users.  Among these users one can envisage the inhabitants of the buildings, the drivers and passengers in the cars/vehicles, the pilots and passengers in the aircraft, even astronauts in aerospace vehicles, and the people who have to maintain them all.  However, these further workspaces can be considered to be variants or developments of the set described here, being constructed from the ICT and infrastructure components of these ones.  These will also include the workspaces used in the commercial operations of the organisations in the supply and value chains.

2.3 Technologies Vision

In the future, flexibility and mobility will replace many fixed and scheduled ways of working.  We will see wireless communication as a secure and realistic means of data transfer, which will facilitate the evolution of the organisational structure into one realistically allowing distributed and mobile workers.  The ‘distributed and mobile workers’ group will expand beyond current capability, with fixed workers interchanging freely with this group when the environment demands it. Data storage must reflect the evolving structures of real and virtual spaces around the project team, allowing flexible allocation of resources.

The concept of working in a virtual team will become more of a reality when flexible and mobile working with increased communication capabilities allows collaboration with many companies at once, commun-icating across multiple geographical locations with richer, more interactive virtual meetings.  The workplace must accommodate these communication tools with allocated space and integrated technology.

The reducing cost of technological equipment will enable companies or workspaces of the future to become technologically integrated spaces, housing large embedded communication screens, life-size video conferencing displays and networked furniture throughout.  The integration of technology with space will make the present computer systems and interfaces less visible or transparent in the future environment.

The use of Virtual Reality (VR) and Augmented Reality (AR) technologies will become common for many engineering tasks. Among others, this includes individual and cooperative planning, construction, maintenance, or simulation tasks. This daily use of VR/AR technology will make it much easier to incorp-orate remote experts, remote data, or remote engineering results ad hoc into working processes.

More than one person will be able to open a document or engineering tool, each able to cooperatively update the system with their inputs.  In engineering, this processing power will permit real time stress analysis during the design of a model, shortening the design process to manufacture.  A step-by-step work timeline could be stored by the system, allowing another user to understand the previous course of the work and thus being able to effectively carry on with the tasks in the process.

The current separation between local and distributed work will vanish. Driving factors for this will be simpler communication means for sharing and exchanging working material, more natural video or VR-based communication channels and increased awareness of remote activities. This will allow distributed teams to work together in a similar way to local teams.

The future may see the use of satellite workspaces, secure out-of-town places for multi-business employees to work and socialise.  Here they will be able to access their company’s network and dock down to work for part, or all, of the day.  The set-up could be such that spaces are rented by individual employers; for employees to use both occasionally or everyday.  This would mean workers could avoid commuting when it proves unnecessary, hence reducing transport requirements. Personal, secure workstations could use proximity tags to log users off and lock their drawers when left unattended.  Work areas and meeting rooms could be moved around within the office space into ‘greener’ or more ambient white room areas.  Workstations, meeting rooms, touchdown points, and videoconferencing suites would be fitted with high-speed broadband links with high levels of security. Narrow viewing angle monitors would be used alongside this secure network connection to facilitate confidential work in a mixed-business environment.  Solar panels and car recharging points will reduce the environmental impact, with restaurant and crèche facilities provided for users.

The real meeting places of the future will be continually changing spaces with virtual environments encompassing many of the fixed advantages of working today. Project and social groupings will be re-created online, with dynamic groupings and chance meetings virtually simulated.  This will allow chance communication to remain, even though the people you would once have interacted with are no longer in the same office or building.

With more available working area, the design of real space and furniture can then allow for dynamic configuration of teams and project space with touchdown centres, ad-hoc meeting tables and group areas capable of multi-purposing throughout the day. Augmented content in this space will help to create this tailor-made environment for each individual or group. Content in the environment would be created by user profiles and actions or their position or activity in the environment.

Profiling of each user can be achieved by tagging and tracking in an intelligent environment; allowing personalisation throughout the workspace. This personalisation could include automatic logon facilities, virtual work and social grouping, ambience control and health- and mood- monitoring.  Both passive and dynamic inputs would be in place to achieve this personalisation, to give each user a level of control in their environment.

Human Factors issues will be taken into consideration throughout all related aspects of work environments. The collaborative engineering workspace of the future will definitely be anthropocentric. All devices, environmental conditions and input/output modalities will be adjusted to each individual. Smart environments, smart objects and smart virtual humans will allow multi-modal interaction with human users.

2.4 Human Factors Vision

The world of work in 2013 has many alternative visions as regards human factors.  Moreover, we need to see human factors of the future in several different senses.

We must remember that the people for whom we wish to understand human factors are not just “the workers” – generally seen as the factory floor or the office.  Nor are they also just the managers.  They also include the people whose decisions (or indecisions) and actions will determine the shape of societies, in terms of regulations, international relations, investment etc – the politicians, power brokers in oil, defence, electronics, pharmaceuticals, financial managers from the World Bank to the IMF, or the European central bank to the Nikkei, and the media – the rabid and the reputable.  What will they be like?  How will they shape working society?  Because setting is so important, we also need to include knowledge about the public, about society as a whole.

The 2013 human factors vision needs to address:

· What people of the future will be like as individuals and as societies;

· What ways people will choose, or have to choose, to organise themselves for productive work;

· The impact of 2013 technologies and organisations on people;

· The impact of people on 2013 technologies and organisations;

· The new knowledge, models and methods available from the profession of human factors to help in the design of future workspaces.

As individuals, people will have changed physically (stronger, bigger) and in terms of their attitudes and expectations.  It is unlikely that they will have changed much cognitively.  The changing face of society is the subject of many “future reports” and has to be left as a series of subsidiary questions.  How will the different tendencies towards regionalisation (Basques, Scots, factions in Belgium and Italy for instance) and globalisation (EU enlargement, trans-national groupings for business and radical politics) be resolved?  Are we really becoming more aware and demanding consumers, or else sheep anaesthetized by and indifferent to a milieu of mediocrity?  Are we losing a whole society of skilled craftspeople?  What happens when almost everyone gains a university first degree – does it lose value?  Is the demographic trend towards more or less educated work forces?  Will all jobs be temporary, short-term, part-time?  

Despite the seemingly inexorable march from ships to chips, some “traditional work”, with relatively unsophisticated tools and systems, still largely or partly physical, in traditional buildings or environments, will continue to take place, in industry and agriculture.  In other companies and sectors, more sophist-icated computer systems may divide the technical, full-time (20%) elite from the non-technical 80%.  Increasingly people will open their own small businesses, within or outside a regulated framework (or in the open or black economy).  There will be some use of “shell factories” or “cottage” centres.  Larger numbers will work remotely, from home or elsewhere, but not nearly as many as some would have us believe.  And work will become a mixture of team working of many different sorts but will also depend upon multi-functional individuals, trouble-shooters, who enter jobs temporarily to solve particular problems.

If current technical system trends are maintained, then it is possible to see us as less healthy mentally but more so physically (e.g. more email stress and fewer accidents with heavy machinery).  We do not believe in technological determinism, so how new systems will impact on types of jobs, skill levels, employment rates etc will depend on the people implementing and managing them.  If a proportion of the population starts to work from home, or locally- and communally- based shared workspaces, then impacts will be upon home life, transport and leisure systems, as well as upon individuals’ needs for social contact and support.  A nightmare scenario is of work in call-centre type organisations, with people anchored to the technical systems by autocratic management procedures and regulations.  Unfortunately, this may be the truth for people more than will be the idea of being released from traditional workplaces by use of networked and intelligent ICT.

Observation of the current situation indicates a European workforce that is more technically able but less knowledgeable about process and context, that is less committed to the employer whilst paradoxically (or perhaps not) working longer hours, that moves jobs very frequently, and has low expectations about pension or even welfare and healthcare whilst in work.  The truism that new technical and organisational systems will succeed best if they are designed and implemented with knowledge of real user needs, characteristics, capabilities and limitations, means that all future workspaces will be impacted by people and societies.  We have to ask why certain inventions didn’t take off – the Sinclair C5, chorded keypads, electronic group diaries?  Probably because they didn’t meet real needs or else certain difficulties in their use outweighed the advantages, or else there were unforeseen (by the designers) downsides to their use.  On the other hand, the mobile phone is a classic and well-known example of success.  It has penetrated markets around the world for a variety of disconnected and barely foreseen reasons: ramshackle telecommunications infrastructures in some countries; more wealthy and mobile lifestyles, especially for the young who are more receptive to new technology; vandalism of phone boxes and fear of street crime; unreliability of transport infrastructures; a need “to be in touch” which is exaggerated but also shown by the parallel rise in use of email and the internet.

Finally, where are we heading as regards what we will know about people, about the human factors, in 2013?  Whilst not perfect by any means, our understanding of the physical capabilities of people, and the mechanisms and consequences of physical work are good now; what are needed are better applications of that understanding into design, but also better models of how different influences interact to impact on people’s health and performance.  Our understanding of cognitive capabilities and performance is perforce less well developed.  One hope is that understanding of cognition in real situations will improve through acceptable field investigation methods, so there is less reliance upon (sometimes abstract) laboratory findings.  By extension, this leads to the idea that we will have far better understanding of people’s work with social artefacts and systems, and of the influence of social settings in cognitive and even physical performance within the next 10 years.  As a profession, human factors will have or should have better methods and particularly better integration of the physical and cognitive (embodied action) and also social concerns.  Our approach is to study and understand complex socio-technical systems.
2.5 Scenarios

Collaborative work scenarios have been developed that hypothesise how business activities in the three engineering sectors – aerospace, automotive and building construction - will be carried out in 10 years’ time, based on the collective vision of collaborative workspaces described above. They capture future interaction metaphors between multi-functional team members. Emphasis is given to both synchronous and asynchronous communication. They have been formalised and are based on the ideas and answers of the experts of the end-user network. A typical example of a user scenario is the following: when working as distributed teams, engineers from different disciplines need to access, interact with, and manipulate the design data to perform design analysis from their own perspective. For example, the structure designer needs a geometrical structural view, a system engineer needs a functional system view, the production personnel need an assembly simulation view, the maintenance engineer needs a product support view, etc.  Consequently, a collaborative design scenario within a geographically distributed setting, involving all the stakeholders of a project, enables their access to the design data from each individual’s own perspective using his own specialised interfaces and tools to support collaboration and negotiation between these heterogeneous views.  

The objective has been to develop this series of scenarios, focused on collaborative work cases in the aerospace, automotive and building construction industries and driven by several considerations:

· Technological and technical choices;

· Organisational aspects (collaborative teams, decision makers’ groups);

· Team mission and autonomy;

· Infrastructures, tools, technical support, training.

These scenarios represent the vision of the Collaborative Engineering Workspaces of the Future projected to the year 2013 for the three identified sectors, based on the current product conception and design life-cycle. They point out in particular users needs, human factor issues and technology challenges that are identified as of priority for the successful introduction of future workspaces concepts.

For each collaborative work scenario, selected on the basis of its relevance in the product design life-cycle, we identify:

1. The actors involved;

2. The scope and content of the activity;

3. The present situation;

4. The foreseen scenario.
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They integrate end-user needs, human factors issues and technology challenges to introduce the future workspaces.  For the building construction and aerospace sectors, the scenarios have been selected so that they cover the product lifecycle from inception to customer support, as shown in Figure 1:

Figure 1: Generic product life-cycle

For the automotive sector, only those scenarios in the design lifecycle are described, since these include the greatest collaborative workspace challenges, the assembly and product support phases being similar to those in aerospace.

The following sections overview the scenarios developed for each of the sectors.  Following these, in section 2.5.4, we describe four of the scenarios in detail.

2.5.1 Building Construction 

In the planning of construction projects we focus on integrated design and interdisciplinary collaboration through out the supply chain. The supply chain encompasses all stakeholders in the building industry from end user to manufacturer/developers of components - from vast international companies to Small and Medium Enterprises (SMEs). To describe this complex scenario we first present an integrated workspace where processes are merged into a coherent workflow.

Next we split the workflow into single situations and illustrate the situations as snapshots from specific view angles, as shown in Figure 2.
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Figure 2: Interdisciplinary collaboration for development of customer oriented architecture
For the design and development of complex buildings, e.g. DaimlerChrysler’s point of sales and brand presentations Autohouse, the long established linear planning process is being replaced by a collaborative process involving the various types of professionals right from the beginning of the process: 

Figure 3: Evolution of building design and development process

Chaotic planning processes let the experts work in parallel on different parts and in different planning steps. It is also possible to anticipate downstream work packages, e.g. to simulate customer behaviour inside a building that is not yet built. 

Therefore an arena exists that supports communications with consequent visualisation and moderated process simulation, to activate implicit knowledge and to support the dialog between developers and designers from different disciplines with the help of electronic media. 

Although this set of scenarios concentrates on the Building Construction Industry, parallels to other collaborative industries can easily be seen.


Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scenario 7 


Scenario 8


Figure 4: Building construction product life-cycle – scenarios

Of these scenarios, scenario 1 (distributed conception of needs) is described in detail in section 2.5.4.

Automotive

Automotive is a very wide sector, encompassing passenger and goods transport, collective and individual mobility, on-road and off-road. Therefore, a whole range of market and enterprise dimensions can be seen, ranging from the near-artisan shop to the multi-national mass-market enterprise featuring hundreds of thousands of geographically dispersed employees. Moreover, in any case, suppliers of parts and services are more and more becoming an integral part of the process, taking over decisive roles that in the past were in the hands of the Original Equipment Manufacturer (OEM).

In this framework, we will concentrate on the processes, tools and issues relevant in the passenger vehicle sector, the leading one from the point of view of volumes (and often of technology).

Vehicles are mass products with high (and increasing) technical and technological content and are subject to a series of drivers and constraints which are peculiar to the sector:

· Decisive role of consumer market expectations and response in product definition;

· Social, environmental and legal pressure;

· Complex and articulated supply chain, with leading suppliers playing a decisive role in product definition and development;

· Extensive use of high-level external services for styling, design and engineering;

· Highly structured, iterative design and decision process.

This makes the vehicle design and engineering process a very complex and not straightforward task, involving multiple actors from the very beginning up to the delivery of the first sold car.  The design phase of the engineering lifecycle has been chosen since it is a real challenge of visualisation, qualitatively as well as quantitatively and is now involving, more and more, collaborative decision-making in place of the conventional sequential process.

The present processes are, by nature, iterative and require an extensive physical prototyping even if the initial introduction of VR based technologies has begun to improve the development process.  These technologies permit (i) visualisation of concepts under development, with good pictorial and geometric quality, (ii) improvement of collaborative activities, based on the common examination of concepts and designs under development by different actors, who bring along their competences and experiences and can share their point of view.

These experiences encourage the search for technical and organisational solutions, allowing for extended and generalised collaborative working throughout the product development cycle.

The number of activities throughout the development cycle that can benefit and can also evolve, based on collaborative multi-modal distributed work, are considerable. Due to this, a set of significant scenarios that are described below has been identified for their representativeness and need for support from new technologies. This is based upon one of the main sub-processes in the vehicle development stream, namely the interior design and integration.

This is because this process involves suppliers of high technological, functional and formal content with a significant role at each stage, while the OEM controls only the system integration and the product performance. In other words, interiors are the result of the application of a “diffused culture” from OEM and suppliers as opposed to “in-house culture” applied for other relevant processes such as powertrain or body development.

In the figure overleaf the selected scenarios related to the relevant stages of the development process are described.

Figure 5: Automotive design life-cycle – scenarios

The last of these, scenario 4 (detailed interiors development) is described in detail in section 2.5.4.

2.5.2 Aerospace 

Engineering collaborative activities in the aerospace sector cover a wide range of situations. These situations depend for example on the following criteria:

· situation in the life-cycle (from early design to product support activities)

· product type (structure, system, equipment)

· complexity of the product (from complex sections to elementary part or component)

· contractual issues (with a variety of contracts, from risk-sharing partners to suppliers)

· regulation issues 

· safety issues (the certification requirements are a key issue)

· geographic constraints (some Airbus partners are located near Airbus sites, others are distributed all around the world). 

The requirements for global cost reduction, lead-time reduction and increased customisation lead to an increased complexity of processes and data organisation. Better collaboration processes and tools are seen as key enablers to manage this complexity and allow the aerospace sector to achieve its industrial and market targets.

To reflect this need, a set of scenarios has been identified all along the lifecycle, covering a broad variety of possible situations. Some of them are related to the use of digital models early in the lifecycle; one of them is dedicated to the use of advanced collaborative tools for operators working directly on the physical product; some others are more transverse, such as the “Project Dashboard” scenario, which intends to cover the whole development phase. These scenarios are shown in Figure 6:
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Figure 6: Aerospace life-cycle - scenarios

Two of these scenarios, numbers 6 and 8 (remote meeting and project dashboard), are described in detail in the following section.

The table below summarises the key elements of these aerospace scenarios:

Relevant points
Sc. 1
Sc. 2
Sc. 3
Sc. 4
Sc. 5
Sc. 6
Sc. 7
Sc. 8
Sc. 9

CONTEXT

· Work meeting



X
X

X

X

· 1:1 meeting






X

X

· Synchronous
X
X

X
X
X
X
X
X

· Remote
X
X
X


X
X

X

· Co-located



X
X
X

X


· Prepared meeting

X

X

X




· Distributed Co-Design 
X
X








Organisation

· Information sharing and data flow management 
X
X
X
X

X
X
X
X

· Collaborative works organisation
X
X
X

X
X
X
X
X

· Material resources synchronisation

X
X

X
X


X

· Project management






X
X


Technologies

· Ubiquitous environment



X
X
X
X
X
X

· Innovator and ergonomic interfaces and devices



X
X
X
X
X
X

· Bandwidth constraints
X
X
X
X

X
X

X

· Connection security
X
X
X
X

X
X
X
X

Table 1: Key elements of aerospace life-cycle scenarios
2.5.3 Detailed Descriptions of Scenarios

The following examples of scenarios provide illustrations of what is envisaged.  Only four of the 21 scenarios from the three sectors are described, having been chosen to cover as wide and representative a range of activities as possible – see [1] for the descriptions of the complete set.

Scenario A: Distributed Conception of Needs (Building Construction Scenario 1)

The distributed conception of needs involves the capture of client needs and the distribution of the findings inside a non-homogeneous group of specialists and end-users.

Relevant topics

· Capture of client requirements and end-user needs;

· Collaboration between distributed teams;

· Collaboration using innovative interfaces;

· Presentation of findings in a common conceivable form.

Current situation

· Networks bandwidth / cost problems;

· NetMeeting tools available but not deployed, quality of service issues;

· Difficulties in collaboration between heterogeneous disciplines, poor data sharing capabilities between tools, lack of standard communication methods;

· Lack of co-design capabilities;

· Lack of real collaborative spirit – resulting in sub-optimisations.

Actors

Name

Poul M.

Company
T.K. Development

Role

Investor, Client

Name

Carsten K.  + End-users: Board, Teachers, Students.

Company
Private Business School

Role

End-user

Name

Lars K.

Company
UTZON AND PARTNERS

Role

Architect

Name

Ervin H.

Company
COWI

Role

Consulting construction engineer

Name

Martin S.

Company
NCC

Role

Main Contractor

Description of the scene and preconditions

This very first meeting is a personal and “traditional” one. The purpose is to make the stakeholders capable of forming a project group based on respect and equal responsibility and of creating a contract to carry out this project in the most efficient, economical and quality way.

They brainstorm and put all their reservations and limitations on the table for an open-minded discussion. 

The actors are located in places that are geographically distant but are grouped according to their experiences and interests in construction.

The end user representative has a personal meeting with the architect and establishes how the end user require-ments will be implemented and how end users can have influence on the result during the next phase.

The client stays at his office with direct access to tools for benchmarking and for calculating total financial scenarios. His interest is to control the total budget in the project and to ensure that it does not depart significantly from the financial baseline.

 The engineer and contractor follow the process and only interfere when they have suggestions and ideas with a major impact on the industrial way of production - or when their experience offers details that will have an impact even at this early stage.

Figure 7: Project Steering Group

Script

Poul M has located a piece of land suitable in size, price and location for the new educational premises that Carsten K has requested. Carsten will rent the new school building in a concept of a B.O.T (Build-Operate-Transfer) model.

A group of specialists encompassing planning and execution is invited for a client briefing session. The session has following mission including: 

• to capture the idea, concept, economy and timetable of the vision of a new building for business education;

• to form a project group based on the partnering idea;

• to distribute tasks and responsibility according to capacity and experiences;

• to plan the future communication and production logistics.

Lars K. and Carsten K. meet and make the first 3-Dimensional (3D) mock-up model of the building in a sketch program. In the model, spaces as well as rooms are defined. Logistics and communication patches are illustrated. The model is based on the most open product modelling technology for building construction available but not in widespread use today - the Industry Foundation Classes (IFC), developed by the International Alliance for Interoperability (IAI), as well as Part 42 of the ISO STEP standard (Standard for The Exchange of Product data) - to keep track of a common geometric representation and from which it can be exported to Computer Aided Design (CAD) systems for detailed design.

The program as well as the model(s) is placed on the project server in a well-structured virtual workspace.

Students and teachers (end-users) are able to enter the model, make walk-throughs and experience the volumes and spaces of the future building. The users can make annotations and recommendations as well as changing the structure within statistic limitations – e.g. move windows within individual tolerances, change textures, etc and save their suggestions in an evaluation area. 

Lars K. invites Ervin and Martin to a technical session, which focuses on an exchange of experiences and preferences for maximum utilisation of resources and expertises inside the group. The partners meet in the virtual workspace, evaluate the end-user visions and annotations and form one or two scenarios merging the user input with financial, technical, legal and resource limitations.

The scenarios are re-introduced for the end-users as final recommendations.









    Photo courtesy of DaimlerChrysler

Changes implied

 Organisational level: Joining a project group based on open accounts, free exchange of experience, acknowledging strengths/weaknesses, and accepting collective responsibility under the management of the most feasible partner (which might be transferred during the project to other stakeholders)

 Technical level: Bandwidth constraints between the workstations, deployment of the distributed collab-orative work applications, interaction devices, capture of multiple suggestions in one model, acceptance of the IFC standard.

Scenario B: Detailed Interiors Development (Automotive Scenario 4)

Engineers from the OEM and from the suppliers define the technical characteristics of the sub-assemblies and parts of the interiors, starting from the interior configuration in all its aspects as “frozen” at the styling and layout definition. A series of collaborative sessions is organised upon the request of one or more of the actors, depending on the problems to be solved, e.g. cabling layout for an electrical seat control with respect to the evolution of the body floor.

Relevant points
· Design and Computer Aided Engineering (CAE) work on a common engineering database which allows for seamless propagation of the modifications from one feature to another (e.g. cabling physical layout to electrical simulation)

· Tools and environments for shared, remote collaborative sessions for common examination of hypotheses and modifications; possibility of choosing in a straightforward way the best adequate environment (from the desktop to the virtual room) without losing connectivity with the database and the engineering tools.

· Manipulation and modification of models with natural gesture.

Actors

Company
OEM

Function
Responsible for interior design engineering

Company
OEM

Function
Components mechanical interfaces engineer

Company
OEM

Function
Structural analysis engineer

Company
OEM

Function
Mechanical designer

Company
Seat supplier

Function
Seat mechanical & electrical design engineers

Company
Trimming supplier

Function
Mechanical engineer

Company
Cockpit equipment supplier

Function
Interior set-up system engineer (mechatronics)

Current situation
A potential problem has arisen with the definition of interfacing between the seat control centre and the multifunction on-board information system that takes care of the personalisation of the drivestation as a whole. A cabling problem has arisen, which may impact both on the positioning of seat controls and detailed design of the body floor for optimising the wire harness.

The manager responsible for interior design convenes the relevant actors to ask the seat and the equipment supplier to make an agreement about electrical interfacing, having verified that a previous agreement causes modifications to the body floor that are not acceptable from the structural point of view. An alternative already discussed implies a change in the position of the seat controls which impacts on the styling of the seat and of the door panel. The quantitative assessment of the impact, as well as the changes in design, are known to the OEM but cannot be brought to the knowledge to the suppliers. As a consequence, the meeting consists of a series of mandatory requirements on the suppliers for finding the best adequate solution and coming back with engineering data demonstrating feasibility.

Script

Actors convene for a remote collaborative work session, each being at their premises in a virtual meeting room allowing for 1:1 display of multi-source CAD models. The initial equipment layout sitting on the current interior version is displayed and the cabling problems are outlined by the suppliers, by showing resultant electrical performance data. Suppliers then propose an alternative layout that implies both an impact on the floor structure and moving the seat controls from near the cushion to the door panel. Using gesture driving a 6DOF pointer visible by all the actors, the OEM shows the potential impact on floor architecture and the seat and door panel configuration and aspect, which are not acceptable at this stage.

The OEM, on the basis of its detailed knowledge of the body structure, then proposes an alternative cabling layout that meets the suppliers’ needs without major floor structural changes. Using the pointer, the OEM draws the path in the model. The equipment supplier “spreads” the cabling along this path and gets the electrical performance calculated almost immediately, demonstrating that a modest detriment in communication performance is obtained, which can be handled at software protocol level. 
Changes implied
  Organisational: Collaborative decision making in a (conflicting) multi-objective optimisation problem.

 Technical: high bandwidth remote shared virtual environment with unobtrusive, natural gesture manipulation and annotation; on-line simulation tools with seamless data exchange between different environments (e.g. physical cabling layout from CAD to electrical simulation).

Scenario C:
Remote Meeting (Aerospace Scenario 6)

Prepared project review, partly co-localised, one or more remote participants (review preparation, interaction devices, multi-users with multi-site aspects, etc).

Relevant points

· Collaboration using innovative interfaces;

· Real-time reviews from different sites;

· Related working methods and organisations;

· People support / Technology support;

· Management of fully distributed engineering activities.

Current situation 

· Critical security issue, network bandwidth/cost problems;

· NetMeeting tools available but not deployed, quality of service issues;

· Difficulties in collaboration between heterogeneous disciplines, poor data sharing capabilities between tools, lack of standard communication methods;

· High cost & medium efficiency of design reviews, time to prepare the review, low level of inter-activity between participants and the Digital Mock-Up (3D model);

· Lack of distributed engineering management methods & tools.

Actors



Name

Company

Role
:

:
Red R.

BUSAIR France

Structural analysis department technical responsible



Name

Company

Role
:

:
Jane R.

BUSAIR France

Design engineer, structural analysis department



Name

Company

Role
:

:
Ben G.

ABE Inc

Design engineer, structural analysis department



Name

Company

Role
:

:
John S.

BUSAIR Spain

Design engineer, structural analysis department

Script

Some of the meeting’s participants are at a remote location. The meeting (review) initiator, Red R., has previously collected and integrated all the relative documents for the upcoming review. For that, he connected to the review management GroupWare application (Groove-like GroupWare) from his station (for conception review, integration review…) so that he can, in a simple way, prepare the review’s virtual area - agenda, participants’ list and technical documentation… To avoid any misunderstanding of the issues to be developed, Red activates a knowledge-based system, which notifies the actors of all unclear formalised issues. If some are detected, the system proposes several possible meanings.

The review preparation’s validation action automatically leads to emailing of invitations to the various participants (OneSpace’s Meeting Manager developed by Co|Create) who can prepare their contributions and save them on the shared server.

Each remote participant is displayed as a 3D projection of his/her person giving the sensation of a physical presence around the table. The display device offers the capability to establish eye contact with the remote interlocutor, or virtually interact with him (haptic feedback for virtual mock-up manipulation). What is more, the relational aspect between participants is facilitated by the 3-dimensional display of the remote interlocutors around the table, affording visual contact and avoiding the coldness of a two dimensional display.

The discussion takes place around entirely numerical models (that does not exclude the eventuality of direct interaction with them, modifying them, taking notes, or even working on a paper support). This numerical medium frees the user from the spatial and physical constraints linked to the physical support, making possible for remote participants to enter the debate as if around the table. Integration of physical data is still possible: 2D-scanner to digitalise paper documents, 3D-scanner to digitalise physical 3D models, stereo-lithography for quick prototyping, haptic devices to feel the stiffness of virtual 3D models. The meeting room also provides the capability to display information on the main visualisation device (table, video wall, immersive devices…) from which any participant can access the files to manipulate and modify them.

At the end of the meeting, a report with personalised extras (list of actions and remarks adapted to the each participant, automatic translation in different languages) is automatically generated and sent to each participant’s workspace. All the participants leave the meeting room. The workspace virtual area remains accessible to all the participants during the study’s duration.

Changes implied

 Organisational level: GroupWare for review, or wider meeting management, synchronisation of the material resources, human resources availability, intervention planning, remote access to a large amount of unprepared resources…

 Technological level: huge bandwidth constraints between the remote locations, remote application control, augmented reality, interaction devices, heterogeneous information integration… 

Scenario D:
Project Dashboard (Aerospace Scenario 8)

Project management dashboard (real time indicators of the project’s advancement) => strong organis-ational constraints on the decision-making follow-up 

Cross team-synchronisation aspects => from the dispersed stations on the WiFi (Wireless Fidelity) network.

Relevant points

· Project management using innovative interfaces;

· Synchronisation between distributed teams;

· Related working methods and organisations.

Current situation 

· Network bandwidth/cost problems;

· Difficulties in collaboration between heterogeneous disciplines, poor data sharing capabilities between tools, lack of standard communication methods.

Actors



Name

Company

Role
:

:

:
Thelma L.

BUSAIR

In charge of the teams’ co-ordination on the plateau, project manager



Name

Company Role
:

::
Louise T.

BUSAIR

Hydraulic engineer, in charge of the progress reports 

Script

During the plateau phase of development of a complex product, ever since the very first phases of the conception process, various corporations are simultaneously and interactively involved. 

Thelma L. is in charge of cross-teams co-ordination and project management. She can follow the overall project progress and detailed progress for each team on the visual indicators of the main dashboard (a large area display). Upstream data integration for each team progress report is partly automated, PLM (product lifecycle management) software administers the decisions’ coherence and impacts management.

On the other hand, nomad operators using mobile devices directly connected to the control room are disseminated all over the plateau. 

As team members or independent investigators, they report the potential conflicts, concrete work progress and teams’ interface issues.  When identified problems are reported, Thelma can directly contact the implicated teams, report the problems detected or provoke a meeting to discuss the identified issues.

Louise T. is the hydraulic routing team reporter. She is on her way to the co-ordination meeting between electricians and hydraulicians. When she enters the meeting room, the meeting had already started a little while ago, so she receives an automatic report on the progress of the meeting, a list of the persons attending the meeting and a summary of the current issues being discussed. As the meeting discusses each topic in turn, issues are highlighted, solutions are proposed and decisions are taken, all of which she transmits to the control room, updating the project dashboard.

As for Thelma, she is presenting the project progress to allied companies’ representatives in the control room. All data displayed are automatically adapted to the type of audience: managers, subcontractors, end users of the product... By developing the indicators’ tree she presents a detailed view of the ongoing work to her hosts, each of the participants being able to navigate through predefined areas presenting the work and technologies undertaken. At the end of the presentation a report retracing the main points of the presentation as well as their own navigation is uploaded to the shared memory space.

Changes implied

 Organisational level: plateau, project management…

 Technological level: remote stations, WiFi, sources localisation, user identification (security), automatic reporting… 

2.6 Benefits

The four scenarios described above show how the collective vision for collaborative engineering workspaces may be implemented in 2013.  Direct benefits can be identified from each of them.

Improvements in the involvement of the client, and his own customers, in the specification, design and building of the educational premises can be seen immediately.  The greater involvement and commitment of all of the partners in the construction of the premises will yield cost savings and reduce overall timescales.  A study of construction projects has shown that 28% of costs have been caused by wastage; with much closer involvement by all parties, by visualisation of the building during its design stages and by using the project management workspace scenarios particularly during construction, these wastage costs should be reduced considerably.

The automotive scenario illustrates how an emerging problem, which could have serious cost and timescale implications, can be resolved quickly by involving all the relevant parties in identifying all associated issues and in seeking a solution acceptable to all of them, without delay through time-consuming iteration of a proposal from one of them that then has to be considered by each of them in turn before reaching agreement or ‘diktat’ by the OEM.  It also shows how the integration of design tools facilitates the design and development process, which has been addressed for over a decade by the aerospace sector, although some of those tools involve such enormous computing power and memory consumption that they will only be able to be utilised fully once Grid technologies, power-on-demand and bandwidth-on-demand are fully available.

The two aerospace scenarios concentrate upon the project management challenges, illustrating not only the use of management information, kept completely up-to-date, but also of detailed design information as covered in the automotive scenario.  The essence in these scenarios is encapsulated in the measurement, presentation and availability of that information required to keep massive, and not so massive, projects under control.  One of the main benefits of these workspaces will be to improve the management of all projects so that problems can be identified early, and be resolved early, and that costs and timescales can be kept under strict control (thus, revealing the requirement for integration between Concurrent Engineer-ing and eBusiness tools – see para 3.1.3.3).

Thus, these workspaces will bring benefits at three levels. Firstly, they will contribute to improving the market position of each of the organisations that implement them through cost savings, reduction of waste and of delays, improved quality of the products and services and better customer satisfaction. Secondly, they will contribute more widely to improving the competitiveness of European industry through the increased effectiveness of collaborative working. Thirdly, it will contribute to the EU strategy on sustain-able development in the knowledge economy, reducing pollution and improving the environment and the Quality of Life of its citizens - see also chapter 8 for a description of the wider benefits.

All organisations will benefit by contributing to sustaining and creating employment in each organisation and also to enhancing organisations' competitive position by reinforcing their position as leading exponents in their field. Those organisations representing the aerospace, automotive and building construction industries also stand to benefit through the implementation of collaborative workspaces in their organisations. Through their implementation, collaborative workspaces present the opportunity to create more effective supply chain links, reduce time to market and reduce costs associated with reworking.

It may be that the benefits described here, through these scenarios, may not be fully achievable or be so markedly identifiable.  The resultant benefits may be derived from a steady evolution in capability and in its application, both within individual businesses and between them.  It may be that they will only be realised through the efforts of individual champions, visionaries and change agents.  However, change is inevitable and benefits are certain – it is only their extent that is open to debate.

3 STATE OF THE ART (2003)

3.1 Current Working Practices

3.1.1 Building Construction Sector

The current situation in the European construction industry varies, of course, in each country and each region. The construction industry is very vulnerable to political and economic changes in the society and the traditional distribution of expertise in the fields of work varies as well. Despite the differences based on local conditions, on a general level many challenges in the industry are common to most companies. Common challenges are illustrated below.


Figure 8: Common company challenges

3.1.1.1 Internationalisation 

The open market and the growth of the Community, combined with the unstable local markets, require the industry to seek international work/collaboration.

Most of the key players in the national markets are already involved in international activities. These activities are either based on subsidiaries or strategic partnerships. 

Many of the companies are not trained in international collaboration and the management are neither structured nor complemented to address the challenges.
3.1.1.2 Change Management 

The local, national and international conditions continually set new requirements to maintain the present market position. The industry is generally not equipped to meet the challenges. IT-tools to monitor real time financial progress in the company are just about to be designed for special operations and structures. Information retrieval, especially of changes to building design during the course of construction, and adoption of trends and know-how are not part of a traditional management strategy. The process of implementation of new working methods and adoption of new standards is progressing very slowly, caused by the structure in the industry. The lowest common denominator tends to set the working standard in respect of communication and collaboration.

3.1.1.3 Research and Development 

Collaboration between the industry and the research world, e.g. universities and institutions, is progressively developing. Not only are the key actors taking part in this trend, but SMEs are joining too.

National differences are obvious in this area. Scandinavia is ahead in usage of new IT-tools in the planning process and in production, as well as wireless data communication. In Scandinavia, client demands and key actors are locomotives in commissioning the new ways of working, dragging collaborative partners (SMEs) to follow the same path.
3.1.1.4 Collaboration 

The procurement path is in a period of transition. The barriers between the industrial stakeholders are slowly breaking down. The process is impeded by a lack of common standards and reticence in the distribution of electronic data between the project partners. Common working platforms and real time communication are impeded by slow communication lines and narrow bandwidth in the WAN (Wide Area Networking) topography. Project information is still widely based on paper and exploitation of data throughout the project cycle is in fact not possible.  All too often there is insufficient measure-ment of what has been achieved against what should have been achieved and of what has been built against what had been designed, or recording of agreed design changes in the common design database. 

A recent survey in a Danish construction network showed the following major obstacles experienced by the end users:

· Communication failures;

· Lack of common terminology;

· Too much administration without value adding effect;

· Lack of economic overview in the project and in the company;

· Poor exploitation of resources;

· Hard to generate As-Build information - too expensive as well;

· Critical project information is not available when needed;

· The full project team is not invited at the start of the project - the experience based in the supply chain is not utilised;

· The end user is only represented at the start and at the end of the project;

· Lack of tools to coordinate the process across disciplines and stakeholders;

· Exchange of electronic data is prevented by different standards, working methods and risk management;

· Lack of exchange of experience and know-how among the stakeholders in the supply chain;

· Cultural barriers prevent effective communication in speech and writing.

3.1.2 Automotive Sector

3.1.2.1 A sector under pressure

Automotive is one of the leading industrial sectors in Europe, delivering products and services which are pervasive to everyday life as well as crucial in relation to other sectors, due to the necessity of moving goods and people for industrial, commercial, social and even leisure purposes. This causes a great deal of pressure on the product throughout its life from design through production, distribution, operation, to dismantling. Increasing social and political pressure for cleaner and more efficient road vehicles is another emerging factor, as well as the push for alternative transportation means as a solution for the ever increasing congestion in our cities and corridors. In this view automotive, whose main force resides in being capable of moving people or goods on-demand and door-to-door, is perhaps the industrial sector suffering the greatest deal of external pressure, augmented by the increasing customer demand for reliable, cheap and comfortable vehicles.

3.1.2.2 The automotive sector in a global market

Another pressure factor comes from globalisation of the markets, which has brought overseas manufacturers to take significant shares in the European markets, but is also offering European manufacturers new opportunities of expanding their business in emerging countries and in advanced areas, in which EU penetration was previously confined to specialities and niche products. 

This is causing the migration of significant Research & Development (R&D) as well as production activities throughout the world, in order to optimise the logistic and supply chain, and to differentiate the product according to the needs and regulations of the particular market. Therefore, product standardisation seems not to be the right choice: this situation holds also for the phenomenon of the so-called world cars, which major automotive manufacturers are producing and marketing in different and often distant markets. In this case, the car sold in central or southern Europe can present only a styling and equipment resemblance with the same produced and sold e.g. in Russia or in India, where the climatic and road conditions in fact require very different treatments of e.g. the engine or the climate system.

An additional factor resides in the increasing role of the component and services suppliers who must, on the one hand, follow the vehicle manufacturer in its efforts to maintain or increase market presence and, on the other hand, see their responsibilities and roles in the value chain ever increasing due to the final product manufacturer’s de-structuring and concentrating on core competencies.

3.1.2.3 New development processes

The situation briefly described above brings as a consequence the fact that the list of requirements attached to a successful new product is continually growing, together with the list of actual and potential stakeholders. The product development must more and more be dealt with in terms of Life Cycle and Total Ownership Costs. Overall, the complexity of the product and of its handling has enormously increased compared to even a few years ago.

At the same time, the rapid pace of technology evolution and global competition has turned Time to Market into a matter of life or death: better products with lower costs in shorter development times.

These factors are prompting a revolution in the organisation of and technologies for product devel-opment, in which new paradigms are emerging that tend to address all problems at the earliest possible stage.

A further complicating dimension comes from the strategies the companies are establishing for de-constructing and concentrating on core competencies, causing thereby the rise of the concept of distributed / virtual enterprises. The actors are members of a variety of entities with different cultures, different languages and concepts, using different tools and processes.

The new product development paradigms are based on the following concepts:

· Holistic design, encompassing all aspects relevant to the product success over all its lifecycle;

· Design by platform or simultaneous engineering;

· Modular design, based on carry-over;

· Concurrent design;

· Knowledge based design;

· Simulation applied to all envisaged processes during the lifecycle of the product.

Thus the new development processes appear to be extremely complex, requiring a seamless, simultaneous and distributed access to extensive knowledge and information, high control and coordination, and sophisticated and reliable simulation means.

3.1.2.4 Collaboration as a crucial issue

The above mentioned factors, and in particular the need for a holistic view of the product development and its handling by different actors which more and more are geographically dispersed, attributes a paramount importance to collaboration as the decisive factor for properly handling of the complexity of the development process on a complex product.

In brief, (remote) collaboration processes can be subdivided in three main categories:

1. Interaction processes, in which the actors exchange information in an interactive way, in order to carry out activities or to deal with decisions and feedback. The main IT tools used nowadays range from telecommunication services (telephone, email, tele- and video- conferencing), which are decreasing the need for co-located meetings. This is happening at the expense of a reduction in the communication bandwidth (in the broad sense) as well as a reduced sense of presence, which often impairs personal and non-verbal communication.

2. Synchronous cooperation, in which two or more actors work on the same document or piece of information (e.g. a CAD model). The main advantage is that the modifications and the evolution of the information being dealt with are agreed in real time by the participants. The disadvantages range from the need for operating with light, equivalent product represent-ations to the lack of rich, natural interpersonal communication.

3. Asynchronous cooperation, consisting mainly in the PDM (Product Data Management) technologies, where the activities performed by different actors in different places and times are organised and tracked.

All the technologies available today and in the near future tend to give partial answers to the issues related to the two main dimensions of a true collaboration-based development process:

1. Unrestricted personal communication;

2. Faithful, natural representation of the product under development and of the impact of an action in e.g. one direction to all the other product and process features.

Going towards the collaborative workspaces of the future thus requires a leap ahead in a series of domains:

· Communication bandwidth at will, with uncompromised transaction security;

· Unobtrusive, comfortable and usable user interfaces - visual, auditory, haptics, motion capture with high accuracy, short delay times and ample workspace;

· Low-cost, reliable devices and systems featuring maximum flexibility and robustness, with respect to the operational situations and the environment;

· Multi-dimensional, correlated, object and data representation;

· Seamless and transparent access to information by different actors belonging to different organisations, while protecting confidential information to only the authorised people.

3.1.3 Aerospace Sector

The European aeronautical industry is used to cooperation and has some specificity compared to other sectors: number of partners (i.e. Airbus network), complexity of the product (number of components and related disciplines), organisation (OEM, risk-sharing partners, suppliers, sub-contractors, etc), long lead times, huge capital sums for developing products.

The Concurrent Engineering practices tend to involve reduced cycles, stronger relationships within the extended enterprise early in the lifecycle, need to work earlier with data that is not fully validated, use of a digital mock-up as a central repository for the concurrent activities, need for methods to handle large quantities of computerised information, need to suppress constraints related to communication between distant sites.

The following two sections go through the collaboration process strongly influenced by the Concurrent Engineering impacts:

· The breakdown of the Product has a strong influence on the collaboration. Starting from a complete aircraft, it is then composed of sections, themselves composed of work-packages made of assemblies and elementary parts. At each level (aircraft, sections, work-packages) there is a need for collaboration between coordinator and collaborator or between partners at the same hierarchical level (coordinator/coordinator). 

· The Aircraft Development Life Cycle is also strongly constrained by the Concurrent Engineering approach. The Aircraft Development Life Cycle is composed of phases and milestones corres-ponding to major events. Thus the collaboration will be dynamic - that is to say, at some times the collaborator will be co-located with the coordinator, and in some phases the collaborator will not be co-located with the coordinator but reporting to him frequently. 

3.1.3.1 Product and Organisation Breakdown Structure

In order to define the team’s organisation, the product organisation must be defined. 

During the Development Life Cycle of the Aircraft, the product starts from a rough definition to a very detailed one that will be used by the manufacturing department. The product goes through phases and is broken down to:

· Aircraft Level;

· Section Level;

· Work-package (WP) Level;

· Sub-assembly Level.

The collaboration could be:

· at the same hierarchical level - coordinator/coordinator, collaborator/collaborator;

· between different hierarchical levels, but no more than two levels - coordinator/collaborator.

For example, a collaborator could be in charge of the WP level. That is to say that his WP will be integrated by a coordinator at a section level. The collaborator will be in charge of integrating the sub-assemblies/parts into his WP.  There is always an architect that integrates and a “supplier” that has to deliver some product to the architect.
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Figure 9: Aerospace Organisation Breakdown Structure

Level N will only manage the collaboration with Level N+1; Level N+2 is transparent to Level N.

3.1.3.2 Collaboration process versus the Aircraft Development Life cycle

Collaboration does not occur during the whole development lifecycle.

The first step of the collaboration is during the definition phase (during the definition of the sections), when several persons are co-located on the design platform in so-called “Integrated Project Teams”.

The second step of the collaboration is during the realisation phase, when people are generally located at their own sites. Thus strong communication means have to be implemented to enhance multi-site working in Concurrent Engineering.

The following picture shows the Aircraft Development Life Cycle, with phases and milestones (Technical and Management ones):
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Figure 10: Aerospace Development Cycle – phases and milestones

During the feasibility and the concept phases, not so many people are working on the aircraft develop-ment. After these two phases, the manpower increases, the collaborators being asked to come to the design platform. Then all those people are working together. After the end of this phase, when the concepts are frozen, when the specification is almost frozen, the collaborators leave the design platform, return to their own companies. During the realisation phase, collaborators are working, coordinators are integrating, monitoring that the specification is fulfilled… When the work packages are realised, a co-location phase could take place for the “fixing”. 

The need for innovative workspaces is then twofold:

1) for co-located phases: better support of large team activities (for example through the use of large visualisation systems); 

2) for distributed work: innovative solutions would reduce the need for co-located phases (e.g. today 1000 people are co-located for Airbus A380 development in Toulouse) and the need for travel (thanks to virtual meetings).

3.1.3.3 Business Process

In addition to Concurrent Engineering processes, upon which a major emphasis has been placed for over a decade, some attention has been given to improving the business processes that support design and manufacturing.  However, there has been less of a systemic approach taken to integ-ration of the constituent business packages/suites, databases and utilities than for the engineering processes.  The interactions between the various packages and their impact upon people, business organisation and process, even with engineering, are less well understood and there is a need for the development of a genuine systemic understanding of the interdependencies between people, process, technology, organisation and business models.  In the same way that research and development of product technologies has resulted in unexpected challenges and benefits in performance and manufacturing cost, research into the business processes, e.g. reducing lead times, taking out slack, working remotely, etc, resulting in more complex and more tightly-coupled processes, can be expected to lead to unexpected outcomes, both challenges and benefits. 

3.2 Technological State of the Art

Within the industrial context in the three sectors of aerospace, automotive and building construction, the current state of applications allow real-time collaboration between distant sites, but critical security issues and network bandwidth limitations and their associated costs restrict effectiveness.  VR interfaces are intrusive, fragile and unfriendly and distributed virtual environments do not integrate tightly with engineering tools to offer seamless engineering processes.  Collaborative meeting tools are available but are not really deployed within the sectors, mainly due to Quality of Service issues.  Concurrent engineer-ing practices are based upon co-located teams, resulting in problems for people involved in these teams being able to keep in touch with their parent sites, together with the social consequences of being separated from their families for long periods.  There are collaboration difficulties for heterogeneous disciplines, with a poor sharing capability between tools and a lack of standard communication methods.  The cost of Design Reviews, and their medium level of efficiency, results from the time to prepare for each review, the low level of interactivity between participants and with the Digital Mock-up.  There are insufficient co-design capabilities and a lack of distributed engineering management methods and tools.  Participants find it difficult to understand their role in these complex processes and there are associated shortcomings in our understanding and application of physical/physiological, cognitive and social factors in our working lives and their interaction with the work/life balance.

The following sections describe the current state of the art in the technologies that enable these applications and are the foundation for future developments.  These cover networking technology, distributed workspaces, interface technologies, user interface paradigms and human factors. Greater detail can be found in [3] and [5].

3.2.1 Networking Technology for Supporting Collaborative Workspaces

One of the key challenges in developing future workspaces will be the availability of multi-service networks that can provide users with seamless access to any application, unrestricted by location, and through all types of devices. The challenges are to remove the restrictions imposed by today’s networks, which are largely built from service-specific technologies. Although there has been some progress to integrate cable TV networks, mobile networks and data networks, we are far from having seamless broad-band access to services.  Key factors in achieving this overall goal are the availability of broadband access networks and unrestricted interconnection between the networks of different operators.  These in turn require the integration of wired (fixed) and wireless (mobile/satellite) networks and also the harmonisation of voice and data network technologies. 

The technologies relevant to multi-service networks necessary for workspaces of the future are the physical, integration and applications layers.

The physical networking layer comprises Ethernet, Optical Transport Networks and Broadband Networks.  Ethernet has acquired a new lease of life as a Metropolitan Access Network, working at up to 10Gbit/s over distances up to 100Km.  Optical transport (fibre) networks already carry the vast majority of the international communications traffic and, with the introduction of further standards, will become more widespread over shorter distances.  Broadband is more than just the design of xDSL (any Digital Sub-scriber Line) networks, through the integration of broadband access methods into network services encompassing all the relevant technologies, with Ethernet access anticipated to play an increasing role.

Network structures and protocols comprise Internet Protocol (IPv6), IP Virtual Private Networks (VPNs) and Home or Personal Area Networks.  The Internet Engineering Task Force (IETF) is developing IPv6 to overcome the shortcomings of the long-established IPv4, although it is not backwards compatible and this may create problems over its adoption.  IP VPNs have traditionally been delivered using Asynchronous Transfer Mode (ATM), Frame Relay (FR) or even Switched Multi-Megabit Data Services (SMDS), but these are being replaced by MultiProtocol Label Switching (MPLS) with the IP Security (IPSec) frame-work for securing IP transactions.  Home Networks cover households with more than one PC, while Personal Area Networks cover small devices on or about the person communicating with each other wirelessly, e.g. using Bluetooth, both of them heading for convergence that will enable Personal Digital Assistants (PDAs) to synchronise with networked Personal Computers (PCs) when they come within range of a local gateway that can identify the user and call up information from the network or from the service operator’s domain.

At present, a wide range of mobile and wireless digital services is being delivered through a variety of platforms, optimised for different classes of users, services and environments, comprising cellular systems (GSM/GPRS – Global System Mobile / General Packet Radio System, UMTS – Universal Mobile Tele-phone System), Wireless LANs (Local Area Networks) and satellites, with Fixed Wireless Access (FWA) systems becoming a potential alternative for broadband access networks.  Mobility is the driving force behind such technologies, but the user has yet to achieve access to converged multimedia services everywhere, every time and on any terminal.  Successful mobile applications will have to be tailored to the capabilities of the terminal (c.f. phones and laptops) and personalised to the needs of the user.  While solutions for remote, mobile, roaming access using dialup access to IP networks have existed for many years, the uptake in wireless access technologies is beginning to drive a new wave of interest in this as a future access method, that will allow people to access their personal and enterprise information and systems from many locations and to suffer no loss of sessions whilst in transit.  Service providers of 2nd and 3rd Generation technologies have in the short term gone for methods requiring the user/enterprise to be connected directly to a mobile operator's network, with as yet little integration and on-the-fly transferability between them.

3.2.2 Distributed Workspaces

Distributed virtual reality has long been a major research area for a variety of research teams in industry and academia. Distributing virtual reality applications has two implications. Firstly, processor intensive software components, such as Finite Element Analysis (FEA), can be carried out in a separate process from the fundamental components of the visualisation. Secondly, users can collaborate in a virtual environment, potentially connecting desktop users with users of more immersive technology (such as a CAVE).

Research into these areas has yielded a wide variety of applications both in terms of virtual reality frameworks and middleware for handling communication across networks.  Distributing a VR application is a non-trivial undertaking. Many of the problems associated with networked and concurrent programm-ing are manifest in networked virtual environments.  The development of distributed virtual reality applic-ations is typically concerned with maximising throughput and minimising latency, the two metrics that broadly characterise these systems.

The various components of a distributed collaborative environment comprise distribution mechanisms, dead reckoning, broadcasting, multicasting and shared databases.  Virtual Reality software can be divided into the functionalities of modelling and visualisation of a Virtual Environment (VE), which consists of geometry, textures, light sources, visual effects, etc.  Modelling software incorporates the planning and construction of virtual worlds and includes effective tessellation of free-form surfaces, for automated and visually convincing simplifications and generation of levels of detail, comprehensive support of common export formats, fast and effective handling, interfaces for customised modules and comprehensive auto-mation possibilities.  Runtime software builds upon the virtual world to read and interpret its description, set up and operate a projection environment, tracking system and interaction devices, incorporate and process position parameters, render the different views in real-time and process interaction events.  Full descriptions of these components, software and state of the art VEs are given in [5].

Middleware for distributed VEs includes the Message Passing Interface (MPI), the Common Object Request Broker Architecture (CORBA), Grid computing infrastructure (e.g. Globus, Legion and SNIPE), the Common Component Architecture (CCA) and the open-source problem-solving environment Cactus.  The MPI standard is widely used on certain classes of parallel machines, especially those with distributed memory.  CORBA is an open standard for communicating between local and remote processes. The Grid computing infrastructure is being developed to include services such as authentication, program start-up and data transfer mechanisms.  CCA defines a flexible component-based framework that sits above middleware such as CORBA, and Globus and supports the different approaches and requirements that are inevitable in a multi-disciplinary collaborative development effort.  Cactus is modular and is designed for implementation across a distributed architecture, having a central core (or flesh) that connects to applic-ation modules (thorns).

A number of web-based collaboration tools exist that typically employ a thin client/server architecture model.  This type of architecture consists of a simple client program, which connects to a server via an efficient network protocol. The processing is carried out on the server with updates pushed to the clients. The clients themselves possess comparatively little or no intelligence and any input from them is usually sent back to the server to handle.  Applications supporting on-line meetings are NetMeeting, IBM’s ENOVIA Portal, Alibre and Groove Networks (see [5] for details).

Web-based shared workspace systems have become very useful for supporting distributed cooperative inter-organisation work between engineering teams, providing functions such as shared document management, calendar management, task management and discussion groups.  Examples of such systems are: BSCW, Livelink, Hyperwave and TeamOffice.

Distributed cooperative engineering workspaces require support for the notification of important and relevant cooperative activities and events. This is in particular needed to support change request manage-ment systems.  There are two types of awareness that these systems address: task-oriented awareness and social awareness.  Task-oriented awareness is the awareness that is focused on activities performed to achieve a specific shared task.  Social awareness includes information about the presence and activities of people in a shared environment, similar to the information received in the coffee room or when walking along an office floor.  The internet notification services Elvin and Khronika follow a general approach, while the IST project TOWER has developed a generic and flexible infrastructure and environment that includes an event and notification service as well as a number of awareness indicators and displays for the creation of an awareness environment for engineering workspaces.

3.2.3 Interface Technologies for Future Workspaces

The interface technologies for collaborative workspaces comprise tracking technologies, sensor techno-logies, interaction devices, speech technology, visual displays, auditory output and haptic output. 

Since input devices are the user’s central means to interact with a system, i.e. to bridge the gap between the physical and the virtual world, the choice of devices is closely related to the interface metaphors applied: the choice of the one narrows down or even determines the choice of the other.  On the other hand, the available input devices comprise a system’s view of the physical surroundings as they provide a set of senses, which can be evaluated to achieve a degree of context awareness. Here, context awareness includes not only situational context within an interaction process but also more basic ideas such as number of users, user’s location and focus and the environment’s state in general.  Virtual Environment (VE) devices deal mainly with spatial aspects of input, i.e. where is the user located, where or what is he looking at, what are the limbs’ positions, velocities, accelerations, etc.  There are several tracking systems available on the market, comprising magnetic, optical, ultrasonic, inertial and mechanical systems, each with its own specific advantages and disadvantages.  Tracking of human senses is becoming more used today, with vision systems performing well-defined tasks such as object- or face- recognition, head-, eye-, and gaze- tracking in predefined settings.  Gesticulation is a powerful interaction mechanism capable of accommodating both low-level communication primitives and high-level interaction metaphors and it has the potential of standardising and improving the existing ill-defined device-based control paradigms.  Emotion recognition is a rather unknown field, although research is ongoing in the field of facial expressions, gesture recognition, and their interpretation in the interaction context.

MEMS (Micro Electro-Mechanical Systems) technology is providing sensors able to detect chemicals, radiation, motion, light, heat, etc, to be manufactured in ever smaller packages and is allowing the integration of computation and communication into the device.  Some wireless sensor networks are starting to appear in research environments.  Radio Frequency ID (RFID) tags can be used to track and associate objects; tagging a laptop and associating it with an owner can lead to increased security with fewer false alarms; “intelligent” desk areas and drawers can associate paper documents together, as well as linking them to the electronic world.  To enable intelligent decisions to be made about the tasks a person is trying to carry out, and aid them in that process, information is required about the environment they occupy, requiring the surroundings to be fully sensored. Sensors can be embedded in the very fabric of the environment (desks, chairs etc) and even the clothing people are wearing.  Sensors within buildings are usually deployed as single entities, or in very small numbers, controlling such things as air conditioning.  The only networked systems are for security applications where motion detectors may be linked back to a dedicated controller. But these tend to be designed for a single purpose and cannot usually be accessed by anything else.  When used collectively the information is much more valuable and can build a picture of the environment and the use to which it is being put.

A common principle of navigation within a virtual world is moving an interaction device in the desired direction, rotating it to adjust the viewing direction. There are many different metaphors for interaction with and manipulation of virtual worlds. Up to now, no standardisation has been established.  A general property of interaction devices is that their position and orientation has to be trackable using the six degrees of freedom (6DOF) tracking techniques and they have to provide some means of button or value input to indicate and further specify the desired interaction tasks.  Ergonomic issues must not be neglected in the design of interaction devices. Opposed to desktop environments, the user is usually immersed into the VE and should be able to use the device intuitively without switching his focus from the virtual world to the physical device. Furthermore, unlike mice and trackballs, interaction devices for VEs usually have to be carried by the user all the time and may not be set aside. Therefore weight and size of keyboards and pointers, including the newer 3-6D pointers, as well as the connection (e.g. wireless) with the system are crucial factors determining the usability of a device.

Audio technologies involve sound pick-up, sound reproduction, bandwidth of signal transmissions, auralisation of sound and sound reproduction. These are well developed in terms of limited numbers of microphones and loudspeakers, location of the individual without intrusive devices and representation of sound in any other than simple space envelopes, but need research into the multi-dimensional aspects that will permit users to work in realistic and unobtrusive environments.  Speech technologies, i.e. speech recognition, speech synthesis, and speech-enabled information search, are at the state that allows computer transcription, human-computer dialogue in fairly well scripted situations, voice control and audio output to facilitate access, content creation, and simple transactions. Translation technologies are also fairly well developed for a range of language-pairs, but with limitations in contextual understanding.  Performance in robust natural language (not fixed vocabulary) recognition that is speaker-independent in noisy environ-ments, and in multiple languages, is still a goal yet to be achieved.

Obviously, vision is the most important of the human senses. That is why the field of visual output is the most advanced with respect to interface questions. Even before the advent of graphical user-interfaces (GUIs), displays were used as “glass terminals” replacing teletypes printing on paper.  With the invention of GUIs, visual representations became intrinsic to human-computer interaction. Graphics processing had to be separated from normal data processing since it requires increasingly more 2D and 3D computing capacity. In the same way display technology became an independent area of research, since image-quality, image resolution, and display size required their own special techniques for immersive, Virtual Retinal Display (VRD) and non-immersive devices.

Audio potentially plays a significant role – especially in VEs.  The user’s sense of presence may be increased dramatically by the use of sounds behaving naturally during navigation and interaction. Naturalness of audio can be achieved by both the presented audio spectrum (the number of different kinds of sounds used) and the sound locations. Employing spatial sound allows the participant to become aware of the location and direction of sound, audio signals changing to reflect the participant’s movements, creating a feeling of space.  Currently, two different approaches to modelling room acoustics in real-time are applied. Perceptual modelling is an approach where audio rendering is based on statistical models, not the geometry of the modelled room.  The other approach is to use physically-based modelling, where sound paths through the modelled space are traced.  When designing collaborative working environments, one major problem is to create a correct soundscape to all listeners.  The most common spatial loud-speaker systems are Ambisonics, Vector Base Amplitude Panning (VBAP), and Wave Field Synthesis.

Haptic cues are the form of information that can be acquired by the human sensory system through touching or handling an object. Some cues require active exploration while others are passively received. Touch is perhaps the most complex of all the sensing modalities in terms of the arrays of different nerve types that are identified with it and, in its most global form, it is a whole body experience, as opposed to the other senses which are localised in the eyes, ears, nose and mouth. As such, its representation poses unique problems.  Haptic perception is “the active gathering of information about objects outside of the body through the tactile and kinaesthetic senses”.  The currently available haptic devices focus on tactile and force feedback. Tactile feedback involves the sense of touch or pressure applied to the skin, while forces acting on muscles, tendons and joints are called force feedback.  Tactile feedback is generally added to a glove device to create the sensation of temperature, roughness, viscosity, flatness, etc.  Providing the sense of position, the sense of movement, and the sense of force can be incorporated into a range of devices including gloves, joysticks, mice, game controllers and arms (exoskeletons). An advantage of force feedback is that the participants’ movements and manipulations can be physically constrained. It is also possible to simulate the weight and density of objects. These additional cues are particularly useful in aiding interaction. 

3.2.4 User Interfaces Paradigms for Workspaces

Interfaces provide the user with means to communicate and interact with the system and to collaborate in a shared environment. The interface constitutes the architectural layer where the user perceives the applic-ation as well as his (virtual) colleagues. Here interface paradigms determine the metaphors applied to the interaction, the set of functions available to the user as well as the choice of input and output devices.

Interactions in VE can be more complex than in standard workstation interfaces and introduce usability issues that require careful design. The design of user interfaces can be aided by high-level theories. For example, cognitive processes can be associated with both deciding what to do (intention) and deciding how to do it (action plan).   Physical effort is then required to execute the action plan. The amount of cognitive effort required for both input and output can be attributed to the semantic distance (deciding what to do) and the articulator distance (how to do it). A direct-manipulation interface will reduce these distances, and hence reduce the expenditure of effort as compared to other forms of interface such as command and menu.  It is also argued that the closer the system’s language is to the way the user naturally formulates a goal, the less effort will be required to learn and use the system, e.g. the semantic distance is minimised.  Many researchers have used Norman’s model as a basic framework to model interaction between human and computer either in a 2D or 3D environment. Besides the basic model, issues such as affordance, good conceptual model, good mapping between action and results, and user feedback need to be considered when developing user-interfaces.  The application of such HCI theories for developing more natural multi-sensory interfaces is still a challenging research problem. Such interfaces should be intuitive since we are accustomed to multi-modal feedback when interacting with the objects within our physical world. However, the optimal multi-modal interfaces for supporting engineering tasks are still not understood. The problem becomes more complex when attempting to develop multi-modal interfaces for multi-user interaction since the system needs to synchronise multi-sensory inputs to achieve shared experience.

Within a context-aware interface the system should be able to respond to the what?, why not? and how?  questions asked by the user. Such a system requires knowledge of the current context and also to be able to determine how from the user’s current state they can progress to a state where they can perform the task they wish to even in the case of them asking a why not? style of question.  Formal specification of the dialogue component of the virtual environment would allow for the development of a contextually aware interface. The virtual environment could also be tuned to provide its response according to the type of user within the environment.

Ambient interfaces and ambient devices both use the whole environment of the user for interaction of user and system. The physical environment of the user serves to display information. Ambient interfaces enhance this setting and not only present information, but also capture information about the environment. The vision of ambient interfaces is that of a calm technology of calm devices that work in the background and stay in the periphery of the user’s attention until the user needs them. When either the user needs the device or the device needs the user’s attention for a decision, the device should be able to move to the centre of the user’s attention easily. Three current systems in ambient interface research are AROMA (Abstract Representation Of presence supporting Mutual Awareness), the Environmental Audio Reminder (EAR) and the AmbientROOM.

Providing VEs with suitable VR interfaces is crucial in order to allow interaction with the VE in the same way as traditional GUIs are used to interact with desktop worlds. Nevertheless, only a few attempts have been made to provide guidance on how VE interfaces should be designed. The following issues need to be addressed for interaction, 3D space perception and object manipulation in VEs – spatial references, relative vs absolute gesture, two-handed interaction, proprioception, multisensory feedback and physical constraints.  Evidently, the design of a VE interface and the type of input metaphors included are mainly determined by the type of input devices used. Input devices that mimic reality are likely to require less input metaphors built into the VE interface. By using a glove, for example, moving the hand in the real world is transferred to a “virtual hand” through which participants can manipulate and interact with virtual objects. Interacting with a virtual environment through a standard mouse, on the other hand, would require additional features built into the interface to allow these interactions to take place.  Rendering is an important factor in generating virtual views of objects, with Image Based Rendering (IBR) becoming an inexpensive and efficient means of achieving this.  A technique called 3D Magic Lenses uses transparent lens objects that may be moved in the user’s line-of-sight in front of other objects, e.g. implementing a kind of X-ray vision.  Navigation is probably the most prevalent user action in large scale 3D environ-ments; the range of travel techniques include physical movement, manual viewpoint manipulation, steering, target-based travel and route planning, each of them being task- and environment- dependent.  Several object manipulation techniques are in use, such as physical intersection, ray-casting, go-go interaction, image plane techniques, scaled-world grab, extender grab, world-in-miniature, voodoo dolls, spring-based manipulation tools and constraints and snapping, each being better suited for particular tasks.  Similar aspects as to the basic tasks (object selection, position, etc) apply to the user interface elements in VEs; a modification of the desktop menu system developed for these environments is the Command and Control Cube (CCC) that can be used as a 3D graphical menu, using textured cubes arranged in a larger 3x3x3 cube, thus offering a menu with 27 choices, with a ball being used to make the desired selection.

3.2.5 Human Factors

One of the most interesting aspects of the Future Workspaces Roadmap project has been the cross-fertilisation of ideas, visions and challenges between experts in business, technology and human factors.  In sections 3.2.3 and 3.2.4 above we have seen the technology developers' view of state of the art of human factors as applied specifically to the needs and design of interfaces.  Such interest and knowledge amongst technology developers is itself an indication of the state of the art, and shows how far the human factors discipline has moved in the last 10 years or so, to even interest the technology developers never mind for them to talk with considerable insight and commitment about user issues.

The state of the art of human factors more generally can be seen in terms of understanding people and their work (factors of humans) and the discipline(s) that study and apply human factors data and knowledge (the Human Factors profession).

All aspects of the work of engineers of the future are changing.  The very systems and products which engineers are designing and building are different, being on the one hand more complex, distributed and mixtures of hardware and software, and on the other hand being more simple manufactured units within the philosophy of design for manufacturability.  As well as the change of focus of the work of engineers, there is also a change in the way in which they work: the changing nature of engineering and the changing population demographics mean that the nature of engineers themselves, the people involved, are different; the tools they use, particularly ICT, are different; their jobs and workplaces are very different and so are the organisational structures within which they work.

All of the above implies a vital role for human factors understanding and also presents great challenges to human factors, and the state of art is that we need to know about:

· the jobs, roles and characteristics of engineers in order to best support them in the future (i.e. the factors of the humans in focus for this project) 

· engineers’ tasks and work contexts and their own capabilities and characteristics, in order to design tools and workplaces (i.e. human factors in design).  

 “Workspaces” are not confined to the sometimes narrow interpretation used amongst English speakers, but the term is used in its absolute widest sense, to cover all aspects of how engineers will work in the future, their tools and equipment, the information they need and employ, their tasks, jobs and roles, and the organisational structures within which they operate.

Human factors, as a focus for knowledge and practice, generally or within specific projects, includes contributions from the disciplines of ergonomics and occupational and cognitive psychology, holistically covering contributions in terms of the physical/physiological, cognitive, and social/organisational aspects of work and of work design.  For instance, and particularly relevant to collaborative engineering work-spaces of the future, we include:

Physical/physiological

· Impact of the work environment on performance, comfort and health when using ICT

· Injuries caused in the use of new input devices, tangibles etc

· Layout of collaborative workplaces of the future for flexible work and workspaces, hot-desking and teamwork, etc

· Workplaces for virtual teams, teleworkers, home workers etc

Cognitive

· Information design for recognition, comprehension, understanding

· Decision making and problem solving in engineering

· Mental models, of engineers, designers, users

· Cognitive performance measures such as situation awareness

· Effects on performance of mental workload, stress

· Constructs such as the presence participants need to feel within virtual environments

· Models of remote control

· Human reliability

Social/organisational

· Job design, motivation

· Team design, virtual teams

· Organisational structures

· Safety culture, organisational failure, violations

· Participation

· Issues of hot-desking, open plan etc.

While for convenience these three groups of factors have been separated out, the current view of human factors and ergonomics as a systemic discipline, embracing aspects of systems integration and engineering, is that any worthwhile understanding and investigation of human factors should embrace the physical, psychological and social work and interactions of people.  This is particularly the case in applying human factors through the systems of real interest today, distributed and complex socio-technical systems in which people and computers collaborate together whilst distributed in time and space.

4 RESEARCH and IMPLEMENTATION CHALLENGES

The research challenges identified in [3] and [5] are described below.

4.1 Networking Technology for Supporting Collaborative Workspaces

Optical fibre is a key technology for broadband access networks, in combination with a range of other technologies such as wireless. For mobility and certain types of terminal a wireless radio link is the obvious choice, but in order to optimise the use of scarce radio spectrum, through space division multi-plexing, the radio frequency should be kept short, and connected to the fibre infrastructure. The same arguments are also true for the other access technologies as cable and xDSL which also will increase their capacity dramatically by having the fibre infrastructure connected as closely as possible to the end users, the use of Passive Optical Networks (PONs) that combine access and outer core networks is one solution that has interesting promise but still early in development. The key challenges in establishing a broadband access network for every building are:

· Cost reduction of optical technology to extend the wide use of fibre by the end-users;

· Improve the performance and capability of the optical switches and routers in the network nodes;

· Improved systems for operations, management and control;

· Economic advantages of optical over electronic packet switches.

IPv6 and IPSec are the key immediate challenges in the area of network structures and protocols. The main challenge that home and personal area networks will face is associated with the "residential gateway" functionality. Such functionality will be responsible for connecting the home network to the Internet in a secure manner. Management and ease of use will be other key challenges along with the protection of such data, e.g. a PDA (Personal Digital Assistant) communicating with a cell phone, a PDA synching with the PC (Personal Computer) when it gets in range within a residential gateway that can identify the user and call up information from the user’s home gateway or representation of information residing within the network or service operator’s domain.

Given the anticipated evolution of wireless/mobile landscapes, research needs to carry out to place the user at the centre of a rich, personalised and seamless connectivity environment to support future work-spaces. Research needs to be conducted to enrich the following domains:

· User-centric Domain: Services and devices need to be easy to use and configure through feature-rich natural interfaces transparent to the underlying networking technology.  User interaction capabilities need to be enhanced with context-aware (location-based) applications across a variety of environments.

· Device-centric Domain:  The proliferation of IP-enabled wireless devices operating in a variety of environments (home, car, public transportation, office, shopping mall, conference centre, airports, etc).  This raises the challenge of supporting secure ad hoc connectivity and reconfig-uration in a multiplicity of environments. 
· Service-centric Domain:  Seamless and context-aware delivery of services requires robust middleware allowing the adoption of content delivery to the underlying network/device capability and to the user preferences as a function of the user context. Open architectures and open APIs (Application Programming Interfaces) are necessary to open the development of applications to competition. Develop new fields of applications of wireless technologies.
· Network-centric Domain:  Foster the evolution of a range of wireless technologies, including Personal Area Networks (PAN), WLAN, FWA, Hyperware Automation Programs (HAP), digital broadcasting, satellite towards the realisation of their full service capabilities and foster their closer integration and co-operation over a common IP platform whilst at the same time identifying the technological/economic drivers and limitations as well as the timeliness of such integration.
The applications research challenges can be summarised as:

· Audio-visual distribution and network services: Network independent and scalable services to access audio-visual materials over heterogeneous infrastructure with variable bandwidth and quality of service availability. 

· Management and delivery of rich media objects: 3D and mixed reality objects induce new and stringent requirements to modern heterogeneous communication infrastructures.

· Dynamic multi-modal application interfaces for mobile devices: Present multi-modal application interfaces on mobile devices by dynamically choosing the most suitable user interaction modality and by automatically adapting the content depending on terminal capabilities and user profile and by taking into consideration the inherent restrictions of mobility together with the requirements of mobile applications for distributed future workspaces.

· Distributed Speech Recognition (DSR): Distributing the processing power required for automatic speech recognition between a feature extraction phase in the mobile terminal and a pattern recognition phase in a central speech server.

· Service Frameworks and Programmable Networks: Networks have to offer sufficiently generic network resource abstraction interfaces in order to enable the development and deployment of services that are independent of the underlying network technology. Service Frameworks have to support the whole service lifecycle including definition, implementation and deployment of mobile, secure and scalable services, using service modules and generic building blocks.

· Multimedia session signalling: Definition of communication protocols that allow the analysis of the user’s terminal capabilities, status, location and the user’s profiles and preferences, to control the Quality of Service (QoS) per session, to indicate what amount of money is charged for a particular session and to control the rights of a user in the session set-up phase but also during an active session.

4.2 Distributed Workspaces

The timeframes of new software technologies such as programming languages, middleware components, etc are becoming shorter than the development times of large software packages. Therefore the availability of stable, sustainable software components as building blocks for the workspace of the future is very important, so that the issues are ones of configuring interfaceable software components to do what the user wants rather than undertaking large amounts of software developments. Standardisation is likely be a key approach. 

Research is required into software engineering issues, in particular specification and design of multi-user environments, modelling collaboration and interaction, modelling virtual experts and advisers.

Current achievements in Role Based Access Control (RBAC) include building a policy-driven role-based authorisation infrastructure that supports the distributed management of privileges. Such a system is ideal for use in virtual organisations and Grid networks as it allows each organisation to allocate roles to its own employees, and for the other members of the Grid or Virtual Organisation to trust these roles as appropriate. Current limitations include: allowing users to selectively release to the system the roles that they wish to use (as opposed to the system having access to all of them), keeping roles confidential, making the system easy to use for both users and administrators, building a secure continuous auditing component into the infrastructure and various standardisation issues e.g. standardised roles, standard ways of using attribute certificates with LDAP (Lightweight Directory Access Protocol), standard policies etc.

Technologies are required that enable collaborative engineering to be integrated with security technologies to allow for secure collaborative workspaces.  These workspaces will span different organisations and enable the creation of value-added chains that support both complete engineering design and eBusiness processes.  These must cover dynamically configurable network infrastructures, so that distributed engineers involved in a collaborative action can get a satisfactory bandwidth at affordable cost, with dynamic content presentation depending on user profile and terminal capabilities.  These will need coordination of real-time, user-interaction and data sessions in multimedia communications, using distributed system architectures – scalability, performance, security – with mixed avatar/video represent-ations of users, dynamic session management and persistent virtual environments.

4.3 Interface Technologies for Future Workspaces

The challenge is to build systems that understand relevant human communication including mental and emotional state as expressed through the observed person’s body language and explicit spoken language through sensors as well as generating output that is naturally understood. This requires integration of interfacing technology at multiple levels such as speech and sound recognition and generation, computer vision, graphical animation and visualisation, language understanding, touch-based sensing and feedback (haptics), learning, user modelling, and dialogue management.

4.3.1 Tracking Technologies 

Tracking technologies of the future will allow users to move around a workspace and have the system, preferably passively and unobtrusively, monitor position, eye gaze and the position, posture and gestures of body parts such as hands and fingers. This space will preferably be the whole environment, or failing that, a specially instrumented, special-purpose room as part of the workspace.

Even for simple physical position and gaze monitoring, there are significant tempo-spatial resolution problems today that make it impossible to have wide-volume, accurate, low-latency tracking.  Tracking devices, except for vision-based technology, are still not ergonomically optimised.

Pointers for VR/AR body, head/eye and hand/tool tracking (as appropriate) need to be:

· cable free;

· very lightweight;

· very small;

· low latency;

· high positional and rotational accuracy;

· jitter and glitch free;

· simple, flexible set-up;

· self calibrating.

4.3.2 Sensor Technology

The future of workspaces involves buildings and rooms in which sensors and emitters, connectivity and computation are implanted in the structure.  Devices and sensors will be ubiquitous, transparent and passive, self contained and self-organising.

Pointers for sensor technologies need:

· Intelligent power usage;

· Energy aware protocols;

· Ambient power scavenging;

· Distributed data storage;

· Failure resilient networks;

· Machine-machine “conversation”;

· Cooperative sensors to detect events;

· Massively distributed sensor networks;

· Self-organising/configuring and self-repairing networks;

· Re-usable building blocks as opposed to specialisation.

4.3.3 Interaction Devices

The main challenges for these devices will be:

· Text entry via a normal keyboard will be replaced by speech input or handwriting and drawing recognition.

· Devices will become wireless either through Bluetooth or other forms of wireless communication. This will lead to easier movement within CAVEs as the user will not be carrying wires for the devices and each of the trackers. 

· Devices will become more mobile and intelligent rather than providing simple input, hand-held devices will be mini computers such as personal PDAs that would communicate over wireless networks linking with the IPv6 protocol, allowing many more items to connect to the network and internet due to the increased availability of IP addresses. As users carry their devices and move through the world they will be continuously connected to the network and so their location can be monitored and the environment around them can change to their settings as defined either in their device or from information from the network.

· The advances within the fields of 6DOF trackers, haptics, and speech will allow for greater tracking of the user than currently possible with only the ability to track the hand or head locations, adding individual finger tracking and use as input. They will also provide tactile and temperature feedback to the user.

· Voice and speech input – speech input for text entry will become more common with more research on its use as a command activation tool alongside other graphical pointers.

· Pen-based input will become more widespread with the introduction of tablet PCs.

· Two-handed interaction – most interaction with the interface tends to only include interaction with one pointing device selecting, moving and manipulating items. By utilising two pointing devices alternative forms of interaction will be available.

· Bioelectric control – Modern computers are fast enough to handle the computational complexity of analysing these signals. The hardware required to measure the bioelectric signals can be made very small and the electrode connections are lightweight, safe, and barely noticeable to the user. The motions required to operate such an interface are normal body motions. No stylus or board needs to be held. This could make bioelectric input particularly well suited to mobile or immersive computing.
Interesting user interface possibilities have also grown from experimentation in biofeedback and stimulus response on the human brain. Doctors at Emory University Medical Center have successfully implanted in a patient's head electrodes that capture impulses and translate them into software commands. Work continues on less intrusive brain-to-computer interfaces, such as helmets that harness brain impulses, which are being developed at the University of Rochester. Brainwaves are difficult to isolate and even harder for subjects to control, yet brain-to-computer interfaces hold astounding potential in accessibility applications. Still, the prospect of everyone at work donning a brainwave cap might prove unrealistic.

4.3.4 Speech Technology

There are several research challenges connected to the vision of free voice communication between workgroups, individuals and computers in an office environment. There are challenges in the practical implementation of techniques already existing in laboratories such as microphone array technology, voice recognition, loudspeaker holographic systems etc. A number of research challenges deal with the optimis-ation and real time implementation of spatial rendering, auralisation, in conjunction with visual cues for sound sources and listeners moving or moveable. Some research challenges go into areas virtually unexplored such as auditory scene analysis, speech contents analysis, speech threading etc.

The most important research challenges needing to find solutions will be:

· analysis of mood from voice and shaping of mode changing sound;

· development of auditory scene analysis coupled to visual input;

· development of real-time adaptive auralisation techniques for moving sound sources and listeners;

· methods for analysis and compression of multi-channel audio data for signal bandwidth conservation;

· methods for analysis of visual and speech input for improvement of speech quality in noisy environments;

· practical implementation of array technologies on the sending and receiving sides;

· speech analysis, interpretation and threading;

· techniques for adaptive tracking of silent humans for correct 3D auralisation of reproduced sound;

· techniques for parallel presentation of aurally adequate, auralised sound fields to multiple users with minimal spill-over;

· using interaction between sound and vision for reduction of signal processing effort and band-width conservation.

In addition, challenges exist in speech recognition, speech synthesis, and speech-enabled information search to facilitate access, content creation and transactions. To implement this, it is necessary to create a robust natural language (not fixed vocabulary) recognition that is speaker-independent in noisy environ-ments, and in multiple languages.  In the future, speech technologies should also help to enrich communication between people, e.g. automatic summarisation and indexing of meetings, lectures, and daily conversations.

4.3.5 Visual Displays

‘Efforts to develop display technologies that would make it possible to view data in a natural manner are ongoing. In addition to the obvious advantages of more natural displays, these efforts have applications in virtual prototyping and visualisation.’ The ever reducing cost and research into curved, flexible and flat screen technology will, in the future, provide the working environment with many integrated screen choices to suit the all aspects of the environment. However, low-cost visual displays that are immersive, multi-person, stereo, head coupled, and small do not exist (from Siggraph2002 Course Notes‚ ‘Design of Interactive Multimodal Media Systems’, K. Booth, S. Fels, B. Fisher, K. MacLean, R. Rensink).

· Increase display resolution

· Global or local.

· There is a conflict between the demand for increased resolution and size reduction (for portability), especially for affordable devices. Any direct-view approach leads to displays in the 50cm to 80cm range. Fulfilling both requirements needs a drastically different approach (near-to-eye displays, very small sized (‘pico’) projectors, …

· Multi-channel approach: depends on blending and screen technology + colour matching.

· Establish colour management

· Critical for design applications (especially automotive!).

· Difficult due to differences in technology & addressing schemes.

· Improve interaction & collaboration

· Current systems counter-intuitive and often cumbersome (wires, single viewpoint, …).

· Improve ergonomics

· High-quality 3D without heavy glasses.

4.3.6 Auditory Output

One major technological limitation is the lack of an optimal sound reproduction method. All known methods (both binaural and multi-channel) have some limitations and signal processing needed for auralisation is heavily dependent on the applied sound reproduction method. Another future challenge is efficient real-time sound synthesis of ‘everyday sounds’. Such sound signals are needed in virtual reality applications and the control of synthesis models should be interactive.

Making 3D acoustics work without headphones will be a crucial milestone in 3D acoustic technology.  When this can be done for multiple users, then it can realistically be implemented in office environments.  At present, 3D acoustics is possible for one person in one position.  Acoustic shielding and directional sound in the future will allow voice recognition software and audio feedback to be used by multiple users in a shared space without disruption to the surrounding people.

4.3.7 Haptic Output

Although the cost to manufacture haptic devices is relatively low, the size of the actuators and their capab-ilities are still a major obstacle. The need for smaller and lighter devices is strong, yet others need to be capable of exerting greater force, with more degrees of freedom and with larger displacements. Devices are also needed that are able to incorporate touch, vibration and texture cues, requiring nerve sensors rather than joints (and including temperature effects). Developments will accelerate as greater competition is experienced in the marketplace. 

Once the use of haptic displays for user interfaces rather than for "displaying" objects in a 3D environment is feasible, human to computer interaction will become a much more natural process in the workplace.

· Medical/Psychophysics

· Improved understanding of underlying sensory system.

· Improved understanding of interaction effects.

· Identification of utility/areas of benefit.

· Engineering/Science

· Increased reliability, robustness.

· Improved performance - specification required.

· Improved user friendliness/safety.

· More compact.

· Ability to act across the body.

· A natural/intuitive user interface.

· Good test applications

· Ideally there would be no mechanical interface

· Link to neurological senses

4.4 User Interfaces Paradigms for Workspaces

This and the next section address the interaction between the human and the system and its devices (this section) and with other humans and the overall organisation (section 4.5 on Human Factors).

4.4.1 Human Machine Interaction

Human Machine Interaction (HMI) is one of the key factors towards ensuring social acceptability of machine-based products and services, as users experience new technologies through contact with their user interfaces. In this respect, HMI plays a critical role in the development of Information Society Technologies and is continually called upon to face new challenges.

There have been recent improvements from the technical point of view regarding context-based services and other functionalities for 3G (third generation) mobile technologies in general. However, from the user point of view, there is a lack of usability in the services proposed as well as meaningful applications that respond to realistic usage scenarios.

· Dynamic content presentation depending on user profile and terminal capabilities.

· A reliable human behaviour modelling and monitoring within work tasks.

· More intelligent devices that can be self-adjustable to human needs.

· Formal models for integration of information coming from different sources are hardly available.

4.4.2 Anthropocentrism

At present there is a lack of user perception data in the use of avatars.  No extensive studies have been carried out as to how people interact with avatars or perceive life-like behaviour.  Once research has been done in this area, there will be a move to more realism with technology advancements accelerating the avatar intelligence making it possible to effectively fully interact with them.

New communication and cooperation tools will increase the cognitive overload of the engineers with communication channels and information overload. It is essential that we investigate concepts for situation and task aware workspaces that assist the users in managing their individual and cooperative tasks. This assistance includes filtering, prioritisation, delegation, but also the rejection of communication or inform-ation requests. How this can be achieved is still an open research question, in particular how such systems can work without a negative influence on social protocols.

· More uniform agent-oriented approaches are necessary, where also the individual agent models fit into a uniform framework, including the modelling of intelligence.

· Anthropocentric HMI design for new HMI devices and relative standardisation issues.

· Monitoring of HMI impact to users’ behaviour and mental health. Message prioritisation to the drivers. Message formatting and standardisation.

· Design of an open and modular architecture and a scheme for HMI applications within future workplaces.

· The ability of applications to adapt to a user’s context and personal requirements.

· Definition of feasible and useable application scenarios for multi-modal interfaces

· Introduction of advanced interface concepts of different modalities.

· Coupling of virtual and physical systems.

· Multi-modal & multi-user environments

· are the future;

· need built-in intelligence;

· require research on integration of parallel/sequential input modalities.

· Models, semantic representation formalism, reasoning algorithms.

· Embodied agents can play useful roles

· representing a human partner;

· acting autonomously.

4.4.3 Mixed Realities

The future will reveal Mixed Reality techniques (VR, AR) in the workplace as commonplace. The challenges here are to create an environment where users can see, hear, smell, taste, move and manipulate augmented objects in a real or virtual world.  For this to be truly usable, display technology in this area needs to provide images without a head unit or screen - this is the main challenge in this area. Personalised, augmented data could be triggered by tag or tracking technology to provide the user with a range of information selected for each individual.

New VR display technologies and interaction devices are continuously being produced and modified, having an impact on the way in which participants view, navigate and interact with VEs. In addition, as VE technology is being used to an increasing extent within industry, it is starting to be possible to assess the impact of introducing such technology into the workplace.  This impact can be assessed from the point of view of cost as well as changes to the working environment, on an individual and organisational level. VR/VE is an emerging evaluation tool for different kind of applications. Major future trends, among others, are:

· Introduction of VR tools for ergonomic evaluation and user’s behaviour modelling;

· Establishment of VR technology as one of the key technologies for future workspaces.

4.4.4 Convergence of Graphics and Vision

Traditionally, graphics move from physically-based geometric models to appearance-based images with the vision creation process moving the opposite way.

‘Both graphics and vision deal with the image streams that result when a real or virtual camera is exposed to the physical or modelled world. Both can benefit from exploiting image stream coherence and both value accurate knowledge of the surface reflectance properties. Both benefit from the decomposition of the image stream into layers.

An ongoing challenge in computer graphics is to achieve coherence throughout the design; in graphics, layers provide more coherence than a flat image.  For vision, portioning a scene into layers permits the independent analysis of each layer.

By combining vision and graphics, capturing and creating images of scenes may soon be within reach. And once we have these powerful tools for creation and manipulation in hand, perhaps we will be one step closer to the best possible tool for the imagination.’ (The Convergence of Graphics and Vision. Jed Lengyel, Microsoft Research).
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Figure 11: Convergence of Graphics and Vision Technologies

4.5 Human Factors

The challenges for interface technology (section 4.3) and especially user interface paradigms (section 4.4) have been identified from the ICT expert workshops.  Within this, a considerable number of challenges have been identified related to specific contributions and needs from human factors, especially in sections 4.4.1, 4.4.2 and 4.4.3.  In this current section we take a wider view of human factors and identify challenges that move beyond the view of an individual at an interface, to embrace work carried out by changing teams of people, using changing interfaces and equipment, in changing work settings and changing organisational structures.
If we are to develop jobs, workspaces and tools for collaborative engineering in the future, which provide opportunities for creativity, productivity, satisfaction, quality, flexibility and high quality design and production, then we must understand more about the people who will work in these jobs and also the people for whom they are designing.  This requires a thorough understanding of ergonomics/human factors.  Such understanding must be context sensitive and take a holistic approach to understanding complex interacting systems and improving peoples’ wellbeing and performance.  For instance, it is in-conceivable that we can produce high quality virtual environment tools for use by automotive engineers without thorough understanding of who these engineers will be, what their needs are, the projects and designs on which they will be working, how they will be working in terms of their interactions with other supply chain members, their abilities and preferences to manipulate entities and extract information from communication technologies, and the effects on them of carrying out such activity.  Therefore it is necessary to consider these human factors as early as possible in the development process as they will have implications for the design and implementation of the tools.

Whilst collaborative engineering workspaces of the future will present new challenges to and of human factors, some of the challenges will be similar to those at present, and will rely on an adaptation of current knowledge.  For instance mental workload is still mental workload, whether this is in virtual or distributed engineering teams working with VR, or co-located engineers working with drawing boards and CAD.

Human factors have greatest impact when we work closely with the profession of design (industrial, graphic, engineering and other design branches), and needs even greater understanding of design knowledge and diffuse innovation across collaborative teams and of the culture of design.  This better understanding will produce better, intelligent, design guidance and support.  Human factors measurement and evaluation is both quantitative and qualitative and new thinking on metrics and measures is taking place, for example on suitable methods and measures to assess the readiness of people to work collaboratively and virtually, to assess attitudes and behaviours in different collaborative engineering workspaces, to compare different methods of working and (beyond comparison) to set levels of perform-ance that we would expect from people working in such collaborative systems and from the system to support the people. 

4.5.1 Major challenges

The human factors experts have identified four broad and major human factors challenges: 

· To provide basic models, theories, systems and knowledge to better understand and design for human factors in complex distributed socio-technical systems.

· To best use programmes of knowledge and personnel exchange, education (higher and school) and popular as well as scientific media to generate better understanding of what human factors is and what it can deliver.

· To understand social systems as well as individual interaction with systems, recognising the importance of culture and social context and the social artefacts that are dealt with within work.

· To integrate across human factors understanding and the tools and systems for collaborative engineering, into hybrid solutions for the future.

Beyond these, there are specific human factors challenges relating to different aspects of the workspace, and to people, tools and systems, jobs and the workplace and organisations.

4.5.2 People

INDIVIDUAL DIFFERENCES AND USER MODELS

· To identify the impact of transient and inherent individual differences on technology attitude and use.

· To produce more meaningful and usable cognitive user models, reflecting social as well as cognitive influences at work.

· To establish a profile of attitudes by age, gender, experience, etc, associated with new technology forms.

· To  investigate the influence of generations and demographic changes on information media preferences (e.g. paper vs. screen).

· To identify the prevalence, type and causal mechanisms of health effects that may result from use of new technology in future workspaces.

SOCIAL NETWORKS

· To establish the nature of social issues resulting from technology use in real working contexts.

· To develop methods of understanding and adapting technology for inclusivity, to ensure that as wide a population as possible is accommodated.

· To support design of technology to be used by distributed collaborative networks.

COLLABORATION

· To develop better methods to model and to study complex work in social settings and the use of social artefacts.

· To better understand the role of artefacts in cooperative activities

· To better understand the various collaborative activities of coordination, negotiation, construction of common understanding etc

· To better understand and measure team and shared mental models

· To better understand the collective decision process in distributed settings

· To better understand the relationship between collaborative processes and organisational memory

· To provide greater understanding about ‘knowledge’ and information sharing in public and private spaces.

Tools and Systems

MOBILITY & INTELLIGENCE

· To identify user requirements regarding portability and mobility of technology.

· To find ways to inform users of adaptability and appropriate methods of adjustment.

· To provide intelligence to better anticipate all potential contexts of use.

· To produce guidance for design of technology to minimise health effects, and provide adjustability (in all senses) to allow users to adapt systems to their own requirements.

· To develop flexible, adjustable and adaptable interfaces and systems.

· To produce appropriate cognitive and physical ergonomics knowledge to support development of wearable and mobile devices.

INTERACTION METAPHORS

· To develop new interaction concepts for data and knowledge storage, manipulation and access.

· To address the need for guidance on which interaction devices and interaction metaphors are appropriate to different types of tasks.

· To provide a new understanding of interaction, especially in the context of virtual, distributed, ambient and tangible systems.

· To identify technical consequences of blurring boundaries between technology and user.

USER-CENTRED DESIGN METHODOLOGIES

· To better understand resistance to change and participatory methods to reduce this.

· To develop methods and processes that allow consideration of utility and functionality as well as usability.

· To enable human factors input throughout the design process in a rational and useful way.

· To develop methods to better elicit user and organisational requirements in a form usable in the development process.

· To develop enabling methodologies for incorporation of human factors knowledge about individual characteristics to be incorporated into the development process.

· To design interfaces to ensure that operator mental models are supported, and that appropriate skill levels are maintained.

· To develop generic implementation plans for technology to ensure that individuals are provided with sufficient skills, knowledge and confidence for successful implementation of new technology systems.

· To anticipate future changes in technical capability and user needs.

4.5.3 Jobs and the Workplace

TRAINING

· To consider the changing nature of workforce, and impact this will have on training needs and skills.

· To identify impact of technology introduction on training needs and personnel selection

· procedures.

· To develop training to allow users to have appropriate skills and abilities to cope with dynamic, technical and organisational systems.

· To better understand the nature of skill and knowledge, and especially tacit skill and knowledge, in the work of engineers.

TASKS AND JOBS

· To understand which types of technologies will best match which types of tasks or functions.

· To examine which types of jobs will be most affected or eliminated by future technologies, and set policies to deal with this.

· To examine impact of technology on work/home and professional/social life boundaries.

SPATIO-TEMPORAL FRAMEWORK

· To provide analytical techniques to better understand co-located and virtual teams.

· To develop ICT that supports co-located and virtual teams with information-rich environments.

4.5.4 Organisation

ORGANISATIONAL STRATEGY

· To explore the contribution of new technologies to organisational strategy.

· To examine the impact of total (i.e. big bang) change vs. slow incremental implementation of change.

· To better understand trust, of individuals and organisations, in the context of knowledge management and more widely.

JOINT COGNITIVE SYSTEMS

· To produce models and methods to understand joint cognitive distributed systems.
4.6 Business Semantics to Support People Interaction

By any measure, collaboration is an increasingly valuable capability for networked businesses. Existing functions like shared spaces and chat do not sufficiently meet the needs of the enterprise. Instead, enterprises should think about collaboration as a fundamental and necessary property of all business applications. The next generation platform should tie people together within the context of their business processes and applications. Collaboration is certainly a key ingredient of a business-user-centred approach to future workspaces.

Therefore research challenges exist in the science of business collaboration.

4.6.1 Business Semantics

What is missing is the glue that fuses these multiple systems seamlessly together and delivers the function-ality transparently to end-users in real time, interactively and with a contextual interface.

We need to define a way, develop models, methods and tools for being able to easily describe and use the business semantic layer within a multicultural and multilingual environment, which should include all business elements such as people, data, processes, events and rules, covering all the levels from the business down to the individual, bringing benefits for all participants, wherever possible empowering each of them to deliver these benefits.  This may involve change agents who can bring it all to fruition.

The concept-level relationships should drive behaviour of application components, correlating function-ality, coordinating long duration activities and structuring collaboration among distributed parties. Furthermore, Business Analysts should be able to use the Business Semantic Layer to build up applic-ations without having to know details about underlying code and information sources.

Altogether, it should contribute to moving towards "business-user-centred", smarter and more transparent ICT applications, to support complex business network environments.

4.6.2 Plug & Play Collaborative Business Infrastructure

Enterprise Portals provide side-by-side access to information (concurrent viewing) but do not enable business participants to make connections between them. Portals are more or less like newspapers deliver-ing static information, but people must find the connections themselves by using other applications.

Enterprise Application Integration (EAI) approaches the problem from the back-end by helping applic-ations to speak the same language in translating data from one system to another. The human element is missing. A Forrester Research survey of 3500 companies has shown that the average EAI project involves 7 different systems, average duration is about 20 months and costs $6.8M per year. This is the code-level deep plumbing to integrate applications together.

Web Services offer developers a step beyond EAI by wrapping business logic into a common interface and registry. However, a business worker, the user, still has to interact with multiple applications and synthesise the information found to draw conclusions. For sure, EAI and Web Services contribute to make things more interoperable, but they lack a blueprint to describe how services relate to each other and an interactive interface to expose services to end-users. In other words, Web Services offer syntax, but no semantics.

4.6.3 Business Semantics-based Web Services

These should combine together Business Semantics for business processes interoperability and Web Services for application interoperability. This will result in a "Plug-and Play" solution for interoperable Internet Business Communities. The COCONET roadmap should provide the relevant research agenda.

4.6.4 Knowledge Management

The basic elements of knowledge management technologies – knowledge capture, storing, indexing, searching, retrieving, sharing and exploiting – are all required to support cooperation within this business semantics context.  Businesses need automatic minute writers, agents that will operate down and up the supply and value chains to identify the relevant factors required in the relationships between the partners and that will generate holistic attributes for each virtual enterprise as a whole.  The COCONET and ROCKET roadmaps should provide relevant research agenda here. 

5 THE ROADMAP

This section presents a roadmap for achieving the vision of future collaborative workspaces that we described in chapter 2.  This is described by defining three landing places over 2, 5 and 10 year periods. 

Landing Place for Collaborative Workspaces in 2005

There are sufficient research results available right now that can improve the engineering workspaces of the present day, especially in their facilitation of collaboration between the various partners in an enterprise. Therefore what is required in short term is to bring these research results together to create industrial solutions in workable forms. Hence, we have placed the emphasis for the next two years on Integration of the relevant research results for industrial implementation.  Thus, this target is mainly a consolidation of current technologies to develop the foundation for future collaborative workspaces to reach a high usability level.  It is reasonable to set the following short term research targets to be achieved by 2005, based on the current maturity level of the technology and the readiness of the industry to deploy collaborative workspaces.  

· Aim to deploy collaborative workspace technologies as a standard tool for supporting collaboration between geographically separated teams who belongs to the same organisation. 

· Establish a Software Framework which brings together deployable technological components and distribution services which support the easy creation of distributed collaborative workspaces.  

· Deploy the advances in the communication technologies to provide transparent usage of networking services with adequate quality of services for real-time interaction and basic level of security for supporting inter-organisational collaboration. 

· Establish an user Interface framework which integrates various technologies such as audio, video, visual, haptic, advanced tracking, sensors, avatars, interaction metaphors which allows the workers to create easy to use personalised interfaces. 

·  Implement a “Workspace Authoring Toolset” to allow the easy construction of various workspaces by invoking various interface technologies, engineering simulation modules, engineering data flows and appropriate resources. 

· Provide basic models, theories, systems and knowledge to better understand and design for human factors in complex distributed socio-technical systems. 

· Develop new and expanded business models and human centred collaboration models, matching the progressive development of collaborative workspaces in detail. This is essential to the understanding, and thus ultimately to the delivery, of business benefits. 
Landing Place for Collaborative Workspaces in 2008
The target for 2008  is to build on the software integration efforts to improve ubiquity, usability, mobility, context-aware and security features of the collaborative workspaces and to establish its deployment  among all the stakeholders of an engineering project. This 2008 collaborative workspace will support collaboration between multi-site workers, including mobile workers,  at any time wherever they may be. This will require interfaces with inbuilt context awareness and transparent access to resources that are adaptable to the individual user and his/her terminal’s capabilities, with greatly reduced intrusiveness of the devices upon the users, thus embodying unrestricted mobility in these collaborative workspaces, with ubiquity as an essential underlying characteristic.  This target is based on the vision of an evolution of the engineering organisation taking advantage of expected ICT progress. The co-location of product integrated teams is still considered necessary for programme development, but the number of people involved in these teams is decreased significantly due to the remote involvement of the key project partners and  supply-chain partners.   Only a small team from each sub-contractor will be fully involved in the product integrated team while a large number of sub-contractor people will remain on their home sites and/or will be able to contribute to the decision-making process from a mobile or remote location. To support this distributed team activity, it will be necessary to set the following research targets for 2008. 

· Aim to deploy collaborative workspace technologies as a standard tool for supporting collaboration between geographically separated teams who work for different organisations.  

· Achieve a integrated network platform infrastructure which brings together various networking technologies such as wireless technologies, including Personal Area Networks (PAN), WLAN, FWA, Hyperware Automation Programs (HAP), digital broadcasting, satellite towards the realisation of their full service capabilities to provide seamless interaction and roaming facilities. 

· The proliferation of IP-enabled wireless devices operating in a variety of environments (home, car, public transportation, office, shopping mall, conference centre, airports, etc).  This raises the challenge of supporting secure ad hoc connectivity and reconfiguration in a multiplicity of environments. 
· Establish network independent and scalable services to access audio-visual materials, 3D and mixed reality objects, distributed speech recognition over heterogeneous infrastructure with variable bandwidth and quality of service availability with a high trust level.

· Support context awareness within collaborative workspaces.  Ambient environment will be based on large number of various sensors that track users location, activities and behaviour. The interpretation of these data will allow the recognition of the users context, allowing contextualised presentation of engineering knowledge to support individual and team work.  Fundamental work will be required to better understand the nature of the context awareness. The contextualised interpretation of the project team members will also be used to create visual  illusion  of  “virtual project communities” encouraging social interaction and team work.

· Enhance the usability of the multimodal interface technologies and implement a range of  ambient workspaces by integrating interface technologies (displays, sensors, wireless communication, speech recognition etc) with background objects such as walls, tables, chairs etc. 

· Understand true collaborative network models, methods to assess performance, attitudes and effects on individuals of all new methods of working and  human factors guidelines for developing  collaborative workspaces. 

· Human factors guidelines for developing collaborative workspaces and ambient interfaces.

· Validated models, theories, methods to reflect complex socio-technical systems needs, and use of cognitive /physical artifacts  in a social setting. 

· Better understanding of issues such as knowledge management, motivation to share knowledge, measurement and management of trust, effects of pace of change on performance, health and attitudes.

Landing Place for Collaborative Workspaces in 2013
The target for 2013 is to achieve higher degree of Intelligence  in collaborative workspaces which are self learning and  self organising  to  offer appropriate computing power, bandwidth and context-aware information to allow the workers to work more productively. These workspaces will be served by intelligent agents in the background for the workers to be more productive. These software agent will act on behalf of the user for actions such as finding and filtering information, ensuring procedures are followed, detecting changes or anomalies, automating workspace tasks, establishing ad-hoc workflows, retaining process and decision-making knowledge.  They will provide a fundamental building block for a new generation of workspace innovations especially well-suited for ambient intelligence environments.  The underlying technologies such as interfaces, network bandwidth, computing power and security will be dynamically configured to provide the appropriate setting for the collaborative workspaces to cater for user preferences and quality of services for various collaborative sessions. This challenging target is based on the vision of a completely new engineering organisation centred on intelligent workspaces.  In this organisation, the product integrated team becomes fully distributed: the network of “business domain” teams becomes accessible and can provide knowledge at any time for any life-cycle activity.  A supervision team controls true engineering activities performed by a network of engineering competence centres (the engineering activities themselves become truly ubiquitous!). This organisation is expected to reach a high level of agility (high reactivity to business opportunities), adaptation (ability to adjust to key business parameters) and self-awareness (dealing with risks in a dynamic manner), bringing the best answer to foreseen business constraints. The following research targets are set to achieve such Intelligence by 2013 : 

· Aim to achieve complete deployment of collaborative workspaces, supported by trusted intelligent agents, among all the partners in value chain, wherever located in all stages of product life cycle.

· Self-organising capabilities (ability to find and incorporate resources dynamically in the network, ability to restructure the organisation to face workload peaks).

· Self-configuration capabilities (the workspace adapts itself to the context and the team members depending on their role) with quality of service determined by willingness to pay.

· Transparent management of contractual issues (incl. IPR) and security issues..

· Intelligent user interfaces based on bio-centric control and systems that understand relevant human communication including mental and emotional state as expressed through the observed person’s body language and explicit spoken language through sensors as well as generating output that is naturally understood. 

· Adaptive training systems, supported by intelligent agents, embedded into the intelligent workspaces.

· Establishing true distributed joint cognitive systems engineering thinking and decision making carried out by networks of people and computer working as a synergistic whole dynamic allocation function, whilst distributed in time and space. 

Thus, the roadmap for collaborative engineering workspaces now has two intermediate goals, or landing places, and a final goal at which we are aiming over the next two, five and ten years.  The following figure depicts how these will fit together.  The set targets for the three landing places need to be achieved through 5 phases of  Discover, Understand , Specify, Develop and Deploy depending on the maturity of the technology.   At the same time, the organisational changes would require making conscious efforts to inform the organisations about the collaborative workspaces, training trainers and then using them to train the work force to deploy the collaborative workspace technologies during their daily tasks.

The table below captures the above research tasks in a tabular format to illustrate detailed research required over time for reaching the above landing places.  In this table we define our business deployment target and advanced required under  system architecture, networking infrastructure,  user interfaces and human factors. 


Short Term Goals ( 2005
Medium Term Goals( 2008
Long Term Goals ( 2013

Overall Target
Integration of current technologies to develop the foundation for collaborative workspaces to reach a high level of usability from software point of view. 
Improve ubiquity and mobility of collaborative workspaces to establish a wider acceptance and deployment of collaborative technologies. 
Achieve a high degree of Intelligence in collaborative workspaces which are self learning and self organising. 

Business Deployment Target
Internal deployment of collaborative workspaces within organisations to support multi-functional and multi-site collaboration, with controlled access to/from closest partners. 
Deployment of secure collaborative workspaces between all the project stakeholders to support collaboration between multi-functional and multi-site workers,  including mobile workers.


Complete deployment of  collaborative workspaces, supported by trusted intelligent agents,  among all partners in value chain, wherever located, in  all stages of product life cycle.

Software Framework and Networking Technology
Development of a modular distributed software framework which can be dynamically reconfigured with appropriate simulation modules and interfaces to support multi-functional and multi-site team work.  The level of security and network quality should be adequate to support internal collaboration using own private networks established within each organisation.  In addition, it should support transparent access to engineering simulation, PDM and workflow systems, computing power and team members. At this stage there should be well accepted consensus on internal policies on networking usage, firewalls and IPR protection to suport such collaborative practices with in each organisation. 


· Establish Higher bandwidth (up to 622 Mb/s) networking infrastructure with enhanced reliability and QoS for collaboration between organisations.

· Achieve an integrated network platform infrastructure which brings together various networking technologies to provide seamless interaction and roaming facilities. 

· Establish IP-enabled wireless environments (home, car, public transportation, office, shopping mall, conference centre, airports, etc). 

· Establish network independent and scalable services to access audio-visual materials, 3D and mixed reality objects, distributed speech recognition over heterogeneous infrastructure with variable bandwidth and quality of service availability with a high trust level.

· Develop techniques to allow the migration of processes between various ambient environments as the user moves.

· Ability to dynamically enter and leave a meeting with specialised software tools and interfaces.

· Support context awareness within collaborative workspaces, based on location, activities and user behaviour. 

· Develop mechanisms for handling IPR issues for sharing information between partners.


· Self-organising capabilities : ability to find and incorporate resources dynamically in the network and ability to restructure the organisation to face workload peaks.

· Self-configuration capabilities : the workspace adapts itself to the context and the team members depending on their role with quality of service determined by willingness to pay.

· Transparent management of contractual issues (incl. IPR) and security issues..

· Intelligent agents who can act as personal assistants to individual members or teams to support decision making, monitoring and design analysis tasks etc.

· Wavelength services in the range of  2.5Bb/s to 10 Gb/s) giving requested bandwidth and  QoS on-demand according to willingness to pay. 



Interface Technologies 
· Establish an user Interface framework which integrates various technologies such as audio, video, visual, haptic, advanced tracking, various 3D displays, wearable, speech, sensors, avatars, interaction metaphors which allows the workers to create easy to use personalised interfaces. 

· Implement a “Workspace Authoring Toolset” to allow the easy construction of various workspaces by invoking various interface technologies, engineering simulation modules, engineering data bases and appropriate resources. 
· Enhance the usability of the multimodal interface technologies.

· Implement range of  ambient workspaces by integrating interface technologies (displays, sensors, wireless communication, speech recognition etc) with background objects such as walls, tables, chairs etc. 

· Develop and integrate miniaturised technologies into mobile and/or wearable systems. 

· Implement sensor based ubiquitous tracking/monitoring on several scales: location of individuals/objects, pose and state of individuals/objects in a local environment, movement of body-parts for gesture recognition, emotional interaction etc.

· Interface metaphors for ubiquitous and wearable systems based on a human-centred model, adaptable to the context.

· Robust interfaces to manage the mixed reality boundary

· Training systems embedded into the ubiquitous technologies.
· Intelligent user interfaces based on bio-centric control and systems that understand relevant human communication including mental and emotional state as expressed through the observed person’s body language and explicit spoken language through sensors as well as generating output that is naturally understood. 

· Complete ambience: “the system is everywhere”, user interfaces with intelligent services via WLAN and with Perceptual User Interfaces. 

· Adaptive training systems, supported by intelligent agents,  embedded into the intelligent workspaces.



Human Factors 
· Gain an improved understanding of strengths and weaknesses, in fundamentals and application, of HF theories, models, methods. 

· Provide basic models, theories, systems and knowledge to better understand and design for human factors in complex distributed socio-technical systems. 

· Develop methods for useful, usable end user and stakeholder requirements capture and representation.

· Define true participatory/collaborative design processes and techniques and rationale for this.

· Effective human centred design guidance and techniques and rationale for this. 

· Gain understanding of work/home/leisure relationships and impacts.

· Requirements understanding for real inclusivity, support for special needs, analysis of real impact of ageing population;.

· Requirements for design to support physical, cognitive and social integrated design.


· Understand true collaborative network models, methods to assess performance, attitudes and effects on individuals of all new methods of working.

· Human factors guidelines for developing  collaborative workspaces and ambient interfaces.

· Organisational design work/ home/leisure boundary management.

· Validated models, theories, methods to reflect complex socio-technical systems needs, and use of cognitive/ physical artefacts in a social setting.

· Better (non ICT or business) understanding of knowledge management, tacit skills/ knowledge, and motivation to share knowledge.

· User require-ments and evaluation methods for ubiquitous technologies.

· Prediction of impacts of new generations of future workspace technologies and organisations. 

· Understanding of meaning, measurement and management for Trust (human to human and human to computer); 

· Understanding effects of pace of change on performance, health and attitudes.


· Understanding and modelling of joint cognitive distributed systems.

· Integrated human factors across life cycle and human needs.

· Understanding the nature of intelligence and embodied interaction.

· True collaborative network models.

· Methods to assess performance, attitudes and effects on individuals of all new methods of working. 

6 DRIVERS, DEPLOYMENT, BARRIERS, DEPENDENCIES and RISKS

The achievement of the vision and progress along the roadmap will be aided by some significant drivers but will present a number of deployment/implementation challenges and will also be impeded by real barriers. These need to be recognised so that they can be either exploited or minimised. Such a research programme is also dependent upon research results and implementations from other parts of the programme and elsewhere and these need to be recognised. All of these result in the identification of risks that need to be managed in order to secure the success of this vision for Future Workspaces.

6.1 Drivers

As stated in the End Users Vision, this roadmap is focused on engineering workspaces and associated “decision-making” environments able to support Concurrent Engineering activities, including:

· Analysis-type decisions (i.e. Design Review)

· Investigation-type decisions (i.e. Expert Support)

· Logical-type decision (i.e. Programme Management Review)

covering the product life cycle from the early phase (client requirement capture space) to implementation phase (management space for integration workers).

This covers several “business domains” with highly different organisations: design office (skills-based organisation), programme (product integrated team organisation), manufacturing (product line – or thread-organisation), operation (strongly client dependent) and support (maintenance organisation). Commun-ication between these several “business domains” is a key issue to achieve cost reduction, cycle time reduction and increased quality, bringing dynamic adaptation to volatile market expectations. Thus the move to innovative organisations (supported by the ad hoc workspaces) is considered as the key driver for the next 10 years (and probably beyond!).

Current programme organisation based on product integrated teams (these teams incorporating represent-atives from the Design Office, manufacturing engineering, maintenance engineering – both from OEM and sub-contractors - and client company) is considered as the current best solution and is a typical example for our roadmap:

1. It clearly illustrates an engineering workspace: tens of engineers and designers (i.e. 150 people for the A380 engine pylon integrated team) are gathered in a large room, equipped with CAD/CAE stations. Meeting rooms are placed around this large space so that people can share their know-ledge (using large posters or large visualisation systems) and make the best collective decisions.

2. It justifies that the roadmap is not focused on individual activities done on CAD/CAE stations and VR systems and/or using PDM systems but on the global organisation of these engineering spaces and associated collective decision-making spaces. 

3. Current limitations of these current practices (i.e. need for collective visualisation systems for a more dynamic knowledge sharing, need of project dashboard - see corresponding Scenario D - to share work progress information in a dynamic way, need for expert support for people involved in the integrated team) are strong drivers to establish a vision of anticipated organisations in 2005, 2008 and 2013.

It is important to note that this example, while illustrative, is only relevant for the programme “business domain”, and that other organisations are required for other “business domains” as described in some of the scenarios (i.e. “Facility Management” scenario for manufacturing, “Customer Support” scenario for support, “Client Briefing” scenario for feasibility).

In addition to this competitiveness driver, globalisation in each of the engineering sectors, increasing pressures on sustainability and social responsibility all combine to drive the requirements for these more effective and efficient collaborative engineering workspaces. These drivers impact not only upon the prime contractors, or OEMs, but also upon the sub-contractors within their supply chains, without whose adoption of these new workspaces the benefits will be considerably more limited. The more detailed drivers of efficiency, cost reduction, reduced development timescales and improved resource utilisation all contribute to this.

Wider issues of mass-customisation of products (the personalisation of mass-produced products for each individual customer), extended supply chains, new market opportunities and greater business agility in changing financial environments also provide engaging drivers for company managements to move their operations along the path of integrated and ubiquitous to intelligent and intuitive workspaces.

Other drivers also exist in the social and societal domains, where employee concerns about the work/life balance, reduced commuting and time spent away from the family, mobility of labour and sustainability of the environment and of the fabric of society. These are extended when the wider community, including enlargement of the EU, is taken into account, bringing with them new responsibilities as well as new opportunities.

6.2 Deployment Challenges

The solution of the technical challenges is only one dimension to reaping the benefits from the evolution of these collaborative workspaces.  As has already been indicated in 3.2.5.4, other factors can seriously impact upon the effectiveness of their deployment/implementation.  These are covered below.

6.2.1 Organisational Issues

As with all business change projects, it will be essential for the management of each organisation to carefully review not only the business and social benefits but also the transition arrangements for implementing these more pervasive collaborative workspaces.

The business model for the entire collaborative enterprise will need to be revisited at the level of the virtual organisation and at the lower levels of each of the participating organisations, ensuring that all of them can commit to their part in the new collaborative workspaces and not end up with a few of them seeing no individual benefit in them and hazarding the corporate vision. The market business model may well be changing as well and this is likely to influence the organisation’s business model(s). These assessments must identify the changes required that need to be endorsed by all of the parties concerned.  In some cases, it may not be possible to secure commitment from all of the parties, e.g. one could imagine resistance on building sites to any change in practice; however, with a sympathetic approach to those involved, the advantages of changing practices can be sold to them by demonstration in carefully-designed pilots, some of which may even involve the operatives themselves ‘inventing’ suitable solutions that bring benefits at both the personal and business levels.  These considerations also relate to the pace of introduction of change, whether it should be introduced progressively or discontinuously, e.g. in a big bang, each needing to depend upon the circumstances and the human factors involved and also taking training into account as an essential component of the change.

The business structure changes to support the new business models need to be assessed, together with business process changes, impact upon the personnel involved, consultation with the personnel, consultation with collaborating organisations and potential changes to the relationships with them and the dependencies on their own transition programmes.

There are likely to be legal and regulatory issues that could take considerable time to resolve if not identified early enough and addressed alongside and in sympathy with the business and social changes.

With more closely knit relationships, the security/privacy/authentication policies and mechanisms will need to be carefully assessed and introduced to make the confidentiality, reliability, trust, commitments, etc, in the collaborative workspaces supportive instead of being seen as a burden on business operations.

6.2.2 Collaboration Issues

In addition to the potential changes to the business models that apply to the entire organisation and to its constituent parts, it is likely that a greater degree of openness will be required in the commercial trans-actions between these organisations; any lack of sufficient openness will be likely to severely hinder the flexibilities sought in the new collaborative workspaces.

The tools, whether ICT or otherwise, need also to be considered as integral parts of the workspaces, not necessarily requiring the same tools to be used by each party but undoubtedly requiring common interfaces and standards to be used.

Collaboration is also an issue when one is developing a new methodology or technology; a decision has to be taken at some point on whether a critical mass exists for the development to be picked up by the early adopters and set on the long path to successful take-up by the wider market.  Although this is different from the types of collaboration described above, it is still a type that has to be employed in the overall process.  And it involves the same processes of identifying suitable partners, convincing them to become involved, preparing a cost-benefit analysis and negotiating a commercial relationship. 

6.2.3 Cultural & Social Issues

Besides the quantitative business issues addressed above, the qualitative social and cultural issues must also be carefully and sympathetically addressed.  Management convinced of the business benefits must also be committed to selling the benefits brought by these workspaces and their changing working conditions to their own employees – indeed, employee pull will make the changes far more successful than management push.  The benefits to the staff in their working lives and in their home lives must be made absolutely clear, alongside with an acknowledgement of the aspects that may not be as attractive.

The human factors contribution to this programme should be a major contributor to the individual and social benefits that will accrue. This should show how the vision and the objectives could be shared, down to a shared commitment from all parties. Training will be required for all personnel in all aspects; perhaps, there will also be a need for some training of family members and of local communities – indeed, some of the more significant challenges exist in identifying and managing the impact upon, and the influence from, these communities.

6.2.4 Supply & Value Chain Integration

The entire organisation comprises the complete set of supply chain, and value chain, organisations involved in the product(s) right from their conception, through the complete lifecycle to the disposal of the product and its components.  We have addressed the business models above, but here we must put especial emphasis upon the procurement processes that are an integral part of the virtual organisation’s lifeblood and that may well be required to be changed in line with the new workspaces. This is no different a concept than Concurrent Engineering as it is practised today, only that it will become further developed.

These descriptions of the issues have tended to concentrate on partners in a particular enterprise, whether horizontal or vertical partners.  It is necessary also to consider the issues relating to suppliers of services to such virtual enterprises, e.g. the telecommunications companies, whose commercial stance can make or break the introduction of new technologies by pricing their services too conservatively, or by rolling out the required infrastructure too slowly, thus slowing down their take-up.

6.3 Barriers

6.3.1 Industrial Context Barriers

The contractual context of the Extended Enterprise, compatibility with distributed engineering teams’ working processes, organisational constraints, investment and operational costs, etc, could present a barrier to deployment of these workspaces if not developed in harmony with them.

One of the main issues regarding collaborative engineering workspaces at organisation level is the protection of knowledge: companies are partners in some projects but competitors regarding other running or future projects. How to protect company knowledge and know-how? How to share the results of the work done collectively? How to protect intellectual and industrial property rights (IPR)? These legal issues are of prime importance and must be solved if we want to design company-acceptable collaborative workspaces.

It is too easy to ignore the impact of legal issues upon the introduction of change in business and upon people’s working lives.  It can take between 5 and 15 years to recognise the need for change in some aspect of the law, to decide how to change it and to legislate such a change.  One can see the impact of disparities between legislation in different EU countries, e.g. as they apply to the incorporation of particular functionalities in automobiles that are considered to be beneficial in some states but are unlawful in others.
6.3.2 Operational Use Barriers

Quality of service, network quality, reliable support and maintenance of the system, security, etc also need to be developed in harmony with these workspaces.

The deployment of collaborative workspaces within a whole industrial sector is not conceivable without a robust support service. How will this support be organised (which company/network of companies?), how will the efficiency of this service be measured (metrics related to quality of service?), how will it be funded (pay-per-use?), is there a realistic (from an economic point of view) model to rely on?
6.3.3 Technological Barriers

There is a need for low cost multi-modal interfaces, visualisation systems, collective interaction solutions, visual integration mechanisms, synchronised multiple views, adapted network infrastructure, etc.

Several barriers are related to technological components: VR applications, HMD, and so on. These barriers are not critical, as it will be possible to adapt the workspaces to the more mature technologies.

6.3.4 Human Barriers

Interfaces may not be easy to use, or too difficult to understand, with ergonomic and cultural problems, not adapted for distributed teams working together, with associated learning and training issues, etc.

Comfort in use and acceptance at human being/operator level is of course important and must be addressed. More critical is the acceptance at team level: how will a fully distributed team be managed? Responsibility sharing? Reward aspects? How to cope with the cultural differences and language barriers?
6.4 Dependencies

The vision of future collaborative workspaces described in this roadmap is dependent not only upon solutions being found to the research challenges and roadmap described in the two previous chapters but also upon other research projects and programmes delivering technological and business solutions that are outside the immediate scope of this roadmap. These can be identified fairly readily from the charts elaborated in the previous chapter, where we have shown what are, in effect, assumptions about the status of these enabling technologies.

Many of these enabling technologies can be expected to be provided by the Grid technology programmes, networking, high performance computing, increased data/information/knowledge storage and access mechanisms, middleware, security/privacy/accessibility/authentication and standards.

Other contributions are expected from other technology programmes, but just as important will be the implementation mechanisms, including resilience, workable security, network services, on-the-fly configurability, etc.

6.5 Risks

Many of the technological and implementation risks have been identified above, either as direct risks (e.g. as in Barriers) or as failures in achievement (e.g. as in Deployment Challenges and Dependencies).  Here we attempt to highlight those risks that lie outside the control of the Key Actors in Future Workspaces.

A significant risk lies in the whole area of network security, particularly in the implementation of its mechanisms, which may be too lax, perhaps permitting cyber attacks with a resultant wholesale reduction in public/corporate confidence, or they may be too stringent, over-elaborated and complex, thus failing the usability test.

There may be insufficient open standards, with an excess of proprietary solutions, which will tend to inhibit the adoption of these technologies in workable business implementations.

There may be considerable organisational barriers to overcome, especially if one segment of the business community fears that these workspaces will be detrimental to its interests, whether well founded or not.  Such barriers will fester, raising doubts about wider benefits or consequences, e.g. smaller companies lower down the value chain may suspect that they will benefit only the larger organisations, the multi-nationals, not the smaller enterprise, which may fear the loss of its Unique Selling Proposition as a result of the closer information (i.e. value) sharing in the virtual organisation.  Individuals may suspect that they bring with them a lack of privacy, a spying eye, thus resulting in a lack of confidence in the benefits for themselves and their families.

There could be legislative problems, where administrations fail to recognise in sufficient time the need for changes in legislation to permit, or even encourage, the new ways of working.

Deployment costs or implementation timescales/complexity could be seriously under-estimated, thus invalidating the business justifications for introducing these collaborative workspaces.  There could be risks due to the pricing strategies of infrastructure providers – e.g. the pace of reduction in the costs of providing bandwidth could be different from what is assumed when the critical implementation decisions are made. 

7 KEY ACTORS

A very considerable community of key actors relevant to Future Workspaces has been identified. This comprises industrial users in each of the engineering sectors, researchers in the enabling technologies and human factors specialists in both academia and industry. These are documented in detail in [2], [4] and [6], together with descriptions of how the majority of them have been involved in the development of this roadmap. These are reproduced in the annex to this document that records those that have been involved, either directly or indirectly in the consultative workshop in early May 2003, and in the prior workshops and consultations. 

The end user network comprises leading industrialists from the building construction, automotive and aerospace sectors. These have included a variety of building construction prime contractors from across Europe, with a number from Denmark providing coverage of the supply/value chain. The members of the automotive and aerospace sectors have covered most of the leading vehicle and engine manufacturers. The contact details are included in [2].

The research communities in the enabling technologies are described in [6] for each of the enabling technologies – workplace design concepts, multi-modal interfaces, collaborative workspaces, virtual product creations / product models, networking and security, smart organisations and business models, socio-economic issues and standards. The most relevant research projects are listed, together with their contact points. There is also a list of the main key technology centres in Europe, including relevant industrial research centres.

The human factors research community, with both academic and industrial specialists, is described in [4], showing a broad coverage across Europe. This includes the specialist interests of each of the leading researchers.

8 WIDER BENEFITS

In addition to the direct benefits enjoyed by the engineering sectors through the implementation of collaborative workspaces, there will be further benefits with a much wider impact. These are addressed below under the categories of wider market benefits, social benefits and spin-offs into other sectors, industries, businesses and leisure.

8.1 Market Benefits

The wider market benefits accruing from the implementation of collaborative workspaces and their contributing technologies will improve businesses’ efficiency and effectiveness, reducing costs, making better use of resources, allowing greater flexibility in the deployment of personnel on particular projects, with less dependence on their physical location. For instance, in the building construction sector, one study has shown that 28% of costs were caused by wastage during the construction stage; the implement-ation of new workspace technologies will have an appreciable impact upon this, especially through the up-to-date maintenance of design changes in the common database as they are made.  New markets will be developed as a result of these new workspace paradigms, including new services resulting from the new products – what these will turn out to be can only be guessed at this stage. They will help to stimulate innovation and creative collaborative endeavours.

As well as implementing the roadmap for implementing work in this area, the networking and drawing together of national research efforts will contribute to create conditions making it possible to increase the impact of European research efforts by strengthening the coherence of research activities, a priority in the realisation of a European Research Area.
A growth-based sustainable development can only be achieved by the stimulation of technology developments and innovations in collaborative workspaces.  Information and communication technologies (ICT) have a special role to play in this, as highlighted in the recent UNDP, G8 and Digital Opportunities reports. ICT Development and innovative use is therefore extremely important to a digital solution as a de-coupler of resource use and growth and as an enabler of a sustainable mix of lifestyles in the global networked knowledge economy.  Therefore, the implementation of future workspaces will have a strategic impact in supporting a growth-based sustainable development.

8.2 Social Benefits

When implemented as currently envisaged, these collaborative workspaces will contribute considerably to employees’ work/life balance, reducing their commuting, travelling and time away from home and from their families, thus contributing to improved family, leisure and community activities, with a knock-on improvement in their quality of life and health. They will enable work to follow the individual instead of the individual following the work, although the initial transition cannot be guaranteed to be painless.  They will also result in a reduction in waste and a decrease in the consumption of raw materials. They will have a beneficial impact on working conditions and safety in the workplace and should provide greater equality of opportunity in employment.  The increase in teleworking that will be facilitated by these workspaces will have a particular impact upon homemakers, who will have increased opportunities for balancing part-time working with family responsibilities, thus benefiting equal opportunities efforts and social inclusion.  It will become easier for employers to implement and manage flexible working hours, crèche facilities, parental leave arrangements and career break schemes, so long as they can adapt their practices to cope with management by objectives instead of management by presence; this will require the dissemination of best practice and effective training – there remains considerable scope for human factors and social sciences research in this area.

The impact on family, leisure and community activities will improve social interaction, strengthen cultural diversity and cultural heritage. There will be additional effects upon knowledge management, training, education, societal impacts and a whole host of new opportunities created.

8.3 Spin-offs

It is highly likely that these collaborative workspaces and their contributory technologies will spin off into other industries directly, e.g. shipbuilding, electronics, and more widely into other commercial and even leisure sectors. One could even envisage spin-offs into the games market, although heretofore this sector has tended to lead the engineering industry in some of the technologies and applications.

One can imagine replicas of the DaimlerChrysler point of sales and brand presentations Autohouse being used throughout the high street, where personalised designs are required – e.g. kitchens, bedrooms, apartments, houses – but there are just as likely to be sales and marketing implementations in the insurance industry, in banking, in the legal industry (e.g. for representing scenes).

Applications in the healthcare industry are easy to envisage.  Other applications in local administrations will be many, citizen support centres, town planning, protection of the countryside and the environment – what about virtual walks through environmentally threatened areas, without simulation of the physical effort, but accurate representation of the views, the sounds and the smells, allowing choice of season at any time of the year? 

Entertainment applications are obvious, but these will stretch into edutainment and into education – not just subjects where visualisation can be helpful – history, geography – but also in teaching science, even languages.
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