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[bookmark: _Toc308176761][bookmark: _Toc195000489][bookmark: _Toc326836073][bookmark: _Toc308176762]Executive Summary
The European Commission’s EU2020 strategy for a knowledge- and innovation-based economy calls for a highly competitive manufacturing industry in Europe to address the grand societal challenges in unemployment, sustainability and an ageing workforce while developing innovative, smart and sustainable products and services for the well-being of EU citizens. The European High-Level Expert Group on key enabling technologies proposed advanced manufacturing systems as a key pillar for growth and investment. And it identified use of information and communication technology (ICT) as crucial for designing, producing, testing, distributing and recycling new products. 
ActionPlanT– co-funded under the private-public partnership ‘Factories of the Future’ within the EU Seventh Framework Programme for research and innovation – has now established a roadmap for manufacturing to 2020 through its vision on the short-, medium- and long-term role of ICT in the European manufacturing industry. And it has identified the most promising research priorities on ICT for manufacturing for Horizon 2020 – the next Framework Programme for research and innovation, set to run from 2014 to 2020.
The ActionPlanT Roadmap for Manufacturing 2.0 outlines a bold vision, where key ICT megatrends in collaboration, connectivity, mobility and intelligence can act as game changers for European manufacturing. It also paves the way for implementation of the vision by identifying how the megatrends and key ICT innovations can fulfil five underlying ambitions for European enterprises: on-demand, optimal, innovative, green and human centred. This vision goes beyond the shopfloor and focuses on manufacturing enterprises and their collaborating stakeholders in the holistic supply chain.
Five research and development (R&D) clusters group future research topics under the ICT for manufacturing themes of: 
1. Agile manufacturing systems and processes;
2. Seamless factory lifecycle management; 
3. Customers in-the-loop;
4. People at the forefront; and 
5. Collaborative supply network.

These R&D clusters serve as an easy-to-understand categorisation for the different operational areas of a Manufacturing 2.0 enterprise.
Taking a technology-push approach, the roadmap derives a set of 15 key ICT recommendations from the four ICT megatrends that can bring about disruptive changes in European manufacturing industry and open up new channels of revenue generation for large enterprises and SMEs. They are linked to the concept of the Manufacturing Business Web (MBW) – a cloud-enabled future platform for European manufacturing. While future software developments for manufacturing should be cloud ready, they should not be cloud only. This means manufacturing software and applications which implement these recommendations can easily be adapted to any future public or private cloud-computing platform while still being applicable in existing in-house systems.
Pursuing a market-pull perspective results in a series of 40 concrete research priorities implementing these key ICT recommendations, grouped by the five Manufacturing 2.0 R&D clusters. They cover either ICT breakthroughs needed to overcome an existing problem in the manufacturing domain or new revenue-generation possibilities by introducing a new ICT recommendation in the manufacturing value chain. These priorities follow a coherent template with an impact assessment and technology readiness level estimation for each. The ActionPlanT roadmap provides implementation timescales for these priorities under Horizon 2020.


[bookmark: _Toc326836074]Introduction

A number of publications and government reports have identified the need to invest more in manufacturing as an effective way to relaunch the economy, improve competitiveness, and address grand societal challenges in unemployment, sustainability and an ageing workforce. According to the Competitiveness Report, manufacturing is still considered the driving force of Europe's economy, contributing over € 6 553 billion in gross domestic product and providing more than 30 million jobs. It covers more than 25 different industrial sectors, largely dominated by small and medium-sized enterprises (SMEs), and generates annually over € 1 535 billion – 42% – worth of value-added services[footnoteRef:1]. The long-term shift from a cost-based competitive advantage to one based on high added value requires that European manufacturing increases its technological base and develops a number of enabling trans-sectoral production technologies. [1:  I2010 Mid Term Report, http://ec.europa.eu/research/industrial_technologies/fof-facts-and-figures_en.html ] 

The European Commission’s EU2020 strategy[footnoteRef:2] building on a knowledge- and innovation-based economy, promoting a more resource-efficient, greener and more competitive economy, and fostering a high-employment economy delivering social and territorial cohesion clearly shows that this would only be enabled by a highly competitive manufacturing industry within Europe which can develop innovative, smart and sustainable products and services for the well-being of the EU citizens.  [2:  EU smart, sustainable and inclusive growth: the European 2020 strategy, Brussels, 3.3.2010 , COM(2010) 2020] 

The Recovery Plan[footnoteRef:3] proposed by the European Commission on 26 November 2008 includes measures for research and innovation, in particular through public-private partnerships (PPPs) on Factories of the Future, Energy-Efficient Buildings and Green Cars. The Factories of the Future initiative will help EU manufacturing enterprises, in particular SMEs, to adapt to global competitive pressures by improving the technological base of manufacturing across a broad range of sectors. European enterprises will be able to meet the increasing global consumer demand for greener, more customised and higher quality products by converting to a demand-driven industry with lower waste generation and reduced energy consumption. [3:  A European Economic Recovery Plan, Brussels, 26.11.2008, COM(2008) 800 final] 

A higher investment in information and communication technology (ICT) for manufacturing is fundamental for keeping European leadership in industrial exports and for increasing the competitiveness of our companies. Comparable initiatives calling for greater investment and innovation in manufacturing through enabling technologies such as ICT have been adopted by industrialised nations – the most significant being the Advanced Manufacturing Partnership (AMP)[footnoteRef:4] announced by President Obama in the USA in early 2012. These initiatives call for the development of high added value and innovative products and services for manufacturing industries to counter the environment of economic uncertainty and negative growth. In Europe, the High-Level Expert Group (HLG) on key enabling technologies proposed advanced manufacturing systems as one of the key pillars of growth and investment[footnoteRef:5]. Furthermore, the HLG identified ICT in advanced manufacturing systems as crucial for designing, producing, testing, distributing and recycling new products[footnoteRef:6]. [4:  Advanced Manufacturing Partnership 2012, http://www.manufacturing.gov/amp/amp.html ]  [5:  High-Level Expert Group on key enabling technologies, Final Report, Brussels, June 2011]  [6:  Thematic Report by the Working Team on Advanced Manufacturing, High Level Group on Key Enabling Technologies Systems, Brussels, 9 December 2010] 

The ActionPlanT Roadmap for Manufacturing 2.0 goes a step further by not only identifying how ICT can mitigate pain points in European manufacturing but also proposing innovative ICT-led recommendations to create new businesses for enterprises in Europe. The roadmap outlines a bold vision for Manufacturing 2.0, driven by ICT, where key ICT megatrends in collaboration, connectivity, mobility and intelligence are promoted as game changers for European manufacturing. The roadmap paves the way for implementation of the vision by identifying how the megatrends and key ICT innovations can fulfil five underlying ambitions – on-demand, optimal, innovative, green and human centred – for European enterprises.
[bookmark: _Toc326836075]The structure of the roadmap
The structure of the ActionPlanT roadmap is illustrated using the tree hierarchy shown in Figure 1.


Figure 1: Components of the ActionPlanT roadmap
Chapter 2 Manufacturing 2.0: A common vision for Europe gives a first overview of the socio-economic and technological megatrends for manufacturing and sets the stage for a common vision of ICT for manufacturing. It identifies four key global megatrends – collaboration, connectivity, mobility and intelligence – and the five guiding ambitions mentioned above which need to be addressed by manufacturing enterprises of the future. In the vision, we widen the scope of the traditional view of manufacturing by going beyond the shopfloor and focusing on manufacturing enterprises and their collaborating stakeholders in the holistic supply chain. We label this extended view as ‘Manufacturing 2.0’ and identify five research and development (R&D) clusters for grouping future research topics under ICT for manufacturing themes. These R&D clusters serve as an easy-to-understand categorisation for the different operational areas of a Manufacturing 2.0 enterprise. 
[bookmark: _Toc326836076]Transforming vision into a roadmap
The ActionPlanT vision for Manufacturing 2.0 is transformed into a roadmap by combining ambitions, technology megatrends and the five R&D Clusters. 
Chapter 3 Key ICT Recommendations for Manufacturing 2.0 takes a technology-push approach by deriving a set of 15 key ICT recommendations from the four ICT megatrends identified in Chapter 2. These recommendations can bring about disruptive changes in European manufacturing industry and open up new channels of revenue generation for large enterprises and SMEs alike. They are linked to the concept of the Manufacturing Business Web (MBW), which is viewed as a cloud-enabled future platform for European manufacturing. The ICT recommendations are developed with the view to making future software developments for manufacturing cloud ready but not cloud only – meaning manufacturing software and applications which implement these recommendations can easily be adapted to any future public or private cloud-computing platform. However, manufacturing software developed following these ICT recommendations can also be run in-house, complementing the existing enterprise software stack used by many European manufacturers today. Emphasis is given to the emerging technologies in the applications-software domain: cloud, in-memory computing, big-data analysis, mobile computing and the ‘Internet of Things’. Due importance is also given to non-functional aspects of enterprise-software development such as intuitive and device-independent user interfaces, security and privacy.
Chapter 4 Research priorities For Manufacturing 2.0 Enterprises gives a market-pull perspective by describing 40 concrete research priorities implementing the key ICT recommendations of Chapter 3. These priorities are grouped by the five Manufacturing 2.0 R&D clusters outlined in Chapter 2 that identify either ICT breakthroughs needed to overcome a certain existing problem in the manufacturing domain or new revenue generation possibilities by introducing a new ICT recommendation in the manufacturing value chain. Each research priority follows a detailed template describing its objective, the related industrial challenges it addresses, potential outcomes and ICT research requirements. Furthermore, an impact-assessment section within each research priority gives its impact factor in terms of the ambitions it fulfils. This is mapped to an ambitions’ radar for better visual representation. A technology readiness level (TRL) thermometer scale for each priority gives its validated maturity level in terms of implementation. Finally, an indicative Horizon 2020 time scale suggests when a particular research priority should be taken up for research. 
Chapter 5 Implementation Guideline for Horizon 2020 concludes the roadmap by giving some reference guidelines for implementation in Horizon 2020 and future sustainability plans.


[bookmark: _Toc308176763][bookmark: _Toc326836077]Manufacturing 2.0: A common vision for Europe

Since the financial crisis of 2008, the recovery of European manufacturers has been painstakingly slow. European enterprises are lagging behind their counterparts in emerging markets, while their productivity has failed to catch up with Europe’s pre-crisis rate[footnoteRef:7]. Moreover, Europe’s competitors in Brazil, Russia, India and China have grown significantly in the last five years. However, the global market for product and service consumption is constantly growing, driven primarily by demographics and economic prosperity. Yet, globalisation and cheaper labour will inevitably lead to even tougher competitive conditions. [7: OECD, Index of Industrial Production statistics, http://stats.oecd.org (Accessed July 2011)] 

To regain lost opportunities, European manufacturers must fundamentally change their attitude and approach to business. They must tackle the growing complexity of their processes and supply networks, handle cost pressures and meet customer requirements for quality, speed and customisation of products. Manufacturing enterprises also increasingly specialise and outsource processes that are not their core competence.
ICT can play a fundamental role in meeting these challenges by enhancing end-to-end manufacturing processes from shopfloor to customer-engagement levels. ICT has become increasingly intertwined with Factories of the Future by delivering efficiency gains through automation and integration of diverse processes along the entire value chain. Several reports[footnoteRef:8] demonstrate the positive effect of ICT capital on economic growth. Countries which lead in productivity have an equally high level of ICT capital deepening – i.e. investments in hardware, software and services. The positive correlation between ICT investment and ICT’s contribution to productivity is also well established. The OECD Information Technology Outlook 2010 provides interesting comparisons on ICT shares and investments between OECD and non-OECD countries. For instance, it reports a shift of ICT manufacturing to Asian economies over the last few years and half of global trade in manufactured ICT products is taking place outside the OECD zone. It is interesting to note that firms outside the EU are engaging in major merger-and-acquisitions ventures – Figure 2. Not only do non-EU ICT firms have significant share in acquisitions but also non-OECD ICT firms, especially those in India and China, are lucrative targets for acquisition because of their global worth and capability to innovate. [8:  Effects of ICT capital on economic growth, EC, Technology for innovation: ICT industries and E-business, 2006, http://ec.europa.eu/enterprise/sectors/ict/files/ict-cap-eff_en.pdf; The 2010 Report on R&D in ICT in the European Union, JRC Scientific and Technical Reports, 2010, http://www.ictventuregate.eu/wp-content/uploads/2011/01/The-2010-report-on-R-D-in-ICT-in-the-EU.pdf] 

The European Information Technology Observatory[footnoteRef:9] lists obstacles deterring the uptake of ICT by EU firms: scarcity of skilled human resources; limited investment in R&D; a not-yet favourable environment for new high-tech entrepreneurship; permanence of protected public markets; and very few pan-European leading-edge projects. Barriers preventing SMEs from adopting modern ICT technologies are technological, social and economic. European SMEs are less able in applying ICT advances to holistic manufacturing enterprise operations beyond the conventional shopfloor. Furthermore, insufficient IT management and technical skills – particularly in SMEs – and indifferent attitudes towards new ICT and innovation hinder investments in modern ICT systems and delay organisational changes in business processes for production, supply chains and marketing.  [9: The European Information Technology Observatory, www.eito.eu (Accessed July 2011)] 

Through its Europe 2020 Flagship Initiative ‘Digital Agenda for Europe’[footnoteRef:10], the European Commission calls for more investment in ICT research. Underinvestment in R&D in Europe continues. Compared with major trading partners such as the USA, the Commission observes that “R&D in ICT in Europe is not only a much smaller proportion of total R&D spend – 17% compared with 29% – but in absolute terms represents around 40% of US expenditure”. Furthermore, as “ICT represents a significant share of total value-added in European industrial strengths such as automobile (25%), consumer appliances (41%) or health and medical (33%), the lack of investment in ICT R&D is a threat to the entire European manufacturing and service sectors”. The marked disparity is also noted in the Commission's 2011 ’EU Industrial R&D Investment Scoreboard’[footnoteRef:11] where comparison of data for the world's top 1 400 companies show EU companies “as a whole lagging behind major competitors from the US and some Asian economies on R&D growth”.  [10: A Digital Agenda For Europe, EC, 2010, http://ec.europa.eu/information_society/digital-agenda/documents/digital-agenda-communication-en.pdf]  [11:  The 2011 EU Industrial R&D Investment Scoreboard, http://iri.jrc.ec.europa.eu/research/scoreboard_2011.htm (Accessed October 2011)] 



	
	


[bookmark: _Toc300824126][bookmark: _Toc300824900][bookmark: _Toc302723921]Figure 2: ICT services versus ICT for manufacturing services (source: OECD[footnoteRef:12]) [12:  OECD Information Technology Outlook, 2010, http://www.oecd.org/sti/ito (Accessed October 2011)] 

[bookmark: _Toc326836078]Megatrends influencing manufacturing
The premise for the ActionPlanT vision is derived from global trends that have a direct bearing on European manufacturing. The megatrends can be categorised into two subsections – socio-economic and technological. 
[bookmark: _Toc300824127][bookmark: _Toc300824901]Socio-economic megatrends
[bookmark: _Toc300824128][bookmark: _Toc300824902]Demographics and consumption
Urbanisation with the development of megapoles and a growing middle class in developing countries are fuelling demand for niche industrial products. Purchasing decisions are being made based on brand perception of safety, quality and personalised/customisable products. Within Europe, the problem of an ageing workforce is becoming critical and action must be taken to facilitate transfer of knowledge from the aged workforce to the younger workers, and to assist their daily work with user-friendly ICT tools. 
[bookmark: _Toc300824129][bookmark: _Toc300824903]Global competition and Innovation 
Globalisation has led to the emergence of smaller dynamic enterprises able to put innovation into practice more rapidly than their bigger – and slow-moving – counterparts. The urge to be innovative is taking the global market by storm, putting pressure on large European enterprises once market leaders in their own domains but now losing out to smaller and more agile companies. To cope with growing competition, European enterprises must acknowledge the importance of innovation and put it to practice faster.
[bookmark: _Toc300824130][bookmark: _Toc300824904]All-round sustainability
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Sustainability has become a key topic on the agenda of politicians and corporate executives. It is necessary to transition from a wasteful to a frugal economy. This requires awareness and transformation of industrial processes towards low carbon footprints and energy efficiency. From a business point of view, the benefits of sustainability must be outlined to manufacturers without which enterprises would merely be sustainable on paper but not in practice. 
[bookmark: _Toc300824131][bookmark: _Toc300824905]Technological megatrends
Technological megatrends in collaboration, mobility, connectivity and intelligence would empower future manufacturing enterprises to build innovative products and services.
[bookmark: _Toc300824132][bookmark: _Toc300824906]Dynamic collaboration
Efficient and secure collaboration between many different stakeholders will become crucial for day-to-day operations of European manufacturers. Large companies as well as SMEs stand to gain from collaborative manufacturing, service management and customer engagement via social media and other Web 2.0 tools. The trend of offering value-added services or even ‘products as a service’ will replace conventional business practices within Europe. 
[bookmark: _Toc300824133][bookmark: _Toc300824907]Enterprise mobility
The exponential proliferation of mobile devices presents an attractive proposition to ‘on-the-go’ and ‘always-on’ users. While mobile technologies have permeated the consumer market, enterprise applications are still relatively limited. To leverage the potential of next-generation smart phones and handhelds, manufacturing enterprises are looking beyond conventional desktop solutions and focus on new opportunities and businesses in the mobile world.
[bookmark: _Toc300824134][bookmark: _Toc300824908]Real-world connectivity
Sensors, automation controllers and embedded systems are already commonplace in personal life as well as in industrial applications. However, so far few companies have been deploying more than their own Intranet of Things focused on local, isolated and closed-loop scenarios. The trend is to seamlessly and bi-directionally interact with real-world objects and systems on a global scale, across a variety of application domains and stakeholders in a secure way, thus realising the Internet of Things.
[bookmark: _Toc300824135][bookmark: _Toc300824909]Manufacturing intelligence
Collaboration and connectivity will give rise to copious amounts of context and data that will have to be analysed on-the-fly and rendered on mobile devices of decision makers at both management and plant levels. Manufacturing enterprises will have a competitive advantage over their peers if they are able to perform real-time analysis over a large volume of data from processes, products and business systems.
[bookmark: _Toc300824136][bookmark: _Toc300824910][bookmark: _Toc302723922][bookmark: _Toc326836079]Manufacturing 2.0: Focusing on the future
In the past few decades, manufacturing has gone through major changes driven primarily by globalisation, specialisation and customer demands. Major challenges facing European manufacturers are the growing complexity of processes and supply networks, cost pressures and growing customer expectations for quality, speed and custom products. Enterprises increasingly specialise and outsource processes which are not core competences. The optimal orchestration of suppliers and other collaborators has become a key differentiator.
[bookmark: _Toc300824137][bookmark: _Toc300824911]Ambitions for Manufacturing 2.0
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]The ActionPlanT vision for future manufacturing – Manufacturing 2.0 – aims to revive manufacturing within Europe in the short to midterm through five essential yet bold ambitions for ICT-enabled manufacturing: 
1. On-demand: To sustain market share and create employment opportunities, Manufacturing 2.0 should accommodate changing demands from a new customer base and deliver customised products on-demand. With the increasing trend to last-minute purchases and online deals, it is important that European manufacturers are able to deliver products to customers quickly by collaborating with suppliers and subcontractors using agile supply chains which are interoperable, collaborative and manageable.
2. Optimal: European enterprises need to be able to produce products with superior quality, high security and durability and, at the same time, competitively priced compared to products from emerging markets. For this to happen, the next generation of product lifecycle management solutions should not only focus on designing the best products but also consider the service life of products with special emphasis on value-added and after-sales services. 
3. Innovative: Faster introduction of collective innovation is one of the three key growth factors together with human capital and infrastructures. Innovative thinking, design and manufacturing will lead the way to sovereignty, independence and growth of European manufacturing. As the French government observed in 2010[footnoteRef:13], innovations still take considerable time to be put into practice – from laboratory prototype to full-scale production – thereby giving competitors a chance to overtake European enterprises through speed. [13:  Priorités stratégiques d'investissement et emprunt national [in French], Alain Juppé & Michel Rocard Commission, 2009, http://www.emprunt-national-2010.fr/iso_album/rapport_191109.pdf (Accessed July 2011)] 

4. Green: Manufacturing is responsible for significant energy use and consumption of natural resources. Manufacturing 2.0 needs focused initiatives to reduce energy footprints on shopfloors and increase awareness of end-of-life product use. Enterprises with high-energy consumption, such as automotive and heavy machinery, seem to have reached a limit in energy-reduction efforts and need an ICT-facilitated paradigm change to lower energy consumption further. As a side effect of being sustainable, new jobs within Europe would also be created such as in France where the National Research and Innovation Strategy states that around six million jobs could be created over the next ten years.
5. [bookmark: _Toc300824138][bookmark: _Toc300824912]Human centred: Manufacturing 2.0 will evolve from being perceived as production centred to human centred with greater emphasis on generating core value for human stakeholders. Future plants should be more accommodating towards the needs of the European workforce and consider them an integral stakeholder. In the same way as ‘assisted living’ for aged citizens, ‘assisted working’ should aid an ageing workforce to leverage skills and knowledge effectively for creation of innovative products. Furthermore, Manufacturing 2.0 will play a role in society by implementing all regulations linked with consumer safety, worker safety and other social obligations. The ability to guarantee compliance with regional and international regulations will also be the key to setting new international standards, raising customer expectations and improving the market share of European products worldwide.
Beyond the shopfloor
To achieve these ambitions, enterprises must look beyond conventional shopfloor operations and consider the holistic value chain. Manufacturing 2.0 enterprises in Europe would therefore need to take collaboration and management of their supply-chain stakeholders into account and also make new business models for provision of after-sales services in addition to improving engineering and production. Future enterprises would tightly integrate customers in their feedback loop for design and iterative improvements of products. 
Figure 3 illustrates different operations within a future Manufacturing 2.0 enterprise. This encompasses the supply chain and customers in addition to Europe’s traditional strength in engineering and production. The ActionPlanT vision involves a series of five R&D clusters that describes core elements of future Manufacturing 2.0 Enterprises:
1. Towards agile manufacturing systems and processes: The issue of systems interoperability would no longer be a deterrent to integrating disparate systems for design, manufacturing process control and operation, and business processes in Manufacturing 2.0 enterprises. These systems would integrate seamlessly and exchange data through standardised interfaces. Real-world resources such as connected objects, devices and advanced robots would leverage advances in the Internet-of-Things domain to communicate, collaborate and organise themselves autonomously. Furthermore, manufacturing processes would react in real time to changes within an enterprise ecosystem – such as availability of equipment, assembly lines and dynamic configuration of process parameters. To achieve this, Manufacturing 2.0 enterprises would be capable of applying advanced computing operations to process large volumes of real-time manufacturing data, perform analyses and forecasting on productivity, throughput and downtime. Lastly, these real-time changes and decisions would be executed by plant managers on their smart phones which will process enterprise and manufacturing data to facilitate efficient management by exception.

[image: Manufacturing 2.0 Enterprise.emf]
Figure 3: Manufacturing 2.0 Enterprise
2. Seamless factory lifecycle management: Product lifecycle management is well understood but manufacturers struggle to put factory lifecycle management into practice. Enhanced information management will be applied for control and holistic planning in future factories. In Manufacturing 2.0 enterprises, assets and inventories together with assembly lines and machinery would be dynamically monitored, configured and maintained. As a prerequisite for advanced factory lifecycle management, visibility, real-time tracking and predictive maintenance information would be made available to plant managers and operators. Furthermore, managers would be able to drill down into any production area and observe throughput, use and consumption through intuitive key performance indicators (KPIs) even when on the move. 
3. People at the forefront: Human-centred ambition will become a reality in Manufacturing 2.0 enterprises with workers and managers alike given more opportunity for continuous development of skills and competences through novel knowledge-delivery mechanisms. Future enterprises will not only be better equipped for transferring skills to a new generation of workers but also proficient in assisting older workers with better user interfaces, intuitive user-experience-driven workflows and other aids, such as mobile and service robots. Furthermore, Manufacturing 2.0 enterprises would be equipped with interactive e-learning tools to facilitate students, apprentices and new workers gaining understanding of advanced manufacturing operations involving new ICT paradigms.
4. Fostering collaborative supply network: Manufacturing 2.0 enterprises will define a new collaboration paradigm between stakeholders in the manufacturing supply chain, including but not limited to original equipment manufacturers (OEMs), suppliers and subcontractors. Manufacturing processes will run across organisational boundaries of OEMs and subcontractors with complete visibility of production, inventory and materials available while guaranteeing security and privacy for all stakeholders. As part of the extended collaboration paradigm, OEMs will be able to sell products as a service and certified suppliers or subcontractors will be able to offer value-added services – such as maintenance or upgrades – to customers. So-called capability-based contracts will offer use-based billing instead of requiring upfront investments in machinery by subcontractors. Remote service management will help improve equipment uptime, reduce costs such as travel for servicing, increase service efficiency – like first-visit-fix-rates – and accelerate innovation processes, for example by remote updating of device software. 
5. [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Aiming at customer-centred design, manufacturing and services: Another level where Manufacturing 2.0 enterprises would excel is in customer engagement. Carmakers already mine customer feedback data on motoring blogs to improve design and performance. Taking this as an inspiration, Manufacturing 2.0 enterprises would extract customer feedback from social media and incorporate it into engineering and manufacturing processes. Product sustainability will take precedence in the future with customers preferring to buy greener products out of environmental consideration, to obtain tax breaks or both. However, sustainable products would not be acceptable at the cost of quality and performance. Manufacturing 2.0 enterprises would be able to attain the quality-price-sustainability trade off by intelligent product design through customer collaboration as well as through state-of-the-art approaches such as design thinking. Furthermore, Manufacturing 2.0 enterprises would be able to mitigate barriers in make-to-order production and deliver individualised products with increased complexity and variability to customers. 


[bookmark: _Toc326836080]Key ICT Recommendations for Manufacturing 2.0
More than 100 research topics were collected through a series of 9 ActionPlanT workshops where nearly 100 international experts participated, representing the information technology as well as discrete manufacturing sectors. Each of these workshops had an ICT focus and used a two-pronged approach of ‘technology push’ and ‘market pull’. Under the technology-push approach, the experts identified which new ICT innovations could have a big potential for revolutionising the operational landscape of manufacturing enterprises within Europe. In this context, it was emphasised that there exists a significant gap between how ICT is readily applied in application domains such as financing, retail and social networking versus how it is hesitantly adopted by manufacturing industries in Europe. For the market-pull aspect, experts identified how ICT could mitigate some of the outstanding challenges faced by manufacturing enterprises within Europe. 
This chapter focuses on the technology-push aspect of ICT for Manufacturing 2.0. There is a shared and common agreement amongst European manufacturing stakeholders that an innovation strategy led by research in ICT is a prerequisite for dealing with increasing global competition and the demand for better products. New ICT, propelled by the four technology megatrends of collaboration, connectivity, mobility and intelligence, will not only help in the design of niche products and services but will also boost job creation within Europe through new business models and SME participation. It is therefore imperative for ActionPlanT to focus on new ICT paradigms which will bring about new opportunities for Manufacturing 2.0 enterprises. 
We provide 15 key ICT recommendations for implementation under the Horizon 2020 framework programme. These recommendations have been derived after collective assessment of research topics proposed at the workshops as well as through high-level consultations with the industry and market analysts. The research priorities proposed in Chapter 4 will outline more detailed implementation strategies for each of these recommendations. In Chapter 5, a guideline for implementation of these key ICT recommendations in Horizon 2020 will also be outlined.
[bookmark: _Toc326836081]Manufacturing Business Web: A cloud-based enabler of the Manufacturing 2.0 vision
To accomplish the Manufacturing 2.0 vision, ICT innovations in the Internet of Things, Internet of Services, mobile computing, social computing and on-demand production combined with advances in security, big data and programming languages have to be integrated and offered in future solutions for manufacturing. Innovations must also be pursued in in new algorithms for high-performance processes and advanced product design with the help of simulation, modelling and virtual reality. For the competitive advantage of Manufacturing 2.0 enterprises, ICT should assist in opening up new avenues of revenue generation such as pay-per-use models and product-centred services. 
[image: ]
Figure 4: Trend of ICT for Manufacturing 2.0
However, adding extra ICT functionalities to an already heavy enterprise software landscape is not the way to go for future ICT-for-manufacturing research. Market trends show that the practice of building monolithic enterprise software with huge footprints is becoming obsolete. Instead, SMEs and large manufacturing enterprises are increasingly looking for solutions that are agile, instantly valuable, real time, easy to use and device/platform independent – see Figure 4.  
To accommodate these seemingly contrasting needs for integration and simplification, ActionPlanT proposes the concept of the Manufacturing Business Web (MBW) – a cloud-based enablement where ICT technology developers as well as manufacturing service providers collaborate and build lightweight solutions with minimal footprints. It could be build on top of any distributed computing infrastructure, such as private or public clouds, with focus on Manufacturing 2.0 services. With MBW-compliant software, manufacturing SMEs will not need to invest significant resources in developing services which are not of business interest to them. MBW will provide a framework for users to compose and configure manufacturing services in situ for their customers, opening up a new possibility of revenue generation for third-party service providers. Links to context providers will enable service offers – logistics, weather forecasts, financial transactions and customs clearance – to OEMs for consumption based on a pay-per-use business model. MBW will also accommodate infrastructure providers on which on-demand solutions will be made available through pay-per-use schemes. All services provided in the MBW will be consumable at all levels of the enterprise stack by both heavyweight solutions deployed on-premises as well as lightweight ones deployed on managers’ and workers’ mobile devices.
Figure 5 illustrates a Manufacturing 2.0 scenario involving different stakeholders served by the MBW. In this scenario, the MBW acts as a collaboration and consumption platform for different Manufacturing 2.0 services. It enables the OEM to look for subcontractors fulfilling specialised production services such as SMEs offering after-sales services for the product manufactured by the OEM – for example: firmware upgrades, maintenance or collection after a product has reached its end of life. Apart from specialised production services, the MBW is here providing customs clearance and logistics services for the OEM. Furthermore, the MBW enables the OEM to find an affordable logistics provider as well as connecting to retailers and field representatives. 
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Figure 5: Manufacturing Business Web (MBW)
Although the MBW concept of a common cloud platform for bringing future ICT for Manufacturing developments under one roof is new in the context of manufacturing business, several Europe-wide cloud initiatives are already on-going in the domain of the Future Internet (see FI-WARE http://www.fi-ware.eu). Furthermore, the need for a common cloud-based platform for different industrial sectors has been corroborated by Neelie Kroes, Vice-President of the European Commission responsible for the Digital Agenda. This initiative has received widespread support and recognition from major IT thought leaders. Taking these landmark initiatives into account, the ActionPlanT roadmap proposes ICT recommendations and research priorities which are cloud ready – meaning they could be deployed on an MBW or any other manifestations of it on a Europe-wide enterprise level. 
[bookmark: _Toc326836082]Assumptions in the ActionPlanT roadmap
ActionPlanT proposes a set of 15 key ICT recommendations derived from market trends, analyst reports and research topics proposed by the international experts. It should be noted that the MBW concept as a cloud-based enablement which provides access to the necessary infrastructure, applications, content and connectivity to deliver end-to-end manufacturing services is greatly supported by ActionPlanT. However, neither the development of core cloud platforms nor the infrastructure elements concerning hardware and networking technologies are considered within the scope of ActionPlanT because these are best addressed by dedicated ICT initiatives such as FI-WARE[footnoteRef:14] and EPoSS[footnoteRef:15].  [14:  FI-WARE, Future Internet Core Platform http://www.fi-ware.eu ]  [15:  EPoSS – The Product Driven Platform http://www.smart-systems-integration.org ] 

The focus of the ActionPlanT roadmap is on building future manufacturing solutions which leverage the best of ICT advances in cloud, high-speed networks, in-memory and high-performance computing. The ICT recommendations proposed are therefore MBW capable and intrinsically able to comply with the development and runtime requirements of any future cloud platforms – such as FI-WARE or equivalent private/public initiatives. 
Three assumptions define the boundary of ActionPlanT roadmap topics:
1. Infrastructure: To be in sync with the current advances in cloud-based computing middleware, the focus has been made on proposing research topics which are cloud ready. Given future consumer trends and analyst reports, topics which encourage development of single-stack siloed software are intentionally avoided unless they bring about fundamental breakthroughs. Furthermore, the roadmap does not propose research topics for developing any generic cloud middleware per se – it is assumed that other core ICT initiatives would build distributed computing infrastructure where manufacturing solutions resulting from ActionPlanT’s research topics would run.

2. ICT hardware: Research in ICT hardware is outside the scope of this roadmap because after consultations with ActionPlanT experts, it was observed that software for manufacturing has a long way to go before the current state-of-the-art in processor parallelism, in-memory processing and high-speed/low-latency are fully exploited. For the Horizon 2020 implementation timeframe, it will therefore suffice if manufacturing software can be brought up to speed with already existing ICT hardware. 

3. Manufacturing hardware: Research in manufacturing hardware such as factory machinery is also outside the scope of ActionPlanT; instead, the focus is on new software for manufacturing that results in the implementation of the ‘Beyond the shopfloor – Manufacturing 2.0 vision’ illustrated in Chapter 2. It is assumed that research in manufacturing hardware would be addressed by targeted roadmaps and platforms in the nanosciences, nanotechnologies, materials and new production technologies domain. 
[bookmark: _Toc326836083]ICT recommendations for Manufacturing 2.0
There are three categories of ICT recommendations for Manufacturing 2.0:
1. Operational: These define how ICT for manufacturing can exploit infrastructure and transactional offerings of the MBW or equivalent distributed computing platforms;
2. Content: These define how three technology megatrends, namely collaboration, connectivity and intelligence, could be offered in manufacturing solutions for the future; and
3. Consumption: These address the last technology megatrend, mobility, and associated user-experience requirements for making future solutions easy to use and device independent.
It is worth reiterating that the ICT recommendations proposed are made to be cloud ready and closely linked to the MBW, which is used here as a generic indication of any cloud-based implementation of distributed computing infrastructure. Research priorities proposed in Chapter 4 concretise these recommendations – i.e. one recommendation may map to multiple research priorities of finer granularity. Furthermore, these recommendations are not exclusively cloud only as can be seen from some priorities in the next chapter that only address shortcomings in present-day manufacturing software – pure market-pull research priorities. 
Operational recommendations
At the operational level, software for Manufacturing 2.0 enterprises should exploit both the infrastructure and transactional features of future cloud deployments such as the MBW. The cloud offers an infrastructure-as-a-service (IaaS) model to both ICT and manufacturing enterprises by enabling resource-intensive applications – such as analysis, forecasting and simulation – to leverage concurrency of distributed nodes for faster processing of conventional manufacturing applications. The first key ICT recommendation advocates use of distributed computing infrastructure – for instance through the IaaS model of cloud, to run high-performance manufacturing applications for simulations, analytics and data forecasting. 
Recommendation OP1: Cloud-based infrastructure provisioning for high-performance manufacturing applications
High-performance manufacturing applications should use the IaaS cloud paradigm to make performance gains in computational space and time. Distribution of independent nodes also introduces problems related to non-determinism and asynchrony. ICT should look at the theoretical advances made in the areas of cluster and parallel computing, and apply the best practices to run concurrent manufacturing applications in simulation, analysis and data forecasting. The breakthroughs in process and processor parallelisation – such as cluster computing, multi-threading or virtualisation – should also be exploited to speed up legacy business software code currently used in European enterprises. 
The transactional aspect of cloud deployments should result in the development of manufacturing app stores which will be a novel offering to European SMEs and large enterprises in the manufacturing industry. Traditionally, manufacturing software has only been sold by large software vendors to manufacturing enterprises through elaborate contractual processes. This transactional model is typically out of the reach of SMEs which have neither the resources nor the capacity to venture into contractual bidding. An app store for manufacturing will give SMEs the opportunity to offer their services to enterprises through the software-as-a-service (SaaS) and pay-per-use models.
Recommendation OP2: Manufacturing app store for manufacturing solutions
A manufacturing app store will be a one-stop shop for exchanging and sharing of manufacturing solutions. Application providers can offer their solutions for specific manufacturing problems through the app store to manufacturing SMEs and large enterprises. Manufacturing apps should be ready to use and could be run with minimal configuration effort. This operational ICT recommendation would not only open up new avenues of revenue generation for cloud users but also benefit European SMEs which need not concern themselves with implementation of ICT applications and have several cost and quality alternatives for choosing providers based on their technical setup and use requirements. Additionally, manufacturing applications offered through the app store will have compliant interfaces and therefore can be coupled with business applications seamlessly.
Content recommendations
Content recommendations provide technology-push topics for developing new functionalities with manufacturing software. These recommendations are applicable for in-house software – such as those operating within the boundaries of one manufacturing enterprise – as well as for on-demand ones, such as cloud and other distributed deployments. For the latter, the platform-as-a-service (PaaS) and SaaS models of cloud provisioning offer attractive possibilities to develop functional aspects of manufacturing software. Content recommendations are categorised by three themes: collaboration, connectivity and intelligence – underpinning the core technological megatrends outlined in the Manufacturing 2.0 vision.

Figure 6: ICT service categorisation in the content centre
Collaborative ICT Solutions for Manufacturing 2.0
In extended enterprises and globalised markets, manufacturing applications – such as lifecycle management, supply chain management and customer relationship management – will no longer operate in closed monolithic structures. Instead, stakeholders and customers collaborating on a common application platform such as the MBW will bank on new software development and testing environments more oriented towards non-technical users and supporting development of business processes across the entire value chain. Distributed applications with low footprints targeting large user bases would become the norm. ActionPlanT recommends investment in three crosscutting collaboration-themed solutions for Manufacturing 2.0.
At the highest level, manufacturing solutions would aim to reduce complexity and provide flexibility across stakeholders in manufacturing value chains.
Recommendation CL3: Collaborative service management to tackle complexity and optimise operations
Traditional manufacturing software based on vertical silos maps to enterprises’ corporate functions and can no longer scale with the complexity arising from modern supply-chain organisations. In order to be agile on a global scale, supply- chain stakeholders need real-time information on processes, products and bottlenecks. On-demand software for collaboration that operates in any cloud deployment needs to make available information with respect to variability to all supply-chain stakeholders irrespective of their size or scale of operation. Through the SaaS model, each supply-chain stakeholder would be able to access information related to network visibility, risks and opportunities in the context of its own revenue and sales.
Due to the globalisation trends for outsourcing and subcontracting, design and manufacturing processes increasingly run across organisational borders. Therefore, at the intermediate level of collaboration, on-demand collaborative software for manufacturing should facilitate collaborative design and manufacturing across intra-company and cross-company teams. 
Recommendation CL4: Collaborative design and manufacturing for better products
Products change rapidly due to increasing market demands, competitive pressure and statutory requirements. To cope with dynamic markets and regulatory changes, manufacturing enterprises are not only decoupling their design and manufacturing units – systems and resources – but also outsourcing parts of them to specialised branches or subcontractors. Hosted collaborative services will play a vital role in providing a shared environment where design and manufacturing data can be used simultaneously by distributed teams. The collaborative design environments will be real time and virtualised, fetching data from design systems and rendering them with minimal latency by leveraging the concurrency and high processing bandwidth of any cloud deployment. Leveraging the power of the cloud, closed-loop lifecycle management should become easier with distributed persistency-enabled logging of product-use information, which would be fed back to improve design and manufacturing decisions for the product.  
The third most important ICT recommendation under the collaboration-themed solutions is the issue of collaborative knowledge management. Pursuing ActionPlanT’s vision for human-centred manufacturing, this key recommendation addresses the issue of sharing knowledge across manufacturing workforces in Europe. 
Recommendation CL5: Collaborative knowledge management for value creation 
Any cloud deployment, such as the MBW, has a critical role in enabling seamless exchange of knowledge between workers in European manufacturing enterprises. On the one hand, collaborative knowledge-management services hosted on demand could help in knowledge retention – through eLearning tools which capture knowledge from experienced workforces and help train inexperience workers. On the other hand, collaborative tools can also help in new value creation by enabling sharing and enriching knowledge ontologies which archive human knowledge and experience. These semantic- knowledge ontologies would be made accessible to workers – not only shopfloor but also knowledge workers – to aid in faster problem solving and process improvements. 
Connected ICT solutions for Manufacturing 2.0
Real-world resources such as machinery, robots, assembly lines and sensors are already an integral part of the information structure in modern manufacturing enterprises. All these resources need to be connected to each other and to the enterprise backend systems to ensure seamless transfer of information and real-world awareness. In addition, the trend to digital product memory will empower these devices to be self-aware and carry context-sensitive information based on roles and environment. Connectivity-themed ICT solutions for Manufacturing 2.0 should allow real-world resources to provide fine-grained information for holistic decision making and global state awareness. ActionPlanT advocates three key recommendations in this pillar of ICT solutions: connected objects enabling product-centred services; machine-to-machine connectivity in the cloud; and social networking for human-machine interaction (HMI).
The concept of the Internet of Things for Manufacturing 2.0 enterprises can only be realised if it is supported by a scalable distributed computing platform such as the MBW. The next recommendation with connected objects realises the vision of digital project memory where products are visualised as carrying their own information thereby making information processing faster and smarter.
Recommendation CN6: Connected objects in the MBW
To remain internationally competitive, manufacturing enterprises will increasingly depend on the ability to record and track all relevant data about a product and its lifecycle. In accordance with the vision of the Internet of Things, products will be able to carry working data and exchange information with their environment, users and other products. This will help in streamlining manufacturing processes to enhance customer services – such as mobile product recommendations – and, more generally, to bridge the gap between devices in the real world, business-management systems and users of these systems. Furthermore, this recommendation will help in making the vision of product-centred services a reality and European manufacturing enterprises, particularly SMEs, will be able effectively to offer maintenance, warranty and end-of-life services to customers by accessing historical use information stored in the products. 
The current state of the art in software for manufacturing has made significant progress in machine-to-machine (M2M) connectivity. ActionPlanT recommends that the next generation of revenue-enabling manufacturing applications leverage the power of the cloud to deal with M2M connectivity and data processing.
Recommendation CN7: M2M cloud connectivity in the MBW 
Asset-information management is an integral part of manufacturing businesses across Europe. Often the first step for monitoring and maintaining high-value assets is to connect them via a low level platform to backend enterprise systems. With the exponential increase of company assets and the limitations – both storage and resource – of existing legacy backend systems, information gathering and management are fast becoming intractable for both large enterprises and SMEs. Cloud-based M2M connectivity presents an interesting prospect to European enterprises by facilitating not only distributed asset-information management but also always-on connectivity to critical assets which may be geographically distributed. 
Similarly in the scope of HMI, the cloud presents an exciting proposition to connect social networking with worker and device data.
Recommendation CN8: Cloud-based social networks for HMI
Human-machine interaction has been a much-studied subject in various disciplines such as computer science, industrial engineering and psychology for the last 30 years. A cloud-enabled social network operating on platforms such as the MBW has a tremendous potential to capture not only human-to-human exchanges but also HMI. Research should not only focus on the attributes of such a social network but also the intricacies involved with modelling HMI with special care given to representing roles, delegations, personas and semantic tagging. Such a social network could be private, involving OEMs and their trusted network of suppliers and service providers. This recommendation opens up new business potential for European SMEs which could offer services to customers based on machine states, exceptions and alert warnings.  
Intelligent ICT solutions for Manufacturing 2.0
Technological advances in the areas of analysis, visualisation and simulation are seen as key drivers for the success of future Manufacturing 2.0 enterprises. ICT can help European manufacturers make sense out of the voluminous production data, visualise key performance indicators and use the data to design better products. Intelligent ICT solutions for Manufacturing 2.0 focus on these three core functional themes for manufacturing enterprises and recommends significant research in these areas.
Advances in in-memory computing and declining storage costs have opened up the possibility to store terabytes of data in fast random-access memory instead of on slower magnetic disks. This presents a unique opportunity to build and run fast real-time analytical applications on-demand on the data collected through connectivity-themed applications implementing M2M connectivity, connected objects and HMI.
Recommendation IN9: Big-data analysis and real-time decision making
Collaborative and connected ICT applications for Manufacturing 2.0 enterprises will produce voluminous data which the intelligent ICT solutions need to process and make sense of. Currently, most business-intelligence systems only allow users to analyse this data in reporting mode. In-memory databases coupled with parallel analytical applications in the cloud will enable users to play with data in real-time. Managers in manufacturing enterprises will be better informed about exceptions and opportunities in production and markets by being able to analyse the data in real time. Future ICT research needs to apply advances in in-memory computing and data analysis to the manufacturing domain. The cloud-ready MBW presents an ideal platform to host distributed and fast analytical algorithms from multiple stakeholders with OEMs producing and owning the data and SMEs offering analytical services to process the data – all in a secure yet shared environment. 
Once the data is processed and analysed by in-memory analytical applications, it needs to be presented in an intuitive way to the decision makers in manufacturing enterprises – ranging from corporate executives to shopfloor managers. 
Recommendation IN10: Intelligent visualisation for big data
Representation and visualisation of analysed data in an intuitive way is one of the outstanding challenges for ICT to solve. Once data is broken down, processed and analysed, it needs to be represented in a form which can be easily consumed by human decision makers at all levels of manufacturing enterprises. Associated challenges of KPI formulation, calculation and correlation need to be addressed before meaningful information can be derived from the analysed data. Furthermore, raw numerical KPI values are often of little value to decision makers; instead, conveying the bigger picture, such as how deviations in shopfloor machinery could affect the production throughput or how supply-chain delays could cause cashflow problems in a company, is more helpful for strategic decision making. Additionally, this key recommendation should focus on optimal rendering of graphical information such that visual cues on production status and exceptions could be easily obtained.
Leveraging on the big data hosted in the MBW and infrastructure provisioning of cloud infrastructure (Recommendation OP1), intelligent ICT applications will be able to provide high-performance simulation applications for European SMEs and large enterprises alike. 
Recommendation IN11: High-performance simulation and analysis in the cloud
Simulation is widely used for optimisation and control of manufacturing systems. However, the majority of available simulation tools are focused on specific components or functional levels. With the cloud providing infrastructure provisioning, data hosting and real-time data-processing capabilities, simulation providers will be able to write open and configurable applications which leverage the processing power of the infrastructure for the benefit of both SMEs and large enterprises in Europe. High-performance simulation and analytical applications in any cloud enablement, such as the MBW, should focus on development of differential simulation methods, models and tools, dealing with the multi-level information simultaneously, across varying granularities of production systems, as well as different phases of the product lifecycle. These applications will be scalable across multiple domains and incorporate human knowledge into the calculations but at the same time hide the intricacies of implementation to the non-expert users.   
Consumption recommendations
At the consumption level, future ICT applications for Manufacturing 2.0 enterprises will be mobile ready and user friendly. While mobile technology has permeated the consumer applications market in a big way, industrial use of it, especially in manufacturing industry, is still limited. Furthermore, while used for many years in mobile maintenance, mobile goods reception and warehouse management, the technology has mostly been limited to one-off scenarios and not integrated in end-to-end manufacturing solutions. In the same vein, making manufacturing enterprise software user friendly and secure would receive as much attention in the future as the functional development of the software itself. The foremost ICT recommendations at this level cover: mobile applications for manufacturing; infrastructure for mobile consumption; timeless manufacturing software with rich user experience; and secure software for Manufacturing 2.0 enterprises. 
The first recommendation is to do with making manufacturing applications mobile ready. Mobile applications not only have the potential to run on handheld devices used in abundance at all levels of the European workforce but also open up new revenue-generation possibilities for European SMEs.
Recommendation CS12: Mobile apps for Manufacturing 2.0 enterprises
Conventional software used in manufacturing enterprises today is commonly associated with two impressions: legacy and backend. Mobile computing presents a unique opportunity to propel software for manufacturing to new heights by letting decision makers in manufacturing industry react to changing situations, exceptions and opportunities anywhere around the cloud. Manufacturing apps are easy to build and easy to deploy without extensive configuration and runtime requirements. Furthermore, apps are reusable – configured to suit different industries, sectors and businesses. The MBW app store presents a business opportunity for European SMEs which, instead of developing large-scale monolithic software, can offer lightweight apps to other manufacturing SMEs or large enterprises. ICT solutions for collaboration, connectivity and intelligence can all have their lightweight mobile versions giving restricted yet useful context-sensitive information to decision makers.
For lightweight manufacturing apps to be developed, data compatibility for mobile consumption has to be provisioned through mobility infrastructure which needs to be hosted on a distributed platform such as the MBW. A mobility infrastructure will transform enterprise and manufacturing data from backend system before rendering it on users’ mobile devices, typically using providers’ data-push functionality. 
Recommendation CS13: Mobility infrastructure for MBW apps 
Conventional backend systems often have data-model and interoperability specifications which are unsuitable for rendering on mobile devices. Without requiring manufacturing enterprises to discard their existing and legacy backend systems, this recommendation proposes setting up a mobility infrastructure, hosted in the MBW, which will use the connectivity features to access data from machines as well as enterprise backend systems and make the data suitable for mobile consumption. Apart from the technical hurdles associated with data transformation and connectivity, the mobility infrastructure should also implement characteristics of telecommunications infrastructures, such as push notifications, to trigger exceptions and alerts from the production lines and shopfloor to the handhelds of the decision makers.  
Well-designed and easy-to-use software will improve workplace productivity and satisfaction. The next consumption recommendation encourages the building of user-friendly manufacturing software with rich user experience.
Recommendation CS14: Timeless manufacturing software with rich user experience
ICT for manufacturing is typically a function-focused domain and so far less attention has been given to building solutions which are rich in user experience and easy to use. ActionPlanT recommends building software for manufacturing with the goal of making user experience count. This is not only a prerequisite for on-demand and mobile solutions but also for solutions which run on-site. To fulfil this objective, design thinking with deep customer – user – involvement and intuitive user-interface design should be pursued from the start. The focus should be on presenting only the relevant information to the users, based on their function and roles. Furthermore, user interfaces should be device independent, thereby ensuring the same look and feel irrespective of the operating system or device. 
The last recommendation addresses the topic of software security in manufacturing industry. Security is often considered as a multi-round game between the software developer and the attacker. It is well understood that achieving absolute security, especially for enterprise-level software and on-demand applications, is an intractable problem. Nevertheless, future software development should enforce security through an extensive attack analysis and use of state-of-the-art prevention techniques.
Recommendation CS15: Secure software for Manufacturing 2.0 enterprises
It is important to analyse and close security loopholes at the time of writing software to prevent malicious attack on software code and systems. Additionally, with cloud computing and on-demand software becoming increasingly popular, related issues of trust, privacy and access control will become paramount for manufacturing services and applications to gain general acceptance. Currently, large enterprises and SMEs are equally apprehensive about global collaboration and connectivity themes, not because these do not offer lucrative business prospects but because the security concerns are not adequately addressed. With research in security and privacy, it is also the case that there is no generic one-size-fits-all solution for all classes of software. Instead, software need to be analysed first based on its use – and misuse – cases and then appropriate security techniques have to be applied. Protection techniques from conventional encryption algorithms to more recent paradigms such as obfuscation, watermarking and multi-enterprise role-based access control should be explored in the future for building secure software for manufacturing.

[bookmark: _Toc308176767][bookmark: _Toc326836084]Research Priorities For Manufacturing 2.0 Enterprises

[bookmark: _Toc304500399][bookmark: _Toc308176768]In this chapter, we focus on the market-pull approach by proposing ICT innovations in each of the five clusters identified in the vision for Manufacturing 2.0 enterprises – see Chapter 2. By taking a market-pull approach, we are able to identify ICT innovations by functional levels of Manufacturing 2.0 clusters: shopfloor and processes, factories, workers, supply network and customers. The ICT innovations are described using the research-priority template. A selection of 40 research priorities was developed by combining over 100 individual topics collected from ActionPlanT experts at 9 different roadmap workshops. These priorities are closely linked to the 15 key ICT recommendations proposed in the previous chapter.
A research-priority template comprises the following five components:
1. Description – a short text outlining the underlying issue and proposed mitigation strategy using ICT. The description also links the RP to one or more of the key – most relevant – ICT recommendations in Chapter 3;
2. Industrial challenges – describing some of the issues relevant to the research priority that act as obstacles to Manufacturing 2.0 enterprises currently;
3. Potential outcomes – key benefits to the Manufacturing 2.0 enterprise if the research priority was to be implemented;
4. ICT research requirements – describing ICT technical innovations required to solve the underlying problem and/or achieve the potential outcomes; and
5. Impact assessment – contain an ambitions radar which evaluates the impact in a more structured way by mapping each research priority against the five ambitions – on-demand, optimal, innovative, green and human centred – using a radar graph with an index of a scale of 1 (no impact), 2 (indirect impact) or 3 (direct impact). The impact factor calculates the mean of all ambitions-radar scores. Validated technological readiness of the proposed research priority is shown in a technology-readiness-level thermometer. Three levels, from concept readiness through laboratory use to application in operations/production are calibrated on this thermometer. Finally, a time frame for implementation of research priorities with respect to the Horizon 2020 programme has also been recommended. This recommendation has been issued based on the technical content of the  research priority, on the fact that outcomes of the research priority could be prerequisite for other research and on the maturity of the technologies behind research priorities. The timeframe covers the horizons ’by 2016’, ’by 2018’ and ’by 2020’.
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Figure 7: The Impact Assessment component of the RP template
Figure 7 shows a typical example demonstrating the impact-assessment components. The ambition radar shows that the research priority has an indirect impact on the on-demand and human-centred ambitions, a direct impact on the optimised and innovative ambitions, and no impact on the green ambition. The impact factor is 2.2, calculated as a mean of the single values from the ambition radar. Under Horizon 2020, the grey highlighted cell ’by 2016’ provides an indication of the potential timeframe of the research activities for this RP to be applied. 
A TRL thermometer is shown on the right. On the scale of the thermometer, the three different readiness-levels ’concept’, ’lab’ and ’production’ are distinguished. Technological readiness at the concept level refers to first ideas of applying a technology in a certain context as well as start of basic research. Technological readiness at the lab level means that the technology has been applied successfully to an entire system – or its components – in a laboratory environment without external/unknown factors. The last level production indicates that the technology is has been thoroughly tested and is ready to be applied in a real production environment, although certain factors might have hindered a wide application until now. In the example above, the readiness of the technology is at the concept level.
It is worth noting that these components – the ambition radar, impact factor, Horizon 2020 timeframe and TRL – are not dependent on each other. For example, a low TRL level does not necessarily mean that the RP should be researched at later stages of the Horizon 2020 timeframe, while on the other hand a high TRL level does not indicate that the RP should be researched immediately at the beginning of the Horizon 2020 timeframe. In the same way, a high impact factor is not correlated to a high TRL level. Summarised, it can be said that the TRL measures the current technological maturity of the RP, the ambitions radar and impact factor the potential impact of a successfully researched research priority and the Horizon 2020 gives an indication of the proposed time for carrying out research activities.

[bookmark: _Toc326836085][bookmark: _Toc308176769]Towards agile manufacturing systems and processes
To counter the turbulent markets characterised by frequent economic downturns and dynamic consumer behaviour, Manufacturing 2.0 enterprises need to minimise time to market of customised and value-adding products. This first roadmap R&D cluster deals with value generation at the shopfloor level of manufacturing enterprises, addressing issues such as systems integration, better manufacturing execution systems, collaborative robots and greater human-machine interaction. 
Some of the salient points addressed by the first cluster are outlined in the following:
· How to translate dynamic market demands for customised products into necessary system and process changes;
· How to attain energy efficiency and sustainable production capacity despite ambitious requirements for high throughput and minimal downtime;
· How to ensure seamless collaboration amongst shopfloor stakeholders: humans; machines; robots; and software systems; and
· How to ensure integration of disparate systems for production levering ICT innovations and open standards.
ICT play a pivotal role in making shopfloors more efficient, optimised and sustainable. Functionalities of extended in-house systems such as enterprise resource planning (ERP) and manufacturing execution (MES) need to be extended to make integration and dynamic scheduling of production easier for future enterprises. There is also scope for ICT to improve embedded software for better shopfloor asset management through the Internet of Things and improved robotics software for safe and reliable HMI. Lastly, through key ICT recommendations, new modes of revenue generation such as M2M collaboration in the cloud, service-oriented-architecture-based device integration, and mobile defect and status recording can be opened up at the shopfloor level for future enterprises.
A list of key ICT research innovations at the megatrends level are itemised in the following:
Collaboration:
· Flexible and reconfigurable software for shopfloor machinery and robots;
· Innovative and multimodal HMI interfaces;
· Safety and reliability in human-machine/robot collaboration; and
· Service robotics at manufacturing-process level.
Connectivity:
· Adaptive process control and automation;
· Interoperability between systems and assets on the shopfloor;
· M2M connectivity in the cloud; and
· State-of-the-art automation, control and integration software architectures.
Mobility:
· Mobile asset management on the shopfloor;
· Mobile defect recording and transaction invocations; and 
· Mobile energy consumption and monitoring at the shopfloor.
Intelligence:
· Self-organising production control, monitoring, metrology, perception/awareness and diagnosis;
· Self-learning manufacturing systems;
· Integrated multi-domain simulation and analysis for shopfloor assets;
· Lifecycle reconfigurable manufacturing; and
· Business intelligence and decision making at machine and workshop levels.
The R&D Cluster Towards agile manufacturing systems and processes incorporates the following research priorities:
RP1.1 – Software for flexible and reconfigurable machinery and robots
Highly dynamic market demands and changing customer requirements for product personalisation are driving European factories to modify their asset-instalment bases with flexible and reconfigurable machinery and robots. Software for dynamic reconfigurations would not only increase the throughput of factories but also integrate with existing backend systems for design and manufacturing with the objective of reducing changeover time/cost, tooling and programming effort. Furthermore, generic software solutions for reconfigurable machinery and robots will open up new business opportunities through the concept of factory leasing, where different manufacturers could lease an existing factory setup to manufacturing similar goods but with different configuration needs. RP1.1 would implement key ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing for better products and IN9 Big data analysis and real-time decision making. 

© ActionPlanT 		 www.actionplant-project.eu

Page | 73

Industrial challenges
· Dynamic personalisation of products and frequent changes in production and machine reconfiguration;
· Building software to capture these dynamic needs as well as integrate with systems and machinery;
· Reducing consumption of energy as well as of other resources – materials, water, etc.;
· Assisted setup of machines and the work pieces;
· Automatic referencing and calibration capabilities for machinery; and
· Implementation of geometrical measurement and integrity inspection on the machines.

Potential outcomes
· Reduction of time and cost of factory and machine reconfiguration;
· Reduction of expert programming needs and time devoted to it;
· Reduction of energy consumption during machine reconfiguration and subsequent use stage;
· Reduction of scrap – defective work pieces – and reworking;
· Reduction of manufacturing steps through increased machine functionality; and
· Implementation of leased-factory concept.



ICT research requirements
· Develop multidisciplinary models and tools for designing flexible and easily reconfigurable systems and machines, including dynamic simulation and monitoring of consumption of energy and other resources;
· Develop decentralised control systems including operational schemes and intelligent control patterns;
· Conceive open IT platforms for integration and networking of control systems;
· Develop local intelligence and signal-processing solutions for self-adjustment and correction;
· Develop virtual metrology and real-time self-correction/self-healing capabilities; and
· Generate a formal repository incorporating all the necessary knowledge for designing flexible and reconfigurable systems and machines. 
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RP1.2 – Professional service robots and multimodal human-machine-robot collaboration
Immersive collaboration between human workers and robots would lead to a more efficient, safer and flexible manufacturing environment. Cognition-based intelligent features within machinery and robots will radically change their interfacing towards human operators in manufacturing environments, where human-robot-systems will be dynamic, act safely in a shared working space, follow an intuitive co-operation paradigm and be aware of the work and of its environment. RP1.2 will implement key ICT recommendations IN9 Big data analysis and real-time decision making and CS14 Timeless manufacturing software with rich user experience.


Industrial challenges
· Considering non-structured environments with boundary-less operations;
· Taking advantage of the best capabilities of humans in terms of flexibility, experience and skills, and robots in terms of accuracy and repetitive tasks;
· Making assistive machinery and robots co-operate with human operators to carry out tasks interactively;
· Ensuring safety with humans and robots co-operating in the same workspace;
· Having service robots assist workers in non-value adding, repetitive and heavy labour activities; and
· Cost-effective design of interactive dedicated architectures.

Potential outcomes
· Increase in the quality of service in terms of usability;
· Less physically demanding jobs in manufacturing and improved working environment;
· Increased safety in manufacturing environments; 
· Programming by demonstration; 
· Self-learning and decision-making capabilities for smart and autonomous robots interacting with other robots, with machinery and with human workers; and
· Multi-task planning of processes and actions in strategies for sequencing and choice of actions.



ICT research requirements
· New cognitive-based control – perception, reasoning and acting – architectures which will ensure safe and reliable human-machine interactions;
· Highly advanced perception and situation analysis capabilities to plan automatically or interactively in the context of incomplete information about tasks and scene;
· Semantics, reasoning, self-learning and decision-making capabilities for smart and autonomous robots interacting with other robots, machinery and human workers;
· Safety sensors and their integration within the robot control;
· Novel multimodal interfaces among machines, robots and human operators; and 
· Distributed embedded real-time systems with capability to analyse large volumes of sensory data.
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RP1.3 – Adaptive process automation and control for a sensing shopfloor
Intelligent plug-and-play systems will feature sensing and actuator structures integrated with adaptive control systems supported by active compensation features for fully optimising the performance of the manufacturing systems in terms of autonomy, reliability and efficiency along their lifecycle. This will enable the development of embedded distributed control systems architectures with end-to-end device-integration capabilities as well as real-time data processing and KPI calculation capabilities. RP1.3 will implement key ICT recommendations IN9 Big data analysis and real-time decision making, IN10 Intelligent visualisation of big data, and IN11 High-performance simulation and analysis in the cloud.


Industrial challenges
· Ensuring competitive position through efficiency of manufacturing equipment;
· Increasing precision performance by improving robustness against external influences;
· Providing the capability to measure cost-effectively all critical parameters of manufacturing processes in real time;
· Ensuring an increased compatibility and wide interoperability of plug–and-play systems – modular architecture, interface mechanism, programming interfaces, etc.; and
· Providing the capability to process real-time inputs and process models to create an executable process model integrated with the controller.



Potential outcomes
· Improved productivity and zero ramp-up time of production processes;
· Adaptive, high-performance control solutions able to deliver zero-defect processes and optimised performances of manufacturing processes considering dynamic requirements and surrounding conditions;
· Improved and more predictable performance of manufacturing systems along their lifecycle, covering reliability, maintainability, cost and energy efficiency;
· Improved motion accuracy and robustness in mechatronic systems; and
· Improved accuracy of the process – zero scrap and reworking – through comparison with models and complete adaptation of the machine and process.



ICT research requirements
· Novel approaches to build low-power embedded distributed control systems architectures;
· Real-time simulation embedded in the control involving high-performance computing; 
· Integration of plug-and-play components with the production process;
· Data-processing and data-mining technologies capable of extracting the knowledge and model of machine and process parameters across the lifecycle;
· Software capable of monitoring KPIs and lifecycle parameters;
· Automatic adaptation of controllers and automatic communication to backend systems such as MES and ERP.


	Ambition Radar
	TRL

	[image: ]
	[image: ]

	Impact Factor
	

	2.0
	

	Horizon 2020
	

	By 2016
	By 2018
	By 2020
	





RP1.4 – Dynamic manufacturing execution environments for smarter integration 
Legacy manufacturing execution systems have non-modular architecture and will not cope with the dynamic nature of future manufacturing processes. Next-generation MES would require constant optimisation of quality and resource use. Furthermore, the amount of knowledge extracted from the level of automation should be fully exploited by MES. Next-generation MES would need address the dynamism of environments and facilitate sustainable manufacturing through optimisation of knowledge-based systems and integration with supply-chain processes. These should furthermore be condition based, exploit experience on the shopfloor and facilitate self organisation of production systems. RP1.4 would implement the key ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing for better products, IN9 Big data analysis and real-time decision making and IN11 High-performance simulation and analysis in the cloud.


Industrial challenges
· Reduction of lead times towards just-in-time deliveries;
· High process transparency through appropriate human-machine interfaces;
· Reliable and friendly-to-use modelling systems for the process and production system;
· Real-time monitoring and diagnosis at different levels of the plant;
· Reduction of energy consumption through more intelligent production planning; and
· Improved and efficient use of complex manufacturing environments which include fixed and mobile robotised systems.

Potential outcomes
· Integration with automation level to provide flexible and dynamic MES to evolve with highly agile and reconfigurable future manufacturing systems;
· Full integration of MES with enterprise information systems to adapt use of internal and supply network resources better to demand changes;
· Full integration of MES and automation systems for visualising the engineering value chain and traceability of manufactured products; and
· What-if scenario analysis of future outcomes enabling efficient use of resources.



ICT research requirements
· High-performance computing leveraging the cloud to deal with the large amount of data coming from the level of automation and real-time reactivity to perform optimisation and what-if scenario analysis;
· Complex event processing (CEP) and data-stream analysis for generating real-time production performance indicators;
· Condition-based optimisation of production schedules in real time based on implementation and adaptation of self-learning approaches to MES;
· Next-generation software architectures which aggregate conventional production metrics with sustainability metrics; and
· New MES-based on software architectures which are modular in nature, state-of-the-art-based and leverage the best practices of cloud deployment.
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[bookmark: _Toc304500402][bookmark: _Toc308176771]
RP1.5 – Monitoring, perception and awareness on the shopfloor
For future Manufacturing 2.0 enterprises to be more agile and responsive, it would become essential to monitor the real state of devices and machines in a continuous manner and then perform diagnostics based on analysed performance bottlenecks and KPIs. In this regard, ubiquitous sensing approaches will actively support engineers in their job of detecting, measuring and monitoring the variables, events and exceptions which might lower the performance and reliability of shopfloor systems. Furthermore, shopfloor KPIs and performance deviations would be projected on engineers’ mobile devices, with their statuses updated in real time. RP1.5 would primarily implement IN9 Big data analysis and real-time decision making, RP10 Intelligent visualisation of big data and CS12 Mobile apps for Manufacturing 2.0 enterprises.


Industrial challenges
· Detection, measurement and monitoring variables, events and situations which affect the performance of manufacturing systems;
· Relating performance and throughput of manufacturing systems to KPIs – such as cost, energy efficiency, safety, reliability and maintainability;
· Integration of sensory capabilities of machines and workers into monitoring systems; and
· Making decision-taking at the shopfloor more user-friendly and agile.

Potential outcomes
· Significant improvement in the reliability of manufacturing systems and processes as measured by meantime between failures metrics;
· Improvement in the maintainability of manufacturing systems and processes as measured by total maintenance cost metrics; and
· Increasing safety and throughput in workplaces through dynamic monitoring and management of exception events and bottlenecks.




ICT research requirements
· Develop big-data intelligence and signal-processing solutions featuring self adjustment and correction capabilities, and covering a wide field of sensing and detection; 
· Integration of sensors at shopfloor level with backend systems for monitoring energy use;
· New distributed perception architectures for handling large amounts of data from sensors, filtering at different levels and sensor-data fusion and aggregation;
· Develop new vision systems and image-processing techniques for increasing awareness in manufacturing areas when detecting risky and abnormal situations; and
· User friendly interfaces to render appropriate KPIs and exceptions on the mobile devices of decision makers.
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RP1.6 – M2M cloud connectivity for Manufacturing 2.0 enterprises
The problems of remote device management, high-volume data collection and processing are going to become intractable with the rapid proliferation of connected devices across European shopfloors. It is currently estimated that we will have in the order of 50 billion connected devices by 2020. European enterprises, particularly SMEs, are going to face difficulties monitoring their production assets across distributed plants and calculating downtimes, meantime between failures, throughput and other KPIs based on asset availability and exceptions. To cope with the challenges of distributed devices and high-data volumes, future ICT research for manufacturing should leverage cloud infrastructure, such as the MBW, to enable assets spread across distributed shopfloors to transmit status and exception information which can be processed on-the-fly by in-memory persistency engines and rendered on decision-makers’ workstations and smartphones. RP1.6 implements key ICT recommendations CN6 Connected objects in the MBW, CN7 M2M cloud connectivity in the MBW, IN9 Big data analysis and real-time decision making and IN10 Intelligent visualisation of big data.


Industrial challenges
· Cope with rapid proliferation of connected objects, both devices and systems, across manufacturing enterprises – in the order of 50 billion by 2020;
· Enterprise’s ability to have production and asset status – availability and downtimes – across distributed plants; and
· Processing of large volume of information collected by shopfloor devices to understand the status of distributed devices and exceptions.

Potential outcomes
· Ability of European enterprises to perform remote management of devices, remote machine data collection and monitoring of status/exception conditions seamlessly in a distributed manner;
· Easier location and tracking services of enterprise assets by leveraging distributed lookup and resolution capabilities offered by the cloud; and
· New sources of revenue for SMEs to offer services to collect and process asset data.


ICT research requirements
· Distributed Internet-of-Things-based M2M connectivity leveraging future cloud deployments such as the MBW to different classes of devices across the shopfloor; 
· Implementation of universal adapters to interface devices with cloud middleware and translate data collected from them;
· Development of faster distributed publish-subscribe broker systems in the cloud for devices to subscribe to and consume data from other devices through common topics;
· Real-time event repository based on fast in-memory processing technologies which can be parsed will minimal lag and resolved against particular exception conditions;
· Development of generic M2M workbench which will serve as the platform-independent design time environment for decision makers to monitor and manage distributed assets; and
· CEP-based rules engines and languages to filter device conditions and events in in-memory databases.
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RP1.7 – Mass customisation and integration of real-world resources 
Current plant connectivity systems lack the ability to configure large number of real-world resources, such as shopfloor devices, production systems, backend business system and abstract representations of human resources and intangible objects, effortlessly in an automated manner. To model disparate resources, systems administrators currently use legacy middleware to register them manually and then configure them on an individual basis. The future lies in the development of IoT-based device-integration middleware that is scalable and distributed in nature and does not require manual intervention to register and configure multiple shopfloor resources having same generic specifications. This would improve productivity across shopfloors by reducing configuration time and provide an automated way to control different facets of the shopfloor. RP1.7 would implement key ICT recommendations CN6 Connected objects in the MBW, CN8 Cloud-based social networks for human-machine interaction, and IN10 Intelligent visualisation for big data.


Industrial challenges
· Diverse and disparate resources across the shopfloor require monitoring and management;
· Ability to add new instances of existing resource classes and types with minimal effort seamlessly;
· Visualise the state and configuration characteristics of different shopfloor resources under unified workbench; and
· Integration of real-world resources with backend business systems with minimal human intervention.


Potential outcomes
· Increase in productivity across shopfloor by alleviating need to configure copious resources manually;
· Easier maintainability and configurability of shopfloor operations thereby increasing downtime rates; and
· Centralised management cockpit for configuring and monitoring the holistic resource map of the shopfloor that also provides the functionality to configure resources automatically. 




ICT research requirements
· Development of a dynamic object-oriented model to represent classes and instances of real-world resources;
· Development of semantics and abstract representations to model intangible assets on the shopfloor;
· Use of state-of-the-art-based distributed middleware with dynamic code-deployment functionality such as OSGi such that new classes and instances of real-world resources could be added seamlessly without restarting the middleware; 
· Leveraging object-relational model (ORM) for persistency to store and retrieve resource configurations dynamically from repositories at the object level without requiring use of native queries; and
· Intuitive user interfaces which give holistic views of resource layouts on shopfloor and configurations to the shopfloor manager.
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RP1.8 – Intuitive interfaces, mobility and rich user experience at the shopfloor
Research should exploit new mobile and user-experience technologies to enhance the experience of European workers. It is well acknowledged that European enterprises need to cope with the issue of an ageing workforce in the near future by equipping them with tools and mechanisms to work with ICT systems on the shopfloor easily. Intuitive user interfaces based on recent advances in HTML5, gaming and mobile apps not only offer the distinct advantage of being easy to use to ageing workers but also make the user experience more enjoyable. Research on this front should not only focus on building interfaces for new kinds of manufacturing applications but also on improving user interfaces and experience of legacy systems. RP1.8 will primarily contribute to the ICT recommendation CS14 Timeless manufacturing software with rich user experience as well as to CN8 Cloud-based social networks for HMI and CL5 Collaborative knowledge management for value creation. 


Industrial challenges
· Ageing workforce in Europe needs assistance and better HMI experience;
· Common perception that manufacturing software is tedious and difficult to work with; and
· Most of the existing software systems in manufacturing have outdated user interfaces which are cumbersome to work with and difficult to track/manage.



Potential outcomes
· Improvement in worker experience, satisfaction and deeper engagement with software for manufacturing on the shopfloor;
· Assisting older workers in European enterprises to sustain the level of productivity through easy-to-use systems interfaces and workflow definitions;
· Reviving legacy manufacturing systems by providing a fresh look and feel; and
· Improving productivity by making shopfloor system interfaces device independent such that workers experience the same level of ease on workstations and smartphones alike.



ICT research requirements
· Build on state of the art in user interfaces such as HTML5 and Silverlight as well as iOS and Android development to build interfaces which increase the joy of use and bring satisfaction;
· Development of standardised user-interface libraries which incorporate easy-to-access symbols and buttons for older workers and are also easy to incorporate in production systems;
· Effort on design thinking by working extensively with the workers and through observation to find out how to simplify software for manufacturing – cutting out redundant functionalities – following the principle of less is more;
· Overhaul legacy systems by decoupling user interfaces from main systems logic and incorporating modular approaches which can be extended based on new advances in user-interface layouts and languages; and
· Develop a feedback mechanism to capture user interactions and improve iteratively future versions of the system.
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[bookmark: _Toc326836086]Seamless factory lifecycle management
[bookmark: _Toc304500405][bookmark: _Toc308176774]Factories are becoming increasingly complex, expensive to run, distributed and faster evolving than in the past. European manufacturers are struggling to cope with dynamically-changing factory lifecycle requirements. New paradigms in the way plants are designed and managed are required to cope with competition and sustainability-related issues.
In Manufacturing 2.0 enterprises, assets and inventories together with assembly lines and machinery would be dynamically designed, configured, monitored and maintained. A prerequisite for advanced factory lifecycle management is the availability of an integrated and scalable factory model with multi-level semantic access to features, aggregation of data with different granularity, zoom in and out functionalities, and real-time data acquisition from all the factory resources – assets, machines, workers and objects. Stakeholders should be able to drill down into any production area and observe throughput, use and consumption using correlated key performance indicators accessible via user-friendly interfaces adaptable for varying user roles and mobile consumption platforms.
Factories designed in such holistic and structured ways will be more efficient in energy consumption and will provide a safer workplace. Standardisation of design and management approaches will make them easier to implement and cheaper to run. Availability and reliability of the factory will be increased by enhanced maintenance methods, allowing for more efficient production.
Manufacturing 2.0 enterprises will be able to achieve these objectives through research in the following ICT megatrends:
Collaboration 
· Leveraging cloud infrastructure for managing and monitoring information about factory resources;
· Service composition, query and mash-ups for distributed factory services; and
· Product/service systems – factory/process/product holistic management of lifecycle platforms.
Mobility 
· Intuitive user interfaces for C-level, plant managers, operators and workers at different operational levels; and
· Provisioning monitoring and management data on mobile devices.
Connectivity 
· Interoperable heterogeneous backend systems, enterprise applications integration and data buses;
· Asset monitoring and tracking through Internet-of-Things middleware;
· Data privacy and access control across different factory/plant boundaries; and 
· Advanced metering and monitoring of energy consumption in factories.
Intelligence 
· Complex event processing on Internet of Things/streaming data for real-time data availability;
· Modelling, simulation and forecasting;
· Seamless data granularity and aggregation;
· Manufacturing and factory intelligence, KPIs, risk-performance indicators and sustainability-performance indicators;
· Semantic management and analysis tools; and
· Condition-based maintenance tools.
The R&D Cluster Seamless factory lifecycle management incorporates the following research priorities:


RP2.1 – Integrated factory models for evolvable manufacturing systems
Factories are evolving faster than in the past and becoming more complex, expensive and geographically distributed. Commonly-used IT backend systems are neither widely interconnected nor interoperable. This makes holistic representation, monitoring and management of factories difficult. The development of integrated scalable and semantic factory models with multi-level access features, aggregation of data with different granularity, zoom in and out functionalities, and real-time data acquisition from all the factory resources – assets, machines, workers and objects – will enable the implementation of support for decision-making processes, activity planning and operation controlling of the Manufacturing 2.0 factories. RP2.1 will implement key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and IN11 High-performance simulation and analysis in the cloud.


Industrial challenges
· The increasing frequency of product changes due to shortened time-to-market and high demand for personalised products require fast and continuous plant reconfiguration avoiding obsolescence of machines, equipment and manufacturing systems;
· High-impact decisions – economic, environmental or social – regarding plant operations are taken by managers without the support of adequate and up-to-date information; and
· No capacity to process voluminous amounts of factory data in real time and dynamically capture changes.

Potential outcomes
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Enhanced flexibility, planning and control of factories;
· [bookmark: OLE_LINK3]Reduction of lifecycle costs of production systems with optimisation of resource use and equipment efficiency;
· [bookmark: OLE_LINK4]Cross-sector/cross-industry standardisations of data representation and process modelling;
· Modular design approaches providing a common and standard platform for all factory applications;
· Self-adaptive model representation of the factory; and
· [bookmark: OLE_LINK5]Support for informed decision making


ICT research requirements
· Holistic factory model for multi-level representation of assets, processes and resources;
· Real-time synchronisation with physical factory via real-time data acquisition using the Internet of Things and context-awareness tools;
· Semantic models able to represent all production functions and equipment in different industries;
· Open and interoperable protocols for data representation and communication;
· High-performance computing, analytical and visualisation tools leveraging future cloud infrastructure with multi-level access and granularity from device to plant level, dashboard, alarms and KPIs; and
· Manufacturing apps for holistic model generation and consumption by SMEs.
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RP2.2 – Intelligent maintenance systems for increased reliability of production
Complex and expensive production assets in conjunction with market requests for high quality products require novel maintenance approaches which are able to ensure required capacity and production quality. Intelligent maintenance systems based on condition-prediction mechanisms, remaining useful life estimation and analysis of machine behaviour, operational parameters and self-learning capabilities will lead to increased reliability, availability and safety in the entire production system. Furthermore, improvements in equipment health will enable significant energy savings. Maintenance will take place more and more before failure occurs and when the impact is minimum. Analysis is carried out using the massive amount of data captured by intelligent devices from the field and through specific algorithms able to define the optimal approach. RP2.2 will implement key recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and CS12 Mobile apps for Manufacturing 2.0 enterprises.


Industrial challenges
· Higher complexity of production systems and products in conjunction with the need to reduce investments challenge the reliability of production systems;
· Uncertainty in prediction of production capacity needed and market pressure for on-time availability of products require the full reliability of the factory;
· To justify the high investment cost of production facilities, future enterprises have to ensure that facilities are always on and prevent unnecessary stoppages; and
· Waste of energy and material due to unreliable equipment needs to be reduced.
Potential outcomes
· Increased efficiency of manufacturing systems by reduced failure rates and unplanned stoppages;
· Better quality of products by monitoring production system and identifying early increased safety for workers and mitigation of environmental accidents;
· Reduction of the lifecycle cost as well as energy and material consumption; and
· Additional review generation and ease of use through mobile apps which enable managers to monitor and manage maintenance KPIs.




ICT research requirements
· Real-time data collection and analysis for failure dynamics identification;
· Sensor-based data capture and localised intelligent manipulation of data for condition monitoring;
· CEP and systems of systems for cause-effect and trend analysis;
· Condition management and diagnostic supportive software and algorithms;
· Self-learning systems for condition propagation and prediction;
· Development of condition-prediction reference models to be implemented into software environment and translated into algorithms;
· Algorithms for performing fast analysis on large scale distributed data warehouses; and
· Platform-independent mobile apps to render condition-based maintenance and energy consumption information.
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RP2.3 – Integrated high-performance computing in factory lifecycle management
Increasing complexity, stronger market competition and higher investments for green plants are forcing factories to be considered as complex long-life products where different lifecycle phases such as factory design, engineering, operation and decommissioning need to be carefully managed in a consistent manner. Such holistic factory lifecycle phases have to be addressed using appropriate distributed, interoperable and high-performance ICT tools which make use of advances in parallel and distributed computing to deal with simulations, analysis and forecasting on large data sets originating from shopfloors, plants, business systems, worker inputs and variable business factors. RP2.3 will implement key recommendations IN11 High-performance simulation and analysis in the cloud, IN9 Big-data analysis and real-time decision making and CS12 Mobile apps for Manufacturing 2.0 enterprises.


Industrial challenges
· Factories are dynamic, complex and expensive entities which have to respond in an efficient and timely fashion to changing conditions to perform at peak capacity at all times;
· Factory-information systems and IT infrastructure need to evolve in a coherent way depending on the products they produce; and
· Often disparate factory systems are non interoperable with each other, hindering global state monitoring of the entire factory.

Potential outcomes
· Enhanced holistic and integrated factory data modelling platforms;
· Evolution and changes to the production facilities supported by adaptive data modelling and representation tools;
· Standardisation and interoperability – internal and external – of the factory structure and description will lead to better maintenance and increased reliability; and
· Outsourced high-performance simulation and analytics operations for SMEs in the cloud.


ICT research requirements
· Tools for technical and historical data storage and knowledge mining for factory-level operations;
· Distributed systems-modelling, configuration, strategic planning and design tools for the factories;
· Knowledge-based, intelligent and high-performance simulation tools for production processes and energy consumption assessment;
· Integration of factory-information systems with product lifecycle management tools;
· Parallel analysis and forecasting algorithms for detecting changes in factory performance;
· Leveraging IaaS in cloud infrastructure for simulation and analytical operations on factory data; 
· Facilitating SMEs to access high-performance simulation and analytical services through a manufacturing app store; and
· Processes and algorithms to feed back analytical data to factory-planning models – dynamic feedback loop.
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RP2.4 – Energy monitoring and management in Manufacturing 2.0 enterprises
Reduced energy consumption in future Manufacturing 2.0 enterprises is an environmentally-challenging issue which also makes great business sense to enterprises investing in ICT solutions to monitor and manage energy. Energy-saving areas in the production environment have to be considered from different perspectives: component, field, machine, process and plant levels. The development of software-based decision-support systems as well as consumption-monitoring and planning systems will lead to reduced energy consumption overall, more efficient use and optimised energy sourcing. These decision-support systems should also be complemented by rich and intuitive user interfaces for identifying energy bottlenecks and historical data and should be rendered on smartphones used by managers and executives. RP2.4 implements key ICT objectives IN10 Intelligent visualisation of big data, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience. 


Industrial challenges
· Sustainability-related regulations and societal awareness – such as CO2 and energy footprints – are increasingly defining operational boundaries of future enterprises;
· Economic and financial pressures due to increasing costs related to energy consumption are also forcing industrial consumers to be more energy efficient; and
· Participation in open energy markets and options for diversified energy supplies – such as renewables – require accurate measurement, use-rate tuning and forecasting of energy consumption.
Potential outcomes
· Reduction of energy-related cost by more efficient use of all types of energies;
· Increased awareness of energy-consumption trends will lead to compliance with European regulations;
· Cheaper energy provisioning as a result of accurate forecasting of demand; and
· Acting responsibly towards an environmental cause will result in improved brand perception.






ICT research requirements
· Internet-of-Things-based systems for energy-asset monitoring, analysis and trend forecasting using real time data; 
· Modelling and optimisation tools for energy use;
· New-generation MES approach to production planning and control based on energy-consumption feedback loop; 
· Mapping of energy consumptions at different component levels to production routes and schedules; 
· Dashboards and mobile provisioning of energy-consumption information to decision makers at plant and board levels; and
· Software-based decision-support systems to define efficient energy-utilisation strategies. 
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RP2.5 – Multi-level simulation and analysis for improving production quality and throughput
Distributed simulation systems offer good local optimisation outcomes but lack interoperability and holistic modelling options, especially for complex manufacturing systems. Integrated multi-level simulation systems will facilitate enhanced factory modelling by enabling views and interpretations from different perspectives aimed at providing stakeholders with different representations of relevant information. Continuous data collection from real-world resources – assets, devices and products – from the field and along the value chain in conjunction with appropriate simulation and data-analysis tools will identify deviations between expected and actual results allowing early management of factory and production issues. RP2.5 will involve and realise ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and IN11 High-performance simulation and analysis in the cloud.


Industrial challenges
· Decoupled simulation solutions have incompatible data models and lack uniform interfaces without which cross-level integration and holistic factory simulation are not possible;
· Simulation processes are not usually able to incorporate real-time data from the shopfloor and real-world resources; and 
· Most of the time, existing processes fail because of asynchronous data between MES and ERP systems.


Potential outcomes
· Holistic representation of the system from different perspectives and along the complete assets lifecycle; 
· Faster identification of deviations from expected results of the production system and its components;
· Modelling the production system at different levels of granularity from different functional perspectives and different production sites;
· Analysis of exceptions and identification of turn-around or mitigation strategies; and
· Accurate forecast of energy consumption and resource use, according to different scenarios.



ICT research requirements
· Development of simulation applications that support usability at different levels from operators to managers, with different objectives – economic performance, logistics, operation, energy consumption, etc.;
· Real-time data collection and analysis from assets, devices and products for synchronisation of real-world and virtual resources;
· Self-learning systems to enable self-adaption of simulation attributes from historical and real-time data;
· Collaborative simulation tools and advanced visualisation tools – such as dashboard, reports and forecasts; and
· Leveraging IaaS paradigms for clouds for processing complex simulation and analytical algorithms.

	Ambition Radar
	TRL

	[image: ]
	[image: ]

	Impact Factor
	

	2.0
	

	Horizon 2020
	

	By 2016
	By 2018
	By 2020
	






RP2.6 – Services for continuous evaluation and mitigation of manufacturing risks
Complex production environments and pressure from social and statutory organisations require that risks – internal arising from production processes or machinery failure as well as external such as environmental or natural calamity – be continuously identified, ranked, managed and mitigated. Dimensions of production facilities, types of processes and materials call for specific attention to avoid accidents and safety hazards which could have dramatic consequences for human lives and the environment. Prevention and risk mitigation are also desirable options compared with recovery after damage has been caused. For implementation of RP2.6, key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data, CN8 Cloud-based social networks for HMI and CS12 Mobile apps for Manufacturing 2.0 enterprises would be useful.


Industrial challenges
· Legislation requiring industrial risks be identified, rated, managed and mitigated;
· Tight interconnections of business processes amongst different entities in different geographical areas are vulnerable to unmanaged and unplanned events;
· Monitoring and management of holistic risks and impacts require big-data processing and real-time analysis; and
· Once an exception is detected, the authorities concerned have to be notified without delay.

Potential outcomes
· Prompt identification of risk conditions and dynamics will support risk management and risk mitigation, and would inform decision makers on time;
· Increased resilience of production and logistic processes will reduce impact of unplanned events and fall-out from accidents;
· Full compliance with laws and regulations and creation of better and safer work environments; and
· Better brand perception of safe and compliant enterprises.


ICT research requirements
· Focused modelling approaches for identifying secondary and tertiary level risk factors;
· Data-collection technologies and software capable of managing large amounts of data for early identification of threats;
· Analytical algorithms able to suggest recovery or mitigation strategies, to support decision making and to visualise data for different stakeholders;
· Tools to identify and monitor specific key risk indicators defined for various process segments and stakeholders;
· Dynamic rendering of key risk indicators on mobile devices of shopfloor manager, plant managers and decision makers across all levels of enterprise management; and
· Leveraging cloud-based social networks – or enterprise internal communities – to update exception status and health hazards/risks. 
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RP2.7 – On-demand modular and replicable models for faster factory initialisation 
Easy and cost effective design, engineering and deployment of new production facilities are a necessity for competing on a global scale. Multinational enterprises which seek to cope with the growing market demand and customisation requests from customers should be able to set up distributed sites with replicated features and assemblies without having to start from scratch. The definition of consistent description models of the production resources, their relationships and logistic flows are key enablers for achieving this objective. Furthermore, ICT middleware able to compile and render these dynamic model descriptions are also essential. RP2.7 is key for implementing ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing of better products where products herein are factories and IN11 High-performance simulation and analysis in the cloud.


Industrial challenges
· Market dynamics require high flexibility and globalisation of production assets. Easy methods to ‘clone’ or reconfigure production facilities are a key competitive advantage;
· Massive investments in manufacturing assets require the possibility to scale them, reuse components and reconfigure production facilities; and
· New plants require to be made ready in limited time frames, at reduce costs and with limited effort in design, engineering and deployment phases.

Potential outcomes
· Construction or scaling of production capacity based on demand changes in different geographical areas can be done in reduced time and at lower costs;
· Equipment vendors can simulate and analyse the behaviour of their machinery in targeted manufacturing environments to achieve optimal configurations and performances; and
· Limiting the need to move experienced personnel around the globe for building and setting up of plants. 


ICT research requirements
· Ontologies – or common semantics – describing the different elements of a factory model, such as:
· Data and modelling approaches of different domains: production flow, IT architectures, management structures and equipment-behaviour description such as authorised operative ranges or geometrical or functional constraints.
· Management of system dynamics, evolution over time to support maintenance models and end of life management.
· Defining data exchange model – such as xml interfaces – inside the factory, inside the enterprise and along the value chain;
· Tools for collaborative modelling of the existing facilities, redesigning them and deploying new ones dynamically leveraging the power of cloud infrastructures; and
· Tools for managing and monitoring the deployment in a collaborative closed-loop way in a global context through distributed paradigms such as the cloud.
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RP2.8 – Mobility suite for comprehensive factory-performance management 
In the past, ICT and manufacturing enterprises have sought to manage operational characteristics of plants through disparate software solutions. This resulted in monolithic stacks which do not integrate well and where decision makers and workers are drowning in data but starved of information. Mobile computing offers a promising prospect to render the complete set of factory-management information on decision makers’ smartphones, enabling them to monitor, visualise, control and collaborate on day-to-day decisions and exceptions arising in European factory environments. A mobility suite for comprehensive factory-performance management will not only make it easier for decision makers to oversee and control operations but will also result in significant reduction in factory running costs. RP2.8 will work on the ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation of big data, CS12 Mobile apps for Manufacturing 2.0 enterprises, CS13 Mobility infrastructure for apps on the MBW and CS14 Timeless manufacturing software with rich user experience. 


Industrial challenges
· Disparate industrial solutions operate on specific part of data sets and do not enable holistic view and control of factories;
· Existing in-house solutions do not work well for decision makers who are increasingly mobile and always on the go; and
· Decision makers do not need copious data but meaningful information to make decisions. These decisions, at the end of the day, have to be turned into business KPIs and production targets.


Potential outcomes
· The throughput and profitability of European enterprises will increase if factory-performance management information is always available at the fingertips of decision makers; 
· Revenue-generation potential for SMEs which can offer limited apps for performance management without requiring major overhaul of backbone systems infrastructure; and
· Reduction in energy waste and increased workplace safety through optimised information management.


ICT research requirements
· Downloadable apps for selective monitoring and management functionalities;
· Rendering of data from backend systems to mobile push devices through intermediate mobility infrastructures and private clouds which operate within the boundaries of an enterprise; 
· Modelling of real work resources, events and exception conditions for suitable consumption on mobile devices;
· Mobile analysis on factory-performance data with limited filtered data sets and sensor information;
· Correlated KPIs linking factory performance and exceptions to revenue and business impact KPIs; 
· Manufacturing app store model for ICT SMEs to deploy use-case-specific factory-performance management apps, which the manufacturing enterprises can then download and use; 
· Intuitive device-independent user interfaces which display the right data at the right time to decision makers’ mobile devices; and
· Distributed data consistency across backend business systems, intermediate mobility infrastructure and frontend mobile apps.
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[bookmark: _Toc326836087]People at the forefront
[bookmark: _Toc304500408][bookmark: _Toc308176777]The human-centred ambition needs to become a reality in Manufacturing 2.0 enterprises with knowledge and factory workers given more opportunity for continuous development of their skills and competences through novel knowledge-delivery mechanisms. Future enterprises should not only be better equipped at transferring skills to a new generation of workers but also proficient in assisting older and disabled workers with easy-to-use touchscreen user interfaces, intuitive user-experience-driven workflows and new technologies such as mobile and service robots – dynamic collaboration and enterprise mobility megatrends. Furthermore, improving the productivity of the manufacturing workforce through the adoption of the ambient-intelligence paradigm in the working environment is one of the promising trends to achieve growth and competiveness in European manufacturing. 
Two main questions need to be addressed to understand and manage the place and role of people in Manufacturing 2.0:
1. How we work; and
2. How we add value.
To address the above questions, information generated in the workshop environment needs to be managed and adequately transformed from the data level to the knowledge level and used appropriately by knowledge workers and stakeholders along all levels of the manufacturing and business processes used in the value chain. 
The following ICT innovations need to be pursued to achieve the stated objectives:
Collaboration 
· 3D visualisation of manufacturing data and mixed-reality techniques;
· Development of metrics to understand the impact on younger generations;
· Tools for natural language and gesture detection and analysis;
· Virtual environments for role-based learning; and
· Semantic technologies, digital libraries and intelligent information retrieval for manufacturing-knowledge capitalisation from different interconnected legacy systems.
Mobility 
· Intuitive user interfaces for plant managers, operators and workers;
· Leveraging mobile data infrastructures for data visualisation and processing;
· Augmented reality in mobile devices; and
· Technologies to deliver knowledge interactively from self-learning devices to workers through enhanced 3D visualisation and augmented reality in machine user interfaces and mobile devices – such as manufacturing apps.
Connectivity 
· Interoperability and integration frameworks and solutions between systems and workers; and
· Context-aware technologies to associate knowledge content with the task of the worker and his competence profile, including skills and attitude.
Intelligence 
· Reducing the complexity of high volume data through appropriate data clustering and visualisation techniques;
· Holistic approaches for visualisation of multi-scale models and simulation results of manufacturing systems for better understanding by humans;
· Context-aware information modelling;
· Algorithms for data-information and knowledge transformations; and
· Self-learning solutions on the shopfloor.
The R&D Cluster People at the forefront incorporates the following research priorities:
RP3.1 – Enhanced visualisation of complex manufacturing and production data
As data volumes on the shopfloor and at plant levels continue to increase and manufacturing systems become more integrated, maintaining situation awareness and coping with information overload pose a serious challenge. Future ICT solutions should focus on novel visualisation techniques which will abstract relevant data from real-world resources and business systems, and display relevant information to knowledge workers and decision makers. These data-visualisation systems should be role based, maintaining a level of abstraction and anonymity based on viewer access levels. RP3.1 would implement the key ICT recommendations CL5 Collaborative knowledge management for value creation, CN8 Cloud-based social network for HMI and IN10 Intelligent visualisation of big data.


Industrial challenges
· Increasing volumes of data are produced during different production phases that need to be processed for better comprehension;
· Simulations, predictions and optimisations of factory and product lifecycles are key factors to guarantee efficiency and sustainability; and
· Visualisation should support the seamless integration of lifecycle steps and provide agile methods to recondition manufacturing processes and productions plans. 

Potential outcomes
· More efficient and faster decision making through accurate and filtered information;
· Better factory knowledge and increased competitiveness through an informed workforce;
· New types of service related to data visualisation techniques; and
· Cost savings and timely detection of exception conditions and faults.


ICT research requirements
· Reducing the complexity of high volume data through appropriate data clustering and visualisation techniques;
· Human-data interaction methods including means for multi-cultural interactions – data schema mapping and translation;
· Holistic approaches for visualisation of multi-scale models and simulation results of manufacturing systems for better human understanding;
· 3D visualisation of data with zoom-in and zoom-out browsing capabilities and mixed reality techniques;
· Visualisation sharing using hosted social collaboration platforms which enable workers and decision makers to discuss and brainstorm factory problems and process improvement strategies;
· Leveraging new user-interface technologies such as Silverlight, HTML5 and next-generation graphics-rendering algorithms for developing engaging and immersive visualisations; and
· Mobile apps for workers who use data-push mechanism to display KPIs and exception conditions.
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RP3.2 – New ICT-facilitated initiatives to engage younger generations in manufacturing
Manufacturing, as a prospective career option, is not considered an attractive enough field by a significant percentage of the young talent pool in Europe. This is posing a serious threat to the competitiveness of European enterprises. Lack of new talent would result in stagnation of innovation, pressure on the ageing population and heavy financial losses to enterprises. ICT can play a pivotal role in making manufacturing more attractive to the younger generation through the development of tools and methodologies, such as serious games, demonstrators and social networks, which engage the potential workforce from an early stage. Furthermore, ICT could give more engagement opportunities such as product design and app development to the younger generation who are already technology savvy and adept at problem solving through programming in the mobile environment. RP3.2 implements key ICT recommendations CL5 Collaborative knowledge management for value creation, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience.


Industrial challenges
· Manufacturing firms will need more and more skilled employees to run factories where automation and IT technologies will be of core importance;
· The current manufacturing workforce is ageing; soon the shortage of skilled staff will become a problem; and. 
· Brain drain to sectors perceived as more appealing to younger generations.
Potential outcomes
· Create awareness of and interest in manufacturing;
· Prepare the next generations of high skilled personnel for manufacturing firms; and 
· Bring in fresh ideas for product and process design and improvements through new ICT tools.




ICT research requirements
· Develop related ICT-based games which capture the imagination of younger generation in virtual manufacturing environments;
· Develop the right awareness channels exploring social networks to get in touch with the young generations;
· Develop physical demonstrators able to raise teenagers’ interest in manufacturing and promote the importance and joy of creating new products and value added services;
· Develop metrics and feedback mechanisms to understand the impact on young generations;
· Provide application programming interfaces which engage younger generations of ICT programmers in service and app development for manufacturing enterprises; and
· Improve attractiveness of enterprise software through innovative user interfaces which share the look and feel of contemporary application programs.
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RP3.3 – Advanced information models for knowledge creation and learning
The copious amount of data in manufacturing environments can be used for knowledge creation and learning by workers in the factories through proper use of information models and archiving mechanisms. Best practices need to be captured and transformed into knowledge for later use. Therefore, advanced information models are needed to facilitate the transformation of data, information, events and decisions into a contextual-based environment. These models will support knowledge creation and learning at all levels – strategic, tactical and operational – for the entire product and factory lifecycle. RP3.3 will implement key ICT recommendations CL5 Collaborative knowledge management for value creation and IN10 Intelligent visualisation for big data.


Industrial challenges
· Checking consistency and correctness of information models; 
· Generate knowledge automatically from data sources and information flows;
· Provide data for decisions support in a context-sensitive way; 
· Visualisation support for the seamless integration of lifecycle steps; and
· Capitalisation of knowledge of expert employees.
Potential outcomes
· Better decision making and process control on shopfloors;
· Creating knowledge out of field and information-systems data for later use by human stakeholders;
· Reduced complexity for the workforce; and
· Self-adapting manufacturing systems leveraging on best practices. 



ICT research requirements
· Context-aware information modelling on data captured from the shopfloor and enterprise backend systems;
· Knowledge elicitation and modelling on manufacturing data;
· Semantic models for knowledge-asset management;
· Algorithms for data-information and knowledge transformations;
· Tools for natural-language and gesture detection and analysis;
· Development of industrial media in factories for the creation of virtual workspaces suited to specific enterprise population;
· Adaptive learning environments to fit in as much as possible with the daily practice of workers; and
· ICT support for the creation of multimedia technical documentation to support exchanges between OEMs and service providers.
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RP3.4 – ICT support to worker-process interaction and collaborative competence development
Increasing complexity of manufacturing processes creates the need for knowledge workers to be supported by appropriate tools providing them assistance in operations along the entire production chain in factories and further development of their competences. Interfaces and assistance tools for knowledge communication will assist workers while performing manufacturing operations, including assembly, operation of machines, maintenance activities, ramp-up procedures, troubleshooting and remote guidance. Industrial social networking and mobile apps with rich user experience would be of great use to workers who work with machines and software systems simultaneously. RP3.4 will implement key ICT recommendations CL5 Collaborative knowledge management for value creation, CN8 Cloud-based social networks for HMI, IN10 Intelligent visualisation of big data, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience.


Industrial challenges
· Making ICT tools more attractive and useful to workers;
· Increasing complexity of manufacturing processes through ICT tools;
· Leveraging knowhow of manufacturing teams across locations;
· Loss of knowledge and expertise due to higher worker turnover; and
· Mixing learning/training activities with working activities.

Potential outcomes
· Provide on-line access to remotely available experts and knowledge;
· Searching for experts or other sources of information – such as a digital library – through semantic networking technologies;
· Get context-driven on-line assistance in diagnostics, troubleshooting and operations, taking into account competence profiled of workers; and
· Increased workforce motivation and participation.


ICT research requirements
· Crowdsourcing of inter- and intra-company experts for industrial learning;
· Semantic technologies, digital libraries and intelligent information retrieval for manufacturing-knowledge capitalisation from different interconnected legacy systems;
· Technologies to deliver knowledge interactively from self-learning devices to workers through enhanced 3D visualisation and augmented reality in machine user interfaces and mobile devices – such as manufacturing apps;
· Context-aware technologies to associate knowledge content with the task of the worker and his competence profile, including skills and attitude; and
· Virtual and simulation environments for role game-based learning.

	Ambition Radar
	TRL

	[image: ]
	[image: ]

	Impact Factor
	

	2.4
	

	Horizon 2020
	

	By 2016
	By 2018
	By 2020
	




[bookmark: _Toc304500411][bookmark: _Toc308176780]RP3.5 – Next generation of recommendation systems for European workforce
As the methods for transformation of raw data into knowledge advances, it is becoming obvious that this increasing amount of extracted knowledge needs to be exploited in the most efficient manner. The amount of digital knowledge about manufacturing processes will soon exceed the human ability to process and use it. One of the directions for overcoming this problem is the development of the next generation of recommendation systems. A next-generation system needs to be such that it will not only be able to answer user questions, but also be able to estimate the relevance of knowledge gained and report it to the appropriate user at the right moment. Advances in RP3.5 will implement key ICT recommendations IN9 Big data analysis and real-time decision making, IN10 Intelligent visualisation for big data and CL5 Collaborative knowledge management for value creation.


Industrial challenges
· Uniformly structured knowledge and metrics for estimation of its relevance and usability for factory workers;
· Associating profile of users and the type of knowledge they can benefit from with captured information; and
· Learning the patterns of behaviour for different user profiles and defining the procedure for delivering recommendation for further actions based on the knowledge of interest.
Potential outcomes
· Probable decrease in failures from human errors and oversights;
· Direct reuse of previous experience on which the system was trained and adjusted;
· Increased savings in human resources – effort and time; and
· Different modes of operation based on users’ actual needs for recommendations. 



ICT research requirements
· Leverage Internet of Things to capture worker interactions with machines, business systems and workflows;
· Develop well-structured knowledge warehouse which is automatically populated based on workers’ interactions with his/her environment;
· Develop algorithms for clustering users into a number of more generic profiles;
· Develop algorithms for learning behaviour patterns for user profiles and mechanism for predicting next actions based on previous experience and corresponding knowledge;
· Applying business-intelligence techniques to annotate captured data semantically in warehouse and business queries to extract relevant information on request; and
· Easy-to-use and intuitive user interfaces to render recommendation information in platform-independent fashion on workstations as well as factory workers’ mobile devices. 
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RP3.6 – Tools for worker-behaviour tracking, monitoring and analysis
The complexity of manufacturing processes requires optimisation at different levels. Optimising processes and workflows at the micro level through observation by human workers themselves opens up a new area of research in ICT for manufacturing that assists workers in taking their own decisions. Appropriate tools and mechanisms are therefore required to enable observation, indicator implementation, dashboard customisation and workflow optimisation through simple and intuitive user-friendly user interfaces. Research in RP3.6 will lead to the implementation of recommendations CL5 Collaborative knowledge management for value creation, CN8 Cloud-based social networks for HMI, IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation for big data.


Industrial challenges
· Complexity of manufacturing processes requires optimisation at different levels;
· Increasing need for optimised processes to run factories where several IT technologies will be of core importance; and
· Delegation of responsibility to high skilled personnel at lower levels of the management pyramid of an organisation. 

Potential outcomes
· Empowering the next generations of highly skilled personnel towards self-responsibility, which increases their motivation and satisfaction, and alleviates the tasks of managers;
· Enabling self awareness and self adaptation of processes within a manufacturing enterprise;
· Enable observation, analysis, control and optimisation of self performances that increases the overall performance of the factory; and
· Create awareness and interest in manufacturing.


ICT research requirements
· Modelling and representation of human behaviour in terms of intentions, reactions, difficulties and uncertainties in ICT middleware; 
· Analysis of observation sources such as HMIs, workflow tracking and human-computer interaction through information-modelling techniques;
· Develop human-machine comprehensibility metrics to understand and report user behaviours; 
· Develop dynamics dashboards with state-of-the-art user-interface libraries and mobile interfaces for workers to use seamlessly;
· Provide simple and user-friendly interfaces reporting personnel performances and workflows; and 
· Enabling reorganisation, adaptation and optimisation of workflows.
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RP3.7 – Plug-and-play interfaces for factory workers in dynamic work environments
European workers are finding it difficult to negotiate challenges in constrained environments where obstacles and hazards are a commonplace. Challenges could be present in operations which require use of thick gloves for heat protection as well as in repetitive workflows which require check marking quality results, for instance. In all cases, ICT has an important role to play by assisting workers to interact easily with the backend systems through easy-to-use intuitive interfaces. ICT for manufacturing research should focus on innovative mechanisms for easy interaction by leveraging the advances in human-computer interaction, motion sensing, computer vision, mobile interfaces and design thinking. RP3.7 primarily focuses on the ICT recommendations for consumption such as CS14 Timeless manufacturing software with rich user experience and CS12 Mobile apps for Manufacturing 2.0 enterprises.


Industrial challenges
· Dynamic and constrained work environments require special worker assistance;
· User interfaces are tightly coupled with backend business/manufacturing software, making these difficult to upgrade/modify without having core expertise in enterprise software development; and
· There exist many legacy systems with unusable interfaces that need to be improved based on the requirements for better human-computer interaction.

Potential outcomes
· Improving workers interaction with work environments through ICT tools;
· Overcome the problem of worker unfamiliarity with IT tools – reducing the training efforts by implementing intuitive interfaces;
· Increased workforce motivation through the promotion of easy to use and helpful user interfaces; and
· Better task performance and increased productivity.



ICT research requirements
· Using different motion-sensing interfaces such as Microsoft Xbox Kinect® to improve worker interaction with factory machinery and enterprise systems;
· Developing different mechanisms for interacting with ICT tools in constraining working environment with limitations in space, light and other ambience variables;
· User interfaces having plug-and-play features – as software libraries – that can be easily attached to backend enterprise or manufacturing systems; 
· Decoupling development of user interfaces from enterprise middleware since the lifecycle of the former is significantly shorter than the latter;
· Development of mobile apps which are easy to interact and interface with in day-to-day factory operations; and
· Making interface software development kits which are easily programmable by non-experts requiring less knowledge of layout characteristics.
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RP3.8 – Linked organisational knowledge for connected enterprises
Extended enterprises are now becoming a reality and this is strongly encouraged in the ActionPlanT Manufacturing 2.0 vision. However, in addition to tackling information-sharing issues between machines and systems in these extended enterprises, we have to address the human-mobility trend where highly skilled personnel from one organisation move to another and take with them their invaluable knowhow. Even within the same organisation, human resources move from one installation to another that might be dispersed across countries and continents. New ICT methods can be exploited to link these people and make their expertise available to each other. RP3.8 would implement key ICT recommendations CL5 Collaborative knowledge management for value creation and CN8 Cloud-based social networks for HMI.


Industrial challenges
· Link scattered human resources spread across plant and organisational boundaries;
· Exploitation of expert’s implicit knowledge and using it to optimise processes and train new personnel;
· Bring people and information together: Who knows what through common repositories;
· Easy to access knowledge base and results through standardised query interfaces.

Potential outcomes
· Quicker and easier ramp-up effort for new employees in the organisation;
· Faster problem solving through knowledge mining and collaboration;
· Human-centred systems which give due importance to implicit human knowledge in the enterprise; and
· Development of recommendation systems for manufacturing bringing relevant information and personnel together.


ICT research requirements
· Context-aware information modelling on data captured at enterprise and HMI levels;
· Leveraging social networking tools in cloud-based environments such as the MBW to connect implicit human knowledge with factory and production knowledge;
· Novel semantic technologies for annotating and referencing knowledge in the repository hosted on the cloud platform;
· Identifier resolution schemes to identify correct and relevant knowledge and mapping against human stakeholder(s);
· Distributed persistency with semantic tagging/ annotation capabilities to mark topic-based knowledge;
· Rendering cloud-based social networks on enterprise user smartphones so they could readily update knowledge and resources for distributed consumption;
· Easy-to-use intuitive interfaces for enterprise-linked knowledge repository systems with easy browsing and search functionalities; and
· Representation of not only textual knowledge but also other forms of media such as pictures, video, and audio that are browsable and searchable.
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[bookmark: _Toc326836088]Fostering collaborative supply networks
Efficient collaboration between all stakeholders in the extended Manufacturing 2.0 value chain is becoming increasingly crucial. Both large enterprises and SMEs stand to gain from service and operational collaboration activities. As part of the extended collaboration paradigm, OEMs will be able to sell products as a service and certified suppliers or subcontractors will be able to offer value-added services – such as maintenance or upgrades – to customers. Through concepts such as capability-based contracts, manufacturing service providers will be able to offer use-based billing instead of requiring upfront investments in machinery by subcontractors.
Remote service management will help improve equipment up-time, reduce costs such as travel for servicing, increase service efficiency – such as first-visit-fix-rates – and accelerate innovation processes, for example by remote updating of device software.
Outstanding challenges Manufacturing 2.0 enterprises will have to mitigate through innovative ICT include:
· Facilitating secure data exchange for collaboration in design, engineering, services and supply chain between multiple stakeholders;
· Dynamic visualisation and tracking of processes, delays and inventory flow in the supply network;
· Accommodating dynamically-changing orders and requirements from customers and suppliers;
· Enabling subcontracting and mitigating hidden capacity risks associated with it;
· Encompassing new product take-back laws and asymmetric information distribution for closed-loop lifecycle management and especially for end-of-life services for products; and
· Capturing complexity and multidimensionality of supply networks.
The following ICT research and development areas need to be covered under the four ICT megatrends laid out in the vision:
Collaboration 
· Making cloud platforms manufacturing services-ready for deployment of content and consumption services;
· Service composition, query, mash-ups, open application programme interfaces, controlled views of processes, products and status in supply chains;
· Product service systems targeted for end-of-life product use; and
· Transaction services for encouraging small companies to build and sell services to their larger counterparts.
Connectivity 
· Interoperable adapters between heterogeneous systems in the supply networks;
· Inventory/asset monitoring – Internet of Things – within the supply networks;
· Data privacy and inter-stakeholder access control; and
· Infrastructure, middleware, interfaces and standards for manufacturing-process data exchange.
Intelligence 
· Real-time analysis on supply-chain data points, events and processes;
· Complex event processing on Internet of Things/streaming data;
· Multi-level modelling and simulation, dependency modelling for supply chains; and
· Propagation and forecasting in multi stakeholder supply networks.
Mobility 
· Rendering of third-party services on-demand;
· Intuitive user interfaces for C-level, plant managers, operators and workers; and
· Reduced dataset rendering for mobile devices offline.
The R&D Cluster Fostering collaborative supply networks incorporates the following Research Priorities:


RP4.1 – Cloud-based MBW for supply-network collaboration
To realise the concept of a manufacturing business web, ICT research in collaborative supply networks should make future cloud-based middleware manufacturing service-ready. This will enable Manufacturing 2.0 stakeholders to perform end-to-end manufacturing services orchestration encompassing domains of customer collaboration, collaborative service management and collaborative manufacturing. Furthermore, this research priority will open up possibilities to exploit the infrastructure of such cloud-based middleware for performing high-performance simulation, forecasting and analytical operations. RP4.1 primarily implements key ICT recommendations OP1 Cloud-based infrastructure provisioning for high-performance manufacturing applications and IN11 High-performance simulation and analytics in the cloud but also lays the foundation for implementing ICT recommendations for both content and consumption.


Industrial challenges
· Lack of secure access to stakeholder information and context-aware services associated with products;
· Expensive hardware and software costs for high-performance simulation, forecasting and analytical operations;
· Empowering SMEs such as suppliers and subcontractors to seize new business opportunities through business-to-business and business-to-consumer services; and
· Asymmetric information gap between product designers, engineers, manufacturers and parts suppliers.

Potential outcomes
· Collaborative service management will open up new business possibilities for manufacturing-service providers to earn revenue;
· Reduction of downtime and service time of products and assets through rapid problem resolution and remote service management;
· More visibility and intelligence for OEMs and suppliers in the supply network; and
· Compatibility with cloud-based frameworks developed by initiatives such as FI-WARE in the future.


ICT research requirements
· Service-delivery framework for easy deployment and consumption of Manufacturing 2.0 services;
· Service visibility, discovery, composition, mash-up environment and metering capabilities;
· Unified resource-naming schemes which could be extended to abstract and physical entities within the supply network;
· Pay-per-use models for services, data and assets in the manufacturing app store;
· Confidentiality, integrity and availability as the basic tenets of a secure business infrastructure and additionally inter-enterprise role-based access control, obfuscation of service calls, trust hierarchies for data, roles and personas within the MBW;
· Robustness through distributed data storage, checkpoint systems, and fault-tolerant computing; and
· Performance guarantee through in-memory, data/code caching and high-performance computing by parallel and cluster computing.
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RP4.2 – End-of-life applications in a network of remanufacturing stakeholders
One of the key issues deterring the uptake of end-of-life activities such as remanufacturing across Europe is the information gap created when new products leave the OEM, then used by the customers and, eventually, collected, disassembled and refurbished by remanufacturing SMEs. The information gap is the result of the lack of data on product use, repair, service and refurbishment history. This, in turn, results in the fact that the input to the remanufacturing process is of unknown quality. The lack of reliable information for remanufacturing leads to opportunities being missed with respect to increased economic or environmental impact. Research in RP4.2 will result in the fulfilment of ICT recommendation CL3 Collaborative service management to tackle complexity and optimise operations and CS12 Mobile apps for Manufacturing 2.0 enterprises.


Industrial challenges
· Scepticism about the business proposition for end-of-life solutions in Europe compared with USA and Asia;
· Unable to comply with new EU directives such as End-of-Life Vehicles and Waste Electric and Electronic Equipment which enforce product take backs; and 
· Lack of off-the-shelf applications for product remanufacturing that are customisable and provide decision-support mechanisms. 

Potential outcomes
· Full transparency across all stages of end-of-life activities on products, thereby improving confidence among remanufacturers and consumers;
· Reduction of total cost of ownership through enforcement of end-of-life practices for high-value equipment and assets; and
· Reduction in time for planning, redesign, and delivery of high value capital equipment to consumers.


ICT research requirements
· Enhanced and interoperable enterprise service bus architectures based on the cloud for uniform data provisioning amongst end-of-life stakeholders;
· Enhanced standardised product data model for remanufacturing related information;
· Unified product-tracking-and-mapping schemes for identification of product cores and looking up of corresponding data and services associated with end-of-life products;
· Distributed storage persistency of product data across enterprise systems with multi-tenancy;
· Security of data access between stakeholders in the remanufacturing ecosystems through enforcement of cross-enterprise security policies, delegation mechanisms and role executions;
· Optimal KPI calculation engines to assist OEMs and remanufacturing subcontractors in making informed decisions about product reuse, refurbishment, recycling, remanufacturing and disposal;
· Lightweight remanufacturing mobile apps available through the manufacturing app store to enable mobile tracking of use and maintenance information for end-of-life products; and
· Mobile apps with advanced analytical and decision support to provide KPI information to end-of-life stakeholders.
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RP4.3 – Mobile store and applications for an agile and open supply network
Responsiveness of stakeholders within a supply network can be increased and new business opportunities could be generated if the right kind of data is made available to the decision makers at the right time on-the-fly and on-the-go. Next-generation ICT research in manufacturing should make use of the combined power of cloud infrastructures and mobile devices to supply data from shopfloor and production systems as well as disparate business systems across the holistic supply network to human stakeholders and decision makers. This research priority focuses on building a manufacturing-focused mobile provisioning infrastructure which will leverage the cloud and provide services via a manufacturing app store. RP4.3 realises ICT recommendations OP2 Manufacturing app store for manufacturing solutions and CS13 Mobility infrastructure for apps on the MBW.


Industrial challenges
· Lack of visibility for materials, inventory, production and business KPIs to on-the-go decision makers in the supply network in real time;
· Difficult to render huge amount of real-time production and enterprise data on mobile devices with intelligent data filtering and subscriptions;
· Lack of user-friendly mobile interfaces to enable decision makers to view and comprehend relevant data in minimal time; and
· Lack of interoperability standards for manufacturing and production data for consumption.

Potential outcomes
· Data rendered on mobile devices will facilitate quick decision making. thereby reducing missed opportunities;
· Manage-by-exception and alert monitoring will save revenue and resources;
· Huge business potential of exploring the previously untapped domain of revenue generation through manufacturing apps for Manufacturing 2.0 enterprises; and
· Manufacturing app store to be a one-stop solution for SMEs and large enterprises.


ICT research requirements
· Infrastructure mechanisms beyond pure connectivity – such as mobile middleware for data push and filtering, robust and efficient security and payment mechanisms as well as means of dedicated information gathering and process analysis; 
· Enhancements making best use of the technological progress and power of the devices while still being energy efficient and able to cope with varying connectivity or even temporal disconnects; 
· Facilitating next-generation mobility-assisted manufacturing applications for traceability, product genealogy, cross-channel product distribution, manufacturing app store and software development kits; and
· Future manufacturing applications should have rich user experience and focus on building user interfaces which are platform independent with uniform experience, performance and look independent of the mobile device.
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RP4.4 – Connected objects for assets and enterprises in the supply networks
Manufacturing 2.0 enterprise assets and products will leverage the concept of the Internet of Things, where objects carry information about themselves and communicate with each other and the world around them. To harness the potential of connected objects and perform meaningful data analysis, research should bridge the gap between different abstractions of objects operating at the shopfloor, business-system and supply-network levels. This research priority will help realise the vision of ‘Product-Centred Services’ in the MBW through RP4.1, where SMEs in the supply network would be able to offer maintenance, warranty and end-of-life services to customers. RP4.4 realises the ICT core recommendation CN6 Connected objects in the MBW.


Industrial challenges
· Manufacturing enterprises and suppliers in the supply network do not operate on common data-sharing platforms and protocols;
· Modelling and mass configuration of a large number of objects/Internet of Things is intractable through current software systems;
· Lack of decentralised messaging brokers to process and forward data transmitted from connected objects across enterprises; and
· Lack of security-enforcement policies and protocols to ensure data confidentiality. 

Potential outcomes
· Co-operating objects carry their own servicing and maintenance information, thereby facilitating faster fault resolution and triggering repair operations;
· Decentralised production control – production routing based on information stored on the material;
· Full and scalable tracking and tracing of production orders, assets, products and personnel across different organisations; and
· Enabling feedback from the product during the use phase.


ICT research requirements
· Open and interoperable Internet-of-Things on-demand platforms for mass configuration, modelling and interfacing co-operating objects with backend business systems as well as other Internet-of-Things platforms;
· Discovery, scalable look-up and monitoring of Internet-of-Things resources based on identifier, location, type, services and subscription topics;
· Effective and efficient security and privacy mechanisms into Internet-of-Things resources and the protocols and services they use;
· Semantic modelling and description of Internet-of-Things resources such that they could be described and discovered through abstract specifications and partial service annotations; and
· Business-process modelling of data and interactions of Internet-of-Things resources and capturing non-deterministic and unpredictable behaviour at run-time.
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RP4.5 – Complex event processing for state detection and analysis in supply networks
Connected objects representing the Internet of Things in supply networks will generate copious amount of data in the form of events. These events will be distributed in nature and display non-deterministic and asynchronous characteristics. Global state detection as well as discrete/continuous query processing would therefore be a challenge in view of the distributed nature of events. ICT research in CEP should devise solutions for more responsive supply networks with capability for comprehensive monitoring and management of events, exceptions and ‘what-if’ scenarios. RP4.5 contributes to the realisation of ICT recommendations IN9 Big-data analytics and real-time decision making and IN10 Intelligent visualisation of big data.


Industrial challenges
· Lack of integrated CEP engines in conventional business systems makes detection of states and queries intractable;
· Since events could be generated at any level ranging from shopfloor to the business layer across any enterprise in the network, detection and query processing would be challenging in presence of non-deterministic and asynchronous characteristics; and
· Persistence and subscription of events in multi-enterprise scenario is a challenge.

Potential outcomes
· Increase of business and process-level intelligence across all tiers of an enterprise, resulting in faster reaction time to shopfloor alerts or changing logistics situations;
· Enable decision makers to monitor exceptions across geographically-distributed plants; and
· Business opportunities for SMEs to configure and sell analytical services on large enterprise data through the Manufacturing App Store. 


ICT research requirements
· Adapt existing CEP algorithms used in the financial world for detecting states and processing queries in distributed deployment of Internet of Things in supply network of Manufacturing 2.0 enterprises;
· Investigate formulation of predicates – query – for detection and ways to filter, aggregate and correlate results from multiple predicates;
· Explore complexities of detecting different classes of monotonic as well as non-monotonic predicates in conjunctive, disjunctive and relational queries;
· Query optimisation techniques for varying window and predicate size within CEP engines; and
· Issues related to persistency, subscription and brokerage of events generated within network of Internet-of-Things resources.
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RP4.6 – Collaborative demand-and-supply planning, traceability and execution 
There is need to enable Manufacturing 2.0 enterprises in global supply networks to cope with variable demands and highly complex products. These enterprises have to respond faster to demand-and-supply fluctuations – increasing forecasting capability on the one hand and reducing cycle time and supply chain costs on the other. Network traceability would facilitate improved product genealogy and better identification of products for recalls and withdrawals. Furthermore, supply-network planning and execution would lead to the assessment of supplier performance and identification of bottlenecks in the networks. The cloud middleware, facilitated by the MBW in RP4.1, provides an ideal information-sharing platform for performing planning, traceability and execution in supply networks. RP4.6 would help in realisation of ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation of big data.


Industrial challenges
· Lack of visibility of the supply chain – the work–in-progress processes, orders and shipments;
· Highly fluctuating nature of customer demands for customised orders and supplies because of the trend to subcontracting and changing suppliers;
· Assessment of supplier performance based on order fulfilments and finding out network bottlenecks; and
· No guarantee on quality and multistage work orders in outsourced manufacturing. 

Potential outcomes
· Tracking and tracing of orders and shipments across the global supply chain of manufacturers;
· Dynamic planning and replanning across supply network based on exceptions and real-time status of deliveries; 
· Multitier planning and collaboration with internal manufacturers, outsourced manufacturers and material suppliers; and
· Reduction of risks and minimising cascading effects of product recalls.


ICT research requirements
· Ability to track product genealogy across various stages of product batches in procurement, production and manufacturing logistics;
· Performing uniform quality management on both internal manufacturing orders and external outsourced/subcontracted ones;
· Correlating production KPIs and logistics KPIs for collaborative demand-and-supply optimisation and analysing cost implications for changes, exceptions and bottlenecks;
· Global optimisation and simulation algorithms for calculating KPIs and understanding holistic parameters influencing supply networks;
· Mobile supply network monitoring and management apps which are readily available from the MBW manufacturing app store and accessible to all stakeholders;
· Fast replanning capability by leveraging in-memory analytics and forecasting algorithms; and
· Bringing manufacturing, sales and logistics information under one roof for better planning and optimisation across supply networks.


	Ambition Radar
	TRL

	[image: ]
	[image: ]

	Impact Factor
	

	2.6
	

	Horizon 2020
	

	By 2016
	By 2018
	By 2020
	



RP4.7 – Digital-rights management of products and code in supply networks
Although strict laws for intellectual property rights are a commonplace, enforcement seems to be an issue in the absence of well-established ICT mechanisms for piracy detection and tracking. To counter the threat of piracy and counterfeiting of products, ICT research should apply and extend the latest advances made in digital-rights management for music, video, photographic images and software to products manufactured in Europe and the software code embedded therein. Digital-rights management would also be crucial for ensuring the security and privacy of manufacturing apps available for download through the Manufacturing App Store. RP4.7 is prerequisite for realising key ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing for better products and CS15 Secure software for Manufacturing 2.0 enterprises.


Industrial challenges
· Lack of ICT-supported automated piracy- and counterfeit-detection mechanisms in current enterprise systems;
· Lack of off-the-shelf product-tracing mechanisms and repositories to audit the product-flow trail leading up to the customers;
· Prohibitive cost of installing and maintaining counterfeit-detection systems and lack of expertise for operating them; and 
· Tampering and unauthorised reverse engineering more difficult than detection.


Potential outcomes
· Preventing revenue loss to European enterprises due to piracy of products and software code;
· Mitigating the need to change product designs and versions frequently to negate the effect of piracy and reverse engineering; 
· Discourage the practice of tampering and piracy by tracking the source and apprehending culprits; and 
· Instil confidence amongst customers by supplying signed genuine products. 


ICT research requirements
· Security models for detecting piracy and tampering in products as well as embedded software/firmware within the product;
· Investigation of advances in steganography techniques applied in art media such as photography and video and applying them in the domain of manufactured products;
· Application of code-obfuscation techniques to deter reverse engineering of embedded code within products – especially control equipment and electronics;
· Investigation of static and dynamic watermarking techniques for detection of code tampering within products; and
· Advancing the state of the art in digitally-signed physical certificate-of-authentication research made for detection of tampering and tracing product trails.
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RP4.8 – Multi-enterprise role-based access control in Manufacturing 2.0 enterprises
One of the greatest obstacles in the acceptance and adoption of cloud platforms in production environments is the inability to manage and prevent threats originating from unauthorised access to enterprise data. For Manufacturing 2.0 enterprises to co-operate effectively and collaborate in ecosystems comprising trusted as well as untrusted vendors, it is important that the notion of role-based access control be extended and successfully applied in the context of manufacturing supply networks. Advances in RP4.8 will accelerate the implementation and adoption of ICT recommendations OP1 Cloud-based infrastructure provisioning for high-performance manufacturing applications, OP2 Manufacturing app store for manufacturing solutions, CN8 Cloud-based social networks for HMI, CS13 Mobility infrastructure for apps on the MBW and CS15 Secure software for Manufacturing 2.0 enterprises.


Industrial challenges
· Typical system authentication and authorisation mechanisms do not scale for multiple enterprises sharing common data;
· Current middleware follows an all-or-nothing approach when it comes to permitting external users to execute services on sensitive data; and
· Without proven mechanisms for data integrity and audits, enterprises will not allow external actors to access confidential/profit-generating data or execute services.

Potential outcomes
· Multiple levels of role and access delegation on data and services, thereby encouraging more collaboration and trusted data sharing within supply networks; 
· Decoupling of data and services from users who access the data through well-formed roles and permissions; and
· Audit trails for tracking and verifying repudiation claims between enterprises operating with shared data.


ICT research requirements
· Ability to model trust and privacy requirements in multi-stakeholder supply networks joining data and services of Manufacturing 2.0 enterprises;
· Security-modelling languages for expressing inter-enterprises roles and permissions using easy to use tools in development environments of middleware – cloud or dedicated collaboration platforms;
· Development of security engines able to enforce security rules expressed in terms of roles and permissions on shared data and services during runtime;
· Formal specifications of role hierarchies between actors of multiple enterprises performing separate duties, expressing constraints through extension of the RBAC3 model. 
· Capturing temporal notion of roles and permissions for session-based enterprise collaboration.
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[bookmark: _Toc326836089]Aiming at customer-centred design, manufacturing and services
[bookmark: _Toc308176782]Previously considered solely as a marketing target, the customer in the recent years has earned a special status in Manufacturing 2.0 enterprises. Nowadays, customers are best placed to assess and influence product development across different functional units of manufacturing enterprises. If the end product meets customers’ requirements and expectations, it has every chance of making an impact in the market. Manufacturing enterprises which design and develop products without involving customers in the loop are likely to end up with commercially unsuccessful products. User-centred design requires that product development should be led by the user rather than technologists and developers.
The integration of the customer will be through the identification of their requirements and interpretations during the design phase. Manufacturing 2.0 enterprises would collect customer requirements, analyse them and make the right model. They would extract customer feedback from social media and incorporate it into engineering and manufacturing processes. Furthermore, Manufacturing 2.0 enterprises are also expected to offer a comprehensive range of after-sales product services once the customer has bought a product.
Taking the environment into account has also become a prerequisite in product development. Designers use different ICT tools at different levels to come up with eco-designed products. Eco design puts the spotlight on an earlier phase within the value-added chain: the phase of customer requirements. It focuses on the links between the business, customers and the environment in formulating a requirements specification by incorporating both the voice of the customer and the voice of the environment.
Sustainability on social, environmental and economic levels is strongly dependent on the availability of information about the product throughout its lifecycle. Manufacturing 2.0 enterprises would be able to attain the quality-price-sustainability trade-off by intelligent product design through customer collaboration as well as through state-of-the-art approaches such as design thinking and new approaches to synchronise different design/eco-design stages.
The following ICT breakthroughs need to be investigated to achieve these objectives:
Collaboration 
· Strategy collaboration/design thinking;
· Customer-suppliers-OEM collaborative design of products;
· Customer-service/maintenance-OEM; and
· Collaborative after-sales services;
· Electronic product and lifecycle management.
Mobility 
· Requirement modelling;
· Formal languages – such as ML2, Model-K, OMOS and Modelisar;
· Crowdsourcing; and
· Human-centred design.
Connectivity 
· Connecting design tools with engineering/manufacturing ones;
· Standardised interfaces, software development kits and application programme interfaces;
· Data-exchange standards such as STEP and XML; and
· Connection of after-sales information end points.
Intelligence 
· Programming – advanced design model – principles
· Data mining from social networks;
· Knowledge acquisition;
· Knowledge management; and
· Expert systems.
The R&D Cluster Aiming at customer-centred design and manufacturing incorporates the following research priorities:

RP5.1 – Manufacturing intelligence for informed product design
To cope with global competition, companies are increasing the number of new products introductions in the market and consequently shortening the lifecycle of the product itself. To match this trend, time to market is decreasing and designers are pressured to accelerate the product-design phase and use more expertise from manufacturing phases. A more frequent feedback loop without media breaks between product engineering and the manufacturing phase is required to ensure high quality products at low production costs. ICT for manufacturing intelligence should enable the integration between engineering and manufacturing phases of products. RP5.1 would implement key ICT recommendations CL4 Collaborative design and manufacturing for better products, CL5 Collaborative knowledge management for value creation and IN10 Intelligent visualisation for big data.


Industrial challenges
· Increased number of new product introductions  in the market and reduced duration of the market lifecycle of products;
· Faster feedback loop of data from manufacturing to design phase;
· Capitalisation of previous designs to facilitate reuse of the knowledge; and
· Integration of information coming from disparate design and manufacturing systems. 



Potential outcomes
· Companies can identify quality issues during product manufacturing easily and trace them back to the design phase for product improvement;
· Designers can optimise existing products and process routings based on feedback obtained during manufacturing; and
· Accelerated design of new products based on reuse and parameterisation of existing product components and standard manufacturing operations.




ICT research requirements
· Shared and secure digital-rights management middleware, leveraging cloud offerings in the future, for the exchange of manufacturing data in the design network and providing knowledge about quality and productivity issues;
· Semantic technologies, analysis and data filtering for process-knowledge management as a tool for designers to evaluate the relevance of feedback from manufacturing phases;
· Automatic extraction of generalised parametric models from existing examples of product models and process routings; and
· Effective implementation within existing product-lifecycle-management tools for bi-directional alerting – from designer to manufacturer and vice versa – and for faster searches of existing designs that can be reused.
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RP5.2 – Solutions for energy-efficient product lifecycles and ECO-usage
Research is needed in new software solutions to monitor and improve energy efficiency of products throughout their use by customers by leveraging new enabling technologies such as smart embedded systems, the Internet of Things, low-powered sensors, and machine-to-machine integration in manufacturing and maintenance. Data collected in real time will allow the creation of detailed models of product energy consumption, thus going beyond traditional lifecycle analysis approaches. The innovation should focus on encompassing whole product lifecycles as well as specific lifecycle phases. RP5.2 would implement key ICT recommendations CN6 Connected objects in the MBW, IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation for big data.


Industrial challenges
· Reduction of production, maintenance and product-use costs under operating cost targets;
· More environmentally-friendly products with reduced CO2 emissions and less natural resource consumption;
· Compliance with more stringent regulations about CO2 emissions and/or energy consumption; and
· Need for optimised eco-design methods and tools.

Potential outcomes
· New features for product-lifecycle-management tools by making available enhanced standardised virtual models of environmental behaviour of products; 
· Improved design for monitoring product use; and
· Providing transparency and awareness by visualising energy consumption for the product-lifecycle stakeholder – designers, industry equipment producers, manufacturers and maintainers.


ICT research requirements
· Integrated data collection about energy consumption at each step of the lifecycle and analysis by ICT systems – such as autonomous, small, robust, smart embedded devices – through the advances of connected objects and the Internet of Things;
· Standardised virtual models of product-lifecycle eco-efficiency based on real data measured by sensing technologies;
· Development of KPIs to support optimised eco-design; 
· Multi-criteria analysis and optimisation based on new standardised virtual model and eco-design related KPIs within the product-lifecycle simulation tool;
· Revision of standards related to product data - such as STEP, XML and Data Base for LCA;
· Fast CEP algorithms for processing data collected from Internet-of-Things middleware;
· Leveraging cloud infrastructure such as the MBW for integrating data collected from different lifecycles of products and computing KPIs; and
· New visualisation techniques based on innovative user interfaces and apps for displaying KPIs on product energy consumption to manufacturers and customers.
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RP5.3 – Collaborative design environments for SME involvement
Enterprises are increasingly facing complexity resulting from frequently-changing designs and therefore need to collaborate as a single virtual organisation to keep track of the requirements. While the previous cluster focuses exclusively on the supply-chain aspects of Manufacturing 2.0 enterprises by enabling local enterprises to collaborate in a global context while protecting each others’ intellectual property, this research priority focuses on increasing reactivity to demand and rapidly delivering new products leveraging business relationships and local expertise with a focus on SME participation. RP5.3 will implement key ICT recommendations CL4 Collaborative design and manufacturing for better products, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience.


Industrial challenges
· Complexity of products is increasing, time to market for new products is shortening and the design chain is spreading into different organisations all over the world involving more and more SMEs;
· New virtual organisations for collaborative design will require careful management of intellectual property, confidentiality and trust;
· SMEs struggle to access results of leading-edge research and to influence research agendas; and
· Compliance in the context of collaborative design requires the ability to audit supply networks regarding existing standards and regulations.

Potential outcomes
· New business models which reduce unnecessary investments for SMEs to participate in large projects through global collaboration in product design;
· Talented designers can participate from their country of origin, without having to relocate to a different country;
· Collaboration amongst academia and industry;
· Creating competence centres in geographically-dispersed locations, each specialising in one specific aspect of design; and
· Opportunity to involve customers in the collaboration chain to contribute to product design.


ICT research requirements
· Leveraging the cloud-computing paradigm as the basis for communication amongst human stakeholders – designers as well as customers – to exchange data and information – such as application programming interfaces and data standards; 
· Interoperable and open interfaces to connect to systems across geographically-dispersed competence centres, especially those used by SMEs;
· Enhanced digital-rights management to protect intellectual property, especially for SMEs, for jointly- created product designs;
· Innovative ICT business models enabling faster creation of company consortiums to work on large projects;
· Effective implementation of search functions within product-lifecycle management tools to find experts in your community that can collaborate in design; and
· Agile user interfaces and mobile apps for seamless collaboration by designers and customers without requiring complex configurations.
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RP5.4 – Crowdsourcing for highly personalised and innovative product design
The Web 2.0 paradigm has brought about the emergence of social networks though which a sizeable section of the world’s population is now connected. Manufacturing 2.0 will depend on the seamless conversion of customer-specific requirements – personalisation – and human-centred collective requirements into a product opportunity for its success. However, the languages for expressing customer-specific requirements and product-manufacturing collaboration capabilities are divergent in syntax. There is a need for specialised Manufacturing 2.0-related social networks which can source new implicit expectations and convert them into innovative functional requirements for personalised solution design. RP5.4 will implement the key recommendations CN8 Cloud-based social networks for HMI and CS12 Mobile apps for Manufacturing 2.0 enterprises.


Industrial challenges
· Global competition is pushing enterprises for innovative products able to respond to individual customer requirements – that is highly personalised – while complying at the same time with human-centred standards and regulations such as safety, use hazardous materials and environmental;
· Exploiting hidden collective intelligence to sense evolving and implicit customer expectations, and turn them into functional requirements and specifications; and
· Need to carry out pilot implementations for proof of concept for companies of different sizes before investing in innovative projects.

Potential outcomes
· Mitigation of unsuccessful launches of products through better understanding of customer expectations, both in terms of features and go-to-market/service models;
· Return on investment on profitable projects;
· New collaboration approach in customer relationship through better sensing of demand supporting enterprise’s brand image and customer loyalty; and
· Design of human-centred products and processes which are compliant with stakeholder expectations – such as safety and noise regulations.


ICT research requirements
· Semantic technologies for collecting, understanding and analysing customer expectations through social networks and HMI technologies – such as visual, language-independent 3D model for customer’s product interaction, 3D simulation and comparison between models proposed by different designers, opinion and sentiment analysis using text mining and emotional recognition;
· Clustering of customer expectations and transformation into personalised specifications using standard languages such as STEP or XML;
· Dedicated public/private social networks for Manufacturing 2.0 enterprises engaging and encouraging customer involvement in product design and feedback;
· Advanced data standards and mining algorithms to process information on social-networking pages; and
· Enhancement of demand-sensing technologies leveraging social networks and the cloud, and demand models allowing what-if simulations.
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RP5.5 – Product servicing and recycling simulation for increased sustainability
While designing or improving a new product or service, many possible scenarios need to be explored, ranging from the choice of specifications, design, materials, ‘make or buy’ and suppliers, to manufacturing strategy – produce to order or make to stock – as well as product use in terms of customer profile, product servicing in terms of the type of maintenance services proposed and, eventually, product recycling/reuse. This research priority aims at developing a framework for digital mock-ups of product and services in their environment to optimise product and services value and impact from financial, environmental and social points of view. RP5.5 implements key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and IN11 High performance simulation and analytics in the cloud.


Industrial challenges
· Accelerated time to market combined with the high number of engineering decisions require better ICT support to help designers, manufacturing engineers and marketing teams in charge of configuring value-added services;
· Configuration of value chain is based on assumptions often challenged by unexpected product, manufacturing or customer issues requiring optimal on-the-fly decisions;
· Management needs to understand the risk and value of critical decisions made during process development while the process is running and
· Product success is related to a complex mix of product features, price, services and customer perception of the product/company itself.

Potential outcomes
· Better and earlier value-chain configuration regarding product design, supplier selection or proposed value-added services;
· Better design of product business models assessing its financial value and impact along its lifecycle;
· Better understanding of relationships between product failures or risks and of the root causes;
· Increase of management reactivity due to the use of improved tools;
· Improvement of overall product sustainability through better analysis and evaluations; and
· Identification of the optimal long-life strategy for product/service manufacturing, marketing and decommissioning.
· 
ICT research requirements
· Development of digital mock-ups for servicing and recycling, assessing stakeholder value and impact;
· What-if analysis algorithms leveraging visualisation techniques and multi-criteria optimisation using developed mock-ups;
· Development of simulators using developed mock-ups during jobs executions to have real-time control of continuing work;
· Extension of digital mock-up interoperability standards: application programming interfaces, XML, web services, etc.;
· Leveraging the power of cloud-computing IaaS offering to perform outsourced simulation and analytics, especially for the SMEs;
· Publication of servicing and recycling operations to make them available on multiple mobile media, replacing paper. Allowing development of local service and support; and
· Intuitive user interfaces for visualisation of KPIs for product-profitability assessment.
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RP5.6 – ICT- and market-based costing and manufacturability assessment
New-product designers and programme managers must be able to make fast decisions regarding parts and material sourcing, detailed product design and internal manufacturing capabilities. A better ICT-supported predictive model of costs and technical capabilities is therefore required, covering both internal manufacturing organisation and supply network. This will enable Manufacturing 2.0 enterprises not only to capture the correct market demand and manufacturing feasibility for new products but also to prepare a competitive pricing model for new products based on customer distribution and product uptake. RP5.1 shares some of its technical basis with RP5.6; however the primary difference is in the potential outcomes – the former deals with information exchange for product-design improvement while the latter focuses on the cost benefits and manufacturability. RP5.6 implements key ICT recommendations IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation for big data. 


Industrial challenges (common with RP5.1)
· Increased number of new product introductions in the market and reduced duration of the market lifecycle of products;
· Faster feedback loop of data from manufacturing to design phase;
· Capitalisation of previous designs to facilitate reuse of the knowledge; and
· Integration of information coming from disparate design and manufacturing systems.

Potential outcomes
· Better and earlier value-chain configuration regarding product design and supplier selection; 
· Accurate prediction of new product manufacturing cost based on specific business scenarios considered;
· Serving demand with required amount of new product at targeted marginal costs at launch; and
· Availability of updated manufacturing information will help more informed decision-making by designers. 


ICT research requirements
· Predictive costing models capable of generating detailed business estimates based on product design, market-demand scenarios and possible manufacturing strategies;
· Searchable ontologies for mapping company experience, expertise and capability to deliver products according to a new design; 
· Predictive customer-requirements modelling based on social technologies and data mining of sales records and customer feedback;
· Correlated financial and manufacturability KPIs to capture business and market relevance based on product uptake and persistency infrastructure provided by in-memory supported middleware;
· On-the-fly assessment of cost and market dynamic pre- and post-new product introduction through new algorithms leveraging in-memory processing;
· Correlating financial KPIs with production KPIs so that product managers, plant managers and corporate officers of Manufacturing 2.0 enterprises obtain a holistic view; and
· Intuitive and rich user interfaces for rendering key decision information on workstations and decision makers’ mobile devices.
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RP5.7 – Data collection and anonymity during product use
Manufacturing 2.0 enterprises will not only be able to improve design and functionality of their products but also lower energy and resource consumption if they are able to monitor how customers use their products. Use feedback from customers may also assist the manufacturer in customising a particular product based on classification of its customer base and service sectors. However, monitoring product use during its operational lifecycle is a non-trivial task, as it requires: large scale data collection, processing and visualisation; and guaranteeing privacy of the customer and its product usage patters through anonymisation. RP5.7 will implement key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and CS15 Secure software for Manufacturing 2.0 enterprises.


Industrial challenges 
· Same products are used differently in different contexts – use information, therefore, is of primary relevance while designing future products having optimal functionalities and energy footprints;
· Large-scale data collection and processing from customers based in distributed locations is an intractable task as some data may come in the form of event streams;
· Privacy and data-protection guidelines have to be maintained while collecting and processing data. Customers should not lose their trade secrets in the process of letting manufacturers remotely monitor product use patterns.

Potential outcomes
· Better design of product business models assessing its financial value and impact along its lifecycle;
· Better understanding of the relationships between the issues or risks and of the root causes;
· Improvement of overall product sustainability through better and improved analysis and evaluations;
· Gaining trust and support of customers in monitoring product use data by guaranteeing privacy; and
· Develop market confidence in emerging ICT technologies such as cloud computing and complex event processing.


ICT research requirements
· Leveraging cloud infrastructure, such as the MBW, for connecting distributed product-use monitoring middleware with backend enterprise systems; 
· Using advanced sensors and Internet-of-Things advances to transfer product-specific data to monitoring logic hosted in the cloud;
· Application of CEP algorithms to detect predicates and conditions on monitored use patterns;
· Development of use mark-up language to decipher and consume usage patterns of products easily;
· Development of data-anonymisation techniques such as obfuscation, randomisation, reduction and perturbation to disassociate customer information from collected data; and
· Implement secure authentication and authorisation techniques to protect data centres in the cloud from unauthorised access.
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RP5.8 – Mobile maintenance and servicing cockpit for extended business offerings
The domain of product after-sales services is a lucrative business proposition for Manufacturing 2.0 enterprises in Europe. Not only does it enable manufacturers to earn maintenance revenue by serving their customers but also the customers reap benefits by accessing a one stop shop for servicing their products and buying supplementary services offered with them. Through research in mobile maintenance and servicing cockpit, manufactures and customers – both business to business and business to consumer – will be able to offer and consume the entire spectrum of product after-sales services under one roof via the mobile infrastructure and store in the cloud (RP4.3). RP5.8 implements key ICT recommendations CS12 Mobile apps for Manufacturing 2.0 enterprises, CS13 Mobility infrastructure for apps on the MBW, and IN10 Intelligent visualisation for big data.


Industrial challenges
· Customers do not have a one-stop shop for accessing after sales services for products;
· Manufacturers miss out on business opportunities by not being able to offer product maintenance and servicing options once a product has been sold to customers; 
· For a customer who is not a technical expert, it is difficult to choose the technically-correct service from a host of different service offerings for the product; and
· Business potential for SMEs to offer additional services for a product under a common roof.

Potential outcomes
· Easier for customers to access and purchase after-sales service offerings for a product;
· Revenue potential for large manufacturers as well as SMEs by offering after-sales services to customers;
· One-stop shop not only offers easy service access under one roof but also provides a transaction mechanism for customers to choose and purchase services; and
· Saving time and productivity for the customer by automating the selection and purchasing of after-sales services through mobile devices. 


ICT research requirements
· Leveraging the manufacturing app store – as part of RP4.3 – to offer product after-sales services to the customers.
· Using advances in the Internet of Things and product traceability to devise identifiers to map unique product identities to corresponding service offerings;
· Development of a transactional model in the manufacturing app store for customers to purchase and consume after-sales services;
· Semantic search and linking functionality to correlate product and after-sales services to third-party added-value services;
· Intuitive mobile user interfaces for customers to visualise and browse the entire range of available service offerings for products; and
· Integrating mobile maintenance and servicing cockpit with backend enterprise system for inventory and asset tracking – such as creation of corresponding maintenance order once a service has been invoked by a customer in the mobile maintenance and servicing cockpit. 
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[bookmark: _Toc325723452][bookmark: _Toc325723573][bookmark: _Toc325723611][bookmark: _Toc326836090]Relevance to Horizon 2020 and Roadmap Sustainability
It is imperative that Europe’s manufacturing sector makes improvements at both the technological and awareness levels for ICT-enabled manufacturing processes to retain global leadership and excellence in production. This requires a thorough analysis to understand the fundamental driving factors of the future manufacturing landscape in terms of the technology as well as of political, environmental and societal needs. 
ActionPlanT addresses the short-, medium- and long-term role of ICT in the manufacturing industry. The roadmap shows the way to implement the Manufacturing 2.0 vision through innovative research solutions. Innovation is addressed at two levels: technology push – where current and future ICT megatrends are analysed and broken down to form ICT recommendations; and market pull – where existing problems in the holistic manufacturing value chain are identified and mitigated with the help of ICT recommendations. The combination of technology push and market pull approaches is reflected in the set of 40 research priorities that concretely outline the industrial challenges, potential outcomes, ICT research requirements, maturity and implementation timeline with respect to the Horizon 2020 framework programme. 
The ActionPlanT Roadmap for Manufacturing 2.0 fulfils underlying priorities of the Horizon 2020 framework programme proposal under the ’competitive industries’ pillar. The following explains the link between the Horizon 2020 priorities and the ActionPlanT roadmap. In addition, it demonstrates how the rationale for investing in ICT research for manufacturing is bolstered by analysing the responses to the consultation on the Green Paper on a common strategic framework for EU research and innovation funding collected in the context of Horizon 2020. Finally, it discusses ActionPlanT’s joint work with the European Factories of the Future Association (EFFRA) and lays out sustainability plans for the roadmap.
[bookmark: _Toc326836091]Link with Horizon 2020 priorities
Europe faces a series of serious challenges according to the Horizon 2020 Impact Assessment Report[footnoteRef:16]. These include low growth and insufficient innovation as well as a diverse set of environmental and social challenges. Moreover, the solutions to all these problems are related. Long-term growth and increases in productivity could be achieved by addressing Europe’s environmental and social problems. The key weakness, the Impact Assessment Report argues, is Europe’s ’innovation gap’, which should be bridged to boost productivity and growth.  [16:  Horizon 2020 - The Framework Programme for Research and Innovation - Impact Assessment Report (http://ec.europa.eu/research/horizon2020/pdf/proposals/horizon_2020_impact_assessment_report.pdf)] 

	“To boost future productivity and growth, it is critically important to generate breakthrough technologies and to translate them into innovations (new products, processes and services) that are taken up by the wider economy” - Horizon 2020 Impact Assessment Report


The ActionPlanT Roadmap for Manufacturing 2.0 focuses on generating new sources of revenue for European manufacturing industries through novel ICT paradigms such as cloud computing, mobility, Internet of Things, and big data. A fundamental difference from manufacturing roadmaps of the past is that ActionPlanT not only takes a market-pull approach for mitigating existing problems across the shopfloor but also drives innovation in manufacturing enterprises through technology push of new ICT paradigms. The definition of manufacturing has been broadened to encompass holistic operations in the manufacturing value chain, since innovation should not only be confined to siloed factory workspaces but should eventually benefit the human stakeholders involved in different stages of the manufacturing chain – from the shopfloor through to the corporate ranks.
At the implementation level, Horizon 2020 aims to focus resources on three distinct priorities:
1. Excellent science: To raise the “the level of excellence in Europe's science base and ensure a steady stream of world-class research to secure Europe’s long-term competitiveness”;
2. Industrial leadership: To make “Europe a more attractive location to invest in research and innovation (including eco-innovation) by promoting activities where businesses set the agenda”; and
3. Societal challenges: To address major concerns shared by European citizens by bringing together “resources and knowledge across different fields, technologies and disciplines, including social sciences and the humanities”.
ActionPlanT makes its most distinctive contribution to the second priority: Industrial leadership. Key recommendations and research priorities identified in the roadmap will help European enterprises of all sizes to innovate with the help of ICT and to define new sources of revenue. Even in this climate of economic austerity, ActionPlanT shows that innovation at all levels of the Manufacturing 2.0 value chain is possible only if enterprises embrace an agile mindset and new technologies satisfying the megatrends of collaboration, connectivity, mobility and intelligence. Implementation of ICT recommendations and research priorities, which are influenced by these megatrends, will create virtual hubs of global businesses, thereby generating revenue through new business models and services. 
Within the industrial leadership priority, the Horizon 2020 communication[footnoteRef:17] lists three impact areas: [17:  Horizon 2020 - The Framework Programme for Research and Innovation - Communication from the Commission (http://ec.europa.eu/research/horizon2020/pdf/proposals/communication_from_the_commission_-_horizon_2020_-_the_framework_programme_for_research_and_innovation.pdf)] 

	“build leadership in enabling and industrial technologies, with dedicated support for ICT, […] advanced manufacturing and processing, […] while also providing support for cross-cutting actions to capture the accumulated benefits from combining several Key Enabling Technologies” - Horizon 2020 - The Framework Programme for Research and Innovation - Communication from the Commission


The key enabling technologies of ICT and manufacturing are seamlessly combined to add value to the latter. Through many rounds of expert consultations and workshops, the ActionPlanT Roadmap for Manufacturing 2.0 has identified the most important pinch points in manufacturing industry and relevant ICT megatrends with which the identified challenges could be solved. Furthermore, the novelty of the roadmap lies in the way new ICT paradigms are adapted and applied in the context of manufacturing to create new business opportunities for European industries. The underlying benefits of implementing each of the proposed research priorities are expressed in terms of five ambitions for Manufacturing 2.0 enterprises: on-demand; optimal; innovative; green; and human-centred.  
	“facilitate access to risk finance” 


Although the roadmap does not directly satisfy this objective, it does identify and propose research priorities for risk mitigation at the shopfloor, plant and enterprise levels by using ICT. For example, the definition, visualisation and forecasting of key risk indicators will enable decision makers to detect and react to anomalies and exceptions. The emphasis on new concepts such as product-centred services, manufacturing apps and distributed collaboration in the roadmap will enable European enterprise to leverage alternate revenue streams that are independent and decoupled from the success – or failure – of stand-alone high-risk products. Furthermore, the roadmap incorporates priorities for capturing market dynamics and customer demands thereby reducing the chances of failures at the time of new product introductions. 
	“provide Union wide support for innovation in SMEs” 


Incorporation of SMEs in the holistic manufacturing value chain is the crux of ActionPlanT’s vision for Manufacturing 2.0. SMEs should not only be involved side-by-side in product development and manufacturing operations but should also be made part of the value chain through collaborative manufacturing services as service providers and consumers. ActionPlanT’s key ICT recommendations make this objective come true. Incorporation of cloud computing, through the Manufacturing Business Web concept, makes SMEs important stakeholders in the innovation cycle by empowering them to develop and offer manufacturing services to large enterprises at competitive prices. Concepts proposed in the roadmap, such as the manufacturing app store and mobile apps, would offer European SMEs a transparent and easy-to-use virtual marketplace for trading manufacturing services. High-performance simulation and analyses in the cloud is yet another innovation which will let SMEs develop and run resource-intensive algorithms without requiring significant infrastructure investment. Finally, the security recommendations in the area of digital rights management will protect SMEs from product and software piracy, which is still considered an intractable problem, especially for enterprises that lack significant legal resources and global presence. 
[bookmark: _Toc326836092]An analysis of the Green Paper consultation feedback and analyst reports
The European Commission launched a consultation on its Green Paper[footnoteRef:18] From Challenges to Opportunities: Towards a Common Strategic Framework for EU Research and Innovation funding in May 2011. The objective was to initiate a public debate on the key issues to be taken into account for future EU research and innovation funding programmes. Representatives from industry, research organisations, governments and civil societies were asked to contribute their feedback on this topic.  [18:  Green Paper: From Challenges to Opportunities – Towards a Common Strategic Framework for EU Research and Innovation Funding (http://ec.europa.eu/research/horizon2020/pdf/com_2011_0048_csf_green_paper_en.pdf)] 

The Green Paper reiterated the need for future EU funding programmes “to focus more on Europe 2020 priorities, address societal challenges and key technologies, facilitate collaborative and industry-driven research, streamline the instruments, radically simplify access, reduce time to market and further strengthen excellence”. On ’strengthening competitiveness’, the key priority in Horizon 2020 which the ActionPlanT roadmap addresses, the Green Paper consultation document observed that Europe must be able to perform better when it comes to creating impact from research and innovation funding. It identified obstacles from laboratory prototypes through to the development, commercialisation and application phases in the production environment. The ActionPlanT roadmap research priorities tie innovation to impact by illustrating how ICT research recommendations positively influence, to different degrees, the five ambitions outlined in Manufacturing 2.0 vision. Furthermore, each research priority has an associated maturity level indicating the technological readiness level – concept, lab prototype or production – of the corresponding priority. For ’strengthening competitiveness’ it states:
	“Securing a strong position in key enabling technologies such as ICT, nanotechnology, advanced materials, manufacturing, space technology or biotechnology is of vital importance to Europe's competitiveness and enables the development of innovative goods and services needed for addressing societal challenges.” - Green Paper: From Challenges to Opportunities – Towards a Common Strategic Framework for EU Research and Innovation Funding


In ActionPlanT, ICT is not depicted as an enabler for making small incremental improvements in present-day manufacturing industries. Rather, it is elevated to the status of a game changer for European manufacturing enterprises. Innovation using ICT will add new businesses to Europe through new models of service consumption and niche products – this is considered a prerequisite for solving societal challenges through technology.
The Green Paper consultation has received widespread support and feedback from over 800 international stakeholders. Two responses relevant to ActionPlanT’s view of leveraging new ICT megatrends and using common infrastructure are particularly relevant. 
DIGITALEUROPE[footnoteRef:19] responded to the Green Paper consultation by opining that Europe should focus more on key R&D priorities having high impact on economy and society, such as ICT. On the relevance of ICT itself, it stated: [19:  DIGITALEUROPE (http://www.digitaleurope.org/) ] 

	“ICT is today a key enabling technology in our society and in order to fully exploit its potential it is important that activities on e-Infrastructures, focusing on ICT-based infrastructures and services that cut across a broad range of user disciplines, are prioritised. At the same time Europe should avoid building its own infrastructure from scratch or maintaining an obsolete infrastructure when industry provides an alternative solution at lower cost.” - DIGITALEUROPE


The ActionPlanT Roadmap for Manufacturing 2.0 fulfils this recommendation through the concept of a cloud-enabled Manufacturing Business Web for European manufacturing enterprises. The roadmap strongly advocates building on top of existing cloud or other state-of-the-art distributed computing infrastructure – and refers to initiatives such as FI-WARE – to prevent siloed development. Furthermore, introduction of cloud computing and mobile consumption in manufacturing would help greater participation of SMEs with reduced dependence on significant infrastructure investment. This is also mirrored in the European-American Business Council (EABC)[footnoteRef:20] response to the Green Paper consultation: [20:  European-American Business Council (http://www.eabc.org/) ] 

	“…the EU should consider relying on the cloud-computing model. In other words, instead of building new computing infrastructure it would only need to rent it as needed”.  - European-American Business Council (EABC)


ActionPlanT’s Manufacturing 2.0 vision for the use of ICT megatrends in collaboration, connectivity, mobility and intelligence is echoed in many leading analyst reports. IDC’s Top 10[footnoteRef:21] predictions for manufacturing identifies four forces in ICT playing a major role in future manufacturing: [21:  IDC EMEA Manufacturing 2012 Top 10 Predictions (http://www.idc-mi.com/getdoc.jsp?containerId=MIVC01U) ] 

	[bookmark: _GoBack]“To beat complexity, European manufacturers understand the importance of modernising traditional IT architectures, leveraging what IDC calls the 'four IT forces' — mobility, cloud computing, big data analytics and social business.” - IDC


Gartner[footnoteRef:22], PricewaterhouseCoopers[footnoteRef:23], and Heidrick & Struggles[footnoteRef:24], to name but a few, have similarly stressed the importance of leveraging ICT megatrends in collaboration, connectivity, mobility and intelligence for enterprises of the future. Lastly, innovation in manufacturing through ICT should be open and out-of-the-box, led by thinking beyond the conventional shopfloor operations and manufacturing processes.  [22:  Gartner Inc. (http://www.gartner.com/technology/) ]  [23:  Mobile Value Added Services: The Next Wave (http://www.pwc.com/en_IN/in/assets/pdfs/publications-2011/vas_landscp.pdf)]  [24:  Business Intelligence is Intelligent Business by Gerry Davis, Heidrick & Struggles. Accessed via blog “Does Business Intelligence Require Intelligent Business?” (http://www.ciorant.net/2009/06/does-business-intelligence-require-intelligent-business)] 

[bookmark: _Toc326836093]Input to EFFRA’s research roadmap “Factories of the Future – Beyond 2013”
The European Factories of the Future Association[footnoteRef:25] started developing its strategic research roadmap Factories of the Future – Beyond 2013 in anticipation of the continuation of the ‘Factories of the Future’ public-private partnership under Horizon 2020. [25:  European Factories of the Future Association (http://www.effra.eu/research-a-innovation/fof-beyond-2013.html)] 

EFFRA’s Industrial Research Advisory Group (IRAG) has compiled a consultation document with a focus on what should be the objectives, approach and scope of the research roadmap. This document formed the basis for a wide consultation phase in the roadmap development process. The current version of the roadmap introduces a strategic framework for identifying and developing suitable research and innovation priorities for manufacturing, including ICT.
A series of interactions between the ActionPlanT and EFFRA IRAG have been initiated and sustained from the start of the project with the aim of integrating the ActionPlanT ICT vision and research priorities in EFFRA’s research roadmap. These would form the basis of the ICT contribution in its roadmap. As part of this continuous process:
· An analysis of the draft content of the EFFRA research roadmap and the ActionPlanT Roadmap has been carried out. Socio-economic megatrends and ambitions are reflected in the section on manufacturing challenges and opportunities of the EFFRA research roadmap;
· Technological megatrends are reflected in the section on technologies and enablers of the EFFRA roadmap; and
· The 40 ActionPlanT ICT research priorities form a subset of the EFFRA roadmap research priorities and are mapped to six domains of the EFFRA roadmap. 
[bookmark: _Toc326836094]Sustainability plans and outlook for the future
A long-term sustainability plan for the ActionPlanT Roadmap for Manufacturing 2.0 after the conclusion of the ActionPlanT project in May 2012 has been set up with the help of the Factories of the Future FP7 project PLANTCockpit[footnoteRef:26]. PLANTCockpit stands for ’Production logistics and sustainability cockpit’ and is co-ordinated by SAP AG, Germany. Under the project task of ’Influencing the European research agenda’, PLANTCockpit will maintain the ActionPlanT roadmap and continue to incorporate experts’ feedback in enriching existing research priorities in the roadmap. [26:  PLANTCockpit FoF FP7 project (http://www.plantcockpit.eu)] 


Make your contribution to shape the future of ICT for Manufacturing
Let us know what you think about the roadmap research priorities for Horizon 2020. 
More information and contact details can be found on the ActionPlanT project website at: 
http://www.actionplant-project.eu
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[bookmark: _Toc326836097]List of research priorities
RP1.1 – Software for flexible and reconfigurable machinery and robots
Highly dynamic market demands and changing customer requirements for product personalisation are driving European factories to modify their asset-instalment bases with flexible and reconfigurable machinery and robots. Software for dynamic reconfigurations would not only increase the throughput of factories but also integrate with existing backend systems for design and manufacturing with the objective of reducing changeover time/cost, tooling and programming effort. Furthermore, generic software solutions for reconfigurable machinery and robots will open up new business opportunities through the concept of factory leasing, where different manufacturers could lease an existing factory setup to manufacturing similar goods but with different configuration needs. RP1.1 would implement key ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing for better products and IN9 Big data analysis and real-time decision making. 
RP1.2 – Professional service robots and multimodal human-machine-robot collaboration
Immersive collaboration between human workers and robots would lead to a more efficient, safer and flexible manufacturing environment. Cognition-based intelligent features within machinery and robots will radically change their interfacing towards human operators in manufacturing environments, where human-robot-systems will be dynamic, act safely in a shared working space, follow an intuitive co-operation paradigm and be aware of the work and of its environment. RP1.2 will implement key ICT recommendations IN9 Big data analysis and real-time decision making and CS14 Timeless manufacturing software with rich user experience.
RP1.3 – Adaptive process automation and control for a sensing shopfloor
Intelligent plug-and-play systems will feature sensing and actuator structures integrated with adaptive control systems supported by active compensation features for fully optimising the performance of the manufacturing systems in terms of autonomy, reliability and efficiency along their lifecycle. This will enable the development of embedded distributed control systems architectures with end-to-end device-integration capabilities as well as real-time data processing and KPI calculation capabilities. RP1.3 will implement key ICT recommendations IN9 Big data analysis and real-time decision making, IN10 Intelligent visualisation of big data, and IN11 High-performance simulation and analysis in the cloud.
RP1.4 – Dynamic manufacturing execution environments for smarter integration 
Legacy manufacturing execution systems have non-modular architecture and will not cope with the dynamic nature of future manufacturing processes. Next-generation MES would require constant optimisation of quality and resource use. Furthermore, the amount of knowledge extracted from the level of automation should be fully exploited by MES. Next-generation MES would need address the dynamism of environments and facilitate sustainable manufacturing through optimisation of knowledge-based systems and integration with supply-chain processes. These should furthermore be condition based, exploit experience on the shopfloor and facilitate self organisation of production systems. RP1.4 would implement the key ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing for better products, IN9 Big data analysis and real-time decision making and IN11 High-performance simulation and analysis in the cloud.
RP1.5 – Monitoring, perception and awareness on the shopfloor
For future Manufacturing 2.0 enterprises to be more agile and responsive, it would become essential to monitor the real state of devices and machines in a continuous manner and then perform diagnostics based on analysed performance bottlenecks and KPIs. In this regard, ubiquitous sensing approaches will actively support engineers in their job of detecting, measuring and monitoring the variables, events and exceptions which might lower the performance and reliability of shopfloor systems. Furthermore, shopfloor KPIs and performance deviations would be projected on engineers’ mobile devices, with their statuses updated in real time. RP1.5 would primarily implement IN9 Big data analysis and real-time decision making, RP10 Intelligent visualisation of big data and CS12 Mobile apps for Manufacturing 2.0 enterprises.
RP1.6 – M2M cloud connectivity for Manufacturing 2.0 enterprises
The problems of remote device management, high-volume data collection and processing are going to become intractable with the rapid proliferation of connected devices across European shopfloors. It is currently estimated that we will have in the order of 50 billion connected devices by 2020. European enterprises, particularly SMEs, are going to face difficulties monitoring their production assets across distributed plants and calculating downtimes, meantime between failures, throughput and other KPIs based on asset availability and exceptions. To cope with the challenges of distributed devices and high-data volumes, future ICT research for manufacturing should leverage cloud infrastructure, such as the MBW, to enable assets spread across distributed shopfloors to transmit status and exception information which can be processed on-the-fly by in-memory persistency engines and rendered on decision-makers’ workstations and smartphones. RP1.6 implements key ICT recommendations CN6 Connected objects in the MBW, CN7 M2M cloud connectivity in the MBW, IN9 Big data analysis and real-time decision making and IN10 Intelligent visualisation of big data.
RP1.7 – Mass customisation and integration of real-world resources 
Current plant connectivity systems lack the ability to configure large number of real-world resources, such as shopfloor devices, production systems, backend business system and abstract representations of human resources and intangible objects, effortlessly in an automated manner. To model disparate resources, systems administrators currently use legacy middleware to register them manually and then configure them on an individual basis. The future lies in the development of IoT-based device-integration middleware that is scalable and distributed in nature and does not require manual intervention to register and configure multiple shopfloor resources having same generic specifications. This would improve productivity across shopfloors by reducing configuration time and provide an automated way to control different facets of the shopfloor. RP1.7 would implement key ICT recommendations CN6 Connected objects in the MBW, CN8 Cloud-based social networks for human-machine interaction, and IN10 Intelligent visualisation for big data.
RP1.8 – Intuitive interfaces, mobility and rich user experience at the shopfloor
Research should exploit new mobile and user-experience technologies to enhance the experience of European workers. It is well acknowledged that European enterprises need to cope with the issue of an ageing workforce in the near future by equipping them with tools and mechanisms to work with ICT systems on the shopfloor easily. Intuitive user interfaces based on recent advances in HTML5, gaming and mobile apps not only offer the distinct advantage of being easy to use to ageing workers but also make the user experience more enjoyable. Research on this front should not only focus on building interfaces for new kinds of manufacturing applications but also on improving user interfaces and experience of legacy systems. RP1.8 will primarily contribute to the ICT recommendation CS14 Timeless manufacturing software with rich user experience as well as to CN8 Cloud-based social networks for HMI and CL5 Collaborative knowledge management for value creation. 
RP2.1 – Integrated factory models for evolvable manufacturing systems
Factories are evolving faster than in the past and becoming more complex, expensive and geographically distributed. Commonly-used IT backend systems are neither widely interconnected nor interoperable. This makes holistic representation, monitoring and management of factories difficult. The development of integrated scalable and semantic factory models with multi-level access features, aggregation of data with different granularity, zoom in and out functionalities, and real-time data acquisition from all the factory resources – assets, machines, workers and objects – will enable the implementation of support for decision-making processes, activity planning and operation controlling of the Manufacturing 2.0 factories. RP2.1 will implement key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and IN11 High-performance simulation and analysis in the cloud.
RP2.2 – Intelligent maintenance systems for increased reliability of production
Complex and expensive production assets in conjunction with market requests for high quality products require novel maintenance approaches which are able to ensure required capacity and production quality. Intelligent maintenance systems based on condition-prediction mechanisms, remaining useful life estimation and analysis of machine behaviour, operational parameters and self-learning capabilities will lead to increased reliability, availability and safety in the entire production system. Furthermore, improvements in equipment health will enable significant energy savings. Maintenance will take place more and more before failure occurs and when the impact is minimum. Analysis is carried out using the massive amount of data captured by intelligent devices from the field and through specific algorithms able to define the optimal approach. RP2.2 will implement key recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and CS12 Mobile apps for Manufacturing 2.0 enterprises.
RP2.3 – Integrated high-performance computing in factory lifecycle management
Increasing complexity, stronger market competition and higher investments for green plants are forcing factories to be considered as complex long-life products where different lifecycle phases such as factory design, engineering, operation and decommissioning need to be carefully managed in a consistent manner. Such holistic factory lifecycle phases have to be addressed using appropriate distributed, interoperable and high-performance ICT tools which make use of advances in parallel and distributed computing to deal with simulations, analysis and forecasting on large data sets originating from shopfloors, plants, business systems, worker inputs and variable business factors. RP2.3 will implement key recommendations IN11 High-performance simulation and analysis in the cloud, IN9 Big-data analysis and real-time decision making and CS12 Mobile apps for Manufacturing 2.0 enterprises.
RP2.4 – Energy monitoring and management in Manufacturing 2.0 enterprises
Reduced energy consumption in future Manufacturing 2.0 enterprises is an environmentally-challenging issue which also makes great business sense to enterprises investing in ICT solutions to monitor and manage energy. Energy-saving areas in the production environment have to be considered from different perspectives: component, field, machine, process and plant levels. The development of software-based decision-support systems as well as consumption-monitoring and planning systems will lead to reduced energy consumption overall, more efficient use and optimised energy sourcing. These decision-support systems should also be complemented by rich and intuitive user interfaces for identifying energy bottlenecks and historical data and should be rendered on smartphones used by managers and executives. RP2.4 implements key ICT objectives IN10 Intelligent visualisation of big data, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience. 
RP2.5 – Multi-level simulation and analysis for improving production quality and throughput
Distributed simulation systems offer good local optimisation outcomes but lack interoperability and holistic modelling options, especially for complex manufacturing systems. Integrated multi-level simulation systems will facilitate enhanced factory modelling by enabling views and interpretations from different perspectives aimed at providing stakeholders with different representations of relevant information. Continuous data collection from real-world resources – assets, devices and products – from the field and along the value chain in conjunction with appropriate simulation and data-analysis tools will identify deviations between expected and actual results allowing early management of factory and production issues. RP2.5 will involve and realise ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and IN11 High-performance simulation and analysis in the cloud.
RP2.6 – Services for continuous evaluation and mitigation of manufacturing risks
Complex production environments and pressure from social and statutory organisations require that risks – internal arising from production processes or machinery failure as well as external such as environmental or natural calamity – be continuously identified, ranked, managed and mitigated. Dimensions of production facilities, types of processes and materials call for specific attention to avoid accidents and safety hazards which could have dramatic consequences for human lives and the environment. Prevention and risk mitigation are also desirable options compared with recovery after damage has been caused. For implementation of RP2.6, key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data, CN8 Cloud-based social networks for HMI and CS12 Mobile apps for Manufacturing 2.0 enterprises would be useful.
RP2.7 – On-demand modular and replicable models for faster factory initialisation 
Easy and cost effective design, engineering and deployment of new production facilities are a necessity for competing on a global scale. Multinational enterprises which seek to cope with the growing market demand and customisation requests from customers should be able to set up distributed sites with replicated features and assemblies without having to start from scratch. The definition of consistent description models of the production resources, their relationships and logistic flows are key enablers for achieving this objective. Furthermore, ICT middleware able to compile and render these dynamic model descriptions are also essential. RP2.7 is key for implementing ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing of better products where products herein are factories and IN11 High-performance simulation and analysis in the cloud.
RP2.8 – Mobility suite for comprehensive factory-performance management 
In the past, ICT and manufacturing enterprises have sought to manage operational characteristics of plants through disparate software solutions. This resulted in monolithic stacks which do not integrate well and where decision makers and workers are drowning in data but starved of information. Mobile computing offers a promising prospect to render the complete set of factory-management information on decision makers’ smartphones, enabling them to monitor, visualise, control and collaborate on day-to-day decisions and exceptions arising in European factory environments. A mobility suite for comprehensive factory-performance management will not only make it easier for decision makers to oversee and control operations but will also result in significant reduction in factory running costs. RP2.8 will work on the ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation of big data, CS12 Mobile apps for Manufacturing 2.0 enterprises, CS13 Mobility infrastructure for apps on the MBW and CS14 Timeless manufacturing software with rich user experience. 
RP3.1 – Enhanced visualisation of complex manufacturing and production data
As data volumes on the shopfloor and at plant levels continue to increase and manufacturing systems become more integrated, maintaining situation awareness and coping with information overload pose a serious challenge. Future ICT solutions should focus on novel visualisation techniques which will abstract relevant data from real-world resources and business systems, and display relevant information to knowledge workers and decision makers. These data-visualisation systems should be role based, maintaining a level of abstraction and anonymity based on viewer access levels. RP3.1 would implement the key ICT recommendations CL5 Collaborative knowledge management for value creation, CN8 Cloud-based social network for HMI and IN10 Intelligent visualisation of big data.
RP3.2 – New ICT-facilitated initiatives to engage younger generations in manufacturing
Manufacturing, as a prospective career option, is not considered an attractive enough field by a significant percentage of the young talent pool in Europe. This is posing a serious threat to the competitiveness of European enterprises. Lack of new talent would result in stagnation of innovation, pressure on the ageing population and heavy financial losses to enterprises. ICT can play a pivotal role in making manufacturing more attractive to the younger generation through the development of tools and methodologies, such as serious games, demonstrators and social networks, which engage the potential workforce from an early stage. Furthermore, ICT could give more engagement opportunities such as product design and app development to the younger generation who are already technology savvy and adept at problem solving through programming in the mobile environment. RP3.2 implements key ICT recommendations CL5 Collaborative knowledge management for value creation, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience.
RP3.3 – Advanced information models for knowledge creation and learning
The copious amount of data in manufacturing environments can be used for knowledge creation and learning by workers in the factories through proper use of information models and archiving mechanisms. Best practices need to be captured and transformed into knowledge for later use. Therefore, advanced information models are needed to facilitate the transformation of data, information, events and decisions into a contextual-based environment. These models will support knowledge creation and learning at all levels – strategic, tactical and operational – for the entire product and factory lifecycle. RP3.3 will implement key ICT recommendations CL5 Collaborative knowledge management for value creation and IN10 Intelligent visualisation for big data.
RP3.4 – ICT support to worker-process interaction and collaborative competence development
Increasing complexity of manufacturing processes creates the need for knowledge workers to be supported by appropriate tools providing them assistance in operations along the entire production chain in factories and further development of their competences. Interfaces and assistance tools for knowledge communication will assist workers while performing manufacturing operations, including assembly, operation of machines, maintenance activities, ramp-up procedures, troubleshooting and remote guidance. Industrial social networking and mobile apps with rich user experience would be of great use to workers who work with machines and software systems simultaneously. RP3.4 will implement key ICT recommendations CL5 Collaborative knowledge management for value creation, CN8 Cloud-based social networks for HMI, IN10 Intelligent visualisation of big data, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience.
RP3.5 – Next generation of recommendation systems for European workforce
As the methods for transformation of raw data into knowledge advances, it is becoming obvious that this increasing amount of extracted knowledge needs to be exploited in the most efficient manner. The amount of digital knowledge about manufacturing processes will soon exceed the human ability to process and use it. One of the directions for overcoming this problem is the development of the next generation of recommendation systems. A next-generation system needs to be such that it will not only be able to answer user questions, but also be able to estimate the relevance of knowledge gained and report it to the appropriate user at the right moment. Advances in RP3.5 will implement key ICT recommendations IN9 Big data analysis and real-time decision making, IN10 Intelligent visualisation for big data and CL5 Collaborative knowledge management for value creation.
RP3.6 – Tools for worker-behaviour tracking, monitoring and analysis
The complexity of manufacturing processes requires optimisation at different levels. Optimising processes and workflows at the micro level through observation by human workers themselves opens up a new area of research in ICT for manufacturing that assists workers in taking their own decisions. Appropriate tools and mechanisms are therefore required to enable observation, indicator implementation, dashboard customisation and workflow optimisation through simple and intuitive user-friendly user interfaces. Research in RP3.6 will lead to the implementation of recommendations CL5 Collaborative knowledge management for value creation, CN8 Cloud-based social networks for HMI, IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation for big data.
RP3.7 – Plug-and-play interfaces for factory workers in dynamic work environments
European workers are finding it difficult to negotiate challenges in constrained environments where obstacles and hazards are a commonplace. Challenges could be present in operations which require use of thick gloves for heat protection as well as in repetitive workflows which require check marking quality results, for instance. In all cases, ICT has an important role to play by assisting workers to interact easily with the backend systems through easy-to-use intuitive interfaces. ICT for manufacturing research should focus on innovative mechanisms for easy interaction by leveraging the advances in human-computer interaction, motion sensing, computer vision, mobile interfaces and design thinking. RP3.7 primarily focuses on the ICT recommendations for consumption such as CS14 Timeless manufacturing software with rich user experience and CS12 Mobile apps for Manufacturing 2.0 enterprises.
RP3.8 – Linked organisational knowledge for connected enterprises
Extended enterprises are now becoming a reality and this is strongly encouraged in the ActionPlanT Manufacturing 2.0 vision. However, in addition to tackling information-sharing issues between machines and systems in these extended enterprises, we have to address the human-mobility trend where highly skilled personnel from one organisation move to another and take with them their invaluable knowhow. Even within the same organisation, human resources move from one installation to another that might be dispersed across countries and continents. New ICT methods can be exploited to link these people and make their expertise available to each other. RP3.8 would implement key ICT recommendations CL5 Collaborative knowledge management for value creation and CN8 Cloud-based social networks for HMI.
RP4.1 – Cloud-based MBW for supply-network collaboration
To realise the concept of a manufacturing business web, ICT research in collaborative supply networks should make future cloud-based middleware manufacturing service-ready. This will enable Manufacturing 2.0 stakeholders to perform end-to-end manufacturing services orchestration encompassing domains of customer collaboration, collaborative service management and collaborative manufacturing. Furthermore, this research priority will open up possibilities to exploit the infrastructure of such cloud-based middleware for performing high-performance simulation, forecasting and analytical operations. RP4.1 primarily implements key ICT recommendations OP1 Cloud-based infrastructure provisioning for high-performance manufacturing applications and IN11 High-performance simulation and analytics in the cloud but also lays the foundation for implementing ICT recommendations for both content and consumption.
RP4.2 – End-of-life applications in a network of remanufacturing stakeholders
One of the key issues deterring the uptake of end-of-life activities such as remanufacturing across Europe is the information gap created when new products leave the OEM, then used by the customers and, eventually, collected, disassembled and refurbished by remanufacturing SMEs. The information gap is the result of the lack of data on product use, repair, service and refurbishment history. This, in turn, results in the fact that the input to the remanufacturing process is of unknown quality. The lack of reliable information for remanufacturing leads to opportunities being missed with respect to increased economic or environmental impact. Research in RP4.2 will result in the fulfilment of ICT recommendation CL3 Collaborative service management to tackle complexity and optimise operations and CS12 Mobile apps for Manufacturing 2.0 enterprises.
RP4.3 – Mobile store and applications for an agile and open supply network
Responsiveness of stakeholders within a supply network can be increased and new business opportunities could be generated if the right kind of data is made available to the decision makers at the right time on-the-fly and on-the-go. Next-generation ICT research in manufacturing should make use of the combined power of cloud infrastructures and mobile devices to supply data from shopfloor and production systems as well as disparate business systems across the holistic supply network to human stakeholders and decision makers. This research priority focuses on building a manufacturing-focused mobile provisioning infrastructure which will leverage the cloud and provide services via a manufacturing app store. RP4.3 realises ICT recommendations OP2 Manufacturing app store for manufacturing solutions and CS13 Mobility infrastructure for apps on the MBW.
RP4.4 – Connected objects for assets and enterprises in the supply networks
Manufacturing 2.0 enterprise assets and products will leverage the concept of the Internet of Things, where objects carry information about themselves and communicate with each other and the world around them. To harness the potential of connected objects and perform meaningful data analysis, research should bridge the gap between different abstractions of objects operating at the shopfloor, business-system and supply-network levels. This research priority will help realise the vision of ‘Product-Centred Services’ in the MBW through RP4.1, where SMEs in the supply network would be able to offer maintenance, warranty and end-of-life services to customers. RP4.4 realises the ICT core recommendation CN6 Connected objects in the MBW.
RP4.5 – Complex event processing for state detection and analysis in supply networks
Connected objects representing the Internet of Things in supply networks will generate copious amount of data in the form of events. These events will be distributed in nature and display non-deterministic and asynchronous characteristics. Global state detection as well as discrete/continuous query processing would therefore be a challenge in view of the distributed nature of events. ICT research in CEP should devise solutions for more responsive supply networks with capability for comprehensive monitoring and management of events, exceptions and ‘what-if’ scenarios. RP4.5 contributes to the realisation of ICT recommendations IN9 Big-data analytics and real-time decision making and IN10 Intelligent visualisation of big data.
RP4.6 – Collaborative demand-and-supply planning, traceability and execution 
There is need to enable Manufacturing 2.0 enterprises in global supply networks to cope with variable demands and highly complex products. These enterprises have to respond faster to demand-and-supply fluctuations – increasing forecasting capability on the one hand and reducing cycle time and supply chain costs on the other. Network traceability would facilitate improved product genealogy and better identification of products for recalls and withdrawals. Furthermore, supply-network planning and execution would lead to the assessment of supplier performance and identification of bottlenecks in the networks. The cloud middleware, facilitated by the MBW in RP4.1, provides an ideal information-sharing platform for performing planning, traceability and execution in supply networks. RP4.6 would help in realisation of ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation of big data.
RP4.7 – Digital-rights management of products and code in supply networks
Although strict laws for intellectual property rights (IPR) are a commonplace, enforcement seems to be an issue in the absence of well-established ICT mechanisms for piracy detection and tracking. To counter the threat of piracy and counterfeiting of products, ICT research should apply and extend the latest advances made in digital-rights management for music, video, photographic images and software to products manufactured in Europe and the software code embedded therein. Digital-rights management would also be crucial for ensuring the security and privacy of manufacturing apps available for download through the Manufacturing App Store. RP4.7 is prerequisite for realising key ICT recommendations CL3 Collaborative service management to tackle complexity and optimise operations, CL4 Collaborative design and manufacturing for better products and CS15 Secure software for Manufacturing 2.0 enterprises.
RP4.8 – Multi-enterprise role-based access control in Manufacturing 2.0 enterprises
One of the greatest obstacles in the acceptance and adoption of cloud platforms in production environments is the inability to manage and prevent threats originating from unauthorised access to enterprise data. For Manufacturing 2.0 enterprises to co-operate effectively and collaborate in ecosystems comprising trusted as well as untrusted vendors, it is important that the notion of role-based access control be extended and successfully applied in the context of manufacturing supply networks. Advances in RP4.8 will accelerate the implementation and adoption of ICT recommendations OP1 Cloud-based infrastructure provisioning for high-performance manufacturing applications, OP2 Manufacturing app store for manufacturing solutions, CN8 Cloud-based social networks for HMI, CS13 Mobility infrastructure for apps on the MBW and CS15 Secure software for Manufacturing 2.0 enterprises.
RP5.1 – Manufacturing intelligence for informed product design
To cope with global competition, companies are increasing the number of new products introductions in the market and consequently shortening the lifecycle of the product itself. To match this trend, time to market is decreasing and designers are pressured to accelerate the product-design phase and use more expertise from manufacturing phases. A more frequent feedback loop without media breaks between product engineering and the manufacturing phase is required to ensure high quality products at low production costs. ICT for manufacturing intelligence should enable the integration between engineering and manufacturing phases of products. RP5.1 would implement key ICT recommendations CL4 Collaborative design and manufacturing for better products, CL5 Collaborative knowledge management for value creation and IN10 Intelligent visualisation for big data.
RP5.2 – Solutions for energy-efficient product lifecycles and ECO-usage
Research is needed in new software solutions to monitor and improve energy efficiency of products throughout their use by customers by leveraging new enabling technologies such as smart embedded systems, the Internet of Things, low-powered sensors, and machine-to-machine integration in manufacturing and maintenance. Data collected in real time will allow the creation of detailed models of product energy consumption, thus going beyond traditional lifecycle analysis approaches. The innovation should focus on encompassing whole product lifecycles as well as specific lifecycle phases. RP5.2 would implement key ICT recommendations CN6 Connected objects in the MBW, IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation for big data.
RP5.3 – Collaborative design environments for SME involvement
Enterprises are increasingly facing complexity resulting from frequently-changing designs and therefore need to collaborate as a single virtual organisation to keep track of the requirements. While the previous cluster focuses exclusively on the supply-chain aspects of Manufacturing 2.0 enterprises by enabling local enterprises to collaborate in a global context while protecting each others’ intellectual property, this research priority focuses on increasing reactivity to demand and rapidly delivering new products leveraging business relationships and local expertise with a focus on SME participation. RP5.3 will implement key ICT recommendations CL4 Collaborative design and manufacturing for better products, CS12 Mobile apps for Manufacturing 2.0 enterprises and CS14 Timeless manufacturing software with rich user experience.
RP5.4 – Crowdsourcing for highly personalised and innovative product design
The Web 2.0 paradigm has brought about the emergence of social networks though which a sizeable section of the world’s population is now connected. Manufacturing 2.0 will depend on the seamless conversion of customer-specific requirements – personalisation – and human-centred collective requirements into a product opportunity for its success. However, the languages for expressing customer-specific requirements and product-manufacturing collaboration capabilities are divergent in syntax. There is a need for specialised Manufacturing 2.0-related social networks which can source new implicit expectations and convert them into innovative functional requirements for personalised solution design. RP5.4 will implement the key recommendations CN8 Cloud-based social networks for HMI and CS12 Mobile apps for Manufacturing 2.0 enterprises.
RP5.5 – Product servicing and recycling simulation for increased sustainability
While designing or improving a new product or service, many possible scenarios need to be explored, ranging from the choice of specifications, design, materials, ‘make or buy’ and suppliers, to manufacturing strategy – produce to order or make to stock – as well as product use in terms of customer profile, product servicing in terms of the type of maintenance services proposed and, eventually, product recycling/reuse. This research priority aims at developing a framework for digital mock-ups of product and services in their environment to optimise product and services value and impact from financial, environmental and social points of view. RP5.5 implements key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and IN11 High performance simulation and analytics in the cloud.
RP5.6 – ICT- and market-based costing and manufacturability assessment
New-product designers and programme managers must be able to make fast decisions regarding parts and material sourcing, detailed product design and internal manufacturing capabilities. A better ICT-supported predictive model of costs and technical capabilities is therefore required, covering both internal manufacturing organisation and supply network. This will enable Manufacturing 2.0 enterprises not only to capture the correct market demand and manufacturing feasibility for new products but also to prepare a competitive pricing model for new products based on customer distribution and product uptake. RP5.1 shares some of its technical basis with RP5.6; however the primary difference is in the potential outcomes – the former deals with information exchange for product-design improvement while the latter focuses on the cost benefits and manufacturability. RP5.6 implements key ICT recommendations IN9 Big-data analysis and real-time decision making and IN10 Intelligent visualisation for big data. 
RP5.7 – Data collection and anonymity during product use
Manufacturing 2.0 enterprises will not only be able to improve design and functionality of their products but also lower energy and resource consumption if they are able to monitor how customers use their products. Use feedback from customers may also assist the manufacturer in customising a particular product based on classification of its customer base and service sectors. However, monitoring product use during its operational lifecycle is a non-trivial task, as it requires: large scale data collection, processing and visualisation; and guaranteeing privacy of the customer and its product usage patters through anonymisation. RP5.7 will implement key ICT recommendations IN9 Big-data analysis and real-time decision making, IN10 Intelligent visualisation for big data and CS15 Secure software for Manufacturing 2.0 enterprises.
RP5.8 – Mobile maintenance and servicing cockpit for extended business offerings
The domain of product after-sales services is a lucrative business proposition for Manufacturing 2.0 enterprises in Europe. Not only does it enable manufacturers to earn maintenance revenue by serving their customers but also the customers reap benefits by accessing a one stop shop for servicing their products and buying supplementary services offered with them. Through research in mobile maintenance and servicing cockpit, manufactures and customers – both business to business and business to consumer – will be able to offer and consume the entire spectrum of product after-sales services under one roof via the mobile infrastructure and store in the cloud (RP4.3). RP5.8 implements key ICT recommendations CS12 Mobile apps for Manufacturing 2.0 enterprises, CS13 Mobility infrastructure for apps on the MBW, and IN10 Intelligent visualisation for big data.
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