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Executive Summary
The workshop successfully brought together experts from the manufacturing domain to discuss
the exploitation of Artificial Intelligence (AI) in manufacturing which is a hot topic at national and
European levels. The workshop provided insights into:




How research and innovation projects and European/International activities are already
addressing AI for Manufacturing
The needs and requirements for AI from the point of view of manufacturers
(differentiating between factory floor requirements, supply chain management
requirements, etc.)
The state of the art, i.e. how today’s solutions address the current needs and what will
be the future requirements that will allow AI to be better integrated into existing systems.

The event also provided networking opportunities for participants to discuss the call for
proposals on topic ICT-38-2020 on Artificial Intelligence for Manufacturing. This call opened a
week after the workshop took place. A feature of the event were the bilateral informal talks that
took place between organisations interested in the call.
Although there has been a degree of hype about AI in the past leading to disappointment, the
current hype about AI is thought to be justified in that already the technology is having great
impact in many areas. One must take care, however, to consider AI as a means to reach
objectives rather than being a goal in itself. At present it is not possible to predict and evaluate
the magnitude of the impact of AI exploitation for the manufacturing sector, but there are many
emerging applications in predictive maintenance, cost reduction, automated testing, improved
quality of products and supply chain management.

Figure 1. European Coordinated Plan
AI has thus become an important topic and there are now many national initiatives around the
world. A Joint BDVA and euRobotics paper has noted that roughly 50% of opportunities for
exploitation of AI are in manufacturing. The EU has particular strengths in this area and Europe
has world leading positions in robotics and business-to-business applications. Core sectors are
automotive, healthcare and agrifood. Europe also has a strength in industrial data. To maintain
and build upon this the EU has created a Coordinated Plan and aims to increase funding to
€20bn per year across the Union as shown in Figure 1. Additionally, an ethical high-level expert
group has been set up which has delivered recommendations leading to specific actions in key
sectors including health and manufacturing. Despite the promising forecasts, industry
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associations such as EFFRA highlighted that there are still practical barriers to successful
implementation such as the availability and quality of data, agreement on ownership of data,
lack of skills and resources as well as uncertain return on investment. The BDVA has developed
a Strategic Deployment Agenda which advocates the need to build a strong AI skills pipeline,
stimulate industrial investment and build trust in AI while creating a level market. Overall there is
a need for strong collaboration between academia and industry.
The challenge – as defined in the new AI for Manufacturing call – is to integrate state-of-the-art
AI technologies with advanced manufacturing technologies and systems in order to widely
exploit their potential in the manufacturing and process industries to improve the quality of
products and processes. At the same time, it is important to consider how humans and AI will
work together in optimal complementarity. AI plays a role in many areas and so it is possible to
propose applications across many EU calls, not just the new AI for Manufacturing call.
To stimulate ideas the workshop also highlighted many successful examples of the use of AI
from Siemens, Jožef Stefan Institute, Festo, Prima Additive, and Continental. Four projects,
PREVIEW, THOMAS, Boost 4.0, and MUSKETEER also presented their activities and
highlighted the benefits of AI.
It was shown that AI for manufacturing can be quite diverse: AI is not only machine learning;
data used is not only data from machines or IoT devices; and applications are not restricted to
preventive maintenance.
Furthermore, it was noted that AI in manufacturing is fundamentally different from AI in the B2C
world as it utilises less, but very heterogeneous, data from a variety of sources often
implemented on edge devices rather than in the cloud. Manufacturing also has higher
requirements regarding reliability and the adoption of autonomy comes with safety, security and
ethical issues. Notably human intelligence is needed for AI development which requires massive
investments in education and training. Here VDMA, representing many SMEs, highlighted the
need for data scientists in the future to support development of future AI based systems. It was
noted that this is not just a European problem as there is a similar lack of data scientists in the
US and China.
Overall it is clear that adoption of AI will radically change organisations in the future with new
business models and working methods. In an interactive session delegates highlighted that the
top application for AI in manufacturing was in factory level optimisation and the top three issues
are availability of data, trustworthy AI and interaction with humans considering safety and
privacy. In addition to data scientists, there is a need for perception experts, safety designers,
and creative mechanical engineers. This will require investment in life-long learning for
upskilling and new education paradigms such as the “teaching factory approach”. Finally, it was
noted that the human needs to be at the centre of AI, developing AI, running AI and maintaining
AI.
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Introduction and Scope of Meeting
The workshop on Artificial Intelligence for Manufacturing was jointly organised by the European
Commission, the European Factories of the Future Research Association (EFFRA), the Big
Data Value Association (BDVA) and euRobotics, and was held at the Bluepoint Building,
Auguste Reyers 80, Brussels. The objective of the workshop was to provide Insights into:
•

How research and innovation projects and European/International activities are
already addressing Artificial Intelligence for Manufacturing

•

The needs and requirements for AI from the point of view of manufacturers
(differentiating between factory floor requirements, supply chain management
requirements, etc.)

•

The state of the art, i.e. how today’s solutions address the current needs and what
will be the future requirements in better integrating artificial intelligence in existing
systems.

A number of presentations were given and interactive sessions held. The European
Commission highlighted the importance of AI for the future and their current activities in the
domain. Positions on AI were given by the co-organising bodies EFFRA, BDVA and euRobotics
highlighting the importance of the technology and industry needs. To stimulate ideas the
workshop highlighted successful examples of the use of AI from Siemens, Jožef Stefan Institute,
Festo, Prima Additive, and Continental. Four projects, PREVIEW, THOMAS, Boost 4.0, and
MUSKETEER, also presented their activities and highlighted the benefits of AI.
Another key aim of the event was to provide networking opportunities for participants to discuss
the ICT 2020 call on Artificial Intelligence for Manufacturing. This led to many bilateral informal
talks between organisations interested in the call.

Host’s Welcome
Željko Pazin and Joaquim Menezes, EFFRA
Željko Pazin of EFFRA opened the meeting and introduced EFFRA Chairman Joaquim
Menezes. Joaquim Menezes highlighted that AI has become a hot topic at national and
European levels and that the exploitation of AI in manufacturing will be very important for the
future. He highlighted that AI will result in change and one of the most challenging aspects for
the manufacturing sector is to predict and evaluate the magnitude of this change.
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Introduction by the European Commission
Max Lemke, DG Connect
Max Lemke highlighted that the focus of the meeting was on AI for manufacturing. It is well
known that there is a lot of hype about AI and this is not the first time it has been a hot topic.
Over the years there have been a number of AI highs and lows. This time there is a need to be
clear that AI is a means to reach objectives rather than being a goal by itself. Notably many
countries now have an AI initiative.

Figure 2. Key Input Documents to European Coordinated Plan
Several studies have been performed recently as shown in Figure 2. The Joint BDVA and
euRobotics paper noted that 50% of opportunities for exploitation of AI are in manufacturing.
The EU has particular strength in this area and although Europe has lost the battle for consumer
platforms there are still key strengths in industrial applications. It takes years to get expertise in
these applications and so Europe currently has a lead. There is thus a need to consolidate
strengths and see what AI can bring in terms of added value. Europe has world leading
positions in robotics and business-to-business applications with core sectors being automotive,
healthcare and agrifood.
Europe also has a strength in industrial data and there is a lot of activity at the European level
on developing business models around data as well as work on security. The European
approach to AI is twofold. To be at the forefront of AI there is a need to boost industrial capacity
and investments. Here the EU has created a Coordinated Plan1. At the same time there is a
need to ensure that a human centric approach to AI is adopted in Europe. Here a high-level
expert group has been set up with a task to look into ethical aspects. It published ethics
guidelines for trustworthy AI in April 20192. Already there are concerns being raised in the way
that AI is being used, such as in the recruitment industry. The ethics debate will continue and
industry cannot wait for this to be concluded. In the week before the workshop, a report on

1

COM(2018) 795, 7 December 2018

2

https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai
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policy and investment recommendations from the high-level expert group on AI had been
published by the Commission3. The challenge now is to ground the recommendations made and
work out how to apply the ethics recommendations practically. It is planned to look at 4 key
sectors including health and manufacturing to establish what these guidelines mean in reality.
Shortly there will be a new Commission with new plans. However, it is clear that AI will have an
important role across the whole Commission. The EU Coordinated Plan will increase funding to
€20bn per year across the Union with €1bn coming from the Commission, €13bn from Industrial
funding and €6bn from National and public sector funding. The EU plans to invest €1.5bn into AI
in the period 2018-2020 which is a 70% increase in annual investment. The Commission is
looking to increase this to €4-5bn per year in the 2020s with €20bn a year from other sources.
The EU Coordinated Plan targets harnessing excellence and has a number of key actions
including:






Creation of networks of European AI research excellence centres
Provision of world reference testing facilities
Fostering AI take-up through the Digital Innovation Hubs
Attracting talent and stimulating life-long learning
Creation of European Data Spaces based on European values

Further information on these initiatives is available in three key documents (See Figure 2):




Strategic Research, Innovation and Deployment Agenda for an AI PPP4
EFFRA Vision for a Manufacturing Partnership in Horizon Europe5
Policy and Investment Recommendations for Trustworthy AI

It was noted that in the area of Factories of the Future ICT the Commission has spent €443m
which shows the commitment to innovation in manufacturing. There is a need to build on the
advances in digital technologies and these are coming from a number of domains including
CPS, Big Data, Simulation, Photonics, Robotics and AI. Support has been provided in 3 areas:
research, platforms and via I4MS to engage SMEs. In many of these activities AI is already
being addressed through the introduction of smart technologies.

Jürgen Tiedje, DG Research and Innovation
Jürgen Tiedje highlighted that a key aim of the meeting was to get people from the different
communities to mingle and discuss AI. The Commission is actively engaged in AI and although
it is hyped there are real applications. It was noted that there is a lot of debate about whether
Europe is just a follower and whether China or the US is in the lead. Europe, however, does not

3

https://ec.europa.eu/digital-single-market/en/news/policy-and-investment-recommendations-trustworthyartificial-intelligence
4

http://www.bdva.eu/sites/default/files/AI%20PPP%20SRIDA-Consultation%20Version-June%202019%20%20Online%20version.pdf
5

https://www.effra.eu/sites/default/files/190312_effra_roadmapmanufacturingppp_eversion.pdf
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want to copy what China and the US are doing and wants to find its own way. The ethical
debate is an important parallel track and there is a need for ethics by design. Energy usage is
also another issue that needs to be addressed. The big change has been in getting access to
data and there is thus now a need to master data science. 20 years ago it was not conceivable
that we would have Big Data, fast data and smart data. These are all having a huge impact on
the manufacturing and robotics worlds. For the future the Commission plans to launch a
horizontal debate and to support this Industry 5.0 is being launched which will bring inputs from
the energy intensive and construction industries. Several PPPs including SPIRE, Energy
Efficient Buildings, and Factories of the Future are currently producing position papers on their
needs. There are areas of commonality, e.g. Digital Twins, but notably the construction industry
does not normally talk to the manufacturing industry. Interested parties are invited to the
Manufuture Conference on the 30th September and 1st October 2019.
There is a need to think in a more holistic way. Although AI is explicitly mentioned in some of
the calls it plays a role in many domains and so it is possible to propose applications in other
relevant areas. It was noted that Factories of the Future has a good reputation for being open
and a large proportion of participants come from outside of the EFFRA membership. There is
currently a debate on the future of partnerships and a strategic debate has been launched on
Horizon Europe. The Member States will decide on the Partnerships and “Made in Europe” is
being put forward as a follow-on from the Factories of the Future PPP. AI is part of this debate
but following the US and China will not be the European approach. This time AI is not going to
be a hype as it is linked to data which has applications across many areas, including
manufacturing, robotics and other industries.

ICT-38-2020: Artificial Intelligence for
Manufacturing
Arian Zwegers, DG Connect
Arian Zwegers introduced the new call on AI for Manufacturing which opened on 9th July6. The
deadline for submissions is January 16th 2020. To set the context a number of studies into the
potential impact of AI were highlighted. A PwC paper had identified the potential value from
exploitation of AI as being $15.8 trillion in 2030, as shown in Figure 3. This would be through
impacts on productivity, personalisation of products, better use of time, and quality
improvements. A study by McKinsey also gives some examples on how AI can be used in
manufacturing such as predictive maintenance, cost reduction, automated testing, improved
quality of products and supply chain management7. Microsoft also produced a report in May
2019 quoting figures from Accenture that AI will add $3.7 trillion dollars to the manufacturing
sector by 20358. At a national level a German study indicated that AI would add €32bn to

6

https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/ict-38-2020

7

McKinsey, Smartening up with Artificial Intelligence (AI), April 2017

8

Microsoft, The Future Computed – AI & Manufacturing, May 2019
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Germany’s manufacturing output in the next 5 years. A study from Gartner also identifies that AI
implementation grew 37% during 2018 and 270% in the last 5 years.

Figure 3. Global GDP Impact by Effect of AI9
A brief history of AI was also given highlighting that AI was originally coined as a term in 1956.
There has been much optimism over the years and also disappointments. There had been a
focus on Expert Systems previously, but these did not deliver their promise. We are now on the
3rd wave of AI and there is still the question of whether it will it take off or be another bubble.
There is now an international race with different regions investing heavily: in 2016, North
America invested $15bn-23bn, Europe invested $3bn-4bn, and Asia invested $8bn-12bn,
according to McKinsey10.
A number of key European documents were highlighted as a background to the call on AI in
Manufacturing. These include the Communication “Artificial Intelligence for Europe”
(COM(2018)237, published on 25th April 2018), highlighting 3 key pillars and Communication
“Building Trust in Human-Centric Artificial Intelligence” (COM(2019)168, published on 8 April
2019). It is also important to link proposed activities with the Coordinated Plan. The context of
the call addresses the challenge for the European economy to seize AI opportunities. This is
seen as essential for Europe’s mid/long-term competitiveness and welfare. Various topics in the
2020 ICT Work Programme support European businesses in developing the building blocks of
digital transformation.
The specific challenge is to integrate AI with manufacturing technologies/systems to exploit its
potential in industry. The drivers for this are that state-of-the-art AI technologies need to be
integrated with advanced manufacturing technologies and systems in order to exploit their
potential in the manufacturing and process industry. AI systems cooperating with humans can
also be used to improve production planning and execution as well as helping to improve quality
of products and processes. In order to widely deploy these technologies specific attention has to

9

PwC, Sizing the prize, what’s the real value of AI for your business and how can you capitalize?, 2017

10

McKinsey Global Institute, 10 imperatives for Europe in the age of AI and automation, October 2017
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be given to standardisation, synchronising EU and Member States activities, and to international
collaboration.
The call is supporting Research and Innovation Actions and 2 CSAs. For the research and
innovation actions the focus is on integrating state-of-the-art AI technologies in the
manufacturing domain in agile production processes and predictive quality, taking into account
the domain specific requirements in terms of time criticality, safety and security, finding effective
ways for collaboration between humans and AI systems, and exploiting the strengths of both
humans and machines while keeping the human in control. Ethical principles should be followed
and recommendations for instantiation in the manufacturing domain should be developed.
Proposers are encouraged to build on existing results from AI research, for example ICT-262018-2020, i.e. the AI4EU project11.
Proposals must develop innovative concepts and tools that take into account the status and
availability of all relevant production resources, learn from past experiences, and deal effectively
with unforeseen events. If appropriate, AI techniques should be combined with digital twins and
real-life feedback from the shop floor or production facility to improve quality of products and
processes. Generative design approaches for products and processes are encouraged.
Developed technologies and solutions should be demonstrated in at least two different realistic
manufacturing use cases of significant economic value (in different sub areas of manufacturing)
If applicable, legal obstacles to implementation of the proposed solutions should be identified.
Proposals are expected to be around €4 and €6m in size and the total budget available for the
call is €47m.
Two CSAs are also being called for, each of €0.5m. One CSA targets the implementation of a
model for the synchronisation of standardisation activities on AI and related digital technologies
in manufacturing. The second CSA targets cooperation with Japan on AI driven innovation in
manufacturing and digital industrial platforms. Proposals need to assess opportunities, and kickoff cooperation activities, by organising contacts between researchers and companies from EU
and Japan working on AI applications for manufacturing, encouraging the exchange of
information on the respective research programmes and technological results. Proposals need
to foresee twinning with entities participating in projects funded by Japan to exchange
knowledge and experience, exploit synergies and develop recommendations for further
sustainable cooperation and collaboration activities.
The expected impact of the call is to have wide application in industry to improve agility of
production processes and the quality of products and processes. The work should also address
how humans and AI will work together in optimal complementarity. Proposals will need to
provide targets and metrics to monitor impact. There are a number of upcoming events to bring
people together and provide help in proposal preparation. These include the ICT Proposers
Day, European Research and Innovation Days, the World Manufacturing Forum, Manufuture
2019, and the DEI Stakeholder Forum. A specific webinar addressing the call will also be held in
November 2019.

11

https://www.ai4eu.eu/
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Perspectives on AI and Manufacturing
Željko Pazin and Riikka Virkkunen, EFFRA
EFFRA has published its views on a next PPP called “EFFRA Vision for a Manufacturing
Partnership in Horizon Europe”, which emphasises co-creation through Manufacturing
Ecosystems. Within the EFFRA roadmap digitisation, and specifically AI, has a key role. There
are a number of examples of AI in current and potential application areas in manufacturing:







Cognitive automation and robotics
Intelligence monitoring (for anomaly detection and inspection) and predictive
maintenance
Production ramp-up commissioning
Task planning and scheduling
Energy management
Logistics and value chains.

Figure 4. SERENA Project
The SERENA project, as shown in Figure 4, was given as an example of current projects that
show how AI can be an underlying technology in factory monitoring. This combines AI machine
learning algorithms with an advanced IoT system and connectivity, as well as providing support
for operators via augmented reality.
The pathways to digitalisation developed by the ConnectedFactories CSA show that the
deployment of AI needs to be seen within an overall transformation and ‘path’ towards digital
manufacturing. Numerous steps need to be undertaken in order to be able to take advantage of
AI. Many key enablers need to be addressed and various cross-cutting factors need to be
managed such as skills and engineering tools, skills for operation of technologies, added
value/optimisation, business models/financial investment, security, interoperability, standards
and technology building blocks.
A number of barriers to the adoption of AI were highlighted. These include the availability and
quality of data, ownership of data, skills and resources, uncertain return on investment and
11
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regulatory issues. A specific challenge in the manufacturing domain is in addressing the diverse
community of SMEs. The long lifetime and expense of manufacturing infrastructure may slow
down the adoption of AI and a large investment is needed in order to change everything.
Already adoption of new technologies is low in the manufacturing domain. There are also many
different requirements and there is a need to incorporate domain knowledge. It was noted that
the AI methods used should be traceable, work reliably with insufficient and missing data, and
be easy to install/configure.

Laure Le Bars, BDVA
Laure is the research project director at SAP and is now the Vice President of BDVA. It was
highlighted that a holistic view is needed considering how data driven AI can create value. An
example was given of collecting data from 7,800 wind parks which generates 200GB of sensor
data. Neural networks are used on the data to identify divergent behaviour. It was noted that
there is a need to collaborate with different associations to come to a common view of AI and
what is needed in the future. A vision paper has been jointly developed that presents a Strategic
Research, Innovation and Deployment Agenda4. This is available on the BDVA website and was
launched at an event on June 6th 2019. There are many stakeholders: researchers, innovators,
technology creators, applications providers, users, citizens, etc., and their views all need to feed
into the AI PPP. It is necessary to mobilise the European ecosystem, promote skills and
acceptance, drive innovation, encourage market enablers, guide standards/regulation and
promote research excellence. Overall a key aim should be to build a strong AI skills pipeline,
stimulate industrial investment and build trust in AI while creating a level market. This will
require strong collaboration between academia and industry.

Bernd Liepert, euRobotics
euRobotics has around 240 members in 30 topic groups. Robotics is a growing area and there
is a double-digit growth in service and industrial robotics. Notably this has been pushed by
developments in China where the number of deployed robots has tripled. Worldwide revenues
are currently €55bn and this is expected to rise to €62bn by 2020. There are more than 720
active companies worldwide supporting service robots alone and Europe is strong in this
domain. Specific SME support is needed and national support with a focus on simulation and
learning for SMEs is critical.
euRobotics has identified a number of priority application areas which include, healthcare,
agrifood, maintenance, inspection of infrastructure and agile production. To connect with SMEs
the Digital Innovation Hubs such as DIH2 and TRINITY for agile production are important.
However, there is a need to boost DIH activity to support more enterprises. It was noted that AI
has a large circle of influence on robotics systems and integrating digital and physical AI
delivers what manufacturing needs. This includes smart machines, improved productivity, better
understanding of production, greater customisation and reduction of waste. It was noted that
robotics delivers about half the impact of AI through use of cognitive mechatronics, social
human robot interaction, model-based design and configuration.
Although more and more people are getting used to software bots, there is still a major
conceptual step in working alongside a cobot. Two key events coming up where these issues
will be discussed are European Robotics week in Nov 2019 and also the Robotics Forum which
will be held in Malaga in March next year.

12

Workshop on AI for Manufacturing, 2nd July 2019, Brussels

AI and Manufacturing – Setting the Scene
Thomas Hahn, Siemens
The presentation highlighted current practice and applications of AI within Siemens in the
manufacturing domain. The talk concentrated on AI methods being used to address essential
needs within manufacturing such as new business models, speed, flexibility, quality, efficiency,
security and safety. It was highlighted that in the B2B environment there are new business
opportunities and digital business models are becoming more mature. There are technical
drivers within manufacturing such as digitalisation, sensors, connectivity, computing power, data
capture and storage, clouds, etc., as well as business drivers from new business models. Key
enabling technologies include semantics and modelling, analytics and AI, simulation and
optimisation tools, cloud and edge infrastructures, ubiquitous connectivity, and cybersecurity.

Figure 5. Key Needs for AI in the Manufacturing Domain
AI will have an impact of design, production and maintenance. It was noted that AI includes
algorithms and data driven computer systems that enhance machines and people with digital
capabilities such as perception, reasoning, learning and autonomous decision making. Key
challenges for industry are: “where to connect to the plant?”, “what data should be collected?”
“where should it be stored?”, and “how do we deal with security?” Perception, cognition and
decision knowledge are crucial, as shown in Figure 5, and the main aim is to get value out of
data. Data and know-how feed the AI algorithms which requires machine data, domain knowhow, context know-how and in some cases public data. For Machine Intelligence there is a need
to provide reasoning, learning, creativity and decision making with inputs from sensor
processing, image processing, speech recognition, and text processing.
Several manufacturing examples were given. In the area of optimising CFD-based product
design, a residual neural network had been used for prediction of simulation success based on
design configuration. This increased the number of successful simulations from 20% to 50%
which saved hours of simulation time which was previously wasted. In another example AI was
13
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used in production planning to recommend automation system configurations based on data
from 90,000 customer projects. AI techniques had also been used for optimising machine
throughputs considering tool relocation and changeover times. Here complex optimisation
methods had been used to find exact optimal solutions. The algorithm was implemented on an
edge device and productivity increased by up to 20%. In the area of vision systems, in work for
Industrie 4.0, a reinforcement learning algorithm had been implemented on an embedded
controller to work out the best way for a robot to pick up different shaped wooden pieces.
Reasoning using a knowledge graph had also been used to enable collaborative working
between two robot arms to assemble and align parts. For early detection of divergent behaviour
in wind parks reinforcement learning had been used using 200GB of data from 7,800 wind parks
producing a 1-3% increase of annual energy harvest. Siemens had also used AI for monitoring
and detection of cyber-physical attacks for a water treatment plant.
It was noted that it is important to understand the requirements of manufacturing. This affects
decisions on where to place the AI, e.g. close to the process at the edge so that it can react fast,
or in the cloud if slower response times can be tolerated. Some thoughts on the challenges for
AI were given. These included the need for longevity, 24/7/365 availability, reliability, resilience,
and real-time performance. Regulations and legal aspects also need to be considered.
Overall there is a need for a holistic view, considering Business, Usage and Functional aspects.
Collaboration is key and this is needed between different stakeholders across Europe. Already
BDVA, euRobotics, EFFRA, ECSO, AIOTI, as well as others are working together within the
context of a European AI Framework. This has resulted in the Strategic Research, Innovation
and Deployment Agenda. Some thoughts were also put forward for research topics. These
included:







Increasing reusability of data and domain knowledge modelling to scale up AI application
in manufacturing
Development of knowledge graphs for machine skills and production activity
representation
Research on edge AI needed for local intelligence
Reinforcement learning as a central technology in optimisation
Human centric AI
Alignment of AI methods such as machine learning with requirements for safety, security
and related regulations/norms for manufacturing

Marko Grobelnik, Jožef Stefan Institute
The Jožef Stefan Institute has spun out two smart manufacturing companies. It was noted that
AI has implications from the sensor level up to global supply chains that drive manufacturing
across many layers. An unconventional classification of AI approaches was given:



Known language – Known phenomena: Traditional statistics, machine learning, data
mining, business intelligence. Question: How does input data map to output data? Here
the human controls the process and can interpret the resulting model.
Known language – Unknown phenomena: Advanced statistics, machine learning, data
mining. Question: What is the structure within the input data? Here the human gets
unknown insights and can interpret the resulting model.
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Unknown language – Known phenomena: Deep neural learning, reinforcement learning.
Question: What are the hidden signals in the data? Here the human gains performance,
but loses interpretation.
Unknown language – Unknown phenomena: Anomaly/phenomena detection with a
representation learning layer. Question: What are the right questions to be asked and
what are the answers? Here the human only controls the high-level process.

It was highlighted that manufacturing can be represented by a set of layers of interconnected
business processes. This includes strategic sales, operational sales, logistics, production
planning, human resources planning, production management and machine level/IoT sensors.
All of these layers work on different time scales which range from seconds to years which
makes it impossible to correct a mistake on lower levels through correction on upper levels. AI
can, however, help the manufacturing industry in a number of ways at the different levels by
finding long-term trends, opportunities and threats to the business and technology, via
performing customer profiling, dynamic network analysis, demand forecasting, detection of
short-term trends, external dependency modelling, disruption prediction, causal modelling for
risk management and planning, probabilistic profiling of individuals and groups, machine
learning trained digital twins, and anomaly detection for prediction and adaptive modelling (see
Figure 6).

Figure 6. AI in Different Manufacturing Business Processes
It was shown that AI for manufacturing is quite diverse: AI is not only machine learning; data are
not only data from machines or IoT devices; and applications are not restricted to preventive
maintenance.
An example was given of a tool developed for the OECD that is being used to predict
disruptions in markets. In another example complex process anomaly detection was used to try
and identify a causal explanation. In the area of supply chain management, complexity was
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managed in strategic sales. Here it is possible to observe the world in real-time and predict
trends.
It was noted that AI is a set of tools to optimise business processes on many levels, either
horizontally within layers, or vertically across layers. A big issue is interoperability and although
current AI is powerful new techniques might impact life even more. Overall it was stated that the
future of AI is in managing complexity.

AI and Manufacturing: Industrial Opportunities
and Challenges
Peter Post, Festo
Festo is a family owned global company that produces automation components, pneumatic and
electrical drives and control units. These are used in many industries such as automotive, food
packaging, etc., and the company has 300,000 customers around the world.
A number of examples of the use of AI were described. In the first the application of AI in
collaborative robots was considered. A robot hand built as a gripper was used to move a 12sided object so that the coloured side was always “up” using a vision system. This exploited a
Deep Learning algorithm to train the hands to perform the movements using massively parallel
learning with the help of digital simulation models to create a Digital Twin of the hand.
In the area of process control an example was given of the use of AI for failure monitoring. The
AI is used to detect process anomalies and propose solutions in the area of car manufacturing.
This exploits a machine learning model on an edge device for real-time analytics to improve
quality, availability, performance and overall equipment effectiveness.
The use of AI for supply chain networks in the ReKoNet project was also highlighted. Building
on data-based simulation expertise from the previous FoF project Robust Planet, AI supported
capacity planning in collaborative value creation networks is explored. This has an impact on
supply and material flow efficiency, delivery time to customers, flexibility regarding dynamically
changing customer needs and also on customer satisfaction.
It was emphasised that AI is just a tool and that the domain/application knowledge in
manufacturing is still decisive. AI in general is using machine learning algorithms that learn from
data. Thus, whoever owns the data wins in data driven optimisation. However, it is still
necessary to combine this with model-based analytics utilising AI adaptive systems combined
with an observer model. This can be used to create added value, higher output, reduce material
and energy used, provide better quality, reliability and better effectiveness as well as providing
better support to the worker.
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Figure 7. AI Affected Autonomy Levels of Industrial Production (Source: Plattform
Industrie 4.0)
Key applications are in diagnostic forecasting and in providing recommendations. 5 levels of
autonomy can be defined as shown in Figure 7 ranging from no autonomy, assistance for
selected functions, provision of temporary autonomy, well-defined autonomy in larger areas
where final decisions are made by humans, autonomy with a human supervisor, and total
autonomy.
It was noted that overall AI in manufacturing is different from AI in the B2C world as it uses less,
but more heterogeneous, data that comes from a variety of sources. There are also higher
requirements regarding reliability in manufacturing and the AI is also often implemented on edge
devices rather than in the cloud. It is still an assistive tool for many companies and the industry
is still far from “lights out” manufacturing. Ethical aspects also need to be considered, especially
for high autonomy levels. Human intelligence is needed which requires massive investments in
education and training. Manufacturing companies often lack AI specialists and a key challenge
is that AI will change an organisation radically through new business models and working
methods. There is also a general need to demystify the topic of AI and highlight that it is ‘just’ a
tool.

Gaetano Patrimia, Prima Additive
Prima Industrie has been engaged in manufacturing for 40 years. It has 13,000 machines
installed in 80 countries supporting a variety of sectors. There are three main divisions: Prima
Power, which makes sheet metal machinery, punching, laser processing, and bending
machines; Prima Electro, which is a Contract Electronics Manufacturer; and Prima Additive,
which concentrates on additive manufacturing. For advanced manufacturing the company
makes stand-alone machines such as 2D laser machines, servo electric and hydraulic press
brakes, and servo-electric turret punches. The company has increased its product portfolio now
also producing high tech machines such as 3D laser machines, benders, powder bed fusion
machines and laser metal direct energy deposition machines.
It was noted that Capgemini Research had performed a study and identified a shift to servicebased business models with 18% of companies moving into this area. Here there is added value
from data management and AI, which is seen as a key enabling technology. The company has
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already started the AI path with some initial work on EU funded projects. This includes work on
machine learning, machine reasoning, and neural networks. Neural networks are being used for
predictive maintenance of laser machines and there is also work on zero defect manufacturing
through integration of new sensors and a decision support App. Considering customer service,
root cause analysis is being used to find the best solutions for customer issues. In the Boost 4.0
CRF pilot project, automated guided vehicles are being used in a FCA factory. In the IQONIC
project, Prima Electro has been investigating optimised production processes of diodes. In the
domain of additive manufacturing, the company is looking at process monitoring to reduce the
amount of powder used and energy consumption in the process.
It was noted that digitalisation has a large impact on innovation. At the moment the production
of physical objects has only been digitised in parts of the process. The aim is to introduce
digitalisation throughout the whole production process. When this is achieved then it will be
possible to exploit AI fully. Currently the main barrier in the adoption of AI is the lack of qualified
professionals. To support digitalisation requires a tremendous amount of resources such as
memory, computing power and data. It is also important to address cybersecurity (here AI can
also be used to protect against cyber-attacks), data accuracy for training AI, and Human AI
reliability. In the future AI will provide flexible tools that will create a digital ecosystem. There will
be a need for new supporting skills and the exploitation of AI will replace repetitive and
exhausting jobs.

Michael Bösl, Continental
It was noted that AI in electronic manufacturing has moved from being a buzzword to being
utilised in real applications. Continental, although known as a tyre company, has many
activities. Only 20% of the business is tyres and the company makes several other products
including rubber tracks and also electronics such as assisted automated driving controls, etc.
The company has established a Competence Centre on Big Data and AI in manufacturing which
is spread across Europe, America and Asia. New ideas are implemented in the Competence
Centre and then rolled out for implementation in the manufacturing plants. It was noted that data
on the shop floor can be distinguished into two categories of data - machine related and product
related. Considering machine data, a challenge is that every machine manufacturer has a
different format for their data and the data is very specific for each machine. In the first instance
it is necessary to do live visualisation so that an operator can adjust values to see what
happens. This is done via dashboards. The next step is to collect and store data in the cloud.
Here Continental have created a Data Lake. This is used to look at trends over data from a
specific period. Patterns in past data are used to predict into the future.
For product related data, data is stored on where parts come from, oven temperatures during
manufacturing and inspection information. This is used to identify what factors affect good and
scrap products. All the information is gathered together and this is correlated with the quality
result. For products that become scrap, feature ranking is used to find what had the most
influence on the quality. A demonstration of an optical inspection system with self-learning
artificial intelligence to predict inspection results and support operators was given. A 3D scatter
plot is created and images are labelled. These are presented to operators at shop floor level
who can check the results and relabel data. This approach allows the system to be retrained to
get better results.
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Peter Seeberg, VDMA
Peter Seeberg is the owner of asimovero.AI and a member of the Machine Learning Expert
group in VDMA. It was noted that AI offers opportunities, but also presents barriers. LSTM,
which is the most commercialised machine learning algorithm (used in mobile phones,
notebooks and voice assistants), was developed 22 years ago in Munich so Europe has always
been a player in the domain. Looking to the future there will be voice interaction with machines
and AI will also be increasingly used for predictive applications. New business models based on
pay for use, e.g. selling whatever the machine produces in terms of holes, punches, or finished
products, are also likely. Future contracts will thus be based on data.
The German Mechanical Engineering Industry Association has performed a survey of 100
companies. It was found that 10% of these use machine learning already and 50% are planning
to use it. The future depends on data and companies have data, but the big problem is that they
do not have data scientists. There is a similar lack of data scientists in the US and China. This
shortage of skills was also found in the survey results with half of companies identifying the lack
of personnel with data skills being an issue. There are also many questions over the use of data
as well as legal questions. There is thus a need to encourage Member States to increase digital
literacy across Europe and encourage courses to provide AI training. It was advocated that
Europe should not become a Google or Baidu but should rather concentrate its AI efforts on
manufacturing. Overall there is a need to educate European businesses and private citizens.
Every European should get the right to a 60 minute introduction to AI.

Group Session
There were some comments on the presentations given. It was noted that the key need is to
work on how to cooperate in the best way. To safeguard Europe’s competitive edge on
industrial platforms, there is a need to incentivise sharing of data in B2B. The question here is,
“How can policy makers better support this?” The future also relies on having good data and
although we talk about cleansing data it is not entirely clear what this means in practice. It was
also noted that from the point of view of applications AI is very good at correlation finding, but it
is less useful for causality finding. An interactive session was performed using an App called
Sli.do to gather input from the participants in respect to a number of questions posed. The
results are presented below:
Who is ahead in AI? (n = 85)
 USA 55%
 Asia 28%
 Europe 16%
Who is ahead in industrial AI considering manufacturing related AI and machine learning? (n =
84)
 Europe 61%
 USA 27%
 China 12%

19

Workshop on AI for Manufacturing, 2nd July 2019, Brussels

What is the highest potential for AI in the area of manufacturing? (n = 98)
 Factory level optimisation 46%
 Machine level optimisation 24%
 Value network level optimisation 23%
 Other 6%
Which approaches to AI are according to you the most important? (n = 105)
 Non-symbolic AI, based on Big Data and neural networks 44%
 Symbolic AI, based on rules and knowledge 33%
 Don’t know 13%
 Other 10%
Here it was highlighted that there is a need to combine approaches and also ensure that the
human is in the loop.
Top 3 challenges for AI for manufacturing (n = 127)
 Availability of data 61%
 Trustworthy AI 58%
 Interaction with Humans, including safety and privacy 54%
 Digital skills 43%
 AI and security 33%
 AI and Business models 25%
There was some debate that for certain applications, e.g. related to safety, the use of neural
networks is not appropriate as they are not explainable. It was pointed out that there is work
going on addressing Explainable AI by linking this with physical models. The reality is, however,
that it is not necessary to explain everything. It was noted that the DARPA XAI initiative, which
is addressing explainable AI, is ahead of Europe. There is also a DARPA programme just
starting on “machine common sense”.
In the discussion it was noted that a key issue is availability of data for OEMs. It is difficult to ask
customers for data without knowing what the OEM wants to do with the data. Notably providing
data can actually harm a company if competitors benefit from new improved machines. Trust is
thus an issue and the added value of providing data needs to be clear.
Transparency was also raised as an issue. If it is not possible to explain how decisions are
made, then there is a serious issue.
Cybersecurity is also a concern particularly when dealing with big machines and heavy loads. If
it is not possible to establish how machines will act then it is dangerous. It was noted that in the
past cybersecurity criminals have been looking for money, but now they are getting interested in
manipulating data in industry. There is thus a need to better understand what is going on.
Notably things are changing and what has been done in the past may well not apply to future
manufacturing systems. In order to move ahead there is a need to conceptualise.
It was noted that data sharing was highlighted as a top priority, but business models were the
last priority which is a strange outcome.
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The audience were invited to submit questions and comments which are shown below:








Where does the data come from and will it be free?
Can rule-based systems be replaced in every case? What about Human-in-the-loop AI
approaches?
Will AI in manufacturing be responsible for the final decisions?
How can the investment to gather data at large scale be justified without knowing the
benefit/ROI of the AI?
What are the best examples of industrial AI success in Europe?
We are still missing the big picture of AI4M. We need a reference architecture model for
AI applications. Are any of the AI4M projects working towards this?
Leading AI applications are developed in Open Source platforms such as Tensorflow.
How can this effort be optimally leveraged in industrial applications?

Some comments were made in respect to the results and questions. Siemens highlighted that
there is a tool available that can be used to calculate the ROI for AI. It was noted that there is a
difference between research and innovation and the chief concern is that companies will be left
behind as the implementation cost for AI is very high. This could be particularly an issue for
small companies. It was noted, however, that it is possible to get simple AI applications up and
running in 20 minutes and Tensorflow applications in 2 weeks. It was highlighted that AI should
work with people and so explainability is very important. The question here is whether we are
doing enough on this topic? It seems that human knowledge on AI is the main bottleneck, not
the technology itself, so how do we tackle this? Here Continental noted that they provide open
access to courses for their employees.
What are the main technology areas that need to be addressed?





Data processing /Analytics 53%
Physical and human machine interaction 49%
Data acquisition and sensing 43%
Decision making 30%

Finally, when asked whether a company should work on its own or do collaborative research on
AI, overwhelmingly 97% of respondents highlighted the need for collaboration.
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Examples from H2020 projects
Gabriel Anzaldi, EURECAT, PREVIEW project

Figure 8. PREVIEW Injection Moulding Cycle
The PREVIEW project (H2020-636892) was a 3-year project that ended one year ago.
PREVIEW aimed at developing wireless technological solutions for injection moulding setup and
process optimisation bringing the physical and virtual worlds together as shown in Figure 8.
These were used to predict quality and try and reconfigure defects in real-time with the aim of
minimising manufacturing downtime, enabling monitoring and reducing mould set-up time. A
cyber-physical system was developed to capture data and present it to a human in the loop who
reconfigures the machines. Sensors were developed for inside the mould to capture data as it is
necessary to be close to the process to allow prediction. Data was transmitted via a wireless
system that utilises several repeaters in the plant. Of key importance is robustness of the
network. Security and resilience were also considered in different parts of the system. Advanced
machine learning was used to create robust and accurate prediction and optimisation of the
injection moulding processes. The real-time quality prediction system utilises cavity signals
combined with machine parameters such as data from the nozzle. This is an advance on the
current statistical process control (SPC) approaches available on the market. Machine
information is sent to the operator’s portable device (e.g. smartphone or tablet) who can act
upon this and fine-tune injection machine parameters to improve the efficiency of the production
process (both in the setup and production periods).
This has been deployed in plants with user interfaces for the plant manager. In total 4 pilots
were run with 300 hours of testing, collecting 400MB of information per day. The results were
impressive with a ROI reduction in set up time of 80%, reduction in scrap of 43%, and reduction
in energy consumption of 50%. There was also an improvement in flexibility of resources of 3350%. After the project ended, work has continued to improve predicted quality with less
processing time, better accuracy and with scalable application to 20 machines. It has also been
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trialled on metal stamping and other processing applications. It was noted that there are many
advantages to using supervised machine learning and autonomous features to reduce
reconfiguration time. Key needs for this are signal processing, data fusion and real-time
performance.

Sotiris Makris, University of Patras, THOMAS project

Figure 9. THOMAS Flexible Manufacturing Project
The THOMAS project (H2020-723616) is a 4-year project that started in October 2016.
Currently the project is in a very active integration phase. It is developing a framework for AI in
manufacturing targeting flexible manufacturing for the automotive industry. It was noted that
large-scale production is driven by high efficiency, cost, cycle time and quality. A drawback of
current plants is the rigid flow line structure which requires dedicated handling. The idea behind
THOMAS is to replace these rigid structures with mobile exchangeable tooling to allow flexibility.
Prototype mobile dual-arm robots and a Mobile Product Platform are being developed with
embedded cognition as shown in Figure 9 to address assembly of a car damper. These enable
mobility of products and resources by using mobile robots with dexterous tooling that are able to
navigate on the shop floor. These perceive tasks and the environment using their own sensors
as well as from combining sensors from other resources and shop floor sensors. Workload is
dynamically balanced via communication between resources to automatically adjust their
behaviour. A key objective is to allow the safe collaboration between humans and robots,
eliminating physical barriers such as fences, by introducing cognitive capabilities that ensure
that the robots detect humans and their intentions.
The project is using a Framework for AI and the RAMI 4.0 Reference Architecture. The LMS
Reference architecture for AI allows integration of elements in different layers addressing asset
information and communication. The robots create a world model of the robots and humans in
the environment. This exploits 2D and 3D data and looks for infringement of fields. 3D vision is
used for identifying parts, e.g. nuts, that need to be picked up. Robots cooperate within the
environment and an aim is to ensure safe human-robot and robot-robot interaction. There is a
dynamic work reorganising service where planning and execution of tasks is done on the fly.
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It was noted that implementation requires new skills such as data scientists, perception experts,
safety designers, and creative mechanical engineers. The human should be at the centre of AI
developing AI, running AI and maintaining AI. In support of this there is a need for life-long
learning for upskilling and a new education paradigm needs to be employed, the so-called
“teaching factory approach”.

Oscar Lazaro, Innovalia, Boost 4.0 project

Figure 10. Boost 4.0 Modular Assembly
The Boost 4.0 project (H2020-780732) is driven by Industry 4.0 Big Data transformation and
aims to provide the link between platforms and things. Currently the project is midway through
activities. The whole value chain is involved in the work and the aim is to create a more modular
approach to produce goods as shown in Figure 10. This follows the trend from smart factory, to
digital factory, to autonomous factory. The vision is to have modular approaches that exploit
data sharing and factory reconfiguration with flexible human-robot collaboration. Industry 4.0 is
driven by the manufacturing process and the business value. There is a move towards more
customised products and the project has a number of use cases including electric cars, washing
machines, electric shavers, etc. The aim is to produce a European industrial data space that
works with lots of different processes. It was noted that there is no single solution for AI and
data is key as 40% of all digital transformation projects relate to data. The main problem,
however, is that at the moment 99% of data is lost. There are several fears with respect to data
including sovereignty, transparency of data and how is data exploited once it is out of a
company’s control.
The project is defining European Industrial Data Space Pillars and is linking Big Data with RAMI
4.0. To support this there is a need to agree on the standards for data exchange and
representation at an international level (not just at the European level). Work on Cognitive
Factory 4.0 needs to implement pilots, digital twins, communications, sensors, etc., which will
require investment. The software solutions also need to link with Connected Smart Factories
considering the automation pyramid. This will lead to new ways of making decisions which will
need to be coordinated through different levels leading to gradually increasing automation.
There is also work in Boost 4.0 on linking cybersecurity with RAMI 4.0 data models for Field
Devices, Work Cells and the Production Lines (delineating between IoT and time sensitive
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control) considering the Factory and Enterprise levels. It was noted that there is a need to define
edge elements inside the factory and a need to agree on international vocabularies.
Boost 4.0 is running 10 lighthouse pilots and 3 replication pilots that cover the whole chain.
Examples of autonomous processes are also being built and performance improvements of 1015% have been achieved. It is expected that these can doubled through increased automation.

Davide Dalle Carbonare, Engineering, MUSKETEER project
The MUSKETEER project (H2020-824988) is a new project addressing manufacturing and
healthcare applications. Currently, there is a lack of trusted and secure environments for data
sharing. This inhibits the data economy while legality, privacy, trustworthiness, data value and
confidentiality hamper the free flow of data. MUSKETEER thus aims to create a validated,
federated, privacy-preserving machine learning platform that has been tested on industrial data.
As well as the legal and business constraints on collecting and sharing data a challenge is that
often there is not enough training data for relevant machine learning algorithms. The approach
being used is to share data and knowledge represented by a trained model. For privacy a set of
8 Privacy Operating Modes have been defined describing levels at which it is possible to
engage with the platform. These range from open modes to more restrictive modes. It was
noted that fundamentally it is not possible to share raw data.
The work is being developed around a COMAU robot welding gun which is used to weld car
doors at 7 welding places. Information on the current used and the resistance is stored for each
weld. This information can be exploited locally at the plant for predictive maintenance of the tool.
A FCA plant is being used to represent a generic car manufacturer plant. Machine learning
models will be applied and knowledge will be shared on fault data. It was noted that for quality
analysis a huge amount of data is required to train the algorithm that assesses the welding point
quality. Currently the project is preparing a paper on the ethical and legal skills needed in the
domain.

Group Session
In the second group session a number of comments and questions were raised:
•
•

•
•
•

Has anyone considered a Reference Architecture for AI? This was thought by the
audience to be a good idea.
Which universities in Europe are offering master/bachelor programmes in AI? There
were a number of university representatives at the meeting and it was noted that many, if
not all, are already running courses and upskilling people in response to industry needs.
Leuven, Limerick, Mondragon, Tampere, and Milano all highlighted a range of degrees
and master programmes aimed at industry that are relevant to AI.
What is the role of the European supercomputing infrastructure in the development of
AI4M and what kind of infrastructure is needed? The links to HPC were noted.
The amounts of data available are generally OK, but what about data accuracy as data
is often noise or is not useable? This raised some discussion on the need for skills on
data cleansing.
Is it possible to extrapolate data rather than interpolating data? This was not thought to
be a good idea when safety is involved.
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•
•

What is the relation between Digital Innovation Hubs and AI? Does a Digital Innovation
Hub on AI exist? It was noted that these do indeed already exist and the network is
expanding.
Did you know that training a deep learning model generates as much carbon as 5 cars in
their lifetime? Are we being responsible to the climate? It was noted that the process
improvements need to be factored against the cost of implementation.

Concluding Remarks
The Workshop successfully brought together experts from the manufacturing domain to discuss
the exploitation of AI in manufacturing which is a hot topic at national and European levels. At
the same time, the event provided networking opportunities for participants to discuss the call
for proposals on topic ICT-38-2020 on “Artificial Intelligence for Manufacturing”.
Although there is clearly hype on AI, in the manufacturing domain there are many emerging
applications in predictive maintenance, cost reduction, automated testing, improved quality of
products and supply chain management. This will lead to radical changes with new business
models and working methods. AI has thus become an important topic and there are now many
national initiatives around the world.
Delegates highlighted that the top application for AI in manufacturing was in factory level
optimisation and the top three issues are availability of data, trustworthy AI and interaction with
humans considering safety and privacy. Data was highlighted as being a key factor for the
future and the availability, quality and ownership of data is important. There is a need to build a
strong AI skills pipeline, stimulate industrial investment and build trust in AI while creating a level
market. This will require strong collaboration between academia and industry. Europe has world
leading positions in industrial data, robotics and business-to-business applications in sectors
such as automotive, healthcare and agrifood. Strategically the EU has created a Coordinated
Plan to create its own AI solutions based on European values and aims to increase funding to
€20bn per year across the Union. A number of activities are planned to create networks of
European AI research excellence centres and world reference testing facilities. There are also
activities to foster AI take-up through the Digital Innovation Hubs and to create the necessary
skills developments and stimulate life-long learning with the aim of mastering data science.
Already there are successful illustrations of the use of AI and examples from Siemens, Jožef
Stefan Institute, Festo, Prima Additive, and Continental were presented in the meeting along
with four research projects, PREVIEW, THOMAS, Boost 4.0 and MUSKETEER. These highlight
the differences between the B2C and manufacturing worlds with less heterogeneous data being
available, local processing on edge devices rather than in the cloud, and higher requirements
for reliability, safety and security.
The challenge is to integrate state-of-the-art AI technologies with advanced manufacturing
technologies and systems in order to improve the quality of products and processes. It was
advocated that humans should be at the centre of AI, developing AI, running AI and maintaining
AI and so they should work together in optimal complementarity. This will require new skills
such as data scientists, perception experts, safety designers, and creative mechanical
engineers supported by life-long learning for upskilling in a “teaching factory approach”.
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