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Section 1

the robot coMpanions for citizens
Manifesto



there is little doubt that europe is one of the best places to live. 

Democracy, advanced economies, social inclusion and quality of life are ingredients 
of a welfare much of the rest of the world looks up to.

however, the future of our welfare is far from ensured.

Just look around, listen to conversations, watch television, read newspapers: it is not 
difficult to see which are Europe’s most pressing problems.
We have big sovereign debts, weak economic growth, low competitiveness, 
outsourcing of productions, low job creation, little in the way of natural resources. 
Above all, we have unfavourable demographics: over the next 50 years, the age class 
65 or over will decreasing its share in the EU-27 population from 17.4 % to 30.0%.

understanding what are our most widespread aspirations is just as easy.

We want more economic opportunities, especially for the young, an independent 
and fulfilling life, especially for older people, and greater respect of everybody’s 
environment.

We call this mismatch between our problems and our aspirations the 
challenge of sustainable welfare.

One of the key factors of Europe’s success – together with institutions, values, human 
capital, political and economic freedom – is science-based technology.

Indeed, Europe has historically founded its wealth and social progress on its pre-
eminence in a wide range of technologies – especially machines.

however, the current challenge of sustainable welfare mirrors the limitations 
of today’s machines.
We dream they could help  where very cheap labour is needed, hence reversing 
the massive outsourcing of industrial productions, including 
the many good jobs that go with them.

We dream they could help make significant productivity gains in sectors such 
as personal and health care, infrastructure construction and maintenance, or 
services. Hence decreasing debts and boosting economic growth.
We dream they could help older or disabled people in their everyday life, or anybody 
in health care.

1.1    europe neeDs neW help
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We dream they could consume small amounts of energy and other natural resources.

We dream they could help start new, disruptive industries, the ones that grow rapidly, 
bring wealth and good jobs, and give a competitive advantage in the long run.

With sustainable growth, our aspirations would no longer be at risk.

therefore we dream of a whole new class of machines to overcome the 
limitations today’s machines, one based on a whole new science.

robotics is one of the few strategic technologies that can both maintain 
or restore the competitiveness of key european industries and provide 
solutions for many of europe’s societal challenges.

Indeed, the large-scale introduction of robots in society is already happening. Lawn-
mowing and vacuum-cleaning robots are in our homes. Industrial robots manufacture 
our cars. Surgical robots operate in our hospitals. Un-manned submarines repair our 
oil rigs.

However, incremental innovation in today’s robotics, though important in the short 
and medium term, is unlikely to address Europe’s long term concerns. This is due to a 
number of reasons, but especially to two fundamental, intrinsic limitations.

The first one is that current robots are unable to operate in real world conditions. 
Today we can find self-driving metros or trains, but their rails are a striking symbol of 
the limitations of current robotic systems – no existing robot or autonomous system 
is capable of operating without sharp boundaries that delimit its role and protect it 
from harming humans, the environment or itself.

The second is that for a traditionally engineered system, operating in complex real 
world conditions would result in high demands for energy, computation and storage. 
At the same time, controlling it would become almost impossible. The reason is 
that today’s robots are mechatronic modular systems, that is, sums of components. 
Advances in functionality imply an insurmountable increase in system complexity in 
terms of its degrees of freedom, joints, sensors, computation, communication, energy, 
human-machine interfaces, etc. Thus small functional advances will incrementally 
contribute to a gradual loss of controllability and robustness, and this will ultimately 
lead to a substantial cost in efficiency and safety.
We call this the “robotics bottleneck”.

The mission of RCC is to address Europe’s challenges by laying the scientific and 
technological foundations of a new future robotics. What RCC envisions is a new class 

1.2    a neW robotics is the ansWer
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of machines and embodied information technologies that will enable the construction 
of robots that are affordable, sustainable and dependable.

this requires a fundamental rethinking of how we conceptualize and 
construct robots and introduce them into society.

Major technological revolutions are driven by the discovery and mastery of natural 
phenomena. In order to build machines that can overcome the robotics bottleneck 
we need a radically new robotics paradigm. RCC unique paradigm to reach this goal 
is based on a fundamental reorientation grounded in our understanding of the most 
versatile “machines” we know—living beings. This new approach sees the construction 
of advanced machines as RCs as a direct extension of basic science, closing an 
understanding–generation loop that has so far been relatively unexplored in 
our science and engineering. The mission of the Robot Companions for Citizens 
initiative is to address Europe’s challenges by laying the scientific and technological 
foundations of this new science-grounded future robotics discipline that will develop 
and deploy RCs.

RCC proposes that in order to answer the challenge of sustainable welfare and 
overcome the robotics bottleneck, we need to endow robots with new technologies 
provided by reverse engineering a number of fundamental design principles 
underlying natural bodies and brain respectively. On the basis of this fundamental 
insight the RCC proposes to realize a revolutionary new generation of robots based 
on a cross-domain grand scientific challenge:
natural DesiGn principles unDerlYinG boDies anD brains

Conservation of core principles is a fundamental law of evolution. Indeed, our human 
body plan inherits many common principles from our early ancestors. Through 
evolution, nature has generated principles that together have given rise to all single-
celled and multi-cellular organisms including the basic body plans for all extant animal 

1.3    a science-GrounDeD robotics

“to unveil the natural principles of simplexity, 
morphological computation and sentience and to 
translate the resultant scientific knowledge into 
design principles and fabrication technologies 
for robot companions that effectively and safely 
act, interact and adapt to their physical and social 
environment.”

phyla that emerged during the Cambrian explosion over 500 million years ago. In 
seeking to identify fundamental biological design principles of bodies and brains and 
to exploit these to engineer new robot technologies, RCC is proposing something 
novel that is far removed from the naïve use of biological metaphors. By investigating 
suitable biological examples, and “reverse engineering” their core principles, RCC 
will create robots that share with animals the ability to deal with complex tasks in a 
versatile and robust manner based on the same set of underlying principles. 

To answer its grand challenge and achieve its ambitious scientific and technological 
goals, RCC will mobilize a densely federated interdisciplinary effort that combines a 
unique amalgamation of concepts, methods and technologies creating a new science 
and engineering of sentient machines. This RCC Science and Technology programme 
is radically novel in proposing an integrated and plausible paradigm for focused large-
scale multi-disciplinary interaction and is structured around five pillars following 
a biologically grounded “unity of science” heuristics: Matter (Multifunctional 
nanomaterials and energy), body (Morphological computation), brain 
(simplexity), Mind (sentience) and society. Through these integrative 
foundational considerations, RCC will create a powerful and constructive dialogue 
between material scientists, engineers, mathematicians, roboticists, physicists, 
biologists, neuroscientists, psychologists, social scientists, philosophers and ethicists, 
in a contemporary Renaissance aiming at understanding ourselves and, in doing so, 
creating embodied ICT solutions and tools enabling sustainable welfare. This RCC 
programme will have a significant impact on the scientific understanding of living 
systems and the engineering of artificial ones because it both facilitates coherent 
interaction across domains and creates a new and extremely powerful “discovery 
engine”. This force for scientific advancement is formed through a positive feedback 
loop between basic science and engineering, where understanding something 
becomes the basis for modelling it, and these models bring about a better capacity 
to understand that very same phenomenon. Conversely this unique paradigm is 
simultaneously a powerful “technology development engine” that inevitably leads 
to disruptive innovations as our understanding of the natural principles underlying 
sentience are advanced.

1.4    rcc as a neW enGine for science 
    anD technoloGY chanGe
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froM a neW science to a neW technoloGY 

RCC is a science-grounded but use-based project. It combines a well defined quest 
for fundamental understanding with a clear vision on how this quest will in turn 
create novel and transformative technologies and how these technologies will be 
of benefit to society, thus fulfilling the definition of “use-inspired basic research” that 
is exemplified by the work of Louis Pasteur and is the defining characteristic of the 
FET programme. But, more importantly, by defining a clear bridge between basic 
science, technology and society, a unique goal-oriented synergy can be realized 
that warrants a flagship-scale ambition and investment by Europe (see figure below). 
RCC has a clear objective, and an innovative research methodology to match, based 
on a constant interplay between basic science, engineering and their associated 
fields and society. The structured-yet-open research methodology that RCC follows 
facilitates the creation and assimilation of surprises resulting from breakthroughs in 
the research programme where science and technology advance in synchrony in the 
service of society.

the rcc conVerGent science paraDiGM

In its design, RCC exploits the synergy resulting from the convergence of past and 
future advances in life science—in particular neuroscience, and engineering—in 
particular robotics. These are both domains in which Europe has made important 
investments and has gained pre-eminence, but that have never met before at a scale 
sufficient to boost both fields and give rise to a discipline concerned with the science 
and engineering of a new generation of robots. 

The five RCC pillars span from the study of matter, body and brain, to mind and society. They provide an 
integrated framework to drive interaction between all disciplines required to answer the overarching RCC 
challenge. Within each pillar a specific focus will drive the science and technology of RCC: Multifunctional 
Nanomaterials and Energy, Morphological Computation, Simplexity, Sentience, and Society.

The RCC bridge maps the scientific vision and its implementation into concrete innovation and 
engineering objectives that will be driven by societal requirements.
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The RCC programme is structured around five science and technology pillars: 

• Multifunctional nanomaterials & energy
• Morphological computation
• simplexity
• sentience
• society

The pillars determine which scientific and technological milestones the project will 
pursue, and provide a conceptual and organisational framework. The pillars also 
shape all of the project activities, including the design and implementation of the RC 
platforms and demonstrators. 

Multifunctional nanoMaterials & enerGY: 
learninG hoW to builD a neW class of Machines

Evolution has optimized the bodies of organisms and their control strategies to the 
point where animals can perform complex tasks with minimum energy use whilst being 
highly versatile and robust. Artificial systems will need to be based on a new family of 
dedicated hardware and materials in order to reach a similar level of efficiency.

RCC will explore a new biologically-based paradigm based on design simplification, 
functional integration and sentience that will require new multi-functional micro- 
and nano-fabricated materials for sensing, actuation, computation, communication, 
energy, exo- and endoskeletons and power storage, harvesting and generation 
systems etc. With the goal of building RCs with less components, higher robustness, 
higher compliance, lower computational load, higher energy efficiency, higher 
adaptability, higher dependability and ultimately a lower cost.

The revolutionary integrated knowledge base offered by the Simplexity, Morphological 
Computation and Sentience pillars, defined below, will both drive and capitalize on 
the new class of materials and fabrication technologies that will be realized through 
the Multifunctional Nanomaterials & Energy pillar. This will lead to an unprecedented 
wide and parallel development program that will generate the interlinked biomimetic 
technologies required to realize RCs.

MorpholoGical coMputation: outsourcinG coMputation to the 
boDY anD the enVironMent

Natural systems rely on morphological computation - RCC next pillar, a concept 
that has emerged from the study of the role of the body in regulating behaviour. This 
body of research implies that the clear separation between control (the brain) 
and the to-be-controlled (the body) - a separation that has been the foundation of 
mechatronics, robotics and artificial intelligence - can no longer be maintained. 
In living organisms, brain and bodies co-evolved with the environment and as a result 
there is a distribution of labour between the brain, the body and the environment 
itself, which constantly interact and influence each other. When applied to robotics, 
morphological computation is a genuine paradigm shift. It implies exploiting 
morphological and material characteristics such as a material deformability or elasticity 
in order to “outsource” computational tasks. This strategy will bring about a dramatic 
reduction of control complexity, a simplification of construction, and an overall gain in 
efficiency, thus overcoming the robotics bottleneck. This is also called soft robotics. 
In a similar fashion the morphology of the nervous system itself provides a substrate 
for computation as does the morphology of the environment. Thus the notion of 
Morphological Computation promises to have spectacular effects consequences 
for our understanding of living systems and the design of RCs endowing them with 
robust, smooth and energy-efficient behaviour. Moreover, it directly illustrates how 
fundamental sciences such as biology and neuroscience can have transformative 
impacts on engineering.

1.5    the fiVe pillars unDerlYinG 
    the rcc s&t proGaMMe

The emerging paradigm of morphological computation and soft robotics. 
The octopus body shape and soft body help the animal solve most of its control problems. It also relies 
of radically different principles for control.
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siMpleXitY: the search for eleGant solutions 
to a coMpleX WorlD

Evolution has found solutions that allow organisms to rapidly and efficiently perform 
complex tasks in a complex world. These simplifying principles are not trivial or 
even simple: they are simplex. simplexity is what enables living organisms 
to deal with complex information and situations relying on redundancy, 
anticipation, emotion, prediction and action. These solutions are found in 
the brain and have been conserved in evolutionary history. The Simplexity Pillar 
of RCC will explore the natural principles of simplexity through experimental and 
mathematical means and use them to define the control principles that will drive 
the artificial brains of RCs. In particular, it will investigate simplexity along 5 axes: 
Simplexity and Brain, Simplexity and Geometry, Simplexity and Sensory-Motor 
Synergies, Simplexity and Action Modeling, Simplexity and Probabilities. 

sentience: inteGratinG perception, 
coGnition anD action

In order to assist humans, and to interact, physically, socially and safely with them, 
Robot Companions need to be sentient.
 sentience is a property of natural systems that allows them to effectively 
interact with their physical and social environments. 
Sentience is the ability to integrate perception, cognition and action in one coherent 
scene and context in which action can be interpreted, planned, generated and 
communicated. The Sentience pillar thus integrates the conceptual and technical 
components provided by the Simplexity and Morphological Computation pillars and 
transforms them into a functional whole that can be physically realized in RCs. Its goal 
is two-fold—to create a natural science of Sentience, and to deliver
a Sentience architecture.  

Just as the overall RCC programme is designed to drive a revolutionary paradigm 
shift overcoming the robotics bottleneck, the integrative approach to sentience 
is intended to drive neuroscience and associated fields beyond their modular 
tendencies, thuspromoting a radically new investigation of mind, brain and behaviour.

Simplexity explores the natural principles of bodies and brains through experimental and mathematical 
means in order to define the control principles that will be driving the artificial brains of RCs.

In order to effectively assist humans and interact, physically, socially 
and safely with them, Robot Companions need to be sentient.
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societY: inVolVinG all staKeholDers 
in an open science MoDel

A 21st century view of science and technology must recognise that they are not 
isolated from society and politics. RCs will significantly impact upon society, thus 
we have to consider its technological, psychological, social, ethical and legal 
implications. Whilst engaging with a diverse range of experts and stakeholders, the 
project will implement an open science strategy, involving a continuous dialogue with 
the European public, that will allow both an ongoing critical evaluation of the social, 
political, and cultural values of RCC and a preparation of European society for the 
sustainable welfare that RCC is realizing.

This pillar will elaborate ethical, legal and societal frameworks for the RCC research 
programme, without limiting its scope. The benefits and costs of new technologies can 
be unpredictable and the risk is to get distracted by problems that remain hypothetical 
whilst missing out on the real challenges that society faces. Hence the need for a 

deep social and ethical examination of emerging RCC science and technology that is 
embedded in our core RTD strategy (rather than making pronouncements in advance 
or adding it as a social veneer after the fact). The Society pillar will investigate societal 
needs in order to identify solutions based on a human-centred design approach. RCC 
will also follow a controlled experimental approach were we will closely monitor how 
RCC technology is introduced and adopted, ready to act swiftly and effectively when 
problems arise and to consider all possible solutions including rethinking whether 
specific technology forms are needed or useful.

The Society Pillar is also the umbrella for introducing substantial innovations in 
education and training, including new undergraduate and graduate academic 
programmes that will create a new generation of RC scientists and engineers who are 
steeped in the broad range of disciplines and skills addressed by the RCC programme. 
This pillar will also create and maintain strategic links with industry enabling the 
development of new ICT-based markets and labour opportunities.
There are significant legal issues that need to be addressed if RCs are to be deployed 
in European society including in our personal and public spaces. The RCC Flagship 
will take a proactive approach to ensure that scenario regulatory frameworks are 
elaborated together with deployable RCC platforms and their use cases. Indeed, in 
the past, it has often been the lack of regulation that has prevented the deployment 
of potentially relevant technologies and services. The Society pillar will thus maintain 
a constant dialogue with policy makers and other stakeholders, to create the proper 
frameworks for RCs’ safe action and integration into European public and private 
environments.
To test our scientific hypotheses and to demonstrate the effectiveness of our 
technologies, RCC will develop experimental platforms of Robot Companions at 
multiple scales of morphology, simplexity and sentience.

The Society pillar will investigate societal needs in order to identify solutions based on a human-centred 
design approach and embed a deep social and ethical examination of emerging RCC science and 
technology within our research methodology.
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These in turn will drive the delivery of a selective set of deployment platforms, tuned 
to the needs of identified user groups, that will be delivered during the ten years of 
the project and beyond. These deployment platforms will include:

•	 healthcompanion
•	 explorecompanion
•	 Wearablecompanion
•	 Workcompanion

They will range from assistive systems for our homes—useful to all but of particular 
benefit to older or disabled citizens, to robust platforms for operation in harsh and 
dangerous environments that can perform tasks such as search-and-rescue and 
disaster recovery. In the long term, the new technologies underlying these platforms 
will be combined into the full-scaled RCC demonstrator, the UniversalCompanion, 
which will embody, integrate, and exemplify all the major breakthroughs incorporated 
in the use-case specific platforms.

At the end of the initial phase of the project, an assessment based on the preliminary 
results from the Simplexity, Morphological computation, Multifunctional nanomaterials 
and Sentience pillars will be matched with the stakeholders’ expectations from the 
Society pillar in order to identify appropriate metrics against which to measure the 
project progress.
We envisage the following scenarios:

•	 robot rescuer: the robot hero that can search for and rescue   
 people in debris or other natural or man-made disaster areas;

•	 robot housekeeper: a home cleaner that relieves human beings   
 from taking care of most home chores;

•	 robot co-worker: robot tools helping workers in european plants;

•	 Microrobots for scarless surgery: a class of intracorporeal robots  
 for medical intervention, medical diagnosis or organ repair,   
 substitution and functional regeneration, completely deployed   
 inside the body;

•	 robot suit: a wearable robot providing support to movements 
 and daily activities.

The process of developing RCC experimental and deployment platforms will give rise 
to a plethora of novel methods and technologies grounded in an innovative multi-
disciplinary basic research program. These RCC technologies have a large potential 
social and economic transformative power comparable to the introduction of the steam 
engine, the telephone, the automobile, the radio, the personal computer, or more 
recently, the Internet and the mobile phone. This disruptive impact will promote new 
industries and opportunities for worldwide commercial exploitation. Most importantly 
it will provide Europe with leadership in a range of fields focused around, but not 
limited to, automation and robotics. Further, this will facilitate the exploitation of other 
opportunities for new forms of advanced ICT technology, through science, technology 
and industrial communities actively linked to RCC.

Unlike robots of the past, which tended to be autonomous machines relying on their 
own computational capabilities, RCs will be immersed and integrated in the new ICT 
environments (the “Cloud”) that is becoming increasingly common for all kinds of 
technologies and applications.

The potential impacts of the RCC Flagship are extremely broad. We envisage impacts 
in many spheres of human existence—private, social, economic, urban and physical. 
RCCs will have a major impact in personal and social spheres as our assistants. This 
development of RCs will be focused towards general categories of social needs 
in the wider population and in particular the key social need of an ageing society 
and sustainable welfare. In the commercial sphere, the economies of Europe are 
challenged due to the high cost of manufacturing. Across the world, industrialised 
countries – especially in Asia – are investing in next generation robot technologies 
to make factories more efficient. Europe needs to be proactive in its science and 
technology development in order to maintain a position as a leader in this area. By 
building a new science-based robotic technology, RCC is Europe’s opportunity to 
leapfrog the competition, for new RCC technologies will have transformative impacts 
in a range of settings that are currently inaccessible to robots. For instance, we expect 
increased efficiency in our agriculture, increased productivity in sectors such as 
personal and health care, or infrastructure construction and maintenance, that are fast 
becoming too costly relative to manufacturing or information services, improvements 
in resource harvesting and conservation of the natural world, and changes to our 
emergency services that will make them safer, faster, and more effective.

By investing in RCC, Europe enables a constructive serial disruption in a number of 
industries that will allow it to leapfrog competition in Asia and America, thus helping 
ensure a new sustainable welfare for European society in the long run. RCC thus 
fits perfectly with Horizon 2020’s objectives for an “Innovation Union”—excellent 
science, competitive industries, and a better society.

1.6    rcc as a neW enGine 
    for science anD technoloGY chanGe

1.7    iMpact
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Driven by its vision of sustainable welfare through sentient machines, RCC will involve 
pertinent stakeholders in science and technology, society, finance, politics and industry. 
To realize its goal, and in order to place Europe at the forefront of future robotics, RCC 
envisions a Flagship as an incubator of advanced science and engineering involving 
thousands of researchers. RCC will have the structure of an international holding where 
resources will be allocated in a competitive fashion to the best ideas, that is, to the ones 
that can contribute most to answering the RCC grand challenge.

This distributed research effort will require an equally exceptional effort in project 
governance. A fundamental question for projects on this scale concerns the incentives 
for the communities involved to collectively delivery on their promises. Governance 
in the RCC project will therefore be built on four solid cornerstones:

•	 science-driven governance grounded on the unifying
  scientific challenge;

•	 our explicit science and technology pillars;

•	 an uncompromising commitment to scientific excellence;

•	 an insistence that, in order to attain ambitious goals, 
 nobody can be above scrutiny. 

Driven by its vision of sustainable welfare through sentient machines, RCC will involve 
pertinent stakeholders in science and technology, society, finance, politics and industry. 
To realize its goal, and in order to place Europe at the forefront of future robotics, RCC 
envisions a Flagship as an incubator of advanced science and engineering involving 
thousands of researchers. RCC will have the structure of an international holding where 
resources will be allocated in a competitive fashion to the best ideas, that is, to the ones 
that can contribute most to answering the RCC grand challenge.

This distributed research effort will require an equally exceptional effort in project governance. 

A fundamental question for projects on this scale concerns the incentives for the communities 

involved to collectively delivery on their promises. Governance in the RCC project will therefore 

be built on four solid cornerstones:

•	 science-driven governance grounded on the unifying
  scientific challenge;

•	 our explicit science and technology pillars;

•	 an uncompromising commitment to scientific
 excellence;

•	 an insistence that, in order to attain ambitious goals, 
 nobody can be above scrutiny. 

To summarise, robotic technologies provide an important component for answering 
societal challenges. Europe is in an excellent position to capitalize on the knowledge 
and skills resulting from investments made, as well as extrapolating from that base 
towards the future. Indeed, today’s European leadership builds on a scientific basis 
established in the past. Robotics first wave, developed in the 1970s and 1980s, is 
based on computer science, control engineering and mechanical engineering, and 
has given us the methods and technologies of mechatronics. The second wave, 
which is giving us advanced, future and emerging robotics for industrial leadership, is 
based on perception, cognitive science and artificial intelligence.

the next wave, that will start around 2020, will be based on rccs five 
scientific pillars and will deliver sustainable welfare, industrial leadership 
and ubiquitous scientific impact through a new generation of robots, robot 
companions for citizens, that will be grounded in our understanding of 
nature and ourselves.

1.9    rcc Will put europe in a WorlD leaDinG position

The three waves of robotics science and innovation.

1.8    proJect GoVernance
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2.1    scientific Vision, unifYinG Goal anD Main    
    obJectiVes of the flaGship: the rcc pillars

2.1.1  MotiVation: rcc for sustainable Welfare

Humans have moved beyond their evolutionary inheritance by progressively mastering 
nature through the use of tools, the development of culture and the harnessing of 
natural principles in technology. Indeed, the welfare of our industrialized societies 
is far removed from the conditions in which early human hunter-gatherers existed. 
However, this improved welfare, reflected in longer life expectancy, better health and 
greater prosperity, is not without challenges. Its sustainability is at stake in a number 
of domains – private, social, economic, urban and physical. Indeed, to maintain and 
improve the quality of life in a changing world is perhaps the hardest problem Europe 
will have to deal with in the coming decades. Our social and personal welfare systems, 
and our commitment to provide assistance and care to those who need it, are under 
threat due to the ageing of the European population. European economies are 
threatened by the imbalance of trade with other continents and increasing reliance 
on a narrow range of industries to maintain our global competitiveness. At the 
physical level we are faced with the challenges of man-made and natural disasters, 
over-exploitation of natural resources, pollution and environmental degradation.
Just as science and engineering have played a central role in shaping the world 
we inhabit today, they will also be critical activities for addressing these urgent 
challenges. There, besides social and political endeavours, we believe that a new 
generation of robotic technologies, developed through European research in ICT, 
will be required to solve these real world problems. This need is urgent every day we 
listen to individual stories, or hear of dramatic world events, where robotics could 
make a substantial impact. We saw this during the Fukushima nuclear disaster, during 
the Deepwater Horizon oil spill in the Gulf of Mexico, and we see this in the everyday 
lives of millions of families caring for their elderly relatives. Paradoxically, increased 
life expectancy due to improved welfare, is one of the main sources of these new 
challenges. In 40 years time nearly 35 per cent of the European population will be at 
least 60 years old. In a world in which there will be relatively fewer young people to 
care for their elders, we will become increasingly reliant on technology to meet the 
aspirations of our older citizens to live active, fulfilling, and independent lives.

2.1.2  scientific Vision: rcc briDGes science With sustainable Welfare

To solve problems in the real-world one has to be physically instantiated and capable 
of action; information alone is not sufficient. Hence, we believe that a new class 
of machines and embodied information technologies, which we call the robot 
companions (RCs), is required to help us achieve sustainable welfare. 
RCs will perform a multitude of assistive roles in our public services, enhance 
productivity and safety at work, and help us to cope more effectively with large-scale 
events such as natural disasters. RCs will constitute a dependable technology for 
the foundation of a new sustainable welfare. Due to their ability to act and interact, 
physically and socially, with humans they will become ubiquitous yet safe; they will be 
unobtrusive, affordable and recyclable. This new generation of robots will extend the 
active independent lives of citizens, bolster the labour force, preserve and support 
human capabilities and experience, provide key services in our cities, and help us to 
maintain our planet.
The Robot Companions for Citizens (RCC) FET-Flagship is a science and technology 
program that will give rise to a new generation of socially-capable robots and their 
deployment in our society. This scientific and technological programme bridges basic 
research to the deployment of affordable, sustainable and dependable ICT-based 
machines for the benefit of Society (Figure 1).

2.1.3 the rcc unifYinG scientific challenGe anD WorK proGraMMe

The RCC programme has a unifying scientific challenge:

“Unveiling the secrets of natural simplexity, morphological computation and 
sentience, and to translate this scientific knowledge into design principles and 
fabrication technologies for Robot Companions for Citizens that effectively and 
safely act, interact and adapt to their physical and social environment.”
The RCC programme is structured around five Pillars: Simplexity, Morphological 
Computation, Sentience, Multifunctional Nanomaterials and Energy, and Society. 
These pillars provide the framework for specific S&T priorities (modules), and for 
the RCC deployment (HealthCompanion, ExploreCompanion, WearableCompanion, 
WorkCompanion) and demonstration (UniversalCompanion) platforms, namely the 
Robot Companions (RCs). The Pillars shape all RTD-Activities (RTD-As), including the 
design and implementation of the platforms, as depicted in Figure 1.
The S&T program of RCC is predicated on these complementary 5 pillars. All RTD 
activities will thus be developed within the envelope of a number of pillars to 
which each RTD activity will maintain a tight bi-directional interaction. In this way 
we assure that RCC remains both an integrated programme while facilitating rapid 
development and adjustment.
This RCC S&T work programme follows a biologically-grounded design paradigm 
and the investigation of the design principles of the living beings through the 
engineering of artificial systems.
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2.1.4   the rcc pillars

2.1.4.1    rtD - a1  • simplexity

The siMpleXitY pillar comprises a collection of solutions that can be observed in 
living organisms which, despite the complexity of the world in which they live, allows 
them to act and project the consequences of their actions into the future. Simplexity 
can be described as a property of living systems such that they can cope with the 
complexity of their world. Simplexity is not simplicity. It is not a matter of simplified 
model adoption, but rather an approach to coping with the real world. Simplexity 
relies on general principles which reduce complexity and which can be applied to 
the design of artificial systems. Simplexity may be described as a new challenge in 
Robotics: Simplexity will foster synergies between its two main design schools which 
developed with few interactions: the one that relies on the so-called “perception-
decision-action” loop, and the one which emphasizes bio-inspired and bio-mimetic 
sensori-motor architectures with the goal to turn them into science driven biologically 
based approaches.
The Simplexity Pillar aims at founding a new theory bridging research in life sciences 
and applied research in robotics and engineering. The goal is to explore the natural 
principles of simplexity and to use these to promote new methodologies and 
paradigms for the design and control of autonomous artefacts. The overall objective 
of the pillar is twofold:

•	 it first aims at extracting key design principles of living beings;

•	 it will elaborate the mathematical foundations of these design principles
 to make them effective for the design of robot companion platforms.

The first objective will initially focus on exploring and modelling six main principles 
of simplexity. The inhibition-disinhibition principle allows living organisms to keep 
their distance from the flow of events coming from the real world and to select only 
those that are pertinent for a given action. The principle of specialization refers to 
the concept of “Umwelt”, the set of ego-centric world representations that living 
systems build to perform a given task. Probabilistic anticipation enables comparison 
of sensory data with the results of past action and prediction of the consequences of 
on-going action. The principle of “detour” consists in apparently “complexifying” the 
models of the world to get at the very end highly efficient solutions; it refers to the, 
so called, lifting process used in mathematics. Redundancy deals with the multiplicity 
of parameters a living system can access to get information about the world (via 
sensors) or perform tasks (via actuators); redundancy allows not only task accuracy 
but also task parallelism. Finally, Simplexity is also driven by the concept of meaning: 
intentions, goals and functions act as filters in order to focus attention and action.
The second objective of the Simplexity Pillar is to establish the mathematical 
foundations of the theory and to transfer them to real robots, by exploring the 
principles of simplexity and its computational basis. Simplexity will be turned into an 
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effective engineering method, which will be based on novel sound system theoretic 
concepts.

The Simplexity Pillar will be organized along three axes:

• implexity, Minimalism and Design. 
Minimalism stems from design, manufacturing and automation. It refers to the pursuit of 
the least complex solution to a given class of tasks, by, e.g., using the minimal number of 
actuators or control variables, or the simplest set of sensors. Minimalism raises a unique 
combination of questions from many fields including: control theory, computational 
geometry and topology, geometrical and physical modelling, and theoretical computer 
science.

• simplexity and system Modelling. 
System modelling aims at identifying the computational models the nervous system 
uses and to translate these to artificial computational architectures to perform tasks 
in physical space relying on their sensors and actuators. The relationship between 
sensor space and control space is highly complex, in terms of the number of involved 
variables while also the choice of reference frames is critical. System modelling based 
on Simplexity will tackle this problem by finding minimal models based on natural 
principles. A task can be phrased as an abstract coherent model that takes place in 
a geometric space. 

• simplexity and information processing. 
Optimality principles lie at the core of Simplexity. The solutions living organisms find 
that enable them to cope with the complexity of the real world can be approximated 
by the application of optimality principles. This Simplexity axis will advance methods 
to identify the optimality principles followed by natural systems. These will be 
combined with new paradigms of optimal control for the design of algorithms allowing 
an artificial system to follow optimal policies. Finally, the Simplexity and Information 
Processing action will include research on novel inference methods in presence of 
incomplete and uncertain information that will allow natural and artificial systems to 
bootstrap their capabilities.

2.1.4.2    rtD - a2  • MorpholoGical coMputation

Simplex natural systems rely on MorpholoGical coMputation, which comprises 
the next pillar of RCC. Morphological computation is a concept that emerged from the 
study of embodied systems, a research field exploring the role of the body in the 
expression of sentient behaviour. The RCs will - in addition to their structural support 
- be largely composed of soft materials, a fact that dramatically increases their level 
of complexity. As a consequence, in order to ensure adaptive real-time behaviour, the 
appropriate response cannot be computed centrally for all degrees of freedom any 
more. Thus, part of the computation required will have to be performed peripherally 

and incorporated into the morphological and material characteristics of the agent 
itself, a phenomenon called “morphological computation”. Morphological computation 
implies that the clear separation between control and the to-be-controlled - that has 
been the foundation of robotics and artificial intelligence and is now widely applied 
in automated manufacturing - can no longer be maintained, which implies that 
fundamentally novel concepts complementing classical control will be required shifting 
from control to “orchestration”. Morphological computation overcomes fundamental 
bottlenecks in the way in which we have engineered complex real-world systems and 
is a genuine paradigm shift. If elaborated and applied properly it will have spectacular 
effects on the design of RCs and their smooth behaviour and energy efficiency.
The principles of morphological computation need to be worked out at different scales: 
the smaller the scale, the more the concept of embodiment becomes dominant. One 
of the major breakthroughs of the Pillar will be a theory and methodology enabling 
researchers not only to understand biological systems in entirely novel ways, but also 
to boost the design of sentient RCCs.
Based on these general considerations, a number of research areas can be identified: 
physical embedding and task distribution, physical dynamics and information 
processing, self-organisation and emergence, and complete agents. For each of 
these, design principles will be elaborated that can on the one hand be used to 
understand biological systems, and on the other to design artificial agents:

• physical embedding and task distribution. The behaviour of a system is 
not merely the outcome of some internal control structure (such as the brain or a 
microprocessor), but it is also shaped by the environment in which the system is 
physically embedded, and by its morphological and material characteristics.

• physical dynamics and information processing. A direct link exists between 
embodiment and information: Coupled sensory-motor activity and body morphology 
induce statistical regularities in the sensory inputs that in turn simplify the information 
processing task of the brain. These integrated patterns represent the “raw material” 
for the brain to process and to learn something about the environment. 

• self-organisation and emergence. Because robots are embodied, they 
can be viewed as complex dynamical systems. This perspective enables us to apply 
concepts of self-organisation and emergence, rather than top-down control. While so 
far, these concepts have mostly been applied to analyse systems, the big challenge 
here will be to elaborate them as pertinent design principles for RCs.

• complete agents. Finally, embodiment implies that all the components of the 
agent continuously interact and influence each other, and this needs to be kept in 
mind during the entire design process. For example, reaching for an object with the 
hand will require the rest of the body to react accordingly.
As morphological computation is of direct relevance to the other scientific pillars and 
all RTD-Activities, the research will have to be conducted in very tight cooperation 
with all of them. 
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2.1.4.3    rtD - a3  •  sentience

sentience is the functional property of RCs, enabled by the conceptual and 
technical foundations provided by the Simplexity and Morphological Computation 
pillars that explore the general design principles and solutions of living systems.
The overall functional requirement of RCs is defined as the ability to perform a 
multitude of assistive roles for humanity by virtue of their capabilities to act and 
interact, physically, socially and safely with humans.
The scientific hypothesis advanced by RCC is that, in order to realize these 
requirements, RCs need to be sentient. Sentience is the core property that allows 
intentional natural systems to effectively interact with their physical and social 
environment. Sentience is defined as the ability to integrate across perception, 
affect, cognition and action in order to construct one coherent scene and context in 
which action can be interpreted, planned, generated and communicated. The goal 
of the Sentience Pillar is two-fold: create a natural Science of Sentience and deliver a 
Sentience architecture that supports its synthesis in RCs.

• natural science of sentience. We see Sentience as a solution to evolutionary 
problems rather than a side-effect of problem solving. The Sentience Pillar pursues 
a theory of Sentience that is grounded in five fundamental principles reflecting 
the state of the art in the domain and the other pillars of RCC: the experiencing 
physically instantiated self, the sensori-motor coupling of the agent to the 
world, the amplifying role of sensori-motor predictions, the co-existence of high 
levels of differentiation with high levels of integration and the dependence on 
highly parallel, distributed and implicit states with metastable, continuous 
and unified explicit factors. 

• All these five domains constitute areas of active research for the Pillar and 
its associated RTD activities. Just as the RCC programme is designed to drive a 
revolutionary paradigm shift overcoming challenges faced by standard mechatronics 
and robotics, the integrative approach of sentience is intended to drive neuroscience 
and associated fields beyond the modular approach of functional decomposition, 
thus promoting a radically new investigation of mind, brain and behaviour and their 
artificial realization in bodyware, embodied brainware and mindware.

• The main breakthrough aimed for by the RCC Sentience Pillar is the understanding 
and modelling of Sentience, in the form of sentient machines. A complementary aspect 
of this breakthrough is the functional view of Sentience as a core integrative function 
of complex real-world systems. A mission-critical issue in this objective is the need for 
a proceduralisation of Sentience, of the methodologies to study it empirically and the 
technologies to implement its underlying mechanisms in artificial systems. This requires 
developing a natural Science of Sentience that is based on empirical validation, 
replication and testability.

• sentience architecture. In order to synthesize Sentience, the different 
capabilities it subsumes will need to be integrated into an overall architecture. The RCC 
neuromorphic Sentience architecture will provide a concrete and practical framework 
for the integration of research outcomes of RCC, to provide cross-fertilization 
across RTD activities and map overall results onto the control of the experimental 
and deployment platforms. The RCC Sentience architecture is predicated on the 
current state of the art in system level theories of brain function and architecture 
and the advances realized in the Simplexity and Morphological Computation pillars. 
The RCC neuromorphic sentience architecture will support the RCC cloud as well 
as be implementable in autonomous computationally efficient systems that power 
RCCs to become capable, reliable and safe social agents relying on the RCC specific 
fabrication techniques. 
The Sentience pillar will provide a core integrative function in the S&T program of RCC 
and thus will interface to all other pillars, RTD-Activities and platforms. The Sentience 
Pillar will be validated through all the RCC platforms with specific emphasis on the 
10-years demonstrator.

2.1.4.4   rtD - a4  •  Multifunctional nanoMaterials anD enerGY

The revolutionary knowledge basis offered by the Simplexity, Morphological 
Computation and Sentience pillars will pave the way towards the physical realization of 
a whole new class of machines based on new materials and fabrication technologies 
with optimized mass, energy consumption, physical realization, computation, 
communication, sensing and interaction capabilities.
These will be realized through the Pillar Multifunctional nanoMaterials anD 
enerGY. This pillar will enable a brand new approach to the fabrication of RCs endowed 
with unprecedented biomechanical features and sentient capabilities grounded in 
our understanding of advanced living systems. To this aim new functionalities have 
to be realized in materials, in order to have flexible responsive multifunctionality, 
low-weight high-capacity power sources, large multi-parametric sensing arrays and 
efficient integrated computational architectures for high throughput autonomous 
information processing.
The overall strategy of the Fabrication Pillar is therefore to establish an unprecedentedly 
wide and parallel development program of different technologies that target specific 
bottlenecks including: energy sources, sensing systems, new materials for actuation 
and body morphology. These will be integrated since the very beginning into the RCC 
deployment and demonstration platforms ultimately constituting these platforms.
New disruptive technological solutions are obviously required for the development of 
RCs, through the development of new actuators and mechanical joints, of composite 
materials for robot structures, alternative energy sources, hybrid sensors and 
actuators, large scale connections (high-density), soft sensing. The main categories 
of materials and devices to be developed are:
• new types of biomimetic actuators (including artificial muscles). To this 
aim electro-active polymers and soft piezoelectric materials will be developed and 
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tested in conjunction with more conventional architectures based on the integration 
of traditional components 

• sensing: (including tactile, multifunctional sensing skin). For large area 
applications, low spatial density sensor arrays will be developed to cover the robot 
body (year 3). High spatial density senor arrays (for fingertips), embedded MEMS/
NEMS technologies, FET sensor arrays, together with new transduction, signal 
conditions, transmission and data selection protocols will also be developed and 
tested to improve the sensing and interaction capabilities of robots in the long run.

• bodyware. Materials and structures for Exoskeletons and Endoskeletons will 
be developed based on novel metals and metallic composites, polymeric materials, 
lightweight nanocomposites with engineered anisotropic/elastic properties, metal 
foams. All these materials/technologies will be compared and tested in terms of 
cost effectiveness, mechanical improvements (such as weight and elasticity) and 
morphological compatibility, following the directions pointed by the previous pillars.

• energy. Energy will require a combined effort towards the development of 
different solutions, such as RC recharging stations or fully autonomous machines 
adopting storage devices, rechargeable batteries and chemicals combined with on-
board power generators. Efficient energy management systems will be employed to 
combine such devices with embedded energy harvesting technologies, photovoltaic 
skin and any other possible on board power sources. Among the most relevant 
integrated power sources the RCC flagship effort will focus on: small polymer-ion 
rechargeable batteries, capacitive storage, miniaturized fuel cells operating at low 
temperature with Watt efficiency (hydrogen, polymer-electrolyte membrane, direct 
methanol fuel cell, H2-fuelled alkaline cells, metal-hydride fuel cell) in the short term 
(less than 5 years) and on new generation biological fuel cells such as glucose, 
microbial and enzymatic fuel cells, in the long run.

2.1.4.5   rtD - a5  •  societY

A 21st Century view of science and technology must recognise that it is not isolated 
from society and politics. The societY pillar will assure the successful deployment 
of RCs in our society and engage in a public dialogue that is broader than just user 
involvement taking into account all sectors of society. Societal concerns about 
technology can be effectively addressed only through an open science approach 
that takes seriously alternative viewpoints including critical, sceptical and dissenting 
voices. The Society Pillar is the reference frame for conceptually and empirically 
investigating all possible implications of the very ambitious RCC scientific and 
technological research programme and for promoting the deployment of RCCs in 
society, to make them truly useful and acceptable for all citizens.

The Society Pillar will address:

• societal needs and use cases. The Society Pillar addresses societal needs 
in order to identify solutions and to investigate use cases based on a user-centred 
design approach (careful to avoid turning users in purchasers) as well as regulations 
and limitations to RCC deployment.

• ethical, legal and societal principles. Its RTD Activities are designed to 
elaborate ethical, legal and societal boundaries for the RCC research programme, 
which deals with living systems and impacts on natural sciences; the Society Pillar will 
pursue an open science approach and will monitor and steer RCC design principles 
and their deployment for instance to prevent a 21th Century digital/robotic divide, 
the dual use of RCC technology, to constrain energy consumption, to guarantee 
recyclability and a proper “carbon footprint” of RCC components. In addition this 
Pillar will ensure appropriate and transparent use of resources and a broad outreach 
of RCC outcomes.

• educational programmes. The Society Pillar is the umbrella for introducing 
substantial innovations in education and training including curricula in primary and 
secondary grades up to undergraduate and graduate academic programmes with 
the goal to train the new generation of researchers who will advance the integrated 
S&T program of RCC beyond its initial 10-year time frame.

• policy makers, stakeholders and industry. Society is the key Pillar to 
enable the constant dialogue with policy makers and stakeholders to create the 
proper framework (such as legal aspects and compulsory third party insurance forms 
like in the case of motor vehicles) for RCCs safe action and integration in Society. It 
will create and maintain links with industry and at enabling the creation of new ICT-
based market and labour opportunities. RCC will be inclusive with respect to all its 
stakeholders from the beginning.
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2.2     obJectiVes, MethoDoloGY anD strateGic
     research aGenDa: the rcc MoDules 
     anD platforMs

2.2.1 the rcc MoDules
To answer its grand challenge and achieve its ambitious scientific and technological 
goals, RCC will mobilize a densely federated interdisciplinary effort that combines a 
unique amalgamation of concepts, methods and technologies creating a new science 
and engineering of sentient machines. This RCC Science and Technology programme 
is radically novel in proposing an integrated and plausible paradigm for focused large-
scale multi-disciplinary interaction and is structured around five pillars following 
a biologically grounded “unity of science” heuristic: Matter (Multifunctional 
nanomaterials and energy), body (Morphological computation), brain 
(simplexity), Mind (sentience) and society; see Figure 3. Through these integrative 
foundational considerations RCC will create a powerful and constructive dialog 
between material scientists, engineers, mathematicians, roboticists, neuroscientists, 
psychologists, social scientists and ethicists, in a contemporary renaissance aiming 
at understanding ourselves and in doing so creating embodied ICT solutions and 
tools enabling sustainable welfare. Across the pillars specific modules of science 
and engineering focus on dedicated challenges generating key components for the 
creation of RCs.

This RCC programme will have a significant impact on the scientific understanding of 
living systems and the engineering of artificial ones because it both facilitates coherent 
interaction across domains and creates a new and extremely powerful “discovery 
engine”: a positive feedback loop between basic science and engineering, where 
understanding something becomes the basis for modelling it, and these models bring 
about a better capacity to understand that very same phenomenon. Conversely 
this unique paradigm is simultaneously a powerful technology development engine 
that inevitably leads to disruptive innovations as our understanding of the natural 
principles underlying sentience advance. 

2.2.1.1    rtD - a6  •  boDYWare anD actuation

obJectiVes

A central goal of the RTD-A6 module is to use and integrate the novel actuators and 
robotics structures to design and build robotics components and systems based on 
the new principles emerging from the “Simplexity” and “Morphological Computation” 
RTD-As.
The objectives of this RTD-A are: (i) to adjust the RCC body elasticity by means of 

Figure 3: The integrated RCC S&T programme with the distribution of the modules and platforms and 
their relation to the pillars. See text for further explanation.

Figure 2: Example of RCs and societal needs and use-cases addressed by RTD-A5
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intrinsic mechanical and active regulation; (ii) to store and recover energy from their 
elastic actuations or structures; (iii) to implement couplings corresponding to multi-
articular biological muscles for an optimal energy transfer between the body parts; 
(iv) to use mechanical resonance effects for energy efficient, high performance and 
power motions; (v) to adapt the damping according to the task, i.e. low damping 
for cyclic, resonance type motions, high damping for precise positioning; (vi) to 
interact safely with the environment and adapt physically to external perturbations 
demonstrating improved motion and body robustness; (vii) to use concepts of 
under-actuation and motor and sensor synergies for maximizing functionality while 
reducing complexity; (viii) to design the whole body morphologies for dynamically 
stable locomotion-manipulation-grasping paradigm (ix) to develop the reconfigurable 
bodyware structures taking in to account wheeled, bipedal and quadrupedal 
locomotion adaptation; (x) to implement dexterous biomimetic hands for effective 
grasping with integrated cover bioskin sensors.

state of the art

Current state of the art in robotic hardware is based on the rigid mechatronic design 
using conventional materials (Hirai 1998, Lohmeier 2006, Ogura 2006, Hirose 2007, 
Sang-Ho 2007, Park 2007, Kaneko 2008). Most of the existing state of the art systems 
have some transportation abilities but are limited for complex daily life activities as a 
robot companion for citizens in real environments. To successfully realize the RCs, the 
new body designs will depart from the traditional design template that emphasizes a 
paradigm of actuation based on non-backdrivable, stiff transmission high mechanical 
impedance systems, combined with stiff structures and high gain PID servo 
controllers. Actuation also represents the bottleneck in robotic applications, especially 
in biomimetic ones. The available actuators are mainly electromagnetic and their 
performance is far from that achieved by natural muscles. Main limitations involve 
inertia and back-drivability, stiffness control, power consumption. Nevertheless, new 
and promising technologies are emerging, thus offering new possibilities to fill the 
gap between natural muscles and artificial solutions (Ricotti 2010).

research roaDMaps

At year 3, we expect to achieve the following results:
• First actuation and structural concepts based on new materials
• First prototypes implementing the principles of Simplexity and Morphological 

Computation using variable impedance actuation technologies
• Concepts for under-actuated non-linear resonant manipulation motions

At year 10, the following results are foreseen:

• Advanced robotic sub-systems based on novel materials

• Interfaces of the robotic systems with biologic materials – muscles, bones, nerves 
for application on medical and rehabilitation/exoskeleton areas

• Actuators with high force-to-volume ratio (as compared to the human skeletal 
muscle), consisting of bundles of fiber-like units, that can be individually recruited 
according to biologically grounded compliance-control algorithms

2.2.1.2   rtD - a7  •  sensinG

obJectiVes

This Module describes research aimed at revolutionizing the design of sensory 
systems of robots and other devices interacting with humans from a base of existing 
technologies, such as foil strain-gauges or CCD cameras, to technologies that are 
optimally adapted to the tasks and the function of robotic systems. The overarching 
step we propose to accomplish in this module may be compared to the step made 
when moving from discrete electronic circuits integrated circuits. Principles such 
as integrated interconnection and components are observed in natural systems in 
their very three-dimensional method of construction. Such ideas are embraced in 
this module, as in other parts of the proposal, under the heading of Morphological 
Computation, which conveys the concept that an efficient system must maximize its 

Figure 4: Progress beyond state of the art and research timeline exemplified for humanoid manipulators.
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adequacy to the pertinent ambient physics. Other principles also observed in the 
organisation of the peripheral nervous system which is almost entirely dedicated to 
sensorimotor integration at multiples hierarchical levels. We aim as well to adopt in the 
design and implementation of sensory other principles collected under the umbrella 
of Simplexity, among which is that of inhibition an organisational principle is behind the 
rapid response the sensorimotor loops to endogenous and exogenous perturbations. 
The work proposed is divided into four research thrusts which collectively amount 
to a frontal attack on the problem complexity. The first research thrust is more 
theoretical in nature and proposes to develop a sensing architecture based on a 
sound organisation of the flow of sensorimotor information. The second thrust is 
also more theoretical in nature and aims at developing sensor data coding strategies 
that are primarily intended enhance the computational robustness, i.e. resistance 
to perturbations and uncertainty, of sensorimotor processing, the intersensory 
integration. These efforts are however intended to yield practical solutions that 
can be instantiated in hardware. The third thrust will look into the development of 
the transducers themselves in a manner that allows them to be integrated in three-
dimensions in the bulk of structures. Of key importance will be the development of 
techniques to transmit information over long ranges. The fourth thrust is concerned 
with manufacturing techniques and leveraging on-going progress with novel material 
to be employed in the construction of transducers and transmission pathways. Initial 
work will focus on the development of an event-based, omni-directional vision system 
and on the engineering of a true integrated robotic somatosensory system, but not 
on an assemblage of technological components as in today’s practice. The long 
term research effort will aim at the creation of sensory system based on abundant, 
replicated sensory units integrated into a single functional whole subserving a 
comprehensive array of sensory modalities.

state of the art

Today, individual robotic senses are implemented using specific technologies almost 
invariably developed for other purposes than robotic devices, e.g. gas sensors 
adapted to the olfactoring function (Oh et al., 2011; Sankaran et al., 2012), conventional 
CCD cameras feeding fixed, frame-based, motor component-free pattern recognition 
algorithms for vision that are incompatible with sensorimotor perceptual and action 
behaviours (Luo et al., 2011). Similarly, robot audition is limited by the use of standard 
microphones that prevent efficient sound localization and fast auditory scene analysis 
(Ince et al., 2011; Kim et al., 2011; Okuno et al., 2011; Yamakawa et al., 2011), and so on. 
Artificial skin capabilities are currently restricted to static pressure maps, are a far-
cry from what is needed to achieve dextrous manipulation. As a result of these 
shortcomings robot dextrous manipulation is today, quite surprisingly, almost entirely 
based on vision which only capable of providing some indications of how to pre-
shape the hand in anticipation to grasping. Artificial skins typically employ capacitive 
sensing, grids of piezoresistive elements, or discrete MEMS technologies, and thus 
require to be supported by a rigid substrate. As a result, they are fragile, unreliable, low-

sensitivity, prone to be punctured, suffer from abrasion which precludes manipulation; 
and worse of all, cannot accommodate the free-form surfaces of advanced robotic 
devices which limits their applicability to contacts with the flat portions of rigid 
objects, forcing the readings to be structurally unstable, and precluding interaction 
with soft, deformable objects. 
Other forms of sensing in robotics, such as inertial sensing, suffer to various degrees 
of shortcomings due to the fact that they were designed for purposes other than 
robotic applications. These shortcomings often concern form factors, lack of 
resistance to damage and perturbations and integration capabilities. For instance, 
securing a standard microphone on a robot head is ineffective to provide a machine 
with the sense of audition since it will respond more to the vibrations caused by 
the motors and the geared speed-reducers rather than the sought-after external 
acoustic field, precluding any sensorimotor behaviour, such as turning the head to 
listen to someone speaking. This is because microphones are primarily intended to 
function in a studio, not in a robot (Sun et al., 2010).

research roaDMaps

At year 3, we expect to achieve the following results:

• Organisational principles and implementation of sensing systems: (i) Software-
based scale-independent early vision; (ii) Silicon-based scale-independent 
early vision; (iii) Distributed mechanical sensor architecture culminating in a 
sensorimotor processing node

• Coding and computational processing: (i) Frame-less clock free computational 
architecture; (ii) Task-based modality-independent sensory codes; (iii) Application 
to dextrous reach, manipulation and locomotion

• Transducer development: (i) Conforming imager; (ii) Tonic and phasic mechano 
transducers; (iii) Micro scale information transmission techniques

• Materials and manufacturing: (i) Functionalized light sensitive polymer; (ii) 
 Development of free surface deposition techniques; (iii) Development of elastic 

elements of very high ratio form factors

At year 10, the following results are foreseen:

• Organisational principles and implementation of sensing systems: (i) Software-
based scale-independent early vision; (ii) Silicon-based scale-independent 
early vision; (iii) Distributed mechanical sensor architecture culminating in a 
sensorimotor processing node; (iv) Decentralized, distributed sensorimotor 
architecture; (v) Generalization to exotic sensing capabilities; (vi) Integration of a 
massively abundant sensorimotor system
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• Coding and computational processing: (i) Frame-less clock free computational 
architecture for multisensory integration; (ii) Task-based modality-independent 
sensory codes; (iii) Application to dextrous reach, manipulation and locomotion; 
(iv) Demonstrated plasticity in the face of perturbations; (v) Implement advanced 
sensor information coding; (vi) Advance theory of sensorimotor encoding

• Transducer development: (i) Conforming imager; (ii) Tonic and phasic 
mechano-transducers; (iii) Micro scale information transmission techniques; (iv) 
Miniaturization of ground penetrating imager, optical ToF, vibrissal and other 
unconventional transducers; (v) Massively parallel integration; (vi) Miniature 
transducers and transmitters leveraging nano-materials

• Materials and manufacturing: (i) Functionalized light sensitive polymer; (ii) 
Development of free surface deposition techniques; (iii) Development of elastic 
elements of very high ratio form factors; (iv) Co-manufacturing techniques 
capable of massive integration; (v) Polymodal transducers (strain, heat, light) 
demonstrated; (vi) Massively parallel long-range transmission demonstrated

2.2.1.3   rtD - a8  •  sYsteM anD control funDaMentals of bioMechanics anD robotics

obJectiVes

The objective of the RTD-A8 module is to develop new system theoretic paradigms, 
describing complex systems as interconnected and interacting subsystems, 
embedding actuation, sensing, morphology and control in a unified framework. 
This framework will facilitate describing, understanding and designing complex 
biomimetic systems, with the aim of supporting the realization of advanced Robot 
Companion systems. In particular, RTD-A8 will provide the proper level of abstraction 
to understand complex robotics system by modeling, analysis and understanding of 
existing examples of Simplexity, Morphological Computation and Sentience found in 
nature, and applying those principles to designing unprecedented artificial machines. 
The tasks composing the RTD-A8 work packages will touch and address specifically 
the three pillars as shown in Figure 5.

state of the art

A reasonably new paradigm, stemming from modeling and system theory for 
robotics, is the port-based modeling paradigm. In the 1950’s Henry M. Paynter 
(Paynter, 1960) introduced a domain independent powerful notation called bond 
graphs, which primarily expresses the energy topology abstracting from the physical 
interconnection topology. More information can be found in (Karnopp et al., 1990). The 
lack of a sound system theoretical basis has been filled for the first time in (Maschke 

et al., 1992) introducing an effective system theoretic description. Moreover, these 
developments allowed to model in a consistent way finite and infinite dimensional 
systems of different domains and as also brought new control paradigms (Stramigioli, 
2001; Duindam et al., 2009).
In RTD-A8, the port-based modeling paradigm will be used and extended. In 
particular, it will be investigated how its principles can be applied to neural models. 
Furthermore, while system topology and kinematics are already an intrinsic part of 
port-based models, insufficient design methods exists to shape these properties 
towards a desired behaviour. By developing such methods, RTD-A8 will investigate 
how mechanisms can be better designed, taking inspiration from nature. Finally, it will 
be investigated how complex model descriptions can be reduced to lower dimensions, 
preserving simplifications across interconnections, with the aim of arriving a tractable 
system descriptions for design and control purposes.

research roaDMaps

At year 3, we expect to achieve the following results:
• Understanding of biological principles of optimality, morphology and cognition 
• Integrated framework for studying and describing nature’s solutions

Figure 5: Key aspects of RTD-A8 (left) and their relationship with the Simplexity, Morphological Computation 
and Sentience Pillars.
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At year 10, the following results are foreseen:

• Integrated design methods for novel Robot Companions
• Novel control paradigms for complex integrated biomimetic systems
• Complete analysis of a full Robot Companion system

2.2.1.4    rtD - a9  •  sensori-Motor coorDination

obJectiVes

The core objectives of RTD-9 are: (i) to devise and develop a robust biomimetic 
control architecture implementing principles of layered design and exploiting 
sensorimotor primitives such as motor synergies; (ii) to develop efficient algorithms 
to predict the sensory consequences of action (sensorimotor contingencies) that 
will allow the construction of internal models, such as a body schema, and that can 
provide the sensorimotor grounding for sentience; (iii) to make advances in key areas 
of sensorimotor control that are critical for the development of RCCs including active 
sensing, dextrous manipulation, and agile locomotion; and (iv) to develop interfaces 
able to understand and interpret the movements of other agents, including humans, 
in order to support physical robot-human interaction and robot-robot and robot-
human task sharing.

state of the art

In nature, sensorimotor systems are not only sophisticated and robust but also jointly 
incorporate sensory and motor capacities at multiple levels of organisation (Prescott, 
Redgrave, & Gurney, 1999). In contrast, current robot technologies rely, for the most 
part, on a clear separation between sensors, actuators, control and supporting 
structures. Recently, control engineers, material scientists, and biologists have 
begun collaborating to develop biomimetic integrated systems—an approach that 
gives due emphasis to both the body and the brain and their interaction—and that 
holds great promise for building sentient and dextrous artificial systems (Dario et al., 
2008; Oddo, et al., 2011). These methods are also beginning to identify sensorimotor 
control architectures for orchestrating the behaviour of robots with a large number 
of redundant degrees of freedom such as the soft robots envisaged by RCC. Whilst 
many aspects of neurobiological control systems have already modeled and some 
realized in robot control systems (see, e.g. (Krichmar & Hiroaki Wagatsuma, 2011)), 
there are critical gaps in understanding, an ongoing need to merge insights from the 
different contributing disciplines and models, and to test hypotheses arising from 
these models in both biological and artificial systems. There is also a need to validate 
and verify the capacity of the resulting models for robust and safe real-time control. 
Robotics research has also begun to developed some ad-hoc strategies for human-
robot haptic interaction (e.g. (Marchal-Crespo & Reinkensmeyer, 2009)), however, 

haptic interaction with humans has yet to be treated in a systematic control theoretic 
way. This problem will be addressed in RTD-A9 in order to properly understand human 
physical interactions with robots. Figure 6 provides an example of how research in 
humans is guiding progress in robot control in this domain. 

research roaDMaps

At year 3, we expect to achieve the following results:

• Specification, distribution and initial evaluation of the RCC sensorimotor control 
architecture

• Specification, distribution and initial evaluation of control software for sensory 
control of action relating to foundation domains including active sensing, 
dextrous manipulation, and sensory regulation of locomotion

At year 10, the following results are foreseen:

• RCC prototypes will be equipped with fully-fledged integrated sensorimotor 
systems displaying desired behaviors integrated in a flexible and adaptive control 
system architecture

• RCCs will demonstrate grounded sentience through models of sensorimotor 
contingencies and body schema

• Sensorimotor control systems and control architecture will be validated against 
international standards for software reliability and system safety

Figure 6. Learning robot control strategies by studying human sensorimotor control in interaction 
tasks. Left: Proof of impedance control, the relation between state perturbation and force response, in 
humans (Burdet, Osu, Franklin, Milner, & Kawato, 2001). Centre: Theoretical understanding of muscle 
co-ordination learning (Franklin, et al., 2008). Right: Implementation of new strategy to learn optimal 
interaction control in robots (Yang, et al., 2011).
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2.2.1.5    rtD - a10  •  aDaptation

obJectiVes

The objective of the RTD-A10 module is to consider the adapting RC as a multimodal, 
multitasking, social individual in constant interaction with its physical environment 
and other social agents within context-dependent situations. Adaptation in RCs 
is based on the mechanisms of learning and development, based on the neural 
principles of learning in biological systems and the developmental phenomena 
in human beings. These objectives will be achieved along the following research 
axes: i) to investigate neural and high-level organisational principles of adaptation 
and learning at different timescales; ii) to provide a comprehensive understanding 
of neural learning mechanisms; iii) to design developmental robotics principles 
and mechanisms based on developmental learning phenomena; iv) to explore 
the mechanisms of scaffolding of low- to high-level functions in development 
and human users learning; v) to extend current biologically grounded machine 
learning methods, for various RC platforms; vi) to study and provide novel biological 
principles instructing how to interconnect different modules of RCs in a plastic (i.e. 
learning-based) and adaptive manner.

state of the art

Experimental data indicate how the visual system develops orientation selectivity 
of cells in the visual cortex by passively exposing it to repeated stimulus patterns 
(White et al. 2001). RCs should be able to construct object entities by integrating 
e.g. visual, haptic, auditory and olfactory information (Pennartz 2009), and generate 
knowledge about their own route and position in space by the integration of 
kinesthetic (self-motion) information with vestibular, visual and other sensory inputs 
(Derdikman and Moser 2010). The neural basis of the process of semanticization 
of episodic (single-shot) memory will be studied especially by examining 
hippocampal-parahippocampal-neocortical interactions (Tse et al. 2007; Battaglia 
and Pennartz 2011). RTD-A10 will go beyond the classical network models for the 
neurobiology of sensorimotor coupling (Sutton and Barto 1998; Yin and Knowlton 
2006). Concerning the development of intrinsic motivation, advanced statistical 
learning techniques dedicated to high-dimensional regression will be used, such 
as LWPR, Gaussian Processes or Support Vector Regression (Nguyen-Tuong and 
Peters, 2011; Sigaud et al., 2011). Finally, the developmental robotics principles 
will be focused on an integrative view of cognition where the robot develops in 
parallel, in a strictly intertwined way, perceptual, motor, linguistic and higher-order 
cognitive capabilities (Cangelosi et al. 2010). Such an approach is consistent with 
embodied cognition theories in experimental psychology (Pezzulo et al. 2011; 
Barsalou 2008) and neuroscience (Pulvermuller 2005; Fadiga et al. 2000), as well 
with developmental psychology theories on the role of embodiment (e.g. posture) 
in the early acquisition of conceptual and communication skills (Smith & Samuelson 

2010). This has led to new developmental robotics models of the acquisition of early 
words and actions (Figure 7) in humanoid robots through such embodied biases 
(Tikhanoff et al. 2011; Morse et al. 2010a) like the epigenetic robotic architecture 
(ERA) proposed by Morse et al. (2011b).

research roaDMaps

At year 3, we expect to achieve the following results:

• Identification of core principles of learning and development underlying effective 
adaptation with respect to physical environment, and their translation to RCC 
engineering principles

At year 10, the following results are foreseen:

• Design of adaptation, learning and development principles to the various 
RCC platforms enabling them to navigate throughout the human body for the 
HealthCompanion (RTD-A16)

Figure 7: Developmental robotics approaches to RC learning and adaptation whereby robots learn 
motor skills through kinaesthetic imitation in a child-like developmental manner. 
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• to learn to navigate in complex external environments and to communicate with 
humans during their mission in small-animal like robots (ExploreCompanion, RTD-A17)

• to endow human-scale wearable robots (WearableCompanion, RTD-A18) with the 
capabilities of learning to predict the user intention based multimodal sensory 
information as well as the capabilities of fast adaptation and personalisation to 
the body of new users

• to endow human-scale assistive robots (WorkCompanion, RTD-A19) with sufficient 
adaptive skills ability to build knowledge structures to interact with patients in a 
personalized way

• to provide developmental and learning principles underlying the self-organizing 
emergence of sentient states for the UniversalCompanion (RTD-A20)

2.2.1.6    rtD - a11  •  phYsical instantiation of the rc nerVous sYsteM

obJectiVes

A number of grand challenges must be solved to develop a physical instantiation of 
the RC nervous system (brainware) with sufficient flexibility, scalability and energy 
efficiency to embody principles of simplexity and morphological computation 
required for high-level cognition and sentience. Two complementary focal points in 
the research agenda for RTD-A11 are essential for solving these:
Focus 1: Physical instantiation of the RC nervous system has its technological 
foundations in state of the art nano-CMOS and the Multifunctional Nanomaterials and 
Energy pillar. The Sentience pillar provides a well defined and grounded perspective, 
in bio-inspired active perception and cognition. The specific morphology of the 
physical computational structures are further constrained by the size, weight and 
availability of energy resources as exemplified in the five RC platforms. Consistent 
with the architecture for sentience, at the abstract level of description we take 
a net-centric view of information processing in the brain with the organisation of 
information processing that resembles the internet rather present day smartphones, 
computers or even state of the art neuromorphic engineered systems. At the center 
of the architecture are hierarchies of computational memories while at the periphery 
we have hierarchies of computational sensoria and actuators. 
Focus 2: Understanding how to deploy the necessary principles of self-organisation 
through development, embed prior structure, adaptation and learning to map from 
biology, configure and diagnose such complex dynamic network architectures as 
RC nervous system is a second grand challenge. Building a neuromorphic nervous 
system on the scale of ambition of RC requires us to consider fresh approaches to 
neuromorphic model construction, configuration and diagnostics through contact 
with biology. Thus, we will develop novel bio-hybrid architectures that interact with 

nervous systems directly to systematically observe, model, manipulate, actively 
probe and control their function by closing the stimulus-response loop in real-time. 
Through online closed-loop interaction with the nervous system, these bio-hybrid 
architectures will be used support the automatic extraction and configuration 
of multilevel descriptions from biological nervous systems mapped to the RC 
computational substrate, support testing of candidate RC neuromorphic models 
(in RTD-A12) in relationship to the nervous system and diagnostics of synthetic RC 
nervous systems.

state of the art

Thinking over the past decade towards neuromorphic systems engineering has 
been strongly influenced by traditional computer paradigms and architectures; that 
are the mainstay for the VLSI technology that have prohibited us from breakthroughs 
that go beyond the early sensory sub-systems. The problem with this approach is 
that while we have architectural frameworks and efficient methods to design and 
fabricate systems at the “chip” level, moving up to the “board” level and down at 
the “micro” system levels require synthesis approaches that are slow, expensive 
and not necessarily suitable for the morphological architectures and sentience 
processing in RCs.
Current approaches to building neuromorphic models as required by RCC, usually 
proceed by a time intensive and largely ad hoc process of selecting a target 
biological system with some known function, running various experiments on the 
biology to build a mathematical description which incorporates known biological 
mechanisms and finally testing the model in terms of reproducing or predicting the 
behaviour of the biological system in different operating conditions (see Webb, 
2006 for description). The trend towards automatic science where experimental 
design is done algorithmically is gaining significant momentum as a more efficient, 
cost-effective and less error prone approach to science, particularly in the field of 
genomics (King et al., 2004) where it has been pioneered.

research roaDMaps

At year 3, we expect to achieve the following results:

• Focus 1: Designs and construction of 1st generation bioflex backplanes and 
three-dimensional CMOS (3D-CMOS) programmable and reconfigurable arrays

• Focus 2: Construction of new theoretical frameworks for bio-hybrid interfaces 
that make use of three components: active stimulation strategies to probe the 
biological dynamics (stimulus explorer), task performance measures that capture 
how to quantify the current performance of the biological system with respect to 
the specific task and an internal representation

49
48



At year 10, the following results are foreseen:

• Focus 1: Demonstration of full-fledged functionality of modular brain-like 
computing architectures incorporating fully licensable IP cores for RC brainware 
that is computational memories and computational sensoria available through 
standard industrial vendors

• Focus 1: Large scale computational hybrid organic interposers and bio-flex rolls 
available through standard manufacturing channels

• Focus 2: Bio-hybrid architectures and their neuromorphic (synthetic) equivalents 
will be delivered for testing on RCC hardware for validation in complex and 
realistic environments and specific scenarios

2.2.1.7    rtD - a12  •  neuronal basis of siMpleXitY,  
                            MorpholoGical coMputation anD sentience

obJectiVes

RTD-A12 will study the neuronal underpinnings of simplexity, morphological 
computation and sentience. We will provide an understanding of the interactions 
between brain areas that ensure that the neuronal activity is coordinated across 
brain structures. (1) The interactions between cortical areas will inspire new 
architectures for robot control. (2) We will achieve a deeper understanding of how 
the brain synthesizes objects from the distributed representations of features as an 
interaction between different brain areas and the role of selection processes such 
as (object-based) attention. (3) We will describe the interactions between sensory 
areas and motor areas for the co-selection of sensory features and action features 
of the same object. (4) We will provide a description of the role of mirror neurons 
in action/intention understanding and the maintenance of the self/other distinction. 
(5) We will describe how perceptual and motor functions emerge from coordinated 
activity in motor-sensory-motor loops. (6) We will describe how the brain wiring 
changes for an optimal interaction with the environment as a result of reinforcement 
learning and instruction e.g. through the observation of actions of others. (7) At the 
neurocomputational level we will describe the rules by which large populations of 
neurons collaborate to implement perceptual, emotional and cognitive functions 
and aim to derive the general coding principles that can work across many specific 
implementations.

state of the art

Many neuroscientists have specialized in one area of research. Here we propose 
a different approach by addressing the integrative aspects of neuronal information 
processing. How do neurons in different brain regions coordinate their activity? Active 
perception is based on a rich network of motor-sensory loops (Ahissar and Kleinfeld, 
2003). We will investigate how feedback connections allow sensory areas to focus 
attention on those aspects that matter for a task. These interactions permit powerful 
algorithms for information processing that cannot easily be accommodated by 
purely feedforward architectures (Roelfsema 2006). We will also study the role of the 
strong recurrence of connections, both at low and high levels of cortical processing, 
for the conscious perception of the sensory environment (Baars, 2002; Dehaene 
et al., 2003; Lamme, 2003). We wish to understand how the reciprocal interactions 
succeed in recruiting the right information at the right time, and in disseminating it 
to other brain regions. We will relate our findings to theories in robotics where the 
serial linking of different modules is suboptimal (Cisek and Kalaska 2010). These new 
architectures are expected to be more efficient enough in a real world with surprises 
that demand an active strategy to obtain sensory information and the continuous 
updating of plans and modification of actions through feedback control.
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research roaDMaps

At year 3, we expect to achieve the following results:

• Study of the function of long-range connections. We wish to understand how 
neuronal activity is coordinated across areas of sensory cortex, association 
cortex and motor cortex

• Modeling approaches to describe the role of feedforward and feedback 
connections in cortical processing

At year 10, the following results are foreseen:

• Understanding essential aspects of the brain’s computational architecture
	 in order to bring the neuroscience research results to the robotics platforms
• Implementation of the newly developed algorithms for perceptual
	 organisation, sensorimotor coordination on the robotics platforms that
	 have to act in the real world with unanticipated events

2.2.1.8  rtD a13  •   psYcholoGical core processes

obJectiVes

We need to determine an architecture which allows scaffolding of knowledge on 
earlier knowledge, and in which morphology of the agent and its possible evolution of 
time, can, as is the case in human babies, help the establishment of robust conceptual 
frameworks. A key aspect of this project will be to investigate mechanisms of dynamic 
integration across processing modules. We will ask what fundamental objective 
functions brains realize to acquire complex perception-action loops, involving 
perceptual organisation, multisensory integration and sensorimotor coupling. At a 
higher level, we need to determine how affordances, mirror mechanisms and social 
perception can emerge from the brain’s learning of sensorimotor contingencies. 
Emotions are powerful control systems that through appraisal, map interpreted 
perceptual states of self and world into potential action states. Understanding how 
appraisal systems combine with systems for action will lead to a clarification of 
the relation between sensory inputs, perception and appraisal, and the processes 
of action tendency generation, decision making, higher-level planning, and action 
selection. Closely related to this will also be the issues of anticipation and prediction.
The work will aim at obtaining (1) robust and scalable models for the generation of 
goal-directed behaviour in the presence of variable morphologies of actuators and 
sensors; (2) robust and scalable algorithms for learning those models, and (3) robust 
and scalable models for the generation and recognition of action in the presence of 
other intentional agents pursuing their own goals.

state of the art

Perception, affect, cognition and action have been corner stones of research in 
psychology and neuroscience. However, these core psychological features have usually 
been considered to be isolated components that are realized on the basis of strong 
assumptions on their boundary conditions. Moreover, in these models perception and 
cognition do not depend on action but are rather separate modules, each solving a 
specific problem. An appropriate understanding of the brain networks and algorithms 
that provide the basis for sentience is still lacking. A key line of innovation in this project 
will be to consider actions and the resulting changes in sensory stimulation not as 
separate, interacting processes, but rather as single integrated entities.

research roaDMaps

At year 3, we expect to achieve the following results:

• Study of basic sensorimotor contingencies involved in psychological core 
completed
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Figure 9: Neuronal systems are often investigated in a fragmentary manner, with different research groups 
specializing in different systems. This works best if the structure of the system is modular where every 
module has a well defined set of inputs and outputs. The brain is a highly reciprocal, hetrarchical system 
that is not easily decomposed into modules. Moreover, there is an important loop through the environment 
that is called embodiment.

Figure 10: The interactive research methodology. 
Theories of internal architecture and neural 
algorithms are developed in neuroscience and 
evaluated in the real world on robotic platforms.



• First generation of computational models implemented and validated in 
sensorimotor task scenarios

• Detection, processing and action selection in sensorimotor tasks

At year 10, the following results are foreseen:

• Studies on high-level mechanisms of psychological core and next generation 
of computational models implemented and validated in task scenarios involving 
interaction in social environments; detection, processing and action selection in 
multi-agent tasks

2.2.1.9  rtD-a14  •  interaction anD coMMunication

obJectiVes

RCs have to smoothly interact, cooperate and communicate with humans and other 
RCs. RTD-A14 will enable these capabilities, pursuing the following objectives: (i) 
advancement of our understanding of human-human interaction and social cognition 
in order to deploy robots that can interact and communicate with us as if they were 
humans (ii) implementation of an ‘Interaction Engine’ that allow the robots to understand 
the communicative intention of human; (iii) establishment of a common ground 
that provides the basis to smoothly interact; (iv) development of predictive models 
to ensure a real-time physical and social interaction for Co-operation. Evolutionary 
pressures have shaped the human brain to include socially-oriented mechanisms of 
perception, attention, intention recognition (a ‘social-brain’), which form the scaffold of 
the advanced abilities for interaction, joint action, and communication.

state of the art

With respect to interaction and communication, the areas of interest include object 
manipulation, language and communication, cognition, balanced movement, and 
cooperative interaction. The current state of the art is, in many cases, mature but in 
an un-integrated state. Pioneering work on human-human interaction (Clark 2005; 
Tannenhas 1995; Pickering 2004) has provided a baseline characterisation of the 
coordinating actions that allow humans to organize and structure their cooperation 
and communication. For example, gaze is particularly relevant in interaction and 
communication (Hanna 2007; Neider 2010). More recent approaches have begun 
to identify the neural mechanisms of fundamental elements such as; gaze control 
(Calder 2007) and cooperative interaction (Noordzij 2010). Furthermore, the results 
of these functional characterisations of interaction and communication will contribute 
to the elaboration of more realistic communicative robotic systems (Boucher 2012; 
Sciutti 2012).
In order to improve human-human interaction, RTD-A14 will significantly advance 
the state of the art in understanding human interaction and communication through 
the development of the “interaction engine” exploiting advanced methods of motion 
capture and cognitive neuroscience.

research roaDMaps

At year 3, we expect to achieve the following results:

• Baseline interactive system: basic intentional agent, representation of self and 
other’s intention which includes spoken language interaction, gesture, gaze

• Perspective taking: shared intentional planning, reasoning
• Development and test of a first version of the “Embodied Turing Test”

At year 10, the following results are foreseen:

• Final robot system integrated into RCC platform
• Development and test of final version of the “Embodied Turing Test”
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2.2.1.10  rtD-a15  •  huMan rc co-eXistence, ethics, laW

obJectiVes

The realization of Robot Companions (RCs) will lead to profound modifications of our 
society, and ultimately will lead to a new form of society: a Hybrid Society of Humans 
and Robots. We need to create a high-level synthesis of knowledge and expertise 
from a range of disciplines to understand such a Hybrid Society, and the substantial 
societal impact RCs will have in terms of new welfare, new forms of social relations and 
interactions, as well as new market opportunities. This RTD concerns the assessment 
of what impact RC’s have on society at an individual, group and societal level through 
an experimental hybrid socio-psychological, ethics and law (HSEL) method. In order to 
realize this we will facilitate early phase living labs throughout Europe for trial testing 
and longer term larger scale RC deployment to study the impact of RC’s on people’s 
way of life and attitudes. We will explore novel scientific methods and instruments 
where the RC’s are not only the object of study but are outfitted with social detection 
and action capability to become an active research instrument. We will explore 
innovative designs inspired by art and conceived by the creative industry to explore 
acceptance desirability of RC products. Finally we will investigate and create the legal 
and normative frameworks required to support the human robot hybrid society and 
contributing to societal acceptance. 

state of the art

This research is based on three antecedents that give hints on how to design such 
a technological infrastructure to support everyday life. The work on social robotics 
(Fong et al., 2003). (2) The work on moral accountability (Kahn, 2012). And (3) the 
work on technology acceptance (Venkatesh and Davis, 2000).
Social sciences and humanities in general suffer from the difficulty of performing 
large-scale experiments and acquiring experimental data that would be needed to test 
their theories. While the study of individuals (e.g., in psychology and neuroscience) 
can tap from a wide source of experimental methods and quantitative measures, the 
experimental study of collective and social phenomena usually reduces to simple 
interactions between few individuals, or trivial, crowd-like behaviors using strongly 
reduced models. These approaches do not necessarily generalize to the complex 
and multifaceted dynamics of human societies and cultures. Indeed, social sciences 
are notoriously plagued by many difficulties: (i) they cannot usually study the 
emergence of social phenomena (because they take place at very long timescales); 
(ii) they cannot usually manipulate experimental variables, which could be either 
unique or non-manipulable for ethical reasons (for this reason, observational studies 
are frequent); (iii) they cannot usually perform large-scale experiments (because of 
their difficulty). All these elements severely impair the progress of social sciences 
while this insight is required in order to guide the deployment of RCCs in society. 
The same holds for ethics and law that are often in the role of reacting to societal 

change as opposed to proactively shaping them. Pro actively dealing with these will 
contribute to the acceptance of RCC in society. When RCCs are to be deployed in 
society in our personal and in public spaces, their acts will have a strong impact that 
will challenge the current legal and normative framework. Identifying these issues and 
exploring the available solutions at an early stage is imperative for the acceptance of 
the introduction of RCC in society. The legal normative frameworks developed in RTD 
A15 aims at finding a justified balance between the different (individual and societal) 
interests at stake by examining and revealing the ways in which law can stimulate the 
innovation and market introduction of RCCs, whilst protecting general interest such 
as free competition, consumer protection and human rights.

The outcome of this process will be twofold:

• The new science of experimental sociology will provide understanding of how 
human society changes as an effect of introduction of sophisticated technologies 
and Robot Companions, towards a hybrid society. This will provide knowledge on 
how to manage and steer useful societal changes, how to design good policies 
to increase human welfare, how to design good infrastructures for human-human, 
robot-robot, and human-robot interaction and communication.

• Social scientists and the humanities will benefit from the study of Hybrid Societies 
in which RCs can be used not just as object of study but as a scientific instrument, 
which will represent a true breakthrough in the methodology of the humanities, 
making them more comparable to the physical sciences for the amount and 
quality of methodologies and quantitative data.

Figure 12: Example of creative designs for RCs
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research roaDMaps

At year 3, we expect to achieve the following results:

• First order hybrid society environment realized with emphasis on social interaction 
and acceptance of RCs (Prepared network of distributed living lab environment 
for studying societal change and social acceptance for ongoing Flagship effort). 

• Guidelines for a legal and normative framework of liability and legal capacity 
and of intellectual property rights & sustainable innovation, incl. Whitepaper on 
ethical and legal regulations to support the deployment of RCs in society. 

• Principled understanding of robot roles, personalities and social behaviours on 
acceptance and attitudes and of medium to long-term effects of RCs on societal 
change and public perception

At year 10, the following results are foreseen:

• Third order hybrid society system realized with emphasis on interaction and 
manipulation in social world including humans and RCs (RCs have been taken up 
by people in Europe for general use)

• Contribution to regulatory framework for the deployment of RCs in Society 
approved by European and National public authorities 

• Guidelines for Robot social behaviour towards individuals and groups in relevant 
contexts of use established for optimal acceptability and mid term effects on 
societal change evaluated and longer-term effects assessed

2.2.2    the rcc platforMs

2.2.2.1   rtD - a16  •  healthcoMpanion

obJectiVes

The Robot Companion for Healthcare (i.e., HealthCompanion) will develop a class 
of intracorporeal robots for medical intervention, medical diagnosis or organ repair, 
substitution and functional regeneration.
The realization of HealthCompanion robots will allow a targeted action that can be 
conceived in different manners: (i) targeted drug delivery; (ii) cancer therapy; (iii) 
stem cells-based therapy; (iv) delicate removal or ablation; (v) substitution of key 
physiological functions.

state of the art

In terms of HW and SW architectures and components, to scale down a medical robot 
until reaching the scale necessary for microsurgery, targeted therapy or implantation, 
several novel technological solutions will be needed. In traditional robotics, different 
aspects of robot design, such as kinematics, power and control are compartmentalized. 
It is unlikely that miniature devices carrying small electrical motors and batteries can 
be effectively scaled to sub-millimeter sizes. In the design of wireless microrobots, 
fabrication is fundamentally limited by scaling issues, and power and control are often 
inextricably linked. This necessarily brings to take a different perspective on microrobot 
design (Nelson 2010).
Most state-of-the-art in the field is focused onto miniature devices and simple robotic 
systems for targeting the vascular district, the urinary tract, the central nervous system, 
the ear and the eye; for all the different districts, ad hoc solutions are under development. 
There are some common research lines, e.g. as regards autonomous propulsion of 
wireless communications, but no general strategies have been identified. Over the last 
years, cell-based carriers and therapeutic stem cells have been also suggested as 
possible vehicles for therapeutic compounds or for fostering functional regeneration, 
but several research efforts are still needed in order to achieve such objectives.

research roaDMaps

At year 3, we expect to achieve the following results:

• Development of a medical robot showing a size of few mm and powered with 
about 150 mW. actuated by means of dielectric elastomers, conductive polymers 
and piezoelectrics
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Figure 13: Schematic overview of influential related theories in the domain Society, Ethics and Law. See 
text for further explanation.



• Development of artificial robotic urinary sphincter capable to adapt to patient’s 
physiological requirements

• Assessment of effectiveness and safety of the conceived therapies through 
animal trials

At year 10, the following results are foreseen:

• Development of the final HealthCompanion robot that will show a size ranging 
between 10 µm and 250 µm, powered with about 50 mW and fully constituted by 
novel smart materials

• Development of imager-compatible locomotion and control design (using fluid 
mechanics models) and real-time automatic pathology localization from imager-
compatible physiological sensing

• Development of at least one complex artificial organ (e.g. the artificial kidney)

2.2.2.2    rtD - a17  •  eXplorecoMpanion

obJectiVes

The goal of the ExploreCompanion RTD-A17 is to develop a heterogeneous team of robots 
with multi-modal locomotion capabilities for exploration, rescue, environment maintenance 
and monitoring. These outdoor robots will become the “best friends” of mankind in case of 
catastrophic pollution spills, floods, avalanches, earthquakes, or other catastrophes.
The ExploreCompanion will demonstrate how the development of various multimodal 
locomotion and sensing capabilities can be derived from unified principles of 
Simplexity and Morphological Computation and how it results in robust and adaptive 
mechanical design and control. It will demonstrate how Sentience and tight 
collaboration between robot team members can lead to a kind of group-Sentience 
for collectively solving exploration missions. The robot team should also be able to 
interact with a human operator and allow human-in-the-loop operation.

state of the art

So far several robots for exploration have been deployed in different scenarios. 
Opportunity and Big Dog are two examples of robots that rise the bar of robotics 
because they can cope with extreme environmental conditions and rough terrains.
Despite recent remarkable achievements, current robotics system are still limited by: 
a reduced energetic autonomy; a limited adaptability to different environments; a 
lack of research on cooperative strategies and on the use of heterogeneous teams 
of robots (that involve physical contact between members for transportation and 
energy transfer), as well as too few approaches that allow proper inclusion of human 
operators in the control loop.

research roaDMaps

At year 3, we expect to achieve the following results:

• Development of an heterogeneous team of flying, walking, swimming, and 
burrowing robots for environmental monitoring (Figure 14)

At year 10, the following results are foreseen:

• Development of the multi-modal locomotion grounded on Simplexity
• Development of advanced control architectures with fast reflexes to cope with
        rapidly changing environments
• Development of the Sentient ExploreCompanion demonstrating “active” 
        exploration capabilities, being able to perceive and adapt to 
 various environments, and interacting with humans in search-and-rescue
 scenarios (Figure 15).

Figure 14: Illustration of a heterogeneous robotic team capable of multimodal locomotion, resulting at year 
3 from early platforms already available to RCC.
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2.2.2.3     rtD - a18  •  WearablecoMpanion
 

obJectiVes

The goal of the WearableCompanion RTD-A18 is to develop radically new types of 
human-scale wearable robots for 1) augmentation or replacing human performance 
in private and work environments 2) rehabilitation of impaired function through 
coaching and training of human motor skills, e.g. in the rehabilitation of arm and/
or hand functionality or gait after stroke and 3) for telepresence and kinesthetic 
interfaces. The next generation of WearableCompanions will be robots with human-like 
body for dual use: 1) powered exoskeletons for augmentation of human capabilities 
in everyday use and 2) autonomous robots able to perceive, predict, act and interact 
with humans in 24/7 manner.
The WearableCompanion will validate scientific and design principles, as well as 
technologies, architectures, components and subsystems derived from all RTD-
As at the human scale. The WearableCompanion will demonstrate how principles 
of Simplexity, Morphological Computation and Sentience can be applied for the 
development of structures that comply and adapt to the user’s morphology and how 
new fabrication technologies can be used to develop high performant, light weight 
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Figure 15: Illustration of use-cases of the ExploreCompanion Platforms at year 10 and beyond.

and energy efficient actuators and advanced sensing technologies for multimodal 
and personalized interaction and communication as well as for prediction of humans’ 
intention. The WearableCompanion will pursue the development of hardware and 
software bio-robotics technologies with human-like morphologies enabling an 
effective human-robot symbiosis.

state of the art

In recent years, extensive research efforts have been dedicated to the area of 
exoskeletons for support of walking in Japan, US and Europe. The US focus has 
been mainly military, to augment walking functions of soldiers, with a secondary 
interest to make people who lost their walking ability walk again, using the same or 
similar as the military hardware. In European R&D emphasis has been on training 
in neurorehabilitation, and in Japan mainly on general human augmentation. This 
division is schematic and examples can be found that fall outside of this geographical 
division.
The supposedly most advanced or best documented exoskeletons at this point in 
time are:

• Hercule (Military, CEA List/R3BD, France);
• LOPES (Rehabilitation Training, University of Twente, The Netherlands);
• Lokomat (Rehabilitation Training, Hocoma, Switzerland).
• HAL (General Augmentation, Cyberdyne, Japan);
• BLEEX, HULC, eLegs (Military + Rehabilitation, UC Berkely/Berkeley 
        Bionics/Ekso, USA)
• XOS (Military, Raython, USA)
• ReWalk (Rehabilitation, Argo Medical Technologies, Israel);
• REX (Rehabilitation, Rex Bionics, New Zeland)

research roaDMaps

At year 3, we expect to achieve the following results:

• Development of partial and full limb (arm, leg, hand) WearableCompanions with 
focus on augmentation of physical capabilities of healthy persons

• Models for prediction of users’ intention in the context of tightly coupled 
interaction between WearableCompanions and users

• Shared control architectures



At year 10, the following results are foreseen:

• Development of scalable full-body WearableCompanions 
for augmentation of physical capabilities of frail or 
disable persons and/or replacement of body parts

• WearableCompanions for dual use and dual function: 
1) powered exoskeletons for augmentation of human 
capabilities in everyday use and 2) autonomous robots 
able to perceive, predict, act and interact with humans 
in 24/7 manner.
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Figure 17: Illustration of a use-case of the WearableCompanion Platforms 
at year 10 and beyond.

Figure 16: The WearableCompanion Platform will be of dual use: wearable assistive partial or whole body 
device and an autonomous humanoid robot which can perceive, predict, act and interact with humans 
in 24/7 manner. A disable person would use such system instead of a wheelchair to move around, go 
shopping and play sport and the same system will act as a autonomous robot which clean the apartment, 
prepare food, lay the table, load the dishwasher and clean the apartment (Asfour et al., 2012, unpublished). 

2.2.2.4    rtD - a19  •  WorKcoMpanion

obJectiVes

We anticipate the employing new soft materials and new novel actuators in the 
construction of RCC Collaborators. The software architecture of the RCC Collaborator 
will be unified by principles that enhance the growing capabilities of these robots 
in everyday lives. Objectives: understanding and implementing in the robots new 
social rules which will control the behaviour of the robots when they collaborate 
with humans, animals and plants and with the environment; designing new ways and 
techniques for cooperative work among robots and humans; designing new shared 
mental models which will able to model the collective behaviour, to take decisions 
from collective inputs or to learn using information coming from several agents; 
understanding and developing new physical systems that use hard or soft tight links 
among the collaborator agents to perform a task; designing new communication 
systems that can be share and interpreted by the heterogeneous agents; analysing 
new rules or laws that take into account that the robots will share activities and space 
with humans. 

state of the art

The advancements in workplace robotics have recently taken a critical turn, with the 
developments of robotic assistive helper for workers in Japan (Honda1 and Toyota2) 
and the newly founded company Heartland Robotics3, specifically with the ambition to 
empower American workers. Examples of Robot Companion Coworker in urban areas 
has already been investigated in the URUS4 (Ubiquitous Networking Robotics in Urban 
Sites), and FP6 European project, for transporting people. An especially attractive 
model for human-centric skill teaching is coaching (Riley et. al. 2006), as it offers a 
number of time-tested formalisms found in human skill acquisition that transfer nicely 
to the humanoid domain, bringing efficiency and familiarity to the teaching process.

research roaDMaps

At year 3, we expect to achieve the following results:
• Human robot communication and decision making models
• Physical human robot interaction
• Networked robot systems

1  http://corporate.honda.com/innovation/walk-assist/
2  http://www.toyota-global.com/innovation/partner_robot/family_2.html#h201
3  http://heartlandrobotics.com/
4 http://www.urus.upc.es



At year 10, the following results are foreseen:

• Theory of mind techniques to model human behaviour
• Human intention models
• Collaborative decision models, reasoning, short and long term learning and 

perception

2.2.2.5  rtD - a20  •  uniVersalcoMpanion

obJectiVes

RTD-A20 will design and realize a common platform for research following the scientific 
principles of the five pillars and in accordance with the technological development of 
the RTD-As. In particular, we aim at the preparation of the infrastructure where the FET 
Flagship RCC’s research can thrive being liberated from the more mundane problems 
of engineering and maintenance of a mechatronic, control, computational and software 
infrastructure. These are all areas where RTD-A20 will exercise its influence.
The universal companion will be such integrated platform. It will include the 
principle of simplexity by incorporating efficient controllers for the complexity of a 
full humanoid body subject to realistic (and real-time) interaction with the environment. 
The Universal Companion will include the principles of morphological computation 
by exploiting the body’s intrinsic dynamics in favouring stable and safe interactions. 
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Figure 18: Illustration of a use-case of the WorkCompanion Platforms at year 10 and beyond.

It will implement sentience by sporting a complete and integrated artificial brain. It 
will use new materials and exploit the fabrication techniques developed by the 
corresponding pillar to build a new type of robotic body. Finally, it will make provisions 
to respect the guidelines and users studies to make the robot socially acceptable.

state of the art

RTD-A20 will advance the state of the art in several areas through the integration of 
results and engineering of technologies developed in the FET Flagship RCC at large.

Mechatronics: mechatronics design revolves around a few consolidated 
technologies of industrial derivation: electric and hydraulic actuation with appropriate 
control electronics. Sensors are typically of automotive derivation (inertial, cameras, 
pressure, force, etc.) and variations are difficult to implement. We will change the state 
of affair by relying on new actuation technology and associated controllers mixing 
the state of the art with new fabrication and material science discoveries. Concrete 
progress is expected in the design of a new “compliant” robot with the features of 
gracefulness yet resilience, dependability and high-end dynamical performance. 
Special design tools will be created.

control architecture: new control structures in hardware & software will be 
integrated into the Universal Companion. These will represent a clear point of 
departure. The Universal Companion will have dedicated control architectures 
targeted at providing for example distributed dynamics computation, distributed 
kinematics, local processing and noise reduction, and special sensors for vision and 
touch. These are not available in the current state of the art.

computation: existing computation for robotics relies either on embedded devices 
or general purpose microprocessors connected through standard network and 
networking devices. There is normally little access to supercomputers as well as 
difficulty in using larger computational resources because of real-time constraints. 
We will make progress by providing new computational units with a combination of 
low-power, multi-core and fast specialized networking capabilities. We foresee the 
combination of computational devices consisting of a standard microprocessor 
cores and GPUs with low Watt per operation.

software: the state of the art in robotic software engineering proposes the use 
of component based development. Many systems exist in the community but a 
serious standardization and validation process is seldom promoted. We will bring 
the community together and distil the best practice from the existing thus providing 
concrete progress for the community. This will happen through the creation of a tool-
chain for robot software development and interfaces to the new powerful hardware 
of the Universal Companion.



software architecture: current control systems are typically static in their ability to 
deploy computational or hardware resources. The structure of the system itself does 
not easily give access introspectively to its internal structure. Our progress in this 
area will bring forward the ability to design architectures that dynamically and at run-
time allocate computational or bodily resources in order to improve the autonomy 
of the robot. This will happen seamlessly guaranteeing the overall functioning of the 
system at all times while additional computation and connectivity is brought online 
with reasonable delays.

research roaDMaps

At year 3, we expect to achieve the following results:

• Requirement, specification analysis and initial design of the Universal Companion 
version 1.0

• A new concept for embedded control tailored to a flexible and compliant robot

• Setup of a computing platform with an exascale consistent roadmap, based on the 
customized utilization of mixed chips, as e.g. GPUs and standard cores

Figure 19: Overview of advanced humanoids developed so far.

• Preparation of the standard tool-chain for software development, documentation 
and other software-related standards

At year 10, the following results are foreseen:

• Completion of the Universal Companion 2.0 using the best of the development of 
the FET Flagship RCC. This will be a complete new concept in robotic design

• New technologies such as neuromorphic controllers are integrated leading to 
exceptional computational capabilities, power efficiency and controllers that can 
self-calibrate and learn

• Miniaturization, lowering of power consumption per cycle, and implementation of 
specialized chips with non-conventional computation modes

• Meta-control reflective architecture implemented for increased resilience and 
software adaptability

Figure 20: Illustration of a use-case of the UniversalCompanion Platforms at year 10 and beyond
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Section 3

iMpleMentation



3.1     GoVernance anD scientific leaDership
 
3.1.1 GoVernance structure

The initial stage of the RCC Flagship will be stipulated by current instrumentation 
under FP7, as a CP-CSA1. Therefore, the initial ramp-up stages of the RCC Flagship can 
be based on standard consortium agreement2. However, due to the magnitude and 
scale of the flagship, we opt to implement a “reinforced” consortium model for the 
first stage of the RCC Flagship that will utilise additional contractual agreements for 
specific critical tasks/actions, thus reinforcing the commitments of the consortium. 
This model helps strengthening the consortium, while enabling it to work immediately.

Figure 21: An integrated governance structure for RCC.

Figure 21 describes a proposal for an integrated governance structure including 
high level control and decision-making bodies for the ramp-up phase of the Flagship. 
The proposal foresees a “united” Advisory Board, and a “united” Executive Board 
consisting of the two Executive Boards for each instrument. The governance functions 
are “mirrored”, on the left for the CP-CSA, and on the right for the ERA-NET-Plus.
The Scientific Coordinator and Chief Executive Officer will manage both projects in 

1  Collaborative Projects and Coordination and Support Actions (CP-CSA).
2  Before the beginning of the project, all partners will agree upon the terms of a Consortium Agreement, whose specifications must be 
in line with the interests of the Commission as well as with applicable competition rules. The RCC consortium will use the DESCA model (http://
www.descafp7.eu/) as basis for the consortium agreement. This will define in detail the rights and obligations of the partners with respect to the 
implementation of the project. More specifically, it shall lay down the basis for specifying technical provisions (e.g. tasks of each partner, changes to 
project schedules, etc.), managerial provisions, financial provisions (e.g. financial plans and changes to them) and provisions regarding intellectual 
property rights (IPR), their dissemination and use.

personal union, in order to guarantee strong and consistent leadership for the entire 
Flagship course. Boards, leaders, and responsibilities will evolve into the later Flagship 
Governance. Table 1 describes the roles, responsibilities, competences of the different 
bodies in the governance of RCC and outlines the relationships between them.

Body/function ResponsiBility competences memBeRship
CP-CSA and 
ERA-NET+ Steering 
Boards

Boards steer respectively the Flagship CP-CSA 
and ERA-NET+. Members supervise implemen-
tation of Flagship Roadmap/workplan, and col-
laborate on its updates.

Principal decision making bodies. 
Officially decide all issues above criti-
cal threshold, in particular regarding 
changes in the workplan and budget. 
Co-approve the workplan updates 
with Executive Advisory Board.

All CP-CSA/ERA-NET+ consortium mem-
bers. Scientific Coordinator. Chief Execu-
tive Officer.

CP-CSA and 
ERA-NET+ 
Executive Boards

Operational control and monitoring of working 
processes within CP-CSA or ERA-NET+. Detect 
deviations, develop remedial activities. Support 
and foster collaboration and integration between 
research nodes and areas.

Take and implement decisions below 
critical threshold in collaboration with 
mgt. services (see below). Prepare 
decisions for Steering Boards above 
critical threshold.

CP-CSA Research Area Leaders. Mem-
bership for ERA-NET+ to be defined. 
Scientific Coordinator. Chief Executive 
Officer.

Joint Coordination 
Board

Monitors, coordinates and controls CP-CSA and 
ERA-Net+ transversal working and integration 
processes. Prepares drafts for Roadmap/work-
plan updates.

Coordinates activities between ERA-
Net+ and CP-CSA, takes non-critical 
decisions. Prepares critical decisions 
for steering boards.

Members of both Executive Boards con-
vene to form the JBC.

Joint Executive Ad-
visory Board (JEAB)

Assesses and reviews in a transparent proce-
dure the progress made and results achieved. In 
particular it will give recommendations regard-
ing the regular updates of the Flagship Roadmap 
and workplan. The main objective of the JEAB 
is to guarantee that the interests of the principal 
stakeholders of the Flagship (science, society/
user groups, political stakeholders, industry) are 
reflected in the Flagship workplan and roadmap. 
A sub-group of the JEAB will form the Ethical 
Governance and Open Science Advisory Board.

In an iterative process the JEAB will as-
sess the drafts of the workplan updates 
(at least once a year) prepared by the 
Steering and Joint Coordination Board. 
Requests for amendment will be com-
municated in a written form. The re-
sponsible CP-CSA and ERA-Net+ boards 
will have to implement the requests or 
give written justification for their rejec-
tion. The advisory board will also have 
general oversight of the implementation 
of the Ethics and Open Science strate-
gies of the project (see deliverable 2.4).

Independent representatives of principal 
stakeholder groups: science, political 
stakeholders, industry, user groups/
society. Independent experts in ethical 
governance and open science. They con-
vene in corresponding committees and 
conclude with joint plenary sessions. 

Scientific 
Coordinator

Oversees, monitors and coordinates RTD pro-
cesses in the CP-CSA and ERA-NET+ as joint 
coordinator

Prepares decisions of the boards, 
points out critical issues and deviations 
and takes remedial actions. Directs a 
unit of RTD managers that assist him in 
his work (see below). Full voting mem-
ber in Steering, Executive and Joint 
Coordination Boards)

Senior principal investigator, representa-
tive of Flagship consortium partner.

Chief Executive 
Officer

Oversees, monitors and manages all non-sci-
entific activities and processes in the Flagship, 
like finances, reporting, communication, use of 
knowledge, legal affairs, etc.

Prepares decisions of the boards, 
points out critical issues and devia-
tions and takes remedial actions. Di-
rects a unit of executive managers 
that assist him/her in his/her work 
(see below). Is full voting member in 
Steering, Executive and Joint Coordi-
nation Boards).

Experienced senior manager, represen-
tative of Flagship consortium partner, 
possibly an independent management 
service organisation or company

Scientific 
Management

Managers with scientific background assisting 
the scientific coordinator. Will also prepare and 
handle possible call for proposals in the ERA-
NET+ or CP-CSA.

General 
Management

Management specialists assisting the CEO in 
his work
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Table 1. Roles, responsibilities, competences of the different bodes in the RCC Flagship governance.



3.1.2 scientific leaDership

To ensure scientific leadership, the following criteria were derived to guarantee 
transparency and fairness of the selection process of leaders and co-leaders of 
the RTD-Activities implemented in the CP-CSA project during the ramp-up phase in 
FP7. Proposals for RCC leaders and co-leaders were required to show a strong link 
between the individual candidate node and the S&T priorities of the RCC Roadmap, 
scientific excellence and, last but not least, a strong support by national funding 
organisations and the host organisations of the node candidates.
As this selection process is based on scientific background that closely tied to the 
road-map agenda set out in Section 2, RTD-A leaders and co-leaders were elected 
based on these selection criteria. The appointed leaders and co-leaders immediately 
started to serve, however the list is still growing (with newly appointed co-leaders and 
partners), and it will be further expanded and finalized before the opening of the FET 
Flagship call. Although some criteria included quantitative metrics while others were 
grounded on subjective and qualitative considerations, the CA-RoboCom Executive 
Board truly believes such criteria to have the strongest consents in serving a large 
research community.

The 10 relevant criteria used to propose the list of leaders and co-leaders were:

1 S&T excellence (h-index and patents)

2 Undisputed ability to build or manage technologies and real robotic platforms

3 Access to co-financing

4 Ability to prepare and lead successful Future and Emerging Technologies
  proposals (FET track record) and commitment to the preparation of the 
 RCC proposal

5 Ability to work on RCC in the time frame defined

6 Ability to effectively coordinate large scale projects such as Integrated
 Projects (EC funding track record)

7 Having made positive contributions to CA-RoboCom activities 
 (consortium and working group activities)

8 Geographical balance

9 Balance of internal structure of the project

10 Ability to be active within the 10 year time frame of RCC 

3.2      eXpertise of inDiViDual participants 
     anD QualitY of core consortiuM as a Whole

Based on the framework of a joint S&T Roadmap, a highly interdisciplinary and 
geographically distributed network of research organisations will have to work 
together on a long-term basis in order to achieve the critical breakthroughs. Various 
fields of knowledge and expertise ranging from cognitive/neurosciences over 
mechatronics to social sciences will have to integrate within this structure and will 
have to explore new ways of jointly achieving common goals.
The Consortium as a whole has world-recognized expertise in domains such as: 
robotics and control automation (including biorobotics, neuro-robotics, medical 
robotics and field robotics), biology and neuroscience (physiology, neurophysiology, 
computational neuroscience and experimental psychology), materials sciences and 
micro/nano- technologies, energy, electronic systems and integrated circuits, VLSI 
architectures and neuromorphic computing, sociology, ethics and law.

3.2.1 rcc coorDinator

For coordinating a large-scale, complex initiative such as the RCC FET Flagship, it is 
needed a person with a peculiar profile. In particular, it is necessary that the scientific 
coordinator possesses: 

• an excellent scientific track record, as well as a clear S&T use-based, application-
oriented research vision;

• the proven capacity to lead large-scale international collaborative research projects 
and to pioneer cutting-edge high-risk-high-pay-off scientific research fields;

• the proven capacity to federate and build-up a multi-disciplinary community;

• the proven capacity to close the innovation loop by promoting the industrial 
exploitation of S&T results.

Based on the above criteria, and during the FET-F RoboCom Final Plenary and EB 
meetings, Prof. Paolo Dario (The BioRobotics Institute of Scuola Superiore Sant’Anna, 
Pisa, Italy & IIT@SSSA Center for Micro-Biorobotics, Pontedera, Italy) was unanimously 
elected as the scientific coordinator of the RCC Flagship initiative. 
Prof. paolo Dario received his Dr. Eng. Degree in Mechanical Engineering from the 
University of Pisa, Italy, in 1977. He is currently Full Professor of Biomedical Robotics 
and Director of The BioRobotics Institute of Scuola Superiore Sant’Anna (SSSA) in 
Pisa, where he leads a team of about 160 researchers (70 PhD students). He is and 
has been visiting Professor at prestigious universities in Italy and abroad, like Brown 
University, Ecole Polytechnique Federale de Lausanne (EPFL), Waseda University, 
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3.2.2 leaDers anD co-leaDers of rtD-as

Based on the Section Criteria outlined in Section 3.1.2 (Scientific Leadership), the following individual 

experts listed in Table 3 have been invited and have accepted to take on the roles as leaders/co-leaders in 

the 20 RTD-As. The profiles of the RTD-A leader/co-leaders is available on the Robot Companions web site1.

1  www.robotcompanions.eu/leadership 

University of Tokyo, Collège de France, Zheijang University. He was the founder of 
the ARTS (Advanced Robotics Technology and Systems) Lab and of the CRIM (Center 
for the Research in Microengineering) Lab of SSSA. In 2011, ARTS and CRIM Labs 
merged to give birth to The BioRobotics Institute. In 2010 he was also the founding 
coordinator of the Center of Micro-BioRobotics of IIT@SSSA. His main research 
interests are in the fields of biorobotics, medical robotics, micro/nanoengineering, 
neurorehabilitation, assistive robotics and technologies, service robotics, humanoid 
robotics, neuro-robotics, bionics and neural interfaces.
Prof. Paolo Dario and his team pioneered cutting-edge research areas such as: neuro-
robotics (FP6-IST-FET-IP NEUROBOTICS), artificial embodied intelligence (FP7-ICT-
FET-IP OCTOPUS, FP7-ICT-FET-STREP LAMPETRA), neural interfaces and bionics (FP7-
ICT-FET-STREP CLONS), bio-artificial sense of touch (FP6-NMP-STREP NANOBIOTACT 
and FP7-NMP-NANOBIOTOUCH), and less recently, hybrid bionic systems (FP5-IST-
FET-STREP CYBERHAND) and biologically inspired motor control algorithms (FP5-
IST-FET PALOMA). He has launched and is currently coordinating the Flagship Pilot 
Action CA-RoboCom, which is designing the proposal for the Flagship initiative Robot 
Companions for Citizens.
He has been the coordinator of more than 50 European projects (in the last 20 
years), he is the editor of two books on the subject of robotics, and the author of 
more than 550 scientific papers (more than 250 on ISI journals; h-index: 48, source 
Google Scholar). He has been and is Editor-in-Chief, Associate Editor and member 
of the Editorial Board of many international journals. He has been program chair 
and plenary invited speaker in many international conferences (including IEEE ICRA, 
IROS and EMBC). He has been also the General Chair of the 1st IEEE RAS/EMBS 
Conference on Biomedical Robotics and Biomechatronics (BioRob 2006), and of 
the IEEE International Conference on Robotics and Automation (ICRA 2007). He has 
served as President of the IEEE Robotics and Automation Society in the years 2002-
2003, and as Chair of many Technical Committees of the same Society, and he is 
Vice-President of the International Society for Gerontechnology. Prof. Dario is an IEEE 
Fellow, a Fellow of the European Society on Medical and Biological Engineering, and 
a recipient of many honors and awards, such as the Joseph Engelberger Award. He 
is also a member of the Board of the International Foundation of Robotics Research 
(IFRR) and a Fellow of the School of Engineering, University of Tokyo.
He serves (or has served) in many Boards and Committees, including the IST 
Advisory Board (ISTAG) of the European Commission, the Technology Council 
of ST Microelectronics, the International Scientific Committee of the Institute for 
Bioengineering of Catalonia (IBEC), the Global Agenda Council on Robotics and Smart 
Devices of the World Economic Forum. He was co-founder of 5 start-up companies.

name of leader or co-leader rtD-a#

Jean-Paul Laumond (CNRS, France) 01

Tamar Flash (Weizmann Institute, Israel) 01

Henry Kennedy (Stem-cell and Brain Research Institute, Lyon, France) 01

Antonio Bicchi (University of Pisa/IIT, Italy) 01

Rolf Pfeifer (UZH, Switzerland) 02

Cecilia Laschi (SSSA, Italy) 02

Dario Floreano (EPFL, Switzerland) 02

Paul Verschure (Universitat Pompeu Fabra, Spain) 03

Anil Seth (University of Sussex, UK) 03

Giulio Tononi (University of Wisconsin – Madison, USA) 03

Roberto Cingolani (IIT, Italy) 04

Constantinos Soutis (University of Sheffield, UK) 04

Pietro Perlo (IFEVS, Italy) 04

Xenophon Verikyos (University of Patras, Greece) 04

Paolo Dario (SSSA, Italy) 05

Eugenio Guglielmelli (University Campus Biomedico, Italy) 05

Jon Agirre Ibarbia (Tecnalia, Spain) 05

Alin Albu-Schaeffer (DLR, Germany) 06

Nikos Tsagarakis (IIT, Italy) 06

Carlos Balaguer (UC3M, Madrid, Spain) 06

Danilo De Rossi (University of Pisa, Italy) 06

Vincent Hayward (UPMC, France) 07

Janwei Zhang (University of Hamburg, Germany) 07

José Santos-Victor (Technical University of Lisbon, Portugal) 07

Stefano Stramigioli (University of Twente, The Netherlands) 08

Jean-Pierre Merlet (INRIA, Sophia Antipolis, France) 08

Tony Prescott (University of Sheffield, UK) 09

Maria Chiara Carrozza (SSSA, Italy) 09

Etienne Burdet (Imperial College of London, UK) 09
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Angelo Cangelosi (University of Plymouth, UK) 10

3.3     allocation of resources to be coMMitteD 
      (e.G. in-KinD contributions, infrastructures, 
               person-Months, eQuipMent anD buDGet)

The allocation of resources has several factors that need to be considered, as during 
the ramp-up phase commitments from EC as well consortium members’ own resources 
shall be utilized to ensure continuous success of the RCC FET Flagship. In addition, 
numerous supports have been gathered demonstrating considerable supports local/
regional level, ranging from matching funds to in-kind contributions as well as local 
resources to global infrastructures from companies. Here we outline some aspects in 
turn of the dealings of the allocated resources being committed.

3.3.1 finance DurinG raMp-up phase

As anticipated for the ramp-up phase, the total EC contribution for the CP-CSA is 
expected to be in the order of 24 M€ per year (60 M€ for 30 months).

• At least 20% is for open calls, i.e. 4.8 M€ per year (12 M€ over 30months)
• We assume that about 8% of the total EC contribution is for COORD, MGT, DEMO and 

other activities, i.e. 4.8 M€

o With this financing, we also anticipate that the running costs of national centre 
will be drawn upon. Possible national centres in Italy, France, Germany, Spain, UK, 
Netherlands, and Switzerland have been foreseen. Average budget of 600K per centre.
o 60 M€ - (12+4.8 M€) = 43.2 M€ for 20 RTD-As
Figure 23 provides a complete overview of the expected budget implemented via the 
CP-CSA and ERA-NET+ instruments, in connection with overall EC framework programs.

Figure 22: Overview of Budget and Activities over the entire RCC FET Flagship programme in connection 
with EC framework programs.
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name of leader or co-leader rtD-a#

Cyriel Pennartz (University of Amsterdam, The Netherlands) 10

Pierre Yves Oudeyer (INRIA, Bordeaux, France) 10

Andreas Andreou (JHU, USA and University of Cyprus, Cyprus) 11

Tim Pearce (University of Leicester, UK) 11

Pieter Roelfsema (KNAW, The Netherlands) 12

Giacomo Rizzolatti (University of Parma, Italy) 12

Ehud Ahissar (Weizmann Institute of Science, Israel) 12

Andreas Engel (University Medical Center Hamburg-Eppendorf, Germany) 13

Hector Geffner (Universitat Pompeu Fabra, Spain) 13

Kevin O’Regan (Université Paris Descartes, France) 13

Chris Melhuish (UWE, UK) 14

Giulio Sandini (IIT, Italy) 14

Peter Dominey (CNRS, France) 14

Stephen C. Levinson (Max Planck Institute for Psycholinguistics, The Netherlands) 14

Vanessa Evers (University of Twente, The Netherlands) 15

Madeleine De Cock Buning (Universiteit Utrecht, The Netherlands) 15

Arianna Menciassi (SSSA, Italy) 16

Brad Nelson (ETH, Switzerland) 16

Moshe Shoham (Technion, Israel) 16

Philippe Cinquin (Université Joseph Fourier / CNRS / Grenoble’s Hospital, France) 16

Auke Ijspeert (EPFL, Switzerland) 17

Maarja Kruusma (Tallin University of Technology, Estonia) 17

Barbara Mazzolai (IIT@SSSA, Italy) 17

Annibal Ollero (Universidad de Sevilla, Spain) 17

Tamim Asfour (KIT, Germany) 18

Yann Perrot (CEA LIST, France) 18

Gordon Cheng (TUM, Germany) 19

Rachid Alami (CNRS, France) 19

Alberto Sanfeliu (UPC, Barcelona, Spain) 19

Norbert Krüger (Syddansk Universitet, Denmark) 19

Giorgio Metta (IIT, Italy) 20

Christoph Borst (DLR, Germany) 20

Table 2. Leaders and Co-Leaders of the RCC RTD-Activities appointed to serve by the CA-RoboCom Executive Board. This was 
the result of an open and transparent procedure and of the criteria reported in Section 3.1.2. This list of Leaders and Co-Leaders 
represents the core group appointed at the end of the Pilot FET Flagship project, however it is still growing (with newly appointed 
Co-Leaders and Partners) and it will be further expanded and finalized before the opening of the FET Flagship call, coherently with 
the criteria reported in Section 3.1.2.



3.3.2 financial planninG for the future flaGship

Although a framework for the initial phase of the flagship has been defined by the EC 
financial supports based on the establishment of a CP-CSA, the continual finances of 
the RCC FET Flagship over a long sustaining period have been examined with numerous 
considerations. We foresee a gradual shift from the initial ramp-up funding (with local 
in-kind) supports towards gradual decrease supports to a long sustaining entity.

Figure 23 is a schematic diagram for a likely distribution of funding sources and 
financed activities. It is based on the ideal situation that European funding, national 
Funding and contributions from industry are each one third of the total funding (left 
column of the 2nd frame in Figure 22).

Table 3 shows an estimated breakdown of the available resources of 100 MEUR per 
year over the life span of the RCC Flagship:

The bottom part of the 3rd frame then shows how the contributions will vary over the 
life-time of the project: national and EU funding, mostly to support the “up-stream” of 
research, will reduce, whereas industry with interest in entering the market will provide 
more funds towards the end of the Flagship project (Table 4). The lifetime with 7.5 years 
is for the “full Flagship”, i.e., 10 years minus the ramp-up phase of 30 months.

3.3.3 contributions/instruMentations

Whereas Figure 22 focuses on the different “classical” funding schemes of European 
projects, Table 5 goes beyond and enters innovative aspects of the RCC Flagship, 
with contributions of funds sourced from numerous organisations (e.g. stockholders, 
funding agencies, universities and alike).

Regarding the “incoming” funding, the following items are added: extra-European 
funding, support from the foundation, Investment (possibly supported by the European 
Investment Bank or other national institutions), and income from selling IPRs.

financial contributions

EU Commission
European 
national 
sources

Extra-
European 
national 
sources

Industry (in-
kind)

Foundation, 
association

Investment
From selling IPRs, 

Licenses, etc.

instruments

R&D Projects based on 
competition (calls, certain 
rules, like inter-disciplinarity, 

participation of industry).

D-Projects based on 
top-down decisions, 

like industry-initiated, or 
strategic R&D projects 

(Board decisions).

contracts issued to build 
prototypes, to test material.

supporting instruments: 
Training, User groups, Reach-

out, Technology Transfer, 
Management, etc.

contributions expected % of total at the beginning % of total at the end

european commission 50% 40%

national funding 40% 30%

industry 10% 30%

total 100% 100%
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activity % of total at the beginning % of total at the end

Management 9% 10%

subcontracts to industry 3% 15%

testing prototypes 10% 25%

applied research 15% 30%

basic research 63% 40%

sum 100% 100%

Figure 23: Breakdown of origin and destination of contributions with respect to different project types

Table 4. Sources of funding for the RCC Programme along the life-time of the project.

Table 3. Estimated breakdown of available resources.

Table 5. Analysis of sources for financial contributions and possible instruments.



3.3.4 in-KinD contributions

During the running of the CA-RoboCom, overwhelming supports have been received. 
These range from pledge in-kind contributions (resources) to matching funds, as well 
as infrastructures, person-months, equipment and budget.
It is worthy to note that any in-kind contributions will be based on the contributor’s 
requests, and/or it will follow the rules of the local institution committing the resources. 
All specific equipment being committed will be subject to local usage, whereas 
general components will first targeted to the specific related research area. E.g., 
donations from industries providing components, architectures and facilities (such 
as, actuators, sensors, energy storage systems, computing and communication units, 
access to cloud networking facilities, …) will be targeted to the hardware development 
RTD-As (either in the Pillars, Modules and Platforms of the RCC workplan represented 
in Figure 1).

3.3.5 resources to be coMMitteD to the initial rtD-a

To ensure the initial ramp-up phase to move ahead smoothly and swiftly right from 
the start, consideration of the resources to be committed to each RTD-A have already 
made in accordance with the defined RTD-A activities.
Based on the estimated budget proposed for the ramp-up phase (as described in 
Section 3.3.1), we anticipate for each RTD-A – on average – an EC contribution of 
2.16 M€ for the first 30 months to be allocated to each RTD-A, with the average of 
360PM/RTD-A with a total estimate of 7200PM.

Section 4

iMpact
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4.1 transforMational iMpact on science
         anD technoloGY

Figure 24: The structure of the integrated Robot Companions for Citizens S&T programme comprising 5 
pillars, 10 RTD modules and 5 platforms. See text for further explanation.

The complementary activity of the empirical investigation and validation of core design 
principles occurs primarily in the Matter, Body, Brain and Mind domains while the 
Society pillar assures the detailed empirical validation of the use of RCs and the advance 
of associated ethical and legal measures. The basic principles elucidated within the 
pillars will be validated in the RCC deployment (HealthCompanion, ExploreCompanion, 
WearableCompanion, WorkCompanion) and demonstration (UniversalCompanion) 
platforms, or the Robot Companions (RCs). 

The overarching goal of the FET Flagship “Robot Companions for Citizens” (RCC) is to 
achieve sustainable welfare through the development and deployment of a revolutionary 

new generation of robots based on a cross-domain grand scientific challenge:
“To unveil the natural principles of simplexity, morphological computation and 
sentience, and to translate the resultant scientific knowledge into design principles 
and fabrication technologies for Robot Companions for Citizens that effectively and 
safely act, interact and adapt to their physical and social environment”.

RCC will attain this technological goal by unveiling and following the design principles of 
bodies and brains of living organisms, which are the most advanced sentient machines 
we know. The RCC programme that answers this grand challenge is structured 
around five pillars following a biologically grounded “unity of science” heuristic: 
Matter (Multifunctional nanomaterials and energy), body (Morphological 
computation), brain (simplexity), Mind (sentience) and society; see Figure 24. 
This structure of the RCC S&T programme will have a significant impact on the science 
of living systems from their physical components to their organisation in societies 
because it facilitates coherent interaction across domains. The RCC S&T programme 
is radically novel in proposing an integrated and plausible paradigm for large-scale 
multi-disciplinary interaction by advancing a number of integrated foundational 
considerations. 

a transformative unity of science approach: The vision of RCC will be realized 
by federating a wide range of communities spanning science, technology, economy 
and society. The integrated S&T structure of RCC redefines the traditional positivist 
ideal of a “unity of science” that stipulated that analog to an idealized interpretation of 
physics, macroscopic properties of living systems could be reduced to and explained 
by underlying microscopic principles. This approach with its adherence to a bottom-up 
causality model has not been born out as expected. This is also because at the time 
there was no understanding of the complex non-linear and emergent properties of living 
systems both in isolation and in collectives. Currently the implicit beliefs behind this 
paradigm are still dominant in both the study of living systems and the engineering of 
complex artefacts. RCC considers this rejection of the original paradigm but adherence 
to its intuitions, as one of the key bottlenecks that needs to be resolved in order to 
make progress in the multi-disciplinary pursuit of Future and Emerging Technologies 
and in particular sentience. In response, the RCC S&T programme is providing a 
specific and alternative view explicitly reviving the notion of a unity of science and 
technology. In this transformative perspective both bottom-up and top-down causal 
processes enter our explanatory picture as demonstrated by the principles pursued 
in the morphological computation, simplexity and sentience pillars. Most importantly 
RCC is shifting the emphasis from establishing analytic ‘truth’ to synthesizing real-world 
sentient systems or from reductionist decomposition to constructivist integration and 
synthesis. RCC offers a unique, novel and transformative paradigm for the study of 
sentient living systems that is unique in the history of science, grounded in the current 
state of the art going back to cybernetics and the 18th century philosophy of Giovan 
Battista Vico that has so far never been pursued at the unprecedented level and 
ambition of the integrated science programme offered by RCC. 
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The realization and deployment of RCs in our society will not be successful (in terms 
of the achieve of sustainable welfare) unless a qualitative jump is realized in our 
understanding of complex human behavior and our ability to engineer the robots 
that are more perceptually, emotionally, cognitively and socially competent. The focus 
on morphological computation, simplexity and sentience will drive this leap. Just as 
the RCC programme is designed to drive a revolutionary paradigm shift overcoming 
challenges faced by standard mechatronics and robotics, the integrative approach 
of sentience is intended to drive neuroscience and associated fields beyond the 
modular approach of functional decomposition, thus promoting a radically new 
investigation of mind, brain and behaviour and their artificial realization in bodyware, 
embodied brainware and mindware. Integrating the different existing research strands 
within the RCC framework leverages substantial current opportunities provided 
by rapidly developing but narrow-band and scattered research streams into the 
physiological requisites for sentience. This is facilitated by the drive towards a system-
level understanding of the brain with an emphasis on its architectural organisation. 
Moreover, a developing line of theoretical work has begun to suggest how neural 
processes may causally account for phenomenological properties, for the first time 
showing clearly how sentience and consciousness may be effectively naturalized. 
What is lacking in these efforts is a substantial effort to integrate theory and evidence, 
and ultimately synthetize them in functional adaptive systems. This is exactly where 
the RCC will make one of its main scientific contributions laying the foundation for 
a transformative technology: sentient RCs. The intentional behavior displayed by 
RCs with the capability to integrate perception, action, emotion, and cognition lies at 
the core of the capabilities that make us human, and at the core of the capabilities 
of robotic agents capable of interacting smoothly with humans, and ultimately 
integrate smoothly in the human society. Hence, building RCs will directly impact the 
understanding of ourselves facilitating new approaches towards societal challenges.

By providing a concrete integrated paradigm combined with a explicit test case, 
sentient robot companions, RCC will have a permanent impact on the science of 
living systems and natural sentience delivering significant benefits to science, 
technology, economy and society including: the advancement of concepts and 
theories in biomechanics, systems neuroscience, neuroethology, cognitive and social 
neuroscience, psychology, linguistics, cognitive science, sociology where Robot 
Companions will be increasingly used as “robotic models” of complex integrated 
multi-scale phenomena.

impact through a single common goal and paradigm: RCC will explain natural 
sentience in terms of morphological computation and simplexity and harness its 
underlying principles to construct a sentient technology. The RCC S&T programme 
expresses that in order to realize RCs we need to use both bottom-up specification with 
respect to physical realization in technologies and components (Matter and Body) and 
top-down guidance (Mind and Society) that transfer the requirements derived from 
specific functions and use cases towards physical realization. Coherence of these 
approaches is realized by tying all scientific objectives to the fundamental question of 

the natural phenomenon of sentience as emerging from morphological computation 
and simplexity. Technological coherence is assured by focussing all engineering 
efforts towards one platform: RCC UniversalCompanion. Hence, a continuous line 
of development towards the sustainable welfare enabler (UniversalCompanion) will 
form the design space of RCC. This target deployment platform is defined through 
a series of incrementally more integrated and complex experimental platforms. By 
declaring these concrete target systems, the complex and heterogeneous science 
and technology program of RCC can be channelled towards common goals, while 
interdependencies, possible risks can be rapidly identified, and multi-national and 
trans-disciplinary collaborations established and sustained over extended periods of 
time. In this way the full potential of RCC and its transformational impact on European 
and international research communities can be assured. An additional benefit of 
choosing a concrete set of objectives is that communities and stakeholders that are 
outside of the research domain have a direct means to validate the promise and the 
viability of the proposed programme, i.e. declared benchmarks are either achieved or 
not, amplifying the impact of RCC outside its initial set of domains.

The overall integration of these two strands of basic and applied research is achieved 
by the consideration that the sentient machines RCC engineers are effective theories 
of the natural phenomenon of sentience RCC investigates. Thus realization of sentient 
machines constitutes the validation of our understanding of natural sentience and 
its underlying principles. The strong synergy between these two strands assures 
that advances in any of the two automatically translate into breakthroughs in the 
complementary strand. This method towards the realization of a large-scale multi-
disciplinary science and technology programme is unique and assures significant 
impact in all domains that are covered in the RCC programme. More importantly this 
model will become a guide and benchmark for future large-scale programs in the 
domain of life-sciences and engineering. Hence, RCC defines a goal-driven, federated 
effort towards one goal: understanding and synthesizing sentience. Sentience and its 
biological basis is the scientific challenge of the 21st century that now is combined 
with a technological vision that will lead to European leadership in science and 
engineering with direct spin off into mid- and longer term technological innovation 
and economic exploitation.

a transformative new biologically grounded engineering paradigm: The 
technological challenge of developing affordable, sustainable and dependable Robot 
Companions is based on a new science of embodied sentience that is grounded 
in the concepts of multifunctional nano-materials, morphological computation and 
simplexity and driven by the requirements coming from its users. By promoting the 
investigation of the “mind-body-brain nexus” in the broadest possible sense, RCC 
paves the way for a new “science of sentient robot companions” that investigates 
natural and constructs artificial sentient systems as human compatible and human 
friendly save and secure machines.. In order to realize this visionary and also disruptive 
objective a federated multi-disciplinary science- and engineering-driven initiative 
is required, whose mission is complex, multiple-disciplinary and broad. This RCC 
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science programme will provide the foundation for a new engineering paradigm that 
now both transfers and validates scientific concepts and principles. Given the domain 
addressed by RCC this implies that a new biologically grounded engineering of sentient 
real-world systems will be defined. Thus, for the first time RCC shows how engineering 
itself is part of the process of theory formation and validation in science as opposed 
to a unidirectional implementation of basic principles. This closes the knowledge gap 
between science and engineering and creates a knowledge generation and validation 
loop. We expect that because of this unique and unprecedented approach the RCC 
flagship will fundamentally impact the relation between science and engineering and 
give rise to a new science and engineering of morphological computation, simplexity 
and sentience that due to their industrial and societal relevance and impact together 
with its unique scientific model will become consolidated fields. Hence, RCC provides 
a powerful integrated enabling conceptual framework giving rise to completely 
new kinds of robots where the degree of automation can be dramatically increased 
generating a new robotics industry. This implies a fundamental reconceptualization of 
machines and a transformation of the many impractical and unnatural architectures 
and structures of current robots into soft, compact, light-weight and energy-efficient 
bodies with integrated sentient architectures strongly resembling the abilities of 
living organisms and their interaction with the environment. For instance, advances in 
nanotechnology will facilitate the incorporation of artificial skins with robots not only 
as protective outer layers, but also as multi-functional composites capable of sensing, 
signal transfer, emotion display, computation and energy harvesting jump starting the 
integration of robots into everyday life from the laboratory. On the one hand, these 
advances in nanotechnology will directly translate into better sentient machines able 
e.g. to optimize their energy consumption and to empathize with humans. In turn, the 
successes and pitfalls of sentient machines in everyday tasks and interactions will 
highlight gaps in our scientific understanding of natural phenomena or limitations in 
our current technologies, and ultimately fuel their progress.

Indeed, the challenges of instigating a new hybrid society will bring about a new 
‘hybrid’ science in which our existing knowledge bases, methodologies and methods 
are extended and merged to create new forms, sufficient to understand the new 
phenomena under study. Therefore, traditional disciplinary boundaries fade away, 
and a new form of hybrid science emerges that will reach beyond the sciences itself, 
incorporating concepts, theories, and approaches from the humanities and directly 
transferring them to new engineering disciplines that will define the high-level 
psychological and social properties of individual RCs and their collectives. 

Social sciences and humanities in general suffer from the difficulty of performing 
large-scale experiments and acquiring experimental data that would be needed to 
test theories. While the study of individuals (e.g., in psychology and neuroscience) 
can tap from a wide source of experimental methods and quantitative measures, the 
experimental study of collective and social phenomena usually reduces to simple 
interactions between few individuals, or trivial, crowd-like behaviors using strongly 
reduced models. These approaches do not necessarily generalize to the complex 

and multifaceted dynamics of human societies and cultures. All these elements 
severely impair the progress of social sciences while this insight is required 
in order to guide the deployment of RCCs in society. The same holds for ethics 
and law that are often in the role of reacting to societal change as opposed to 
proactively shaping them. The realization of Robot Companions will offer a unique 
opportunity to social sciences and the humanities (e.g., sociology, anthropology, 
economics, linguistics, social psychology) to perform experimental studies of large-
scale societal phenomena. Indeed, recently a combined synthetic/experimental 
methodology has been developed to study communication called experimental 
semiotics. Experimental semiotics is the experimental study of novel forms of 
human communication that offers the experimenters the unique opportunity of 
having access to the complete history of the development of a communication 
system, the rise of linguistic and gesture conventions, the construction of linguistic 
structure (e.g., novel grammars) etc. RCC will further facilitate the inclusion of 
a synthetic experimental method in the humanities. Obtaining the constraints it 
requires by facilitating the research of the ethical and legal consequences of RCs 
and their implications and resolutions. Pursuing these studies not only has relevance 
for the understanding of human society as we know it, and the hybrid society of the 
future but they have the potential to revolutionize social sciences at large.

impact through a focus on breakthroughs: RCC is based on a transformative 
multi-disciplinary framework that propagates opportunities and constraints 
in an iterative fashion between the RCC pillars, modules and platforms in the 
context of the overall project objectives. The fundamental problem that the 
RCC program has to solve in optimizing its impact is how to remain focussed on 
well defined R&D targets that are beyond the current state of the art while not 
being within the direct reach of the many disciplines within the RCC envelope 
thus requiring the attention of RCC. RCC has therefore focussed each RTD 
module towards a well defined set of scientific objectives that are constrained 
by the functional requirements of RCs. Through this focus in the project design 
cycle a number of specific impacts in a range of fields have been identified 
including technological advances in a range of domains. RCC has organized 
these in so called breakthrough graphs that show the interrelationship of the 
breakthroughs that RCC will realize in a range of domains defined by its pillars 
following its specific integrated methodology (Figure 26). Breakthroughs will be 
derived by both top-down and bottom-up belief propagation between the pillars 
and modules respectively. Where the pillars provide overall coherence and 
integration and the modules specific contributions, knowledge and technologies.
impact on the future of robot technologies: RCC is asking us to fundamentally 
rethink how machines are conceptualized, realized and introduced into society. The 
RCC Flagship will overcome the limitations of existing approaches by following an 
alternative and biologically-grounded paradigm, exploring fundamental scientific 
pillars, principles and methodologies based on emerging concepts simplexity, 
Morphological computation and novel fabrication technologies, to yield to 
the expression of the function of sentience in Robot Companions acting in society. 
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The impact of RCC on European leadership in science and engineering is defined by 
its impact on the future science and engineering of sentient technologies (Figure 26). 
A first wave of research has laid the scientific foundations for current applications. 
The second wave roughly matches to framework 7 and has driven the basic science 
forward to facilitate applications in the coming 10 years. The RCC initiative is the 
third wave that will propel European science and industry into a leading role for the 
coming 20 years. RCC is driven by an ambitious research agenda that is a significant 
and highly needed investment to assure the long-term future of European excellence 
and leadership in automation and robotics. Thus, paving the way for long‐term, high‐
risk high‐reward innovation, RCC pursues the main scientific challenge of the century: 
the physical basis of sentience, while giving rise to a transformative and disruptive 
technology: RCs. Both are driven by Europe, for the benefit of European citizens.

RCC is an ambitious science driven project which results will have substantial benefits 
for european society. In their combination they will enable sustainable welfare that 
will enhance the quality of life of the European population with its rapidly changing 
demographics. This sustainable welfare will take the form of sentient robot companions 
that will be produced, distributed and serviced through a unique value chain with a 
substantial and revolutionary economic impact. 

The potential impacts of the RCC Flagship are extremely broad. We envisage impacts 
in many spheres of human existence—private, social, economic, urban and physical. 
In the commercial sphere, the economies of Europe are under threat due to the high 
cost of manufacturing. Across the world, industrialised countries are investing in new 
generation robot technologies to make factories more efficient. Europe needs to be 
proactive in science and technology development in order to maintain a position as 
a field leader. At the physical level we are faced with the challenges of man-made and 
natural disasters, over-exploitation of natural resources, pollution and environmental 
degradation. The emerging market of field robotics—robot platforms that can operate 
in natural or unstructured environments, or that can fly, dive, or climb—will need 

Figure 25: The structure of the RCC S&T breakthroughs resulting from the bottom-up and top-down 
propagation of beliefs or hypotheses through the S&T structure of RCC. See text for further explanation.

Figure 26: The progression of robotics research from mechanical control to an integrated science based 
approach following the RCC S&T programme. See text for further explanation.
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to be developed to assist with these challenges. New RCC technologies will have 
transformative impacts in a range of settings that are currently inaccessible to 
robots. We expect increased efficiency of our agriculture, improvements in resource 
harvesting and conservation of the natural world, and changes to our emergency 
services that will make them safer, faster, and more effective. The RCC flagship 
proposes a novel enabling technology—an ecology of sensing and actuated systems 
and interlinked technologies, called Robot Companions (RCs)—that can make a critical 
contribution to sustainable welfare in Europe. RCCs will also have major impacts in 
the personal and social spheres. We propose that the development of RCs can be 
focused towards general categories of social needs in the wider population and also 
the key social need of an ageing society and sustainable welfare, and that different 
types of RC platform can be designed to address them.

4.2.1 iMpact on societY

A critical issue that has motivated the development of the RCC Flagship initiative is 
the dramatic demographic shift that will happen in the next fifty years in the age of 
the European population. By 2060, 30 per cent of the population of Europe will be 
65 years of age or over, compared to 17 per cent in 20101. Moreover, the ratio of 
senior citizens (65 or over) to working citizens (20 to 64)—the “old age dependency 
ratio”—is expected to change from 28 per cent in 2010 to 58 per cent in 2060. 
Taking into account dependents under the age of 19, by 2060 there is expected 
to almost one dependent person (aged under 19 or 65 or over) to every one in 
work. This is an unprecedented event—never before in human history have older 
citizens made up such a large proportion of the European populace. Along with a 
society with a greater number of older citizens we can also anticipate a society with 
a greater number of disabled citizens since the prevalence of disability increases 
with age. More specifically, whilst it is estimated that, worldwide, around 15 per cent 
of adults have some form of a disability, this rises to 46 per cent in those aged 60 
and above (World Health Organisation, 2004). We can thus say, with certainty, that 
this demographic shift will have enormous economic impacts (e.g., health, pensions, 
long-term care) as well as placing unprecedented demands on younger citizens for 
the care of their elders. On a more positive side, it is also important to recognise the 
aspirations and expectations of older citizens to lead active, fulfilling and independent 
lives and to continue to make a useful contribution to the wider society for as long 
as possible. Indeed, given good health and welfare, there is evidence that people 
are happier during this later phase of their life than at earlier stages of adulthood 
(Carstensen, 2010).

 Whilst a coherent strategy for coping with the demographic shift will require much 
more than the development of enabling technologies, we see significant potential 

1  Eurostat (2010). Demography report 2010. http://epp.eurostat.ec.europa.eu/

for using RCCs to address the welfare needs of the ageing society (Prescott et al., to 
appear). Indeed, in introducing RCCs that can assist the welfare of older or disabled 
citizens we also expect to create technologies that are useful to all citizens. Rather 
than create a targeted technology, we therefore propose new forms of universal and 
adaptive robot technology that will be useful in the daily lives of all European citizens. 
There is thus the potential for a radical reformulation of the notion of the ageing 
process, welfare for an increasing number of people, as well as the delivery of health 
and social care across society. This will lead to new forms of welfare provision, new 
financing structures for pensions, and indeed new industries as lifestyle consumption 
patterns throughout the wider population are altered, with different RC platforms 
infiltrating all aspects of society. A hybrid society will bring about new social and 
relational identities, and new identity projects, through a realignment of existing ways 
of being, realizing profound socio-economic and industrial change. 

The improved robotics platforms with brain-based sentience enabled architectures 
will help to solve many of the problems emerging in an ageing society. RCC will 
contribute to addressing this fundamental societal challenge by developing new 
robotics applications that will substantially reduce the costs of health care, and improve 
the quality of life of the elderly and disabled. One of these potential applications 
is the UniversalCompanion that as a care robot will provide support for our ageing 
population. RCC technology will aid by assisting the elderly in activities of daily life 
and will also act as companions to enrich their social environment and generally to 
improve the quality of life. Our analyses of potential uses for RCCs in empowering 
older people suggest that a significant advance is needed in robotic capabilities to 
finely manipulate objects, and to physically interact and communicate with users. 
Improvement in dextrous manipulation are essential for a range of tasks from tidying 
the home, preparing meals, helping with dressing and undressing, to many aspects 
of personal care. To physically interact with people in a safe manner is necessary 
if robots are to help with user mobility, personal care and hygiene, and with tasks 
such as eating and bathing. In order to do these tasks well, the robot will also need 
to understand the needs and intentions of users, predicting and anticipating their 
behaviour where possible. This implies a significant advance in robot communication 
skills---both verbal and non-verbal. RCCs will also need the mental capabilities to 
understand how they are perceived by human users, allowing them to perform 
socially and physically appropriate behaviours that people will find helpful. 
The introduction of RCCs will not solve all societal problems raised by the 
demographic shift, which must also be addressed through wider political and social 
actions. However, RCCs can address the shortage of skilled labour in the caring 
professions, assist carers to be more efficient, and allow them to focus more on 
the human-to-human aspects of their work. We are currently reaching a limit in the 
introduction of non-robotic ICT technologies in the home. No computer, however 
smart, can intervene to physically assist with the many daily tasks that must be 
performed to maintain human health and dignity. At the moment, older and disabled 
people rely on family, or on carers who are paid privately or by the state, to support 
them in these aspects of their daily lives. Wages for carers are low, and there 
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are widespread concerns about poor standards of care impacting on the human 
rights of older citizens (EHRC, 2011). These problems will be exacerbated by the 
shifting ratio of older to younger people. The recruitment of foreign labour into the 
European caring professions does not solve this problem since evidence suggests 
that such immigrants will stay in Europe in old age contributing to the user need. 
Where such immigrant carers are part of the black economy, there is also evidence 
of some abuse of workers’ human rights (Döhner et al., 2008). Improved medicine, 
by itself, is also not a solution to the problems created by the demographic shift. 
Indeed, medicine, by prolonging life, risks making the problem more acute, where 
the lives of people are prolonged but their independence remains compromised. We 
consider that the need to physically act in support of people’s welfare, coupled with 
limited resource of European care systems, implies the need for more advanced 
automation of care and assistance in the home. To address this need is one of the 
primary goals of RCC.

Additional spin-offs of the RCC work are expected for the understanding of brain 
disease and the improvement of its treatment. The estimated costs of brain related 
diseases in Europe are about Euro 800 billion per year (Nature, 6 Oct, 2011), and 
its impact on spending in health care is therefore larger than that for cancer. 
Neuroscientists in RCC will study the neuronal implementation of perception, action, 
emotion, consciousness and empathy, processes that are disturbed in many brain 
diseases like schizophrenia, autism, addictive behaviour and depression and many 
other psychiatric diseases. Medical fields that can directly benefit from the research 
in RCC (i.e. RTD-A12) include deep-brain stimulation and brain-computer interfaces. 
Deep-brain stimulation devices that are implanted for treatment of Parkinson now 
also start to be used for other diseases, like depression and obsessive compulsive 
disorders. Moreover, advances in optogenetics promise more precise control over 
specific neuronal populations. Furthermore, brain-computer interfaces with direct 
connections between the brain and machines (e.g. sentient robots) are expected 
to have a major impact on the quality of life of patients. New insight in pathological 
disease mechanisms might also open the door to exploit the natural neuroplasticity 
of the human brain to overcome brain disease. For example, rehabilitation robots 
can assist stroke patients to exercise until new neural pathways emerge. 
RCs with proper psychological make-up will be a clear asset to society. We need 
robots that are adapted to human cognitive and social functioning, that are able 
to ‘put themselves in our shoes’. To be able to help us in our everyday activities, 
RCs must be able to understand human problems from a human point of view. RCs 
will be able to perform a multitude of assistive roles for humans thanks to their 
capabilities to act and interact, physically, socially and safely with humans. They 
will be ubiquitous yet unobtrusive, constitute a dependable technology for the 
foundation of a new sustainable welfare, will extend the active independent lives 
of citizens, bolster the labour force, preserve and support human capabilities and 
experience, provide key services in our cities, aid us to cope with natural and 
human-made disasters and maintain our planet.

4.2.2 econoMic iMpact

 The RCC target system UniversalCompanion and its associated experimental 
platforms will give rise to a plethora of novel methods and technologies grounded 
in an innovative multi-disciplinary basic research program. These sentient RCC 
technologies have a large potential social and economic transformative power 
comparable to the introduction of the steam engine, the telephone, the automobile, 
the radio, the personal computer or more recently the internet and the mobile phone. 
This disruptive impact will promote new industries and opportunities for worldwide 
commercial exploitation. Most importantly it will provide Europe with leadership in a 
range of fields in particular automation and robotics and facilitate the exploitation 
of other opportunities emerging in the future through its actively linked science, 
technology and industrial communities. 

There is a large interest in RCC from industry for a number of reasons (see also D4.1 
Competitiveness white paper):

• Sustainable welfare is a real target whose significance is appreciated

• The research activity created by RCC will generate measurable and flexible 
results from the moment it starts and as it progresses with continuous spin-off of 
technologies and systems

• as RCC is science driven and focuses on one central goal, the, UniversalCompanion, 
we expect to generate a large number of results many of which are utilizable 
across many other domains of technology, such as automotive, aerospace, 
telecom, consumer electronics, etc

• RCC is a “robotics oriented enterprise” spanning many different technologies 
(sensors, computer architecture, software, control, materials, data processing,…) 
and engaging the interest of a vast range of sectors (health, security, automotive, 
construction, robotics …) 

• RCC will boost automation and manipulation making new tasks amenable to 
sentient machines which will facilitate a process of re-insourcing of activities that 
have been outsourced in the past

• RCC will drive the development of novel biologically based sensing, computation, 
communication technologies and their integration in sentient architectures that will 
revolutionize specific domains by boosting autonomy and self-sufficiency of machines

• RCC will be a facilitator of a wide range of commercial applications by 
developing and putting in place a unique integrated ethics and legal framework 
that will accompany the development and deployment of RCs and associated 
technologies.
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4.2.2.1 iMpact on a WiDe ranGe of inDustrial sectors

The technologies developed for RCC have applications far beyond the robotics 
industry alone. Sentient technology in the broadest sense will drive a revolution in 
how machines are conceptualized and applied in physical and social environments. 
As a result many domains that are today beyond commercial application will become 
accessible in particular the area of autonomous assistive technology and welfare 
enabling services exemplified by RCCs UniversalCompanion. The overall value chain 
RCC is proposing comprises an interconnected RCC design, production, distribution, 
financing and service system akin to that of the automotive industry mobilizing a 
wide range of commercial opportunities. Combined with this value chain RCC will 
drive new markets for engineering and services by the possibility offered through 
open standards allowing for decentralized community driven customization and 
modification of RCCs within the standards that the RCC has set. Similarly, the component 
technologies of RCCs will have large-scale commercial impact by mobilizing presently 
unknown applications. For instance, the RCC integrated biomorphic skin can see 
application in many areas outside the direct RCC application domain such as the 
automotive industry. The social perception mechanism RCs require for effective and 
safe interaction with humans can be seen as a component technology facilitating 
applications in human-machine interaction and public security while the haptic 
technologies created to characterize contact with the environment will be useful 
in the creation of new interactive devices, the power generation and harvesting 
developed by RCC has the potential to be used as power devices in isolated places, 
and many other new applications (Figure 27).

Figure 27: Application areas of RCC technologies see text for further explanation.

One of the key strengths of RCC is that it will have an economic impact throughout its 
duration: in the short, mid and long term. While new components and subsystems will 
offer new business opportunities for several existing industrial areas (such as robotics, 
automation, automotive, electronics, materials, and energy), the development of robot 
companions will also favour new long-term markets in ICT, Health, Transport, Security, 
and secondary sectors of the economy in general. This means that RCC represents 
a great opportunity to strengthen European industrial competitiveness in the world-
wide market, from its early stage, throughout its duration and beyond.
RCC will create the foundation towards new futuristic robotic systems and application 
domains in the domestic, industrial, health service sectors and many other fields where 
robot companions are envisioned to interact and collaborate with humans and other RCs. 
We will visit some of these sectors in the next sub-section.

4.2.2.2 robotics (inDustrial, serVices, loGistics)

Many indicators show that the arrival of personal robots in homes and their integration 
in everyday life will be a major fact of the 21st century. These robots will range from 
purely entertainment or educative applications to social companions that many 
argue will be of crucial help in our aging society. For example, UNECE evaluates that 
the industry of entertainment, personal and service robotics has grown from $5.4Bn 
to $17.1Bn in the period 2008-2010. Yet, to realize this vision, important obstacles 
need to be overcome: these robots will have to act in unpredictable environments 
including homes and learn new skills while interacting with humans who will not be 
specialized robotics engineers after they left their factories. Such a step is out of reach 
for current technology. The sentient technologies of RCC grounded in simplexity and 
morphological computation will directly address this bottleneck allowing for self-
organizing communication systems to develop together with sentience of self, other 
and environment.

According to EUROP, there is an industrial interest for robots that can either interact 
naturally in industrial settings (e.g. production, manipulation, assembly, etc.) or as 
service providers (e.g. household robots, care assistants, etc). Indeed, service robots 
seem to be one of the first targets for the yet to be born robot consumer market. 
There is a vested interest of industry in the service robotics market as for example 
demonstrated by companies like Willow Garage (www.willowgarage.com), by the 
research at Honda (especially in Europe) or by the claims of Toyota to bring a service 
robot to market by 2025. Clearly, this is not going to work unless a qualitative jump 
is realized in our understanding of complex human behavior and our ability engineer 
the robots that are more cognitively and socially competent through sentience. 
As the introduction of robots into our daily life will become a reality, the social 
compatibility of such robots gains importance. In order to meaningfully interact with 
humans, robots must develop an advanced real-world social sentience that includes 
novel perceptual, behavioural, emotional, motivational and cognitive capabilities: the 
central objective of the RCC S&T programme.
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RCC robots will be based on new design principles deriving from the Pillars, 
specifically, RTD-A1 Simplexity for the elaboration of a uniform set of control 
principles for underlying sentience; RTD-A2 Morphological Computation for the 
exploitation of soft materials to enhance the control of the RC morphology and 
its performance of complex tasks and to improve the adaptability to behave in 
unstructured environments; RTD-A3 Sentience for versatile and safe interaction 
with physical and social environments through sentience; RTD-A4 Multifunctional 
Nanomaterials and Energy for creating materials required for the fabrication of 
RCs with extreme performance in terms of adaptability, resilience and strength; 
RTD-A5 Society for defining and monitoring the use cases, evaluating the benefits 
produced by the deployment of the RC platforms within the society and for guiding 
the creation of a hybrid human RC society.

More specifically, some of the expected futuristic impacts on different RCC platforms 
will be on human compatible robots fabricated from biomimetic smart materials with 
multifunctional properties able to interact with humans directly in the safest and most 
effective way possible. Soft and light-weight biomimetic materials containing, for 
example, electroactive, magnetic and thermo-responsive nanomaterials as organic/
inorganic hybrids will replace metallic exo- and endoskeletons. This will enable RCs 
to move and act in a graceful and adaptive way, with minimal energy consumption.

4.2.2.3 the ManufacturinG anD autoMotiVe sector

RCC will open new application domains and avenues in permitting close human 
robot collaboration paving the way towards a new paradigm in industrial automation, 
industrial production and manufacturing processes where safety is usually achieved 
by clearly segregating robots from humans. 

There will also be a significant impact on the manufacturing industry. Improvements 
in dextrous manipulation will open up a broad range of manufacturing industries 
to increased automation from food processing to clothing manufacture. Improved, 
safer, and closer robot-human interaction will allow human to work more effectively 
with robot co-workers increasing task sharing, and improving the efficiency of both 
robot and human workers. In addition, these RCs will be able to both assist the aging 
working population and to acquire their skills so they will not get lost for future use.

Finally, in relation to Embedded real-time operating systems; RCC proposes that the 
insights obtained from reverse-engineering the control architectures of the brain 
and its translation into a architecture for sentience, will lead to improvements in the 
design of robust real-time operating systems for complex artefacts such as future 
homes, vehicles, urban systems, production processes and space-craft.

RCC will be able to generate a new robotics industry and, more in general a new 
industry and economic resource. Unveiling simplexity, morphological computation 

together with sentient capabilities combined with creating the tools for developing 
the new generations of robots is going to overcome the current limitations of robotic 
systems in their applications in real-world scenarios and to allow the creation of 
a multitude of robots and robotic services in and for our society. Similarly also 
the manufacturing industry will be revolutionized by RCC. With RCs the degree of 
automation can be dramatically increased, which implies that manufacturing tasks 
that previously had to be outsourced to cheap labour countries, can then be re-
insourced to European countries, while remaining competitive. In this way, a large 
number of jobs can be saved that were previously lost through the outsourcing 
process, and new ones created.

4.2.2.4  health sector

Sustainable welfare is defined along a number of dimensions including the ability to 
assist the aging population physically, psychologically and socially. We envisage RCC 
to have an impact not only on the patients’ quality of life, but also directly on the annual 
costs related to healthcare delivery in Europe. Hence, RC will deliver higher quality 
of care, especially at home, for a lower overall cost to the European health systems. 
This will be achieved not by replacing professionals in health care but by allowing 
them to perform their tasks more efficiently focusing on those tasks where humans 
excel. For example, the HealthCompanion platform will have a tremendous impact on 
medical procedures and, in general, on the future healthcare system. Robot assisted 
minimally invasive procedures are associated with a variety of patient-oriented 
benefits ranging from reduction of recovery time, medical complications, infection 
risks, and postoperative pain to increased quality of care. At small scales, micro-RCs 
have the potential to perform tasks that are currently difficult or impossible, and they 
will also lead to the development of early diagnostic procedures and therapies not 
yet conceived. Also in the field of artificial organs, there is a strong need for systems 
capable to interact mechanically with the patient’s body, in order to compensate 
failing functions such as urinary continence, breathing, blood circulation, muscular 
movements, blood purification (replacement of kidney functions, elimination of 
toxins, etc.). Miniature implanted robots have the potential to transform massive and 
usually external artificial organs of today into compact “stealth” components capable 
to adapt automatically to the patient’s physiological needs and to be tuned for the 
specific needs of the patient by the medical team.

The broad range of therapeutic applications achievable by the HealthCompanion 
platform and the dramatic impact that certain pathologies (e.g. vascular diseases, 
cancer, etc.) have on society define its potential in terms of impact on societal health 
and wellness. A major milestone for the HealthCompanion will be going from about 
3-5% of surgical interventions performed with surgical navigation or medical robotics 
to more than 90% in 10 years with enhanced autonomy. Coupling this with the possibility 
of producing sustainable miniaturized platforms based on novel biomimetic nano-
materials is opening up a window on a future where swallowable or injectable RC-
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based therapies will become a reality for a high number of pathologies, allowing in 
many cases healthcare delivery at home instead of hospitalization.

This will dramatically impact not only the patients’ quality of life, but also the annual 
costs related to healthcare delivery in Europe. Market segments, quantified in € 110 
billions (considering both direct and indirect costs) for cardiovascular diseases, in € 
7.5 billions for cancer, in € 39 billions for diabetes, etc. will be strongly impacted by 
HealthCompanion, which will provide novel technological solutions able to address 
these and other pathologies, consequently lowering the associated costs.

Furthermore, we envisage that a series of new industrial activities will be generated, 
with the objective of developing novel biomedical devices (e.g. smart miniaturized 
catheters, vectors and tissue/organ substitutes), new enabling technologies (e.g. 
optics-based diagnostic and therapeutic systems) and new materials (e.g. smart 
polymers functionalized with nano-carriers for targeted drug delivery).

 In relation to Prosthetics, advances in human-robot interaction through sentient, 
non-invasive, and neural interfaces can substantially advance this field. In 
addition, improvements in dextrous manipulation for robots will lead to knock-on 
improvements in the control of prosthetic hands. Research in RCC should lead to 
a more interactive, intuitive, and adaptive control yielding an efficient and natural 
interface for prosthetic systems.

4.3 use of results anD DisseMination of KnoWleDGe

4.3.1 use of results

The RCC results will drive excellence in science, to further knowledge and research in 
Europe within the RCC related areas obtaining a leading and highly visible role world 
wide, and to be transferred to European industry to contribute to its competitiveness 
and its worldwide positioning. In addition, dissemination will ensure that RCC results 
are integrated in everyday society.
In the case of the Use of results, and with the objective to facilitate its transfer to 
industry, RCC will rely both on the traditional technology transfer structures from 
every organisation and on dedicated “innovation labs” that are tied to core RCC 
nodes and facilitate showcasing RCC technologies to stakeholders. As explained in 
D4.1 Competitiveness white paper, the RCC Innovation Labs will: (i) facilitate technology 
transfer, (ii) help finding complementary support to bring RCC technologies to market, 
(iii) facilitate networking, (iv) assess needs and expectations of stakeholders including 
end users, industry and more specifically SMEs.
intellectual property right management is a crucial issue in the organisation 
of competitiveness and to assure the high economic impact of the RCC Flagship. 
The consortium agreement will describe the way the partners will be able to exploit 

the IPR resulting from the RCC Flagship. A “pro-active” Committee for Technology 
Transfer at the governance level of the Flagship will maintain a database of all IPR 
related to the RCC Flagship including knowledge on foreground and background 
of the IPR, patents, licenses, and Open Source models chosen. The Committee for 
Technology transfer will be in charge of doing pro-active marketing of IPRs, and 
setting up financial incentive to all researchers to generate IPR.

4.3.2 GoVernance

The EAP Coordination Council (EAP-CC) will be responsible for the definition, 
organisation and management of the EAP. EAP-CC will be a democratic governance, 
emanation from RCC nodes and associated institutions adhering to the RCC programme. 
Its decisions will be converted into actions as coordinated by an executive officer. 
The EAP-CC will be responsible for the breadth of scope, educational excellence and 
compliance to RCC principles of the overall EAP, for the effectiveness and efficiency 
of its institutional actions, for its internal and external transparency (e.g. project 
management, student selection and financial management), for the marketing of 
the EAP’s scientific, technological and educational know-how, and for outreach to 
undergraduate and Master students.

The initial activities of the EAP-CC will follow a predefined timeline in order to identify 
formative requirements, remove potential obstacles, and activate the RCC Doctoral 
School within its first year of operation and the RCC Federate Master Program and 
tutoring activities within the second year.
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4.4 potential ethical anD leGal iMplications

Important new technologies are socially disruptive and always raise significant 
concerns as to whether or not their impacts will be entirely beneficial. The general 
answer—that technology itself is neutral, and it is the use of technology by humans 
that can be for good or bad—is technically correct but not especially helpful. In 
developing any new technology, the responsible approach must be to consider how 
it will be used from the outset, striving to create safeguards against improper or 
damaging uses and directing development efforts to those aspects of the technology 
that promise the most helpful impacts. 

In the 19th century the poet William Wordsworth and the art critic John Ruskin both 
wrote passionately against the introduction of the steam train in rural England (Denault 
& Landis, 1999). They feared the destruction of the beauty of the countryside and 
the ending of a way of life that had persisted for centuries. Ruskin and Wordsworth 
were right that the train, an important symbol of the ongoing industrial revolution, 
represented a significant and irreversible break with the past. What they did not 
foresee, however, was that in the coming century the train would come to be 
recognised as one of the most effective mass transit technologies—in particular, one 
of the least polluting and most energy-efficient—and that the steam train itself would 
eventually be seen as a benign and romantic image of the lost rural idyll. 

But we should not dismiss the concerns of latter-day Ruskins and Wordsworths lightly. 
The visions of artists and poets can give clues as to the likely impacts of our work 
as scientists and technologists. Since the invention of computers in the 1940s, many 
writers and film-makers have imagined the possible impacts of robots on society. 
In films, these have ranged from the dystopias of the Terminator (1984), The Matrix 
(1999), or I Robot (2004), where humans create a technology that eventually seeks 
to replace them, to the positive visions of robots as companions to humans in Silent 
Running (1972), Star Wars (1977), Short Circuit (1988), and Wall-E (2008). In these 
latter examples, various forms of service and field robots fulfil complementary (to 
human) roles and work with people to help them achieve their goals. 

Thus, art looks at both sides of the coin, imagining both the worst and best for the 
role of robots in future human societies. Whilst these efforts might give some clues as 
to our actual future, it is worth noting that fear of technology is also confounded, in 
many of the more dystopian visions, with fear of ourselves. Indeed, in the 20th century 
the robot joined the bogeyman, the werewolf, and the extra-terrestrial as images 
of the unknown, and as exemplifying aspects of human nature that provoke strong 
fears. In particular, the robot is sometimes used to portray a form of emotionless 
and non-empathic rationality that has no regard for human values or human life (e.g. 
Terminator), and is therefore wilfully damaging and murderous. In our own future, 
however, there is no reason why we, as robot developers, should create robots that 
deploy sentience in a way that is insensitive to human needs. In other scenarios (such 

as Short Circuit and Wall-E), the writers imagine embedding positive human traits 
in future robots—diligence, hard work, concern for the environment, empathy, and 
appreciation of others. To devise and build such robots that will work with us, that will 
understand our needs and intentions, and that will act directly to promote our well-
being is the central goal of RCC. 

As noted above, the possibility of future sentient technologies replacing humanity, 
is a significant theme in current culture, but the scenarios under which this might 
take place are implausible (Bringsjord, 2008), and we can take straightforward 
precautions to assure against such outcomes (McCauley, 2007). Other concerns, 
raised by the possibility of RCCs include the worry that robots will lead people to be 
more isolated from each other, that robots will replace people in their jobs (leading to 
loss of income and perhaps a less meaningful existence), that robots will be used by 
criminals, that robot carers will ultimately lead to a loss of our humanity (the human 
capacity to care) (see Lichocki et al. 2011; Lin et al. 2012; Sharkey, 2008 and further 
below). These are all genuine concerns that we should consider carefully. It is worth 
noting, however, that many of these worries apply to technology more generally, and 
that the outcomes are always more complex than first imagined. For instance, the 
impact of computing itself has been to both create and eliminate jobs (the net effect 
probably being a net increase in employment), to increase human isolation in some 
respects (e.g. through home working), but decreasing it in others (e.g. through social 
networking). Fear of industrial automation has been highlighted as one of the drivers 
of concern about advanced robots in popular culture (Arnold, 1998) however, a 
recent report by the International Federation for Robotics which examined the use of 
industrial robots in relation to employment in manufacturing in six countries, found no 
effect of robotics on overall employment (which increased over the period studied) 
and that robotics itself led, directly or indirectly, to the creation of up to 10 million 
new jobs (Gorle and Clive, 2011). Industrial robots create jobs by allowing precise 
or consistent performance in a manner that would not be achievable otherwise, by 
improving working conditions, by making a sector competitive (in world terms) that 
would otherwise be uncompetitive, and by creating downstream jobs through new 
products and services. It seems likely similar positive consequences for job creation 
could flow from the development of RCCs.

Whilst the outlook is positive, there is certainly work to be done, and no room for 
complacency, in investigating and addressing possible causes of concern about the 
negative impact of future robots. Studies of various kinds will be required to address 
these issues and scientists and technologists will require humility and empathy to 
understand the concerns of lay people. However, as with any new technology, fears of 
unintended repercussions have to be balanced against possible positive benefits that, 
for RCCs, include advances in many areas of human welfare. We contend, therefore, 
that the development of robot technology in the 21st century should be pursued, but 
within an ethical framework that strives to obtain and maintain the broad consent of 
society, and that includes proactive efforts to recognise and avoid negative outcomes. 
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This approach also envisages a key role for the humanities and the social sciences in 
helping to identify and evaluate candidate scenarios concerning the future roles of 
robots, assessing risk, and directing our research efforts in the most promising and 
beneficial directions. 

The RCC ethics approach—a responsible and far-reaching investigation of research 
impacts and a receptive dialogue with European society.

A 21st century view of science recognises that it is not isolated from society and 
politics. To be ethical a science and technology project on the scale of a Flagship 
requires engaging in a public dialogue that is broader than just user involvement, 
and that takes into account all sectors of society. The scientists and technologists 
will require humility and empathy to understand the concerns of lay people. Societal 
concerns about technology can be effectively addressed only through an approach 
that takes seriously alternative viewpoints. Integrating ethics into the project 
requires that critical, sceptical and even dissenting voices are attended to at all 
stages. The project management must be prepared to change track if the results of 
these consultations reveal discomforts about the path being taken that cannot be 
satisfactorily addressed. 

In RCC we consider ethical issues along two dimensions as illustrated in Figure 45. 
The societal impact dimension (vertical) is concerned with the effects of RCCs on 
people and on European society, projected here along the dimension of time from 
the short-term to the very long-term. In the first 1-10 years we expect significant 
social and commercial impact of RCCs, in the longer-term—10 years and longer—
we expect to see transformational impacts of RCCs on human-machine and human-
human relationships. The FET-F ethics programme for RCC will involve studies of user 
needs and perceptions, robot ethics approaches, and science and technology studies 
of impacts to ensure that RCCs are developed to promote the positive benefits of 
RCC technology and to minimise potential negative impacts. 

Equally important is the dimension of research practice (horizontal axis in Figure 
45) and of ethical governance of the FET-F project. Here we consider the relationship 
of the RCC Consortium to the European public, during the course of the FET-F, 
and in relation to the manner in which we conduct our research. We plan to be an 
exemplar large-scale publicly-funded R&D project by demonstrating that research 
can be pursued in the context of a meaningful dialogue with the wider community 
(Felt et al., 2007), in which we continually present and revise the goals, achievements, 
and methods of RCC through a programme of open science and public engagement 
activities. By open science, we mean that we make it possible and straightforward 
for the public to observe and critique our scientific and technological activities 
(Nowotny et al., 2001), and we establish project management structures that collate 
and address their advice and criticisms, implementing corrective actions to our 
objectives and procedures where needed. All researchers in RCC will be trained in 
open science practices in order to implement this policy. In addition to practising 

research in the open, we will also proactively initiate and sustain a direct dialogue 
with society through an extensive programme of public engagement activity. We will, 
of course, address the groups who may be most directly impacted by RCCs—the 
prospective users, but we will also address non-users who may be impacted by the 
development of this technology. 

A further goal is also to provide the best possible and accurate feedback and advice 
to stakeholders and policy makers, to ensure that our flagship is well aligned with the 
broader of objectives of the European Union. To achieve these goals, at all levels of 
the consortium, including, and especially, the most senior, we will commit to engaging 
directly with this wider community and we will provide training in the appropriate 
communication skills to all of our advocates. A primary aim will be to foster a broad 
understanding of our research agenda, but, as importantly, we will also listen and 
respond to, the views of European citizens and of the organisations that represent them. 

Figure 30: The RCC Ethics Strategy considers societal and ethical issues in the FET-F along two dimensions—
investigating societal impacts (vertical) and pursuing research practices that foster a meaningful exchange 
with the wider European society (horizontal).

The two dimensions of the ethics programme of RCC intersect at the point where 
consideration of societal impacts, meets with the S&T (Science and Technology) 
research efforts directed at building candidate RCC platforms that can be deployed 
in societal settings. We recognise that the development of useful new technologies 
occurs where bright ideas and scientific insights—technology push—intersect with 
a good understanding of user needs and perceptions, and of the broader social 
context—societal pull. The integration and synthesis of these two forces for change 
will be achieved through an iterative human-centred design (McGuire, 2001) approach 
that will place concern for people at the heart of our technology development process.
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A PROACTIVE APPROACH TO LEGAL ISSUES

Significant legal issues need to be addressed if RCCs are to be deployed in European 
society in both its public and the private spheres. These issues include the legal 
status and capacity of the RC, liability in case of damage or injury, data privacy, 
standardization and issues regarding intellectual property ownership of RC-generated 
works. The RCC Flagship’s approach will be proactive, ensuring these issues are 
carefully examined in advance of steps towards commercial RCC platforms. Members 
of the consortium are already active in these areas, such as the preparation of a 
Green Paper on Robotics in Europe2 and a White Paper on Regulating Robotics3.

When RCCs become active in our personal and social spheres, their actions will have 
legal impact. For an RCC to fulfil its function as a companion it may need to enter into 
valid legal transactions, such as purchase agreements. Therefore it is to be expected 
that the RCC will require some legal capacity. On the other hand, if in the course of their 
activities they cause material or personal damages, the question of liability includes a 
large range of potential candidates from computer programmers and manufacturers, 
involved in the production of RCCs, to the users of the RCC themselves. Because 
the possibility of liability for damages might inhibit the development and discourage 
the later use of Robot Companions, (compulsory) insurance systems may have to be 
introduced, thus creating certainty of damage compensation.

At the same time, RCCs with some self-awareness cannot be treated simply as things. 
Sentience, autonomy and the potential ability to experience frustration, or even 
suffering, raise issues of legal categorization. The question is whether, and if yes, how 
degrees of sentience, autonomy and a capacity to “feel” could be assessed as a basis 
for assigning legal standing to RCCs. 

RCCs will also collect personal data about the citizens they serve as companions, 
which may be processed and stored locally or online, and shared with, or be 
monitored/observed by third parties. Therefore the privacy-related issues that could 
arise when RCCs are deployed in society must be investigated, as well as how the 
processing, storage and protection of private data should be governed.

A further issue that will have to be addressed is the RCC and its potential capacity 
to create and invent robot-generated works or patentable inventions. This raises 
fundamental questions with regard to the objects of intellectual property rights, and 
to the ownership of these rights. 

2 A Green Paper being prepared on the legal framework for robotics in Europe, http://www.jura.uni-wuerzburg.de/
                fileadmin/02150100/Forschungsstelle_Robotrecht/dokumente/tagung_22_juli_2011/agenda.pdf 

3  A White Paper being prepared on Regulating Robotics, http://www.robolaw.eu/

However, whilst RCCs are unique in some respects it is also important to recognize 
that many of the potential legal issues surrounding robots are already addressed 
in existing legislation. For instance, regulations surrounding corporate entities, 
IT systems, motor vehicles, or even domestic animals could be relevant to the 
evaluation of the legal status of RCCs. Therefore the RCC Flagship will identify to 
what extent RCCs will fit into existing legislative frameworks or other regulatory (for 
instance soft-law) regimes, and where such frameworks will require expansion to take 
account of RCCs. In doing this, the RCC Flagship will seek to develop appropriate 
legal instruments to both protect consumer interests (privacy, safety regulations) and 
contribute to the innovation and acceptance of RCC technology in society, by finding 
a balance between protection, security and innovation.
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