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Preface 

How can we tackle the societal challenges we are facing in the coming years? How can we create 
real value for our economy and real services to our society? There are good reasons to believe 
that these crucial and fundamental questions can be addressed at least partially by robotic 
technology. RoboNED is trying to better understand how robotics in the Netherlands could be 
shaped in order to yield an ecosystem able to address these goals. 
 
RoboNED was born as one of the ICT Innovation platforms in 2010 and intended to deliver a 
Strategic Agenda with an analysis and concrete suggestions on how to achieve the described 
goals. This document is the RoboNED contribution to this goal and is the result of multiple 
iterations among the key players in the Netherlands and a real Dutch teamwork. Robotics is a 
large multidisciplinary field including many key technologies and with a very broad field of 
applications. The analysis has been addressed from the side of the market and application fields 
and for this reason a number of key markets have been identified and studied. 
 
A SWOT analysis has been used to try to achieve an objective and unbiased overview of the 
potential for the Netherlands. Such an analysis is the result of teamwork and investment of a lot 
of time by many people. I am extremely grateful to all the people who have contributed to this 
important goal. I would like to thank the management team of RoboNED for their continuous 
support and time investment, and I would especially like to thank Ditske Kranenburg who has 
played the crucial main editorial and coordination role as platform manager. Ditske’s devotion 
and professionalism have been outstanding. 
 
The creation of the Strategic Agenda is now complete and the time frame and financial support 
of ICTRegie completed, but I am very grateful to NWO for ensuring that the great efforts and the 
community that has been created will not be lost, thanks to the support they have agreed to give 
in the coming period. This will allow us to maintain the momentum and keep on coordinating the 
Dutch community for the future of robotics. RoboNED will have to keep on playing the role of 
representing body for robotics in the Netherlands, interfacing between the field and 
policymakers, and will have to keep its goal as catalyst for achieving the vision and goals named 
above. I will take a personal responsibility to do that and I hope that together we will manage to 
position the Netherlands as one of the major contributors on the international stage to tackle 
the great challenges our modern society is going to face in the coming years. 
 
Stefano Stramigioli, Chair of RoboNED  
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Executive Summary 

Robotics is booming! The Netherlands: don’t miss the train! 

 Global perspectives for robotics are optimistic. 

 Huge opportunity for the Netherlands to become an important global player in robotics. 
 
Strengths and Opportunities 

 Large social need for robotics e.g. in healthcare due to the aging population and in agriculture 
due to shortage of labor. 

 Dutch universities are highly ranked in high-tech research and development and already have 
a large part of the technology needed available. 

 The Netherlands has a lot of innovative high-tech mechatronic engineering companies 
supplying components for the robotics industry. 

 The Netherlands has a worldwide leading position in milking robots. 

 The Netherlands has a positive innovation climate, with direct connections between 
companies and knowledge institutes.  

 
Weaknesses and Threats 

 There are not enough engineers in the Netherlands. 

 There are not enough investors in robotics in the Netherlands.  

 In society there is skepticism about robotics. Social acceptance of robots is an issue.  
 
How to seize the opportunity? 
There is a shift from traditional industrial robots towards service robots.  

 More commercialization driven by valorization. 

 Improved technology, focusing on the interaction of humans with robots. 

 Technological breakthroughs in the field of 3D perception, motion/task programming, 
soft/compliant actuation, and cognitive learning algorithms. 

 Actions on safety, standardization, public awareness, and human capital. 

 More exchange of knowledge and collaboration within the robotics field, both between 
disciplines and between application fields.  

 
Required Actions 

 Government: become launching customer of robots. Invest in start-up and spin-off 
companies; invest in robotics research & development as well as in coordination actions. 

 Societal institutions: stimulate the acceptance of robots e.g. by public debate and ‘free 
zones’. 

 Knowledge institutes: realize technological breakthroughs; perform research into social 
practices and relations; develop a safety framework for service robots. 

 Educational institutes: deliver more and better-educated students in robotics. 

 Companies: invest in care, cure, agro&food and professional service robotics; join forces in 
the whole value chain, of suppliers, robot producers and engineering firms; create business 
cases. 

 Community (RoboNED): stimulate knowledge exchange and collaboration.  
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Management Samenvatting 

Robotica maakt een snelle vlucht! Nederland: haak aan! 

 De wereldwijde vooruitzichten zijn veel belovend. 

 Een grote kans voor Nederland om een belangrijke speler te zijn in de wereldwijde robotica. 
 
Sterkten en Kansen 

 Grote sociale behoefte aan robotica bijvoorbeeld in de gezondheidszorg door de vergrijzende 
populatie en in de land- en tuinbouw door het tekort aan werknemers. 

 Nederlandse universiteiten staan hoog aangeschreven op het gebied van high-tech 
onderzoek en hebben een groot deel van de benodigde technologie in huis. 

 Nederland heeft veel high-tech mechatronica bedrijven die robotica componenten leveren.  

 Nederland heeft een wereldwijde leidende positie op het gebied van melkrobots. 

 Nederland heeft een gunstig innovatieklimaat, met directe contacten tussen bedrijven en 
kennisinstellingen. 

 
Zwakten en Bedreigingen 

 Er zijn niet genoeg ingenieurs in Nederland 

 Er zijn niet genoeg investeerders in robotica in Nederland. 

 In de samenleving heerst scepsis tegenover robots. Acceptatie is een probleem. 
 
Hoe grijpen we die kans? 
Er is een verschuiving gaande van de traditionele industriële robots naar de service robots. 

 Meer commerciële activiteit gestuurd vanuit valorisatie. 

 Verbetering van de technologie, gericht op de interactie van mensen met robots. 

 Technologische doorbraken op het gebied van 3D perceptie, bewegings/taak 
programmering, zachte/compliante bekrachtiging and cognitieve leer algoritmes. 

 Acties op het gebied van veiligheid, standaardisatie, publiek bewustzijn en  onderwijs. 

 Meer uitwisseling van kennis en samenwerking binnen de robotica, zowel tussen 
verschillende disciplines als tussen verschillende toepassingsgebieden. 

 
Benodigde acties 

 Overheid: wordt ‘launching customer’ van robots; Investeer in start-up en spin-off bedrijven; 
Investeer in zowel robotica onderzoek en ontwikkeling als in coördinatie acties. 

 Maatschappelijke instellingen: stimuleer de acceptatie van robots door bv. publiek debat en 
het introduceren van ‘free zones’. 

 Kennisinstellingen: realiseer de technologische doorbraken; Voer onderzoek uit op het 
gebied van sociale praktijk en relaties; Ontwikkel een kader voor de veiligheid van service 
robots. 

 Onderwijs instellingen: zorg voor meer en goed onderwezen studenten in de robotica. 

 Bedrijven: investeer in de zorg, medische, agrarische en professionele service robots; Bundel 
krachten in de hele keten van toeleveranciers, robotproducenten en ingenieursbureaus; 
Creëer business cases. 

 Netwerk (RoboNED): stimuleer kennisuitwisseling en samenwerking. 
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Introduction  

Background 
RoboNED was founded in April 2010, as one of the ICT Innovation Platforms (IIPs) of ICTRegie 
(since 2011 succeeded by a cooperation of NWO, STW and AgentschapNL). IIP RoboNED has 
developed an ecosystem of more than 650 registered interested parties and 340 participants, 
consisting of a well-balanced representation of researchers, entrepreneurs, societal institutions 
and users from the various application and technology fields within robotics.  

 

Table 1: The goal of RoboNED is threefold. 

The goals of RoboNED are shown in Table 1. One of the main activities has been the 
development of a strategic agenda for the robotic field in the Netherlands. This document is the 
result of a two-year effort as part of ‘The Dutch Robotics Strategic Agenda’. Large parts of this 
document are used for the roadmaps of the top sectors, investing in the 9 fields of excellence in 
the Netherlands. 
 

Objective and Goal 
With this strategic agenda we present the current and future developments in robotics. We will 
discuss not only technologies and their applications, but also the ethical, legal and social issues, 
education, and economic aspects. The agenda has led towards well-defined steps and a clear 
focus for accelerating the various already very promising developments in the Netherlands. The 
goal is to transfer the investments and opportunities into business. 
 

Method 
This document is divided into three parts: Analysis, Roadmap and Outlook (see Table 2). The 
RoboNED community has been discussing these subjects during the RoboNED seminars. The 
content of this document was derived from these seminars. 
The ‘Dutch Robotics Analysis’ is based on ‘RoboNED seminar 3’. During this seminar each cluster 
performed a SWOT analysis. The ‘Dutch Robotics Roadmap’ is based on ‘RoboNED seminar 4’.  
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Eight sessions were held on the following subjects:  ‘Navigation and Motion Planning’, ‘Sensing 
and Perception’, ‘Interactive Systems’, ‘Learning and Adaptive Systems’, ‘Software Engineering’,  
 ‘Safety for Service Robots’, ‘Education’ and ‘ELS Issues’. The ‘Dutch Robotics Outlook’ is based 
on a literature study of the selected economic aspects: global economic perspectives, the 
competitive position of the Netherlands, and the robotics business in the Netherlands.  
 

 

Table 2: The three parts of the Strategic Agenda: Analysis, Roadmap and Outlook.  

 

Outline 
The first part of the Strategic Agenda presents the ‘Dutch Robotics Analysis’. The second part 
presents the ‘Dutch Robotics Roadmap’. The third part presents the ‘Dutch Robotics Outlook’, 
focusing on the economic aspects. 

 

Analysis

•Clustering of the different application fields.

• Inventory of the projects, companies and institutions active in the field. 

•SWOT-analysis per application field.

Roadmap

•Determination of the main objectives in robotics: technology, education and ELS issues.

•Determination of the needs and offers, resulting in the subjects which are promising 
enough to be developed further.

•Definition of short, mid and long-term goals. 

Outlook

• Investigation of the global market.

•Definition of the areas where the Netherlands has the most chance of success.
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Summary 

Economic Aspects 
The economic prospects foreseen for robotics markets are rapidly expanding. In an international 
context, success stories are seen like the US enterprise iRobot which, besides the introduction of 
the successful Roomba vacuum cleaner, is applying various robotics technologies for service and 
defense. The Japan Robot Association has predicted that the robotics market will be worth 
$ 66.4 billion in 2025, twice the size of the current market; more than two-thirds of it will be 
dedicated to personal and service robotics (home, medical welfare, public sector), as shown in 
Figure 12. This prediction corresponds to the findings of the International Federation of Robotics. 
This federation predicts a large growth in service robots for professional and personal use in the 
period 2011-20141. Milking (bio-agro) robots and defense applications make up 55 % of the total 
forecast of service robots for professional use. In the field of personal robots domestic and 
entertainment robots are a fast-growing market. 

 

Figure 1: Predicted robotics market
2
 

At a national level there is enormous potential within high-tech industries, with companies such 
as Philips, ASML, Thales and NXP. Philips is an important player in the field of service robots and 
develops, produces and markets, among other things, robotic vacuum cleaners. The Netherlands 
has a lot of small and medium-sized enterprises (SMEs) involved in robotics, like Demcon which 
realizes high-tech mechatronic systems and products which are, for example, applied in 
healthcare robotics. Other companies selling and developing robots are, e.g. Focal Meditech, 
Assistive Innovations ,and De Koningh Medical Systems. The Netherlands holds a real leading 
position in the dairy and cattle market which uses robotics extensively, for a large part provided 
by the internationally operating company Lely. Another robotic market is agriculture, where 

                                                        
1
 World Robotics 2011, IFR Statistical Department, http://www.worldrobotics.org/ 

2
 Projection by the Japan Robotics Association, 2005; Source: European Commission, 

http://www.euractiv.com/en/infosociety/robots-speak-european/article-145529 
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companies like Jentjens and Aris are active. This market is very important due to the 
Netherlands’ leading position in terms of productivity and efficiency. 
 
Social-Cultural Aspects 
Dutch society will in due time have a large problem in providing healthcare, agriculture and 
industry with enough personnel to keep the economy running. The Netherlands Bureau for 
Economic Policy Analysis (CPB) forecasts that in 2050, 50 % of the EU population will be over 65 
years old. Robotics might provide a solution for this problem. In healthcare the urgency is 
greatest, due to the combination of the aging phenomenon with an increasing need for care. 
Care robots can take over tasks where human understanding and contact is not necessary or 
even not desired, like toileting. A care robot can also be very helpful in assisting in heavy physical 
work, like lifting people. This will enable us to be more careful with our care professionals. 
 
Agro-robotics enables a sustainable development of agricultural production by solving 
challenges like shortage of labor, growing production costs, competition on the international 
market, poor labor conditions, poor labor image, food safety and product quality, efficient use of 
resources, and reduction of emissions of chemicals to the environment. Without the use of 
robots in agriculture the current leading position in this sector might be lost. 
 
Technological Aspects 
Investments will not only be necessary for healthcare and agriculture but might also be 
beneficial for the total innovatory power of the Netherlands. Internationally, the Netherlands is 
highly rated in the field of high-tech mechatronic research and is well-represented by innovative 
technological companies. The links between companies and knowledge institutes are short and 
direct. These ingredients provide a unique chance to collaborate in the development of 
technology in commercial products.  
 
Technological areas in which research should be increased and collaboration is indispensable, 
are: 

 Navigation and Motion Planning 

 Sensing and Perception 

 Compliance and Interaction Control 

 Human-Robot Interaction and Haptics 

 Learning and Adaptive Systems 

 Energy and Lightweight Materials 

 Software Engineering for Robotics and Automation 

 Safety for Service Robots 
 
Ethical, Legal and Educational Aspects 
Besides technological investments, some important non-technological investments are 
necessary. A common problem for every application domain is the shortage of engineers who 
are able to develop robots, in addition to clear and focused business cases (winners). On another 
level, people should be educated to be able to work with robots. Educational institutions should 
provide their students with a curriculum that is adjusted to the future working environment, and 
includes the use of robots.  
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To achieve good integration of robots in society, legal issues like liability should be clearly 
defined and a safety mark for robots should be further developed. These measures can help to 
stimulate the public  acceptance of robots. Public discussion on the ethical issues of robotics 
should be initiated, based on knowledge and reality. 
 
Conclusions 
In healthcare and agro & food in particular, robotics will be indispensible in the future. In these 
fields robotics offers a great opportunity. Cross-domain collaboration on technological and 
economic challenges will be a key issue.  Therefore, it is of great importance to the development 
of robotics that the existing ecosystem is further developed and academia-industry collaboration 
is improved in order to transform opportunities into commercialized products. 
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1 Introduction 

1.1 Problem Definition   
The economic prospects foreseen for robotics markets are rapidly expanding. In an international 
context, success stories are seen like the US enterprise iRobot which, besides the introduction of 
the successful Roomba vacuum cleaner, is applying various robotics technologies for service and 
defense. Another example of a success story is the da Vinci robot for minimally invasive surgery 
by the US enterprise Intuitive Surgical. The Japan Robot Association has predicted that the 
robotics market in 2025 will be worth $ 66.4 billion, twice the size of the current market, of 
which more than two-thirds will be dedicated to personal and service robotics (see Figure 3).  
These predictions are also shared by distinguished businessmen like Bill Gates, who in an article 
published in Scientific American3, predicts 
that robotics will go through the same 
market evolution as the PC did, becoming 
pervasive in our society. In the 2008 Dutch 
Horizon Scan report4, the importance of 
robotics is clearly recognized. In IEEE 
Spectrum5, the spread of industrial robots 
around the world is shown, see Figure 2. 
Originally, robots were mainly used in the 
automotive industry, but they are now 
commonly deployed in many 
manufacturing processes. The (potential) 
growth of the other application areas of 
robotics brings both scientific and 
technological challenges and also 
economic opportunities for Dutch society.  

 

Figure 3: Expected market size of robots2.  

                                                        
3
 Gates, B., ‘A Robot in Every Home’, Scientific American, December 2006. 

4
 Roel In ‘t Veld et al., ‘Rapport Horizonscan 2007, naar een toekomstgerichte beleids- en kennisagenda‘, ISBN 978-

90-72863-23-2; December 2007. 
5 Guizzo, E., ‘The Rise of the Machines’, IEEE Spectrum, vol. 45, no. 12, pp. 88, 2008. (With Courtesy of E. Guizzo). 

http://spectrum.ieee.org/robotics/industrial-robots/the-rise-of-the-machines 
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Figure 2: Distribution of industrial robots5. 
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1.2 Objective and Goal 
In 2004, the Dutch government established ICTRegie to stimulate the innovative potential of the 
Netherlands by means of ICT research. ICTRegie developed 15 ICT Innovation Platforms (IIPs), of 
which IIP RoboNED is one. This platform unites researchers and entrepreneurs, but also Original 
Equipment Manufacturers (OEMs) and end-users. One of the main activities is the development 
of a strategic agenda for the robotic field in the Netherlands. 
 
Since April 2010, robotics activities in the Netherlands have been coordinated by IIP RoboNED.  
This Dutch Robotics Platform aims to stimulate the synergy between the various robotics fields 
and to formulate a focus.  
 
The goal of RoboNED is threefold:  

 To bring the various fields and disciplines involved in robotics together 

 To stimulate the innovation ecosystem in the Netherlands by unifying stakeholders from 
research, education, industry and society 

 To stimulate the social acceptance of robotics in the Netherlands 
 

1.3 Method 
Academic and industrial partners are cooperating in RoboNED to create a national strategic 
agenda. This strategic agenda consists of three parts. Part 1 presents the Dutch robotic analysis 
and Part 2 presents the roadmap for technology, education, and ethical, legal and social issues. 
Part 3 presents the economic aspects. 

1.3.1 Clustering 
Robots can be used in different application fields. These applications are arranged in clusters, as 
shown in Figure 4. Each cluster reflects a separate field with a specific ecosystem and market, 
based on the task of the robot. This clustering is designed for the Dutch situation, based on the 
American6 and European7 roadmaps.  
The dark gray-colored fields in the right column (blue) in Figure 4 are marked as high potential 
robotic fields,  in which RoboNED clusters are active. The fields ‘Maintenance & Inspection’, 
‘Defense, Security & Safety’ and ‘Logistics’, which all fall under the higher level field of 
’Professional Services’, are incorporated in one cluster. The RoboNED strategic agenda deals with 
six clusters namely, Agro&Food, Care, Cure, Domestic Services, Manufacturing, and Professional 
Services.  

1.3.2 SWOT Analysis 
In this report we discuss the six fields, Agro&Food, Care, Cure, Domestic Services, 
Manufacturing, and Professional Services on the basis of a SWOT analysis. The six fields are 
analyzed on the internal and external situation for four different aspects: Social-Cultural, 
Technological, Political-Legal, and Economic. The SWOT elements of the internal analysis 
(Strengths and Weaknesses) are confronted with the SWOT elements of the external analysis 
(Opportunities and Threats), making use of a confrontation matrix (see Figure 5). We can then 
conclude the analysis with recommendations to improve the development of the specific robotic 
field.  

                                                        
6 www.us-robotics.us 
7
 www.robotics-platform.eu/cms/index.php?idcat=26 
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Figure 4: Overview of Dutch robotics application fields. 
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Figure 5: Confrontation matrix 
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The information presented here is based on ‘RoboNED Seminar 3’ in which the clusters 
investigated the strengths and weaknesses of each particular robotic application field. Strengths 
and weaknesses refer to the internal situation of the cluster. This includes the factors that form 
the cluster such as the subfields, the stakeholders involved, the innovatory power, the 
investment budget, and the (societal) problem that the cluster is solving. The participants in the 
seminar made an inventory of the opportunities and threats of the cluster. Opportunities and 
threats refer to the external situation of the cluster. This includes the factors from outside that 
influence the cluster such as the economic situation of the Netherlands, public attitudes, 
governmental decisions, and the demographic situation. Finally, the participants were asked to 
assign their most important opportunity and threat. The data from ‘RoboNED Seminar 3’ is 
processed and the results are given in the SWOT tables in the relevant cluster chapters. 
 

1.4 Outline  
This report consists of six cluster chapters, each with a common structure, starting with an 
introduction to the cluster itself. Next, the SWOT analysis is presented, on which a confrontation 
analysis is performed. In the final section recommendations and conclusions derived from these 
results are given. The last chapter presents a meta-analysis of the results of the clusters. 
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2 Agro and Food 

2.1 Introduction 
The field of Agro and Food robots is defined as the category of robots performing tasks in 
agricultural environments and the processing of agricultural products. 
 
The cluster Agro&Food is considered to include the following subfields: 

 Livestock farming (e.g. milking robots, cleaning) 

 Arable farming (e.g. autonomous vehicles, weed control) 

 Protected cultivation (e.g. crop maintenance, harvesting, packing) 

 Orchards (e.g. harvesting and spraying) 

 Plant propagation, ornamentals (e.g. pruning)  

 Post-harvest processing (e.g. grading, packing) 

 Meat processing (e.g. cutting, packing) 
Examples of Agro&Food robots are given in Figure 6. 
 
The Netherlands holds a leading position in agriculture in terms of productivity and efficiency, 
with the main emphasis on protected cultivation (horticulture) and livestock farming.  
Main suppliers include: Lely, Aris, Jentjens, Lacquey, CCM, Priva, Kverneland, SBG Precision 
Farming, Tyker Technology, WPS, SAC Nederland, Methore, Moba, Robertpack, HAWE, Aweta, 
Quest, and Havatec. 
 
The Netherlands is home to some of the main global suppliers in the field of livestock farming 
and protected cultivation. In arable farming, main suppliers are less well represented in the 
Netherlands. Though being world players, these companies are still quite small, supplying 
relatively small markets, and therefore have limited room for investment. The past 5 to 10 years 
have seen the advent of some (very) small high-tech development companies. 

   
1 2 3 

Figure 6: Examples of Agro&Food robots. 1) Cucumber Harvesting Robot (Wageningen UR/GreenVision), 2) Lely 
Astronaut Milking Robot and 3) Weeding Robot (Wageningen UR) 

 

2.2 SWOT Analysis 

2.2.1 Social-Cultural Aspects 
In horticulture important drivers for agro-robotics are increasing labor costs, the limited 
availability of sufficiently trained labor, and the poor image of the sector due to the employment 
of (illegal) foreign workers who are not familiar with Dutch labor regulations. Agro-robotics 
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might also support quality improvement of the harvested product. In livestock farming agro-
robotics might offer the farmer more freedom. Additionally, robotics can take over heavy, dirty 
and unhealthy work, will save labor and thus reduce costs. The same holds for arable farming. 
In general, in agriculture agro-robotics will replace heavy, dirty and unhealthy work and by 
replacing human labor will support improvement of the economy and efficiency of production. It 
will also support more efficient use of other resources and reduction of emissions like nutrient 
and (crop protection) chemicals to the environment. 
 
As a potential negative emotion exists in society with respect to the intensive deployment of 
technology in food production, this needs pro-active attention. It might be turned into an 
advantage by focusing on the positive effects of robots on food safety, animal health, and the 
negative image associated with illegal labor.  

2.2.2 Technological Aspects 
Despite more than three decades of intensive research, there are only a few commercially 
available robotic systems. The success of robots in agriculture depends on how much structure 
there is in the product to be handled and the working environment of the robot. In horticulture, 
robots are currently available for producing cuttings, planting in trays, plant protection, sorting 
and packing. No commercial examples are known for harvesting and crop maintenance.  In 
livestock farming the most famous and successful example is the milking robot. New products 
include automated feeding, manure removal, cleaning of sheds, and automatic field fencing. As 
safety is a major issue, in arable farming examples of robotic systems are very limited. 
 
There is a lot of innovative research in agro-robotics in the Netherlands including examples like 
leaf picking of tomatoes (Tomation), sweet pepper harvesting (Crops), rose harvesting, sweet 
pepper packing, gripping of soft products (Lacquey), autonomous weed control (Robot Ruud), 
field robots, master-slave operation of farm machines (HUBRINA), and snack packing. 
There is not much cooperation or cross-fertilization between these innovation projects, because 
of intellectual property (IP) reasons and maybe due to the relatively small markets. This is a 
potential weakness as it may lead to inefficient use of resources and potentially reinventing the 
wheel in each project. 
 
Robots in agriculture need to fulfill two main functions: mobility on the farm and manipulation 
of objects. Robotics is defined as the intelligent transformation of sensing into mechanical 
action. Research is generally focused on sensing, mobility (e.g. autonomous vehicles), 
manipulation, and end-effectors. However, not much attention is paid to:  
1) intelligence, navigation and manipulation in unstructured environments 
2) safety for humans, animals and the crop 
3) the fact that the machine has to work in a hostile environment in terms of dust, dirt, rain, 

light, temperature variations, etc. 
 
As the essential functions needed in an agricultural robot comprise a limited subset of human 
capabilities, an agricultural robot need not resemble a human being. 
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2.2.3 Political-Legal Aspects 
Until recently, there was not much political support for the development of agro-robotics, either 
in practice or research. This is changing, and robotics is now considered to offer a contribution to 
the sustainability of the agricultural sector. However, this has not yet been translated into 
funding for research and development in agro-robotics. At EU level, robotics is gaining more and 
more attention and funds are becoming available. 
In general farmers and suppliers have a strong positive and innovative attitude and are open to 
robotics, but due to the small size of the players involved there is hardly ever enough capital 
available to take the risk of developing and implementing high-tech robotic systems.  
The Netherlands has a leading position in agriculture worldwide; farmers, as well as suppliers 
and researchers. With a contribution of 10 % to the gross national product, the agro-food chain 
is one of the main contributors to the Dutch economy. Key legal aspects include safety and 
liability. Issues with respect to IP also hamper development of agro-robotics in some cases.  

2.2.4 Economic Aspects 
In many cases robots are economically feasible in agriculture. Since people need food and 
flowers, and due to the fact that less labor will be available in the future, there is a huge 
potential market in the Netherlands, Europe and worldwide. 
The agricultural domain is divided into a large number of small and specialized markets. The 
automated milking systems market is one of these specialized markets in which the Dutch 
company Lely is market leader. Due to their small size, the room for investment by individual 
farmers and also suppliers is (very) limited. 
The risk for both farmers (growers) and suppliers in introducing new robot systems is in general 
unacceptably high. Sharing knowledge and intensive collaboration might mitigate this problem. 
Open innovation might be a solution. 

2.2.5 SWOT- table 
In Table 3 you can find the Strengths, Weaknesses, Opportunities and Threats.  

Table 3: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

Robotics solves problems of labor (availability, image) 
Netherlands leads in agro; both farmers and suppliers 
Robots are economically feasible 

Technology is available but does not fit well with the 
conditions in agriculture (unstructured, harsh 
environment) 
Not much cooperation and reinventing the wheel (due 
to IP issues) 
Diverse application fields, small companies, small 
markets, not much budget for investment 

 
Opportunities 

 
Threats 

Make use of, share, and further develop technology 
Laws and regulations on food safety, hygiene and labor 
Large demand and need   

Acceptance by the consumer 
Too little cooperation on technology (IP rights) 
Too few investment possibilities 
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2.3 Main Areas of Attention 
In this section we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention. In every quadrant, we will focus on the 
most important item. 

2.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities?  
In the Netherlands the agro-food chain forms a substantial part of the gross national product 
and has a good international position. We can keep this position by solving the shortage of labor 
and increasing the productivity by making use of robots that are suitable for agricultural 
applications. These robots can be developed by using common technologies already used in 
other application fields and by working together with robot application fields on new 
technologies.  

2.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats?  
Due to the large, segmented agricultural domain, with correspondingly small markets, there is 
not much budget for investments. Individual growers and suppliers are not able to invest in 
robots. Where robots are economically feasible, growers and suppliers should join forces to 
invest in robots together. The financial risks for the growers and suppliers should be kept low. 
One way to keep the financial investment low is to develop an agro-robot platform that is 
adaptable for every individual grower or supplier. 

2.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities?  
The existing technology is not suitable for the agricultural environment which is unstructured 
and harsh. Other application fields are also working on developing robots that are able to work 
outside the conditioned environment of the factory, e.g. a soft and safe gripper able to deal with 
humans in the environment has a lot in common with the gripper needed to grasp a tomato. 
Joint efforts on the level of technology will accelerate the developments. 

2.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact?  
It is very important to work together to be able to profit from robot technology. There are two 
levels on which efforts should be combined: on the development of the technology and on the 
financial investments necessary. When developing technology there are also two levels that 
need cooperation: when developing new technology the other application clusters are very 
important partners; when making the available technology suitable for the agricultural 
environments and circumstances it is important to work together within the cluster itself. 
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2.4 Conclusions and Recommendations 
The Agro&Food cluster is considered to be potentially a very important application area for 
robotic systems, not only in the Netherlands but also worldwide. International collaboration in 
the development and use of robots will not only increase exports of products, but also introduce 
benefits in terms of knowledge and finance. Agro-robotics will support sustainable development 
of agricultural production by solving challenges like shortage of labor, growing production costs, 
competition on the international market, poor labor conditions, poor labor image, food safety 
and product quality, efficient use of resources, and reduction of emissions of chemicals to the 
environment.  
The Netherlands is at the leading edge in agriculture in terms of productivity and efficiency with 
the emphasis on protected cultivation (horticulture) and livestock farming. In general farmers 
and suppliers have a strong positive and innovative attitude and are open to robotics.  Despite 
more than three decades of intensive research, there are still only a few commercially available 
robotic systems. The success of robots in agriculture still depends to a large extent on the degree 
of structure of the product and the working environment.  There is a lot of innovative research in 
agro-robotics in the Netherlands. 
More cross-fertilization between innovative projects, companies, and research institutes might 
amplify progress in agro-robotics. Limited support by government and funding organizations for 
research and development and innovation in this field is still a major problem.  However, 
recently robotics has been gaining more and more attention from these organizations.  
It will be wise to focus more research effort and knowledge development on dealing with 
operations in complex and unstructured environments as this seems to be a key issue for the 
successful introduction of robotics in agro and food. From a technical and legal point of view, 
safety is an important issue as well.  
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3 Care 

3.1 Introduction 
Care robotics is defined as robots performing tasks in a (long-term) care environment like a 
nursing home, a home for the elderly, a rehabilitation therapy practice or, if the patient can still 
live in his or her own house, at home. Examples of Care robots are given in Figure 7. 
 
Activities in the ‘robotics for health’ domain are distributed by RoboNED over two clusters: Cure 
and Care. The subfield ‘Therapeutical’ is partly included in ‘Cure’, partly in ‘Care’.  
 
Subfields within this cluster include: 
Care robotics: 

 assistive robots for monitoring at home 

 assistive robots for personal use and household tasks (welfare) 

 assistive robots for nursing/caring tasks 

 paramedical tasks 

 social activation robots (for dementia and cognitive disabilities) 
 
Therapy/Rehabilitation robotics: 

 therapy/rehabilitation 

 prostheses/ortheses 

 cognitive therapy 
 
In the Netherlands researchers are active in all of the above-mentioned subfields of care and 
rehabilitation robotics, but focus especially on robots for monitoring and household tasks and on 
rehabilitation. 
 
Presently, there are no Dutch suppliers in this specific area, but several companies could join this 
field. There are, however, several Dutch OEMs in the domain: e.g. DEMCON, Focal Meditech,  
Assistive Innovations, InteSpring and Exact Dynamics, Motek Medical, etc. 
 
There are numerous customers (defined as parties with influence on the buying decision):  

 Health insurance companies 

 Health authorities: (local) Government (WMO Social Support Act) 

 Health managers of nursing homes and other residential and home care institutions 

 Medical professionals 

 Paramedical professionals 

 Nursing and caring professionals 

 Patients/informal caregivers and patient organizations 
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Figure 7: Examples of Care robots. 1) Social robots: PARO (seal) and PLEO (dinosaur), 2) Rehabilitation robot 
Dampace (University of Twente) and 3) iARM (Assistive Innovations). 

 

3.2 SWOT Analysis 

3.2.1 Social-Cultural Aspects 
The most important driver is the aging population. There is a strong correlation between age and 
the need for long-term care. Aging has two demographic causes. People are living longer due to 
improved disease prevention and healthcare. Therefore the absolute number of elderly people is 
increasing. This will be a permanent improvement. The other reason is the high birth rate that 
occurred at a particular period (the post-war baby boom). This is a phenomenon with a transient 
character. Several decennia after the return to a normal birth rate, the relative number of 
elderly people will increase for about the same period of time as the duration of the baby boom. 
  
Another driver is the increasing importance of Quality of Life, autonomy and participation of the 
elderly (and people with chronic illnesses and disabilities) as opposed to ‘simple’ nursing. 
Also very important in a number of countries like the Netherlands is the imminent shortage of 
healthcare personnel in a generally tight labor market. The relative shortage of care personnel is 
partly due to the labor conditions which compare unfavorably with other sectors.  
Awareness and acceptance are key words to understand the attitudes of all important 
stakeholders: patients, health professionals, health managers, health insurers, and health 
authorities. The stakeholders that are responsible for the financing of the R&D programs must 
feel convinced that the benefits of robotics are greater than the investments in development 
and the costs of operation. Patients and health professionals, as well as informal caregivers, have 
to accept robots in their direct environment and must be willing and able to use them effectively 
and easily. 

3.2.2 Technological Aspects 
In the field of robotics a large number of existing and emergent scientific and technological 
disciplines are working together: ICT, materials science, construction technology, 
nanotechnology, cognitive and neurosciences, etc. The technologies used for robot systems in 
various domains overlap to a large extent. It is important to master the complex multidisciplinary 
and multi-actor development trajectories to reap these large potential benefits. 
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In care robotics, many of the most important technologies focus on safe and clear cooperation 
with people. In this context, the technologies that currently get the most attention are: 

 intention estimation 

 reliable sensors 

 safe navigation and manipulation 

 shared control 

 lightweight materials and constructions 

 human-robot interaction 

3.2.3 Political-Legal Aspects 
In most European countries a number of general and specific programs are in operation to 
stimulate emergent fields like robotics. However, legal problems regularly occur in the health 
technology sector. Admission procedures are mostly geared to making decisions on the basis of 
effectivity and cost-efficiency of interventions. They do not take into account the problems of 
evaluating interventions in the stage of development nor the higher costs which occur directly 
after first introduction. 
Special attention will be needed to formulate new policies and legislation to accommodate the 
new educational requirements and to take into account ethical and social aspects. 

3.2.4 Economic Aspects 
Potentially, the market for robotics in health, and for care in particular, is immense. A large part 
of this market can be financed with public money (the health insurance system and health 
authorities) but a consumer market (‘comfort products’ for the elderly) can also develop. 
However, there is still much uncertainty in the market about the costs and risks of the 
development of new systems and about the costs in relation to the benefits of the new robot 
systems once they are in operation. It is also not yet clear who will pay for the investments and 
who will finally reap the benefit from these lengthy and complex innovation trajectories. 

3.2.5 SWOT Table 
In Table 4 you can find the Strengths, Weaknesses, Opportunities and Threats.  

Table 4: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

Good cooperative climate among research companies 
Companies and networks in regions 
Good international contacts 
Many sound ideas for research 

Many subjects, not much focus 
Technology-driven 
Long-term care sector is not technology-minded 
Not many ‘real’ robot companies/production chains 

 
Opportunities 

 
Threats 

Improvement of labor conditions, labor capacity and 
quality of life 
Utilizing existing technology 
Market potential due to aging population 

Acceptance by patient and caregiver 
Political, legal and social awareness and acceptance 
Costs and financial risks 
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3.3 Main Areas of Attention 
In this section we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention.  

3.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities? 

 Execute a needs assessment by selecting from existing project proposals the ones that fulfill 
the most needs. Develop proposals for important unmet needs. 

 Develop special idea generation and selection procedures for proposals for improving labor 
productivity and labor circumstances. 

 Do the same for proposals for improving quality of life by enabling people to live 
independently at home for longer. 

 Connect the best topics to combinations of research groups, companies and care institutions 
already participating in the Care cluster (and other RoboNED clusters). 

3.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats? 

 Special attention in the design and selection criteria for acceptance by the patient: attention 
for topics that are useful from the patients’ point of view and attention for human factors 
and emotional aspects. 

 Lobbying in the direction of the financiers about the importance of this field: urgent social 
problems will be solved and real chances will develop for Dutch industry. 

 Legislation: develop ways of legislating that take into account the problems of innovation: 
temporary approval of experimental interventions and accepting temporarily higher costs. 

 Develop awareness in politics and society about the urgency of the problems in the care 
sector and promote a well-balanced image of the importance of robotics for solving these 
problems. 

 The acceptance by professionals and other stakeholders in the care sector can be improved 
by involving them closely in the formulation of innovation programs and the implementation 
of the results. 

3.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities? 

 Look carefully at the availability of Dutch companies as part of robot production chains; 
decide whether it is prudent to develop companies in the Netherlands to provide the missing 
parts or whether it is better to cooperate with foreign companies. 

 Too much technology-driven? This weakness will disappear as a byproduct of the approach in 
the offensive quadrant. 

 The same goes for the lack of technology-mindedness in the care sector: this will disappear 
by involving the sector in the innovation programs (defensive quadrant). 

 If objective selection criteria are developed in close collaboration with stakeholders, the 
program will automatically get more focus and will become more concrete and therefore 
more interesting for stakeholders. 
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3.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact? 

 Wait with topics which are disliked most by patients and/or professionals. 

 Start by spending the available investment money in a limited number of promising topics, to 
create critical mass and create visible success in the short term. 

 

3.4 Conclusions and Recommendations 
The care domain is potentially a very important application area for robotic systems. There are 
several urgent social problems for which robotics will be an important and perhaps the only 
solution. One set of drivers is related to the aging problem: more elderly and chronically ill 
people with growing demands for quality of life, autonomy, participation, living longer at home 
etc. The other important set of drivers is related to the labor market: imminent labor shortages, 
especially in the caring and nursing professions, and labor conditions which compare 
unfavorably with other sectors of the labor market. 
 
The starting situation is also good. There are many good ideas to follow up. Much of the 
necessary scientific knowledge and technology is already available. This knowledge can be 
obtained partly from the other clusters in RoboNED, and a certain amount is available in current 
partnerships of researchers, companies and care institutions in the RoboNED Care cluster . 
 
However, more is necessary to arrive at the desired situation, which is that a good number of 
applications have reached the stage of robotics systems that are part of regular care provisions, 
reimbursed by the normal insurance arrangements, and used by the average patient, informal 
caregiver, or health professional. More experience has to be gained in how to proceed efficiently 
through all the stages, with all the stakeholders involved at the right time and in the right way. 
More extensive and sometimes new innovation networks of research groups, (chains of) 
companies and care institutions will have to be forged. Financing these complex development 
trajectories and guiding the resulting technologies through the admission, reimbursement, and 
purchasing system will require much attention. 
 
For this reason it will be wise to focus at the beginning on a few applications which are already 
promising for the near future, and develop them in close collaboration with patients and 
professionals. Awareness activities and attention for ethical and legal aspects are essential to 
maximize the chances that new applications will be accepted. In the meantime investors and 
politicians will have to be convinced that this sector is worthy of their generous support. This will 
pave the way to a much larger number of useful robot applications in care in the longer term. 
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4 Cure 

4.1 Introduction 
The field of cure robots is defined as the category of robots performing tasks in general and 
university hospitals and rehabilitation hospitals. The clusters Care (previous chapter) and Cure 
together embrace the activities in the ‘robotics for health’ domain.  
 
The subfields that can be distinguished within these work fields include: 
Robotics for medical interventions: 

 robot-assisted microsurgery (e.g. eye surgery) 

 robotized surgery assistance (e.g. systems which provide surgeons or nurses with ‘extra 
arms’ to hold or steer, for example, a camera) 

 robotized precision surgery (e.g. orthopedic surgery based on 3D CT-scan data) 

 robotized minimally invasive surgery (e.g. cardiovascular, oncology, orthopedics) 

 robotic percutaneous interventions (e.g. endovascular interventions, needle 
interventions) 

 remote surgery 
 
Robotics for medical diagnostics/training robotics: 

 neurophysiology/human motor control 

 therapy/rehabilitation/prostheses/ortheses 
 
In the Netherlands researchers are active in all of the above-mentioned subfields of cure. 
The stakeholders belonging to this cluster are: 

 Original Equipment Manufacturers (OEMs) and multinationals (e.g. Philips Healthcare, 
Maastricht Instruments, Matteo BVBA, De Koningh Medical Systems, XiiVent Medical, 
Nucletron, D.O.R.C. Surgical, Siemens Medical) 

 (University) hospitals 

 Medical specialists 

 Patient groups 

 Health insurance companies 

 Government 
 
Examples of Cure robots are given in Figure 8. 

   
1 2 3 
Figure 8: Examples of Cure robots. 1) Da Vinci Surgical System (Intuitive Surgical), 2) SOFIE Surgical Robot (TU/e) 
and 3) Automated Steering for Flexible Endoscopes (University of Twente). 

http://www.engadget.com/2010/10/11/sofie-surgical-robot-gives-haptic-feedback-for-a-more/
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4.2 SWOT Analysis 

4.2.1 Social-Cultural Aspects 
The aging population is an important social-cultural issue in relation to cure robotics: aging  
increases the risk of related healthcare problems. The main fields of these problems are 
cardiovascular, oncology, diabetes, and orthopedic. In addition to this growing elderly 
population there is an increasing lack of healthcare professionals to provide the care needed. 
The question is: can robotic technology support this shortage of healthcare professionals, and 
can these technological innovations increase the quality of cure?  
The improvement in quality of cure plays an important role. Robotized surgery will facilitate new 
types of intervention (e.g. areas of the human body that are difficult to access), higher precision, 
better durability, better repeatability, automation, and reduction of patient trauma. With 
respect to rehabilitation robotics, the increased training intensity and objectivity which can be 
provided by Robotized Rehabilitation therapy will also result in better quality of cure. 
Furthermore, the improvement of diagnostics is an important social-cultural aspect. An earlier 
and more accurate diagnosis will favor medical treatment. 

4.2.2 Technological Aspects 
Specific applications that are needed and that are being developed at this moment are: 

 navigation and planning based on imaging (e.g. insight into medical interventions) 

 modeling (e.g. tissue properties, instrument-tissue interaction, human body models) 
 
From a more general scope, this involves the following technologies: 

 actuation (e.g. MRI-compatible, impedance control) 

 real-time communication 

 human-machine interface and ergonomics 

 end effectors (e.g. grippers for biopsies and interventions) 

 control 

 sensors, sensing & perception (e.g. haptics) 
 
Various research projects involve the development of technologies for cure robotics. A number 
of examples are listed below: 

 Remote Robotics (TU/e, TU Delft, University of Twente, CCM, Frencken, KMWE, Philips 
Innovation Services, TNO Science and Industry, Opteq, Fontys University of Applied 
Sciences) 

 Eye RHAS (TU/e, AMC, TNO) 

 PITON (DEAM, Technobis, TU Delft, TU/e, TNO Science and Industry, HemoLab) 

 SOFIE (TU/e, STW) 

 TeleFLEX (University of Twente, Demcon, Meander, UMCG) 

 NeuroSIPE (Delft, University of Twente, LUMC, VU, VU University Medical Center, AMC, 
Erasmus MC) 

 MIRIAM (University of Twente, Radboud University Nijmegen Medical Center, XiiVent 
Medical, Demcon, Siemens); 

 ARTUS (Medical Field Lab, University Medical Center Utrecht, TU Delft. Virtual Proteins, 
HemoLab, D&L Graphics, GBO) 

 MIAS-ATD (University of Twente, Roessingh R&D, Demcon, Use-Lab, Tic Medizin) 

 VirtuRob (University of Twente, Roessingh R&D, SMK research, re-lion, BAAT Medical) 
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4.2.3 Political-Legal Aspects 
Because the implementation of new technologies requires additional competences, education 
plays an important role in the application of cure robotics. In the technological domain this 
includes educational possibilities on the level of vocational and university education (MBO, HBO, 
and WO) and the education of medical personnel. Good opportunities also exist within the 
academic study Technical Medicine (University of Twente) and the specialization of nurse 
practitioner for nurses.  
 
Politics has a large influence through financing, regulations and standards. Research and 
development in cure robotics is mainly financed by the government. For medical devices, several 
regulations and standards are developed to guarantee the safety of devices. 

4.2.4 Economic Aspects 
A large part of the market of robotics for health can be financed with public money (the health 
insurance system). However, there is still much uncertainty in the market about the costs and 
risks of the development of new systems and about the costs in relation to the benefits of the 
new robot systems once they are in operation. It is also not yet clear who will pay for the 
investments and who will benefit from these lengthy and complex innovation trajectories. 
On the other hand, in medical applications, the market for robotic surgical systems is set to 
experience rapid growth worldwide, as shown in Figure 3. Markets valued at $ 626.5 million in 
2007 are forecast to reach $ 14 billion by 2014 (Wintergreen Research). Thus the market of 
robotics for health is potentially immense. 

4.2.5 SWOT Table 
In Table 5 you can find the Strengths, Weaknesses, Opportunities and Threats.  

Table 5: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

Social acceptance of robots is growing 
Many sound research projects 
Rapid growth of the market 

At present: high investment increases surgery costs 

 
Opportunities 

 
Threats 

Robots can help solve the problems of the aging society 
Improvement of the quality of cure 
Use, share and develop technology 

Fragmented development and investments 
Safety and liability 
Government cost-cutting and financing model  
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4.3 Main Areas of Attention 
In this section we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention. In every quadrant, we will focus on the 
most important item. 

4.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities? 
 
Those hospitals which offer robotic therapy and surgery attract more patients. These patients 
show that there is a growing interest in being treated by means of robotics. Patients 
acknowledge that robots improve the quality of healthcare. This growing interest from patients, 
together with the improvement of healthcare by robots, can stimulate hospitals to invest in 
robots. The high pressure on the healthcare system due to the aging population can in this way 
be alleviated. It makes it possible to treat more patients at the same time.  

4.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats?  
The many excellent research projects being executed in this field, which is a strength of this 
cluster, should focus on the collaboration with both companies and care professionals. In this 
way fragmentation in the development of cure robotics can be prevented. Until now the 
academic development has stopped when the prototype was finished. By earlier involvement of 
care professionals and companies the knowledge can be transferred and will eventually result in 
a medical device that can be used in medical practice. 

4.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities? 
Robotics is applicable in many fields, while the technology is universal. Investments in the 
development of technology can be shared over the application fields by working together on a 
technological level. This is an opportunity to reduce the high investment costs for healthcare. 

4.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact? 
Government cost-cutting will decrease the investment budget available for cure robotics. The 
budget that is left should be invested in a very efficient way to prevent the development from 
slowing down. An adequate financial model can help to prevent this threat having a real impact. 

  



Part 1: Dutch Robotics Analysis 

22 

4.4 Conclusions and Recommendations 
Robotic systems in the Cure cluster could play an important role in urgent social-cultural 
problems: the demand for cure is growing because of the fast-aging population. It is evident that 
elderly people experience more health-related problems. In addition there is an increasing 
shortage of healthcare professionals to provide the required quality of cure. Robotics has a high 
potential to solve these problems. 
In the scope of the problems related to aging of the population, there are many opportunities 
for robotics that are used for surgery, diagnostics and rehabilitation. Besides, these robotics will 
also contribute to quality improvement of healthcare.  
Another important issue in healthcare is the rising cost of our healthcare system. In the long 
term, robotics have the potential to reduce these healthcare costs. However, financial 
investment in development, education and application of cure robotics is necessary on the short 
term. 
Currently, a lot of research and development is being done in the field of cure robotics. Many 
opportunities can be found in cooperation with other application fields, in which knowledge and 
technologies are shared and used in a broad range of applications. This also has economical 
advantages. However, most development trajectories have an academic nature at this moment, 
due to the experimental character. More cooperation with companies is important to transfer 
new technologies into the market.  
Safety and liability are also important issues of robotics in healthcare. Opportunities can be 
found in the increasing  awareness of patients of state-of-the-art cure robotics. When patients 
are more aware of the advantages and the current applications of robotics in healthcare, these 
robotics will become more accepted. 
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5 Domestic Services 

5.1 Introduction 
The field of domestic service robots is defined as the category of robots performing tasks in 
domestic environments. There is some overlap between the clusters ‘Domestic Services’ and 
‘Care’. RoboNED chose to draw the line between these clusters in terms of the market for which 
the product is made.  Domestic service robots provide the execution of a certain task for a 
consumer who can make a purchase decision independently. Care robots are made for the 
healthcare market, which is characterized by being financed by health insurance companies. 
There is also a strong link between domestic and professional service robots: applications are 
similar and robots will be strongly related. Technologies and research can easily be interchanged 
between both clusters; applications in one of them can easily be translated to the other one. 
 
This field is very broad and includes: 

 cleaning (vacuum cleaning, pool cleaning, gutter cleaning, etc.)  

 lawn mowing  

 telepresence robots. 
 
In Figure 9 examples are given of domestic service robots.  
 
The focus in the Netherlands within this cluster is on domotics and vacuum cleaning robots. 
Domotics8 is the residential extension of ‘building automation’; it is automation of the home, 
housework, or household activity.  Domotics is provided by several companies in the 
Netherlands, for example Entron, Honeywell and NIKO. In the field of vacuum cleaning robots, 
Philips is the main Dutch (and European) OEM. Competition is mainly from other continents, like 
North America (iRobot) and Asia (Samsung, LG). 
 
Everyone is a potential consumer of domestic robots, thus assigning an ambassador function to 
domestic robots. Through their domestic robots, people will get used to robots interacting with 
them in their own homes. 

   
1 2 3 
Figure 9: Examples of Domestic Service robots. 1) Philips ‘HomeRun’ Robotic Vacuum Cleaner, 2) Husqvarna 
Robotic Mower and 3) Gostai Telepresence Robot 

 

  

                                                        
8 http://en.wikipedia.org/wiki/Home_automation 
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5.2 SWOT Analysis 

5.2.1 Social-Cultural Aspects 
In the current society, people tend to have faster and busier lives than ever before. Less and less 
time seems to be available to spend with family and friends. By freeing up time currently spent 
on household chores, more ‘quality time’ can be created. 
Especially in families where both parents are working, allowing robots to take over part of the 
household work makes life considerably more comfortable. In this way, it is achievable for both 
partners to build a career, instead of one of them having to stay home to perform household 
chores. Traditionally, women tended to stay home for these reasons, so this part of society in 
particular can benefit a lot from robotic household technologies. 
In addition to the working population, the growing generation of elderly people can also benefit 
from domestic service robots. Domestic robots can take over some of the most demanding 
(heavy or repetitive) tasks, such as vacuum cleaning and lawn mowing, and thus decrease 
dependency on external parties. In addition, the category of telepresence robots can follow and 
monitor solitary elderly people, providing companionship, and alerting the right channels in case 
of an emergency.  

5.2.2 Technological Aspects 
There are several projects in which technology for domestic service robots are developed. For 
detailed information on the projects see the Online RoboNED Database9 and the Dutch Robotics 
Inventory10. Four of the most important technical challenges within this cluster are mentioned 
below. 
One of the main challenges within this cluster is navigation in unknown and undefined 
environments. These environments are typically quite complex, with a lot of both static and 
dynamic objects. Solutions to this navigational challenge are proposed in academic studies, but 
working towards a robust and affordable solution still demands high investments from 
companies, both in time and money. The interesting thing about this challenge is that it is not 
only a challenge within the Domestic Service cluster; almost all other clusters encounter similar 
problems. 
Another challenge within the Domestic Service cluster is safety, an area which is also common to 
most other clusters. Driving around in unknown environments, encountering unknown objects 
and people (from babies to the elderly) poses a lot of requirements on the safety of the robots. 
In theory these robots should be intrinsically safe, not being able to damage people or objects 
under any circumstances. With lightweight and relatively slow-moving robots, intrinsic safety is 
mostly achievable, but the more complex and heavy robots become, the more dangerous it 
might get if no additional measures have been taken. Research is needed to find robust and cost-
efficient, intrinsically safe solutions.  
A third challenge is user interaction with the robot: the way the user – mostly not educated in 
robotic interaction – gives commands to and receives feedback from the robot. The user should 
be able to interact with the robot in a natural way to set the threshold in user-robot interaction 
as low as possible. It is clear that nowadays, a lot of people do not know how to interact with 
robots, and most robots do not know how to interact pleasantly with humans. Again, this is a 
topic common to a lot of clusters, although, in some of them, robot operators are educated for 
this specific task. 

                                                        
9
  www.robodb.org 

10 RoboNED, ‘Dutch Robotics Inventory’, January 2011 
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The fourth challenge, and at the same time opportunity, in domestic service robots, is user 
acceptance. Do users accept robots intruding into their personal or professional lives? In this 
respect, domestic service robots can play an important role. Being at same the time simple and 
low-intrusive robots (i.e. vacuum cleaner robots can be limited in autonomy by closing a door or 
placing a simple beam on the floor) they can pave the way for their more complex and more 
autonomous descendants. Domestic service robots have an ambassador function in the 
acceptance of future domestic service robots, but also in the acceptance of robots in most other 
clusters. 

5.2.3 Political-Legal Aspects 
The current political influence within this cluster is focused on providing research grants, mainly 
for fundamental research. 
Despite some research on the future development of this type of robots, more action has to be 
taken urgently to ensure that these developments are commercialized. In competitive countries, 
either an industry-based government policy is adopted (Asia), or spin-offs of defense research 
support the industrial development (USA). This is clearly visible in the number of companies that 
are actually developing robotic technologies and putting products on the market. 
On the legal aspects, it is clear that legislation is being outrun by technology. Questions about 
responsibility in case of accidents, regulation about safety, etc., all lag behind the state-of-the-
art technology.  

5.2.4 Economic Aspects 
Figure 10 shows that the market in Western Europe doubled in size in 2009 and in 2010, growing 
faster than forecast. Clearly, the market is emerging and growing very fast. 

 

Figure 10: Western European robotic vacuum cleaner market evolution11. The blue bars give the sales in K€, 
the red line gives the average price per unit. The purple arrow gives the compound annual growth rate. 

                                                        
11

 ABI Research, ‘Personal Robotics’, RR-Robo, Q3-2010  
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Although the current (global) market segment for domestic service robots is still relatively small 
(10 million units shipped in 2010), the cluster represents a rapidly growing market with a large 
potential (expected to have 35.1 million units shipped in 2017 (ABI Research12)). This growth 
represents a Compound Annual Growth Rate (CAGR) of almost 20 % over a 7-year period. 
According to the aforementioned forecast, the majority of these shipments will be task and 
entertainment robots costing less than $ 500 and performing mostly a single function. 

5.2.5 SWOT Table 
In Table 6 you can find the Strengths, Weaknesses, Opportunities and Threats.  

Table 6: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

Common technologies with several applications 
Development of technologies driven by industry 
Rapidly growing and large market 
Strong international player present in the Netherlands 
for commercialization of robot products 

Gap between academic research and commercial 
product (time and money) 
High investments in emerging market 
Too few companies involved in commercialization 

 
Opportunities 

 
Threats 

Improved time efficiency 
Ambassador function 
Share/use common technologies 
Market potential 

Acceptance of robots in proximity to humans 
Various technological challenges to be solved 
No clarity on laws and regulations on safety and 
liability 
Other countries are moving fast due to industry-based 
government policies or defense push 

 

5.3 Main Areas of Attention 
In this section we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention. In every quadrant, we will focus on the 
most important item. 

5.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities? 
As a lot of different applications within this cluster, but also outside the cluster (i.e. professional 
service robots) need similar technologies, the development of these technologies needs only to 
be done once to open up a can of possible applications. So, if companies developing applications 
combine forces in developing common technologies, a strong international position can be 
achieved. 

5.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats?  
The main threat is that the robotics industry in other continents is speeding up the 
commercialization of robotics through either a governmental industrial policy or through spin-
offs from the defense industry. In order to speed up commercialization in the Netherlands (and 
across Europe) companies should be stimulated to work together on the common technologies. 
They can commercialize these common technologies in different application fields. Having a 
strong international player in the Netherlands is a strength that can be utilized. There are 

                                                        
12

 ABI Research, ‘Personal Robotics’, RR-Robo, Q3-2010 
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already concrete business cases and there is experience in commercialization of robotic 
products.  

5.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities? 
Because of the gap between the academic community and industry, large investments are 
needed to reach a sufficient maturity level to enter the market. Companies are hesitant to make 
these large investments in an emerging market which hampers the commercialization of robotic 
products. This is a threat for the opportunity of building and commercialization of many 
applications within and outside the Domestic Service cluster. Technology and products only 
become economically feasible when leveraging technology over different applications and 
joining forces to build the common technologies. 

5.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact? 
The gap between the academic community and the industry is hampering the commercialization 
of robotic products. Because of this gap, large investments are needed for robotic product 
development to reach a sufficient maturity level for market entry. As companies cannot afford 
these kinds of investments, companies and academia have to cooperate on the common 
technologies. This can be achieved by providing seed capital to companies and/or by stimulating 
projects with a stronger market link. 
 

5.4 Conclusions and Recommendations 
On the bright side, the market growth is huge and forecasts expect a CAGR of almost 20 % over 
the coming 7 years. So there is tremendous potential in this market. Also, a lot of research is 
being conducted in this field and the fundamentals of the technologies are there. 
As human-robot interaction and user acceptance of robots are a major threat across all clusters 
within the robotics landscape, and the domestic service robots represent a category of low-
intrusive, easy-to-manipulate robots, the domestic service robots have an ambassador function. 
As everybody is a potential consumer of this category of product, people can get used to this 
kind of robot before more complex and intrusive robots appear in their lives.  
Two big influences define the climate within this cluster: the market is still very immature, and 
the technologies have not yet reached a level at which they can be swiftly integrated into 
products. As a result, companies have to make huge investments to develop domestic robot 
products, in a high risk market. Except for one big international player, Philips, none of the Dutch 
companies have taken this risk yet. 
The gap between the academic community and industry is hampering the commercialization of 
robotic products. Because of this gap, large investments are needed for robotic product 
development to reach a sufficient maturity level for market entry. As the huge gap between 
academic research and saleable products strongly holds back the development of the Dutch 
market, this is the main point to tackle. A few alternative solutions can be thought of: 

 academic research should be extended more towards products, taking into account cost 
price, market demands, robustness, lifetime, etc. 

 more investments should be made towards development companies, allowing them to 
bring the technologies to maturity, without running very high risks 

 an intermediate institute should take up the step between academic research and 
product development. As an example, the Flanders Mechatronics Technology Centre 



Part 1: Dutch Robotics Analysis 

28 

(FMTC) performs this task in Flanders on a mechatronic level. This could possibly be part 
of Brainport Industries (CFT 2.0) 

Leveraging of technologies over different applications (within and outside this cluster), and a 
government that stimulates closing the gap between the academic community and industry, are 
crucial to achieve a leading edge position in the robotics market. This will lead to lower 
investment levels, more companies involved in the robotics business, more applications (to 
leverage technologies into commercialization), and a strong position within the international 
robotics market, thereby valorizing the very good academic research in the Netherlands. 
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6 Manufacturing 

6.1 Introduction 
The field of manufacturing robots can be defined as the category of robots performing 
processing and material-handling tasks in industry. Examples of manufacturing robots are given 
in Figure 11. 
 
Within manufacturing, the market and the applications for industrial automation can be divided 
into: 

 Automotive (e.g. welding, gluing, painting) 

 Metal (e.g. welding, gluing, painting) 

 Plastics (e.g. gluing, painting) 

 Foundries (e.g. pouring, deburring) 

 Food & Beverage 

 

The focus in the Netherlands is on the suppliers to the automotive industries and on the food 
and beverage market.  
 

The main suppliers belonging to this cluster are: 

 Industrial Robot suppliers:   ABB, FANUC, KUKA, Yaskawa, etc. 

 Vision suppliers:    Aris, Data Vision, Iris Vision, etc. 

 Gripper suppliers:    SCHUNK, DE-STA-CO, ZVS, etc. 

 Process equipment suppliers:  ESAB, etc. 

 
In general, all required product suppliers are represented on the Dutch market. The product and 
application knowledge for the main components is also available at the suppliers. Furthermore 
open borders and short distances make it easy to get the required information from abroad. 
 

In every market segment several system integrators are active for a number of specific 

applications: 

 Automotive:   VDL Steelweld, AWL, etc. 

 Metal:    Valk Welding, Manders, Ferdar, etc. 

 Plastics:   Koot Automation, Ronetic, etc. 

 Foundries:   Pomac, EXNER, etc. 

 Food & Beverage:  CSi, Rohaco, DERO, Robertpack, etc. 

 

Customers of this cluster are: 

 Automotive:  NedCar, DAF, etc. 

 Metal:    Polynorm, VDL, Aalders, etc. 

 Plastics:  Promens, Aarts, Pipelife, etc. 

 Foundries:  Brabant Alucast, Lovink, MGG, etc. 

 Food & Beverage: FrieslandCampina, Heineken, Perfetti Van Melle, etc. 
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1 2 3 
Figure 11: Examples of manufacturing robots. 1) Pick and Place Robot (ABB), 2) Gripper (Lacquey B.V.) and 3) 
Laser Welding Robot (ABB) 

 

6.2 SWOT Analysis 

6.2.1 Social-Cultural Aspects 
This Manufacturing cluster aims to solve several social issues:  

 improving quality of work for employees 

 complying with safety regulations and improve workplace, health and safety 

 reducing labor turnover and the difficulty of recruiting workers 
 
Benefits of robots are: 

 Robots can do the dirty jobs, they never complain about noise, heat, cold, dust, etc. 

 Robots can do the heavy jobs, they never complain about weight, breaks and working 
hours. 

 Robots can do the dangerous jobs, they never feel unsafe in a big machine park. 

 Robots are flexible, once the job is finished, they can do another job with another tool. 
 

The attitude of the conventional market regarding robots is still full of prejudice about prices, 

complexity and flexibility of robot cells. The benefits of robotics are not yet common knowledge.  

 

The attitude of the public regarding this robotic cluster is resistant, particularly within older 
generations. Younger generations accept robots more easily.  

6.2.2 Technological Aspects 
A lot of Dutch research projects are being executed at the moment: 

 ESI Falcon: under-actuated grasping 

 Robots that learn to move naturally 

 Sharing Control: intelligent guiding systems to assist humans 

 Computation of partial closure grasps 

 CLET project: Closed loop control of laser welding through electronic temperature 

 Vision in Mechatronics and Robotics 

 

The Manufacturing cluster needs improvements in the following technologies: 

http://www.rolan-robotics.nl/content/1043/news/clnt/3275164_1_org.jpg?1282010172924
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 better batteries and lower energy consumption to give more flexibility in production 

facilities, including lighter material for robot constructions 

 better vision and sensor technique to see products faster and more accurate and to feel 

how much force is needed to grip or to grind 

 Better gripper technology 

 better communication 

o between CAD/CAM data and a robot program 

o between robot and operator to make life more easy and more safe 

 

Technologies and experience available in manufacturing can be used in other segments. Since 
industrial robots do have a history of more than 35 years, the motion performance is a proven 
technology. Also the reliability is high as industrial robots are able to work for 24:7. Furthermore 
a lot of experience is coming from the Automotive segment, where robots need to be flexible 
(sensor technology) and multitasking (gripper technology). 

6.2.3 Political-Legal Aspects 
The main policies of the Dutch government influencing this cluster are: 

 Education. The Dutch government can influence the amount of skilled talent with a 

technical background. 

 Investment climate. The Dutch government can influence the investment climate to 

encourage investments in robotics and to stimulate entrepreneurs to invest in robotics. 

 The laws on production safety and workers’ health. Robots can be a solution in situations 

where the environment is not safe for humans.  

6.2.4 Economical Aspects 
An OEM in robotics invests 15 %-25 % of the profit in innovations in robotics. That is, in 
comparison to other clusters, a large budget. The total turnover of this market is 1000 industrial 
robots per year in the Netherlands. This is in comparison with other countries a low turnover. As 
shown in Figure 12the operational stock of industrial robots is steady13.  
 

Production costs can be decreased by making use of robots. Conventional production processes 
are prone to human errors. Robotic production results in zero-defect production and in this way 
decreases the production costs. 
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6.2.5 SWOT Table 
In Table 7 you can find the Strengths, Weaknesses, Opportunities and Threats.  

Table 7: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

Improves working conditions and reduces the need for 
personnel 
A lot of research projects are being executed 
A large investment budget is available 

Strong need for new development to increase the 
market 
Strong need for skilled technicians 
Low total turnover 

 
Opportunities 

 
Threats 

Promising technology 
Knowledge and experience available 
Large potential market 

Too little innovative power and knowledge 
No large manufacturing industry in The Netherlands 
Heavy competition 

 

 

Figure 12: Estimated operational stock of industrial robots 2009-2010 and forecast 2011-2014. (World 
Robotics 2011, IFR Statistical Department13) 

6.3 Main Areas of Attention 
In this section we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention. In every quadrant, we will focus on the 
most important item. 

6.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities? 
Through the development of robots that are the collaborators and assistants of humans, new 
industries are becoming potential users of robots. Traditionally, robots could only work in a 
factory, where the environment is adjusted to the robot. This is changing with new technology 
focused on human-robot interaction. In the near future a construction site, for example, can also 
be a working environment for a robot.  The new technologies open new markets. 

                                                        
13

 World Robotics 2011, IFR Statistical Department, http://www.worldrobotics.org/ 
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6.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats?  
A real threat is the lack of innovation. This threat can be minimized by transferring the research 
results to companies. Effort should be put into this transfer of multidisciplinary technological 
knowledge by working together on both research projects and implementation projects. 
Researchers should adapt their research objectives to the needs of companies. This will lead to 
more innovations in manufacturing robotics. 

6.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities? 
A real opportunity is the large potential market formed by the new markets that are opening up 
for manufacturing robotics. It is important to ensure that a shortage of skilled technicians will 
not hamper this opportunity. If the lack of skilled technicians is not solved we will not be able to 
transfer the manufacturing robotics to new industries. Several solutions are possible: recruiting 
people from other countries, in-house education of employees, making an effort to give students 
more enthusiasm for technology, organizing traineeships for graduates, and focusing on career 
opportunities. 

6.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact? 
A threat to the development of manufacturing robotics in the Netherlands is the high level of 
competition, especially from Asian countries. One possibility to prevent this threat having a real 
impact is to fulfill the strong need for new developments. Renewal of the traditional robots by 
new functionalities and improved quality is indispensable.  
 

6.4 Conclusions and Recommendations 
The automotive industry is traditionally the largest user of industrial robots. Dutch companies 
have a strong position as subsuppliers of metal and plastic parts as well as lighting components, 
services and electronics to the automotive companies worldwide. To cope with the global 
competition we have to focus on high precision, low quantity orders. In this market robots are 
needed that are able to produce high quality products and are highly flexible in order to 
manufacture products with a large range of different requirements. 
Unfortunately, the amount of new development is low, while there is a large need for flexible 
grippers, able to randomly grip products with large shape variations. There is also a great need 
for better 2D/3D vision technology for a faster and more accurate recognition of products. 
Processing applications in foundries like pouring and deburring are not so easy since batches are 
small and deviations are large. Better force-control sensor techniques can help in applications 
like this.  
Existing technologies and experience in manufacturing robotics can be used in other segments, 
like motion performance, high reliability and flexibility. Manufacturing robotics shares the need 
for flexible grippers, increased vision functionality, and force control with other application 
areas. 
Educational factors are weak. There is a great need for skilled technicians able to develop robots, 
but also skilled labor able to work with robots.  
Finally the economic factors are strong. With successful techniques and new development, the 
existing market will increase and by focusing on new applications other markets will also 
emerge. 
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7 Professional Services 

7.1 Introduction 
The ‘Professional Services’ cluster covers robots that provide commercial services (business-to-
business) to improve the performance and efficiency in a certain application area. 
 
The application areas to be covered are: 

 Logistics: e.g. Automatic Guided Vehicles (AGVs) 

 Maintenance: e.g. floor cleaning in hospitals, schools, factories and offices  

 Inspection: e.g. inspection of pipelines, ducts, dikes, roads and nuclear installations  

 Security: e.g. remote monitoring in (temporary) installations 

 Defense: e.g. robots for bomb disposal, unmanned airplanes and unmanned submarines 
 
There is a difference in maturity between these application areas. Globally, the defense segment 
is the most mature, in particularly the bomb disposal robots from the USA which are frequently 
used in Iraq and Afghanistan. These robots are often remotely operated and have autonomous 
elements like obstacle avoidance and moving autonomously between programmed waypoints. 
AGVs have existed in the logistics area for more than 15 years. The Dutch company ‘Frog’ 
participates successfully in this market. These robots autonomously drive components around in 
a factory environment without fixed tracks on the floor. Comparable systems can be found in 
hospitals to distribute medical supplies and meals. The ECT container terminal in Rotterdam is 
using robots to move sea freight containers. The latest development is the warehouse robot that 
can pick up stored goods and move to a packaging department. 

 

 

 
1 2 3 

Figure 13: Examples of Professional Service robots. 1) The iRobot 510 PackBot for bomb disposal, 2) Frog 
Automated Guided Vehicle Systems, 3) The Intellibot floor cleaning robot. 

Pipeline inspection and cleaning robots for air conditioning systems are commercially available in 
the USA. The other segments, security and maintenance, are in an early stage. Internationally 
there are a few commercial floor cleaning robots available with very early stage navigation. 
Examples of professional service robots are given in Figure 13. 

 

7.2 SWOT Analysis 

7.2.1 Social-Cultural Aspects 
All robots are particularly useful to replace dull, dirty or dangerous work. Defense robots are the 
most obvious example: it is socially unacceptable to have large number of casualties in conflicts. 
For this reason a lot of R&D is driven by countries with a significant defense budget. Recently, 
with the nuclear accident in Fukushima, more attention has been given to robots that can safely 
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operate in areas with a high radiation level. In practice this means an extension of the defense 
application. 
In the non-defense application areas robots mainly replace monotonous or dirty work. In high-
wage countries in North-western Europe and in the USA it is becoming increasingly difficult to 
get motivated employees for low-skilled labor. Either this work has been outsourced to low-
wage countries, or it has been taken up by immigrants who accept this type of job to get started 
in the labor market. 

7.2.2 Technological Aspects 
The first commercial robot applications operated in rather structured and static environments (e.g. 

swimming pool cleaners). The challenge is to make these robots work autonomously in unstructured and 

dynamic environments. This requires technology in the area of navigation (knowing where you are), 

motion planning (knowing where to go), function execution (e.g. cleaning) and obstacle avoidance. 

Technology R&D is required on other aspects as well, such as giving meaning to detected objects, human-

robot interaction and teleoperation (with time delays). On a high abstraction level the technological 

requirements for this cluster are the same as for other professional clusters with mobile robot solutions 

(Agro&Food, Care). There is also a strong overlap with the navigation needs in the consumer segment, 

but the robustness requirements are different. 

7.2.3 Political-Legal Aspects 
Professional service robotics is a relatively new area, hence the liability in case of accidents in a 
public area is not clear. People are not used to interacting with robots. There is a European 
standard for the logistics sector (AGVs). 

7.2.4 Economical Aspects 
Robots in this cluster will be successful if the benefits in terms of performance (e.g. accuracy, 
stability, speed) or efficiency (labor cost reduction) are higher than the costs. (This applies to a 
lesser extent with dangerous tasks.) For many non-defense applications this appears to be the 
major bottleneck. Many professional service robots are academically feasible, but the high cost 
of robust sensors and the very high development cost of robust navigation software, in 
combination with the high operating costs, cause many business cases to fail.  
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7.2.5 SWOT Table 
In Table 8 you can find the Strengths, Weaknesses, Opportunities and Threats.  

Table 8: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

State-of-the-art know-how is available in the 
Netherlands in the area of navigation and motion 
planning 
Strong mechatronic know-how 

Lack of a major defense industry to drive R&D, 
compared to e.g. USA or Korea 
Scattered application domain reducing the financial 
leverage of application-specific solutions 
Limited number of active companies: more activity at 
R&D stage than real business 

 
Opportunities 

 
Threats 

Increasing scarcity of low-skilled labor for monotonous 
and repetitious work 
Performance improvement 
Productivity gain in high-wage country 

Defensive reaction towards robots ‘stealing jobs’ 
Safety standards are not available for new applications 
Lack of substantial seed capital/venture capital at the 
necessary scale to turn the know-how into business 

 

7.3 Main Areas of Attention 
In this section we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention. In every quadrant, we will focus on the 
most important item. 

7.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities? 
Focus should be given to the development of modular solutions that can be used in several 
different applications. If robust indoor and outdoor navigation modules and high level motion 
planning software become available at a much lower cost than today, many different 
applications could be served with feasible business cases. 

7.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats?  
If the performance or efficiency gain can be demonstrated, the innovators and early adopters 
will embrace robot solutions. Designing a character that people can project onto functional 
robots will help with the emotional acceptance; 80 % of Roomba (a vacuum cleaning robot) 
owners give the appliance a name and talk to it as if it were a pet. 

7.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities? 
The biggest problem is that scattered robot development costs lead to business cases that are 
financially unacceptable. The level of seed funding needed easily exceeds the standard levels of 
€ 500,000 in the Netherlands. Focus on those technological elements that are common between 
segments and clusters will lead to efficiency gains and more viable business cases: creation of 
more ‘upside’ for ventures, in other words the possibility to create more turnover in the future 
than is indicated by the scope of the project. This collaboration is mainly needed in navigation 
and motion software, where background IP know-how is difficult to protect.  
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7.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact? 
The standard rules-of-thumb of the financial sector prohibit the financing of individual robot 
ventures at this stage. A central initiative will be needed to develop modules of industrial, high 
level software in the area of navigation and motion planning, in combination with financing and 
with protection of participants’ IP. 
 

7.4 Conclusions and Recommendations 
Many commercial initiatives in the Professional Services cluster are situated in ‘The Valley of 
Death’ between academically proven principles and industrial solutions that are ready to be 
commercialized. Collaborative innovation, aimed at jointly reducing development costs and 
hardware costs, will pull some of them through. Strong central coordination with financial 
support is needed to realize this. 
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8 Meta-Analysis 

This chapter presents the meta-analysis on the social-cultural, technological, political-legal and 
economic aspects of the Dutch robotics situation. The analysis is followed by the strengths, 
weaknesses, opportunities, and threats, leading to the ‘main areas of attention’ and the 
‘conclusions and recommendations’. 
 

8.1 Introduction 
This meta-analysis is performed over the clusters Agro&Food, Care, Cure, Domestic Services, 
Manufacturing, and Professional Services. The attendees of RoboNED Seminar 3 had the 
opportunity to give their input on the overall strengths, weaknesses, opportunities and threats. 
The outcome of these inputs, together with the SWOT elements applicable for all clusters, form 
the basis for this meta-analysis.  
 

8.2 SWOT Analysis 

8.2.1 Social-Cultural Aspects 
Dutch society will in due time have a large problem in providing healthcare, agriculture and 
industry with enough personnel to keep the economy running. The Netherlands Bureau for 
Economic Policy Analysis (CPB) forecasts that, in 2050, 50 % of the EU population will be over 65 
years old. Robotics might provide a solution for this problem. In healthcare the urgency is 
greatest, due to the combination of the aging demographic with an increasing need for care. 
Care robots can take over tasks where human understanding and contact is not necessary or 
even not desired, like toileting. A care robot can also be very helpful in assisting in heavy physical 
work, like lifting people. This will enable us to be more careful with our care professionals. 
 
Agro-robotics enables sustainable development of agricultural production by solving challenges 
like shortage of labor, growing production costs, competition on the international market, poor 
labor conditions, poor labor image, food safety and product quality, efficient use of resources, 
and reduction of emissions of chemicals to the environment. Without the use of robots in 
agriculture the current leading position in this sector might be lost. 
 
As a potential negative emotion exists in society with respect to the intensive deployment of 
technology in food production, this needs pro-active attention. It might be turned into an 
advantage by focusing on the positive effects of robots on independence of elderly, quality of 
life, food safety, animal health, and the negative image associated with illegal labor.  

8.2.3 Technological Aspects 
Investments might not only be necessary for healthcare and agriculture but might also be 
beneficial for the total innovatory power of the Netherlands. Internationally, the Netherlands is 
highly rated in the field of high-tech mechatronic research and is well-represented by innovative 
technological companies. The links between companies and knowledge institutes are short and 
direct. These ingredients provide a unique chance to collaborate in the development of 
technology in commercial products.  
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Technological areas in which research should be increased and collaboration is indispensable, 
are: 

 Navigation and Motion Planning 

 Sensing and Perception 

 Compliance and Interaction Control 

 Human-Robot Interaction and Haptics 

 Learning and Adaptive Systems 

 Energy and Lightweight Materials 

 Software Engineering for Robotics and Automation 

 Safety for Service Robots 

8.2.3 Political-Legal Aspects 
Beside technological investments, some important non-technological investments are necessary. 
A common problem for every application domain is the shortage of engineers who are able to 
develop robots, in addition to clear and focused business cases (winners). On another level, 
people should be educated to be able to work with robots. Educational institutions should 
provide their students with a curriculum that is adjusted to the future working environment, and 
includes the use of robots.  
 
To achieve good integration of robots in society, legal issues like liability should be clearly 
defined and a safety mark for robots should be further developed. These measures can help to 
stimulate the public acceptance of robots. Public discussion on the ethical issues of robotics 
should be initiated, based on knowledge and reality. 

8.2.4 Economic Aspects 
At a national level there is enormous potential due to the high-tech industries, with companies 
such as Philips, ASML, Thales and NXP. Philips is an important player in the field of service robots 
and develops, produces and markets, among other things, robotic vacuum cleaners. The 
Netherlands has a lot of small and medium-sized enterprises (SMEs) involved in robotics, like 
Demcon which realizes high-tech mechatronic systems and products which are, for example, 
applied in healthcare robotics. Other companies selling and developing robots are, e.g., Focal 
Meditech, Assistive Innovations, and De Koningh Medical Systems. The Netherlands holds a real 
leading position in the dairy and cattle market which uses robotics extensively, for a large part 
provided by the internationally operating company Lely. Another robotic market is agriculture, 
where companies like Jentjens and Aris are active. This market is very important due to the 
Netherlands’ leading position in terms of productivity and efficiency. 
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8.2.5 SWOT Table 
In Table 9 you can find the overall strengths, weaknesses, opportunities and threats. 

Table 9: Results of the Internal and the External Analysis: Strengths, Weaknesses, Opportunities and Threats 

 
Strengths 

 
Weaknesses 

Good cooperation climate 
Good international contacts 
Good research groups on mechatronics and robotics 
Experience from industrial robot industry 
Leadership in agriculture 
Leadership in mechatronic industry 
Focus on medical robotics by SMEs 

Too few engineers  
Fragmentation of investments in robotics 
Gap between academia and industry 
No clarity on safety and liability 
Too few investment possibilities 
No clarity on ethical issues 

 
Opportunities 

 
Threats 

Improvement of labor conditions and employment 
Improvement of quality 
Many collaboration possibilities 
Improvement of the innovation power 
Large international expected growth 
Improvement of the competitive position  
Large national market due to aging population 

Society is not open to accepting robots 
Too little innovative power and knowledge 
Asian countries are ahead 
Too few Dutch OEMs 
Too complicated business cases 

 

8.3 Main Areas of Attention 
In this chapter we confront the elements of the internal analysis with the elements of the 
external analysis, resulting in main areas of attention. In every quadrant, we will focus on the 
most important item. 

8.3.1 Offensive Quadrant: Strengths versus Opportunities 
How can we leverage strengths to take advantage of opportunities? 
Robotics brings the Netherlands the opportunity for large improvements on several social issues 
like labor conditions, labor capacity, and quality of life, but also on economic issues like product 
quality and innovation power. The strength of the Netherlands is in the agricultural sector. The 
agro-food chain is among the main contributors to the Dutch economy. Another strength is the 
high-tech mechatronics industry. This sector is a subsupplier of robot systems. The leadership 
position in the agricultural sector and high-tech mechatronics industry can be leveraged by the 
use of robots. The improvement robots will bring in labor conditions, labor capacity, and 
innovative power will strengthen these sectors even more. 

8.3.2 Defensive Quadrant: Strengths versus Threats 
How can we use strengths to minimize the impact of threats? 
One threat is the lack of innovative power and knowledge in the individual SMEs in the 
Netherlands. Due to the multidisciplinary technological knowledge needed, in-house 
development of a robot is not possible. One of the strengths that can minimize the impact of this 
threat is the good climate of cooperation together with the short distance to excellent research 
groups on mechatronics and robotics. The SMEs and knowledge institutions can increase the 
innovative power of the Netherlands by transferring the knowledge to the SMEs and 
collaborating on the implementation of the technology in a product. 
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8.3.3 Reinforcing Quadrant: Weaknesses versus Opportunities 
How can we ensure that weaknesses will not stop us from taking advantage of opportunities? 
Internationally a large growth of the market is expected, in particular for professional and 
personal robots. Nationally there is a large market due to the aging population. This is a large 
opportunity. It should be ensured that the gap between academia and industry does not hinder 
this opportunity. A solution for the missing step between technology development and 
commercialization, namely product development, should be found. Suggestions for solutions can 
be found by establishing engineering consultant firms that are specialized in robotics. Another 
part of the solution can be to stimulate research institutes to develop technology beyond the 
proof of principle and first prototype. A solution can also be found in the further development of 
public-private collaborations like the LEO-Center for Service Robotics. 

8.3.4 Retreating/Turnaround Quadrant: Weaknesses versus Threats 
How can we fix weaknesses to prevent threats from having a real impact? 
A threat is formed by the complicated business cases and the immature ecosystem, in particular 
in healthcare but also in domestic services and agriculture. The weakness of having too few 
investment possibilities should be fixed in order to prevent this threat from having a real impact. 
Earlier it was stated that collaboration on the level of technology is needed. Collaboration on a 
financial level is also needed. The costs and risks of the development of new systems are too 
high for an individual SME and should be shared. By making clear appointments within a joint 
business case, the uncertainty about the costs in relation to the benefits of a new robot system 
once it is in operation can be taken away. This will pave the way for a better ecosystem. 
 

8.4 Conclusions and Recommendations 
In healthcare and agro&food in particular, robotics will be indispensible in the future. In these 
fields robotics provides a great opportunity. Cross-domain collaboration on technological and 
economic challenges will be a key issue. It is therefore of great importance to the development 
of robotics that the existing ecosystem should be further developed and collaboration between 
academia and industry is improved, in order to transfer the opportunities into commercialized 
products. A strong central coordination with financial support is needed to realize this. 
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9 Contributors 

9.1 Cluster Chairs and Authors 
The cluster chairs of RoboNED are the authors of the chapters of Part 1 of this Strategic Agenda.  
Agro&Food:   Prof. dr. ir. Eldert van Henten (WUR), dr. Ir. Jan Bontsema (WUR) 
Care:    Dr. Joey van Boxsel (TNO),  Dr. Ronald Mooij (TNO) 
Cure:    Dr. Michiel Jannink (Demcon) 
Domestic Services:  Ir. Gijs Janssens (Philips) 
Manufacturing:  Fred Bokhorst (Ferdar), Martin van der Have (ABB) 
Professional Services:  Arnout Appelo (Appelo Management Consultancy B.V.) 
 

9.2 Participants of ‘RoboNED Seminar 3’ 
Last Name First Name Institute 
Appelo Arnout Philips Consumer Lifestyle 
Baar, de Marco FOM Institute Rijnhuizen 
Babuska Robert Delft University of Technology 
Baltussen Louise Eindhoven University of Technology 
Berg, van den Bibi Tilburg University 
Berlo, van Ad Smart-Homes Foundation 
Boere Stijn Eindhoven University of Technology 
Bokhorst Fred Ferdar 
Bontsema Jan Wageningen UR Greenhouse Horticulture 
Boode Ton InHolland University of Applied Sciences 
Bouten Coert Fontys University of Applied Sciences 
Boven Hendrik-Jan Philips Consumer Lifestyle 
Boxsel, van Joey TNO innovation for life 
Broenink Jan University of Twente 
Burg, van der Ruud The Art of Robotics Foundation 
Cornelissen Dion Prodrive BV 
Crezee Leo Special Product Design 
Cuijpers Raymond Eindhoven University of Technology 
Derks Hans CADMES 
Dirkx Bart TMC 
Gijn, van Henk Philips 
Goeree Barry Philips Consumer Lifestyle 
Gunsing Jos Avans University of Applied Sciences 
Gussinklo, te Jan Taco Dutch Button Works 
Heemskerk Cock Heemskerk Innovative Technology 
Helm, van der Frans Delft University of Technology 
Henten, van Eldert Wageningen UR 
Hindriks Koen Delft University of Technology 
Hofland Andreas LTO Groeiservice  
Izeboud Hans Aris BV 
Jannink Michiel Demcon 
Janssens Gijs Philips Consumer Lifestyle 
Jong,de Mike FenceWorks / Vision & Robotics 
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Jonker Pieter Delft University of Technology 
Juarez Cordova Alex Eindhoven University of Technology 
Kiela Henk Fontys University of Applied Sciences 
Kleijn Christian Controllab Products B.V. 
Koert, van Liam Vision & Robotics 
Kollenburg, van Loretta De Koningh Medical Systems 
Kranenburg Ditske RoboNED 
Kremers Erik CCM 
Lammers Roel Heijmans 
Linde, van de Erik Erik van de Linde Innovation Consultancy 
Linde, van der  Richard Lacquey BV 
Loeffen Roel Prodrive BV 
Looije Rosemarijn TNO Defence, Security and Safety 
Loosveld Serge Lely Industries NV 
Meihuizen Sjoerd NWO 
Meijer Bart Saxion University of Applied Sciences 
Mooij Ronald  TNO 
Nesse Barend FME 
Nijmeijer Henk Eindhoven University of Technology 
Nolte Ed Aedes-Actiz Kenniscentrum Wonen-Zorg 
Osch, van Michiel Eindhoven University of Technology 
Pijl, van der Dick Focal Meditech BV 
Pluimers Diane Oost NV 
Praat Hans NV NOM 
Prins Ben Prins Marketing Consultancy 
Pulles Kees Kiwa 
Rentmeester Ramon Agentschap NL 
Roorda Matthijs Maxon Motor Benelux bv 
Sandee Heico Eindhoven University of Technology 
Schipper Eddy NL Innovation 
Severin Edward Kennisnet 
Stienen Arno University of Twente 
Stramigioli Stefano University of Twente 
Tostmann Wolfgang Agentschap NL 
Van Beek Henk Vision & Robotics 
Veen, van der Hans STT 
Vink Jan Productschap Tuinbouw 
Visser Arnoud University of Amsterdam 
Vos hein Minimotor Benelux 
Warmerdam Thom Philips Applied Technology 
Weekers Rogier Lan Robotics 
Wekking Erik Jentjens Machinetechniek B.V. 
Wellink Niek Oost NV 
Wieffer Geert Technocentrum Flevoland 
Zant, van der Tijn RUG 
Zeegers Henk INROADS  
Zutven, van Pieter Eindhoven University of Technology 
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Summary 

Accelerating Development 
The economic perspectives, combined with the social needs, create a great opportunity for 
robotics in general. Currently, the Netherlands already holds a real leadership position in the 
dairy and cattle market. In high-tech mechatronic research the Dutch universities have reached a 
high level, as shown by the number of innovative technological spin-off companies in the 
Netherlands. Threats are the availability of human capital and the ethical, legal and social issues 
(further referred to as ELS issues) of robotics. The combined Dutch strengths and global 
opportunities create an important chance for Dutch robotics. The Dutch government clearly 
acknowledges robotics by considering the field in the innovation contracts of the ‘top sectors’, 
investing in the nine fields of excellence in the Netherlands.  
Cross-domain collaboration on technology, education and ELS issues is essential for a successful 
transformation of opportunities into commercialized products. A roadmap with well-defined 
steps and a clear focus will accelerate these developments.  
 

Current Development 
The current development trend from traditional industrial robots towards service robots is 
inescapable. It is likely that, due to the burst of new applications, the extent of this development 
will be proportional to the growth in robotics. This development involves changes in operating 
conditions that will require the robot to display more ‘intelligence’. Traditionally, the robot was 
placed in a factory with a fence around it to prevent humans coming into contact with the robot. 
In the new situation the robot should be able to safely interact with humans. The environment 
will not be standardized, the robot will be required to deal with all kinds of changing 
environments, in terms of weather, light, noise, surface, etc. The robot should not only be able 
to perform one task, but multiple tasks. Furthermore, the degree of autonomy should be high, 
requiring the robot to learn and adapt. 
 

Future Development 
 

Figure 14 represents the proportional relationship between the development of new 
applications and the growth in robotics, given in the vertical axis. It draws an expectation for 
future developments, considering application fields and technological developments. It shows 
that, after industrial robots, Agro & Food and Cure robots will evolve first, followed by 
Professional and Domestic Service robots and Care robots. At the same time, research and 
development is a continuous process that will add more functionality to existing robots, e.g. 3D 
perception in a harvesting robot. For another application this can be the technological 
breakthrough that will start the process, e.g. a robot that lifts humans. The black vertical blocks 
in Figure 14 represent those technological breakthroughs: 3D perception, motion/task 
programming language, soft/compliant actuators, cognitive learning algorithms, which are 
needed to proceed towards the next step in the development process from industrial robots 
towards service robots. In parallel with this process, three facilitating goals can be distinguished. 
Creating overview and community integration is particularly important in the first part of the 
process. Later on, standardization in design/architecture and safety needs to be generated. The 
first service robots can participate in a ‘free zone’ to further stimulate public awareness and 
debate. 
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Figure 14: Roadmap for progress from industrial robots towards service robots, considering the Facilitating Goals 
(red arrows below) and the Research & Development Goals (black vertical blocks). 

Roadmap  
As a result of the consultation and the analysis of the main objectives in robotics a roadmap was 
made. In the short term (2013), 3D perception systems should become available that are robust 
and affordable and able to deal with unstructured environments. This development will be the 
breakthrough needed to enable the deployment of Agro&Food and Cure robots. In the midterm 
(2017), a motion and task programming language should be available. This will allow expert 
users to program ‘what’ the robots should do, using terminology, templates, and models that 
are comprehensible to human experts in the domain. This development will, in particular, allow 
the professional and domestic service domains to make the final step towards marketable 
products. The development of soft/compliant actuators will be an important step to make the 
robots mechanically safe to interact with humans and will accelerate the implementation of care 
robots. In the long term (2022+), cognitive learning algorithms will enable robots to interpret 
human behavior and react to it by performing socially acceptable behavior. 
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Conclusions 
We can state that, in order to transfer the opportunities into commercialized products, 
technological breakthroughs are necessary in the field of 3D perception, programming, actuation 
and cognitive learning algorithms. Actions on community integration, standardization, public 
awareness, and human capital are important. Insights into the economic challenges for Dutch 
companies are still needed and will be a key issue for creating business cases.  
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1 Introduction 

1.1 Background and Context 
This document is the second part of the three-part ‘Strategic Agenda’ of RoboNED. The first part 
(October 2011) presents the ‘Dutch Robotics Analysis’. This second part presents the ‘Dutch 
Robotics Roadmap’. The third will present the ‘Dutch Robotics Outlook’, focusing on the 
economic aspects. 
The first part identified six application fields, namely ‘Agro&Food’, ‘Care’, ‘Cure’, ‘Domestic 
Services’, ‘Manufacturing’ and ‘Professional Services’. For each cluster a SWOT analysis was 
performed, looking into the social-cultural, technological, political-legal and economic aspects of 
robotics. From the meta-analysis it became clear that the economic opportunities, combined 
with the social needs, for example the growing need for healthcare due to the aging population, 
create environmental conditions which can form fertile ground for a growing robotic industry. 
Actually, in the dairy and cattle market the Netherlands already holds a real leadership position, 
through the internationally operating market leader ‘Lely’. In high-tech mechatronic research the 
Dutch universities have reached a high level, as shown by the large number of innovative 
technological spin-off companies in the Netherlands. This strength, combined with the need for 
further technological development of robotics, creates an important opportunity. The Dutch 
government clearly acknowledges robotics by considering the field in the innovation contracts of 
the ‘top sectors’, investing in the nine fields of excellence in the Netherlands. Threats are seen 
on an educational level and on the ethical, legal, and social issues (further referred to as ELS 
issues) of robotics. 
 

1.2 Objective and Goal 
Based on the ’Dutch Robotics Analysis’ (Part 1), the main objectives for future robotic 
developments are selected. ‘Technological fields’ as well as ‘Education’ and ‘ELS issues’ are 
considered as essential for every application cluster, as shown in Figure 15. These main 
objectives are the challenges in the development of robots towards well-functioning and 
accepted devices in everyday life. The goal is to define a roadmap per subject to pave the way 
for the growth of robotics, serving the world. 

 

Figure 15: Main objectives to develop robots for the application clusters. 
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1.3 Method 
The information presented here is based on ‘RoboNED Seminar 4’. During this seminar, eight 
sessions were held on the following subjects:  ‘Navigation and Motion Planning’, ‘Sensing and 
Perception’, ‘Interactive Systems’, ‘Learning and Adaptive Systems’, ‘Software Engineering’, 
‘Safety for Service Robots’, ‘Education’ and ‘ELS issues’. As well as the chair, the session 
participants were experts in the subject and the group consisted as far as possible of a 
combination of researchers, users, industrialists and entrepreneurs.  
 
Each group performed the same process: first the needs were defined by the users/market, and 
then the offers by the developers. Offers represent the available solutions, the current state of 
development on a certain subject. Secondly the connections between the needs and offers 
where investigated, resulting in ‘Themes’. These themes represent subjects which are promising 
and therefore should be further developed. A selection was then made of the most important 
themes. The final parts were the ‘Program’ and ‘Next Steps’ in which the participants were asked 
to formulate goals for the short, mid and long term. The process is shown in Figure 16. 
 
The approach differed slightly for each session, and thus in the different chapters. The chapters 
are written as independent views on the subjects and should be read as such. The chapters were 
finally integrated to create the ‘Roadmap’ chapter, combining these independent views into one 
overall roadmap for the development of robotics in the Netherlands.  

 

Figure 16: Seminar process of the technological fields. 

 

1.4 Outline 
Each chapter describes one of the main objectives for future robotic developments. They all 
have a similar structure matching the structure of the seminar: first an analysis of the needs and 
offers, followed by the planning of the subjects that are considered as most important. By 
integrating the findings for all the objectives, in the last chapter the overall roadmap and 
conclusions are given.  
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2 Navigation and Motion Planning  

2.1 Introduction 
Mobile robots need to move in  two and three dimensions through known and unknown, static 
and dynamic, structured and unstructured environments, indoor or outdoor, intra-corporeal or 
extra-corporeal. They also have to be able to deal with unfavorable conditions for sensing, 
mobility and manipulation, like varying light conditions, water, dust, mud, slippery surfaces, etc. 
This relies on the robot’s observation of the world through its sensors and data acquisition 
through other robots and systems, such as surveillance cameras. Robots need to localize 
themselves (SLAM) and move to target destinations (Motion), while avoiding obstacles in a safe 
and efficient way. 
Simultaneous Localization And Mapping (SLAM) is a technique used by robots and autonomous 
vehicles to build a map within an unknown environment (without a priori knowledge), or to 
update a map within a known environment (with a priori knowledge from a given map), while at 
the same time keeping track of their current location on this map. 
Motion for a robot can be defined as a path in the configuration space (the map). The problem 
posed by motion planning is that such a path must be determined through the free space (i.e. 
without collisions) in an efficient way or according to a required pattern (e.g. coverage). 
Navigation problems have been tackled using Triangulation or Time Of Flight (TOF) methods, 
based on a variety of sensors like Infrared (IR), U-Sensors, cameras, Laser Range Scanners (LRS) 
and Time Of Flight cameras. Most of the time rather simple situations can be addressed with 
currently available algorithms and software. Due to the complexity of our environment 
autonomous robots get stuck in complex situations, lose their way and arrive at the wrong 
location with the ensuing consequences. Corrective measures are complex and expensive 
because they often require the infrastructure of the environment to be adapted to the robot. 
 

2.2 Analysis 

2.2.1 Needs 
Robust SLAM: Mobility needs precise maps and correct localization in complex, dynamic 
environments without the need for manual correction or external adaptations to the 
infrastructure, like adding beacons or other guidance systems, e.g. transponders. 
Effective motion planning: Mobile autonomous robots need to move from one location on a 
map to another. A lot of research has been done on algorithms for motion planning, however in 
the complex reality the performance due to these algorithms is not sufficient. At this moment, 
both commercial and scientific projects require ad hoc algorithm development which is time-
consuming and inefficient. Better, universally applicable motion algorithms would facilitate the 
development of useful functional robots. 
Cost reduction of navigation hardware and software: Realizing robust navigation requires 
expensive sensors like laser range scanners or TOF cameras. The cost level of this hardware 
prohibits the realization of acceptable business cases for commercial or consumer robots on a 
larger scale. (See also Chapter 3: Sensing and Perception).  
There is no generic navigation software that can be reused for different applications in an 
industrial (i.e. non-scientific or non-experimental) approach. As a consequence, software needs 
to be developed specifically for each robot application, leading to a cost level that prohibits 
viable business cases. 
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Robust quality software: Available open-source software libraries vary in quality and have all 
kinds of different licensing requirements. 
Speed: A mobile robot needs to react quickly when moving through a dynamic environment in 
which people and objects can appear suddenly. Complex and dynamic environments provide an 
enormous amount of data that need to be processed very fast. 
Safety: A mobile robot needs to move through a complex and dynamic space without damaging 
any person or object. This is particularly important when moving in high traffic areas that are 
accessible to anyone, or when working with heavyweight robotic machines in industry or 
agriculture. Today’s solutions are based on expensive LRS sensors. Economical and ready-to-use 
anti-collision modules need to address liability issues sufficiently. 
Robustness for external influences: Robots must be able to navigate day and night, sunshine or 
rain/snow, clean or dirty. 

2.2.2 Offers 
Low-cost sensor fusion: In order to reduce hardware costs, a combination of low-cost sensors 
for short range and long range can be combined with a smart algorithm to translate all data into 
a precise map. 
Generic software architecture: reusable with the possibility of plug-ins: Quality software 
architectures that can be adapted to specific applications by means of plug-ins will reduce the 
resources needed for software development enormously. 
3D cognition: The performance of a mobile system crucially depends on the accuracy, duration, 
and reliability of its perceptions and the interpretative process involved. Laser Range scanners 
and 3D cameras enable robots to scan an environment in three dimensions. Many challenges 
remain in the interpretation of data in order to realize robust navigation. These challenges are 
even bigger when using a combination of different types of sensor (sensor fusion). It is not only 
about detecting obstacles but also about giving a meaning to them. This feature and object 
recognition enables the robot to execute a task, e.g. recognizing a crop to be harvested, areas to 
be cleaned, or appliances to be operated.  
Behavior-based learning: A control system for an autonomous robot has to cope with 
uncertainty in sensory readings and actuator execution as well as handling dynamic changes in 
the environment. The traditional robot software architecture uses deliberative reasoning in the 
form of sensing, planning and action. It is difficult to accommodate sensory uncertainty and the 
environmental dynamics in such an architecture. It is expected that reactive or behavior-based 
architectures as introduced by Brooks in 1986 could possibly be better suited to handling the 
problems present in the deliberative architecture. The basic component of such an architecture 
is a group of behaviors. Behaviors directly convert sensory information into motor actions 
without complex reasoning. The conversion enables robots to respond to environmental 
changes promptly. 

2.2.3 Themes 
The general navigation requirements Robustness, Speed and Safety can be addressed by 
developing reusable, generic-quality navigation software architecture with plug-ins for specific 
application requirements. This navigation software deals with both SLAM and Motion Planning. 
The generic software will reduce time-to-market and R&D costs for robot development. In 
combination with low-cost sensor fusion this will enable more viable business cases and drive 
the development of the robotics sector. 
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2.3 Focus and Planning 

2.3.1 Theme 1: Overview of available sensors and software 
Description: The creation of a structured and accessible overview of all possible sensors and 
available software/architecture for navigation with an assessment of performance. 
Problem: As robotics is a new and dynamic activity, many new researchers and developers 
spend a lot of time keeping up-to-date with technology and performance.  
Solution: Centralize information.  
Key players in the field: RoboNED (www.robodb.org), universities, European consortia like R3-
COP. 

2.3.2 Theme 2: Low-cost sensor fusion 
Description: The development of a robust generic SLAM system based on a combination of low-
cost sensors like Infrared, Ultra-Sonic, gyroscope, wheel encoders, structured light cameras (e.g. 
Kinect), RGB cameras, and short-range laser range scanners. 
Problem: Current SLAM systems are too expensive.  
Solution: The creation of a robust, low-cost (in the range of hundreds of Euros), functional SLAM 
platform based on a sensor set.  
Background: Many institutions and companies are gaining experience with sensors for their 
particular application. Joining forces will be beneficial to create a generally applicable solution. 
Key players: RoboNED, universities, Frog, Philips, Schuitemaker, Lely. 

2.3.3  Theme 3: Generic motion architecture 
Description: The creation of a generic software architecture to integrate SLAM with Motion 
Planning, with controlled software quality. 
Problem: There are many open-source software architectures and libraries available. However, 
in general the quality of these architectures and libraries is not controlled. Without quality 
assurance one cannot use these architectures and libraries to build an actual application. 
Therefore every company has to develop these building blocks from scratch, leading to high 
development costs and non-viable business cases. 
Solution: Create with a Dutch consortium a high quality software architecture and libraries for 
different robot applications. The quality should be controlled. 
Background: Sharing the development of such architecture will help Dutch companies to 
develop robot applications with a viable business case. 
Key players: RoboNED, universities, Frog, Philips, Schuitemaker, Lely. 

2.3.4 Theme 4: 3D cognition & behavioral learning 
Problem: Most mobile robots operate in unknown, uncontrolled environments. Taking all the 
use cases into account that can occur is not doable. Explicitly designing for all these use cases 
will lead to decision trees that are too large to maintain.  
Solution: Mobile robots should be able to handle cases that they are not explicitly designed for. 
This can be achieved by higher levels of 3D cognition and behavioral learning. A robot should be 
able to learn from its own mistakes. But it could also be very effective if a robot could learn from 
other robots or from humans. 
Key players: RoboNED, universities. 
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2.3.4 Planning 
Figure 17 provides an overview of the four themes addressed in this chapter, and reveals on a 
timescale when they should be addressed, and when solutions may be expected to materialize.  

 

Figure 17: Planning of the goals over time. 

 

2.4 Conclusions and Recommendations 
Creating and keeping an up-to-date overview of available sensors and software for navigation 
facilitates a quick familiarization and acceleration for new researchers and developers in the 
area of robotics.  
 
Working on a generic navigation architecture and low-cost sensor fusion needs the facilitation 
and coordination of a platform of participants that will stimulate collaboration and address 
competitive interests and intellectual property. 
 
The area of 3D cognition and behavioral learning offers interesting academic research 
possibilities with broad application options. 
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3 Sensing and Perception  

3.1 Introduction 
Sensors are very important for robots to react to their environment. Robots rely on vision, touch, 
sound, conductivity, and many other sensing techniques. Often, these sensors are lacking in 
robustness, functionality and performance, and may be expensive. Combining the needs of 
multiple application domains can enable the required innovation to improve the state-of-the-art 
in sensing. Moreover, the interpretation of sensor data, perception, and sensor fusion of 
different sensing principles is very important to achieve the goals. 
 

3.2 Analysis 
Sensing and Perception are critical for robots in the Cure and Agro&Food domains. Robust 
interpretation of what is in the work area, and where it is, are essential for robots in these areas 
to deal with unstructured and varying environments.  The computing power needed for robots 
to support this type of processing is now affordable and powerful enough. New generations of 
sensors are becoming available that are mature enough to build 3D information about the 
robot’s surroundings required for the perception of dynamic and unstructured environments. 
The technologies developed in the different domains may be transferred and adapted to other 
application domains.  
In this section the needs in sensing and perception which are applicable in all the different 
application fields will first be identified. In the next step, we will explore the technology offers 
and availabilities. Then the needs and the offers will lead to potential matches and gaps, the so 
called ‘themes’. 

3.2.1 Needs 
Better and cost-effective 3D sensors and algorithms are needed to provide comprehensive, 
pervasive, redundant, and accurate 3D data. Furthermore, the sensors need to be robust against 
varying lighting conditions, especially for outdoor applications, and have adequate spatial 
resolutions. There is a growing need to integrate haptic sensors in robotics as robots are 
increasingly entering the ‘human’ domain. Robots are no longer fixed to the infrastructure but 
are autonomously interacting in the human environment. Combining sensors and fusing 
information from other modalities e.g. other spectral information, may improve or help robots’ 
view of their surroundings. 
Robust perception is the key technology for the next generation of robotics for a variety of 
applications. These application areas require operation and sensing in unstructured and 
cluttered environments. Moreover in many applications the robots have to step up from only 
having to deal with static scenes to being able to manage dynamic and more complex scenes. 
Application uses range from advanced crop management tasks in greenhouses to home 
assistance for the elderly and disabled. In these environments it is an essential task for the robot 
to identify objects robustly and reliably and have their position accurately determined, so that 
they can be manipulated in some way. 
For the next generation of robots a better understanding of the surrounding 3D world is a 
necessity. Robots should be able to be perceive slight differences in the appearance of objects 
within the same category.   



 

55 

3.2.2 Offers 
The situation in the Netherlands is that we do not make the imaging chips and cameras for 
conventional cameras and sensors. At a European level there are excellent manufacturers of 
cameras that can be bought through an extensive network of dealers in the Netherlands. True 
3D sensors like TOF (Time of Flight) cameras and laser scanners are also manufactured outside 
the Netherlands. TOF sensors are becoming interesting for 3D applications as the spatial 
resolution is improving and price levels are becoming more attractive. The Swiss-based company 
Mesa Imaging and the Belgian Optrima, a spin-off of the University of Brussels, are driving forces 
behind 3D TOF development. Other 3D-imaging sensors are stereo cameras which are available 
from international companies such as Point Grey Research, Inc. (with the Bumblebee product 
line) and Videre Design (with the Apparan family for high-volume applications).  
Recently we have witnessed the arrival of the Kinect 3D sensor, which originates from the 
gaming industry.  As this sensor is mass-produced and used as control for a gaming console it is a 
cheap 3D imaging device. The depth sensor consists of an infrared laser projector, which projects 
a dot pattern, combined with a monochrome CMOS sensor, which captures video data in 3D 
under light conditions which are not disturbed by direct sunlight. The Kinect sensor has gained 
popularity in many university robotic research projects.   
In the Netherlands sensor development takes place for the automotive market, for example 
Sensata. There are technological spin-offs from universities that develop new sensor types of 
cameras. For example, TeraOptronics is a small company that originated from the Radboud 
University Nijmegen (RUN). They are developing a new type of terahertz camera, the TeraCam, 
which looks at the far infrared spectrum. Quest Innovations is a company that develops and 
manufactures high-quality, multi-spectral cameras and dedicated software for advanced imaging 
applications. In the Netherlands there are companies active on other sensing modalities such as 
research and development of force feedback/haptic sensing, e.g. Moog (Haptic Master). Dutch 
company Xsens is a leading developer and global supplier of 3D motion-tracking products based 
upon miniature (MEMS) inertial sensor technology. 
There is a lot of research going on in sensing and perception issues in the various application 
domains. The technical universities have strong research programs in robotics with emphasis on 
modeling and self-learning. The Wageningen UR has an expertise center on vision and robotics 
aimed at agro and food industry. Research institute TNO is active in the field of healthcare. Apart 
from universities and research institutes, Philips Research is a big player active in the domain of 
domestic services and healthcare. 

3.2.3 Themes 
Sensor development is primarily driven from outside robotics. The strategy here is to ride the 
wave: when better sensors come along, replace the obsolete sensors by the improved ones. 
Improvements may be on the aspect of resolution, completeness of the (3D) data, or more 
robustness against varying lighting conditions. As mentioned before, in the Netherlands there is 
no real camera industry, although special sensor research and development may take place for 
niche markets. When a special sensor development is required for a particular application 
domain a possible path is to team up with a technological university spin-off company.  
It is important to realize that there is currently a gap between the sensor technology needed for 
3D imaging and what is currently available on the market. However, some developments outside 
robotics will push sensor development further, such as the Kinect. Others, where there is no 
driving cross mass market, still have to be developed.  
In the Netherlands there are many research groups active in sensing and perception in robotics 
research projects. However, there is currently a gap between academic research and marketable 
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products in the different application domains. The reason is partly that applications are required 
to operate in unstructured and cluttered environments, which is not feasible yet. It is also very 
difficult to find cost-effective solutions.  
 

3.3 Focus and Planning 

3.3.1 Theme 1: Localization and accurate 3D reconstruction 
Description of the context: With robots acting in the human environment there is a need for 
precise localization and accurate reconstruction of the 3D surroundings. To be of any use robots 
operating in the human context must be able to identify objects reliably and determine their 
position accurately. 
Problem statement: Sensing is used by robots to perceive information about the surrounding 
environment. Combining information from multiple sensors (fusion) or from different 
standpoints (SLAM) is an important research area. Robots will in future rely on sensory 
information and have to go beyond the basic modeled settings. Therefore, to provide robustness 
there is a need to have redundant multiple sensors and fusion of sensory information.  
Possible directions for solutions: Making use of open-source robotics technology.  
Background, literature/existing approaches: Open-source robotics initiatives are e.g. the 
European Open RObot COntrol Software Project  (OROCOS), OpenJAUS, Robot Operating System 
(ROS) open-source software running on the Willow Garage robots. Of particular interest linked 
to ROS is the Point Cloud Library (PCL) and the Open Source Robotics Foundation (OSR 
Foundation). 
Key players in the field: Universities, Philips Innovation Services, TNO Science and Industry. 

3.3.2 Theme 2: Better and affordable sensors for 3D and haptics 
Description of the context: In future application domains, robots will act within unstructured 
and cluttered environments. The robot has to build up adequate representations of the 
surrounding 3D world and must be able to cope in real time with variations in its environment.  
Problem statement: In order to allow for robots to keep track of a dynamically changing 
workplace, advances in sensing and perception technology are required and better 3D sensors, 
both vision and haptics (touch), are needed. Better in the sense of giving more complete 3D 
data, at higher resolutions and more robust against externally varying conditions. 
Possible directions for solutions: Robotics is not a driving force in sensor development. The 
strategy is to ride the wave and put new sensors into practice when available. Special sensors 
like TOF for 3D imaging are being developed in other European countries like Belgium and 
Switzerland. In the Netherlands there are companies who focus on technology development of 
sensors in niche markets. 
Key players in the field: Optrima, Mesa Imaging, mainstream camera manufacturers, Moog 
(haptics). 

3.3.3 Theme 3: Better understanding of the 3D world 
Description of the context: We will see a growing dependence on robotics in the future, as part 
of the workforce to carry out tasks in unstructured environments, e.g. in the agricultural domain 
doing crop maintenance tasks in greenhouses, or in the care domain helping the elderly and 
disabled. These robots need to operate in changing environments and to be able to cope with 
unstructured and cluttered working environments. These robots cannot rely any more on fixed, 
pre-programmed models but must be able to adapt and learn. 
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Problem statement: The challenge is to combine sensory information with higher level 
perception and to go beyond a priori modeled information.  
Key players in the field: Universities. 

3.3.4 Planning 
Short-term goal (2013): Localization and accurate 3D-world reconstruction methods.  
Midterm goal (2017): Availability of cheaper and accurate sensors for 3D-imaging and haptics.  
Long-term goals (2022): Better understanding of the 3D world, robots operating in cluttered and 
unstructured environments, self-learning capabilities.  
Figure 18 provides an overview of the four themes addressed in this chapter.  
 

 

Figure 18: Planning of the goals over time 

3.4 Conclusions and Recommendations 
Sensing and perception are key factors in robotics, without which robots are confined to static 
structures, and blindly execute fixed, pre-programmed behavior. When robots enter the ‘human’ 
domain to assist the elderly or the disabled, or when robots join the workforce, far better 
sensing and perception technology is needed than what is available now. When entering the 
human domain robots have to cope with unstructured environments which may be cluttered 
with all kinds of known objects and objects not seen before. This will pose a challenge to 
robotics research in the coming years to develop technology able to operate safely, quickly and 
accurately in this environment.  
This is a common challenge in the application domains of cure, care, domestic services, and 
agro&food. In the Netherlands there are many strong research groups active in innovative 
robotics projects. It is recommended to focus research effort and knowledge development on 
operations in complex, unstructured, and changing environments. 
 

3.5 Contributors 
The following individuals have contributed to this chapter (in alphabetical order): 

 Wim Abbeloos, Karel de Grote University College 

 Paul Barendse, Rolan Robotics 

 Karel Dekker, Philips 

 Harm Hanekamp, Data Vision 

 Erik Janssen, Philips 

 Ton ten Kate, Priva B.V. (principal author, workshop chair) 
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4 Interactive Systems  

4.1 Introduction 
Interaction between users and robots is becoming increasingly important. Robots are becoming 
more closely interwoven in our daily lives, more diverse in application (outside factory walls), 
and need to be controlled by non-trained, non-professional users. One natural way for a human 
to control a robot is by physical interaction, i.e. feeling counteracting force on the master that 
the user is using to control a robot. Other aspects important in human-robot interaction are 
cognitive and multi modal interfacing, graphics, and supervision. 
 

4.2 Analysis 

4.2.1 Needs 
The general needs that were prominently present in the working group include: 
 
Intuitive interfaces for the elderly. The challenge here is to design robot interfaces that require 
hardly any specific user knowledge and fit in with our everyday tasks and interactions. This will 
be of particular interest for a large group of potential beneficiaries: the elderly. 
 
Robot safety and robustness. The challenge here is to design intrinsically safe and reliable 
systems and subsystems, both on component and on task level. This will enable robots to enter 
our daily lives and living environments without  the introduction of any potential dangers. 
Robustness of operation is also a prerequisite for usefulness. 
 
User acceptance. The challenge here is to design robots in such way that they will be accepted 
not just as a nice diversion, but as a worthy and usable supportive device (like a cell phone). For 
acceptance, a robot needs not only the above-mentioned points, but also aesthetics and other 
‘soft factors’. 
 
Socially accepted behavior. The challenge here is to design robot responses that fit our 
expectations with respect to the way we interact socially as humans, e.g. a crude robot will not 
be accepted. 
 
Automated shared control. The challenge here is to design interfaces that need few details from 
the human controller on the one hand, but do not act autonomously against the will of the 
operator on the other hand. Especially for physically impaired people who potentially have a 
great benefit from robotic support in activities of daily living (adl-tasks), the means to control 
quickly and accurately are limited. 
 
Besides these general needs, focusing on functions of the robot, there were also some needs 
that are more concerned with facilitating the development of interactive systems: 

 a list of useful (robot) tasks and definitions (what can we do, and what not) 

 a roadmap of human-robot work in care (from the demand side) 

 standards for robot platforms (interfaces, OS, simulation tools, etc.) 
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4.2.2 Themes 
In reaction to the vast list of needs, the suggestion was made to launch pilots. The two pilots 
that were defined are given in the next section. 
 

4.3 Focus and Planning 
For the focus and planning the two pilot projects which arose from the workshop are used. 

4.3.1 Theme 1: Home intelligence and automation 
Description of the context: Keywords are: Domotics, elderly, care and supported living.  
Problem statement: One of the major problems is that there are no standards yet (neither from 
the ICT nor from the human perspective). This makes it very difficult to follow a distributed 
development strategy, e.g. making apps that work in various environments and on various 
platforms. The consequence is that the successes that are achieved only work for a specific 
situation and environment, with no useful building blocks being recycled in the next project. 
Breaking this barrier is seen as an important enabler to boost the popularity of robotics. 
Possible directions for solutions: We propose to develop a platform with several key 
stakeholders (e.g. within the Future Emerging Technologies FET Flagship RoboCom, or FuturICT), 
and build on that platform in a systematic way. Robotic entities that could be coupled to this 
platform are: vacuum cleaning robots, eating support, lifting support, transfer, (granny-) butler, 
etc. By building the functions of these robotic entities onto a well-defined platform that 
interfaces with the living environment, they will be more uniform and the speed of development 
will increase, bringing new business cases. 
Background: literature/existing approaches: Some European projects are already ongoing 
within FP7, such as: KSERA, Mobiserv and SM4ALL 
Key players in the field: The ICT platforms Domotics and Smart Living have already joined forces 
with RoboNED in the seminar of September 30, 2011. The input and the members from this 
workshop can serve to form a strong foundation for this project.  
From industry: Philips Consumer Lifestyle (NL), Toyota (JP), Electrolux (SE), iRobot (USA), NEC 
(JP), etc. 

4.3.2 Theme 2: Soft robotics 
Description of the context: Keywords are: Soft and safe robots, cognitive and physical 
interaction 
Problem statement: The major challenge in the interaction between human and robot is to 
make the interaction both intuitive and safe. This requires both new control paradigms, and new 
(soft or compliant) actuators and proper cognitive interaction to interpret human tasks.  
Possible directions for solutions: There are quite a lot of possible directions which offer 
solutions. Variable impedance actuators and compliant mechanisms are good examples. 
Background: literature/existing approaches: Some European projects are already ongoing 
within FP7, such as: SAPHARI. 
Key players in the field: In academia: 3TU (NL), MIT (USA), Stanford (USA), ect. 
In industry: Philips Industrial Services, Festo (DE), DLR (DE), ect. 
 

4.4 Conclusions and Recommendations 
The Interactive Systems workshop showed that there is a need for robots with intuitive 
interfaces, that are robust and safe, are socially accepted, show socially acceptable behavior, 
and can perform automated, shared control with humans. Two pilots were suggested to bridge 
the gap between needs and offers: home intelligence and automation, and soft robotics.  
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5 Learning and Adaptive Systems 

5.1 Introduction 
Future robots must be able to learn effectively from experience, and actively acquire knowledge 
about their environment, so that they can optimize their performance and realize an appropriate 
degree of autonomy. Only in this way will robotics penetrate into new domains beyond standard 
manufacturing automation. 
 

5.2 Analysis 
Adaptation and learning are the key technologies for autonomously operating robots. In this 
section we analyze what situations can benefit from learning and adaptation, which techniques 
are available and which challenges are still to be solved. From this analysis we can then find 
matches of applications and the available techniques and tools. 

5.2.1 Needs 
Adaptation and learning features are desired in the following situations: 

 Learning can be used as a means to deal with uncertainty, possibly in an optimal way. A 
properly designed learning system will seek to optimize its behavior over a variety of real-
world conditions, which would otherwise be difficult to model for the purpose of off-line 
design. 

 A robot is required to deliver steady performance under largely varying conditions. A 
typical application example is the agricultural sector, where crops will vary in size, shape, 
color and rigidity. Similarly for domestic applications. 

 A cognitive, autonomous robot serving humans or working together with humans needs 
to learn from this interaction in order to anticipate the needs of the human and respond 
in an appropriate way. 

 Learning can save design and development time. Versatile robots can be equipped with 
standard learning algorithms (so requiring low design effort) and tuning for a specific task 
is achieved through learning. Learning can also deliver solutions to problems that we are 
currently not able to solve through off-line design, for instance, due to the lack of 
suitable methods and tools. 

 An adaptive or learning algorithm can compensate for imperfection of components, such 
as joints, actuators, etc. A high-performance system can be realized with low-cost 
components and, in this way, compensate for aging, wear and tear. 

 Learning algorithms can help recover from large faults. If a part of a robot is damaged, 
learning can be used to construct new motion primitives that are compatible with the 
new, unexpected robot morphology. Analogously, learning allows for the use of physical 
tools for which the robot was not programmed, e.g., a heavy hammer. 

In the above situations, learning and adaptation can be used in two essentially different was: 
1. Learning solely before the deployment of the robot (i.e. ‘robots go to school first’), while 

the acquired skills are frozen afterwards in order to have a fully predictable system with 
guaranteed performance (i.e. ‘robot passed exam and is ready for the real work’). 
Learning before deployment can take place under specifically designed conditions that 
are safe for the robot and its environment, that do not lead to financial losses, and where 
the learning process can be optimized. Think of, for instance, task shaping: the learning 
process starts with a simplified version of the eventual task (which is easier to learn) and 
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then the complexity gradually increases, until the original task is solved. Various forms of 
learning can be applied, such as learning by demonstration, imitation learning, etc. 
Robots operating in a distributed system can learn by observing (or even simply copying) 
each other’s skills.  

2. On-line learning throughout the lifetime of the robot. This situation is clearly more 
challenging, as the behavior of the learning robot may possibly become unpredictable 
and the learning algorithm typically has to deal with corrupted data (outliers) and 
unexpected disturbances. Furthermore, the optimal learned behavior of the robot should 
be alternated with exploration to acquire new knowledge. If the challenges of this setting 
are properly addressed, we get a very powerful concept. Learning can then be regarded 
not only as the improvement of the robot throughout its lifetime, but also as the 
evolutionary process over generations of robots. Knowledge and skills acquired in one 
robot generation are passed as initial solutions to the next generation. By monitoring this 
evolution process, robot designers can learn new solutions as well!  

Regardless of the specific mode of learning, the basic requirement is that the learning process 
should be reasonably fast (i.e., there must be some clearly observable improvement in time), 
computationally efficient, the convergence to acceptable behavior must be guaranteed and 
preferably nearly monotonous (robots do not learn and subsequently unlearn). To facilitate 
effective learning, methods are needed that can automatically identify important features on the 
sensing side and motion primitives on the actuation side. These primitives should be 
parameterized by a small number of parameters, so that they can be inherited from situation to 
situation. A suitable combination (or interpolation) of the primitives then leads to the required, 
possibly complex, behaviors. 
Another challenge is to find the right balance between the amount of prior knowledge used and 
the extent of learning from data. The use of much prior knowledge typically means large design 
effort and cost. Relying too much on data requires rich data sets, i.e., a lot of exploration, and 
therefore long learning times and poor initial performance. 

5.2.2 Offers   
Several specific learning paradigms have been developed to such a degree that algorithms are 
ready for use (and some already have been used) in real-world applications. Notable examples 
include iterative learning control (ILC) or simultaneous localization and mapping (SLAM).  
However, other forms of learning, such as reinforcement learning (RL), have been successfully 
demonstrated in labs, under well-defined experimental conditions, but no commercial 
applications have been reported to date. However, the progress in this field is quite rapid and 
there is a significant coordinated effort worldwide. For instance, the path-integral methods have 
been recently successfully applied to learning on Willow Garage robots (Radboud University 
Nijmegen, University of Southern California). Novel intelligent sensors (such as Kinect) are 
important enabling technologies, as they make it possible for the robot to collect information 
about its environment at a relatively low cost. 

5.2.3 Themes 
While a tremendous number of learning and adaptive algorithms have been developed in 
academia, real-world applications are still scarce. It is probably quite safe to state that the 
scientific community is not yet completely ready to deliver robust learning solutions for practical 
use. In addition, the tools are being offered by different communities (machine learning, pattern 
recognition, artificial intelligence, control theory, operations research, and cognitive sciences) 
almost independently, with too little interaction and cross-fertilization between these fields. The 
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final breakthrough into real-world applications can be facilitated by profound integration of 
these domains. 
From the industrial point of view, transparency of the learning process is required, so that one 
can validate the system. This implies that the solutions learned must be interpretable to the 
system designers and engineers. The behavior of the robots should be predictable and the 
system should know its own limits and should not attempt to operate beyond them. 
From a commercial point of view it is a challenge to show that self-learning robots are better and 
cheaper than fully programmed robots. This challenge not only concerns high-tech expensive 
robots, but especially the cheaper and simpler ones. 

 
5.3 Focus and Planning 
Learning and adapting robots are most valuable in changing and unstructured environments. The 
degree of structure varies by industry and will typically decrease along the following line: from 
aviation, agriculture, traffic, medical cure, down to care and domestic applications. The less 
structured the environment, the larger the complexity of the challenges. For more structured 
environments, we expect a shorter time horizon for actual applications of adaptive and learning 
robots. In more unstructured environments, Bayesian and stochastic optimal control methods 
that explicitly model the uncertainty are required. This significantly increases the complexity and 
the computational demands. 

5.3.1 Theme 1: Robots for agricultural and horticultural applications 
Problem statement: Mechanization and automation of agriculture and horticulture have 
dramatically reduced workload and increased production. This has been an important driver for 
economic and social development. However, further automation is hampered by the inherent 
variability of biological products. Adaptive and learning robots might cope with this problem and 
lead to a further reduction of labor and increase in productivity. An example of an application in 
this area is the harvesting of sweet peppers, which have different shapes, sizes and location on 
the plant.  
Challenge: The application area calls for robust learning solutions, because of the rough 
environment and the goal to reduce the workload. As there is little room for errors, because of 
possible plant damage and large financial losses, learning must be applied with caution, starting 
with the off-line (before robot deployment) mode. 
Possible directions for solutions: The typical operations are repetitive (hundreds of handlings 
per hour), which enables the use of many learning and adaptive techniques.  Most benefit can 
be obtained at the perception side (fusing visual information with other sensors) and 
manipulation (careful handling of plants and fruits). 
Background: Lely has shown that robotics is accepted in dairy farming, e.g., milking, stable 
cleaning and foraging. 
Key players in the field: Priva, Lely, Control, and AI and Machine Learning groups at universities. 
 

5.3.2 Theme 2: Care: observation and monitoring of human behavior 
Problem statement: The average age of the human population is increasing worldwide, and this 
effect is stronger in highly developed countries like the Netherlands. Providing assistance for the 
increasing number of elderly people who need help to perform everyday tasks will soon put 
tremendous pressure on society. One solution to this challenge can be provided by robotic 
assistants. Besides the elderly, assistive robotics can also help disabled people. 
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Challenge: Robots need to learn to communicate and interact with people in an appropriate 
manner and learn to distinguish between normal and abnormal behavior of the subject, without 
having an undesired impact on privacy. The data available to the learning algorithm will be less 
abundant than in agricultural and industrial applications.  Ethical, social and legal norms 
represent constraints that will have to be properly integrated into the learning techniques. 
Learning will typically take place on-line. 
Possible directions for solutions: Observation and monitoring of human behavior, assistance to 
elderly, ill or disabled. 
Key players in the field: University hospitals, Demcon, AI and Machine Learning groups at 
universities, Ethics and Technology groups at universities. 

5.3.3 Theme 3: Robots for household tasks such as cleaning or laundry folding 
Problem statement: Nearly everyone would like to have a robot to ease housework: this field 
has a huge potential market! Cheap sensors and actuators are important enablers.  
Challenge: Use standard learning solutions to reduce pre-programming effort. Sensor and 
motion primitives. Robots must be inherently safe in use (light, soft, compliant). 
Key players in the field: RoboCUP@HOME, RoboEarth, Willow Garage, AI and Machine Learning 
groups at universities, Ethics and Technology groups at universities. 

5.3.4 Theme 4: Autonomous, distributed robotics 
Problem statement: Applications like observation and monitoring for security, environmental 
protection, transport, etc., call for the use of multiple interacting robots. Collective learning by 
these robots improves the performance and saves time. Techniques developed in this area will 
have a great impact on other fields of major societal importance, such as optimal control of road 
traffic networks. In the European Union 44 % of goods and 85 % of persons are transported by 
road, and traffic congestion impacts the GDP by a full percent (tens of billions of Euros). 
Challenge: The use of many communicating and collaborating robots calls for the abstraction of 
sensing and motion primitives and the interchange of primitives between robots and robot 
generations. Coordination is also a major challenge. 

5.3.5 Planning 
Short-term goals (1-year horizon): 

 Take steps to join academic communities (machine learning, pattern recognition, artificial 
intelligence, control theory, operations research, cognitive sciences), societal and 
industrial partners. 

 Make an inventory of existing possibilities and carefully define suitable pilot projects. 
Analyze what is missing in our current knowledge and tools in order to enable real-world 
applications of learning and adaptive robots (in terms of algorithms, software and 
hardware). 

 Define and secure funding of projects. 
Midterm goals (5-year horizon): 

 Robust learning solutions, acceptable for robot applications for real-world tasks. 

 First autonomous self-learning robots in industrial and agricultural environments. 

 Demonstration of learning solutions for domestic, cure and care applications. Awareness 
of public acceptance of learning robotic systems (we need to bring robots to the public in 
a safe and easy-to-accept manner – e.g., through museums, exhibits, etc.). 

 Visible joint research activity, lessons learned from the first applications help to form 
research directions. 
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Long-term goals: 

 Ability to learn abstract information and interchange between robots. 

 Self-learning robots for domestic use. 

 Expertise on learning solutions from various disciplines and their applicability, strengths 
and weaknesses. Standard, integrated and reusable tools and solutions, software and 
hardware standards. 

 Solid academic expertise and reputation. 

 
5.4 Conclusions and Recommendations 
Adaptation and learning capabilities are crucial for new applications in which robots have to deal 
with varying conditions and unexpected situations. Most important examples are agriculture, 
care and domestic applications, but many other applications can benefit from learning solutions, 
such as autonomous, distributed robotic systems for monitoring of the environment, traffic, etc.  
Learning and adaptive techniques have been successfully demonstrated under controlled 
conditions in labs, but robust solutions for practical use are not yet ready. In order to take major 
steps forward, we need a coordinated approach of various, currently quite disconnected, 
academic communities (machine learning, pattern recognition, artificial intelligence, control 
theory, operations research, and cognitive sciences) and industrial partners. 
 

5.5  Contributors  
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6 Software Engineering for Robotics and Automation 

6.1 Introduction 
This chapter focuses on those aspects of software engineering for which: 

 Robotics will be the driving application domain, because more traditional drivers such as 
embedded systems, automotive, or aerospace are not confronted with the same system-
level complexity challenges as robotics. 

 There is already an existing and competitive basis within RoboNED. 

 Industrial exploitation can realistically be expected within the Netherlands; this applies 
both for: 

o the exploitation of the roadmap outcome via technology-providing companies 
that add the roadmap outcome to their already existing portfolio of products and 
services, and 

o the application of the roadmap outcome in the agro & food, horticulture, and 
health sectors 

 

6.2 Focus and Planning 
In the above-mentioned context, the chapter identifies two key focus lines for academic 
research in the next decade: 

 the methodology of complex systems engineering, and 

 task-centered robot programming 
The former already has a solid foundation in the Dutch academic research into ‘model-driven 
engineering’ for mechatronics (in this domain, the Dutch universities play a leading role in 
Europe), but needs to be scaled up to the higher complexity challenges posed by robotics. The 
latter research line can be expected to be driven (‘science & technology pull’) by the above-
mentioned application domains; many experts in those domains are already available in the 
RoboNED consortium, and are motivated to: 

 provide the domain expertise and task semantics which are indispensable inputs to the 
research (and give it a high competitive advantage!), and 

 engage in intensive cooperation with the academic researchers to help them realize the 
envisaged scientific and technological innovation 

The roadmaps for both focus lines are explained in more detail below. 

6.2.1 Theme 1: Methodology of complex systems engineering 
The complexity encountered in future robotics systems comes from the various and diverse 
interactions between a myriad of functional components that are required to let the robotic 
systems solve their tasks. There are two major differentiators with respect to other domains 
with complex engineering challenges, such as automotive, aerospace, mechatronics, and 
embedded systems: 

 The robot will be just one of many ‘agents’ in an environment with many ‘peer robots’ as 
well as humans. Hence, machine performance will become of secondary importance to 
robustness and, especially, safety and human acceptance. 

 The robot will be expected to act and react autonomously over extended periods of 
operation, and to learn and adapt to its environment and the ‘peers’ it interacts with. 

Nevertheless, the software engineering requirements and expectations remain basically the 
same as for ‘easier’ domains, in that developers in robotics will request software support to help 
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them design and develop their robotic systems. In particular for the following aspects: 
requirement specifications; best practices in the design of reusable building blocks; 
(semi)automatic software generation, testing, and validation. 
The suggested solution direction (‘Model Driven Engineering’) may sound rather traditional at 
first sight, but its focus on the development of a methodology for making reusable models in the 
high-complexity context of robotics yields a set of software engineering research challenges that 
are not encountered in other ICT-driven domains. 
Planning 
Short-term (3 years): An ‘upgrade’ is realized from the current MDE methodology (and ICT tools) 
in mechatronics to the context of robotics. This upgrade consists of (i) creating models for 
robotics-specific components such as perception, planning, and world modeling, and (ii) system-
level methods to integrate such components into robust, safe, and predictable systems. 
Midterm (7 years): Models, tools and methodologies are realized to support the ‘new’ kind of 
interactions that are required in robots that have to act reliably, safely and efficiently in the 
targeted application domains. The major challenges are on how to model, program and 
coordinate the (not only physical) interactions between, and behaviors of, several robots 
operating in the same environment, each possibly with a different task. In addition, a systematic 
methodology is required to help engineers design, develop, test, deploy, and operate such 
‘systems of autonomously interacting systems’. 
Long-term (10 years): Compared to the 7 years' goal, the additional challenge consists of 
developing and supporting human behavior and human-robot interaction models, physical as 
well as social. 

6.2.2 Theme 2: Task-centered robot programming: from ‘how?’ to ‘what?’ 
The previous research line targets the developers of robotics software systems, but those 
developers are only half of the story: progress must also be made to support the users of such 
systems. In particular, expert users in the application domains mentioned must be given 
methods and tools to program their robot systems using only domain-specific models. That is, 
those experts should be allowed to program ‘what’ the robots should do, using terminology, 
templates and models that are comprehensible to human experts in the domain. 
The suggested solution direction is ‘semantic modeling of application domains’: the concepts, 
terms, relationships, actions, skills, etc. that human experts use to solve problems in a certain 
application domain must be formalized, in computer-readable and processable formats, such 
that robots can be programmed in the semi-natural languages that domain experts use to talk to 
each other. 
Planning 
A methodology of ‘knowledge extraction’ from domain experts is developed, such that semantic 
meta-information can be formalized, reasoned about, and exploited in the robot programming. 
The following phases are envisaged in this research challenge: 
Short-term (3 years): The ‘motion’ aspects of robots are semantically modeled, and made 
available as a ‘programming language’. 
Midterm (7 years): The ‘task’ aspects are semantically modeled, and made available as a 
‘programming language’. 
Long-term (10 years): A methodology (including software tool support) is created with which the 
domain experts themselves can realize the above results. 
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7 Safety for Service Robots 

7.1 Introduction 
In order to successfully exploit a service robot, guaranteeing dependability of the system is one 
of the main requirements. Dependability is an integrated attribute that consists of safety, 
availability, reliability, integrity, and maintainability. Safety is an essential component of the 
dependability requirement including safety to human beings, the robot itself, and the physical 
environment.  
Like any product that is to be released to the user, robots will require certification before they 
are put to use. The basis of the requirements to obtain the certification is defined in standards 
together with acceptable design guidelines and verification techniques/evidence. When it comes 
to safety standards, they define: 

 Safety requirements: a set of requirements/norms appropriate for safe operation 

 Design guidelines: lists of correct methods for system design and implementation  

 Validation and verification techniques: methods to test whether the requirements and 
guidelines are applied properly 

Different application areas have very different safety requirements for robots. Space and military 
robots are very different from domestic or professional service robots, and manufacturing 
robots are again different. To focus the discussions, we decided to restrict ourselves to service 
robots. Together, professional and domestic service robots are the fastest growing fields of 
robotics, as analyzed by the International Federation of Robotics (IFR). Furthermore, especially in 
service robots the human–robot interaction with non-trained consumers will be one of the most 
challenging aspects of safety. These users might even have physical or mental disabilities.  
 

7.2 Analysis, Focus and Planning 
For the analysis of the challenges, solutions and to define a plan, a working group has been 
formed consisting of experts from Dutch industry, universities, and research organizations.  From 
their experience, this group gathered the challenges that are present in the field of safety for 
service robots, but also the available knowledge and solutions in the Netherlands. Next, a plan 
was created to approach the remaining challenges, for which solutions are not yet available. 
The challenges in safety for service robots have been grouped into three themes: User, 
Regulation, and Technology. In the next sections, we will explain what safety means in these 
themes, and discuss the challenges and solutions. 

7.2.1 Theme 1: User 
Context: In a robotic system where human interaction is involved with a certain risk, it is 
important to carefully design the robot, taking into account the famous Murphy’s law: “If 
something can go wrong, it will”. When interacting with humans, it is very important to 
understand the human behavior and human perception of the robot behavior. Especially as 
there are different types of user: professional and non-professional, trained and non-trained, 
healthy and fragile, that are often very different across the various application domains. 
Challenges:  

 Creating systems that (professional) users can trust 

 Making models about user behavior 

 Intuitive user feedback methods to indicate motion paths of the robot and preferred 
motion paths for the human 
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 Making a system that complies to and gives priority to user requests 
Available solutions: 

 In many industrial and academic projects knowledge has been gained on user behavior in 
many different application domains. 

 Some of this knowledge on user behavior has been formalized in available standards. 

 Various organizations have the facilities to carry out realistic simulations or controlled 
tests in realistic environments with real users. 

 Various consortia exist of user groups, in research as well as in industry. 
Current work: Current work can be found by browsing for human-machine interaction on 
www.robodb.org.  
Key players: Universities, Philips, Focal Meditech. 

7.2.2 Theme 2: Regulation 
Context: Industrial robots have been the most widely used robotic application for decades. This 
application area is subject to a number of regulations and standards from national as well as 
international organizations. Little was done about safety standards for service robots until 
recently. Also in the robot workspace various activities are being initiated to define standards for 
physical interaction of humans with robots. Physical interaction is not recommended in 
industrial robotics standards where safety is primarily ensured by separation. The ISO has 
started to revise the industrial safety standards to incorporate more human interaction. They 
have also formed a new working group to define new safety standards for personal care robots, 
ISO/DIS 13842 ‘Robot and robotic devices – Safety requirements – Non-medical personal care 
robot’. The ISO safety standard for personal robotics is expected to be released in mid-2012. 
Other countries such as Korea and Japan have started to work on regulations and standards for 
personal robots as well. 
Challenges:  

 Procedures (especially breakdown and allocation of safety aspects/certified components) 
to follow and document in order to achieve an appropriate level of certified safety 

 Availability of knowledge on safety requirements for a consumer of service robots: e.g. 
mechanical, dynamic behavior, and electrical 

 Classification of robots and robot applications for safety requirements 

 A robot must not harm humans, but accidents can happen 

 Procedures which should be followed in order to learn as much as possible from 
accidents (and near accidents) in this emerging application field 

Available solutions:  

 ISO working groups established on care, medical and transport applications 

 Norms from other communities like industrial robots and household devices 

 Survey on safety in domestic robotics 

 Expertise from medical safety regulations can be applied to service robots as well 

 Risk management models, incident analysis methods 
Current work: ISO 13842 norm on safety requirements for non-medical personal care robots is 
expected in mid-2012. 
Key players: ISO, NEN 

7.2.3 Theme 3: Technology 
Context: Creating a safe system by eliminating or reducing possible risks is the core issue in 
safety and it, by itself, is an iterative three-step process that includes: safe design to avoid or 
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minimize possible risks, a protection mechanism for risks which cannot be avoided by design, 
and finally a warning to the user in case both design and protection fail (preferably with 
instructions on how to minimize the extent and consequences of the accident). 
Safety in mechanical design and actuation deals with the crucial issue of ensuring inherent 
safety, i.e., safety even in the unlikely case of loss of the entire control system. For example, 
manipulators suitable for domestic robotics are designed to be lightweight and compliant so as 
to mitigate any possible injury that may arise in case of uncontrolled collision with a human. Safe 
mechanical design comes at the expense of performance so an appropriate trade-off between 
safety and performance should be made in design innovations. 
A robot as an intelligent safe system should intrinsically be able to handle uncertainty in its 
model of the environment. In order to deal with the uncertainty, a domestic robot should be 
equipped with a range of sensors including proximity, force, tactile, vision, sound, and 
temperature. Increasing the type and number of sensors gives redundancy to the system and 
yields an improved environment model, while at the same time increasing cost and complexity. 
Challenges:  

 Tooling for safety 

 Attention to safety during development (but this should not be blocking) 

 Intrinsic safety design 

 (Asynchronous) control structure for decision-making 

 Safety subsystems for manipulation 

 Sensor (fusion) technology for use in medical applications, e.g. the operating room 

 Collision detection sensors that can cover the complete surface of robot 

 Environment mapping for safety 

 Prediction of movements for collision prevention and warning 

 Practical double safety systems 
Available solutions:  

 Methods and tools from other communities, e.g. medical 

 Energy-based safety metrics 

 Sensor technology for safe movements 

 Low-cost 3D vision sensor technology from gaming computers 

 Robotic Operating System (ROS) for sensor fusion in domestic robots 

 Environment mapping techniques 
Current work: Many projects in research and development are integrating advanced sensor 
technology into their robots. From all these projects, a lot of derived knowledge can be directly 
applied in the safety system of the robot. Also here, www.robodb.org gives a good overview of 
the available technology R&D in the Netherlands. 
Key players: See www.robodb.org.  
  



Part 2: Dutch Robotics Roadmap 

72 

7.2.4 Planning 
From the challenges and available solutions given above, the goals were derived that we should 
work on in the near and distant future. Table 10 shows these goals grouped in short-term, 
midterm and long-term goals for the three aspects user, regulation and technology. 

Table 10: Goals per theme for the short, midterm and long-term. 

 Short term Midterm Long term 

User Model domain-specific user 
behavior 
Increase degree of user 
acceptance by: marketing 
strategy, communication, and 
image  
Focus on user perception of 
safety methods and criteria 

  

Regulation Classify robot technology and 
applications 
Extend current regulations 
based on new technology 
Scan on what's already 
available in the world and 
analyze the gap using forecast 
model 

 Create harmonized 
regulations 
Implement second loop 
learning: system for 
constant feedback from 
existing applications in the 
service field to design new 
and improved systems 

Technology Focus on the following 
technologies: 
proximity sensing 
vision for safety 
collision detection and 
prevention, (probabilistic) 
sensor fusion, environment 
maps 

Develop frameworks to guide 
safe designs; 
Breakdown implementations 
of safety 
Introduce compliance in 
mechanics  

Implement robot feel 

 
From the complete analysis described above, we derived a plan to develop a safety framework 
for service robots. This includes: 

 Describing use cases of potentially hazardous situations and what should happen in these 
situations, from a user perspective. 

 Developing a set of guidelines, components, software constructs etc. that can be reused 
across projects. Ideally, these software components have been tested in real-life 
situations along with some guidelines on their pros and cons. Simple examples could be: 
1. How to attach the red alarm-button onto a robot to disconnect the power supply 

from the robot. 
2. The development of a speech module with a number of key words that can be used at 

all times to stop/move/control a robot in emergency situations. This module should 
always be running and have a high priority.  

 A lot of these constructs and safety methods have been developed earlier for less-
intelligent systems (e.g. cars). These should be adapted to service robots, which are, 
however, a lot more intelligent. 

 Safety also means perceived safety. Users of the robot should always have a ‘mental 
model’ of what the robot is doing, to understand the current actions of the robot, and to 
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be able to predict what the robot will be doing next. A robot that is performing 
unexpected actions, will give an unsafe feeling. 

 

7.3 Conclusions and Recommendations 
Safety in service robots is increasing rapidly in importance, as in all domains service robots are 
operating more and more in the vicinity of, and in close cooperation with, humans. The safety 
constructs in the robot should take care of avoiding and handling hazardous situations to reduce 
the severity and likelihood of harm to acceptable levels. 
Safety is one of the critical issues that must be guaranteed for successful acceptance, 
deployment and utilization of service robots. Unlike the barrier-based operational safety 
guarantee that is widely used in industrial robotics, future service robots will have to deal with a 
number of issues such as intrinsic safety, collision avoidance, human detection, and advanced 
control techniques. 
The analysis in this chapter presented the current challenges for safety in service robots, but also 
what we already have to offer. These have been subdivided into three themes: user (human), 
regulation, and technology. These three perspectives cover the main aspects that should be 
consulted when dealing with safety for service robots. 
From the analysis, a plan has been derived to develop a safety framework for service robots. This 
framework should help the developers to ensure safety at a sufficient level, according to 
standardized regulations (norms), allowing easy adoption by the different stakeholders. The 
framework should be developed based on available knowledge and use-cases, preferably in a 
separate dedicated project. 
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8 Education  

8.1 Introduction 
Robotics will be of increasing importance in the near future, in various very different application 
fields like Agro&Food, Care, Cure, Domestic Services, Professional Services and Manufacturing. 
This leads to a strong need for knowledge on e.g. human-robot interaction when designing a 
robot or on the implementation of robots in agriculture. Prior to the coming robotic 
breakthrough, the educational sector has the responsibility to react to this increasing demand 
for knowledge at an early stage. 
 

8.2 Analysis 

8.2.1 Needs 
Knowledge on Applied Robotics. Companies ask for employees who are able to develop, 
program, use and maintain robots in many different environments.  
Education of Non-Roboticists. The whole of society will in due time become potential users of 
service robots, just as with the revolution of personal computers. This requires a different 
dimension in education by courses on the use of robots. 
Multidisciplinary Education. Mechatronics integrates primarily mechanics, electronics and 
informatics. In robotics non-technical disciplines are also involved e.g. psychology (human-robot 
interaction). Multidisciplinarity will have to be much more widely defined than nowadays and 
will demand a significant adaption in the way of thinking/working of teachers and students. 
More Roboticists. More engineering students are required to study robotics to accelerate the 
development in robotics.  

8.2.2 Offers 
Technical Studies offer Good Quality. Current Vocational (HBO) and Technical Universities 
deliver well-qualified personnel. 
Good Educational Programs Available. There are already good educational programs available 
for all levels. Robot kits have been used in the classroom (LEGO, youBot). 
Robotics Motivates Students. Robotics has been proved to be valuable for its motivational 
effects to excite students about science and technology, and to prepare future robotics 
engineers. 
 

8.3 Focus and Planning 

8.3.1 Theme 1: Educational Robotics Matrix 
The RoboNED Education cluster will make an inventory of the available education in the field of 
robotics in the Netherlands. The matrix will be input for a discussion with representatives from 
the demand side e.g. companies. We aim for a set of improvements that can be implemented in 
technical robotic-related studies. We will start with bachelor, master, and post-graduate tracks 
in the technology education area because the majority of robotics education takes place within 
this field. In later stages other education levels (primary, secondary, vocational (MBO)) and 
robotic application fields like care, cure, and domestic services, will also be incorporated in the 
inventory.  
The results of the inventory will be presented in a matrix with application and technology 
subjects on one axis and the universities/institutes on the other axis. The matrix must be actively 



 

75 

maintained and can act as a virtual study guide with respect to robotics themes including 
classification of entrance levels and end levels (bachelor/master/post-graduate).  

8.3.2 Theme 2: Multidisciplinarity 
Focus in technical robotic studies on making connections between different fields of technology 
and application: studies that integrate electrical engineering, mechanical engineering, industrial 
engineering, and informatics and at the same time are application-driven. Special attention 
should be paid to the multidisciplinary training of students, teachers and others involved. In this 
way the innovative power of the next generation of students will be enhanced. It will lead to 
creative engineers with technical expertise and awareness of societal developments.  

8.3.3 Theme 3: Verticality and Continuity 
A vertical and continuous educational program from elementary school to PhD-level should be 
developed to gain and prepare tomorrow’s roboticists and also the future non-roboticist users of 
service robots. The program should be offered as an optional educational program. This theme 
will address ‘learning about robotics, learning through robotics’, discussing current didactic 
methodologies and tool kits.  
 
A new class of robotic engineers could come out from well-tuned application of educational 
robotics to the education system. Furthermore, a new class of non-roboticist end users of robots 
(medical doctors, nurses, teachers, clerks, employees, etc.) need to be considered: they will 
need easy-to-follow training courses where the whole methodology and tools studied and tested 
in the educational robotics classes will be employed. 

8.3.4 Planning  
Short-term goals: status of subject in 1 year (2013) 

 Matrix of subjects/projects at bachelor, master, and post-graduate levels in relation to 
universities/institutes: February/March 2012 

 Matrix discussed with application cluster representatives: May/June 2012 

 Advice with respect to robotics education/roadmap: September 2012 

 Matrix extended and set up sustainably, monitoring follow-up of roadmap: December 
2012 

Midterm goals: status of subject in 3 years (2017): Multidisciplinarity in technical robotics 
studies. 
Long-term goals: status of subject in 10 years (2022): Vertical and continuous educational 
program is implemented.  
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Figure 19 provides an overview of the three themes addressed in this chapter, and reveals on a 
timescale when they should be addressed, and when solutions may be expected to materialize.  
 

Figure 19: Planning of the goals over time 

 

8.4 Conclusions and Recommendations 
Work on the education inventory for technology bachelor/master and post-bachelor/post-
master tracks is in progress. Other education levels or robotics education in non-technology 
tracks will be picked up after this first stage.  
 
Multidisciplinarity in technical robotics studies, connecting several fields of technology and 
applications, should be developed to educate creative engineers with technical expertise and 
awareness of societal developments. 
 
A vertical and continuous educational program from elementary school to PhD-level should be 
developed to gain and prepare tomorrow’s roboticists and future non-roboticist users of service 
robots. 
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9 Ethical, Legal and Social Issues in Robotics 

In this chapter we will discuss possible ethical, social and legal issues that may arise when 
robotics proliferates in various spheres of everyday life in the Netherlands. 
 

9.1 Introduction 
Developments in robotics technologies have undergone significant growth in the past decades in 
many different areas, and these technologies are currently finding an increasing diffusion in 
different spheres of everyday life, ranging from the workplace (manufacturing, collaboration 
with human workers) to private homes (service and care robots), and from the transport sector 
(autonomous vehicles) to environmental monitoring, crowd-control and warfare (drones). In 
each of these areas, the deployment of machines raises a myriad of ethical, legal and social 
questions. In some cases, these issues revolve around humans’ interactions and cooperation 
with humans, in other cases they arise due to the fact that robots may take over tasks that were 
previously performed by humans. In either case, the ethical, legal and social questions that 
emerge in the light of advancements in robotics, which we have clustered under the 
abbreviation ‘ELS’ (Ethical, Legal, Social), require timely legislative action, but also broad public 
discussion, in order to facilitate the development of humane robotics and to foster support for 
the development of this new market. 
 

9.2 Analysis 
When robotics technologies are to be deployed in the various domains mentioned above, 
investigating the social, ethical and legal consequences this may have is not a straightforward 
enterprise. This is so, because different social standards, ethical norms, and legal regulations 
govern all of these domains, and hence the legal, ethical and social issues raised in each of these 
contexts need to be addressed in the near future. What’s more, different robotics technologies 
within the same context also raise different ethical, legal and social issues, which each need to 
be addressed individually. However, there are also a number of themes that span, or run 
through, all of the domains in which we may encounter robots in the (near) future, for example 
regarding the social acceptance of robotics technologies, or revolving around questions of 
liability and responsibility when robots are deployed. In this chapter we present a set of themes 
that addresses legal, ethical and social issues on this more general level. Because of their level of 
generality and applicability to all domains of robot use, these issues are most pressing to 
address: they are likely to appear in a wide range of social contexts when robots are deployed on 
a large scale. 
Below we present an overview of the ELS issues that are likely to appear on the horizon, either in 
the short term or in the longer run. This overview is based on the joint work of a group of ELS 
experts, representing almost all institutes and research groups working in this field in the 
Netherlands. After discussing the most important ELS themes (section 9.2.1), we will present 
ideas that may contribute to their solution (section 9.3), along with a timeline for both the 
problems and the solutions to appear (section 9.4). 

9.2.1 Themes 
The first ELS theme that needs to be addressed within the robotics industry and in science, but 
also by policymakers, politicians, and the media, is that of the social acceptance of robots in 
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society. Let us begin by pointing out that social acceptance is, in fact, not an ELS problem, but 
rather an ELS goal – to safeguard the widespread use of robots societies must ensure that these 
machines are socially accepted and acceptable in various contexts, both to individuals and 
groups of humans working or interacting with them. Hence, scientists, industry, policy makers, 
politicians and the media all need to be aware of the role they play in creating and proliferating 
images of robots and robotics. Careful and sensible positioning of the benefits and risks involved 
in deploying robots in society can contribute to a positive, trustworthy image of robots, and 
should thus be strived for. 
A second theme of great importance to be addressed is that of liability, responsibility and 
security. If robots are going to be deployed on a large scale, and will enter the everyday lives of 
human beings in various forms, then we must think through the legal consequences thereof: 
who is responsible when a robot causes damage to property or a person? How can we ensure 
that the risk of being held liable does not hamper innovation, and how can we balance risk and 
security in experimenting with new (forms of) robots?  
Thirdly, it is vital that we investigate the ways in which social practices and social relations may 
change as a result of introducing robots into them. How do social practices change when tasks 
are delegated to machines, and how does this affect the social relations between humans in 
these contexts, and between humans and machines? For example, when delegating the task of 
lifting and moving patients to a robot, the care practice is deeply changed, both in a practical 
sense (the caregiver now focuses on operating the machine rather than on the patient) and in a 
relational sense (physical contact is no longer an aspect of the interaction between caregiver and 
patient). Though such changes may appear to be small and insignificant on the surface, they 
alter situational patterns of interaction in ways that may sometimes have unintended, and 
negative, effects. Therefore, we need to carefully plot scenarios that investigate such changes at 
various levels of abstraction, from the macro level (rethinking the delegation of the central 
tenets of healthcare in relation to robots) to the micro level (as in this example).  
Finally, and building on the previous point, we need to investigate the ways in which core values 
in our society as a whole, and in the various spheres of life into which robots will enter, are 
affected by their advent. Think for instance of the ways in which using robots in the home may 
have a bearing on individuals’ privacy, or what it means to delegate control over a wide variety 
of tasks to machines. 
 

9.3 Focus and Planning 

9.3.1 Theme 1: Social acceptance 
Context: When robots enter different spheres of life, ranging from healthcare to the home, and 
from factories to traffic, it is important that humans accept them as a new workforce, or as aides 
to which responsibilities and tasks can be delegated. Social acceptance and social acceptability 
may be hampered for various reasons: humans may feel ‘replaced’ by machines, they may feel 
threatened in their job security because their jobs will now be delegated to machines, or they 
may feel ‘dehumanized’ by medical care received from a machine rather than a fellow human 
being. Moreover, pessimistic science fiction stories of robots surpassing human beings (and 
ultimately destroying mankind) may lead to fear and negative responses to their appearance in 
various social contexts. 
Central issues: One of the most important ways in which to facilitate social acceptance is to 
manage expectations: ensuring that individuals and groups interacting with these machines, or 
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working alongside them, will know their strengths and weaknesses, and will understand what 
these machines, and the science that underlies them, can and cannot offer. 
Secondly, and in close connection to the above, to promote social acceptance it is important to 
have an open and wide-ranging public debate on the roles of robots in our future society, and on 
the social and ethical implications this has. Only if stakeholders from industry, science and 
politics put their cards on the table with regard to the introduction and deployment of robots in 
society can the public learn about the pros and cons of the use of these machines, and hence 
come to a balanced perspective on, and optimal acceptance of, robots as future ‘partners’ in 
various domains of everyday life. 
Solutions: The social acceptance of robots would greatly benefit from involving non-roboticists 
(policymakers, ethicists, and, most importantly, end users) in the design and development 
process of these machines. This would strengthen the chances of creating machines that would 
meet the contextual societal needs of the individuals who will work or interact with them, thus 
improving the chance of a smooth introduction and easy acceptance of these machines in each 
context. 
A second solution that may contribute greatly to social acceptance would be for the robotics 
community (science/knowledge institutes, industry and government) to initiate a campaign 
debating visions of the future in relation to robotics. Currently, the general public tends to 
believe that robots are either an ideal or a threat, but in any case a development of the far, far 
future. What’s more, most people believe that robots will predominately have a humanoid form 
– when they do not have such a form, they are hardly recognized as robots in the first place. By 
reporting on the current developments in robotics, and engaging in debates over their future 
roles and capabilities public awareness would rise, and this would also facilitate social 
acceptance. 
Current work: The Rathenau Institute in The Hague is conducting a study on new robotics, which 
includes the issue of social acceptance of robots in various spheres of everyday life. When this 
study is completed, the Rathenau Institute will advise politics and government on engaging in 
the public debate proposed here. The Strategy Department of the Ministry of Security and 
Justice has addressed social acceptance as an important issue when introducing robots for 
purposes of security and justice in the public domain. Finally, researchers from the Donders 
Institute for Brain, Cognition and Behavior (Radboud University Nijmegen) and from the 
Philosophy Department at the University of Twente are also conducting research on the social 
acceptance and social acceptability of robots in various everyday domains. 
Key players: Rathenau Institute, Strategy Department of the Ministry of Security and Justice 
(MinVenJ), Donders Institute, Philosophy departments of universities. 

9.3.2 Theme 2: Liability, responsibility and control 
Context: When robots proliferate in everyday contexts, accidents are bound to occur as well. 
Robots may accidentally hurt or harm humans or their property, they may run haywire or they 
may be misused or mishandled by humans. Whenever damage occurs, questions of liability and 
responsibility arise. Currently, it is unclear for industry and research groups in the field of 
robotics how liability issues may play out. This obstructs innovation in a serious manner, because 
companies and research groups are hesitant to develop cutting-edge new technologies, since 
this increases the risk of being sued for damages when things go wrong. 
Central issues: Different scenarios can be envisioned here: robots could simply fall under the 
existing framework for consumer law, which prescribes that manufacturers and/or businesses 
are responsible for the robot’s proper functioning (and hence liable when they malfunction). 
However, since robots become ever more complex, and consist of numerous subsystems to 
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which many research groups and companies contribute, some legal scholars believe that this 
system cannot hold in the longer term. They propose, instead, that liability issues in relation to 
robots ought to fall under a so-called strict liability regime (in Dutch ‘risico-aansprakelijkheid’), 
whereby the owner of the machine is responsible for the damage caused by the machine, similar 
to the way in which parents are responsible for their children’s actions, or employers for their 
employees’ actions. 
Solutions: To meet the challenges with respect to liability, responsibility and control three 
central steps are proposed. First, legal scholars need to create an inventory of applicable law, 
and investigate whether existing legal frameworks apply, and/or need adjustment in the light of 
robotics developments.  
Secondly, to stimulate innovation robotics developers and businesses should receive improved 
protection from lawsuits through the creation of insurance policies. New insurance packages 
could be created, or existing insurance could be adjusted, in cooperation with insurance 
companies. 
Thirdly, it would be highly beneficial to robotics developers and businesses if, somewhere in the 
Netherlands, there would be a so-called ‘free zone’, an area in a city or town where robotics 
developers could test new robotics technologies in the real world, without immediately running 
the risk of receiving liability claims. Such a free zone would enable them to experiment 
extensively with new technologies prior to placing them in the market, hence insulating the 
wider public from risks that may occur when no such experimenting in real-world settings has 
taken place. High-tech cities such as Eindhoven or Enschede would be ideal candidates for the 
creation of such a free zone, and hence these cities ought to be engaged in a debate about this 
idea first. 
Current work: The Tilburg Institute for Law, Technology and Society (TILT) of Tilburg University 
will start with a two-year, European-funded FP7 project on Robotics and Law (RoboLaw) in the 
spring of 2012, in which liability and responsibility are central themes. The Center for Intellectual 
Property Law (CIER) of Utrecht University and the Donders Institute for Brain, Cognition and 
Behavior (Radboud University Nijmegen) also conduct research in this area.  
Key players: Institutes for Property Law, Donders Institute. 

9.3.3 Theme 3: Social practices and social relations 
Context: In the past decades, research in engineering, human-computer interaction and 
philosophy of technology has consistently revealed that when technologies are used in social 
practices, these practices tend to change because of their use and/or presence. For example, 
using telephones to communicate over longer distance has changed the way in which humans 
interact in comparison to face-to-face communication. Similarly, using social network sites to 
maintain or instigate friendships leads to different forms of connection, and different 
expressions of friendship, when compared to friendships conducted in the real world. It is safe to 
assume that this fact will also apply to robots when these start being deployed on a large scale in 
various social practices and contexts. However, at the moment we do not have a solid grasp of 
how social practices, e.g. in healthcare, in traffic, or in the home will change exactly because of 
the introduction of robots into them.  
Central issues: The central issue relating to this theme is the fact that adding a robot to a 
professional/social situation will change that situation: it will change the roles people have and 
the relations between participants in these situations. What needs to be clarified, on a case-by-
case basis, is exactly what changes will be brought about, whether or not these changes are 
acceptable or desirable, and if they are not, what procedures or design features can be used to 
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ensure that social/professional practices and the social relations in them will not be affected in a 
negative way.  
Solutions: One of the key solutions in this area revolves around creating a design approach, in 
which a thorough understanding of the outcomes of different design choices, in terms of their 
impact on social practice and social relations, will become standard practice. This could be 
achieved through the use of scenarios as a design method, and through the deployment of 
multidisciplinary design teams involving ethicists, social scientists and end users alongside 
engineers and designers. 
A second solution focuses more on the end-user side of things: in order for robots to find a 
proper place in various social practices, and ensure safe and sound use of such machines, end 
users (both in professional settings and in non-professional contexts) need to be educated about 
the dos and don’ts of human-robot interaction, about their possibilities and limitations. This 
would also contribute to the prevention of the unintentional and faulty use of robot, and of 
outright misuse. 
Current work: Philosophers at the University of Twente are currently conducting research on the 
way care values, care practices, and social relations are affected by the use of healthcare robots. 
The Rathenau Institute is also studying the way social practices are affected by the introduction 
of robotics in the project mentioned under ‘Social acceptance’. Finally, the Strategy Department 
of the Ministry of Security and Justice (MinVenJ) has investigated the issues that need to be 
addressed when introducing robots into various professional/social contexts. 
Key players: Philosophy departments of universities, Rathenau Institute, Strategy Department of 
the Ministry of Security and Justice (MinVenJ). 

9.3.4 Theme 4: Core values 
Context: When deploying robots in everyday contexts – for care and cure, in the home, in traffic 
etc. – this entails that these robots will dramatically increase their level and intensity of 
interaction with human beings. Combined with the fact that we delegate more and more tasks 
to machines, this raises questions surrounding the core values that we hold dear as a society in 
each of these contexts. In healthcare contexts, for instance, we need to consider which tasks we 
can delegate to machines without negatively impacting respect for bodily and emotional 
integrity or undermining autonomy. Similarly, in the home we must ensure that we do not 
invade humans’ privacy to an unacceptable degree.  
Central issues: When developing and designing robots it is crucial that we come to a better 
understanding of the way the form (appearance) and functionality of particular robots affect 
both their perception by humans and their scope of tasks in specific contexts.  
Solutions: The solutions for this theme largely overlap with those proposed under the previous 
heading: it is important that design and development of robots takes place in multidisciplinary 
teams, using scenario-based approaches. One practical idea with respect to solving perceived 
transgressions of core values by individuals in various everyday situations is to equip all robots 
with an ‘emergency brake’, which humans can use when they feel the robot crosses boundaries 
it should not cross. 
Current work: Several researchers at the Philosophy Department of the University of Twente, at 
the Donders Institute (Radboud University Nijmegen), and at TILT (Tilburg University) are 
investigating the ways in which norms and values are affected, on a contextual level, by robots 
and their use. Finally, this theme is also part of the Rathenau Institute’s study on new robotics. 
Key players: Philosophy departments of universities, Donders Institute, TILT, Rathenau Institute. 



 

83 

9.3.5 Planning 
Important contributions towards solving the themes addressed above ought to be made within 
the next 10 years. We have prioritized these themes as follows: although all themes presented 
here are urgent enough to require immediate commencement (and in fact, they are already 
under way), some can be resolved sooner than others. This is the overview of their duration and 
expected time of completion: 
Short-term goals: 

 Liability, responsibility and control is one of the most tangible issues, and it requires 
immediate and speedy action in the interest of innovation. Within the next two years 
legal scholars and regulators should create an inventory of applicable law with respect to 
robots, and instigate changes in existing laws and regulations if this turns out to be 
necessary. Moreover, within the same period legal scholars, regulators and insurance 
companies should start work on creating insurance for robotics researchers and 
businesses. Finally, within the next few years stakeholders from the robotics community 
should aspire to realize at least one ‘free zone’ for experimentation in the real world, in 
collaboration with local governments. 

 
Midterm goals: 

 Social acceptance is the second most urgent topic to be addressed. Within the next five 
years roboticists should collaborate with ethicists, social and political scientists, and 
representatives from knowledge institutes such as the Rathenau Institute, to work up an 
agenda for a large-scale public debate about the risks, opportunities, pitfalls and 
prospects of robotics as one of the next key technological developments in and outside 
the Netherlands. Moreover, representatives from robotics business and science should 
actively engage in expectation management with regard to the public through 
information programs and education. 

 
Long-term goals: 

 Social practices and social relations and core values: While research is already under 
way in some areas of robotics in relation to social practices (most notably care) and social 
relations, very little work has been done on others. Moreover, the underlying core values 
under investigation up to now also predominantly focus on the healthcare domain. In the 
next ten years a methodology needs to be developed to investigate the impact of 
robotics on social practices and social relations, both on a macro and on a micro level, for 
all contexts in which robots may appear, for example involving scenarios. This 
methodology must then be deployed to study effects in all social contexts and practices 
ranging from healthcare to the home, from agriculture to transport, and from the factory 
to entertainment. In each context the core values at stake must be explicated (if they are 
not already), and it must be established whether core values are affected, and if so, if this 
is desirable. 

 
Figure 20 provides an overview of the four themes addressed in this chapter, and reveals on a 
timescale when they should be addressed, and when solutions may be expected to materialize.  
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Figure 20: Planning of the goals over time 

 

9.4 Conclusions and Recommendations 
In this chapter we have presented an overview of four key ethical, legal and social (ELS) themes 
that the robotics community needs to address in the coming years. In the interest of innovation 
in robotics, and to support the deployment of robots on a wider scale, the theme that is highest 
on the agenda is that of providing clarity on issues of liability, responsibility and control. We 
encourage legal scholars to establish how lines of responsibility and liability play out when 
applied to robotics within the next few years, so that developers (both in science and in 
business) can calculate the risk of damages in a proper way when taking their robots (from 
prototypes to final products) into the real world. We have suggested that the creation of 
insurance for roboticists could be an important practical contribution to this problem. 
 
Next, to ensure a smooth transition towards a future society in which robots find their place we 
must engage in a public debate, and provide proper education, on the possibilities and the risks 
of robotics. Scientists, businesses, policymakers and the media must stimulate an open culture 
of discussion on whether we want to deploy robots in various domains in the first place, and 
what such robots should and should not do. Moreover, we need to manage expectations, 
removing false images of the absolute doom or utopia robots could create, and replace these 
with a more realistic perspective on robots’ (current) capacities and imperfections. 
 
Finally, we need to consider carefully how the use of robots in various social contexts will have a 
bearing on the relationships between humans in these contexts, on the ways in which 
(professional) roles are played out, and the core values that may be affected by them. This is a 
challenging task, since it requires very detailed, almost case-by-case analysis. Yet we believe that 
by developing a methodology to study the impact of robots on social practices from a scenario-
based perspective, and using multidisciplinary design teams for the development of new robots, 
this vital task can nevertheless be accomplished. 
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10 Roadmap 

When looking at the findings of the session groups, two different kinds of goal can be 
distinguished: goals that create the right conditions for the robotic innovation, called ‘facilitating 
goals’, and goals that are the development itself, called ‘research and development goals’. In the 
next two sections the two kinds of goals are presented separately. In section 10.4 we integrate 
those goals into the overall roadmap. Here the roadmaps for each ‘main objective for robotic 
development’ (Chapter 2 to 9, Strategic Agenda Part 2) are related to the results of the SWOT 
analysis on the identified application fields, ‘Agro&Food’, ‘Care’, ‘Cure’, ‘Domestic Services’, 
‘Manufacturing’ and ‘Professional Services’ (Strategic Agenda Part 1). 
 

10.1 Current Development 
The current development trend from traditional industrial robots towards service robots is 
inescapable. It is likely that, due to the burst of new applications, the extent of this development 
will be proportional to the growth in robotics. This development involves changes in operating 
conditions that will require the robot to display more ‘intelligence’. Traditionally, the robot was 
placed in a factory with a fence around it to prevent humans coming into contact with the robot. 
In the new situation the robot should be able to safely interact with humans. The environment 
will not be standardized, the robot will be required to deal with all kinds of changing 
environments, in terms of weather, light, noise, surface, etc. The robot should not only be able 
to perform one task, but multiple tasks. Furthermore, the degree of autonomy should be high, 
requiring the robot to learn and adapt. 
 

10.2 Facilitating Goals 
To boost this robotic development and stimulate the growth in robotics the following facilitating 
goals have to be tackled:  

 Overview 
There is a need for an overview of all the available algorithms, software, hardware (e.g. 
sensors), applicable law, and studies in robotics. 

 Standardization 
There is a need for standardized (open-source) robotic platforms or architectures and 
ready-to-use robotic units (e.g. sensor fusion). This need concerns not only hardware, but 
also frameworks for designing robots and dealing with robot safety. 

 Integration 
A fragmentation of information and development is still noticed, especially on the subject 
of learning solutions for robots. It is proposed to integrate the learning solutions of the 
different communities: machine learning, pattern recognition, artificial intelligence, 
control theory, operations research, and cognitive sciences. 

 Free Zone 
In some cases robots are already in the phase where they are coming into contact with 
humans, although the regulations are not yet adjusted to robots. At the same time it is 
not yet clear how the regulations should be adjusted. A solution to overcome this 
impasse is to create a ‘free zone’ where it is allowed to experiment with robots and bring 
robots into contact with humans. This ‘free zone’ can be a certain area but also a house 
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with home intelligence and automation. Such a ‘free zone’ will stimulate public debate 
and manage people’s expectations, as they gain knowledge of the current technology. 

 

10.3 Research and Development Goals 
To boost this robotic development and stimulate the growth in robotics the following research 
and development challenges have to be taken up:  

 Development 
Here we consider subjects where the technology is ready to be developed into a 
prototype and industrialization of the product is aimed at.  The most prominent subjects 
include: better and affordable systems for 3D perception and haptics; motion/task 
programming language; soft/compliant actuators; cognitive learning algorithms. 

 Research 
The following subjects comprise the main challenges to be performed by the knowledge 
institutes: localization and 3D accurate reconstruction; 3D cognition; behavioral learning; 
methodology for complex systems engineering; task-centered robot programming; 
methodology to study the impact of robots on social practices and develop methodology 
for Model Driven Engineering of complex systems. 

 

10.4 Roadmap 
Figure 21 presents the relation between the development of new applications in proportion to 
the growth in robotics, given on the vertical axis. It draws an expectation of future developments 
considering the application fields and technological developments. It shows that after industrial 
robots, Agro&Food and Cure robots will evolve first, followed by Professional and Domestic 
Service robots and Care robots. At the same time, research and development is a continuous 
process that will add more functionality to existing robots, e.g. 3D perception in a harvesting 
robot. For another application this can be the technological breakthrough that will start the 
process, e.g. a robot that lifts humans. The black vertical blocks in Figure 21 (corresponding to 
the goals named in section 10.3) represent those technological breakthroughs (3D perception, 
motion/task programming language, soft/compliant actuators, cognitive learning algorithm) 
which are needed to proceed towards the next step in the development process from industrial 
robots towards service robots. In parallel with this process, three facilitating goals can be 
distinguished, corresponding to the goals of section 10.2. Creating an overview and community 
integration is particularly important in the first part of the process. Later on, standardization in 
design/architecture and safety needs to be generated. The first service robots can participate in 
the ‘free zone’ to further stimulate the public awareness and debate. 
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Figure 21: Roadmap from industrial robots towards service robots, considering the Facilitating Goals (red arrows 
below) and the Research & Development Goals (black vertical blocks). 

In the short term (2013) 3D-perception systems should be available that are robust and 
affordable and able to deal with unstructured environments. This development will be the 
breakthrough needed to enable the agro & food and cure robots. In the midterm (2017) a 
motion and task programming language should be available so expert users are allowed to 
program ‘what’ the robots should do, using terminology, templates and models that are 
comprehensible to human experts in the domain. This development will, in particular, allow the 
professional and domestic service domain to make the final step towards marketable products. 
The development of soft/compliant actuators will be an important step towards making the 
robots mechanically safe to interact with humans and will accelerate the implementation of care 
robots. In the long term (2022+) the cognitive learning algorithms will enable robots to interpret 
human behavior and react to it by performing socially acceptable behavior. 
 

10.5 Conclusions 
In conclusion we can state that, to transfer the opportunities into commercialized products, 
technological breakthroughs are necessary in the field of 3D perception, programming, 
actuation, and cognitive learning algorithms. In addition, actions in the areas of community 
integration, standardization, public awareness and human capital are important. Insights into 
the economic challenges for Dutch companies are still needed and will form a key issue for 
creating business cases.  
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Summary 

Generating Business in Robotics 
To get more robotics business in the Netherlands, and thus transfer of research investments into 
business, a joint approach is needed. Academia is realizing the importance and potential of 
robotics and is working on different technological and scientific challenges for future 
applications. Dutch entrepreneurs will tend to wait until the right moment to step into the 
robotics business. This ‘right moment’ depends not only on the technological developments in 
robotics, but also on several economic aspects.  
 

Global Economic Perspectives 
Although most perspectives are too optimistic, it is clear that the global robotics market will 
grow, as shown in Figure 22. Professional and domestic service robots will make up the largest 
part of this growth, while the industrial robotics will grow slowly in line with the recovery of the 
economy. 
 
There are significant opportunities particularly in healthcare/medical and field robots that offer 
the best chance for growth in the robot sector. Although the domestic service market is 
relatively small, it is expected that, when the economy comes out of recession, the growth of the 
total value of sales will be enormous, namely 60 %. 

 

Figure 22: Predictions of the growth of the global robotics market by the Japan Robot Association in 2005 (JARA 
2005), the South Korean Ministry of Knowledge and Economy in 2011 (SK 2011) and by BCC Research in 2011 (BCC 
2011). The dashed line, RoboNED 2012, draws the most likely perspective. 
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Competitive Position of the Netherlands 
Asia has the largest robotics market, as shown in Figure 23, both in industrial and service 
robotics. Europe will experience a large growth in the general robotics market and will grow to 
second place in 2013. This will mainly be due to the growth of sales in professional service 
robots.  
 
The Netherlands is world leader in milking robots (Lely). Total estimated revenue from milking 
robotics sales in 2010 was around $ 390 million in the Netherlands, being around 11 % of the 
global professional service robot market and 52 % of the global agro&food robot market. 
Considering the expected worldwide growth in this field (17.4 % over 2010-2014), the chances 
for the Netherlands in field robotics are huge.  

 

Figure 23: Global demand for robots 2009-2016. (Source: BCC Research 2011) 

 

Value Chain of the Netherlands 
Figure 24 shows the Dutch value chain. If we look at the distribution of Dutch companies over 
the value chain, we notice that the Netherlands has just a few original robot designers and 
suppliers. The largest part of the Dutch robotics companies are suppliers of special components. 
These companies deliver high-tech components to the original robot designers and suppliers. In 
market results these companies are not always taken into account. This may explain the 
impression that the Netherlands is not at the forefront in the robotics industry. If we take a 
closer look, the Netherlands has a strong position in the robotics industry focusing on the high-
tech special components. 

 

Figure 24: Dutch robotics value chain 
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Dutch Business Opportunities 
The opportunity for Dutch entrepreneurs is to take advantage of the strong position in the 
special component engineering firms, by:  

 Joining forces to develop more Dutch original robot design suppliers by integrating the 
robotic components into one robot; this will stimulate the already established engineering 
firms of special components. Search for applications within the professional service robotics. 

 Joining forces by focusing on the compatibility of the separate components so end users are 
able to compose their robot with the components most suitable for their particular 
application. Set up a company or organization that advises on combining the different 
components. 
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1 Introduction 

1.1 Background 
This document is the last part of the three-part ‘Strategic Agenda’ of RoboNED. The first part 
presents the ‘Dutch Robotics Analysis’. The second part presents the ‘Dutch Robotics Roadmap’. 
This third part will present the ‘Dutch Robotics Outlook’, focusing on the economic aspects. 
 
The first part identified six application fields, namely ‘Agro&Food’, ‘Care’, ‘Cure’, ‘Domestic 
Services’, ‘Manufacturing’ and ‘Professional Services’. For each cluster a SWOT analysis was 
performed, looking into the social-cultural, technological, political-legal, and economic aspects 
of robotics. From meta-analysis it became clear that the economic opportunities, combined with 
the social needs, for example the growing need for healthcare due to the aging population, are 
promising.  
 
Based on the ‘Dutch Robotics Analysis’ (Part 1), the main objectives for future robotic 
developments were selected. ‘Technological fields’ as well as ‘Education’ and ‘Ethical, Legal and 
Social Issues’ (ELS issues) are distinguished as the challenges in the development of robots. The 
‘Dutch Robotics Roadmap’ (Part 2) defined an overall plan and agenda towards well-functioning 
robots, which are profitable for society. 
 

1.2 Objective and Goal 
Academia is realizing the importance and potential of robotics and is working on different 
technological and scientific challenges for future applications. The general tendency of Dutch 
entrepreneurs is to wait until the right moment to step into the robotics business. This ‘right 
moment’ depends not only on the technological developments in robotics, but also on the 
economic perspectives. In this document we want to give more insight into the most important 
economic aspects for Dutch entrepreneurs in general. The goal is to get more robotics business 
in the Netherlands, meaning more companies designing and supplying robots and more start-up 
and spin-off companies. This will at the same time result in a transfer of the research 
investments into business, i.e. valorization of research results. 
 

1.3 Method 
Three main subjects are selected to provide more insight into the economic aspects: global 
economic perspectives, the competitive position of the Netherlands, and the robotics business in 
the Netherlands. The method used to get these insights is mainly based on literature study. 
 

1.4 Outline 
We will start with the global market and zoom in on the Dutch robotics. Chapter 2 gives a review 
of the global economic perspectives, followed by a review of the position and perspectives for 
the Netherlands in Chapter 3. In Chapter 4, we will look more in depth at the Dutch robotics 
business by performing a classification of the companies in the value chain. 
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2 Economic Perspectives 

The perspectives for the global robotics market have been predicted by several institutes for 
decades. Most of these forecasts were overly optimistic and have not been realized. Although it 
is hard to ascertain the global robotics market, we will compare the current perspectives and in 
this way get a more realistic perspective on the future. The global robotics market consists of 
two important markets, namely industrial robotics and service robotics. They are discussed 
separately in sections 2.2 and 2.3. 
 

2.1 Global Robotics 
In this analysis we compare the forecasts made by BCC Research, a information resource 
producing market research reports, in 201114, the South Korean Ministry of Knowledge and 
Economy in 201115, and the Japan Robot Association (JARA) in 200516 (see Figure 25). BCC 
Research considers robots and robot-related products in the application fields of domestic 
service, professional service, military, security, industrial, and space. The JARA considers home, 
medical, public sector, bio-industrial and manufacturing robots and excludes toys. There is no 
information available on the robotic fields covered by the perspective of the South Korean 
Ministry. 
It is clear from Figure 25 that the forecast made by the South Korean Ministry is the most 
optimistic compared to the forecasts of the JARA and BCC Research. The forecasts of the JARA 
and BCC Research show a comparable increase, but there is an offset of around $ 5 billion. The 
current global market is at the moment (2012) around $ 23 billion. We can conclude that JARA’s 
prediction was consistently $ 6 billion too high but the trend seems to be well established. 
Considering this, it seems that the prediction of BCC Research 2011, which has the same trend as 
the JARA’s prediction, can be further extended till the year 2025, as shown in Figure 25 by the 
dashed line.  
Based on these observations it is likely that the global robotics market will increase to around 
$ 60 billion in 2025. This is a growth of about 7 % over the period 2012-2025. 

                                                        
14 BCC Research 2011: http://www.bccresearch.com/report/robotics-technologies-markets-

eng001b.html?tab=scope&highlightKeyword=robotics 
15

 Simon, C.,  Presentation ‘From Industrial maturity to the “robolution”’, August 2011 (www.slideshare.net) 
16

 Projection by the Japan Robot Association, 2005. http://www.euractiv.com/infosociety/robots-speak-
european/article-145529. 
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Figure 25: Predictions of the growth of the global robotics market by the Japan Robot Association in 2005 (JARA 
2005), the South Korean Ministry of Knowledge and Economy in 2011 (SK 2011) and by BCC Research in 2011 (BCC 
2011). The dashed line, RoboNED 2012, draws the most likely perspective. 

 
We can state that the service robotics market will grow from around $ 14.1 billion in 2010 to 
around $ 46.2 billion in 2025 and the industrial robotics market will grow from around 
$ 6.9 billion in 2010 to around $ 13.8 billion in 2025. Here we considered the JARA’s prediction 
that in 2025 the total robotics market will be determined for 77 % by service robotics and 23 % 
by industrial robotics. 
This rather optimistic forecast can be influenced negatively by weakening growth of the world 
economy or even a new recession caused by financial problems in major markets. 
 

2.2 Industrial Robotics 
Industrial robots were introduced in 1961 to perform tasks like materials handling, spot welding, 
and spray painting, traditionally applied in the automotive and metal industries. By integrating 
robots into the production process, extensive automation has been achieved over the years. As 
robots become more intelligent they are increasingly capable of performing more advanced 
actions, for example, binding or packing products or assembling packages consisting of different 
products. 
In 2009, the worldwide economic and financial crisis caused a significant decrease in the sales of 
industrial robots. In 2010, robot sales almost doubled compared to 2009 but have still not 
reached the level of 200817. As shown in Figure 26, it is expected that in the coming years the 
trend towards automation will further boost robot installations. 

                                                        
17

 World Robotics 2011, International Federation of Robotics (IFR 2011). 
http://www.worldrobotics.org/uploads/media/2011_Executive_Summary.pdf 
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Figure 26: Predicted growth in the amount of unit sales in Industrial Robots (Source: IFR 2011). 

Figure 27 shows the distribution of the annual supply of industrial robots by industry. The 
electrical/electronics industry (computers, radio, TV) is the largest sector where industrial robots 
are applied. Previously the automotive industry was the largest sector.  

 

Figure 27: Distribution in the amount of unit sales in Industrial Robots in 2010 (Source: IFR 2011). 

Changes are expected in industrial robotics. For example, new robots that are easier to handle, 
with greater flexibility, rapidity, and accuracy can boost the industrial robotics market. 
 

2.3 Service Robotics 
The service robotics market can be divided into two submarkets, namely domestic service 
robotics (household, entertainment and leisure) and professional service robotics (defense, field, 
medical, etc.). The reason to divide this market is the difference in size in terms of the number of 
units sold each year. The domestic service robotics targets the total consumer market, while the 
professional service robotics market is much smaller, due to the specific applications of these 
robots. In this section the definition of professional service robots is slightly different compared 
to Strategic Agenda Part 1. Here medical robots are also considered as professional service 
robots.  
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Figure 28 shows the prediction of the IFR of the growth in the amount of unit sales in 
professional service robots. It is clear that there is a large growth within this segment. The field 
robots (agro&food robots), mainly milking robots, and defense robots make up 55 % of the total 
forecast, while the growth is coming mainly from the milking robot industry. In ‘other’ 
applications a large increase is expected. In 2010 medical and logistics were increasing with 
respectively 14 % and 10 %. In 2010 the total value of sales of medical robots accounted for 43 % 
of the total value of sales of professional service robots while the amount of units was about 
31 % of the total amount of unit sales, indicating a high unit price compared to the other 
professional service fields. 

 

Figure 28: Predicted growth in the amount of unit sales in Professional Service robots (Source: IFR 2011). 

Figure 29 shows the distribution of the amount of units sold in 2010. Traditionally, defense 
makes up a large part, but in the future the milking robots, medical and logistic robots will 
become a larger part of the professional service robot market. 

 

Figure 29: Distribution of the amount of unit sales in Professional service robots 2010 (Source: IFR 2011). 
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Figure 30 shows the forecast of the amount of unit sales up to 2014 for the domestic service 
robots (household, entertainment and leisure). For entertainment robots, it is expected that the 
cross-fertilization of PC, smartphone, home entertainment, and robot technologies will become 
a very substantial business area in the near future. Although this domestic market is relatively 
small and depends on the recovery of the economy, the total value of sales of domestic robots is 
likely to grow by 60 %. 

 

Figure 30: Predicted growth of the amount of unit sales in Domestic Service robots (Source: IFR 2011). 

 

2.4 Conclusions 
The global robotics market (robots and robot-related products) was worth $ 21 billion in 2010 
and is expected to grow to $ 60 billion in 2025, a growth of 7 % over this period. Service robotics 
will make up the largest part of this growth, while industrial robotics will grow slowly in line with 
the recovery of the economy. 
Professional and domestic service robots are the segments that have the greatest potential for 
growth, as indicated in Table 1. Currently, the professional service market is dominated by 
defense applications. However, there are significant opportunities, particularly in health/medical 
and field robots, that offer the best chance for growth in the robot sector. Although the 
domestic service market is relatively small, it is expected that when the economy comes out of 
recession the growth of the total value of sales will be enormous, namely 60 %. 

Table 1: Compound Annual Growth Rate of the amount of unit sales and value of sales over 2010 to 2014. Based 
on figures from IFR 2011. The IFR 2011 does not give information on the CAGR in $ billions for industrial robots.  

 CAGR # Units  
(2010-2014) 

CAGR $ Billions 
(2010-2014) 

Service Robots 40.1 % 18.4 % 

Professional Service Robots 19.5 % 4.5 % 

Domestic Service Robots 40.2 % 60 % 

Industrial Robots 9.2 % - 
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3 Competitive Position  

In this chapter we will first look at the position of Europe in the robotics market and compare 
this with the other regions. Secondly, we will look at the robotic market position of the 
Netherlands. 
 

3.1 The Position of the EU in Robotics 
The position of Europe in world robotics can be presented in several ways. In this section we will 
juxtapose them to get an overview. 
 
When looking at the industrial robotics market, it becomes clear that Asia/Australia has the 
largest industrial robot market, as shown in Figure 31, and will keep this position in the future. 
Europe has the second place in the industrial robotics market, but is not constantly growing. The 
gap with the Asian/Australian market is expected to become progressively larger with time. 

 

Figure 31: Predicted growth of the amount of unit sales in Industrial Robots per region (Source: IFR 2011). 

Figure 32 shows the number of robots per manufacturing worker. When we look at the separate 
countries it is not surprising that Japan is the country with the highest density of robots. When 
looking at the regions Europe is the most densely populated region in the world. 
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Figure 32: Top 10 countries by robot density
18

. 

 
The predictions of the global demand for robots and robot-related products (BCC Research 
2011), considers the perspectives per region, as shown in Figure 33. The Asian market is the 
largest. In terms of the Compound Annual Growth Rate (CAGR), the European market is at the 
top. Currently (2012), Europe holds third place in the global market, but due to growth it is 
expected that Europe will occupy the second place from 2013 onwards. 

 

Figure 33: Global demand for robots 2009-2016. (Source: BCC Research 2011) 

Combining the information on the global market with the information on the industrial market, 
we can conclude that the expected growth in the robotics market in Europe (predicted by BCC 
Research) will not come from the industrial robotics market and therefore should come from the 
service robotics market. ABI Research19 gives the expected revenue in domestic robotics per 
region. It predicts for the period up to 2015 that in this segment Europe will stay in third place 

                                                        
18

 Guizzo, E., ‘The Rise of the Machines’, IEEE Spectrum, vol.45, no.12, pp.88, 2008. (With Courtesy of E. Guizzo) 
http://spectrum.ieee.org/robotics/industrial-robots/the-rise-of-the-machines 
19 ABI Research, ‘Personal Robotics’ 2010. 
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after Asia and the US. The relative growth in the robotics market in Europe will probably come 
mainly from the professional service robotics. 
 

3.2 The Position of the Netherlands in Robotics 
In Europe, industrial robotics is dominated by Germany, as shown in Figure 34. The Benelux only 
accounted for 6 % of the shipment and operational stock of multipurpose robots in 2009. 
Worldwide the position of Europe in industrial robots is not leading (22 % of the global market in 
2010) and the growth is small (6.8 %) compared to the total growth of the market (9.2 %). 

 

Figure 34: European distribution of shipment and operational stock of multipurpose industrial robots in 2009 
(units) (Source: IFR 2010

20
). 

In the professional service robot market in 2010, 24 % consisted of field robots (agro&food 
robots), which are mainly milking robots, as shown in Figure 35. The Netherlands has several 
companies active in field robotics, namely Lely, Schuitemaker, Insentec etc. Total estimated 
revenue from milking robotics sales in 2010 was around $ 390 million in the Netherlands, being 
around 11 % of the global professional service robot market and 52 % of the global field robot 
market. Considering the expected worldwide growth in this field (17.4 % over 2010-2014), the 
chances for the Netherlands are huge in field robotics.  
Besides the field robotics, the Dutch company Frog AGV Systems is active in logistic robotics. In 
domestic service robotics Philips is active in the robot vacuum cleaner market. 

                                                        
20 World Robotics 2010, International Federation of Robotics. 
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Figure 35: Worldwide distribution of the total value of professional service robot sales in 2010 (Source: IFR 2010). 

 

3.3 Conclusions 
It is clear that Asia has the largest robotics market, both in industrial and service robotics. 
Europe will experience a large growth in the general robotics market and will grow to the second 
place in 2013. This will mainly be due to the growth in the sales of professional service robots.  
The Netherlands is world leader in milking robots (Lely). A large growth is expected worldwide 
for the field robot market, which presents a huge opportunity for the Netherlands. 
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4 Value Chain 

A robot consists in most cases of several subsystems, which are not made by the same company 
as the one that is bringing the robot to market. To get an overview of which companies are 
active in robotics we first describe the value chain and after that present the Dutch companies 
involved in the different parts of the value chain.  
 

4.1 The Robotics Value Chain 
The major robotics types of players may be classified broadly as follows21: 

 Original Robot Designers and Suppliers 
The company produces the robot and sells it as a branded product (e.g. ABB in Sweden). 

 Special Component Engineering Firms 
System integrator of sensors, actuators, controls and tools (e.g. Demcon from the 
Netherlands is a high-end supplier of technologies for the high-tech systems and medical 
devices markets). 

 Standard Components Suppliers 
Examples of these components are sensors, motors, batteries, actuators, electronics (e.g. 
FAULHABER from Switzerland producing high-quality components and drive solutions for 
process and factory automation and MAXON MOTOR, supplier of high-precision drive 
systems).  

 System Integrator Specialists 
The company carries out the integration into the target application environment (e.g. 
Geku in the UK). 

 White Label Manufacturers 
Companies manufacturing for others in bulk volume (e.g. Hon Hai from Taiwan for iRobot 
Roomba). 

 
In the Netherlands we do not have white label manufacturers; because of this absence this part 
of the global value chain is left out of the Dutch robotics value chain shown in Figure 36. 
 

 

Figure 36: Dutch robotics value chain. 

 

4.2 The Dutch Robotics Value Chain  
Table 11 shows the Dutch companies active in robotics for each part of the value chain and each 
application field in 2012. It is not claimed to be complete.  
  

                                                        
21

 Forge, S. and Blackman, C., ‘A Helping Hand for Europe: The Competitive Outlook for the EU Robotics Industry’, 
EUR 24600 EN – 2010. 
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Table 11: Dutch companies active in robotics in each application field and part of the value chain. 

 Supplier of standard 
components  

Special component 
engineering firms  

Original robot 
designer and 
supplier  

System integrator 
specialist  

Agro&Food NXP, Hankamp 
Gears, Prodrive 

Lacquey, Aris, Brom 
Mechatronica, CCM, 
Priva, SBG Precision 
Farming, Tyker 
Technology, SAC 
Vision Competence 
Center, Methore, 
Moba, Robertpack, 
HAWE, AWETA, 
Havatec, JOZ  

Lely, Jentjens, 
Schuitemaker, 
Insentec, 
Kverneland,  

VDL 

Care NXP, Prodrive Demcon, Exact 
Dynamics, Moog, 
Brom Mechatronica, 
InteSpring, Xsens, 
Mecon, imotec 

Focal Meditech, 
Assistive 
Innovations, 
Hankamp Rehab, 

 

Cure Focal optical 
systems, NXP, 
Prodrive 

Demcon, De 
Koningh Medical 
Systems, Xsens, 
D.O.R.C. Surgical, 
Nucletron, Dutch 
Mechatronics, CCM, 
Maastricht 
Instruments, 
Frencken, Opteq 

Philips  

Domestic 
 

NXP, Prodrive  Philips, Asimotion   

Professional NXP, Prodrive Thales, Moog, 
Xsens, Mecon, HiT, 
Kiwa, imotec, 
Controllab Products 

Thales, Frog AGV 
Systems, 

VanderLande, LAN 
Handling Systems 

Manufacturing Focal optical 
systems, Iris Vision, 
Data Vision, NXP, 
Prodrive 

Demcon, Brom 
Mechatronica, CCM, 
Moog, SAC Vision 
Competence Center, 
Methore, 
Robertpack, Viro 
engineering, imotec, 
NTS-Group 

 VDL, Ferdar, AWL, 
Valk Welding, Koot 
Automation, 
Ronetic, Pomac, 
Exner, CSi, Rohaco, 
Dero, Dutch 
Mechatronics, Rolan 
Robotics 

 

4.3 Conclusions 
From Table 11 it becomes clear that the Netherlands has just a few original robot designers and 
suppliers. In the manufacturing sector there are several system integrator specialists. The largest 
part of the Dutch companies belong to the special component engineering firms category. These 
companies deliver high-tech products to the original robot designers and suppliers. In market 
results these companies are not always taken into account. This may explain the impression that 
the Netherlands is not at the front in the robotics industry. If we take a closer look, the 
Netherlands has a strong position in robotics focusing on the high-tech special components. It is 
necessary to join forces and fill the gaps in the Dutch value chain, as shown in Figure 24. 
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5 Conclusions and Recommendations 

Although most perspectives are overly optimistic, it is clear that the global robotics market will 
grow by around 7 % over the period 2012-2025. Professional and domestic service robots will 
make up the largest part of this growth, while the industrial robotics will grow slowly in line with 
the recovery of the economy. There are significant opportunities, particularly in health/medical 
and field robots, that offer the best chance for growth in the robot sector. Although the 
domestic service market is relatively small, it is expected that when the economy comes out of 
recession the growth of the total value of sales will be enormous, namely 60 %. 
 
Asia has the largest robotics market, both in industrial and service robotics. Europe will 
experience a large growth in the general robotics market and will grow to the second place in 
2013. This will mainly be due to the growth in sales of professional service robots. The 
Netherlands is world leader in milking robots (Lely). Total estimated revenue from milking 
robotics sales in 2010 was around $ 390 million in the Netherlands, being around 11 % of the 
worldwide professional service robot market and 52 % of the global field robot market. 
Considering the expected worldwide growth in this field (17.4 % over 2010-2014), the chances 
for the Netherlands in field robotics are huge.  
 
The Netherlands has just a few original robot designers and suppliers. The largest part of the 
Dutch robotics companies are engineering firms of special components. These companies deliver 
high-tech products to the original robot designers and suppliers. In market results these 
companies are not always taken into account. This may explain the impression that the 
Netherlands is not at the forefront in the robotics industry. If we take a closer look, the 
Netherlands has a strong position in robotics, focusing on the high-tech special components.  
 
The opportunity for Dutch entrepreneurs is to take advantage of the strong position in the 
special component engineering firms, by:  

 Joining forces to develop more Dutch original robot design suppliers by integrating the 
robotic components into one robot. This will stimulate the already established engineering 
firms of special components. Search for applications within the professional service robotics. 

 Joining forces by focusing on compatibility of the separate components so that end users are 
able to compose their robot with the components most suitable for their particular 
application. Set up a company/organization that advises on combining the different 
components. 


