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			Robot companies are blooming around Odense on the Danish island of Funen. The spectacular sale, in spring 2015, of Universal Robots to the US corporation Teradyne for some 285 million dollar has put both Funen and Denmark on the map of the global automation industry.

			A cluster of companies that may prove to have considerable export potential for Denmark is now growing in what is considered advanced industrial technology. With these products, the cluster is contributing to what has been called the fourth industrial revolution – not just in Denmark, but in large parts of the world. It is even opening the way to a fifth revolution, where people collaborate with robots to unleash new creativity on the factory floor. 

			This is the story of the Funen robot cluster that goes back 30 years – to when visionaries in the Funen university environment and managers at Odense Steel Shipyard started working together to explore research in robot technology. It is my ambition, with this book, to tell this story. 

			This book is an abridged English version of “En klynge, der virker – Universal Robots og det fynske robotmiljø 1986-2016”, which I published in March 2016. The English version was translated by Bibi Christensen and layouted by Lars Pryds, and sponsored by Odense Municipality and Universal Robots. 

			Copenhagen, May 2016

			Carsten Steno

		

	
		
			Invest in Odense

			[image: ]

			Odense, the third biggest city in Denmark with nearly 200,000 inhabitants, is known as the birth place of Hans Christian Andersen. But in later years, Odense has also become known as a robot city. Not because the Municipality decided to make this a robot city – but far more because visionary business people laid the groundwork, several years ago, for what would transform Odense into a robot city.  

			What is unique about the Odense robot environment is, first and foremost, the presence of a cluster that works. It is the Triple Helix of collaboration between businesses, research & education and the municipality that is the real strength of Odense. And this contributed in a major way to Odense being named as Entrepreneurial Municipality of the Year 2015 in Denmark – the country that is the best in Europe for running a business (World Bank Group 2015). 

			We have great ambitions in Odense. Our vision is to become the European capital of startups and development in robotics. With a focus on robots, drones and health technology; strong accelerators like Odense Robotics StartUp Hub; a strong environment for testing and developing drones at the Hans Christian Andersen Airport; and strong public-private collaboration, we believe that we are well on the way to achieving this ambition. With Odense Robotics, Odense Health and UAS Denmark, we have strong clusters with considerable strength on markets that are currently exploding. This is growth that we very much support politically, in order to create even more jobs. 

			At the same time, with our decision to transform our city from a major Danish city into a Danish metropolis, investing 34 billion Danish kroner in strategic urban development over the period of 2012-2022, and boosting our cultural offerings, I firmly believe that we will create a city that is attractive to live in and run a business in – and which has the right conditions for a book like the one that you are holding now to be written again.  

			Anker Boye

			Mayor of Odense
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			The Czech writer Karel Capek’s famous play Rossum’s Universal Robots was first performed in 1921. It introduced the word “robot”, meaning slave, to a wider audience. Photo: Scanpix

		

	Chapter 1: From slave to collaborator – robots have developed dramatically
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The concept of robots has been known since time began. Today the industrial robots of the 1970s and 1980s are no longer the only kind to be used in manufacturing. A new type of collaborative robots – cobots – have been developed in Odense on the Danish island of Funen, with a vision to help us regain control of the factory floor and make it possible to manufacture high-value creative products. 
In the years following the First World War there was a spirit of optimism in Prague. Even while the city on the banks of the Moldau was a provincial capital under the dual monarchy of Austria-Hungary, its residents were well educated and open-minded, their mindset freed up by the reformer Jan Hus who had attacked Catholic collectivism in the 15th century. Their Protestant work ethic made many of them prosperous and their open-mindedness led them to embrace new impulses.  
So it was in Prague that the musical works of Mozart were received with rapturous delight while merely sneered at by the imperial court in Vienna or the more bourgeois Salzburg. 
It was in Prague that the composer Dvorák created his 9th Symphony which would enthral not just America and “the New World”, but the entire world. 
And it was here that the deeply skilled politician and philosopher Thomas Mazaryk established the foundations of the new democratic state of Czechoslovakia which appeared in 1918 as the Austro-Hungarian dual monarchy collapsed after the armageddon of the First World War. 
But it was also here that the city’s intellectuals expressed their horror at the rising authoritarian  wave that came after, depicting a growing absurdity of life as in Franz Kafka’s novel The Trial where the main character is prosecuted without ever knowing why.   
This was the Prague where writer Karel Capek first introduced the word ‘robot’, in his theatre play Rossum’s Universal Robots which premiered in 1921. The robots in the play were not mechanical automated human-like figures but artificial biological organisms created by the robot engineer Rossum to function as the ideal slaves (‘robot’ in Czech language) to their masters. In Capek’s play, which has since been translated into 41 languages, the robots end up revolting against the humans that they were created to serve. 
Today’s machine slaves are rather more well-designed and cooperative than when robots were first mentioned nearly 100 years ago. 
Universal Robots, the succesful Danish robot maker, was named after the robots in Capek’s play. The company – based in Odense, which is perhaps best known as the birthplace of the world famous fairytale writer Hans Christian Andersen – has created robots that are meant to bring power back to the humans on the factory floor and collaborate with them. Collaborative Robots they are called – or cobots. 
The Idea of machines that can do what humans can do is about as old as humankind. 
But in modern times, the American company Westinghouse Electric created two of the first robots which used an electric motor to move all body parts. The robot “Elektro” could dance, count to ten and smoke! His motorised companion dog, “Sparko”, could walk, stand on its hind legs and bark. 
In 1954 American inventor George Devol designed the first programmable robot. He invented a computerised memory and control system called Universal Automation, later shortened to Unimation, which also became the name of Devol’s first robot company. 
Two years later, Devol met the young aerospace engineer Joseph Engelberger. Together they developed the first real industrial robot. Their company started the industrial automation revolution by selling the robot to General Motors where it welded a steady stream of cars from 1962 onwards. 
It is precisely these industrial robots and their development that form the core of this book. It is intended to throw light on the history behind the cluster of robot enterprises which has sprung up on Funen thanks to initiatives and decisions going back more than 30 years. 
Traditional robots are heavy, dangerous and expensive
Most people recognise a robot when they see one – in films or real life. But what is actually the definition of a robot? In Danish universities robots are described as programmable machines capable of performing a multitude of tasks independently while interacting with their surroundings. 
In the manufacturing sector the robot is typically fixed in place, stationary and performing the same tasks day in and day out within a specific area. But in recent years we have also seen robots becoming more mobile and used more flexibly to perform several different functions. Many of the robots currently being developed on Funen can do this. 
Robots are now widely used in industrial manufacturing, though these are primarily point robots used as part of a production line. They will often form the core of what is called hard automation, i.e. custom-made fully automated production lines which are designed to make one specific product. 
The robots typically used for this purpose share a number of common traits.
They consist of three to six moveable parts coordinated by sensors. The robots vary in size, speed and reach, depending on what they are used for. A lot of robots, especially point robots used for production lines, are very heavy. They comprise both mechanics, electronics and software, and the biggest difficulty in building robots is getting these three “ingredients” to work together.
The weight of the robot is far bigger than its lifting capacity. Robots can vary hugely in how heavy the elements they are capable of lifting, all depending on their purpose. The robots are programmed using a so-called teach pendant. This is a box where you enter commands to teach the robot to perform its task. Most robots today can also be programmed from a PC. But the programming process is complicated by the fact that most of the big robot manufacturers have their own closed programming languages. 
In recent years, however, a new open-source programming language called ROS has been developed, making it far easier to develop guiding systems for robots. ROS consists of modules accessible online for free.  
The raw robot also needs to be equipped with different tools to perform its tasks, such as grippers or welding tools. The robot is placed in a so-called cell, a confined area where it will operate and have access to all the material and tools needed. 
As the robot is often heavy, it can be dangerous for a human to get in the way of its movements. Unlike a human, it cannot see any obstacles. 
This is why, traditionally, industrial robots have been placed in enclosures with an emergency stop on the door to the enclosure so that the robot stops if anyone tries to get in. Gradually, more advanced and less space-grabbing methods are being introduced to prevent any collision between robot and worker – such as systems using camera observations to make sure that the robot stops as a safety precaution if a person gets too close. With such a system the robot does not need any enclosure taking up extra space. 
When the robot is installed, the aim is to make sure that it can be easily restarted. This is hugely important both for resetting the robot to be used for new types of production and for safety reasons. 
But the most difficult aspect of programming robots is to identify and simulate the paths of movement that the robot will need to perform its tasks. 
With the majority of robots, the biggest amount of time is spent programming them to perform one specific task as required. And then reprogramming them to do another task. Currently it often takes several months to get a robot to function optimally on a production line. If there was a way of making this process easier, faster and cheaper, many more robots could be used in manufacturing. 
New cobots are revolutionising the production environment
And this is exactly the point that we are getting to now. The new cobots are small enough to be moved around and placed in different parts of the production process. They do not need to be fenced off like classic industrial robots, and they are easy to program thanks to new graphical user interfaces. Some robots also have a “teach function” where you grab the robot to show it the paths of movement it needs to learn. 
At the same time, they are now significantly cheaper than large heavy industrial robots, making it more feasible for smaller companies to buy them for their production lines. Cobots are especially well suited for the manufacturing of small product series with many variants. 
This is the type of small collaborative robots developed by Universal Robots, the Odense-based robot maker which was sold to Teradyne of the US in 2015. When the Universal robots first appeared on the market, it was hailed as a significant breakthrough. 
Crucially, in the area around Odense, a string of other robot enterprises have also sprung up, developing tools and software for these new and more flexible types of industrial robots. They are also exploring the use of other types of robots, such for the care sector. 
Together, these robot and automation companies form a business cluster which is now getting wider international attention. The cluster is anchored in the knowledge and ongoing research at the University of Southern Denmark (SDU) and the Danish Technological Institute’s Center for Robot Technology (DTI) which, like the University, is also located in Odense. 
This cluster is expected to grow exponentially in the coming years, as the spectacular sale of Universal Robots to Teradyne has helped the cluster gain extra momentum along with renewed attention. 
The overarching vision for these new types of industrial robots emerging from the island of Funen is for them to become “colleagues” to the human workers on the production line – and to a wide extent to have the human workers train and configure them for the tasks required. 
Today there are some 4,500 active industrial robots installed in Denmark. That is 166 robots per 10,000 people employed in the manufacturing industry. 
By this measure, robot density in Denmark is among the highest in the world: on a global scale Denmark are in sixth position. Had Denmark had a car industry, Denmark would have been even higher up since, historically, the car industry has taken the lead in robot automation. In 2014 some 608 industrial robots were installed in Denmark. 
Yet according to an analysis by the Danish Technological Institute, only four percent of Danish enterprises have currently made a serious investment in robots. But there is a revolution underway on the factory floor. The Danish Technological Institute expects that, over the next five years, some 115,000 workers in Danish companies will become familiar with flexible industrial robots and learn to work with them. Some workers will also be replaced by the robots, which makes sense as there is already talk of a shortage of skilled labour in Danish industry. 
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Operational industrial robots per 10,000 workers in the manufacturing industry - the red line indicates the global average. Source: International Federation of Robotics
What we are seeing now is a Danish version of what in Germany has been called the fourth industrial revolution. The invention and spread of the steam engine in the first half of the 19th century laid the foundation for the first industrial revolution. The second revolution arrived with the electrification of machines at the beginning of the 20th century. The third industrial revolution started with the industrial robots of the 1970s and 1980s. 
The fourth industrial revolution is driven by digitalisation and the need to keep industrial manufacturing economically viable in a European high-wage setting. 
To future-proof the manufacturing industry a number of new technologies need to be applied. Among them: the Internet of Things (IOT), allowing machines to communicate with each other; the analysis and use of large amounts of data arising from this (big data); 3D printing where prototypes and spare parts are digitally designed and printed; and, last but not least, using these new flexible industrial robots, the cobots. 
Most of these technologies are already well known in larger corporations, but they will need to be applied more extensively in small and medium-sized companies as well. 
To illustrate the fourth industrial revolution, let us use car manufacturing as an example. 
Previously, a car was first designed at the drawing board; then it was examined how to mass produce it. After a number of compromises between the creative developers in the design office and the production people on the factory floor, the final model was ready to be made.
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