ERA: a new intelligent robotic arm for the International Space Station
Soon, the European Robotic Arm, or ERA, will be launched to the ISS together with the Russian Multipurpose Laboratory Module, NAUKA. ERA is the first robot able to ‘walk’ around the Russian segment of the International Space Station. It has the ability to anchor itself to the Station and move backwards and forwards under its own control, hand-over-hand between fixed base-points. This 11-metre intelligent space robot will serve as main manipulator on the Russian part of the Space Station, assisting the astronauts during spacewalks, moving equipment through the airlock from inside the space station to outside, and perform inspections of the Russian segment.

ERA has been commissioned by the European Space Agency, largely funded by the Dutch government with Airbus Defense and Space Netherlands as its prime contractor.
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· 
	Soon another piece of cutting edge European technology will be delivered to the International Space Station.  ERA, short for European Robotic Arm will be launched on a proton rocket from the Baikonur cosmodrome together with the Russian Multipurpose Laboratory Module Nauka. This brand new Russian module will be ERA’s home base for the next ten years.   

The 11-metre long ERA-arm can lift up to 8 tons and be operated with an accuracy of an astonishing 5 millimeters. One of the most impressive features of the robotic arm is that it can move hand-over-hand over the Russian module.
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	Sytze Kampen: ERA Project Manager, Airbus Defence and Space Netherlands [00:02:36] Because the arm is almost completely symmetrical. This means it has a hand or an end-effector at both sides and that each side can serve as the tip as well as the shoulder. So it means that if you have multiple base points on the on the Russian segment, you can go from one base point to the other, then release your tip or your shoulder, which becomes tip and then manipulate a payload. 
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	With this freedom of motion and well chosen location ERA will be able to service the Russian segment of the space station which is not in reach of the other two robotic arms already installed. 
ERA is fully programmable and has several modes of automation. This means each mission can be prepared on the ground and then uploaded into the arm’s computer after which the astronauts onboard can run and authorize each step of the mission. Theoretically ERA could even work autonomously and run the mission all by itself. It also offers the possibility for astronauts on board to piece together a new mission on the fly if necessary. 

The arm will have several important applications to alleviate the work of the astronauts on the international space station. As crew time is precious and the safety of astronauts is paramount the arm can be used for tasks which are described as the three D’s, Dull, Dangerous and Difficult.
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· Interview Andre Kuipers, ESA ASTRONAUT - English - Warden, The Netherlands - june 2021 - ESA
	Andre Kuipers: Astronaut, ESA [00:00:55] The robotic arm can be used for, for example, take payloads out of an airlock autonomously without the risk of an extra vehicular activity, for example, and put equipment on the outside. It can be used for inspection. It can be used for putting big new modules, for example, and putting it on the space station, move big things around. And also it can be used to help the cosmonauts when they are doing a spacewalk, to move cosmonauts around or big payloads while the astronauts and cosmonauts have their hands free to work on the outside. 
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	ERA has been specially designed for collaboration between man and machine. The astronauts can even operate the arm from outside the space station during spacewalks using a remote control which has been optimized to be used by astronauts in bulky space suits. 

French ESA astronaut Thomas Pesquet who is currently at the space station will be involved in ERA’s commissioning when the arm first arrives at the space station.  Later Mathias Maurer and Samantha Cristoforetti will take part in the installation and operation of ERA through various spacewalks. One of ERA’s first tasks will be to install the radiator and airlock of the NAUKA module so the laboratory can become operational and ERA can use this airlock to move payloads from inside the station to outside.  
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· Interview Philippe Schoonejans, ERA PROJECT MANAGER, ESA - English - Amsterdam, The Netherlands - June 2021 - ESA
	Philippe Schoonejans: ERA project Manager, ESA [00:15:12] When we operate the ERA on the ISS, as we're obviously going to learn a lot about how to use robots in space and how the robots work in space. We'll have feedback to our engineering process if we finally know, what is the performance during its use in space. We also learn on what we can best do with robots and what we can best do with people and learn about the cooperation. And all of that is going to be very, very useful when we would go further into the universe and still have for sure robots initially, but maybe at some point in time also people with robots. We're really looking forward to all what we can learn from the experience on the ISS with ERA. 

	10:04:33:11
· ERA and NAUKA, assembly room, TsENKI - Baikonur, Kazachstan - 20.05.21  - TsENKI -2x shots

· ERA and NAUKA, assembly room, TsENKI - Baikonur, Kazachstan - 19.05.21  - TsENKI -2x shots

· Exterior view ISS - unknown date - 2012_012_BR_007 - ESA/NASA

· Tim Peake and Tim Kopra Spacewalk - ISS - january 2016 - 1611_031_BR_003 – ESA

ANIMATION: ERA operations on ISS – June 2021 – © ESA/ATG medialab
· Animation, moonvillage contruction - 2016 - 1611_031_BR_004. - ESA -3x shots
	ERA is another example of cooperation between Europe and Russia and a tribute to the excellence of European industry. The project was commissioned by ESA and largely funded by the Dutch government with Airbus Defence and Space Netherlands as its prime contractor. Now the European Robotic Arm will fly to the ISS and with it a new era dawns for the international space station, already one of humankind’s largest achievements. ERA offers a look into the future of space robotics and the cooperation between human and machine as we further explore our universe. 
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	· Interview Sytze Kampen, ERA PROJECT MANAGER, Airbus Defence and Space - English - Leiden, The Netherlands - June 2021 - ESA
	Soundbites: Sytze Kampen - ERA Project Manager, Airbus Defence and Space Netherlands – English
Sytze kampen: ERA's a number of different things. First of all, it is an 11 meter long, long robot that is going to serve the international Space Station and specifically the Russian segment. It is also an extraordinary collaboration between Europe and Russia that has lasted for more than 20 years. It is one of the major space programmes that the Netherlands has ever undertaken. And it's also a story of perseverance to make it happen. After all these delays that we've had in the programme is really very, very good. Very nice. 

Sytze kampen: ERA is 11 meters long. It can handle three thousand kilos, three tons routinely. It can handle it if you take it slow. If you don't move too fast, it can handle 8000 kilo modules as well. This is this is a very, a very large payload capacity. And it's extraordinary if you realise that the arm could not lift its own weight under under gravity conditions. So that's possible because because it's in orbit and the relative weight of masses, relative to each other is zero in in space. 

Sytze kampen: Airbus defence and space Nederland has been the prime contractor for the development of the arm, so that basically means we have designed the hardware and the software. We have subcontracted the development and build of all of the subsystems all over Europe. We put the arm together in our technical facility, tested it. We've prepared the operations and only recently we've been to Baikonur to help bolt the arm onto the Russian laboratory, onto the MLM, and we will be ready to support the first operations in the first year after launch. 

Sytze kampen: A Special feature is that it is free to move over the Russian segment or specifically over the MLM-module, hand-over-hand. That's one aspect which makes it special and another is that it is has a high degree of automation. So it's really designed to make life for astronauts easy and to take to take away as many tasks as possible at the technology with the technology that we have. So it's designed for flexibility and for programmability. And it is free moving. 

Sytze kampen: It will help assemble the to the last assembly of the of the Russian segment, assembling a radiator, assembling an airlock, and it will move payloads from from the airlock  to mounting points outside and back and back. Of course it is it has cameras for inspection. It can be a support tool for astronauts which can which can do you can do joint task tasks or even be moved by the arm with the platform on the tip. And it can do even things that we haven't imagined yet. So that's one of the one of the benefits of having a robot. 

Sytze kampen: Era is a programmable mechanism, a smart mechanism with a degree of automation. I think that is that is special. So it has robust and accurate joints. It has a computer right in the centre of the arm, which which has all the control functions that it needs to be autonomous. And it also has very important many safety features because we don't want a big construct like structure like that moving around and doing damage. So it's all been designed to be safe against two failures, whatever they are, and operational after one. So that means that it has many safety features as well. 

Sytze kampen: The base points are cabled inside the space station and they provide a databus, electricity, electrical power and a video line, and the ERA end-effector has to counter-connectors that connect to these to these connectors in the base point. And this is how it gets connected to the space station. And the same these same connexions are also available at the other end of the arm. So if you have a tool that has a data power and a video connexion, it can it can communicate to the station through ERA. And in the end-effector is a mechanical device as well, kind of a screwdriver through which you can activate a mechanism in a tool.

Sytze kampen: ERA is cutting edge, ERA is the first European robot that serves outside the International Space Station, and it is also a precursor to the to the many robotic solutions that will be needed for the exploration of our solar system and the future exploitation of space. And this is so this is why ERA is a very important. 

Sytze kampen: To do an ERA mission. We prepare a programme on ground using using the mission preparation and training equipment, which, by the way, was also designed in the Netherlands by NLR by the Dutch Aerospace Laboratories. So missions are prepared on the NPT and programmed into that central control computer in the middle of the arm. And because of because of the programming, it's easy to use. So we have two types of control stations. One, that is a laptop application that can be used from inside the space station, and the other is an external man machine interface, a kind of switch box that an astronaut can can take outside and use for controlling the arm. And it's possible because you can sequence. He can sequence a programme that is that is inside the arm that takes away the difficult tasks of controlling the mechanism. Of course it's better, but we also have to be prepared for the for the unpredicted, which means that through these operator stations, we can even do the individual control, direct control of the arm, both externally and internally. But that's much more complicated. That will be much more complicated. And finally, if  all goes wrong, then it's possible to move the arm by using a manual override. So by an astronaut basically cranking the arm back into the position that is required at that moment. 

Sytze kampen: The arm does have an auto navigate capabilities have to say. So it's self driving. It has sensors to measure its distance from a target. It does that with a camera on the tip. It also has a sensor to sense the torques and forces it exerts on the environment and the sensory feedback that the control computer can make sure that the arm is precisely adjusted where it needs to be. And this this this takes away fine control tasks from from a human. If you if you have a cargoboom, you would have to take care of those feedbacks by human feedback. And this is something that has been automated in the ERA. 

Sytze kampen: A challenge for the design of ERA was that it has to cooperate with humans, with astronauts and cosmonauts, and to define the way that this should work has been very interesting. So we had large workshops with both Russian, European and not American no, Russian, European astronauts to give us feedback on our design ideas. So that was theory meets experience. But now that we are going to launch it, we are, of course, anxious to know how theory will meet, practise. 

Sytze kampen: The Netherlands has taken with responsibility for a very visible and very significant contribution to the International Space Station. And throughout the whole programme, the Netherlands has continue to support support this and make it possible that we are now ready for launch. 

Sytze kampen: Being such a large programme on the era project, we have trained generations of engineers and made them very savy systems people that find their way around the high tech industry and in our company as well. It is also a proof of robotics capability. That both in Europe and particularly in the Netherlands, and so it's a programme to be proud of and a programme that has many, many, many visible and invisible spinoffs. 

Sytze kampen: We can learn, first of all, that it's that it is good to be perseverant to to hang on and and keep believing in the eventual success, as I say, in Dutch 'de aanhouder wint', freely translated to those who persevere will prevail. And this is exactly what we have done. I feel it. So we have we have managed to make this programme a success by being flexible, by being perseverant and by keeping the commitment of all the parties involved. 

	10:14:22:18
· Interview Sytze Kampen, ERA PROJECT MANAGER, Airbus Defence and Space - Dutch - Leiden, The Netherlands - june 2021 - ESA
	Soundbites: Sytze Kampen - ERA Project Manager, Airbus Defence and Space Netherlands – Dutch
· What is ERA?
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· How can ERA stay connected the ISS?

· How does ERA work?
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Andre Kuipers: The era walks over the space station, it has an elbow and two arms with wrists, it has seven joints, and that way it can go from grapple point to grapple point walking over the station and with the free hand, it can grab things or fix things or move cosmonaut's around. And this is the therefore, it's a beautiful tool that the astronauts and cosmonauts can use on the outside of the space station. 

Andre Kuipers: The arm can be used in several ways. It can be operated from the outside when astronauts have a control, a console outside and can move the arm around like a big crane, it can be operated from the inside and it can be programmed so that it works in an autonomous way. So it is a fantastic piece of equipment with beautiful ways to operate. 

Andre Kuipers: The space station is as big as a soccer field and it's international. So that means we have a USOS-part, the US orbital system, including European and Japanese modules. And for that you have to other arms. We have the Canadian robotic arm and a Japanese, but they have different grapple fixtures. So that means that those arms cannot get to the Russian side. So therefore, it's important to have this European arm that works on the Russian segment. 

Andre Kuipers: I had a pleasure to work with the ERA because we had to test it to see if we could reach every point during the so the installation, for example, of the era. So we did that in a huge pool in Star City and that was fantastic. Beautiful piece of machinery. It was great to work with the ERA underwater. 

Andre Kuipers: The era comes to the space station as part of the science module NAUKA, and of course, then we have to install it. So my colleagues that are now on board and the future ones, astronauts from France, from Germany, from Italy. They will, together with my Russian colleagues, they will install it and also start to use it. One of the first tasks that has to be done is the installation of radiators on this science module, for example, and the famous airlock from where they can take payloads and put it outside of the station. 

Andre Kuipers: The ERA is also a man machine interface. You have to work with astronauts and cosmonauts, different culture, different languages. It was so beautiful development with two systems, both European and Russian. So, of course, then the scientists and the technicians and cosmonauts have to work together. How do you operate an arm like that? From the inside, from the outside, and even in an autonomous way. So beautiful cooperation between all the players. 

Andre Kuipers: Spacewalks are difficult, are dangerous, and the arm helps the spacewalkers to to reach places safer, in a better way and moving big things around, for example. So it frees the hands of the cosmonauts and sometimes they don't even have to go on a dangerous spacewalk because the arm can do it on its own. So it frees the time of the cosmonauts and it frees their hands as well. 

Andre Kuipers: One of the tasks of the ERA, for example, inspect the outside of the of the Russian side of the space station. They have beautiful Infra-Red cameras, four cameras on it. But you could also put a cosmonaut on top of the ERA to go around and look at the minor details. So there are new ways to see if there's any damage, for example, like micrometeorites, space debris or things that have failed. So we have a beautiful new tool to do all these inspections. 

Andre Kuipers: Robots are becoming more and more important. Also in space flight, we are developing new robots to operate from a space station, for example, on the surface of the moon in the future or on Mars. And they help us a lot. We have even a robot onboard robonaut, because robots you can use for dangerous tasks, for repetitive tasks. We can use much more force, for example, with the robot. So the cooperation is more and more important. This robot arm, the ERA, can be used in an autonomous way and it can be programmed and then it works without the interference of the astronauts. They can do other useful things. You can operate from the inside and you can operate it from the outside. 

Andre Kuipers: The ERA, it will be launched on top of the new NAUKA module, the science module on the on the Russian side. That they'll be the homebase of the arm. From there, it can operate, can take things out of the airlock, for example. It is eleven, average 11 metres long. It has the two hands with the grapple fixture, there's grapple fixtures everywhere. And with two hands, it can grip these fixtures and move around. It's about what is it, six hundred and thirty kilograms. But it can move eight thousand kilograms around. That force it has. It's it's very accurate. It can move within five millimetres. And with the speed of 10 centimetres per second. It has beautiful cameras, four Infra-Red cameras on the on the hands for close-ups, but also for the overview of  the arm itself, of course, a central computer, it can think by itself, near the elbow. And yeah, it's a beautiful piece of machinery that will be used a lot. 
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· What is ERA?

· What are ERA’s tasks?

· What were your experiences with ERA?

· What can ERA be used for?

· What does ERA look like?

· Who are the partners on the ERA project?

· Why was there a need for ERA?

· What are the benefits of ERA?

· What are ERA’s tech specs?
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Philippe Schoonejans: The European robotic arm ERA is a long robot arm manipulator for use on the Russian part of the International Space Station, ISS. It's a very long arm, more than 11 metres, like 11.3, to be exact, and so that it can carry very, very large payloads or weights up to 8000 kilograms. And that's not easy. 

Philippe Schoonejans: There are still a weight limit on the ISS, even though everything is weightless, but it's not only that you have no weight, but these very, very large items that we are moving from one place to another, they still have a lot of mass. So once you set them in motion, it's also very, very difficult to stop them again. So you have to move really very, very carefully also to make sure that it doesn't start oscillating because the arm is 600 kilos. The maximum weight that it can carry is 8000 kilos. So it's like a drinking straw with a very large thing at the end. So you really have to be very, very careful. And apart from that, if you have a 8 ton payload, that's also very large. So you have to really make sure that you see what you're doing. So you don't just bump into any part of the ISIS. 

Philippe Schoonejans: The ERA will be launched from the launch base  or cosmodrome Baikonur in Kazakhstan by our Russian colleagues. And it goes on the proton rocket. It will be in the evening when it's it's dark. It's a night launch on the 15th of July of this year. So coming up really soon. 

Philippe Schoonejans: The robot arm is already installed on Nauka. So it's sometime before it is it is fully ready. We have several instances where we have to fit it exactly onto the the Nauka or multipurpose laboratory module, which is the module, but that is the host of the of the robot arm on the ISS. And we have fitted it exactly. This is a job which just really needs to be very, very carefully done. Of course, it has to be really super tight. There cannot be any oscillation between the arm and the and the Nauka module, so this has been quite extensive job, but now it is firmly fixed and also all the thermal insulation layers are already put around it. So we can really state that we are ready for the launch. 

Philippe Schoonejans: There will be quite some time involved from the launch of the ERA until we have a fully deployed it, tested and declare it ready for use. So in July it will, there will be the launch from Baikonur Cosmodrome in Kazakhstan. A week later the MLM or multipurpose laboratory module from the Russians that carries the era will automatically dock to the International Space Station. It flies there by itself and then there will be, in September, there will be the first check out from the inside to nothing moving yet. It's just electrical checkout. And then again, a couple of months later, we will finally unpack it and install it in its final location for use. And then again, a few months later, there will be all of the tests that establish that the arm behaves exactly like we have seen it in simulations and tests. And then if all of that the successful and we assume it will be, but maybe some adjustment is needed in the software. But at that time we will declare it ready for you so it can start its operational life. 

Philippe Schoonejans: The first task that the ERA will have is to help in the assembly of the Russian segment of the space station. So when this multipurpose laboratory module is coming, it is not yet fully outfitted and there are a number of items that belong to it that are already now on the ISS like and that's a very, very large radiator which the MLM needs to be able to get rid of its heat. And only when this radiator is installed, then it can get rid of the heat so it can switch on all of the equipment in this laboratory module. So very important first task. The second task is to install the equipment airlock, which is also already on the ISS, and that airlock will allow us to bring scientific equipment from inside the space station to outside the space station without needing astronauts in the spacewalk. So the robot can do that. But first, it needs to install this airlock and only then can we fully declared the MLM ready for use. 

Philippe Schoonejans: Robotics, I think, are always playing a very useful role in in any space endeavour but especially in areas where you have people and complex equipment all working together. And there have been some questions that are already two robots on the international space station, the Canadian and Japanese one, but they cannot reach the Russian part of the space station. And also they are way more bulky and they have much larger equipment that needs to be present on the ISS to be able to operate them. And so the ERA fills that gap and provides also the Russian part of the space station with some very useful robotics. 

Philippe Schoonejans: There's a lot of benefits that the arm will bring to the ISS, maybe the most important one and what we would call the killer application is that it can bring scientific equipment from inside to the space station to outside the space station without the need for an astronaut during a spacewalk. So for that, there is this equipment airlock with a small tray table, the cosmonauts can from the inside mount and equip a piece of equipment on the table. It will extend out and the robot can pick it up from the outside. So that's the most important application. But it will also be very useful for inspecting the Russian part of the ISS. If there's any problem the ERA cameras can go take a look and it can help the astronauts when they are doing the spacewalks.

Philippe Schoonejans: The robotic arm will also assist the astronauts when they are doing a spacewalk and it will allow the astronaut to stand on the end of the arm and then they can make large moves across the space station, where otherwise they would have to move along the side of the of the modules where they would constantly have to attach themselves and un-attach themselves and do that again, because if you float away, then you can never come back. So that's in principle a tricky thing to do. And with the robot arm, in one shot, you can in principle move yourself over 20 meter, like twice the arm, the length of the arm. 

Philippe Schoonejans: The ERA arm is like an advance on what is currently available on the on the ISS. Primarily in the sense that is it's more accurate. It is a five millimeter accuracy even when it's carrying such a very, very large payloads. The second thing is it's programmable. So it can be fully programmed already on Earth and in simulators and then the whole mission is already played and then it can be automatically executed in orbit under supervision of an astronaut and maybe later even on the supervision from the people in the mission control center on the ground so that it saves even more of the precious crew time on the ISS. 

Philippe Schoonejans: One other innovation, which is in the European robotic arm, which the other robotics does not have an automated automatic collision avoidance system. So it has a model of the ISS. It knows exactly where it is. And like that, even if you would make control over the robot arm, would stop you from hitting any parts of the ISS. 

Philippe Schoonejans: as large, as large as the ERA is, it is still smaller than the Canadian arm, it's like 16 meters year, the ERA is a bit more than 11 meters. With that it's also more precise and therefore better suitable for the task that it is that it is going to the ISS for, in particular to operate the equipment airlock and the science equipment. It is more programmable. Typically, you would not use joysticks to operate it. You would be able to operate it from a relatively simple laptop interface inside, which also means that it does not need so much space inside an already very, very cramped International Space Station. And then another important difference is that it has an external control panel which the cosmonauts when they are outside during a spacewalk, they can also operate the ERA directly with the control panel that they have, which is made suitable for to operate with your clumsy helmet and visor, with your clumsy gloves. And for that, it needed a lot of automation to be able to to do that. But that's an asset because the other robots do not have that. 

Philippe Schoonejans: The ERA is a fully programmable, which means that it has several modes of automation. Even  in the most automated one, it could theoretically run the whole mission all by itself. But there will be steps, and after each step, the cosmonaut or astronaut will check whether everything is still going OK and then he will authorize the next step. It is also possible to run piecewise automated steps. And so even a mission that has not been fully planned on the ground, you could still run it by running like chunks of software where you do run the part of a mission, and you basically as an operator, you would glue those together to make a new mission that has maybe not been preplanned, but it could be as an on the spot activity, very, very useful in case of emergency. 

Philippe Schoonejans: It has a long history. The development started out or the ERA has a long history. The development started out as the robot arm for the Hermes space shuttle that Europe was building. That was at some point in time cancelled. And then there was an application for the MIR-2 space station and the Russians had their MIR space station and they wanted to make a second version of it. But later we decided that it would be best used on the International Space Station. And therefore that application we work together with the Russians, with the Roscosmos, the Russian space agency, and rocket Space Cooperation, Energia that's the big company in Russia that has built most of the Russian parts of the International Space Station, but also a company called Cronishev. And they have built the multipurpose laboratory module on which ERA is launched. So those are the three that could be cooperation partners in Russia. Then obviously we have also NASA. NASA's responsible for the overall ISS integration and for the safety on board the International Space Station. So we have dealt a lot with NASA as well. And then obviously a large consortium of European industry, there were 22 companies involved in the construction of ERA. And we see all of those as partners as well. 

Philippe Schoonejans: This project is a European project, but still it is primarily Dutch because the Dutch have decided that they were very interested in space robotics and they've funded more than 60 percent of this robot arm project. So therefore, it has a very, very large Dutch signature in this project starting out as a Fokker space and now Airbus Netherlands. 

Philippe Schoonejans: With the construction of ERA and maybe even more than with the construction, with the use of ERA on board the International Space Station, we are also learning in Europe more and more from doing space robotics. Robotics is there to stay. It is very clear that we will always have some model of cooperation of people and robots and where today we can go to the International Space Station with people, we can go in to move to the moon with people again in the very, very near future, but to Mars, for instance, this is not yet possible. So for Mars, robotics will be scouts and robots will go there first. They will prepare the ground for maybe later people visiting. And I think even where people are going to work in space, they can still have a very strong cooperation with robots who will do for them the tasks that we can label with the 3D that are dull, dangerous and difficult. So there will always be a room for space robotics. So we need to get our experience. And in addition to the Mars robots that we are building at the moment, this European robotic arm, for ISS, will make a strong contribution to increasing our knowledge and excellence in this field. 

Philippe Schoonejans: Space robotics is sometimes more difficult than robotics, in like on Earth, maybe, first of all, like with any space project, once you launch it, you have no access to it anymore. So you have to do it right in the first time. And where we benefit from the weightlessness because we can carry bigger loads than you would be able to do and on Earth. But that also means that we are going to use that advantage to the maximum and therefore we create a problem to ourselves. That we still have to be able to control the mass, the masses of the payload that we are operating. We have in addition to be able to work in the space conditions where we have to make sure that our mechanisms and our lubrication of the mechanism, that it's all still OK and that it's OK over a very long period of more than 10 years, which is its life. And all of that, without having access to it. So that also means that there was a lot of verification effort needed before we finally decided that we would go for launch. 

Philippe Schoonejans: It is also important for ESA to really acknowledge the perseverance of the team in ESA and in industry that has brought us to where we are today. It's been it's been a long road. There's a lot of skills and expertise that we have seen over there over the years. But maybe most importantly, in addition to all of these technical skills, I value very much the enthusiasm of everybody and the perseverance to get us where we are today. 
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