Galileo: en route to full operational capability
Soon another pair of Galileo satellites will be launched on top of a Soyuz from Europe spaceport in French Guyana. These satellites are the first of the so-called third batch, comprising of 12 additional first-generation Galileo satellites commissioned in 2017 to bring the constellation to full operational capability. They will be used to further expand the constellation up to 38 satellites and act as backups and spares for satellites that reach end-of-life. 
This 11th Galileo launch also marks the 10 year anniversary of the first launch of the Galileo operational satellites and the start of the construction of the constellation. Ten years later Galileo is the most accurate satellite navigation system in the world and available on every recent smartphone and device. It has also been twenty years that satellite navigation was introduced as a completely new activity in the European space sector. 

Meanwhile ESA continues to ensure the future of the Galileo programme and European expertise in satellite navigation. For Galileo ESA is already commissioning a second generation of more powerful and flexible navigation satellites while new services are being developed to meet market demand. 
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· Soyuz Launch of Galileo sat 1&2 - Europe spaceport, French-Guiana - 21/10/2011 - ESA/ArianeSpace – 2shots

· Galileo sat 13&14 transfer - Europe Spaceport, Kourou, French-Guiana - 06/04/2016 – ESA – 2 shots

· Galileo start of initial services - Dec 2015 - ESA/EC
	October 2021 marked the 10th anniversary of the launch of the first operational Galileo satellites. Now, ten years later the 11th Galileo launch will see the first two satellites of the 3rd batch being carried into orbit by a Soyuz from Europe spaceport. 
This 3rd batch is comprised of 12 1st generation Galileo satellites and were commissioned in 2017. Although Galileo has been operational since initial services were started in 2016 this batch of satellites will bring the constellation to full operational capability.

	 10:00:47:05
· Interview: Andrea Cotellessa: Head of Galileo Space Segment Management Office, ESA - ESTEC, Noordwijk, The Netherlands - 10/11/2021 – ESA
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· Interview: Sylvain Loddo, Head of Ground Segment Management Office - ESTEC, Noordwijk, The Netherlands - 15/11/2021 - ESA 


	Andrea Cotellessa, Head of Galileo Space Segment Management Office, ESA 
The purpose of the coming up launch of Galileo is to complete the deployment of the satellites and the population of the different orbital planes to ensure that the constellation is complete. Our constellation requires eight operational satellites and two spare satellites per plane. And this has not been achieved yet, and this is what we are doing. And now with the launch 11, we will start the deployment in orbit of what we call the third batch of Galileo first generation satellites. // Sylvain Loddo, Head of Ground Segment Management Office, ESA
 So we need to have more satellites in our constellation to have an increased performance in terms of availability. So we need to have more satellites in the air to be securing that on any point on the Earth we are having enough satellites in good geometry to determine our position
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· Animation: Galileo satellites in orbit - Galileo Initial services video - 2016 - ESA

· GV's Galileo Ground control center - Oberpfaffenhofen, Germany - 18/12/2013 – ESA – 3shots

· GV's fitcheck Galileo sat 23-24-25-26 launch campaign - Europe Spaceport, Kourou, French-Guiana - 07/06/2018 - ESA 

· Establishing shot ESA/ESTEC - ESTEC, Noordwijk, The Netherlands - 12/03/2013 - ESA 

· Still: Galileo emerging from TVAC - ESTEC, Noordwijk, The Netherlands - 2021 - ESA

· Still: Galileo in Maxwell chamber - ESTEC, Noordwijk, The Netherlands - 2021 - ESA
	The Galileo satellite navigation system is owned by the European union which have charged ESA with the design and development of the system. It is the largest European satellite constellation and the most accurate satellite navigation system in the world. To achieve this, the system not only relies on the satellite constellation but also on an extensive and complex ground segment, receiving and disseminating the navigation messages and timing services. 
The satellites that are now about to be launched were, like all their operational predecessors’, flight tested at ESA’s test centre at ESTEC. An important step to ensure the quality of the satellites.
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	Bastiaan Willemse, Head of Galileo FOC Satellite Management Service, ESA 
Here in the test centre, the satellites are submitted to the environments it will experience in space, which is vacuum, low temperature, high temperatures, acoustic noise, and we submit to an environment that is a little bit more extreme that they will see this way. We are sure that when we launch satellites, they will operate because obviously after launch, we cannot repair, we cannot reach them anymore. So we need to be sure that they will be OK. It's a campaign of about three months, so every satellite arrives here, and after three months we've gone through the whole acceptance testing. We can accept the satellite and it can be shipped to the launch site. 
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· Animation: Galileo satellites in orbit - Galileo Initial services video - 2016 - ESA

· Stockfootage pilot in airplane, trucks on the road - Galileo Initial services video - 2016 – ESA

· Stockfootage trucks on the road - Galileo Initial services video - 2016 – ESA

· stockfootage - rack-focus-of-man-with-headset-browsing-charts-on-computer-while-working-with-team--SBV-346413305 - unknown date - Storyblocks

· Stockfootage rescue service pilot - Galileo Initial services video - 2016 - ESA

· Stockfootage rescue service Helicopter - Galileo Initial services video - 2016 – ESA

· Animation: Galileo groundsegment reveal to satellites in orbit - unknown date - ESA 


	In the coming years the 12 batch 3 will be launched first with the Soyuz and from launch 14 onwards with Europe’s new Ariane 6 launcher, the Galileo programme being the launchers first customer.
With technology ever evolving ESA continues to commit to the technical excellence of the system which has become so vital for any modern economy, from transportation, be it air, sea and land, to timing services for stock exchange and search and rescue operations. This also means investing and further enhancing the Galileo system and constellation with a new generation of satellites.
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· Interview: Paul Verhoef, Director of Navigation - ESTEC, Noordwijk, The Netherlands - 15/11/2021 - ESA 


	Paul Verhoef, Director of navigation, ESA [
What is next for ESA now is it's a second generation system, which is not a new system, it is. Let me say, an evolution of the first generation system. We have currently two contracts with industry in place for a total of 12 satellites second generation. They will be more powerful. They will be as a result, also heavier, but they will have more capabilities. In particular, they will be fully flexible, fully digital so we can reprogramme them in orbit. At the moment with the first generation, if we want to provide significant new services, we're going to have to bring completely new satellites into orbit. With the second generation, we have decided to do it differently and allow this capability de facto to be on the satellites so we can change things as markets demand it in a relatively quick way. 
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· GV's Fitcheck Galileo sat FM10 launch campaign - Europe Spaceport, Kourou, French-Guiana - 08/04/2018 – ESA - 2 shots

· Animation: Galileo 360 fly around - unknown date - ESA

· Galileo first position fix at Satellite Navigation Laboratory - ESTEC, Noordwijk, The Netherlands - 12/03/2013 - ESA

· Animation: project moonlight - 2021 - ESA

· Animations: project moonlight - 2021 – ESA – 4 shots

· Galileo IOV satellites in cleanroom - unknown date – ESA – 3 shots

· Stockfootage: a-man-driver-checks-a-navigation-map-on-a-bmw-car-computer-screen-SBV-338769509-4K - unknown date - Storyblocks
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· Stockfootage: beautiful-athletic-woman-running-towards-the-camera-tapping-on-screen-of-smartwatch-SBV-337887332-4K- unknown date - Storyblocks

· Stockfootage: multiscreen-on-people-using-smartphone-in-everyday-life-nomophobia-people-using-the-SBV-338464919-4K - unknown date - Storyblocks
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· Stockfootage: pan-left-view-of-digital-connections-among-satellites-above-surface-of-earth-from-s-SBV-346441909-4K - unknown date - Storyblocks

	ESA and Europe will continue to maintain and further develop Galileo, the world’s only publicly owned satellite navigation system, but also try to implement its expertise in satellite navigation for new projects such as the moonlight programme, whereby ESA aims to bring navigation and communication services to the moon for future lunar missions. 

It has been only 20 years since satellite navigation arrived as a completely new activity in the European space sector. But today the sector is thriving, and satellite navigation is essential for our modern society and economy.  
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· Interview: Andrea Cotellessa: Head of Galileo Space Segment Management Office, ESA - ESTEC, Noordwijk, The Netherlands - 10/11/2021 - ESA
	Interview: Andrea Cotellessa: Head of Galileo Space Segment Management Office, ESA – English
Galileo will the global navigation satellite system of the European Union. The system is fully financed and owned by the European Union, and ESA plays the major role of designing the system, procuring the various elements of the infrastructure, testing them and qualifying them before they are handed over to another agency, the newly created EUSPA that is in charge of operations and service provision for now, the very large user community of over two billion users around the world. 

Galileo today is the most accurate satellite navigation system in the world. This is thanks to the excellence of the infrastructure that has been developed, and it relies on the ground, the infrastructure elements, as well as on the satellites that are populating our orbits around the planet. 

ESA Space segment management office is the organisational unit within the Galileo department in the Navigation Directorate responsible for the procurement of the Galileo satellites of the current generation, as known as the first generation. And as well as the second generation, the future generation that is already started with the development of the of the new satellites. My unit is also responsible for the procurement of the launcher services and from now on also for the procurement of the atomic clocks, which is an element of technology that is fundamental to the performance of the overall system. So as ESA, we will procure the atomic clocks and we will provide them to the satellite prime contractors for embarkation on on the mission. My office is also responsible of interfacing with the navigational laboratories here in the Netherlands, owned by and operated by ESA, where we have working replicas of the hardware that is in orbit and we can perform analysis, assessment, troubleshooting, improvements and is a fundamental element to pave the way for, for the future of the Galileo systems. 

Galileo started what is called initial operations in 2016, so is an operational system, but not all the initial functionalities are still available to the user. So what we are doing at the moment, we are accelerating towards the final deployment of the elements that are missing into into the system to be able to to provide all the full array of services to the user community. 

But the most important service that will have to become available is called the public regulated service, and it's an important services for the use of of the government of the member states that own the Galileo system through the European Union. 

the Galileo constellation is designed over three orbital planes. Today we have 26 satellite in orbit. And the reasons why we are moving on to the next launches is that we still need to deploy additional satellites into the various orbital planes to make sure that the users will receive the best quality of service as it is foreseen in the initial design of the Constellation. 

Galileo today is, is the reference system of the global navigation satellite system in terms of performance accuracy in the in the positioning, we have a sub-metre accuracy that our users can determine their position on the on Earth with a very high accuracy. We have also a fantastic timing performance. Our difference between the Galileo Standard Time and the UTC. The Universal Time coordination is in the order of few billionth of a second, so it's very, very accurate. 

The purpose of the coming up launch of Galileo is to complete the deployment of the satellites and the population of the different orbital planes to ensure that the Constellation is is complete. Our Constellation requires eight operational satellites and two spare satellites per plane. And this has not been achieved yet, and this is what we are doing. And now with the launch 11, we will start the deployment in orbit of what we call the third batch of Galileo first generation satellites. 

Launch 11, what we call lunch 11 will be performed from the European spaceport in French Guiana. This is where a wilderness bus operator there, a family of launcher's, it will use a Soyuz. So after a number of three actually successive Ariane five launches, we are going back to our initial launch vehicle. Soyuz is one of the most reliable launches ever built that dates back to to the pioneering times of space exploration. And it will be launched at the beginning of December in the night in Kourou and early in the morning in Europe. 

So Launch 11 is the first launch of the third batch of Galileo satellites of the first generation design. The batch consists of 12 satellites and they are launched in pairs, so we will need six launches to complete the deployment of these satellites. In parallel, we are developing the second generation of satellites and we will start launching these satellites towards the end of twenty twenty four and we will also have a number of dual launches. Actually, we have planned already six launches to start the population or the deployment of the second generation of Galileo. 

Second generation launches are planned from 2024 onwards, and they will be performed with the new launcher that is being developed by easily the Ariane 6.2, which will take over from  the Soyuz. So it will be the launch of reference for our missions and we will start using Orion 62 already to complete the deployment of the current batch three. 

The next three launches that will happen in a very rapid sequence in the next 12 months, and these are very important to complete the deployment of of the Constellation from there onwards, we will go into what we call the maintenance phase. So we will have to ensure always to have enough satellites in good health to ensure the best quality of performances of the system. From launch 14 onwards, we are planning to use Ariane 6.2, the newly developed launcher in the Ariane family, which will become our reference launchers from then onwards. 

In the current plans, the Ariane family of launches will evolve Ariane 5, the current Workhorse four for many of the missions will be retired and Ariane 6.2 and Ariane 6.4 will be become the new operational launcher systems from French Guiana. And this will also lead to the retiring the current Soyuz from  Kourou, so from a certain date onwards. Ariane six will be the reference launcher for our missions. 

The second generation satellites will enable the Galileo system overall to evolve towards a higher performance as a new services, new types of signal and then the coverage more resilience with better performances against, let's say, malicious attempt to interfere with the system. The satellites will be larger than the current satellites. They will also embark on more advanced technologies that will allow us to provide a system that is future proof. Unlike today, where the satellites would say performances are very much embedded in the hardware, we go towards what we call software design satellites, which can be reprogrammed, and the new features can be add in in the coming years a new signal components to provide a better in the end user experience. 

The second generation satellite contracts were launched earlier this year, so we are already started the development with two separate to different industrial prime contractors, and the design is very much in progress, aiming at providing the first satellites for a launch by the end of 2024. 

From the Galileo satellite perspective, what is important for the future is to guarantee that the key enabling technologies are well-established, that we can provide the performances that are required. And it also that we can rely as much as possible on European source the technologies that will ensure that the independence of Europe overall in having not only their own navigation system, but also the fundamental technological elements to build it and to make it develop and progress in the future. 

We started, uh, the deployment of the Galileo space segment in 2011, actually ten years ago and the first four satellites had the purpose of validating the concept of the system. And with the first four satellites, we managed to achieve the first position fix that was entirely based on, on Galileo. Since then, the system has grown since 2016. We are in in the initial operations capacity. So it means that we have already started providing the first Galileo services. And what we are doing now is our last mile effort to achieve the full operational capability of the system, providing the full array of services that were initially foreseen. All right. Very well. Thank you. 
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· Interview: Bastiaan Willemse, Head of Galileo FOC Satellite Management Service - ESTEC, Noordwijk, The Netherlands - 10/11/2021 

	Interview: Bastiaan Willemse, Head of Galileo FOC Satellite Management Service - ENGLSIH
And Galileo is different from the other navigation systems. First of all, because it is controlled and owned by Europe, it means we have Europe has full control of the system, which is obviously not the case with the American and Russian system, which are under military control, for example, of the United States. In addition, it is more accurate than the other systems, especially at high latitudes, like in northern Europe. The accuracy is better. And finally, there's also other capabilities such as a search and rescue service. When a distress signal is transmitted from a user on Earth, it is received by the satellites and forwarded to the emergency services to to provide support. And the user also gets a return signal for this. 

The role of the Galileo FOC Satellite Management Service is to procure the Galileo FOC satellites from industry and foresees the full operational capability of the Galileo system. So we are in charge to oversee the procurement from the satellite manufacturer. The design of the satellites, the development, the manufacturing and afterwards all sort of testing here in the ESTEC testcentre of these satellites, leading to an acceptance of the satellites in Europe before the satellites are shipped to the launch site in French Guiana. In Guyana we still coordinate with the satellite prime and the launch service provider all the activities that need to be done before the launch and after the launch, the team provides expert support to the operator in case of major anomalies. 

Yeah, Galileo was operational at the moment, we have 26 satellites in orbit, and since 2016 we're providing initial services to users all over the world. There are more than two billion smartphones at the moment, equipped and ready to receive the Galileo signal and to navigate on this. 

This launch is very interesting, because if we're going to launch for the first time, a new batch of satellites, it is very similar to the previous batches, but last batches were 22 satellites from the satellite manufacturer. Then we made a contract for 12 more satellites. This contract was signed in 2017, and this launch is the first two satellites of this batch of 12 satellites. It will add to the Galileo constellation. There are still a few empty spots in the Constellation, so this will add additional satellites to the working Galileo constellation. 

The satellites are required to complete the constellation because it was not completely completed yet. Therefore, providing robustness and better services to the users worldwide. And in addition, afterwards of these batch of 12 satellites, first ones are to fill empty operational slots. Additional ones are to be used as spare satellites in case of satellites reach end of life during the course. 

At the moment, the first satellites were launched 10 years ago. The nominal lifetime is 12 years and the lifetime of a satellite procurement is quite long, so that's why we needed to prepare and be ready for when the first satellites reach end of life, to be to be certain, to be to react. 

First of all, the team, the satellite team is based here, so we manage the contract from here. And in addition, the satellite prime contractor OHB, has chosen the ESTEC test centre ETS to test the satellites before they are launched, which means after the production of the satellites in Germany. In Bremen, the satellites come here in the test centre, which is the largest test centre for satellites in Europe, and the satellites are submitted to the environments that occur in space. 

Here in the test centre, the satellites are submitted to the environments it will experience in space, which is vacuum, low temperature, high temperatures, acoustic noise, and we submit to an environment that is a little bit more extreme that they will see this way. We are sure that when we launch satellites, they will operate because obviously after launch, we cannot repair, we cannot reach them anymore. So we need to be sure that they will be OK. It's a campaign of about three months, so every satellite arrives here, and after three months we've gone through the whole acceptance testing. We can accept the satellite and it can be shipped to the launch site. 

during this testing, actually, sometimes we do find issues because the satellite is a complex product, which takes a lot of time to build with a lot of people, and obviously sometimes mistakes are made and that is what we try to catch with the testing of the satellite. So we do find things. Sometimes something is not glued properly, not mounted properly. And of all this array of test, we find them and then we can judge whether it needs to be repaired because it's critical or we can use is. 

The ESTEC test Center was chosen to perform these environmental tests, which was a choice of the satellite prime contractor, which is OHB. So they had a commercial bidding and they chose to come to ESTEC and to the ETS test Center to perform these tests on the Galileo satellites. And we've done them. The first one came of the FOC satellites in 2013. And tomorrow we will receive the 30th satellite. 

These tests are important, especially because we need to be certain, like the satellite as the size of a small car. But if a car is produced, if something is wrong, it can go back to the garage for a satellite. This cannot happen. We need to be sure that they operate for 12 years in space. That's why it's important that we go through these this extensive test to be sure that they will operate and will function properly. 

It's important to test the satellite, and there are different objectives with this test on the first model, we test the satellite to be sure that the performances are in line with what we expect and that the satellites can deliver the results and we'll expect on subsequent models. We test more on workmanship because the satellites are complex instruments. So we want to be sure that the launch process with many people involved to manufacture them has been done properly. So we want to check that all the workmanship was OK and that no mistakes were made during this workmanship. So these are the two differences in the testing. One is the qualification on the design capabilities and the other one is the workmanship of the manufactured satellite. 

The satellites are performing very well. The whole system as a whole is also performing very well, delivering accurate positioning information to the users all over the world. 

Yeah, I've been working on the Galileo project since 2008, so I was there at the first launch of the operational system 10 years ago, and that time we still had a large way ahead of us because it was the first operational satellite. At this moment we have 26 satellites in orbit and we are delivering services. So when I drive home today, I can navigate on my smartphone and it will actually contact our system in space or receive the information for my contact in space. So in that way, I think a lot has been achieved and we should be very proud of the of the achievement to have this, this satellite system in space now. 

When I started, it was difficult to foresee because there was so much still to do. And of course, we expected to have good results, but there were so many hurdles, so many launching so many satellites to build that it was difficult to foresee. But looking back now, I think it is really achieved and we have a very good system in place to deliver navigation messages. 

I think in the years to come, there are different challenges. So first of all, the challenge is to keep the operational system operating, so to replenish when needed to be sure to deliver constant services to everyone. The second challenge is to modernise and to go to the next generation of the system with additional needs and additional services to be provided to everyone worldwide. 

I think satellite navigation has increased in importance in different aspects in industry and government aspect, but also in normal users aspect. If I look at myself now, I use my my iPhone nearly every day to navigate somewhere when I get into the car, which 10 years ago, which much less the case. So you see that the importance of satellite navigation has, has increased importance in all kinds of domains. 
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Interview: Sylvain Loddo, Head of Ground Segment Management Office - ESTEC, Noordwijk, The Netherlands - 15/11/2021 - ESA 
	Interview: Sylvain Loddo, Head of Ground Segment Management Office - English
So Galileo it is a navigation system based on the satellites, it is implementing the same principles as GPS, the American system, but in a way which is a bit more lets say powerful. We've in particular an increased accuracy. And since the beginning that the reliance on multiple frequencies, which is a very important feature to to have more accurate signals. 

So Galileo system, in fact, this is a time distribution system. Extremely accurate. So you are giving signals coming from the sky, from the satellites and you have to use these signals to calculate your position on the ground. Adding multiple frequencies to do that is extremely important because it helps to correct some effects, for instance, the transport of signals through the ionosphere. And in the end, you have an accuracy which is improved. 

OK, so the principles of Galileo are similar to the ones of GPS, so it's something which is important because for navigation, it is extremely important to have signals which are compatible with other systems for the user to be getting the benefit of diversified signals. But then on our side, we also giving specific signals on some frequencies. By the way, we've some characteristics which are making them early seem more accurate when you use them in some conditions. Then there is also a specific service which is called public regulated service, which is to be, which is reserved for EU-member states for some applications related to navigation, of course. 

So Galileo today is let's say operational, it has been the case since 2016, but today we have 26 satellites in the Constellation and we are now moving towards, let's say, extending further the constellation to reach roughly around the 30 operational satellites always in orbit, which will provide us what we call the final operational capability. 

Ah yes, I can understand what you say, but it's clear that the ground segment is extremely important. It is a place where we are, in fact the generating the products which are broadcast by the satellites. So, to be more specific, the ground segment is made of several segments. You having one of them, which is the controlled segment, which is meant for controlling the satellites and ensuring that we are in in good health. So you are receiving telemetry, sending telecommands just to to organise that. And then you're having the mission segment, which is generating both products. So it is for first of all, it is generating what we call the Galileo system time, which is a reference, you know in our system. A navigation system is an extremely accurate time distribution system. So this is done on the ground with a precise timing facility. And then we are having a number of stations around the world which are used to receive to collect two signals broadcast by the satellites and to then calculate the products to to determine the few corrections on the orbits of the satellites or on the timing system, to make then the users able to calculate extremely accurately the positions. 

Timing center, in fact, we have in our control centers, we have extremely accurate clocks on the ground, which are active hydrogen maser clocks, and we are using those clocks to determine. Let's say the Galileo reference, if those clocks are super stable and then we are trying to maintain this stability across the system. 

OK, so we are currently having 26 satellites in orbit, so we aim at having a roughly of 30 satellites in orbit operational. So for that, we need to launch a few satellites. So now we have the the batch that we have ordered a few years ago, which is called batch 3. It's twelve additional satellites to come on top of the ones we've already launched, and we are launching them by pairs, two by two. Because now we have to complement our constellation. It's not that we are, as it was at a point in time. We have to really populate it a lot now. It's almost done. We are just completing the constellation. 

So for, let's say, populating a bit more with Constellation, we are launching our satellites from Kourou and we are using either Soyuz or Ariane. So for Ariane we used to have up to now Ariane-5. Now the next time we use Ariane, will be with Ariane-6. 

So in Galileo, we are already working on the second generation because we are trying now to  implement, a state of, state of the art technologies onboard our satellites and also to be able to implement in our system evolutions on a much shorter timeframe than we are able to do today. So today it takes a number of years to implement evolutions in the new generation. We hope that we can do that in a few months. 

So the you have more capabilities effectively on flexibility, on having a number of configurations, configurations being implemented, and it helps also to do a number of evolutions. Once the ground segment is ready for that as well. 

So the ground segment for the second generation needs to implement a number of evolutions. And first of all, we need to understand that the G2 satellites will be able to implement new features, new standards, and we will have to find a way to transition smoothly from the current standards to the next ones. 

OK. So, it's true that when we launched the first operational satellites 10 years ago, we were having the ambition, that this would be operational and working and reliable and the 10 years after we can say that this is really the case. And this is really something that we were, of course, aiming at. We did all that we could to to achieve that. But to see it working as it works and providing today the best performance of any navigation system is quite, of course, rewarding. I think we did quite in, Galileo in particular, we did an important effort to specify really at the limit of the technology for a number of aspects at that time. And it is, of course, rewarding to see 10 years later, but we have achieved the level of performance we were aiming at. 

OK. Amongst the solutions that were implemented with Galileo in particular, we have taken, let's say, the risk or the opportunity to fly, to have passive hydrogen maser clock flying. And this is effectively providing the most stable and accurate clock. And this is the source of the extremely good performance we're having as well. So this is these kind of challenges that we took and that proved to be to be working. Those clocks are much heavier than the other clocks we are having which are which are roughs rubidium clocks to compare to compare with. And so this has allowed that we are effectively in the end, the meeting this level of performance. 

So for me, in the last 10 years, what was most striking is probably, but because I am working in the ground segment, it is when we did the generator, the first navigation message after the fix, we were able to do with our system. So it was when we were having the first four satellites. But then in reality, we've had many, many important steps along the way to get where we are now, where we operational, where we are trying to deliver, you know, outstanding performance every day. So the stability and the reliance or reliability of our system is also quite important.
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· Interview: Paul Verhoef, Director of Navigation - ESTEC, Noordwijk, The Netherlands - 15/11/2021 - ESA 


	Interview: Paul Verhoef, Director of Navigation, ESA – English
The European Commission and ESA have been working for quite a while on the programme. The idea was that we would put together the technical expertise of ease with the political capabilities of the union to end and the budgets from the union in order to finance the programme. 

Our European industry, of course, has a major role in the programme. You have to imagine in a way that ESA as the design authority is actually designing the car. If you want it in those terms and we then we order from industry, the chassis, the wheels, the motor, the interior, et cetera, et cetera. And it works here on an equivalent fashion. So in effect, industry, of course, delivers the entire system, both the satellites, as well as a very extensive ground segment, which is deployed around the world. 

Galileo is important because it provides Europe with strategic autonomy in a very important field of navigation. As you have seen, probably, navigation is used throughout the economy now there are more than two billion users worldwide. All transport modes, whether it's aviation, land transport, maritime transport, railways are using it, people are using it personally, the whole of the logistics sector is using it. So it is a very important usage of navigation as a key cornerstone for the economy. So obviously, it is very important that we maintain that and we do this in combination with GPS. We are each other's back up. People use it in combination. This is not generally known, but it is used in combination. And we wanted to avoid, of course, that there is a dependency on a single system and we have wanted to avoid that, but the Americans want to avoid this in as much, given the overall economic importance. 

So Galileo is operational since 2016, where the commission announced initial operational capability. It means that there are certain guarantees of service provision, which we have been able to maintain since. We are now on the way to the so-called full operational capability. This means that we will have all the necessary elements, both in orbit and on the ground to provide a much higher guarantee of service availability, and we foresee to achieve this full operational capability in a number of steps in the next years. 

The users of Galileo is, first of all, the man in the street, the woman in the street. There are more than two billion users. All smartphones, which have been sold in the last years and which will be sold, contain Galileo in as much as they contain GPS as well, but they also contain Galileo. So there is, first of all for personal use, all of that through smartphones, through car navigators and what have you. Secondly, it is used professionally in the aviation sector, in land transport, maritime sectors, the logistics sectors in agriculture and a whole range of other sectors where this is essential for the proper functioning of everything. What, what basically, what moves. It is also used as a timing reference in the energy and mobile communications sectors, for example, in order to synchronise the networks, it is used in the financial sectors to timestamp financial transactions, which of course, as you understand it is a computer based stock trading situation whereby time stamping is is an important element, and Galileo provides very accurate timing references for that. 

We are with Galileo trying to constantly improve the system. We add capacities and capabilities to it. We go from first generation to second generation, but already with first generation we are able to add new elements to it. The service, which is currently being tested, is a so-called authentication service, which provides a verification that the signals you have been using in your receiver are indeed Galileo signals and are not so-called spoofed signals from people who try to believe you are somewhere else. This is important in a number of areas. For example, where authorities want to have absolute assurances that certain transports are taking place under a verified circumstances. So this is a service which is being tested to the next service, which is going to be tested is is a high accuracy service. At the moment, we are providing accuracy to about between 60 and 75 centimetres precision. The high accuracy. We'll take this down to around 20 centimetres. There are, particularly in the professional field users who have a big interest in this. So you see there are more and more things coming. 

Well, one of the benefits is clearly that people are able to navigate personally. They see this in the form of navigation applications on their smartphones in particular, be it Google or Apple or others. Behind it is, at the core, is satellite navigation. It is often augmented by wifi or by triangulation coming from mobile communication technology. And all these navigation elements are put together. But satellite navigation has become the core of the navigation capabilities of people. So if you go from A to B, you type it to your smartphone, you use satellite navigation and by de facto you use Galileo. 

The highlights of the programme have been many. We started many years ago, about 20, 25 years ago, at ESA we started with the first studies. We came to the conclusion that we knew how to do it. We thought it would be useful. The first political approval for a go ahead of the system was given in in 2006 by the EU authorities. We then started with the programme. We started launching the first satellite. A very important moment, of course, was the initial operational capability, which was announced in 2016, and we are now on the way to a full operational capability. With this launch, we are starting six launches for the last 12 satellites of the first generation. They are necessary, first of all, in orbit as a reserves, and secondly, they will start to replace the oldest of the satellites. 

This is an important launch for us because it signifies the start of the launch of the last 12 first generation satellites, we will do this to two at a time. So six launches to go our first generation. We will do this in the next couple of years before we then start with the launch of the second generation satellite. 

The programme has developed, of course, in the last 10, 10 years enormously. The first launch of the operational satellites was 10 years ago. Before that, we had two experimental satellites launched. We had a lot of preparations. We had to construction of the first satellite. So over all these years, the system has has grown to full maturity. It is remains a very complex system. It is fantastic to see what we have achieved. We are providing the best accuracy of any of the systems of this kind and we are very proud of that. It is fantastic to see what between the public and private public institutions and industry we have been able to achieve, and it is a real success for a for space in Europe. 

What is next for ESA now is it's a second generation system, which is not a new system, it is. Let me say, an evolution of the first generation system. We have currently two contracts with industry in place for a total of 12 satellites second generation. They will be more powerful. They will be as a result, also heavier, but they will have more capabilities. In particular, they will be fully flexible, fully digital so we can reprogramme them in orbit. At the moment with the first generation, if we want to provide significant new services, we're going to have to bring completely new satellites into orbit. With the second generation, we have decided to do it differently and allow this capability de facto to be on the satellites so we can change things as markets demand it in a relatively quick way. 

Well, in the long run, we want, of course, to stay the best in satellite navigation. This is the clear ambition. We want to add more capabilities. We want to add more services. We want to make sure that we satisfy every possible market demand for this. We want to ensure that it is integrated with terrestrial and other space applications so that it really serves the users. This is one ambition. The other ambition we have is we want to use the experiences we have in satellite navigation, both in the public sector, but also in industry to start new projects. One of the projects we have foreseen at the moment is in navigation and communication system around the Moon. As you know, together with the Americans who are going to the Moon once more and there will be astronauts, they will be living in a gateway around the Moon. They will go down to the moon and back up for, for experimental and scientific missions. And obviously, all that infrastructure, like the infrastructure on Earth, has the need for navigation, and it is our intention to try and and propose this to our ministerial meeting next year so that it gets approved and we would go ahead with the start of such a system as well. 

Yeah, so ESA's Moonlight project at the moment is in a study phase. It foresees a commercial, a commercial approach. This is what we want to try and achieve to see whether we can provide communication and navigation services as a service through a commercial provision. We'll see whether this is indeed going to work. The ambition is that we provide very advanced laser links between the Earth and the Moon for communications so that we have a high throughput of capacity. We can actually provide video material from the Moon directly to us. And in addition, that there is a navigation capability so that all the infrastructure flying around the moon and going on the moon, like there are astronauts, there will be rovers on the Moon, there will be all sorts of landers that they have no navigation capability. The current navigation capability on the Moon is done by so-called deep space antenna's from the Earth, where we measure the positioning of those antennas. And from that, we derived the position on the Moon. The accuracy of that is is rather low is somewhere between five hundred metres and five kilometres, and we think we can fairly easily bring this down to 20 to 30 metres by using a dedicated system around the Moon. 

Well, I've spent myself a large part of my career on Galileo in the commission and ESA. It has been a fantastic time. We have achieved, together with the member states on both sides, with industry, with the teams, with two colleagues from the agency in Prague EUSPA, we have achieved fantastic work. I'm going to retire myself in a few months time. This will be my last launch. I'm really looking forward to it. I'm very proud of all what we have done and it is fantastic to see all the plans we have for the future. So it is clear already that this will have a fantastic future and there will be a lot of work continuing for many, many, many years, probably for decades. 

Yeah, it is clear when satellite navigation start started in the 60s and 70s in the US, if you talk to the people who did that at the time, they had very limited views on what it would be used for, and they have been astounded as to what it is now used for today. And also, we over the years have been astounded what it is used for, and I'm sure that this will continue. So this is this is one aspect to what I personally also find very nice is that it is sometimes difficult for people to believe what the European Union is bringing to them. But two things have been important for them personally. First of all is the euro, and secondly it is a satellite navigation because this is in every of their smartphones. So these are two concrete things which the union has supplied to every citizen in Europe, and I think this is really nice. 
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