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Abstract
Offering systematic global coverage for free (with observational continuity ensured for decades), the Copernicus
satellites constellations might be a game-changer for many different applications, including cartography at 1:25 000 or
larger scale. The challenge is no longer data availability, but rather the analysis and exploitation of these large
datasets. The Research and User Support for Sentinel Core Products (RUS) Service is funded by the European
Commission (EC) and managed by the European Space Agency (ESA) and aims to mitigate existing technological and
knowledge gaps between the users and such free data, supporting Copernicus data uptake.
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INTRODUCTION
Technology advances pushed the evolution of cartographic production over the centuries. New sensors and platforms
allowed to better measure, map and represent the landscape, passing from ground surveys based on plane tables and
theodolites to aerial surveys with cameras installed on balloons or kytes, to thermal or hyperspectral sensors mounted
on unmanned vehicles. However all these techniques also imply costs: time and manpower to perform the survey, to
acquire and operate the devices needed for the survey or to buy and process the data… Since 2014 a new era has started
as the first Sentinel satellite was launched and begun systematic observations of the Earth, implying no need to plan
surveys or to buy imagery, as the data are provided at no cost to the users. The frequency and type of observation varies
depending on latitude and satellite type (but several acquisitions/month can be obtained by each satellite) and continuity
of observations is ensured for the coming decades.
With a download speed of 15Mbps (average connection speed in Europe), almost 8 years would be needed to download
one month of Copernicus satellites observations (in the order of 450TB/month), not to mention the physical space
needed to store the products (1 Sentinel-1 product might be larger than 1 GB, 1 Sentinel-2 product is in the order of
500MB, 1 Sentinel-3 product might be 600MB) or the computing power needed for processing the data. In addition,
there are “knowledge barriers” preventing the early adoption of such data by the users.
With the purpose to contribute overcoming these problems, the RUS Service (funded by the EC and managed by ESA)
started operations in October 2017. Users are granted with Virtual Machines (VMs), providing processing power and
tools to handle the data. The Service, offered at no cost, is run within a scalable cloud environment allowing to remotely
store and process these datasets. Integral part of the solution is the exploitation and adaptation to the platform of Free
and Open-Source Software (FOSS). In addition, technical and scientific support (e.g. expertise, training sessions,
webinars, etc.) is provided to simplify the exploitation of Copernicus data resources.
The RUS Service is specially addressed to users from Copernicus countries willing to discover and use Copernicus core
products and datasets. Other users willing to access the Service should first liaise with RUS to check their eligibility.
The Service is free. Commercial and operational activities cannot be carried out on the basis of the RUS Service.
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THE SATELLITE OFFER
Copernicus, previously known as GMES (Global Monitoring for Environment and Security), is the European
Programme for the establishment of a European capacity for Earth Observation. ESA is in charge of the development of
a new family of missions called Sentinels specifically for the operational needs of the Copernicus programme. Each
Sentinel mission is based on a constellation of two satellites to fulfil revisit and coverage requirements, providing robust
datasets for Copernicus Services. These missions carry a range of technologies, such as radar and multi-spectral
imaging instruments for land, ocean and atmospheric monitoring.
Table 1 provides launch date, expected end of life and status of the 18 Sentinel missions already operational, approved
or planned, according to the CEOS (Committee on Earth Observation Satellites) EO Database (version January 2018).
Table 1. Sentinel missions ongoing and approved or planned
Satellite

Launch Date

End of life

Status

Sentinel-1 A

03-Apr-14

Jan-21

In operations

Sentinel-1 B

25-Apr-16

Apr-23

In operations

Sentinel-1 C

Feb-21

Jun-28

Approved

Sentinel-1 D

Jul-23

Jun-30

Approved

Sentinel-2 A

22-Jun-15

May-22

In operations

Sentinel-2 B

06-Mar-17

Mar-24

In operations

Sentinel-2 C

Jun-21

May-29

Approved

Sentinel-3 A

16-Feb-16

Jan-23

In operations

Sentinel-3 B

Mar-18

Oct-25

Approved

Sentinel-3 C

Jun-23

Jan-29

Approved

Sentinel-4 A

2022

2030

Planned

Sentinel-4 B

2030

2039

Planned

Sentinel-5 A

2021

2029

Planned

Sentinel-5 B

2022

2030

Planned

Sentinel-5 C

2035

2042

Planned

Sentinel-5 Precursor

13-Oct-17

Oct-24

In operations

Sentinel-6 A

2020

2026

Planned

Sentinel-6 B

2025

2031

Planned

The overview provided in the text below focuses only on missions which are already in operations.

Sentinel-1
Sentinel-1 is a polar-orbiting, all-weather, day-and-night radar imaging mission for land and ocean services. Its revisit
time over the same spot is six days (at the equator) from two-satellite constellation. The satellite acquires data with
different modes and resolution, ranging from 250 km and 5×20 m resolution (Interferometric Wide-Swath mode) to 80
km swath and 5×5 m resolution (Strip map mode). Acquisitions are taken systematically over the globe, following an
acquisition scenario which is defined to make optimum use of the SAR duty cycle within the technical constraints of the
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overall system. Kml files illustrating the planned acquisitions (including mode and polarisation) are regularly published
at: https://sentinel.esa.int/web/sentinel/missions/sentinel-1/observation-scenario/acquisition-segments.
Absolute location accuracy was extensively tested by A Schubert et al. (2017) over Switzerland and Australia test sites
for individual beams and subswaths of Single Look Complex products. When known perturbing effects were taken into
account (the atmospheric path delay, the solid Earth tide, and the tectonic drift of the local GPS), products acquired in
Strip Map mode and in Intererometric Wide Swath mode were shown to have accuracies better than the nominal
product specifications of 2.5 m and 7 m respectively.
More information about Sentinel-1 can be found in R. Torres et al (2012).

Sentinel-2
Sentinel-2 is a polar-orbiting, multispectral (13 spectral bands 443 nm–2190 nm) satellite with a swath width of 290 km
and spatial resolutions of 10 m (4 visible and near-infrared bands), 20 m (6 red-edge/shortwave-infrared bands) and 60
m (3 atmospheric correction bands). It provides systematic coverage of land and coastal areas between 84°N and 84°S.
Its revisit time over the same spot is five days (at the equator) from two-satellite constellation. Its observation plan is
focused on delivering the observation requirements for the Copernicus services; kml files illustrating the planned
acquisitions are regularly published at: https://sentinel.esa.int/web/sentinel/missions/sentinel-2/acquisition-plans .
The absolute geolocation RMS error is 5,32m (x) and 5.36m (y), well below one pixel, as estimated by B. Vajsova and
P J Åstrand (2015) over a test site in southern France.
More information about Sentinel-2 can be found in M. Drusch et al (2012).

Sentinel-3
Sentinel-3 is a multi-instrument mission to measure sea-surface topography, sea and land-surface temperature, ocean
colour and land colour with high-end accuracy and reliability. It carries onboard an Ocean and Land Colour Instrument
(OLCI) covering 21 spectral bands (400–1020 nm) with a swath width of 1270 km and a pixel size of 300m (full
resolution products) or 1200m (reduced resolution products), a Sea and Land Surface Temperature Radiometer
(SLSTR) covering 9 spectral bands (550–12000 nm) and dual-view scan with swath widths of 1420 km (nadir) and 750
km (backwards) with 500m pixel size for the first 6 bands, 1000m for the others, a Synthetic Aperture Radar Altimeter
(300 m after SAR processing) and C-band Microwave Radiometer. The revisit time for the two-satellite constellation at
the equator with optical/IR imaging sensors will be ~1 day for SLSTR, ~2 days for OLCI.
According to the S3 Product Notice – OLCI released in November 2017, the geolocation accuracy for the Level-2 land
product meets the mission requirements (< 0.5 pixel RMS).
More information about Sentinel-3 can be found in C. Donlon et al. (2012).

Sentinel-5P
Sentinel-5 Precursor is the forerunner of Sentinel-5 to provide timely data on a multitude of trace gases and aerosols
affecting air quality and climate. It carries the Tropospheric Monitoring Instrument (Tropomi) developed jointly with
the Netherlands Space Office with a swath width of 2600 km covering bands in ultraviolet and visible (270–495 nm),
near infrared (675–775 nm) and shortwave infrared (2305–2385 nm) at a spatial resolution as high as 7 km x 3.5 km.
The satellite provides daily global coverage (13:30 local solar time).

RUS: COMPLETING THE SATELLITE OFFER WITH PROCESSING POWER AND EXPERTISE
To complete the free data offer also with processing power and the expertise needed to start understanding and
exploiting the data, the RUS Service was set-up. The Service is carried out by an international team, led by C-S France
and involving Serco SpA, Noveltis, Along-Track and C-S Romania and it exploits scalable storage capacity and VMs
with Computing Processing Units (CPUs) to offer the storing and computing power needed by the users. In addition
users of the Service can find on their VMs pre-installed open source programming, processing and viewing tools, and
may access communication and collaboration tools with the Helpdesk. The Virtual Machines provided by RUS work in
a Linux environment, hence all software compatible with such environment, either FOSS either Commercial Off-TheShelf (COTS) owned by the user can be installed.
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Use of Copernicus datasets as the main source of information is a prerequisite to access the RUS Service, but also non
Copernicus data (EO and other data) can be freely used and imported by the users. The Information and
Communications Technology (ICT) for the user is defined following an analysis of the received service request: such
analysis defines the scaling of the work environment in terms of duration, disk space and size (number of Virtual
Machines, number of cores per machine, RAM per core). Considering resource constraints, the RUS Service can be
offered to each user for a limited amount of time and including ICT/Expert/Data resources compatible with declared
uptake objectives and current user demand. Three pre-defined work environments can be typically proposed: 1-4 cores
with disk space up to 1 TB for 3 months, 1-10 cores with disk space up to 10 TB for 6 months or up to 40 cores with
disk space up to 50 TB for 6 months. More information and details on how to open a RUS Service request can be found
at: https://rus-copernicus.eu/portal/

Figure 1. A RUS VM: users find a desktop environment to perform their remote computing
In addition to the processing power and scientific expertise made available by the RUS Service to the users, another key
pillar of the Service are the activities aimed at capacity building. The RUS Virtual Machines can in fact be exploited in
dedicated face to face free training events where, through a simple Internet link, participants can connect to their
assigned VM. In the VM they find data, SW and the processing power needed for the exercise, independently from the
laptop they use to connect. This allows to limit the cost traditionally associated to the setup of clusters of PCs for
training events. Furthermore it ensures that the same operating system, software and processing power are used,
enabling the students to proceed at the same speed during the the hands-on training. This also introduces the participants
to the RUS approach of “bringing the algorithm to the data” and related possible scaling effects. Face to face events are
organized to meet the requirements of small groups of users who receive specific training on EO theory and are then
guided by the trainers step by step in the application of the learned theory in practical case-studies. The assigned VM
remains accessible to the user for several months after the training, so as to allow repeating or completing the exercises
(or performing other processing activities).
Other educational activities carried out within RUS account for large Webinars in English, also offered at no cost,
during which users learn how to perform basic processing steps to exploit Sentinel data for a specific application. The
webinars are closed by Question and Answer sessions, offering participants the possibility to interact with the trainer.
To date, more than 600 participants already benefited from RUS thematic Webinars.
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Figure 2. Worldwide Distribution of RUS Webinar participants
The sessions are recorded and made publically available for re-play on a dedicated youtube channel
(https://www.youtube.com/channel/UCB01WjameYMvL7-XfI8vRIA). Users interested to repeat the exercise can either
use their own HW/SW either ask RUS the access to the VM pre-configured, with all the material needed to perform the
exercise.

Figure 3. Step by step instructions enabling users to repeat the Webinar exercises
Finally, the theory lectures given during the face to face events are recorded and assembled with questions and multiplechoice answers and are made available on a M-learning portal. Scores are assigned for each completed course and
badges are given to the users.
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Figure 4. The RUS Training portal (https://rus-training.eu/) enabling to register to forthcoming free training events, to
explore the materials produced during previous events and to access the free M-learning materials

CONCLUSIONS
Keeping pace with technology advances, EC and ESA launched RUS, a new Service to support users from Copernicus
countries in discovering and exploiting Copernicus core products and datasets. The Service provides at no cost Virtual
Machines loaded with Open Source Software to download and process satellite data, technical/scientific support to
facilitate data exploitation, and training activities to stimulate knowledge uptake.
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