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operational satellites fo meet the Earth

observation needs of the European Union-
ESA Global Monitoring for Environment and
Security (GMES) programme. Existing and
planned space assets will be complemented by
new developments from ESA. The first is
Sentinel-1, a pair of synthetic aperture radar
(SAR) imaging satellites.

The ESA Sentinels will be the first series of

Introduction

ESA is developing the Sentinel-1 Euro-
pean Radar Observatory, a polar-
orbiting satellite for operational SAR
applications. The constellation of two
C-band radar satellites will provide
continuous all-weather day/night imagery
for user services, especially those
identified in ESA’s GMES service
elements programme and on projects
funded by the European Union (EU)
Framework Programmes. Three priori-
ties (‘fast-track services’) have been
identified by EU user working groups:
marine core services; land monitoring;
and emergency services. These include:

— monitoring sea-ice zones and the
Arctic;
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The flooded Elbe River in Germany, demonstrating the value of ‘dual-polarisation’ radar coverage for land-cover classification. Envisat transmits and detects radar waves polarised in the horizontal and
vertical directions, yielding more extensive information than could a single polarisation on the ground surface reflecting them. Sentinel-1 will exploit this feature

and sea-ice monitoring require daily
revisits (mostly at northern latitudes)
and delivery of data within an hour of
acquisition. In contrast, land services
involving interferometry and cover
classification require global coverage
every 2 weeks at most and consistent
datasets.

Radar Interferometry: How it Works

If light travels paths of different lengths, the

observed brightness is either increased or

reduced depending on the wavelength
(colour) and the path length difference.
This ‘constructive’ and ‘destructive’
interference shows up nicely as beautiful
rainbow-like patterns when sunlight reflects
off a thin film of oil (far right).

Service Reliability: A New Challenge

The operational requirements present a
new challenge for spaceborne radar.
Unlike its ERS and Envisat experimen-
tal predecessors, which supply data to
users on a best-effort basis, operational
satellites like Sentinel-1 must satisfy user
requirements and supply information in

Radar waves can be made to behave in the same way when they
are bounced off the Earth. If the satellite comes back another time in
exactly the same orbit and the surface has not moved, adding the
two measurements gives a brighter image because of constructive
interference. However, if parts of the surface have shifted between
observations, the destructive interference could dim areas of the

combined images.

So combining two radar images from before and after an §
earthquake, for example, generates rainbow-like patterns from which
surface movement can be determined to within typically 1 mm/year.

www.esa.int

a reliable fashion. The data provider
accepts legal responsibility for delivering
the information. Acquisition failures
owing to conflicting requests from users
(such as requesting different instrument
modes at the same time and place)
cannot be tolerated.

Sentinel-1 will work largely in a
programmed  conflict-free  manner
imaging all landmasses, coastal zones
and shipping routes globally, and
covering the oceans with imagettes. This
way, the reliability demanded by
operational services is achieved and a
consistent long-term data archive is
built for applications based on long
time-series.

Sentinel-1 revisit frequency and coverage
are dramatically improved with respect
to ERS and Envisat. The orbits of the
two-satellite constellation repeat every
6 days, and conflict-free operations
allow every single data-take to be
exploited. The effective revisit and
coverage performance could be further
improved by access to Canada’s planned
SAR constellation.

User needs at both high and medium
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ROMANIA - Timis Region Floodings, Spring 2005
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Map of the roodlng in the Timis region of Romania in May 2005, based on Envisat ASAR Narrow Swath and SPOT-5 data. (Image processing and map creation by DLR; SPOT © CNES 2005, distributed by

Spot Image ENVISAT ASAR © ESA 2005)

ERS-1/2 tandem mission.
During the ERS tandem
phase, data pairs were
collected on successive
days.

Classifying land cover
is not the only important
application of SAR to
land monitoring. Since
interferometric
radar can detect surface
movements to within a
few millimetres per year,
it is now an established
technique to monitor the
effects of landslides,
earthquakes and man-
made activities such as
building construction,
tunnelling, water or
natural gas extraction,
and mining.

Oil from a wrecked tanker had: tllready reached the' norlh
Envisat acquired this radar image on 17 November. 2002

www.esa.int

Products for Emergency Services

Its all-weather day/night capability makes
space-borne radar the ideal workhorse
for providing information before, during
and after emergencies. Sentinel-1’s two-
satellite constellation will routinely revisit
all sites within 3 days at the equator and
improving with latitude. In addition, an
optional emergency procedure could
accelerate access.

Agreements with other satellite
operators will make daily access or even
better a realistic assumption. This
excellent revisit performance is feasible
even while maintaining a spatial
resolution of 5x20m. In order to
observe finer detail, regional coverage by
satellites with higher spatial resolution
(radar and/or optical) will be required.

Sentinel-1 will build a multi-temporal
global interferometric image archive that
can be called on in emergency situations.
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Sentinel-1 Satellite Characteristics

Lifetime: 7 years (consumables 12 years)

Launcher: Soyuz from Kourou (baseline),
Zenith-2 (backup)

Orbit: near-polar Sun-synchronous
693 km; 12-day repeat cycle; 175 revs
per cycle

Mean Local Solar Time: 18:00 at
ascending node

Orbital period: 98.6 minutes

Attitude stabilisation: 3-axis

Attitude accuracy: 0.01 deg (each axis)

Orbit knowledge: 10 m (each axis,
3-sigma) using GPS

Operating autonomy: 96 hours

Launch mass: 2300 kg (including 130 kg
monopropellant fuel)

Size (stowed): 3900 x 2600 x 2500 mm

Solar array average power: 4800 W (end-
of-life); battery capacity: >300 Ah

Spacecraft availability: 0.998

Science data storage capacity: 900 Gb
(end-of-life)

S-band TT&C data rates: 4 kbit/s
telecommand; 16/128/512 kbit/s
telemetry (programmable)

X-band science data rate: 600 Mbit/s

— Extra-wide Swath Mode, 400 km
swath and 25 x 100 m spatial resolution
(3-looks);

— Wave Mode, low data rate and 5 x 20 m
spatial resolution. Sampled images of
20 x 20 km at 100 km intervals along
the orbit.

Data delivery

With its continuous and conflict-free
operations, Sentinel-1 will provide a
high level of service reliability with near-
realtime delivery of data within an hour
after reception by the ground station,
and with data delivery from archive
within 24 hours.

Polarisation

Sentinel-1 has selectable single polarisa-
tion (VV or HH) for the Wave Mode
and selectable dual polarisation (VV
+VH or HH+HV) for all other modes.

Radiometric resolution

For the end-user of SAR imagery, the
radiometric resolution is a critical
parameter becasue it defines the typical
image noise in radar images caused by
thermal noise and speckle. Image noise
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defines how well different surfaces, such
as ice types, agricultural crops and soil
moisture levels, can be classified. With
its extra-wide swath, Sentinel-1 offers
30% improvement with respect to
Envisat, while the interferometric wide
swath offers a further improvement by a
factor of three.

Ground segment and operations

Once in orbit, Sentinel-1 will be
operated from two centres. ESA’s
facilities in Darmstadt, Germany will
command the satellite, while mission
exploitation will be from Frascati, Italy,
including the planning of the SAR
acquisitions, the processing of the
acquired data and the provision of the
resulting products to the users. However,
the ground segment design and opera-
tions concept allow operations to be
handed over — partially or fully — to
other operating entities in the future.

The satellite operations and mission
exploitation present new challenges: the
spacecraft needs to work within a tight
orbital tube only 100 m in diameter, and
must comply with GMES security
requirements for command and control.
Its operations will be largely automated
during normal operations but emerg-
ency requests have to be accommodated
at short notice.

Exploitation plans need to facilitate
systematic acquisition, reception, pro-
cessing, archiving and provision of large
amounts of data to the users. The SAR
instrument will be operated in conflict-
free sensing modes as much as possible.
The ground system must be able to
handle data flows from the satellite
exceeding 1 Terabyte (10" bytes) per day
and to provide large data volumes within
an hour of reception on the ground.

The operations concept allows the
satellite to operate autonomously and
cost-effectively with a 4-day mission plan
stored onboard, thus allowing automated
operations over weekends. At the same
time, it is possible to insert individual
emergency requests up to 3 hours before
the planned update of the mission plan to
the satellite. This allows considerable
shortening of the response time of

Sentinel-1 compared to its predecessors.

An extensive ground segment is
required, with several ground stations
receiving instrument data at 600 Mbit/s,
with cumulative processing capacities
above 500 GHz, archiving requirements
exceeding 10 Pentabytes (10" bytes), and
with data dissemination exceeding current
systems by an order of magnitude.

In order to fully satisfy the GMES
service requirements, the ground segment
must include coordinated mission plan-
ning and data exchange with other
missions contributing to GMES. It
needs to guarantee a Quality of Service
to the user in line with the operational
nature of GMES, ensuring that the data
products are accurate, complete and
provided on time.

Conclusions

The Sentinel-1 constellation is a
completely new approach to SAR mission
design by ESA in direct response to the
operational needs for SAR data expressed
under the EU-ESA GMES programme.
The mission ensures continuity of C-band
SAR data and builds on ESA’s heritage
and experience with the ERS and Envisat
instruments, notably maintaining key
characteristics such as stability and
accurate well-calibrated data products. At
the same time, mission parameters have
been vastly improved to meet major user
requirements collected and analysed
through EU Fast Track and ESA GMES
Service Element activities, especially in
areas such as reliability, revisit time,
geographical coverage and rapid data
dissemination. As a result, the Sentinel-1
pair is expected to provide near-daily
coverage over Europe and Canada,
independent of weather with delivery of
radar data within an hour of acquisition —
vast improvements over the existing SAR
systems.

In addition to responding directly to
the current needs of GMES, the design
of the Sentinel-1 mission is expected
to enable the development of new
applications and meet the evolving
needs of GMES, such as in the area of
climate change and associated
monitoring. @ esa
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