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1 INTRODUCTION

The full SENTINEL-2 mission comprises twin polarbiting satellites in
the same orbit, phased at 180° to each other.

The mission will monitor variability in land surface conditions, and its
wide swath width and high revisit time (10 daysha equator with one
satellite, and 5 days with 2 satellitesdercloudfree conditions which

W results in 23 days at midatitudes) will support monitoring of changes to
vegetation within the growingeason. Theoverage limits are from between latitudes 56° south
and 84° north.

For mission planning information, see fBepernicus Mission pages

This SENTINEL:-2 Mission Gui@ provides a higievel description of the mission objectives,
satellite description and ground segment. It also addresses the related heritage missions,
thematic areas and Copernicus services, orbit characteristics and coverage, instrument payload,
and d#&a products.

The Mission Guide categories are:

1 Overview
This section provides a brief description of tezitage missionsf SPOT and
LANDSAT, as well as the maithematic areas and servicgsgh as land monitoring.
T Mission Objectives
Describes primary and secondary objectives of the SENTIRIRlission.
T Satellite Description
Describes the satellite platform and the communication links, as well agihe
characteristicand thegeographical coveragd the mission.
1 Ground Segment
Describes the Flight Operations Segmé&®@$ and the Payload Data Ground
SegmentPDGS) of the mission.
T Instrument Payload
Describes the main instrument of the SENTINEMmission: the MultiSpectral
Instrument MS1).
1 Data Products
Outlines the Level B and LevellC data products that are available to users.
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11 Overview

SENTINEL-2 is a European wide-swath, high-resolution, multi -spectral imaging mission.
The full mission specification of the twin satellites flying in the same orbit but phased at
180°, is designed to give a high revisit frequency of 5 days at the Equator.

SENTINEL -2 will carry an optical instrument payload that will sample 13 spectral bands:
four bands at 10 m, six bands at 20 m and three bands at 60 m spatial resolution. The orbital
swath width will be 290 km.

View on North Pole View on Equator

Deep Deep
Space Space

Figure 1: The TwinSatelliteSENTINEL2 Orbital Configuration (courtesy Astrium GmbH)

The twin satellites of SENTINEL -2 will provide continuity of SPOT and LANDSAT -type
image data, contribute to ongoing multispectral observations and benefit Copernicus
services and applications such @& land management, agriculture and forestry, disaster
control, humanitarian relief operations, risk mapping and security concerns.

1.1.1 Instrument Payload

Each of the satellites in the SENTINEL-2 mission carries a single payload: theMulti -Spectral
Instrument (MSI) .
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1.2 HERITAGE

The spectral band configuration of the SENTINEL -2 mission arose as a result of consultation
with the user community during the design phase. The existing Copernicus Service Elements
(GSEs) services were developed around the use of LANDSAT and SPOT waveletig, and the
service requirements for SENTINEL -2 have these at their core.

60

30

N
o

Spatial resolution (m)
—
W

10
Sentinel-2 MSI
of N N
, LDCM OLI
15 F
SPOT 6/7
| 1 1 L 1 | 4 1 I 1 | 1 | | I | ] |
500 1000 1500 2000

Wavelength (nm)

Figure 2: Comparison of Spatial Resolution and Wavelength Characteristics of SEN-RINEL
Multispectral Instrument (MSI), the Operational Land Imager (OLYBarard LANDSAT3, and
SPOT 6/7 Instruments (froBSA Special Publication 1322/2
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Narrowing the width of the SENTINEL -2 spectral bands limits the influence of atmospheric
constituents, including water vapour. The original LANDSAT Near Infra -Red (NIR) band
(760-900 nm) was found to be heavily contaminated by water vapour and not sensitive
enough to parameters such as soil iron oxide content. The narrowness of the 8a land at 865
nm in the NIR is designed to avoid contamination from water vapour yet still be able to
represent the NIR plateau for vegetation and be sensitive to iron oxide content for soil.

Precise aerosol correction of acquired data is enabled by the inclsion of a spectral band in
the blue domain at 443 nm (Band 1) in the SENTINEL-2 configuration. The 443 nm band
was used in previous missions: for the calculation of the ENVISAT MERIS Global Vegetation
Index (MGVI), and in atmospheric corrections for NASA's MODIS sensor.

Due to its potential impact on reflectance values, its use as an indicator in weather
forecasting and its role in the trapping of incoming solar radiation, the presence of cirrus
cloud needs to be addressed. Adding a spectral band at 1 375m (band 10) enables cirrus
detection. The correction of data for thin cirrus can be managed using Visible to Near Infra-
Red (VNIR) band information. This band is included in the MODIS instruments as band 26,
and its is used in current US multispectral missions such as LANDSAT-8 and the Visible
Infrared Imaging Radiometer Suite (VIIRS).
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1.3 Thematic Areas and Services

The SENTINEL-2 mission requirements for a twin -satellite, high revisit frequency, high
resolution image will support Copernicus programmes. Observation data acquired from the
SENTINEL -2 mission will be utilised by services such as:

Land monitoring
Emergency management

Security
Climate change.

=A =4 -4 =4

1.3.1 Land Monitoring

With its frequent and systematic coverage, SENTINEL-2 will make a significant contribution
to land monitoring s ervices by providing input data for both land cover and land cover
change mapping, and support the assessment of biogeophysical parameters such as Leaf
Area Index (LAI), Leaf Chlorophyll Content (LCC) and Leaf Cover (LC).

SENTINEL -2 links to Copernicus programmes

The Copernicus Land Monitoring service became operational in 2012. The object of the
service is to provide land cover information to users working in the field of environmental
and other terrestrial applications.

The service is designed to providegeographical information on land cover and related
variables such as the vegetation state or the water cycle, and also supports applications in
other domains including : spatial planning, forest management, water management,
agriculture and food security.

The service consists of three main components:

1 panEuropean
1 global
7 local.

Coordination of the pan-European component is the responsibility of the European
Environment Agency (EEA) and the first component, pan-European land cover, will produce
five high resolution data sets describing the main land cover types:

artificial surfaces (such as roads and paved areas)
forest areas

agricultural areas (such as grasslands)

wetlands

small water bodies.

=A =4 -4 -4 -4

These five datasets will be provided by theGIO land project.
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The Global component is coordinated by the The Joint Research Catre (JRC), a Directorate-
General of the European Commission. This component will produce data across a wide range
of biophysical variables at a global scale (i.e. worldwide), which will include the description

of the state of vegetation (using parameterssuch as LAI).

The biophysical variable data will be provided by the Global Land Service(GIO-GL).

The local component is coordinated by the European Environment Agency and aims to
provide more specific and detailed information that will compliment the information
obtained via the Pan-European component. Besides an update of the Urban Atlas that will
utilise imagery from 2012, the next local component will address biodiversity in areas
around rivers.

1.3.2 Emergency Management

The 10 m spatial resolution bands of SENTINEL-2 and the high revisit time of the mission
will support the rapid acquisition and delivery of images to support disaster relief efforts.

This includes mapping of urban areas, including at-threat buildings and complex structures,
that have been previously identified as being at risk from natural hazards such as
earthquakes and flooding. It will also contribute towards the identification of potential relief
staging areas and status of suppy routes, and enable their use in pre- and post-event mission
planning and control over the mission lifetime.

SENTINEL-2 links to Copernicus programmes

The Copernicus Emergency Management Service mapping component (GIO EMS) entered
initial operations in 2012. GIO EMS provides satellite observation data quickly and
efficiently, and together with available in -situ data and other data sources, supports the
management of relief efforts to natural disasters (e.g. floods, forest fires, landslides,
earthquakes and volcanic eruptions), humanitarian crises, and man-made events around the
globe.

1.3.3 Security

The SENTINEL-2 mission requirements for a twin -satellite system with high revisit and high
resolution images will support issues such as:

1 border surveillance;
T maritime surveillance;
T support to EU external action.

The main objectives of border surveillance are to:
1 reduce the number of illegal immigrants entering the EU undetected

T reduce the numberf deaths of illegal immigrants by improving the number of lives
saved at sea

T increase internal security of the EU as a whole by contributing to the prevention of

crossborder crime.
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For maritime surveillance, research and demonstrator activities are being developed.

In support to EU external action, Earth Observation (EO) products, including mapping and
geo-information products, will be deployed in emergency and crisis situations, and services
can be integrated by the user into their working environment. Le ssons learned through the
precursor G-MOSAIC project and feedback from stakeholders have helped guide the
requirements for pre -operational services and additional research activities.

Links to Copernicus programmes

More on the draft proposals for Copernicus support to issues of border & maritime
surveillance and EU external action can be foundhere.
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1.4 Mission Objectives

The objectives for SENTINEL-2 are set out in the Mission Requirements Document.
SENTINEL -2 mission objectives are to provide:

T systematic global acquisitions of higlsolution, multispectral images allied to a high
revisit frequency

T continuity of multispectral imagery provided by the SPOT series of satellites and the
USGS LANDSAT Thematic Mapper insinent

1 observation data for the next generation of operational products, such avand
maps, lanechange detection maps and geophysical variables.

These high-level objectives, determined after consultation with users, will ensure that
SENTINEL -2 makes asignificant contribut ion to Copernicus themes such asand
monitoring , emergency management and security.

With its 13 spectral bands, 290 km swath width and high revisit frequency, SENTINEL -2's
MSI instrument supports a wide range of land studies and programmes, and reduces the
time required to build a European cloud -free image archive. The spectral bands of
SENTINEL -2 will provide data for land cover/change classification, atmospheric correction
and cloud/snow separation.
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15 Satellite Description

Each of the SENTINEL-2 satellites weighs approximately 1.2 tonnes, and is designed to be
compatible with small launchers like VEGA and ROCKOT. The satellite lifespan is 7.25 years,
which includes a 3 month in-orbit commissioning phase. Batteri es and propellants have been
provided to accommodate 12 years of operations, including end of life deorbiting
manoeuvres.

Two identical SENTINEL -2 satellites will operate simultaneously, phased at 180° to each
other, in a sun-synchronous orbit at a mean dtitude of 786 km. The position of each
SENTINEL -2 satellite in its orbit will be measured by a dual-frequency Global Navigation
Satellite System (GNSS) receiver. Orbital accuracy will be maintained by a dedicated
propulsion system.

The SENTINEL-2 satellite system is being developed by an industrial consortium led by
Astrium GmbH (Germany). Astrium SAS (France) is responsible for the MultiSpectral
Instrument (MSI).

The MSI works passively, by collecting sunlight reflected from the Earth. New data is
acquired at the instrument as the satellite moves along its orbital path. The incoming light
beam is split at a filter and focused onto two separate focal plane assembliesvithin the
instrument; one for Visible and Near -Infra -Red (VNIR) bands and one for Short Wave Infra-
Red (SWIR) bands . The spectral separation of each band into individual wavelengths is
accomplished by stripe filters mounted on top of the detectors.

Flight Direcﬁon

Nadir

Figure 3: Schematic View of the Deployed SENTINEEpacecraft (image credit: EADS Astrium)

The optical design of the MSI telescope allows for a 290 km Field Of View (FOV).

Pagel7 64 European Space Agency

Agence spatiale européenne

ESA Standard Document

Date 24/07/2015 Issuel Rev2


https://earth.esa.int/web/sentinel/missions/sentinel-2/instrument-payload

SENTINER User Handbook m

European
l-l,l! MssKn
—

A shutter mechanism prevents the instrument from direct illumi nation by the sun in orbit
and to avoid contamination during launch. The same mechanism functions as a calibration
device by collecting the sunlight after reflection by a diffuser.

1.5.1 Orbit
The SENTINEL-2 orbit is sun-synchronous. Sun-synchronous orbits are used to ensure the
angle of sunlight upon the Earthdés surface is ¢

seasonal variations, anchoring of the satellites orbit to the angle of the sun minimises the
potential impact of shadows and levels of illumination o n the ground. This ensures
consistency over time and is critical in assessing time series data.

The mean orbital altitude of the SENTINEL -2 constellations is 786 km. The orbit inclination
is 98.62° and the Mean Local Solar Time (MLST) at the descending nock is 10:30 (am). This
value of MLST was chosen as a compromise between a suitable level of solar illumination
and the minimisation of potential cloud cover. The MLST value is close to the local overpass
time of LANDSAT and almost identical to that of SPOT-5, permitting the integration of
SENTINEL -2 data with existing and historical missions, and contributing to long -term time
series data collection.

1.5.2 Geographical Coverage

The SENTINEL-2 satellites will systematically acquire data over land and coastal areasin a
band of latitude extending from 56° South (Isla Hornos, Cape Horn, South America) to 83°
North (above Greenland). Data collection within this region will include:

islands greater than 100 kin area

islands in the European Union

all other islandsvithin 20 km of a coastline
the Mediterranean Sea

all inland water bodies

all closed seas.

=A =4 =4 =4 4 -4

In addition, to support mission -linked calibration and validation activities, the SENTINEL -2
satellites will acquire additional observations over specific calibratio n sites, such as DomeC
in Antarctica.

Note: Areas of interest going beyond the Mission baseline (as laid out in theMission
Requirements Document) will be assessed, and may be addedb the baseline if sufficient
resources are identified.
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The ground segment is composed of thecore ground segment, the collaborative ground
segmentand the Copernicus contributing missions' ground segments.

The core ground segment monitors and controls the SENTINEL spacecaft, ensures the
measurement data acquisition, processing, archiving and dissemination to the final users. In
addition, it is responsible for performing conflict -free mission planning according to a pre-
defined operational scenario, and ensures the quality of data products and performance of
the spaceborne sensors by continuous monitoring, calibration and validation activities,
guaranteeing the overall performance of the mission.

CONTRIBUTING
MISSION S

(ESA, EUMETSAT,
National missions, etc.)

-
S8

COLLABORATIVE

SEGMENT @2
S &H

AIN3IWD3S ANNOD JA0D

EO Data Users para | DATA EO Data Users
REQUESTS PROVISION
Copernicus

Service Entities

-

2
&S
Copernicus
Service Users

Figure 4: Copernicus Ground Segment Architecture

The Copernicus ground segment is complemented by the SENTINEL collaborative ground
segment, which was introduced with the aim of exploiting the SENTINEL missions further.
This entails additional elements for specialised solutions in different technological areas
such as data acquisition, complementary production and dissemination, innovative tools and
applications, and complementary support to calibration and validation activities.
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The Copernicus contributing mission ground segments, with their own specific control
functions, data reception, data processing, data dissemination and data archiving facilities,
deliver essential data complementing the SENTINEL missions.

1.6.1 Collaborative Ground Segment

The SENTINEL collaborative ground segment is intended to allow complementary access to

SENTINEL data and/or to specific data products or distribution channels. It is composed of

elements funded by third parties (i.e. from outside the ESA/EU Copernicus programme) and

provides the framework for international cooperation. The collaborative elements are

expected to bring specialised solutions to furth
exploitation in various areas.

1 Data acquisition and (quagreattime production. This is when local ground stations
are configured to receevSENTINEL data directly during the satellite overpass (and
supported as long as this does not conflict with the systematic operations of the
Copernicus ground segment).

9 Compl ementary product s and al gorithms d
p r o d maytinsldde specific tailoring for regional coverage or specific applications.
These types of products might extend the SENTINEL core product chains.

1 Data dissemination and access, supporting redistribution of SENTINEL core products
by establishing addithal pickup points (e.g. mirror sites).

1 Development of innovative tools and applications.

1 Complementary support to calibration/validation activities.

1.6.1.1 Collaboration Categories
SENTINEL Mission Data Acquisition and (NRT) Production

Local/regional stations complementing the core X -band and Ka-band station network with
the following potential activities.

1 (NRT) data processing and distribution for SENTINERnd/or SENTINEL2.

1 Elaboration of (NRT) products tailored to particular coverage/region, particular
services, etc.

SENTINEL Collaborative Data Products

Definition, specification, generation of data products to complement the set of products
provided by the core ground segment, potentially including:

1 higher level products than produced by the core ground segment

T product/algorithms tailored to a particular coverage or region, services or user
community

1 generation of local/regional data sets with correction, ptioje, calibration, merging
etc., different to the standardised data set offered by the GSC core ground segment.
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Note : These activities are mainly foreseen for collaborative entities interested in specific
ESA support such as provision of dedicated acces links to core products, advertising, host
processing, mutual cal/val support, access to collaborative product through GSC catalogue,
etc.

SENTINEL Data Product Dissemination and Access

Particular regional or thematic data access nodes and mechanisms, potentially including:
T redistribution services of SENTINEL products, systematically received from the core
groundsegment, becoming additional piak points (e.g. mirror sites)
T regional online data servers and data fipkpoints for specific user communities, etc.

Innovative Tools and Applications

Development of particular innovative tools or ‘apps' by and for the general public.

SENTINEL Complementary Calibration/Validation Activities

Complementary support to calibration and validation activities.

1.6.1.1.1 Sentinel Mission Data Acquisition and NRT production

SENTINEL data acquisition and quasi-real-time production (local stations) can provide a
regional (within the station coverage) quasi-real-time (10-15 min from sensing) data service
via SENTINEL collaborative (local) stations.

Provided no conflicts arise with the systematic space and ground segment operations, ESA
will support operations in terms of mission planning (acquisition scheduling including alll
auxiliary information) over the local geographical area of interest and provision of satellite -
to-ground interface information.

Only a limited number of collaborative stations can be supported, as the systematic
downlink scenario to core stations may exclude certain real-time downlinks. It is envisaged
that only a very limited number of collaborative stations outside Europe (Asia, South East
Asia, southern parts of North America and South America) a priori not in overlap with core
receiving stations can be supported. In principle there is no limitation to the number of
collaborative ground stations with similar visibility of the core stations (collaborative
stations may "listen" to SENTINEL data transmissions to core stations).
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Detection Oil Spill monitoring

1.6.1.1.2 Sentinel Collaborative Data Products
Complementary collaborative data products and algorithms definition.

Collaborative ground segments may offer product types (or product formats) in addition to
those offered by the CSC core ground segment functions and to complement the Copernicus
Service products. Potential products of interest for collaboration may be:

T product algorithms tailored to a particular coverage or region

T product algorithms tailored to specific services, like the generation of essential climate
variables

T generation of local/regional data sets with correction, projeatairation, merging
etc., different to the standardised data set offered by the CSC core ground segment

Volcano Monitoring Landslide risk monitoring SENTINEL-3 - complementary Level 2
SENTINEL-1 SENTINEL-1 Alternative algorithm
£ 4
TR e B i
4‘;_::;’; ]

National entities, EU agencies or even Copernicus core services, mayat their own expense,
provide such products.

These entities may develop product of interest for specific user communities beyond the
Copernicus services (e.g. science) and establish operational distribution. Such activities
could ensure continuity of initiatives exploiting data from previous missions.
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Operational generation of collaborative products may be supported by implementation and
operation of specific data flow interfaces with the core ground segment.

Orthorectified Wind statistics
SENTINEL-1 SENTINEL-1 regional

Deforestation monitoring REDD Sea surface height
SENTINEL1,2 & 3 SENTINEL-3 altimetry
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1.6.1.1.3 Sentinel Data Product Dissemination and Access

Particular regional or thematic data access nodes and mechanism mg be offered, such as
redistribution services of SENTINEL core products, systematically received from the core

ground segment, becoming additional pick-up points (e.g. mirror sites), at national or
regional level.

MERIS Registration

The VETUS Gats & Svmiie Duvicly o A3 Ol W TIGNATI LY W S SgORE 1 S S SE Condiers st Sy MASA et B Eecpoe
Betin Aguery JEBA] w memss VEIWE Gus. o satuss e MERES dame (o T Mlpwvy Ve

S 1

Regans A ar OGS waer Scomet Pemgh Te FO00M Uses Nage
RO

Swe 2

¥y nndy Neve o EOSDE va sstaen, Seiius B e

ASt sunorcam Svr S VERTS 00 5 pont COSCH v xsmert by wrwrwg sons DOTON g ritemannn v s Mg et & shert b
e

FetrmaT
Ly
e 2

Vet tan Semmmet -ae

P W e i DOTENS W i W acomie P WESTH dun

R R L) SARA g b a

Page24/64 European Space Agency

Agence spatiale européenne

ESA Standard Document

Date 24/07/2015 Issuel Rev2


https://earth.esa.int/web/sentinel/missions/sentinel-2/ground-segment/collaborative/categories/data-product-dissemination-access

~esa

SENTINER User Handbook m

1.6.1.1.4 Innovative Tools and Applications

European
Commission
—

The free and open data policy and data access concept for the SENTINEL missions majead
to the development of particular, yet unforeseen, "apps" (application software) by and for the

general public.

Advanced SAR Tools Lesa

Smuated SAR-4Mage baved Terran Correction
Rasometrd pormalzation during Terren Comecton
[Rpseid corrmctien

Reprojechon

Motacng

cocogogocolf

Ocean Tooks
Q O Spb Detecnon
O Wrd-Neld estimation
Q Oppect Detecton

B A

Figure 5: Application Software

Such developments are not only possible but encouraged. Their avagbility will be advertised
within the core ground segment. In some cases, according to available operational resources
and budget, processing capability through hosting processing (eg. user exploitation

platform) may be provided.

User Exploitation Platforms

EO data
In-situ data

Results/
discussigia

aboration
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Such collaborative modes will be particularly encouraged wherever a resulting decrease of
dissemination data volume can be demonstrated.

1.6.1.15 Sentinel complementary Calibration/Validation activities

The goal of this collaboration category is to engage worldclass expertise and activities
(including access toin situ infrastructure and data), through mutual benefit collaboration
that complement the implementation of the SENTINEL validation activities during
commissioning and routine phases.

In this framework, access to cal/val infrastructure and data by collaborative partners may
also be envisaged.

Wi 1 P w DT e wre O P St 3
wenderan Teen Cat

B Current sites » Planned sites O Potential sites
Photons / Aeronet

Validation campaigns

Figure 7: Sentinel complementary Calibration/Validation activities
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1.6.1.1.6

The implementation of a collaborative ground segment with ESA member states is based on
three main steps:

Agreement Process

1. Definition of process and collection of collaboration proposals.
1. Requirements collection: release of questionnaire to ESA member states.
2. Enables ESA to make a preliminary assessment of the planned initiatives.
2. Proposal feasibility analysi
1. Execution of simulation scenarios, identification of potential conflicts.
2. Proposal refinement with a collaborative partner.
3. Formalisation of collaboration.
1. Documenting the technical operational interfaces.
2. Integrating, verifying and validating the degt implementation.
3. Signing a formal agreement (exchange of letters based on PBEO framework
paper).

PB-EO Paper
ESA - All Participating States

»
»

>

General approach for collaborative ground segment
cooperation between ESA and Participating States
A high leve! summary of types of requests for
collaborative ground segment activities
Draft General Clauses and Conditions for the
coliaborative ground segment cooperation
Draft Terms & Conditions for the use and
distribution of Sentinel data
Mandate for National Points of Contact (NPC)
Altached list of all NPC
Procedure of change of the NPC
Definition of functions

Exchange of letters
ESA-One Participating State (NPC)

* Detalled list of respective national initiatives in the

coliaborative ground segment and their technical
interfaces

* Respective duties and responsibliities of ESA and the

Participating State, adhering to agreed timeframe

* Procedure for cooperation ESA = NPC (e.g. change of

activities)

* Procedures for reporting
* Acceptance of

» General Clauses and Conditicns for the collsborative
ground segment COCperaton

» Terms & Conditions for the use and cistridution of

Sentnel data

through signature of exchange of letters,

o 12

Figure 8: Agreement Process

The interface to EU (non-ESA) member states and international cooperation partners is led
by the EU in close coordination with ESA for technical aspects. In these cases, for technical
matters, a similar process (as with ESA member states) is planned.

1. Collection of collaboration proposals and requirements.
2. Proposal technical feasibility analysis.
3. Implementation of collaborative interfaces.

International agreement to be formalised via EU/ESA jointly.
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The collaborative ground segment activity types are similar to those with ESA member states
with special focus on:

T access to SENTINEL data
T set up of mirror $es for redistribution of SENTINEL core data
1 complementary external support validation activities.

1.6.1.1.7 Existing/Planned collaborative GS

The Sentinel Collaborative Ground Segment, offered by EU Member States and International
partners will represent - among others - additional means to access Sentinel data, in addition
to the standard access from the Core Ground Segment managed by ESA.

Informat ion on (and links to) Collaborative Ground Segments will be provided here.
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1.6.2 Core Ground Segment (CGS)

The SENTINEL core ground segment allows all SENTINEL data to be systematically
acquired, processed and distributed. It includes elements for monitoring a nd controlling the
SENTINEL satellites and for downloading, processing and disseminating the data to users. It
also has mechanisms for monitoring and controlling the quality of data products, as well as
for data archiving. Infrastructure is 'distributed’, meaning that various centres are in
different locations but linked together and coordinated. Despite the complexity of the

system, users are offered a single virtual access point for locating and downloading products.

The main facilities of the SENTINEL core ground segment are:

il

The Flight Operations Segment (FOS)esponsible for all flight operations of the
SENTINEL satellites, including monitoring and control, execution of all platform
activities and commanding of the payload schedules.

The Core Groundt&tions- where the SENTINEL data are downlinked and products
are generated in near ramhe. A network of Xband ground stations allows the
downlink of all SENTINEL data. These are complemented by utilisation of the
European Data Relay Satellite (EDR8) &dditional downlink of SENTINEL data to
EDRS ground stations.

The Processing and Archiving Centre's (PACg)here systematic netime critical

data processing is performed. All data products are archived for online access by users.
A network of PACs spports all processing and archiving of SENTINEL data.

The Mission Performance Centres (MPCgkesponsible for calibration, validation,
guality control and entb-end system performance assessment. The MPCs include
expert teams for specific calibration/dtion, oftline quality control, algorithm
correction and evolution activities.

The SENTINEL Precise Orbit Determination (POD) facilitmakes use of the GNSS
receiver data on the SENTINELS to deliver the orbital information needed to generate
data prodcts.

The Copernicus Space Component Wide Area Network (CSC WAdIpws all
products and auxiliary data to be carried across the various ground segment facilities
and provides disseminated data products to end users.

All SENTINEL data are systematically processed up to the designated level and according to
different timelines, ranging from near real -time to non-time critical, available typically
within 3 -24 hours of being sensed by the satellite.
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1.6.2.1 Payload Data Ground Segment (PDGS)

The Payload DataGround Segment (PDGS) is responsible for exploitation of the instrument
data. The PDGS is operated from ESA's Centre for Earth Observation also known as the
European Space Research Institute ESRIN) in Frascati, Italy. The PDGS operationally
generates theuser products and distributes processed Level1B and C products.

The PDGS includes the facilities responsible for mission control (mission planning,
production planning), quality control (calibration, validation, quality monitoring, instrument
performance assessment), precise orbit determination, user services interface and
acquisition, processing and archiving.

Real-time sensed data as well as data played back from orboard saved data are downlinked
directly to ground or via the European Data Relay Satellite (EDRS), received, down
converted, demodulated and transferred to the processing facilities for systematic generation
and archiving of Level-0 and Level-1/2 data products.

The PDGS is expected to receive and process 2.4 TBytes of cqaressed raw data per day for
the two satellites in addition to data from all other ESA missions. MSI Level -0 data are
processed to produce Levell and Level2 products applying all the necessary processing
algorithms and formatting techniques.

The PDGS isdistributed over several core centres including Core Ground Stations (CGS),
Processing and Archiving Centres (PAC), Mission Performance Centres (MPC) and Precise
Orbit Determination (POD) facilities.

Core Ground Stations - the network of X-band core ground stations located in Alaska,
USA, Matera, Italy, Maspalomas, Spain and Svalbard, Norway, are responsible for data
acquisition and near real-time processing.

Processing and Archiving Centres - PACs perform long-term data archiving, data
access and systematic nortime critical data processing. Archiving and long -term
preservation of data is ensured for all Level0 data and for a set of configurable systematic
higher level products.

Mission Pe rformance Centres - MPCs are responsible for calibration, validation, quality
control and end-to-end system performance assessment. The MPCs include expert teams for
specific call/val, off-line quality control and algorithm correction activities.

Precise O rbit Determination - POD facilities make use of the GNSS receiver data on
board the SENTINEL satellites to deliver the orbital information needed for generation of
mission products.
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Figure 9: SENTINEL2 Receiving Stations andfdiine Processing and Archiving Centres

Coordination between the centres is provided through the Payload Data Management Centre
(PDMC) at ESRIN in Frascati, Italy.

SENTINEL -2 products are provided to the user through online access. Near realtime
dissemination is allocated to the receiving stations and less time-critical data dissemination
is allocated to the assembly, processing and archiving centres.
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1.6.2.2 Flight Operation Segment (FOS)

The Flight Operation Segment (FOS) is responsible for command and control of the satellite
and is operated from ESA6s European Space Operat
Germany.

Figure 10: ESA's European Space Operati@entre

The FOS consists of the Ground Station and Communications Network, Flight Operations
Control Centre and a General Purpose Communication Network.

The FOS provides the capability to monitor and control the satellite during all mission
phases including the Flight Dynamics System facility responsible for orbit determination and
prediction, and for the generation of attitude and orbit control telecommands.

The main functions of the FOS include:

1 Mission planning
Long term planning of spacecraft and payload activities, covering the complete orbit
cycle and repeatinigpdefinitely. Short term planning, nominally every 2 weeks, in the
form of updated mission schedules.

1 Spacecraft status monitoring
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Processing housekeeping telemetry, providing information about the status of all
spacecraft subsystems and attitude.

1 Spaceaft control
Taking control actions by means of telecommands, based on the spacecraft monitoring
and following the mission plan.

1 Orbit determination and control
Using tracking data and implementing orbit manoeuvres, ensuring required orbital
conditions areachieved.

1 Attitude determination and control
Using processed attitude sensor data from spacecraft monitoring and by commanded
updates of control parameters through thdoard attitude control system.

1 On-board software maintenance
Integrating software iages received from the spacecraft manufacturesgorech and
postlaunch) into the telecommand process.

1 Communications
Communicating (TM/TC) with one satellite at a time.
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1 SENTINEL -2 MSIUSER GUIDE

1.7 Introduction

The SENTINEL-2 User Guide provides a highlevel description of the MSI instrument, its
coverage and acquisition, and available product levels. The User Guide also provides
information on the relevant applications of each instrument, the format of the products and
the software tools required to int erpret the data. This information has been harmonised for
all the SENTINEL missions and can be accessed under each category via the User Guides
panel on the right of each instrument User Guide page.

The categories are:

T Overview
Gives a brief description of the mission atgdlinks to precursor missions, as well as
introducing the product formats available and the geophysical parameters measured.
1 Applications
Describes SENTINE{2 support tadhreeCopernicus core services: land monitoring,
emergency management, security, and associated thematic applications.
1 Product Types
Describes the granularity of SENTINELproducts relative to their product level.
1 Processing Levels
lllustrates the processing steps from Le@a&b Level2A of SENTINEL-2 products.
1 Resolutions
Defines the temporal, radiometric and spagablution of the SENTINEL2 mission.
1 Reuvisit and Coverage
Describes the high frequency of revisit needed for the systematic global coverage of
land surfaceghat forms the core of the SENTINELmission, and the latitudinal
limits of the coverage.
1 Naming Convention
Describes the data naming conventions used famtbgroduct levels (LevelB and
Level1C) made available to users.
1 Data Formats
Outlines the data format in which users will get the SENTINHLevell and Level
2 products.
1 Software Tools
Outlines BEAM plugins that will be available to the user to interrogate SENTHREL
Level1B, LevellC and LevePRA products.
1 Definitions
Provides information on the terms used in the acquisition and processing of
SENTINEL-2 products.

For an in-depth description of the SENTINEL -2 mission's products and algorithms, and
details of the MultiSpectral Instrument (MSI) and its performance, refer to the SENTINEL -2
Technical Guide. The Technical Guide will provide a point of engagement for ESA and the
SENTINEL technical user community. The detailed information available on the Technical
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Guide is focused upon users such as academics and industrial software engineers who have
previous experience of similar EO missions, and in-depth experience ofdata manipulation
and management.

1.8 Overview

The SENTINEL2 mission will provide support to land monitoring services and, with its twin
satellite capability, will ensure frequent and systematic coverage to support the mapping of
land cover, classificationnal change maps, and accurate assessment of biogeophysical
parameters such as Leaf Area Index (LAI) and Leaf Chlorophyll Content (LCC).

The acquired data, mission coverage and high revisit frequency permits the provision of
geoinformation at local, regionalational and international scales.

The acquisitions of SENTINER data will provide data continuity to work previously
performed by heritage missions such as LANDSAT and SPOT. The data is designed to be
modified and adapted by users interested in thenaadias such as:

spatial planning

agroenvironmental monitoring

water monitoring

forest and vegetation monitoring

land carbon, natural resource monitoring
global crop monitoring.

=A =4 =4 =4 -4 -4

Tablel: Comparison of SENTINER with important hetage missions

LANDSAT 1-7 SPOT SENTINEL -2
. i See Copernicu
Mission Lifetime 1972- present 1986- present 2065
Instrument principle Scanner Pushbroom Pushbroom
Repeat cycle (days) 16 26 5*
Swath width (km) 185 2 x 60 290
Spectral bands 7 4 13
Spatial resolution 30, 60 25,10, 20 10, 20, 60

(metres)

*at the Equator, using the full twsatellite constellation configuration and in clefnele
conditions.

1.8.1 Granules and Tiles

The elementary level of MSI products are granules of a fixed size. The granule size is
dependent on the product level.
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1 For Level-0, Level1A and LevellB products: These granules are subage of a
given number of lines along track aneparated by detector. They are 25 km across
track and 23 km along track in size.

1 For orthorectified products (Level-1C and Level2A): The granules (also called
tiles) consist of 100 krby 100 km squared orthismages in UTM/WGS84 projection.
There is one k& per spectral band.

1.8.2 Data -Takes and Datastrips

The maximum continuous acquisition of an image from one SENTINEL -2 satellite is 15000
km. The continuous acquisition is a "data-take", and the data-take forms the base of the
subsequent product tree. If a data-take is acquired by two separate receiving stations, the
data-take may be subdivided into datastrips. When the satellite is switched from one
observation mode to another, a datastrip may include several distinct observation segments
separated by gaps & an integer number of granules.

Figure 5 illustrates the data item classes in the SENTHRPkoduct levels and shows their
relationship to associated levels of processing and generated products.

Figure 11: Product BreakdowiStructure (Image courtesy of ESA)
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Figure 5 highlights that the delivered product is composed of data items and a metadata
structure.

The data items include:

1 image data in granules or tiles and covering the product AOI

T preview data, that provides an ovewief the product for subsequent image browsing
and user selection purposes

T ancillary data from the satellite telemetry

auxiliary data information describing the parameters used

T quality indicator data, describing the product relative to radiometric, gdonaetl
image properties.

=

The metadata structure describes the content of the product.

1.8.3 Geophysical Measurements

The SENTINEL-2 mission provides a range of datasets to support the user in their
investigations. The user-derived Level-2B products will permit g eneration of broad interest
land cover maps and more focused mapping of particular vegetation parameters such as
Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), Leaf Area Index (LAI),
Fractional Vegetation Cover, Leaf Chlorophyll Content (LCC) and Leaf Water Content
(LWC). These parameters are supported by theGMES GEOLAND?2 Biogeophysical
Parameters (BIOPAR) service
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Figure 12 Map of Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), July 2011, as
derived from MERIS Full Resolution (FR) data. The valuesfvany O (white) to 1 (red) (image
courtesy of ESA and Astrium GmbH, Germany)

The baseline for geophysical parameters is the BOA reflectance LeveRA, corrected for
atmospheric, adjacency and slope effects.

Maps of the fraction of non-photosynthetically acti ve vegetation, surface albedo, burn scars,
fuel load, structural fire risk indices, crown density, forest age, flood monitoring data, land -
cover change detection and snow cover maps can be developed by users from SENTINEL
data.
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1.9 Applications

The SENTINEL2 mission requirements for a twin satellite, high revisit frequency, high
resolution image will support Copernicus programmes. Further information on Copernicus
thematic areas can be found in ffieematic Areasection.

Observation data acquired from the SENTINEmission will be utilised by services such as:

1.9.1 Land Monitoring

The Copernicus langhonitoring service became operational in 2012 and provides geographical
information on land cover and on variables related to such topics such as vegetation state or
the water cycle. It supports a variety of applications including spatial planning, forest
management, water management, agriculture and food security.

1 A panEuropean component, coordinated by the European Environment Agency.

T A global component coordinated by the European Commission DG Joint Research
Centre (JRC).

T A local component coordinateq the European Environment Agency.

The SENTINEL-2 mission will provide support to land monitoring services and, with its
twin -satellite capability, will ensure frequent and sy stematic coverage to support the
mapping of land cover, classification and change maps, and accurate assessment of
biogeophysical parameters such as Leaf Area Index (LAI) and Leaf Chlorophyll Content
(LCC).

The acquired data, mission coverage and high revsit frequency permits the provision of
geoinformation at local, regional, national and international scales.

The acquisitions of SENTINEL -2 data will provide data continuity to work previously
performed by heritage missions such LANDSAT, SPOT/VEGETATION and
ENVISAT/MERIS sensors. The data is designed to be maodified and adapted by users
interested in thematic areas such as:

spatial planning

agroenvironmental monitoring

water monitoring

forest and vegetation monitoring

land carbon, natural resource monitgrin
global crop monitoring.

=A =4 =4 =4 4 -4

High level products generated by users from SENTINEL-2 data will provide an extensive
range of parameters characterising vegetation, the energy budget and the water cycle. From
the acquired data, biogeophysical information parameters (such as land cover and land cover
change) and the systematic monitoring and mapping of global physical properties that are
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influenced by human pressure, will be possible, as well as the seasonal variations in
vegetation cover around the globe.

Snow, douds and rain are important geophysical variables that play a major part in climate
and water cycles. While direct measurement of wind is not possible from SENTINEL-2, the
cloud image data may be used as a corollary for data collected by other instruments and will
support prediction and modelling of changes in the atmosphere.

1.9.2 Emergency Management

The Copernicus emergency management service provides accurate and timely geospatial
information derived from satellite remote sensing to all organisations and entities involved in
the management of natural disasters, smage emergency situations and huitaian crises.

Where available, this data is complimentediysitu or open data sources. The mapping
component of the servicglO EMS- Mappinghas a worldwide coverage and providesps

based on satellite imagery. The service started operations on Ap#aD18twith funding
provided by the European Commission.

The Copernicus emergency service is targeted to meet the potential needs of all types of
disasters or crises such as:

1 naturl disasters (floods, fires, landslides, storms, earthquakes, etc.)

1 technological accidents, humanitarian crises (for instance after a period of severe
drought)

T civil crises.

SENTINEL -2 observations will support rapid mapping. Rapid mapping is dedicated to the
response management of civil protection and rescue services and provides information on
the level of damage (such as destroyed buildings in an earthquake zone) and the extent and
impact of natural disasters (such as delineation of a flooded area). Inaddition to SENTINEL -
2 data, rapid mapping products utilise any available and exploitable Earth Observation (EO)
crisis image (high and very high resolution, optical/radar).

SENTINEL -2 will provide information for crisis response and mitigation, preparedne ss and
relief activities, and will support long -term crises (such as famine) and rapid onset crises
(such as earthquake).

1.9.3 Security

In tandem with communication and global positioning (GPS) technologies, SENTINEL-2 will
support the following security domains:

1 maritime surveillance:
o sea border surveillance inside and outside Europe
o illegal immigration and illegal trafficking surveillance
o safety sea lane/piracy/sensitive cargo.

T infrastructure surveillance:
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o land border surveillance

o critical infrastructure (e.g. pipelines).
1 support to peackeeping:

o population monitoring

o resources (e.g. water).
T support to intelligence and early warning
T support tacrisis management operations.

The Mpernicus services for security applications are still in a development phase. The services
aim to support the related European Union policies in the following priority areas:

1 border surveillance
T maritime surveillance
T support to EU external action.
At present, the three priority areas are addressed by a series-inged projects.

1.9.4 Copernicus Briefs

The Copernicus Briefsprovide concise overviews of various Copernicus applications
supported by SENTINEL.
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1.10 Product Types

Sentinel-2 products available for users (either generated by the ground segment or by the
Sentinel-2 Toolbox) are listed in Table 2.

Table2: Sentinel2 Product types

High-level Description Production & Data Volume
Distribution
Level-1B Top-of-atmophere radiances in Systematic 27 MB
sensor geometry generation and on- (each 25x23km~*)

line distribution

Level-1C Top-of-atmosphere reflectances Systematic 500 MB
in cartographic geometry generation and on- (each 100x100km¢?)
line distribution

Level-2A Bottom-of-atmosphere Generation on user 600 MB
reflectances in cartographic side (using (each 100x100km¢)
geometry (prototype product) Sentinel-2 Toolbox)

Products are acompilation of elementary granules of fixed size, along with a single orbit. A
granule is the minimum indivisible partition of a product (containing all possible spectral
bands).

1 ForLevellB, a granule covers approximately 25 km AC and 23 km AL (see Figure 2)
1 ForLevellC andLevel2A, the granules, also called tiles, are 10¢ kmntho-images
in UTM/WGS84 projection. The UTM (Universal Transverse Mercator) system divides
the Earth's surface into 60 zones. Each UTM zone has a vertical width of 6° of longitude
and horizontal width of 8° of latitude. (see Figure 3). Tiles are appaigly 500 MB
in size. Tiles can be fully or partially covered by image data. Partially covered tiles
correspond to those at the edge of the swath.
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Figure 14: Level1C product tiling
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All granules, required in the user's area-of-interest (AOI), will be included in the delivered
product.

The PDGS is responsible for the systematic processing and archiving of Sentinel up to
Level-1C.

The continuous acquisition of Sentinel -2 image data in a given MSI mode is called a
"datatake". The maximum length of an imaging datatake is 15,000 km (continuous
observation from northern Russia to southern Africa). All products contain granules/ti les
from a single datatake. A datatake is presented inside a product as a set of one or more
datastrips (corresponding to acquisition segments downlinked to different ground stations).

1.10.1 Level -0

The Level-0 product is not released to users.

The Level0 product is compressed raw image data in Instrument Source Packet (ISP)
format. It forms the basis of the subsequent Level-1 production. Like the Level-1B product, a
Level-0 product is a 25 km across track (AC)by 23 km along track (AL) granule. An average
orbit will contain approximately 3 500 Level-1B granules. The LevelO product consists of:

1 ametadata structure describing the Le@@roduct
1 aconsistent set of annotated ISPs corresponding to the compressed image data
T the relevant annotated ancillary source packets.

The ancillary source packets contain the ancillary data required for onward processing to
higher product levels, in parti cular, the information required to compute the associated
geometric model. This ancillary data will include time correlation data (sampled at 1 Hz),
ephemeris and attitude data, and thermal data.

1.10.2 Level -1A

The Level1A product is not released to users. It 5 obtained by decompressing the Level0
raw image data. A geometric model is developed, allowing any pixel in the image to be
located. Each Levet1A product is a 25 km AC by 23 km AL granule. An average orbit will
contain approximately 3 500 Level-1A granues. Level 1A pixel coordinates refer to the
centre of each pixel.

1.10.3 Level -1B

The Level-1Bproduct is the lowest product level made available to users. Each LevellB
product is composed of an ensemble of granules that are 25 km across track (AC) by 23 km
along track (AL).

All granules that intersect with a user area of interest (AOI) will be delivered. Each granule is
approximately 27 MB in size

The Level1B product provides radiometrically corrected imagery in Top -Of-Atmosphere
(TOA) radiance values and in sensor geometry. Additionally, this product includes the
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refined geometrical which is used to generate the Level1C product. Level1B pixel
coordinates refer to the centre of each pixel.

Radiometric corrections applied to the Level-1B are:

dark signal

pixels response non uniformity

crosstalk correction

defective pixels interpolation

high spatial resolution bands restoration (decortiaiuplus denoising)
binning (spatial filtering) for 60 m bands

=A =4 =4 -4 A 4

1.10.4 Level -1C

The Level-1Cproduct is composed of 100 kn? tiles (ortho -images in UTM/WGS84
projection). The Level-1C product results from using a Digital Elevation Model (DEM) to
project the image in cartographic coordinates. Per-pixel radiometric measurements are
provided in Top Of Atmosphere (TOA) reflectances with all parameter s to transform them
into radiances. Level-1C products are resampled with a constant Ground Sampling Distance
(GSD) of 10, 20 and 60 m depending on the native resolution of the different spectral bands.
In Level-1C products, pixel coordinates refer to the ypper left corner of the pixel.

Level-1C products will additionally include Land/Water, Cloud Masks and ECMWE data
(total column of ozone, total column of water vapour and mean sea level pressure).

1.10.5 Level -2A

The Level-2A product provides Bottom Of Atmosphere (BOA) reflectance images derived
from the associated Level1C products. Therefore, eab Level-2A product is also composed of
100 kmZ2tiles in cartographic geometry (UTM/WGS84 projection).

Level-2A products are not systematically generated at the ground segment. Level2A
generation can be performed by the user through the Sentinel2 Toolbox using as input the
associated Level1C product.
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