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1 INTRODUCTION

1.1 Scope

The Sentinel High Level Operations Plan (HLOP) provides the top-level operations plan
of the Sentinel missions, including space and ground segment. The HLOP is applicable
to all operational entities of Sentinels and Sentinel facilities.

The HLOP is part of the Copernicus Space Component system technical baseline as
defined in the EU-ESA Copernicus Agreement ([RD4] and [RD18]). It is based upon a
number of documents as listed in Chapter 2, and in particular on the CSC System
Requirements Document (SRD) [RD13], the Declaration on the Copernicus Space
Component (GSC) Programme [RD1], the Sentinel Data Policy as defined in [RDZ2], the
Copernicus Space Component Operations Concept [RD3], the Data Warehouse
requirements [RD11] as well as the Sentinel Mission Requirements Documents.

The HLOP is applicable to the Sentinel missions for the operational phase (phase E2),
i.e. after completion of respective satellite commissioning phases.

The aim of the HLOP is:
¢ to identify the main constraints, limitations and potential conflicts related to the
high-level operations of the Sentinel missions
e to define the rules for resource allocation and for resolving conflicts, with the
definition of a priority scheme
e to describe the measures and the strategy to cope with these constraints,
reducing to the maximum the potential conflicts during operations.

The HLOP is implemented through a set of detailed rules and operational directives
defined in the detailed operations plans of the respective Sentinel missions.

1.2 Validity, approval and procedure for future revisions

The first version of the HLOP (ESA/PB-EO(2013)1, rev. 1) became applicable after
approval by ESA Member States (PB-EO) in February 2013.

The European Commission (EC), as Programme Manager of Copernicus and owner of
the Sentinels, endorses the Sentinel HLOP and its revisions, including the Sentinel
observation scenarios, based on the process described in Chapter 8.

The version 3 of the Sentinel HLOP released in July 2019 reflected the Full Operational
Capacity (FOC) of the Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-5 Precursor
missions with high level operations principles and technical constraints, as well as the
rules and strategy for resource allocation with the related priority scheme, where
relevant.

This new version (Issue 3 Rev 1) provides updates to the document, including:
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- the update of the Sentinel-1 and Sentinel-2 observation scenario with the
implementation of new observation needs requested by Copernicus Participating
States and Copernicus Services, as a result of the 2021 revision process

- the addition of details related to the Sentinel-4 and Sentinel-5 operations
provided by EUMETSAT.

- the addition of details related to the Sentinel-6 operations provided by
EUMETSAT.

The Sentinel HLOP is regularly updated to make reference to the evolution of the
operational scenarios. In this process, EC, DOSTAG and the Copernicus User Forum
and/or Copernicus Committee / Copernicus Configuration are consulted (typically every
2 years or as needed in case of major changes) on the Sentinels observation scenarios,
elaborated based on the process described in this document (chapter 8).

The high-level definition of the observation plan relevant to the on-going Sentinels
operations is provided for complementary information in the Annexes of this document.

1.3 Structure of the document

Following a high-level overview of the Sentinel missions (chapter 3), the document
addresses the key elements that drive the operations baseline and related strategy.

For each Sentinel, common and mission specific strategies are described in terms of
observation and instrument planning, data acquisition, data production and data
dissemination.

In each of these areas, the document provides a description of the relevant constraints
and of the adopted high-level strategy (chapter 4) that, taking into account the priorities
for resource allocation (described in chapter 6) and based on the observation needs,
result in the baseline operations scenario.

2 REFERENCE DOCUMENTS
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RD1

Declaration on the GMES Space
Component (GSC) Programme

ESA/PB-EO/CXI/Dec. 1, rev. 9
(Final) attached to
ESA/C(2015)33

RD2

Commission Delegated Regulation
(EU) No 1159/2013 (of 12 July 2013
supplementing Regulation (EU) No
911/2010 of the European Parliament
and of the Council on the European
Earth monitoring programme
(Copernicus) by establishing
registration and licensing conditions for
Copernicus users and defining criteria
for restricting access to Copernicus
dedicated data and Copernicus service
information, 19 Nov 2013

RD3

CSC Operations Concept Document

GMES-GSEG-EOPG-PD-12-
0056, iss. 1, rev. 1, 19 August
2013

RD4

Agreement between the European
Union, represented by the European
Commission and the European Space
Agency on the Implementation of the
Copernicus Programme including the
transfer of ownership of Sentinels
(Copernicus Agreement)

Updated consolidated version 22
January 2019

RD6

Sentinel-1 Mission

Document

Requirement

ES-RS-ESA-SY-0007, issue 1

rev.4

RD7

Sentinel-2 Mission

Document

Requirement

EOP-SM/1163/MR-dr,
rev.0

issue 2

RD8

Sentinel-3 Mission

Document

Requirement

EOP-SMO/1151/MD-md, issue 2
rev.0

RD11

Data Warehouse Requirements -
Version 2.4: “Copernicus Data Access
Specifications of the space-based
Earth Observation needs for the period
2014-2020"

RD12

Copernicus Contributing Mission - Data
Access Portfolio (formerly Copernicus
Space Component Data Access
Portfolio - Data Warehouse 2014-2020)

COPE-PMAN-EOPG-TN-15-
0004 Issue 2 rev 7, 16 December
2019

RD13

Copernicus Space Component System
Requirements Document

EOP-E/GSC-SRD-01
Rev. 9

Issue 1
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RD14

GMES Sentinel 4 and 5 Mission
Requirement Document

EOP-SMA/1507/JL-dr, iss. 1, rev.
0, 2 April 2007

RD15

The Copernicus Space Component:
Sentinel Data Products List

COPE-GSEG-EOPG-PD-14-
0017 Issue 1 Rev.1

RD16

Regulation (EU, Euratom) No 2021/696
of the European Parliament and of the
Council of 28 April 2021 establishing
the Union Space Programme and the
European Union Agency for the Space
Programme and repealing Regulations
(EU) No 912/2010, (EU) No 1285/2013,
(EU) No 377/2014 and Decision
541/2014/EU1

RD17

Agreement between the EU,
represented by the European
Commission, and EUMETSAT on the
implementation of the Copernicus
Programme, including the transfer of
ownership of certain assets, the
Copernicus Agreement

Signed on 7 November 2014

RD18

Contribution Agreement between the
European Commission, representing
the European Union, and the European
Space Agency on the Implementation
of the Union Space Programme and
Horizon Europe (Pillar II, Cluster
‘Digital, Industry and Space’, Space
Section) under  the Financial
Framework Partnership Agreement
(FFPA)

Signed on 22 June 2021

RD19

Contribution Agreement between the
European Union, represented by the
European Commission and the
European  Organisation for the
Exploitation of Meteorological Satellites
(EUMETSAT) on the implementation of
the Copernicus Component of the
Space Programme of the European
Union

Signed on 22 July 2021

RD20

Copernicus Space Component
Sentinels User Level Data Portfolio

ESA-EOPG-EOPGC-TN-20,
Issue 1 rev. 0, 18/01/2021

RD21

CSC Operations - ESA Framework -
Sentinels User Level Data Services
Portfolio

ESA-EOPG-EOPGC-TN-36,
Issue 1 rev. 0,
18/01/2021

RD22

Copernicus  Space Infrastructure
Architecture and Operations Concept

To be released
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3 SENTINEL MISSIONS BACKGROUND

3.1 Sentinel missions overview

The Sentinel series, complemented by relevant National, EUMETSAT and other Third
Party Missions, have been designed in order to satisfy the user requirements for the
implementation of Copernicus and National services. These services expressed the
need for observation continuity and seamless access to data, redundancy in the context
of an operational system and increased frequency of observations.

The Copernicus Space Component currently comprises the following series of Sentinel
missions:

e Sentinel-1: High-resolution radar imaging

e Sentinel-2: High-resolution multispectral imaging

e Sentinel-3: Medium-resolution multispectral imaging and altimetry

e Sentinel-4: Atmospheric composition monitoring from geostationary orbit

e Sentinel-5, and Sentinel-5 Precursor: Atmospheric composition monitoring from
low-Earth orbit

e Sentinel-6 Michael Freilich: High precision radar altimeter mission

This space observation infrastructure ensures the continuity of observations enabling
the gradual implementation of services in the area of land monitoring, operational
oceanography, atmospheric composition monitoring, emergency response, security
and climate change monitoring.

3.2 Sentinel missions objectives overview

3.2.1 Sentinel-1

The Sentinel-1 mission is based on a constellation of two satellites (A and B units).
Sentinel-1 carries a C-band Synthetic Aperture Radar (SAR), and provides continuity of
ERS and ENVISAT SAR types of missions. It allows all-weather and day/night imaging
capability. SAR observations are key for operational applications over ocean, seas and
polar areas (oil slick monitoring, sea-ice monitoring, ship traffic monitoring, ship routing,
etc.). SAR observations are also used for land applications and provide data for
emergency response and security, in particular under adverse weather conditions. SAR
interferometry has proven scientific and operational value for terrain motion monitoring.
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3.2.2 Sentinel-2

The Sentinel-2 mission provides enhanced continuity to services relying on optical multi-
spectral high spatial resolution observations over global land and coastal regions. The
Sentinel-2 mission is based on a constellation of two satellites (A and B units). Well
beyond its initial objectives, Sentinel-2 is used for a large range of applications. In the
land domain, Sentinel-2 is for instance used for smart farming, ecosystems protection,
in-land waters quality monitoring. In the marine domain, Sentinel-2 is for instance used
for coastal waters quality and sea-ice charting. In the emergency management domain,
Sentinel-2 is for instance used for rapid mapping of burnt areas or volcanoes. In the
security domain, the mission is for instance used for oil spills detection and polluter
identification. In the climate change domain, Sentinel-2 is used for glaciers mapping and
flow velocities measurement. In the atmospheric domain, the mission is for instance
used for oil/gas industry methane emissions monitoring.

3.2.3 Sentinel-3

The Sentinel-3 mission is based on a constellation of two satellites (A/B units and C/D
units providing continuity). Sentinel-3 provides continuity of MERIS (ENVISAT),
ATSR/AATSR (ERS/ENVISAT) and radar altimetry (ERS/ENVISAT/Cryosat) missions.
The Sentinel-3 mission measures sea surface topography, sea and land surface
temperature, and ocean and land surface colour. Sentinel-3 observations also support
applications based on vegetation as well as fire, river and lake height and atmospheric
products.

3.2.4 Sentinel-4

The Sentinel-4 mission is based on a payload to be embarked on EUMETSAT Meteosat
Third Generation (MTG) satellites. Sentinel-4 instruments will be accommodated on
board the two MTG-S satellites (sounding mission satellites). Sentinel-4 is used for
atmospheric composition monitoring from the geostationary orbit.

3.2.5 Sentinel-5 Precursor and Sentinel-5

The Sentinel-5 Precursor mission is used for atmospheric composition monitoring from
a low-Earth polar orbit and extends data sets as provided by the
ENVISAT/SCIAMACHY, EPS/GOME-2 and NASA's AURA/OMI instruments.

The Sentinel-5 Precursor mission will be followed by the Sentinel-5 mission which is a
payload to be embarked on the EUMETSAT Polar System Second Generation (EPS-
SG) satellites.

3.2.6 Sentinel-6 Michael Freilich

Sentinel-6 and Sentinel-3 form a complementary pair in which both are needed to
provide the necessary accuracy for Copernicus. The Sentinel-6 spacecraft, that ensures
continuity of Jason series, is based on a platform derived from CryoSat-2 adjusted to

the specific requirements of the mission, including the much higher orbit. The instrument
COPE-S10P-EOPG-PL-15-0020
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suite comprises a radar altimeter based on Sentinel-3 SRAL, a Microwave Radiometer
AMR-C (based on AMR on Jason-3), a GPS device (recurrent from Sentinel-3), a
DORIS receiver (recurrent from CryoSat-2) and a Laser Reflector (recurrent from
CryoSat-2).

3.3 Data Policy

The main objective of the Sentinel Data Policy, as described in the Commission
Delegated Regulation [RDZ2], is to establish full and open access to Sentinel data of the
currently defined Sentinel missions, with free of charge license for the Sentinel data
itself.

Such an approach aims at maximising the beneficial use of Sentinel data for the widest
range of applications and intends to stimulate the uptake of information based on Earth
Observation data for end users.

The principles of the Sentinel Data Policy have a substantial impact on the Sentinel
overall operation strategy, as described in the following chapters.

4 OPERATIONS STRATEGY

4.1 Scope

This chapter describes the Sentinel’s operations strategy and the measures taken to
cope with the main constraints, limitations and potential conflicts related to the Sentinel
missions, which have an impact on the operations.

Technical constraints, limitations and conflicts for Sentinel operations may occur due to:

e spacecraft design, e.g. instrument modes, on-board data management, downlink
design

e ground segment design, e.g. related to facilities for data acquisition, product
generation, product distribution

e operations conflicts across the Sentinels

e governance and funding approach, e.g. change of technical operations concept,
budget limitation.

For each of the main relevant areas, including instrument observation/planning,
acquisition, processing and dissemination, the following chapters (from 4.3 to 4.6)
describe first the technical constraints and potential conflicts and second, the operations
strategy.

COPE-S10P-EOPG-PL-15-0020
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4.2 Overall Sentinel operations strategy

The main objectives of the Sentinel operations strategy, which is based on the Sentinel
Data Policy and the CSC Operations Concept, and for the various set of HLOP relevant
activities (including planning, acquisition, production, dissemination) are:

e to provide data to Copernicus and National services according to their specified
requirements

e to ensure systematic and routine operational activities with a high level of
automation and with pre-defined operations to the maximum extent possible

e to minimize the number of potential conflicts during operations, therefore to solve
anticipated conflicts a priori, in particular in the elaboration of the mission
observation scenarios.

The Operations phase of Sentinel-1, -2, -3 and -5P has been based on a ramp-up
approach in terms of exploitation capacity that has gradually increased over time. The
ramp-up phase started at completion of the first spacecraft launch and commissioning,
and continued until the Full Operational Capacity is reached, with the constellation of
the Sentinel-1, -2, - 3 A and B-models as well as Sentinel-5P. For the Sentinel-4,
Sentinel-5 and Sentinel-6 missions a similar strategy is applied.

4.3 Observation and instrument planning

4.3.1 General

a) Sentinel instrument operations constraints

The main instrument constraints that have an impact on the operations, and require the
elaboration of a planning strategy, are typically the exclusivity of instrument modes (for
Sentinel-1) and the instrument operations time limitations or sensing constraints.

b) Sentinel observation and instrument planning strategy

A robust baseline Sentinel’s observation strategy is the tool to ensure predictable
repetitive coverage and continuous data flow required by the Copernicus services.
While by nature the instruments on board Sentinel-3, Sentinel-5P and Sentinel-6, as
well as the Sentinel-4 and Sentinel-5 instruments hosted on MTG-S and MetOP-SG,
are continuously operated and feature relatively low to medium data rates, the
implementation of a baseline observation strategy for the Sentinel-1 and Sentinel-2
missions requires careful analysis of the user needs and optimisation of the related
space and ground resources. This is necessary due to the various constraints related
to these missions, in particular the high data rates and volume generated, the instrument
duty cycle, and other constraints and conflicts as identified below (SAR modes
exclusivity, limitations in number of X-band switches, available core ground stations
COPE-S10P-EOPG-PL-15-0020
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network for data downlink, etc.), as well as requirements in terms of timeliness between
sensing and downlink (real time, near real time, etc.).

A major objective in the operations of the Sentinel-1 and Sentinel-2 missions is therefore
to implement, to the maximum feasible extent, a conflict-free instrument observation
and planning scenario, aiming at fulfilling the observation requirements from the
Copernicus and National services. These observations and planning scenarios are
based on the requirements as derived from the mission MRDs, and complemented by
the recurrent versions of the Data Access Portfolio (DAP) document [RD12] responding
to the Copernicus Data Access Data Warehouse requirements [RD11], which develops
in more detail the observation requirements as expressed by the individual Copernicus
services. The process for collecting Sentinel observation requirements and for
elaborating the observation scenarios is further detailed in Chapter 8.

Emergency observation requests in support to related Copernicus and National services
are foreseen to mainly be accommodated via data supplied by the better tailored
Copernicus Contributing Missions providing specifically developed functions with high
agility of the satellite to address this kind of needs. Furthermore, it is expected that such
requests will also be satisfied by data already foreseen to be acquired as part of the
baseline Sentinels observation scenario (see chapter 6.3). As a consequence, it is not
foreseen to frequently alter the Sentinels stable observation scenario in support of such
emergency requests (this may occur in exceptional cases only). This approach allows
to implement an efficient use of the available Copernicus Space Component
infrastructure resources. In practice and by experience at the stage of Full Operations
Capacity, due to the added-value of the Sentinel-1 mission to the Copernicus
Emergency Management Service as well as to the International Charter Space and
Major Disasters, since the respective launches of Sentinel-1A and Sentinel-1B
satellites, specific Sentinel-1 observation tasking activities are regularly performed to
support emergency situations, floods in particular, with very limited impact on the
baseline observation plan.

4.3.2 Sentinel-1
a) Sentinel-1 instrument operation constraints

Mode exclusivity

The Sentinel-1 SAR features four exclusive imaging modes of operations:
Interferometric Wide Swath (IW)

Extra Wide Swath (EW)

Strip Map (SM), with 6 possible incidence angles

Wave (WV).

The first three modes can be operated in 4 different schemes of polarisation (2 in single
and 2 in double): HH, VV, HH+HV or VV+VH. The Wave mode can operate only in
single polarisation, either in HH or VV. Overall this represents 34 possible sub-modes
of operations.

COPE-S10P-EOPG-PL-15-0020
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SAR mode and data takes transition times

A transition time, in the order of 3.6 seconds is necessary to switch from a SAR
measurement mode to another measurement mode, or to perform a change of
polarisation. An additional time between 3 and 3.5 seconds is necessary before and
after each SAR data take due to warmup, “preamble” and “postamble”. In addition, each
SAR data take must start coinciding with tie points defined along the orbit with an
interval corresponding to a SAR burst duration, in the order of 3 seconds (this allows to
synchronise bursts from one repeat cycle to the next, necessary for interferometry).
Adding these figures, the interval between 2 consecutive data takes is therefore in
practise in the order of 10 seconds, corresponding to about 70 km. No data are acquired
during this time interval.

Duty cycle

The Sentinel-1 SAR is capable of operating up to a total of 25 min per orbit (within a
moving window of a 100 min. orbit period duration) in any combination of the IW, EW or
SM modes, and up to the rest of the orbit in Wave mode.

Due to the above constraints, conflicts may therefore take place if different modes are
required over the same (or adjacent) geographical area, or if the duty cycle limitation
does not allow accommodating instrument mode (IW, EW or SM) over a geographical
area. The transition time constraint to switch from one measurement mode to another
measurement mode may result in some imaging gaps of geographical areas.

This constraint of 25 min per orbit period (sliding window of 100 min) corresponds to the
sizing of the power system during eclipse period, that takes place indicatively from early
May to early August each year. Outside this period, a slight relaxation of this constraint
is possible and has been implemented, with a constraint of 30 min per orbit period. This
mainly allows for a higher stabilisation of the standard observation plan.

b) Sentinel-1 observation and planning strategy

Based on the above constraints, the elaboration of a baseline Sentinel-1 mission
observation scenario requires solving, a priori and systematically, the identified conflicts
between the observations requirements.

This scenario makes optimum use of SAR duty cycle, taking into account its limitation,
as well as potential limitation in the number of X-band switches (see chap 4.4.2) and
the constraint of transition times between measurement modes / data takes.

The Sentinel-1 mission observation scenario during full operations capacity is based on
the following principles for each satellite:
- Wave Mode continuously operated over ocean, with lower priority w.r.t. the other
modes
- IW or EW modes operated (for a total duration of up to 25 min per orbit or 30 min
outside eclipse period) over pre-defined geographical areas:
o Over land: the baseline mode is IW

COPE-S10P-EOPG-PL-15-0020
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o Overoceans, seas and polar areas: the baseline mode is either IW or EW.
The EW mode (featuring a 400 km swath) is the preferred mode for
services providing monitoring activities over large areas with frequent
revisiting requirements and not having specific needs for high resolution
products (such as the sea-ice monitoring operations performed by the
Copernicus Marine Environment Monitoring Service)

o If possible, use of single polarisation is adopted in order to give priority to
the coverage extent and, if relevant, to facilitate the data acquisition
strategy. Note: it is recognised that the use of dual polarisation improves
some applications such as sea-ice monitoring or ship detection, however
using dual polarisation in real time (which require the use of both RF
channels — see chap 4.4.2.a)) has a strong impact on the overall
acquisition scenario.

The observation scenario takes into account the preliminary status of the mission with
the Sentinel-1A in orbit, and then the Full Operational Capacity with both Sentinel-1A
and Sentinel-1B in orbit.

During routine operations, in order to optimise the average revisiting and coverage
frequency, the two satellites are placed in the same orbit but with a mean anomaly delta
of 180 deg. This results in a repeat cycle of 6 days for the 2-satellite constellation. This
phasing is of particular benefit for INSAR applications (interferometric pairs every 6
days) and for maritime surveillance and sea-ice monitoring applications (increased
average revisit time).

A high level description of the Sentinel-1 observation scenario is provided in the Annex
of this document.

4.3.3 Sentinel-2
a) Sentinel-2 instrument operation constraints

The Sentinel-2 Multispectral Instrument (MSI) data are systematically acquired during
daylight portions of the orbit where the target surface has a Sun Zenith Angle (SZA)
below a certain threshold (currently being specified by default at 82 deg and at 85 deg
over specific regions, e.g. over Europe). Different illumination conditions will hence
derive seasonal patterns and lead to varying acquisition scenarios during the periods
between summer solstice, winter solstice and autumn/spring equinoxes.

The MSI duty cycle is limited to 48 min per orbit period.

The number of MSI Detectors & Front End Electronics ON/OFF cycles has been
qualified for 40,000 switches. Following a detailed review of the matter in order to limit
the impact of this constraint as life limited item, whatever the number of observations
performed by the MSI during the illuminated part of the orbit, the number of switches in
full operations capacity is limited to one cycle per orbit (a switch corresponding to the
instrument being put in “Idle” mode).
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b) Sentinel-2 observation and planning strategy

The Sentinel-2 instrument has been designed based on a baseline observation scenario
as required in the MRD [RD7], to cover all land and coastal regions (up to 20 km from
the coastline) between 56° South latitude (Cape Horn in South America) and 83° North
latitude (north of Greenland) including major islands (greater than 100 km2 size), EU
islands and the whole Mediterranean Sea, as well as all inland water bodies and closed
seas. The actual Sentinel-2 observation scenario full operations capacity for each
satellite is elaborated starting from these requirements, and completed based on further
requirements from the Copernicus and National services, to derive associated
continental to regional observation areas and priorities, coverage repetitiveness (e.g.
systematic or with a specific mapping frequency), seasonal variations, as well as
timeliness for various areas etc. The current observation scenario goes well beyond the
initial mission requirements, including acquisitions between 83° North and 83° South
latitude.

During routine operations, in order to optimise the average revisiting and coverage
frequency, the two Sentinel-2 satellites are placed in the same orbit but with a mean
anomaly delta of 180 deg. This results in a repeat cycle of 5 days for the 2-satellite
constellation, which, due to swath overlaps, translates in a coverage up to 2-3 days in
mid-latitudes.

This scenario accounts for the limitation in the number of X-band switches (see 4.4.3).
The observation scenario at any given stage takes into account the status of the mission
currently in FOC with both Sentinel-2A and Sentinel-2B in orbit.

The observation scenario accounts for the limitation in the number of X-band switches
(cf. section 4.4.3).

A high-level description of the Sentinel-2 observation scenario is provided in Annex 2 of
this document.

4.3.4 Sentinel-3
a) Sentinel-3 instruments operation constraints

There are no major relevant constraints on the operations of the Sentinel-3 instruments,
other than operating the OLCI and the visible channels of the SLSTR based on specific
solar illumination conditions:

- OLCI operates during daylight, therefore during the descending part of the orbits,
with a Sun Zenith Angle of the sub-satellite point of less than 80 deg. (and taking
into account the seasonal variations), representing 44% of the time

- The SLSTR visible channels acquired data out of eclipse only (all infrared and
SWIR channel acquired data permanently).
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b) Sentinel-3 observation and planning strategy

The Sentinel-3 mission is based on the simultaneous operation of a pair of identical 3-
axis stabilised satellites phased by 140 degrees (note: amended from the original
phasing of 180 degrees), following a change request from the Commission. The 140
degrees phasing allows to optimise the topography mission for CMEMS with a minor
impact on the optical and temperature mission, in a common orbital plane, with a polar,
sun-synchronous orbit at an altitude of 814.5 km, an inclination of 98.65°, an orbital
cycle of 27 days (14+7/27 orbits per day, 385 orbits per cycle) and a mean local solar
time at descending node of 10:00 hours.

The spacecraft routine operation is highly autonomous in the sense that no frequent
space to ground dialogue is required by the nominal missions of Sentinel-3. The
Sentinel-3 instruments provide the sensing of the data autonomously on-board the
spacecraft on the basis of predefined geographic data and selection of observation
mode depending on the surface over which the spacecraft is flying. This mode of
operation does not require any specific request from users, and ground-based routine
operations planning of the spacecraft is relatively straightforward. The Sentinel-3
instruments autonomously perform systematic and continuous sensing as follows:

e The OLCI instrument acquires data over daylight part of the orbit (i.e. for a Sun
Zenith Angle below 80 deg)

e The SLSTR instrument operates the infra-red and SWIR channels over the whole
orbit, and the visible channels out of eclipse only

e The SRAL instrument acquires data over the whole orbit in the SRAL SAR mode.
e The MWR instrument operates over the whole orbit.

These autonomous operations are based on on-board mechanisms controlling the
various instrument mode transitions as a function of the satellite orbital position.

4.3.5 Sentinel-5 Precursor
a) Sentinel-5 Precursor instrument operation constraints

There are no major relevant constraints on the operations of the Sentinel-5 Precursor
instrument TROPOMI. The autonomous operations are based on a stable orbit scenario
and a periodic execution of the TROPOMI instrument calibration and atmospheric target
measurements in line with the instrument specific repeat cycle.

b) Sentinel-5 Precursor observation and planning strategy
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The operations of the Sentinel-5 Precursor payload TROPOMI are performed in
accordance with a set of pre-defined planning rules and constraints based on an
instrument specific planning repeat cycle of 360 orbits. The following observation
strategy is followed:

e Radiance measurements will be taken on the whole day-side part of each orbit
plus some few additional minutes at both ends of the day side part to cover the
terminator crossing.

e Background measurements will be taken on the eclipse part of each orbit.

e Solarirradiance measurements will be performed approximately every 15 orbits.

e Calibration (e.g. radiometric and spectral lamp) measurements will be taken
outside the South Atlantic Anomaly before spacecraft midnight.

The Sentinel-5 Precursor satellite is operated in a so-called loose formation with the
NOAA Suomi-NPP satellite. The difference of the overpass time between Sentinel-5
Precursor and Suomi-NPP after launch was about 5 minutes, which has been reduced
by the end of commissioning phase to about 3.5 minutes. The main driver for the loose
formation flying is the cloud clearing for the Sentinel-5 Precursor Methane product using
the high spatial resolution data from the Visible/Infrared Imager Radiometer Suite
aboard Suomi-NPP. The technical coordination is performed through the exchange of
planning files (e.g. orbits) between ESA and NOAA.

During summer 2019 the TROPOMI operations have been changed to improve the
spatial resolution of the measurements along track from 7 km to 5.5 km.

4.3.6 Sentinel-4
a) Sentinel-4 instrument operation constraints

The Sentinel-4 mission consists of an Ultraviolet-Visible-Near-Infrared (UVN) light
imaging spectrometer instrument embarked on the Meteosat Third Generation Sounder
(MTG-S) satellite. The main objective of the Sentinel-4 mission is to monitor key air
quality trace gases and aerosols over Europe at high spatial resolution and with a fast
revisit time. The Ground Segment of Sentinel-4 is fully integrated in the EUMETSAT
MTG Core Ground Segment.

b) Sentinel-4 observation and planning strategy

The Sentinel-4 instrument monitors the Earth's radiance over Europe, parts of North
Africa, and parts of the Atlantic from 30°N to 65°N in latitude and 30°W to 45°E in
longitude.

The area covered includes only areas with full day illumination conditions, thus
excluding morning and evening.

The instrument has an instantaneous field of regard of 4.0° that covers the north-south
range of the area covered. For the east-west range a scan mirror is used, that scans
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continuously from east to west over a range of about +/- 4.5°. After each east-west scan
the scan mirror moves back slowly to its eastern starting position in about 20 seconds.

The instrument measures the earth radiance on the illuminated part of the earth's
surface. During night, when no earth radiance measurements are possible, specific
calibration measurements are performed, such as Dark, LED, White Light Source, Moon
and Star measurements.

The instrument is operated with fixed scan duration of 60 minutes. During this time, a
spatial subset of the geographical area referred to as ‘scan window' is covered. In the
course of a day, this scan window is shifted in two steps from its easternmost position
to its westernmost position, in order to optimise the number of observations with
favorable illumination conditions. During a large part of the day the scan window is
optimised to cover continental Europe. The coverage of the Atlantic in the evening
provides valuable observations of long lived constituents that are transported toward
continental Europe, and offers clean reference observations for short lived species.

4.3.7 Sentinel-5
a) Sentinel-5 instrument operation constraints

The main objective of the Sentinel-5 mission is to perform atmospheric measurements,
with high spatio-temporal resolution, relating to air quality, climate forcing, ozone and
UV radiation and providing a daily global coverage.

Sentinel-5 is an instrument onboard the METOP-SG A series and is fully integrated in
the EPS-SG ground segment. The EPS-SG ground segment allows all Sentinel-5 data
to be systematically acquired, processed and distributed. It includes elements for
monitoring and controlling the Sentinel-5 instrument and for downloading, processing
and disseminating data to users. It also has mechanisms for monitoring and controlling
the quality of data products, as well as for data archiving.

b) Sentinel-5 observation and planning strategy

Sentinel-5 is operating in nadir looking push broom mode from sun synchronous low
earth orbit. The wide across-track field-of-view (FoV) of 108° provides a wide swath of
about 2670km on earth and thus almost globally allows for daily coverage of the earth
surface.

Observation is performed over the complete sunlit (with respect to the sub-satellite
point) part of the orbit while the instrument calibrations are done during the dark part of
the orbit.

The following observation strategy is followed:

. Radiance measurements will be taken on the whole day-side part of each
orbit.
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. Background as well as Deep Space View measurements will be taken on the
eclipse part of each orbit.

. Solar irradiance measurements will be performed once per day, during the
South Pole crossing.

. Calibration (White Light Source, LED, Laser diodes) measurements will be
performed regularly, during the night side crossing of selected orbits, avoiding
those orbits affected by the Southern Atlantic Anomaly.

4.3.8 Sentinel-6

a) Sentinel-6 instrument operation constraints

There are no major relevant constraints on the operations of the Sentinel-6 instruments,
except specific scenarios performed for calibration.

b) Sentinel-6 observation and planning strategy

Sentinel-6 is operating the POS-4 altimeter. The instruments follow specific mode
transitions each orbit repeat cycle, based on planned scenarios. These different
scenarios include LRM (Low Resolution Mode), LRMC (LRM + reduced SAR) or LX
(LRM + raw SAR) modes, in closed loop or open loop, depending on the surface. The
final scenario for routine operations will be selected at the end of the commissioning
phase. Each repeat cycle, a pre-defined sequence of internal calibrations is executed
over desert zones and regular transponder calibrations are executed each repeat cycle
over transponders.

Sentinel-6 also operates the microwave radiometer AMR-C everywhere over the globe.
AMR deep sky calibration are performed on a regular basis, approximately every 30
days.

4.4 Data acquisition

4.4.1 General
a) Data acquisition constraints

The main constraints related to acquisition and on-board data management system are:

- Volume of data generated on-board and to be downlinked and acquired,
especially in the case of Sentinel-1 and Sentinel-2, and to some extent in the
case of the other Sentinels (which feature a lower generated data volume than
Sentinel-1 and -2 and therefore a less complex data download strategy).

- Possible conflict between parallel downlink of real time data and of on-board
recorded data (for Sentinel-1)

- Limitation of the number of X-band downlink switches, maximum downlink time

per orbit and maximum consecutive downlink time
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- Number and geographic location of ground stations, concurrent use of the
stations by the Sentinel satellites and possible downlink frequency interferences
between the Sentinel satellites (and potentially with other satellites making use
of the same X-band frequencies for data downlink)

- Capacity and availability of the EDRS system, concurrent use of the EDRS
system by the Sentinel-1A, -1B, -2A and -2B satellites, simultaneous downlink
via EDRS and X-band.

b) Data acquisition strategy

The data acquisition for each of the Sentinel missions relies on a network of X-band
core ground stations and, regarding the Sentinel-1 and Sentinel-2 missions, is
complemented by the use of the EDRS system. The current network of core stations for
Sentinel-1, -2 and -3 includes Matera (e-GEOS), Maspalomas (INTA), Svalbard (KSAT),
Inuvik (SSC) and Neustrelitz (DLR).

For the Sentinel-1 and Sentinel-2 missions, the data acquisition strategy heavily
depends on the respective mission observation scenarios, and reversely, constraints
related to the data acquisition capacity may affect and require refinement of the
observation scenarios.

The sizing of data acquisition and downlink takes into account the available operations
funding resources, impacting the deployment and use of the core stations network and
the overall downlink capacity, which, in turn, will affect the affordable observation
scenario.

4.4.2 Sentinel-1
a) Sentinel-1 data acquisition constraints

Data volume

The potential operation of up to 25 min of SAR data per orbit among IW, EW or SM
modes (30 min outside eclipse period), with instant average data rate in the order of
430 Mbps (i.e. for IW mode with the use of dual polarisation), leads to a very large
amount of data to be recovered on ground (corresponding to about 3 TBytes of
compressed raw data per day in FOC with both Sentinel-1A and Sentinel-1B operating
in parallel at the maximum duty cycle). The use of single polarisation and/or EW mode
leads to a decrease in the overall data volume.

Data rate versus X-band downlink capacity

The spacecraft X-band downlink system comprises two X-band channels at 260 Mbps
(each) of useful data. The FDBAQ (Flexible Dynamic Block Adaptative Quantisation)
on-board data compression allows reducing the SAR data rates from all modes. Swath
1 of the SM mode features however, in dual polarisation, a data rate greater than the
total X-band channel capacity. This constraint requires buffering the data in the on-
board memory. The SM mode Swath 1 is however not planned to be normally used as
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part of the baseline observation scenario (see 4.3.2. b)) and will be commanded only in
specific exceptional cases (e.g. emergency situation, specific campaigns potentially).

Downlink conflict

Conflict may occur between real time downlink and downlink of recorded data, in case
of real time downlink of dual polarisation data (requiring the use of both X-band RF
channels, i.e. one assigned to each polarisation).

On-board data management

The on-board data management allows prioritising data downlink. However it does not
provide a precise ground control of data to be downlinked at each ground station, due
to the necessary use of the FDBAQ compression.

On-board memory sizing

The total available on-board memory size (1410 Gbits) allows the storage of more than
all SAR data that could be acquired within one orbit (considering a total of 25 min (30
min outside eclipse) of SAR operations per orbit from IW, EW or SM modes and the rest
of the orbit in Wave mode). This sizing requires, as a general rule, to avoid accumulating
recorded data over several orbits, i.e. the dumping strategy should permit the dump of
all recorded data of an orbit during the following orbit.

X-band duty cycle

As per the current baseline, the spacecraft thermal and power/energy accommodation
of the X-Band System allows a maximum downlink time per orbit of 30 min, with the
possibility to perform 30 consecutive minutes.

Limited number of X-band downlink switches

The X-Band system is specified for an overall number of operation cycles (from standby
to operation and back) equal to 150,000 for the mission lifetime. This constraint results
in an average number of maximum 4 switches per orbit considering 7 years lifetime (and
maximum average of 2.4 switches per orbit considering the extended lifetime of 12
years). This constraint has an impact on the number of non-overlapping downlink
passes per orbit and on the detailed definition of the observation scenario, i.e. on an
orbit basis. In addition, specific real time downlink requests over local stations might not
be satisfied due to this constraint.

Network of ground stations

The network of selected ground stations and their effective use may constrain the final
achievable downlink capacity, thus the maximum effective instrument duty cycle
operations, resulting in an impact on the observation scenario. The capability to ensure
real time or near real time timeliness also depends from the ground station network.

b) Sentinel-1 data acquisition strategy

The Sentinel-1 data acquisition strategy is performed in accordance with the general
Sentinel data acquisition strategy (chapter 4.4.1) tailored to take into account the
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specific Sentinel-1 constraints listed above. It is closely linked to the systematic and
baseline observation scenario (chapter 4.3.2.b), and, naturally, to the network of core
ground stations.

The current data download strategy to X-band core stations and through EDRS takes
into account the timeliness of the core product, i.e. NRT or Fast-24h.

The core stations Svalbard, Matera, Maspalomas and Neustrelitz are currently used to
acquire Sentinel-1 data.

On-board memory packet-stores containing NRT data are allocated a high priority for
download to X-band core stations or through EDRS, and are therefore sent in the next
X-band station visibility or EDRS link opportunity. Download of packet-stores containing
Fast-24h data are performed chronologically to the next visibility opportunities of the
core stations or EDRS, some of them may be retained on-board during several orbits.
The adopted approach depends on various parameters such as the size of the data in
the packet-store (which in turn varies according to the sensing segment duration and
the SAR mode), the available downlink resource time of the next X-band visibilities, etc.
For Fast-24h data, since all data products must be made available at the latest within
24 hours (this includes download, production and dissemination), a maximum retention
time in the on-board memory of a few hours is configured in the ground segment mission
planning system as a configuration parameter used to define the downlink plan.

For data to be transmitted in real-time, the so-called “pass-through” concept is followed,
i.e. the data transit through the on-board memory and are immediately transmitted to
the ground, with the possibility for ground to perform “data retain”, i.e. the same data
can be kept in the on-board memory for later download.

The data acquisition scenario also requires taking into account the real-time
transmission of data to the EMSA CleanSeaNet stations and other collaborative local
ground segment, i.e. beyond the core ground segment downlink facilities. To this end
the current CSC operations concept baseline assumes that local stations are only
allowed to listen-in to downlinks from the Sentinels to the X-band core ground stations.
As such the local stations activities have no impact on the spacecraft resources and
lifetime, the downlink plan or operations. In this respect, the operations concept baseline
makes no distinction between local station within or outside Europe, as long as they can
listen-in to data downlinks to core stations.

4.4.3 Sentinel-2
a) Sentinel-2 data acquisition constraints

Data volume

The combination of the large swath (290km), spectral range (13 bands from the visible
to the short-wave infrared), spatial resolution (10/20/60m), coupled with the global and
continuous acquisition requirement with high-revisit frequency, leads to an average
daily generation of 1.3 TB of orthorectified top-of-atmosphere reflectance products
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(L1C) per satellite unit and a slightly higher volume of bottom-of-atmosphere reflectance
products (L2A). This corresponds to an average continuously sustained raw-data supply
rate of 160Mbps.

Downlink conflict

- The observation and downlink strategy for Sentinel-2 needs to be able to
consider 3 types of data downlink: The MSI data may be buffered on-board at
the same time to allow for a repeated downlink by playback at a later stage
(nominal First-In First-Out (FIFO) mode);

- The MSI data recorded on-board may be prioritised as Near-Real-Time (NRT)
data into the playback queue so as to ensure it is downlinked as early as
possible, rather than following the regular FIFO nominal approach;

- A Real-Time (RT) downlink may be commanded so as to forward the MSI real-
time 490 Mbps data stream directly to the transmission system.

Contemporaneous operations of real time downlink and downlink of recorded data is
not permitted, as all downlink modes make use of the 2 X-band RF channels at 260
Mbps in parallel.

X-band duty cycle
The satellite thermal and power/energy accommodation of the X-Band System shall not
exceed operations of 25 min in a sliding window of one orbit.

Limited number of X-band downlink switches
The constraint is the same as for Sentinel-1 (see previous chapter).

Network of ground stations
This constraint is the same as in the case of Sentinel-1 (see previous chapter).

b) Sentinel-2 data acquisition strategy

The Sentinel-2 data acquisition strategy during full operations is closely linked to the
systematic and baseline observation scenario (chapter 4.3.3.b).

In order to simplify the operations concept, all MSI data are buffered on-board to allow
for a repeated downlink by playback at a later stage, i.e. the mission uses the nominal
First-In First-Out (FIFO) mode.

The core stations Svalbard and Inuvik are currently used to acquire Sentinel-2 data.

4.4.4 Sentinel-3
a) Sentinel-3 data acquisition constraints

There are no major relevant constraints for Sentinel-3 data acquisition, apart from the
appropriate selection of the X-band core stations in order to support the required contact
time for data download. The X-band system used for Sentinel-3 is identical as for

COPE-S10P-EOPG-PL-15-0020

Page 25 /91
Issue3 Revi



ESA UNCLASSIFIED — For Official Use

Sentinel-1 and Sentinel-2; the simple downlink strategy to the core ground segment
implemented for Sentinel-3 is not affected by the limited number of X-band downlink
switches like in the case of Sentinel-1 and -2.

b) Sentinel-3 data acquisition strategy

The data acquisition and recovery strategy is based on recording the instrument data
over a complete orbit and dumping the recorded data to one or several core ground
stations, without making use of the real time transmission of the data. Considering the
X-band RF channel capacity, there is a need for one station contact time per orbit to
download the recorded data from all instruments.

The current constraints allow for the use of a single core ground station at high latitude
to download routinely all instrument data. The Svalbard core station is currently used
for this function.

4.4.5 Sentinel-5P

a) Sentinel-5P data acquisition constraints

There are no major relevant constraints for Sentinel-5P data acquisition, apart from the
appropriate selection of the X-band core stations in order to support the required contact
time for data download.

Based on the improved spatial resolution of TROPOMI from [7 km x 3.5 km] to [5.5 km
x 3.5 km] the data volume for the Sentinel-5P mission has been increased by about
20% since mid 2019.

In order to guarantee Level 2 NRT data delivery, the baseline network currently
comprises the S-/X-band acquisition stations in Svalbard and Inuvik which are used for
the downlink of up to 139 Gbit per orbit. Both stations are located at high latitudes thus
ensuring that at least one downlink opportunity of sufficient visibility duration exists for
each orbit.

b) Sentinel-5P data acquisition strategy

The X-band data acquisition and recovery strategy is based on a ‘resume/dump’
concept, ensuring that science data contained in a given dump cover the sensing time
interval from the start of the previous dump up to the start of the actual dump. The
spacecraft automatically switches off the X-band transmission when all measurement
data acquired up to the start of the actual dump have been transmitted. The required
dump time is approx. 520 s, exceeding the visibility time of mid latitude stations.

This is based on recording the instrument data over a complete orbit and dumping the
recorded data to the ground stations. Note that Sentinel-5 