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ESA Earth Observation Programme @ FRINGE23
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Presenter Notes
Presentation Notes
I would like to start this presentation by widening the landscape byeond the Sentinles and to present briefly the ESA EO programme which is certainly one of the most ambitious.

At ESA, EO relies in 3 main pilars.
The science elements through the EE that aim at consolidating bio/geophysical variables with ambitious instruments. In this family you will find fantastic mission line BIOMASS and Harmony that will be presented tomorrow
The operational mission through the Copernicus programme which targets the development of operational applications, commercial services and supporting European policy implementation. These are so far the Sentinel mission like Sentinel-1 that will be complement with ROSE-L and Sentinel-1 Next generationa
Finally the meteo component for which ESA is developping satellits operated by EUMETSAT. 
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SAR C-band data record
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Presenter Notes
Presentation Notes
Previous slide was talking about the future but it is good to recall where we come from
Sentinel-1 is standing on the shoulder of precursors like ERS, ASAR and the canadian radarsat missions.
Those have been necessary to develop most if not all the application that are now operationally support by S-1 and to develop the European leadership


Sentinel-1 First Generation timeline
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Presenter Notes
Presentation Notes
This slide presenst the agenda of the S-1 mission that is busy and running under a not simple context
The mission started in 2014 with the lauch of S-1A and the constellation get completed aftert the the launch of S-1B in 2016

The mission is now runing in a degraded configuration since the loss of S-1B in december 2021 and it relies like in the early days entirely on the A-unit  

This puts a lot of stress in the S-1A unit that performed nominally until the major failure on the propulsion system that has been fully recovered by switching to the redundat branch bask in fall last year

The priorit for ESA is to launch S-1C/D asap but the access to space is complex in Europe
S-1C should have been luanch in May this year , postoptned teice one in december and serconf to a data that is yet to be confirmed ans upposed to be in dping 2024

Looking for a successful 2024
1B dispsaol
Celebration 10y of S-1
Launch of S-1C


O
Sentinel-1 Mission in a Nutshell

Eesa

MISSION PROFILE
» Constellation of two identical SAR C-band
satellites: (A & B — C units)

% Near-Polar, sun-synchronous (dawn-
dusk) orbit at 698 km altitude

% 7.25 years lifetime (consumables for 12
years)

% 12-day repeat cycle (each satellite), 6
days for the constellation

OPERATIONS

% Systematic SAR data acquisition using a
predefined observation: scenario

% _Instrument duty cycle of max. 25
min/orbit in-High Bit Rate modes (30 min

outside eclipse) and 75 min/orbit in Low PROGRAMMATICS

Bit Rate mode (Wave) % Sentinel-1C launch 2024

« Sentinel-1D currently in storage to be
launched as soon as possible S-1C

PAYLOAD

R/
*

.0

C-Band SAR
« Centre frequency: 5.405 GHz
Polarizations: HH, VV, HH/HV, VV/VH
Incidence angle: 20° - 45°
Radiometric accuracy: 1 dB (30)

Radiometric stability: 0.55 dB (30), 0.45 (30)
for S-1 C/D

NESZ: -22 dB
DTAR: -22 dB

% AIS Instrument marine surveillance (for S-1

C and D)

IMAGING.MODES

Strip Map Mode: 80 km swath and 5x5 m
(range x azimuth) resolution

Interferometric Wide-Swath Mode: 250 km
swath, 5x20 m resolution
Extra-Wide-Swath Mode: 400 km swath
and 20x40 m resolution

Wave Mode: 5x5 m resolution, leap-frog
sampled images of 20x20 km
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Presenter Notes
Presentation Notes
This slides presents the main characterisicts of the mission.

- main mode of acquistion is TOPS that was state of the 15 years ago on the raec for higher resoltiona nd wide swath
 - IW is the main hrses of landmaes and EW over poles both enforcing the usahe fo dual pol 

_ The mission characterosed by :
 - system data acquisitoin ,processing and distributuio couple with a large duty cycle
- Full free and open data





--------
This is a very busy slides providing the main characteristics of the S-1 mission.

It is a Constellation of two twin Synthetic Aperture Radar
Placed 180deg apart in the same orbital plane
and Having a repeat cycle of 12 days / 6 days considering the two satellites
Each one having a designed lifetime of 7 years

The main payload is a C-band SAR with dual polarisation capacity
As a highlight it has radiometric accuracy of 1dB (3sigma) which is key to support for most of the applicayion based on the back-scattering
The NESZ is better than -22dB. NESZ defines the instrument noise floor hence its capacity to discriminate of low backscatter
In addition of the C-unit a new payload is featured which is the AIS for vessel indetifiication

S-1 SAR is versatile instrument providing 4 imahing modes with IW being the main horse for land application. This is probab;y the mode you will be using




Sentinel-1 Imaging Modes
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Sentinel-1 observation plan “@-sentinel-n. @ eSa

The largest provider of SAR data worldwide

Sentinel-1 Constellation Observation Scenario: "@m sentinel-1 Sentinel-1A Mission Observation Scenario: "@N sentinel-1
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PASS 1 REPEAT FREQUENCY ** ! COVERAGE FREQUENCY ** | REFERENCE DATA SITES (6d repeat) PASS 1 REPEAT FREQUENCY ** 1 COVERAGE FREQUENCY ** , REFERENCE DATA SITES (6d repeat)
NN ASCENDING 1 \\\' 6days \\\' 12 days P days i A Highly active volcanism NN ASCENDING 1 \\\' 6days \\\' 12 days P days I A Highly active volcanism
WAl DESCENDING v /11, 11 ! 1-3 days 1V Fast subsidence Wl DESCENDING & '/// 1" x 1-3 days 1V Fast subsidence
HRW o wy 1 2-4days 1 A Short growth cycle, intensive agriculture HRWY wy 1 2-4days 1 A Short growth cycle, intensive agriculture
! H 1 V¥ Fast changing wetlands ' H 1 ¥ Fast changing wetlands
* coverage ensu_red _from same, repetitive relative orbits_ 2 1 * Fast moving outlet glaciers * coverage ensured from same, repetitive relative orbits : 1 * Fast moving outlet glaciers
** coverage considering passes from all (asc & desc) orbits H 1 = Permafrost & glaciers ** coverage considering passes from all (asc & desc) orbits 1 1 ® Permafrost & glaciers

S-1A and B S-1A only (>2021)

Observation plan details available at:

https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-1/observation-scenario/
N T il == N L= Ollll o = =0 11 2 22 E — B L » THE EUROPEAN SPACE AGENCY



Presenter Notes
Presentation Notes
This slides shows the systematic  Sentinel-1 observarion that we are putting in place since several years

On the left it is the two satellite unit scenario and on the right hand side the current scenario with 1 satellite since  the end of 2021.

The immediate impact of the S-1B loss is immediately visible:
The loss of global coverage. Priority kept to support Europe, Copernicus service and major areas of interest like like tectonic areas.
The loss of 6days repeat cycle time series over Europe and some parts of Antarctica
The reduction of revisit over northern area






https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-1/observation-scenario/

World largest SAR provider

180° 120°W 60°W 0® 60°E 120°E 180°

60°N [ 60°N

30°N 30°N | |5

30°S 30°S

60°S 60°S

- = =

Jan. 2016 Pre Sentinell-B

« Current S-1A observation scenario (compared to 2016) is tuned to preserve time series
worldwide

- Data sensing over Arctic is for most of it covered by RCM (RCM/Sentinel Contingency agreement)
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Presenter Notes
Presentation Notes
It is not the first time that we are in a situation with 1 satellite only. The previous time was of course the pre-sentinel-1B era
In this plot you can see the differences between the scenario at the time (left) abd the situation now.
You can see that the underlying rational of the the current scenario is to avoid disrupting the time series worldwide
It is very clear over Nortg martica, European waters, India, etc

The counter part of this strategy is the fact that we are acquiring less over Artic. This is because specific contingency measures were put in place with CSA and RCm to support our Copernicus sea/-ice services.
And Current S-1A  observation scenario (compared to 2016) is  tuned to preserve time series worldwide




Sentinel-1 Duty Cycle optimisation

Average duty cycle per day for IW and EW

e Eniiﬁf* . duty cycle { —— 514 SAR duty cycle has been increased as result
— Bor \ \, =18 of operations optimisation:
% 300 - - 2014-2015 | Initial ramp-up
E 20 L « 2017 | inclusion of EDRS in routine ops
§ 200 | - 2018 | Relaxation of 25 min constraint
E outside eclipse
a 0 ° - 2021 | sligth increase of S-1A DC to cope
“ 100 - with S-1B loss

50 |
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Years
 S-1Ais used at is maximum capacity - no new substantial acquisition can be accommodated

« SARDUTY CYCLE | Sentinel-1 can acquire up to 30min (per unit) of HBR (IW& EW) within an 100min rolling window
(outside eclipse season)

9
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Presenter Notes
Presentation Notes
This slide shows the average duty cycle for HBR data IW and EW
The improvement in covarege for a single mission is the direct result of the duty cycle optimisation we made over the years:
By introducing EDRS
Relaxing instrument constraints allowing to go to a mximum of 30 min per sliding orbit outside eclipse
Optimisation of the scenario

We have now reached a cap where further increasing would be stressing further the S/C in a moment where we need to keep it flying until S-1D laucnh




IW Sensing Increase

250 - Average duty cycle (IW/EW) per day for S-1A

200 -

[

Ln

o
I

100 -

SAR Sensing [Minutes]

Ln
=
[

D_
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Years
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Presenter Notes
Presentation Notes
The slide before gives the amount of HBR data being IW, EW all together over the years.
It is however hiding a reality that IW is the great winner of the optimisation of the scenario performed based on the constant discussion with users.



Rapid response to crisis

This systematic strategy makes Sentinel-1 prompt in providing archive and fresh information to support
extreme event

£ # Interferomatric phase [Radians] = ¢

304

B = 11 ZE ==
] rah HEE




SLC Processing mask

IW SLC Processing mask

EW SLC Processing mask

EW SLC 2022-12-31 21:12:45.928000 2022-12-31 21:12:45.928000
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Presenter Notes
Presentation Notes
In terms of processing mask there is no change with respect to the previous years
All IW data is processed to GRD and SLC and made availablibe few hours after sensing


While reviewing some misson elements I discovered that there is a new over canada for whic EW is processed into SLC.
No one is actually capable of telling me why this is happening.

If there is any one using data I would like to discuss with him.


Data access dashboard

100,000

Number of active users for all Sentinels!

90,000

80,000

70,000

60,000

50,000

No. Active Users

40,000

Ever increasing number of
active users
« >20K S-1 active
users

3.6 TiB of data generated
daily for S-1

Data made available in
few hours

30,000
Archive Exploitation Ratio
20,000 of 1:15 (entire archive
downloaded 15 times
10,000 -
0 4
Y2016 Y2017 Y2018 Y2019 Y2020 Y2021 2022
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Presenter Notes
Presentation Notes
In terms of data access  the mission is a success nad this measure throiugh indicatord that we are carefully looking at.

On of them is the number of users. we ahve reached half a milling om registered users but real indicator is the number of active users that is increasing linearly with time

and this depsite the fact that the sentinel data is now available through many mirror sites OR platfoems like GE, Natiano mirror sites thanks to our collaborative ground segement initiative.



Copernicus Data Space Ecosystem deployment Cesa
schedule

September 2023
Closure of legacy * ALL L1 Data back

Data access online since launch

ROADMAP

What can you expect?

The Copernicus Data Space Ecosystem will be
continuously upgraded over the upcoming months.
The majority of the services will be available by July 2023.

Full archive of Sentinel missions
Complementary open datasets
Access to commercial data

« New APIs for
discovery & access

Processing API: extended Sentinel e STAC & S3
Catalogue API: STAC, S3 Hub APIs, OpenEQO
Processing API: Sentinel Hub and Jupyter Lab
OGC for supported collections Marketplace
Traceability API . -
On-demand production ARI B ® Ca paCIty fOI‘ on-

Rl ~ss » [ M, T a b B |
November 2023

demand processing

@ Sentinel engineering and auxiliary data
® Copernicus Contributing Missions

Copernicus Data Space Ecosystem initial service ® Streamlined data access of federated

Start of user registration data sets

Sentinel data offering ® Additional dataSEtS
Browser

Catalogue APIls: OData and OpenSearch

 Native Cloud
https://documentation.dataspace.copernicus.eu/#/Roadmap Services
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Presenter Notes
Presentation Notes
Over the last years the Sentinel GS underwent a major transformation to cope with the new challenges we have in front us, like the intergration of Copernicus expansiion like ROSE-L

This has been made in a transpaten wau to you but the last mile will be visible as it will impact the data dissemination system
Fo a decade the data has ben distributed throug the scihub that will be dicscontinuted in september this year.
It will be replaced by a solution already in operatiosn that  i sgradually ramping up follwoing a roadma that have been shared with you.


will offer new services:
 - Fist all the L1 data is back onlie since the beginning of the mission
- NEW ApIds for d
	- we still have os,od api but that are complemented with OGC ones, S# API and soo a STAC API alloiwing to opluc the Sentinel data in any worklfloe


https://documentation.dataspace.copernicus.eu/#/Roadmap

Sentinel-1B Disposal approach

'1 T T 1.0rbit Clearing Start
703Km | g ] g - (e,e““\l 2.Pitch In-plane OCM campaign
698KM B - R e S o P3) Start
678KM d \\E\ 5
\A\ ‘ 6 3.Active lowering start
: \\\ || {\0“
' ~J a‘isNa 4.25y re-entry [September 23]
580KM 3 : 1- £9Y y P
Starlink enveloppe | N ‘
v . B - 5.Starklink enveloppe reached
530KM . «:|8 =
Target < 530Km k\“ _________ >
. o I N - 8 6.Fuel depletion burns
N 7 Passivation [December 23]
GO/NOGO . \
: e O © \
8.Re-entry in atmosphere [<12y]
: o |
1.5 months 2 months -6 months \/b <12y
| J\ J\ J | J
| | | |
Orbit clearing P'tctgsct)CM Active Orbit lowering Passivation Natural decay
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Presenter Notes
Presentation Notes
The S-1B failure happned in december 2021, that has been followed by very long investigation and attempts to recover
The end of explotiation has been declared last summer giving the go to the preparation of the disposal phase.

ESA is really committed in clean space and is looking forwards to a zero debris stregategy and updating the current 25 years de-orbiting guideline to a more stringent one aligned with the most up to date regulations.

For Sentinel-1 such ambition is not applicable as the S/C  design 15 years old.The objective of the disposal is to:
Achieve re-entry in 25y 
Perform passivation after fuel complete depletion
The disposal plan follows a phased approach:
Orbit clearing
Pitch IP test campaign aiming at testing and characterising the performance of this new attitude never experienced so far
Bulk re-orbit  that consist in ~140 OCMs​ spread over 6 months, applied in bi-weekly batches
The fuel budget is such that we can target a circular orbit <530Km below the Starlink constellation
The the Starlink constellation hop slightly increase the collision risk but above above all poses operational constraints
Fuel Depletion burns  & passivation
The worst case re-entry is estimated to be within 12y worst case



Sentine-1B Disposal approach
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Copernicus Sentinel-1C/-1D Status

Sentinel-1C/-1D to continue and augment Sentinel-1A/-1B services

« fully compatible w.r.t. SAR mode characteristics, observation geometry,
image resolution and burst synchronization (INnSAR)

Sentinel-1C/D built on S-1A/-1B design with Evolution and Improvements

— AIS payload to provide ship identification data for augmentation of SAR images
— S-1C/D design compatible with Space Debris Casualty Ratio less than 10-4

— GNSS receiver compatibility with Galileo

- Interleaved Calibration Noise Pulses for thermal noise correction
- Improved SAR Instrument Performance (radiometric accuracy)

— Satellite Manoeuvring (thruster performance)

— SMU Processing Capability (LEONS3 processor)

- Vega-C launcher qualification

Sentinel-1C ready for launch
Sentinel-1D went into storage in Oct. 2021
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Presenter Notes
Presentation Notes
a few slides on S1C and D status whic purpose


Improvements of Internal Calibration System

BETTER RADIOMETRIC PERFORMANCE| simplified

i brat : 'S-1AIW mode VH W
internal calibration approach allowing to:

* Achieve a —slightly— better radiometric stability 0.45
dB (30) (compared to 0.55 dB (30) for S-1A&B)

abs cal factor deviation [dB]

* Introduce proper noise pulses all along the data-take —
. . . . . Jan/2018 Jan/2019 Jan/2020 Jan/2021 Jan/2022
for tracking the Earth brightness emissivity:

acquisition time

Better denoising - better radiometric

accuracy over low signal values (cross-pol
data)

Much re

S-1 Earth brightness emissivity from noise pulses

18

= s T = I E ST = HE S e OF be BN SE EE ED IS i gm 14l gy EUROPEAN SPACE AGENCY




Sentinel-1C/D AIS Instrument

AlS Instrument for augmentation of SAR maritime services

Provides ship identification data simultaneously with
SAR images

AIS footprint matches IWS for maximising SNR and
minimising message collisions

AIS observation scenario is under definition (likely ‘real-

time’ scenario over Europe allowing for direct usage at
stations. Elsewhere to be defined)

AIS Data policy is under discussion with European
Commission

60 -

50 -

Latitude [9]

S-1 Overpasses in direct
downlink allowing for real
time usage 30-

40 -

1
1
i
|
|
.I.
I
1
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Thank you
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