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A Copernicus is a European space flagship programme
led by the European Union

A Free and open data policy
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Copernicus Space Component: Dedicated
Missions: the Sentinels

il

»
' S1: Radar Mission

@ S2: High Resolution Optical Mission

‘ S3: Medium Resolution Imaging and Altimetry Mission
-

0 S4: Geostationary Atmospheric Chemistry Mission
‘ S5P: Low Earth Orbit Atmospheric Chemistry Precursor Mission
‘ S5: Low Earth Orbit Atmospheric Chemistry Mission

86 (Jason -CS): Altimetry Mission \gency
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Copernicus Sentinel Data Policy &%esa

Sentitiel dlalzalRali®yoHcy =
FREE anddODPN Bicaessess
\_ _J

The Delegated Regulation on Data and Information Policy
from the European Commission entered into force in
December 2013

This Regulation stipulates :

V Open access to Sentinel data by anybody and for
any use

V Free of charge data licenses

V Restrictions possible due to technical limitations
or security constraints .

Copernicus Contributing Missions data access follow their
owners data policies .

European Space Agency



Copernicus: a long -term operational 0
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2011 2014 2020 2030
S-1 A/B/C/D

S-1 2nd Generation

S-2 A/BIC/D

S-2 2nd Generation

S-3 A/BIC/D
S-3 2nd Generation

S-4 A/B (on MTG)

5-5 Precursor A—
S5 AIBIC (o MetOp-SG) R — —

Y- S

European Space Agency

S-6 A/B
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Sentinel T 1: C -band SAR mission

V Data continuity of ERS and ENVISAT missions
V Copernicus radar imaging mission for ocean, land, emergency

V  Applications:

monitoring sea ice zones and the arctic environment
surveillance of marine environment (e.g. oil spill monitoring)
maritime security (e.g. ship detection)

wind, wave, current monitoring

monitoring of land surface motion (subsidence, landslide,
tectonics, volcanoes, etc.)

support to emergency / risk management (e.g. flooding, etc.)
and humanitarian aid in crisis situations

mapping of land surfaces: forest, water and soil, agriculture, etc.

A
A
A
A
A
A
A

European Space Agency
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A Mission based on 2 satellltes
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Launch and Mission Operations Phases K eSsa

Sentinell full mission exploitation capacity based on the routine operations of thatéllite constellation

C gradually achieved --

S1 Full Operationa
Capacity

S1B
Operational
qualification

S1A Routine Operations ¥
S1A Operational qualificatio | b

S1B Space |

S1A Space Segm . :
” Commissioning egmen
§ L - I
S1ALaunch S1A IOCR 15'S1A Dec 2015 S1B Launch S1 Mission
3 April 2014 Sep ROR April 2016 ROR
2014 9June ~ end 2016 \
2015 uropean Space Agency



Sentinel -1SAR Operational
Modes

: product )
Operational Modes N -tion

HH+HV or

50m (3 ENL) > 400 km VV4VH

20m (5 ENL) HH+HYV or
> 250 km VV4VH

HH+HV or

9m (4 ENL) > 80 km VV4VH
20 x 20

50m (140 ENL) kmz2 at 100 HH or VV
km spacing

Main mode over land and
coastal areas European Space Agency




Sentinel-1 Operational Products

s
available to users &\?esa

LEVEL -0 PRODUCTS
Compressed, unprocessed instrument source packets, with additional
annotations and auxiliary information to support the processing.

LEVEL -1 PRODUCTS

Level -1 Slant -Range Single -Look Complex Products (SLC):
Focused datain slant -range geometry, single look, containing phase and
amplitude information.

Level -1 Ground Range Detected Geo -referenced Products (GRD):
Focused data projected to ground range, detected and multi -looked.
Data is projected to ground range using an Earth ellipsoid model, maintaining

the original satellite path direction and including complete geo -reference
information.

LEVEL -2 PRODUCTS

Level -2 Ocean products

Ocean wind field, swell wave spectra and surface radial velocity information as
derived from SAR data.

European Space Agency
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Sentinel-1 Level 1 Operational Product @* eSa

characteristics

Product Resolution Resolution Pixel Spacing No. Looks

Acq. Mode Type Class [Rng x Azi] [m] [Rng x Azi] [Rng x Azi]

SLC - 1.7x4.3to3.6x4.9 15x3.6t03.1x4.1
FR 9x9 4x4 2x2 3.9
GRD HR 23 x 23 10 x10 6Xx6 34.4
MR 84 x 84 40 x 40 22 X 22 464.7
2.7%x22to3.5x 22 2.3x17.4to03x 174 1 1
20 x 22 10 x 10 5x1 4.9
88 x 89 40 x 40 22 x5 105.7
79x421to 14.4 x 43 59x34.7t0125x34.7 [1x1 1
50 x 50 25x 25 3x1 3
93 x 87 40 x 40 6x2 12
SLC - 20x4.8and 3.1x 4.8 1.7x4.1and 2.7 x 4.1 1x1 1
GRD MR 52 x 51 25x 25 13 x13 139.7

For Ground Range Products, the resolution corresponds to the mid range value at mid orbit altitude, averaged over
all swaths.

For SLC SM/IW/EW products, the resolution and pixel spacing are provided from lowest to highest incidence angle.
For SLC WV products, the resolution and pixel spacing are provided for beams WVl1and WV2.

For SLC products, the range coordinate is in slant range. All the other products are in ground range. European Space Agency
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Sentinetl Xband Data flow
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Mission operations perspectives \ eSd

I S1 operations are nominally performing since S1A Launch: observation, production, product
gualification and data access being gradually enhanced to maximize the mission exploitation

I S1LO/L1 user products are operationally qualified. S2 L2 OCN products geophysical validation
IS in progress

i S1 operations paradigm with systematic processing of all data and open & free data access to

al | users I s a maj oisbeint mddd ppssiglee but é it
i SlAoperations qualification being completedeé S1B o
Average Daily production volume [TB]
0 SlA/SlB/EDB(’
4 g-r"r‘
] =TT —
-

a S1A ﬁnnrnhnne — __"F'
l'w S
aﬁziféﬂ%ﬂaﬂgﬂ:ﬂgﬂ:ﬂﬁE§E§£§E$3£EEHE’;EB
§ 2488555522388 33583585538 38:3;35383585°5

S1 Mission Routine
Operations

SISSISEEIEEN s18 Ops. Qual,

European Space Agency

S1A-Launch S1A 1OCR 1 $S1A ROR S$18 taunch S1 Mission ROR

3 April 2014 Sep-2014 : ;;‘;e Mar-May 2016 ~ end 2016



Sentinel -1 observation scenario
Main components & thematic
domains

Agriculture European coverage Forestry

Calibration/validation § SenTIvELT

)
(7))
o

Maritime
survelllance

Zonal mapping

Tectonic active areas

and volcanoes / \ : _ :
landslides and p i Security
subsidence

Ice sheets, glaciers,
Sea state Sea-ice, icebergs, permafrost and
lake -ice snow

ESA UNCLASSIFIED i For Official Use




Sentinel -1 observation scenario

European coverage

ESA UNCLASSIFIED i For Official Use

A
R —— European coverage

A

A

Full consistent coverage in ascending
and descending passes every 12 days

IW mode, VV+VH polarisation

Including Mediterranean Sea, Black
Sea, Baltic Sea and North Sea, EEZ o
continental Europe in the Atlantic
Ocean

Europe defined as EAESA/EEAS3S
member states

Including (especially tectonic active)
parts of the Maghreb and Middle East
to avoid coverage fragmentation due
to instrument switches

Main observation area, resulting from
various requirements

European Space Agency



Sentinel -1 observation scenario & esa

Sea -ice, icebergs, lake -1ce

WL, SENTINEL-IA- Sea-, lake- ice and icebergs _
Central Arctic

A Acquisitions in EW mode,
HH+HV polarisation

WESTERN ARCTIC CENTRALARCTIC EASTERN ARCTIC A Very hlgh repeat frequency
to respond mainly to CMEMS
L RSO o requirements
» S =5~ det g A
N, S QSRS e W

S ’-‘:;,,g;,, plivy SN Eastern/Western Arctic

(R A Acquisitions in EW mode,

{ : HH+HYV polarisation up to ~

R PRy 78degN

A Acquisitions in EW mode, HH
polarisation further north

European Space Agency

ESA UNCLASSIFIED i For Official Use



L opernicus

& Sentinel -1 coverage
October 29, 2015

Sentinel -1 provides

1
. V.55 o s unprecedented
N U S G L f o radar coverage of
\‘ YL . ._:.._ -.‘ I 3 . ’ % 4 Q.f' .
© Coftains modified Copernicus g ‘ Ty 5 et : _ ‘ R W (2 oy the POIar Reglons

Sentij_;]el data (2015)

\:,, v

Data are delivered
in near real time to
the Copernicus
Marine
Environment
Monitoring Service
and constitutes the
key input data to
sea ice and iceberg
monitoring




Sentinel -1 observation scenario

Global tectonic and volcanic areas

- SENTINEL-1A - Tectonic active areas and
volcanoes / subsidence and landslides

ESA UNCLASSIFIED i For Official Use

BLUEAcquisitions in IW mode,
VV+VH polarisation, every 12 days
ascendinganddescending

BLACKAcquisitions in IW mode, VV
polarisation, every 24 days ascendin
anddescending, alternating asc and
desc passes every 12 days (i.e.
repeat on the same track every 24
days)

Stripmap mode(SM) acquisitions
over selected small volcanic islands

Increased sampling density over
supersites outside Europe

About one third of global landmass
covered regularly under this frame

European Space Agency



Assessment of worldwide v olcano

coverage
8 SLC aval .
IERAWa;’f:iT:t',‘,’e Coverage of Sentinel IW SLCs at volcanoes
B No data available ey
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== T
fiOverall, the coverage is excellent with ~1180 of the 1370 subaerial volcanoes listed in the

Global Volcano Programme having coverage already 0
European Space Agency

Statement from Juliet Biggs, University of Bristol (28 Sep 2015)



Sentinel -1 observation scenario ;
{zesa

Agriculture and forestry priority areas

A BLUEAcquisitions in IW mode, VV+V
polarisation, every 12 days ascending

TS, SENTINEL-1A- Agriculture / Forestry anddescending

A BLACKAcquisitions in IW mode, VV+

polarisation, every 12 days in one pa:
A Repeat over parts of S&sia IW VV+V
currently every 24 days, plus
complementary acquisitions in IW V\V
A North Andes and Tanzania covered v
lower frequency (dedicated campaigr
for forestry monitoring)

A Agriculture focus mainly based on

requirements from

2 A wet rice crop monitoring (e.g.
o > - ‘ GEOGLAM)

A soil moisture retrieval

A Forestry focusmainly based on

requirements from

A GFoOl

A regions with high risk'forillégal*l6ggir
ESA UNCLASSIFIED i For Official Use A MOStIy CIOUdy tropical rainforests




Sentinel
Ice sheets

-1 observation scenario

{zesa

SNTIAEL Y

SENTINEL-1A - Ice sheets

ESA UNCLASSIFIED i For Official Use

A All year. Acquisitions in IW mode, HH
polarisation, every 12 days on selectet
tracks over the complete Greenland
shore, the Antarctic Peninsula and the
main outlet glaciers of Western
Antarctica Thwaitesand Pine Island
glaciers)

A Frequent Acquisitions over Svalbard ir
IW mode, HH polarisation

A Campaigs: IW mode, HH polarisation
3-4 consecutive repeats on the same

tracks.

A Greenland: ASC + DSC tracks. Includin
Baffin and Ellesmere islands. Ideally
twice a year

A Antarctica: ASC or DSC. S1A can see L
to 78.5 deg. S. One full campaign durir
Antarctic winter, one potential campaigr
(ice edge only) during Antarctic summet

European Space Agency




Sentinel -1 observation scenario s,
{=esa

Greenland Ice Sheet Campaign

Greenland
campaign:

V ~750 IW SLC
scenes from
16.01.2015to0
09.03.2015

V Cumulative
SAR operation
time of > 5
hours

Greenland
overall:

V > 1300 GRDH
and 1300 SLC
products since
Oct 2014

V ~ Cumulative
SAR operation
time of > 9
hours

In addition, continuous monitoring of coastal
areas every l2lay repeat cycle with 6 tracks

ESA UNCLASSIFIED i For Official Use

European Space Agency
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Sentinel -1 observation scenario

Antarctica Ice Sheet Campaign

In addition, continuous monitoring of Peninsula and
critical glaciers every 1@ay repeat cycle

SENTINEL-1A - IW SLC PRODUCTS 23.05.2014 - 01.10.2015 (Antarctic ice sheet campaign) Antarctic

campaign:

V ~2200 W SLC
scenes since
23.05.2015

V Cumulative SAR
operation time of
15.5 hours

Antarcticaoverall:

V 2656 GRDH and
2610 SLC
products between
03.10.2014 and
03.10.2015
Legend .
V Cumulative SAR
= Stc Proskes operation time of

I 18.75 hours
40

European Space Agency



Sentinel -1 observation scenario

Maritime surveillance

m‘ ' SENTINEL-1A - Maritime surveillance

A Frequent acquisitions in IW mode,
dual polarisation ASC + DSC, ove
North Sea, Baltic Sea, European
coastal waters

A Frequent acquisitions in IW and E
mode, ASC + DSC around Icelanc
Azores and Canary islands

A One pass coverage of EEZ in IW
mode over French Islands in the

- e Indian Ocean and around

= = ; Newfoundland

European Space Agency

ESA UNCLASSIFIED i For Official Use



Sentinel -1 observation scenario

Zonal mapping

~a--’:v-m ' SENTINEL-1A - Zonal mapping

ESA UNCLASSIFIED i For Official Use

IW mode, VV+VH polarisation, one pa:

Acquisitions following a zonal approac
prime acquisition windows prevailing
regional dry season conditions

Continuous acquisition zones (e.g.

Tectonic active areas) become upgrad
to dual polarisation whenever they fall
into a regional zonal acquisition windo\

Revisit per zonseveral times a year
Main driver: emergency reference
mapping, low frequency global

applications (e.g. forest mapping, land
dza ST dz2NbIly | NSl Y

European Space Agency



Sentinel -1 observation scenario

regularly published online
(current repeat cycle 66: from 11 to 23 December 2015

B EW (MH) ® EW (HH) B 1w (HH) e 1W(HH) ® SM(HH) * CALIBRATION SITE

I EW (HH-HV) & EW (HH-HV) [ IW (HH-HY) o IW (HH-HV) o SM (HH-HV)

I Ew (W) ® EW(W) W (W) o IWW) ® sM(w)

T EW (VWAVH) EW (W-VH) 1 IW (VWV-VH) IW-{VV-VH) o SM(VW-VH)
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel -1/observation -scenarigrace hoency

ESA UNCLASSIFIED i For Official Use



Sentinel -1 acquisition  segments

regularly published online
(12 -days repeat cycle : example cycle 66, from 11 to 23 December 2015)

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




Open and Free Ohine data access

You are here Home) Data Access

- Data Access Navigator

COMING SOON rg! Semmd'l Sdenﬁﬁc Data HUb C‘- esa
Open & Free otine data access [ e S

to S1 operational User produCtS o e e
02 &a&aOAh S-ysa s O
since 39 October 2014

on https://scihub.esa.int

Gk (0 adcess daila

775, sentinel
3 data hub
Scientific and
Other Access

e 1 (5 o
R oo © ¢

ey T M T TTAGH e

A Access through setgistration A S B

A Automateddownload scripting published e A aHm

A Restriction on concurrent downloads R ey a MR

A All data published since™8October 2014 still : : _
available online Currentlyon-line avallabl@roducts._

A Data access will be enabled for archive data when A IW, EW, SM L0 & L1 systematic produc

A WV L2 OCN products

roll-out will be activated (before end 2015) A IW/EW L2 OCN products

European Space Agency


https://scihub.esa.int

Sentinel-1 Scientific Data Hub @, ecsa
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S, ) s ? S1A_IW_GRDH_1SDV_20141004T044457_20141004T044522_002675_002FBB_10EC
. https://scihub.esa.int/dhus/odata/v1/Products(' 19043ecc-4b49-408a-b2b9-be 25 1c5dd%fa’)/Svalue

Date : 2014-10-04T04:44:57.460Z, Instrument : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 1 GB

S1A_IW_GRDH_1SDV_20141004T044522_20141004T044547_002675_002FBB_1551
https://scihub.esa.int/dhus/odata/v1/Products('6359f2bc-42f8-47cc-bf4e-46b7df638d86')/Svalue

Date : 2014-10-04T04:45:22.460Z, Instrument : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 1 GB

S1A_IW_GRDH_1SDV_20141004T044547_20141004T044612_002675_002FBB_FD20
https://scihub.esa.int/dhus/odata/v1/Products('5b4c06d2-206e-4deb-ad2f-07bc10bbe5c0’)/Svalue

Date : 2014-10-04T04:45:47.460Z, Instrument : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 1 GB

S1A_IW_GRDH_1SDV_20141004T044612_20141004T044637_002675_002FBB_925F
https://scihub.esa.int/dhus/odata/v1/Products( 188eadad- 1ab4-dece-a182-879334d023d9’)/Svalue

Date : 2014-10-04T04:46:12.460Z, Instrument : SAR-C, Mode : IW, Satellite : Sentinel-1, Size : 1 GB




Sentinels User Statistics -
\=CSd

Overview K

By 26 November 2015

A 14,869 users registered on the scientific/open access data hub
A 2.7 million products downloaded by users, representing more than 3.2 Petabytes of data

A Currently more than 340,000 Sentinel -1 core products available for download

Number of registered users since registration
opening on 30 March 2014

16000 1
14000
12000
10000
000
G000
A000
2000

N L]

= o [ = E = = = =
5 gif?iﬁé%iﬁgggifgﬁﬁ
= g = 8 " 28 22 2 @ 38 o e B4R A European Space Agency
E Number of registered users




Sentinels Data Statistics e

d:esa

Overview

Number of Sentinel-1A products downloaded by users
3000000 7
Sentinel data access online at
2500000 T
sentinels.copernicus.eu e |
1500000
1000000 7
S00000
Number of Sentinel-1A products available for download o it “H H
g-0ct bB-Mov 8-Dec B-lan 6-Feb E-Mal E—ﬁ.pr E-Ma',l B-lum S-Jul S-Aug B-5ep EO:: B-Mow
250000 M Number of Sentinel-14 products downloaded by users
300000
250000
200000 <
150000
100000
50000
B ."":"II.Il || . . !
& T S Sy
m“"ﬁ”"ﬁ"ﬁm"ﬁ“@"bw"'vw@m“"ﬁ’m ‘

W Mumber of Sentinel-14 products avallable for download

ESA UNCLASSIFIED i For Official Use



Need Help? Contact Us About sentinel online Google™ Custom Search &

Missions - ‘ User Guides ~ Technical Guides + Thematic Areas ~ Data Access ~ Toolboxes -

http://sentinels.copernicus.el

- Sentinel News

You are here  Home Eashare | FIEIEI
Sentinel-1 Level-1 SLC Production Scenario
8 Sentinel-1 detalled observation scenario

- Welcome to Sentinel Online
2 Sentinel-1 Product Format change

' Sentinell related

documentation and technical

] 8 ¥
The Sentinel Data Access Infrastructure has been Agreements b Sentined:3-for. Scionos Worktiogs

tailored to answer the needs of the different il :‘ 8 ATMOS 2015 - Advances in Atmospheric n Otes are aval Iab I e ] e . g .-

user'r,'pologuas.— 8 See all Sentinel Events
Q
TR ck o s o e i oDefinition of the TOPS SLC

£ Copernicus derampingfunction for

s for International

ESA Copernicus

Obsaingth Eat products generated by the

Earth Online . ,
SentinellL t C¢
Disasters Charter

ESA Climate Change Initiative

Ground Segment Coordination Body (GSCB)

2 eoPortal

- Sentinel Missions

E R B

5]

I R ]

5]

Learn more éboyl the S(.enunel m155|.onr=. here: m?h ;he: a:ie nliany e:ppllnons for the data acquired from n P~
comprehensive information about mission objectives, e Sentinel Imnss ons. . ) . £ Follow us on Twitter
spacecraft design, instrument payloads and data The Thematic Areas expand on six main categories:

products, as well as the latest mission news. land management, marine environment, atmosphere,

\ ity and cli ch 7
—— emergency response, security al imate change. . Latest Resu |tS Eu ropean 'Sp e Agen ey
® Read more



step.esa.int

Science Toolbox Exploitation Platform

SNAP download page
Access to Beta versions for testing

tion platform
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Sentinel -1 Toolbox -

step.esa.int \ eSda

1. Sentinel 1 datareaders: L1, L2

a.

b.

Multi - mission : ALOS PALSAR, ALOS 2, Cosmo  -Skymed ,
ENVISAT, ERS -1/2, JERS RADARSAT -1, RADARSAT -2,
SENTINEL-1, TerraSAR -X & TanDEM-X

Import/Export of PoISARpro, GAMMA, RAT product formats

2. Sentinel 1 scientific tools

a.
b.

@ - o o

Automatic Orbits update

Automatic DEM download (ACE 5Min, Ace30, GETASS30, SRTM
1sec HGT, SRTM 3sec)

S1 TOPS Utilities (Thermal noise removal, Slice Assembly, TOPS
Split, Deburst, Sub  -swath merge, remove border noise etc.)

S1 TOPS Coregistration
Terrain flattening
Texture analysis

Feature Extraction (Ocean object and oil spill detection, Wind
field estimation)

European Space Agency
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TOPS INSAR  for Sentinel -1 Toolbox {<@€Sa

https ://sentinel.esa.int/web/sentinel/toolboxes/sentinel

S1A TOPS Interferogram
Mt. Etna

TOPSAR Chain

Master

R
ol 5

F

Mosaicked
product

- - ' - ; o d European Space Agency

seem




OPEMICUS

TOPS Interferometric
Ebhsecfyé (DD -days)

VM pol

Contains modified Copernicus data (2014 )



Weekly Mission Status Reporfsublished online
(83 reports issued since Launch)

{zesa

https://sentinel.esa.int/web/sentinel/missions/sentinel

-1/mission - status

{Cesa
sentinel-1

* RADAR VISION FOR COPERNICUS

Mission Status Report 1
Roference Poriod: 3 April - 7 Aprit 2014
Mission Status
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Examples of Sentinel -1A
Images, applications and
results

European Space Agency



$ SENTINEL -1AFIRST IMAGES

European Space Agency




Land Cover
Crop monitoring , Forest , Food Security
¢ and NRamising Land Applicatic

European Space Agency



\_OpPermicus




OPEMICUS




RBG i VV/VH/ VH
Pixel spacing 10m
250x340 km

Date: 15.11.2014






S e m Scientific Toolboxes Sentinel -1A
Mosaic of EUROPE

RESULT

scientific exploitation
of operational missions

Contains modified Copernicus  Sentinel data [2014]

Europe Mosaic
(R:VHG:VV dB B:VV)
processed by
S1TBX/SNAP

AThis is amazing job guys - this will set new ground for a wide community of (new) users



Example of Zonal mapping results

- Mosaic of India

Myanmar
(Burma)

Sentinell IW mode, VV+VH
polarisation, acquired end February
beg March 2015
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Courtesy of SARMAP
© Contains modified Copernicus Sentinel' d4t& (2015)* A9eney




S1A Polarimetric

Composition :
Poyang Lake, China

Data from SciHub
Processed with S1TBX

apom

European Space Agency

RGBT VV VHVV/VH




OPEIMICUS




Great potential forrice mapping
: and land classification &‘;ﬁesa
Demonstration North Italy
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Courtesy
SARMAP

RED/ORANGE : BLUE : BLACK :

coherence, average of the difference of the two sigmaO objects not

object not two sigma0 VvV objects changing within 12 days reflecting: water

changing: bare Forest mainly (here ploughing activities) Or very smogthf#e:" space Asency
soil rough bare soil a reas



