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Copernicus:  
A New Generation of Data Sources  

ÁCopernicus is a European space flagship programme 
led by the European Union  

ÁCopernicus provides the necessary data for 
operational monitoring of the environment and for civil 
security  

ÁESA coordinates the space component  

ÁFree and open data policy  
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 S1: Radar Mission       

 S2: High Resolution Optical Mission          

 S3: Medium Resolution Imaging and Altimetry Mission  

 S4: Geostationary Atmospheric Chemistry Mission    

 S5P: Low Earth Orbit Atmospheric Chemistry Precursor Mission  

 S5: Low Earth Orbit Atmospheric Chemistry Mission    

 S6 (Jason -CS): Altimetry Mission      
3 

Copernicus Space Component: Dedicated 
Missions: the Sentinels  
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Copernicus architecture  

 

éadded-value products  

Other 
use  
(e.g  

science)  



 

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 . 

Sentinel Data Policy =  

FREE and OPEN access  

Copernicus Sentinel Data Policy  



Copernicus: a long - term operational 
perspective  

S-1 A /B /C/D  

S-1 2nd Generation  

S-2 A/B/C/D  

S-2 2nd Generation  

S-3 A/B/C/D  

S-3 2nd Generation  

S-4 A/B (on MTG)  

S-5 Precursor  

S-5 A/B/C (on MetOp -SG)  

S-6 A/B  

Access to Contributing Missions  



Launch Sentinel - 1A  

Å 3 April 2014  

Å Kourou  spaceport  

Å Soyuz -2 rocket  

Å New era of Earth observation  



Sentinel ï1: C - band SAR mission  

V  Data continuity of ERS and ENVISAT missions  
 

V  Copernicus radar imaging mission for ocean, land, emergency  
 

V  Applications:  

Å monitoring sea ice zones and the arctic environment  

Å surveillance of marine environment (e.g. oil spill monitoring)  

Å maritime security (e.g. ship detection)  

Å wind, wave, current monitoring  

Å monitoring of land surface motion (subsidence, landslide, 

tectonics, volcanoes, etc.)  

Å support to emergency / risk management (e.g. flooding, etc.) 

and humanitarian aid in crisis situations  

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

 

 



Sentinel - 1: Mission Profile  

ÅMission based on 2 satellites  

ÅC-band Radar instrument  

ÅSun -synchronous orbit at  

693 km altitude  

ÅInclination: 98.18ę 

Å7 years lifetime  

ÅConsumables for 12 years  

ÅMean LST: 18:00h at  

ascending node  

Å12 -day repeat cycle at  

Equator (6 days with 2 satellites)  



Launch and Mission Operations Phases 

S1A Space Segment 
Commissioning 

S1A Routine Operations 

S1A-Launch 
3 April 2014 

S1A IOCR 
Sep 
2014 

1st S1A 
ROR 
9 June 
2015 

S1A Operational qualification 

S1 Full Operational 
Capacity 

S1B 
Operational  
qualification 

S1 Mission 
ROR 
~ end 2016 

Sentinel-1 full mission exploitation capacity based on the routine operations of the 2-satellite constellation 
Č gradually achieved  

S1B Space 
Segment 

Commissioning 

S1B Launch 
April 2016 

Dec 2015 



Sentinel - 1 SAR Operational 
Modes  

Operational Modes  

GRD Level 1 
product 
resolution  

Swath 
Width  

Polarisa
- tion  

50m (3 ENL)  > 400 km  
HH+HV or 
VV+VH  

20m (5 ENL)  
 

> 250 km  
HH+HV or 
VV+VH  

9m (4 ENL)  > 80 km  
HH+HV or 
VV+VH  

50m (140 ENL)  
20 x 20 
km² at 100 
km spacing  

HH or VV  

Main mode over land and 
coastal areas  



Sentinel-1 Operational Products 

available to users 

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 data in 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.  
 



Sentinel-1 Level 1 Operational Product  

characteristics 

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

all swaths. 
 

Å 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 WV1and WV2. 
 

Å For SLC products, the range coordinate is in slant range. All the other products are in ground range.  

 Acq. Mode  
 Product 

Type  

 Resolution

 Class  

 Resolution 

[Rng x Azi] [m]  

 Pixel Spacing

 [Rng x Azi]  

 No. Looks

 [Rng x Azi]  
 ENL  

 SLC  -  1.7 x 4.3 to 3.6 x 4.9   1.5 x 3.6 to 3.1 x 4.1   1 x 1   1  

 FR   9 x 9   4 x 4   2 x 2   3.9  

 HR   23 x 23   10 x10   6 x 6   34.4  

 MR   84 x 84   40 x 40   22 x 22   464.7  

 SLC  -  2.7 x 22 to 3.5 x 22   2.3 x 17.4 to 3 x 17.4   1   1  

 HR   20 x 22   10 x 10   5 x 1   4.9  

 MR   88 x 89   40 x 40   22 x 5   105.7  

 SLC  -  7.9 x 42 to 14.4 x 43   5.9 x 34.7 to 12.5 x 34.7   1 x 1   1  

 HR   50 x 50   25 x 25   3 x 1  3

 MR   93 x 87   40 x 40   6 x 2  12

 SLC  -  2.0 x 4.8 and 3.1 x 4.8   1.7 x 4.1 and 2.7 x 4.1   1 x 1   1  

 GRD   MR   52 x 51   25 x 25   13 x 13   139.7  
 WV  

 GRD

 GRD

 GRD

 SM  

IW

EW



Image Acquisition in Interferometric  
Wide Swath mode (IW)  

Terrain Observation  
by Progressive Scans  

(TOPS)  



Sentinel-1 X-band Data flow 
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Regional NRT L0, L1, L2 products  users 

GLOBAL Fast-24h L0, L1 products  

users 
GLOBAL Fast-24h L0, L1 products  
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(DLR-PAC)  

Farnborough 
(UK-PAC) 

Oberpfaffenhofen  
(DLR-PAC)  

Farnborough 
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ï S1 operations are nominally performing since S1A Launch: observation, production, product 

qualification and data access being gradually enhanced to maximize the mission exploitation  

 

ï S1 L0/L1 user products are operationally qualified. S2 L2 OCN products geophysical validation 

is in progress  

 

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

all users is a major challenge buté it is being made possible  

 

ï S1A operations qualification being completedé S1B operations arriving soon.  

Mission operations perspectives 

S1A Operations 

S1A/S1B/EDRS 



Maritime 
surveillance  

Sea state  Sea- ice, icebergs, 
lake - ice  

European coverage  

Ice sheets, glaciers, 
permafrost and 

snow  

Tectonic active areas 
and volcanoes /  
landslides and 
subsidence  

Zonal  mapping  

Security  

Agriculture  Forestry  

Emergency  

Calibration/validation  

Sentinel - 1 observation scenario  
Main components & thematic 

domains  

ESA UNCLASSIFIED ï For Official Use  



Å Full consistent coverage in ascending 
and descending passes every 12 days 
 

Å IW mode, VV+VH polarisation 
 

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

Å Europe defined as EU-/ESA-/EEA-38 
member states 

 
Å Including (especially tectonic active) 

parts of the Maghreb and Middle East 
to avoid coverage fragmentation due 
to instrument switches 
 

Å Main observation area, resulting from 
various requirements  

Sentinel - 1 observation scenario  
European coverage  

ESA UNCLASSIFIED ï For Official Use  



Central Arctic:  

Å Acquisitions in EW mode, 
HH+HV polarisation  

Å Very high repeat frequency, 
to respond mainly to CMEMS 
requirements 

 
 

Eastern/Western Arctic: 

Å Acquisitions in EW mode, 
HH+HV polarisation up to ~ 
78 deg N 

Å Acquisitions in EW mode,  HH 
polarisation further north 
 

 
 

CENTRAL ARCTIC  WESTERN ARCTIC  EASTERN ARCTIC  

Sentinel - 1 observation scenario  
Sea - ice, icebergs, lake - ice  

ESA UNCLASSIFIED ï For Official Use  



Sentinel -1 provides 
unprecedented  
radar coverage of 
the Polar Regions  
 
 
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 coverage  

October 29, 2015  

Operational Sentinel-1 data provision to CMEMS 
Example of daily coverage 

© Contains modified Copernicus 
Sentinel data (2015) 

 



Å BLUE: Acquisitions in IW  mode, 
VV+VH polarisation, every 12 days 
ascending and descending 
 

Å BLACK: Acquisitions in IW  mode, VV 
polarisation, every 24 days ascending 
and descending, alternating asc and 
desc passes every 12 days (i.e. 
repeat on the same track every 24 
days) 
 

Å Stripmap mode (SM) acquisitions 
over selected small volcanic islands 
 

Å Increased sampling density over 
supersites outside Europe 
 

Å About one third of global landmass 
covered regularly under this frame 
 

Sentinel - 1 observation scenario  
Global tectonic and volcanic areas  

ESA UNCLASSIFIED ï For Official Use  



ñOverall, the coverage is excellent with ~1180 of the 1370 subaerial  volcanoes listed in the 

Global Volcano Programme  having coverage already ò  

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

Assessment of worldwide v olcano 
coverage  



Å BLUE: Acquisitions in IW mode, VV+VH 
polarisation, every 12 days ascending 
and descending 
 

Å BLACK: Acquisitions in IW mode, VV+VH 
polarisation, every 12 days in one pass 
Å Repeat over parts of SE-Asia  IW VV+VH 

currently every 24 days, plus 
complementary acquisitions in IW VV 

Å North Andes and Tanzania covered with 
lower frequency (dedicated campaigns 
for forestry monitoring) 

 
Å Agriculture focus: mainly based on 

requirements from 
Å wet rice crop monitoring (e.g. 

GEOGLAM)  
Å soil moisture retrieval 

 
Å Forestry focus: mainly based on 

requirements from 
Å GFOI 
Å regions with high risk for illegal logging 
Å Mostly cloudy tropical rainforests 

Sentinel - 1 observation scenario  
Agriculture and forestry priority areas  

ESA UNCLASSIFIED ï For Official Use  



Å All year: Acquisitions in IW mode, HH 
polarisation, every 12 days on selected 
tracks over the complete Greenland 
shore, the Antarctic Peninsula and the 
main outlet glaciers of Western 
Antarctica (Thwaites and Pine Island 
glaciers) 
 

Å Frequent: Acquisitions over Svalbard in 
IW mode, HH polarisation 

 
Å Campaigns: IW mode, HH   polarisation, 

3-4 consecutive repeats on the same 
tracks. 
ÅGreenland: ASC + DSC tracks. Including 

Baffin and Ellesmere  islands. Ideally 
twice a year 
ÅAntarctica: ASC or DSC. S1A can see up 

to  78.5 deg. S. One full campaign during 
Antarctic winter, one potential campaign 
(ice edge only) during Antarctic summer 

Sentinel - 1 observation scenario  
Ice sheets  

ESA UNCLASSIFIED ï For Official Use  



Sentinel - 1 observation scenario  
Greenland Ice Sheet Campaign  

Greenland 
overall:  
 
V> 1300 GRDH 

and 1300 SLC 
products since 
Oct 2014  
 

V~ Cumulative 
SAR operation 
time of > 9 
hours  

Greenland 
campaign:  
 
V~750 IW SLC 

scenes from 
16.01.2015 to 
09.03.2015  
 

VCumulative 
SAR operation 
time of > 5 
hours  
 

In addition, continuous monitoring of coastal 
areas every 12-day repeat cycle with 6 tracks 

ESA UNCLASSIFIED ï For Official Use  



Antarctica overall:  
 
V2656 GRDH and 

2610 SLC 
products between 
03.10.2014 and 
03.10.2015  
 

VCumulative SAR 
operation time of 
18.75 hours  

Antarctic 
campaign:  
 
V~2200 IW SLC 

scenes since 
23.05.2015  

 
VCumulative SAR 

operation time of 
15.5 hours  
 

Sentinel - 1 observation scenario  
Antarctica Ice Sheet Campaign  

In addition, continuous monitoring of Peninsula and 
critical glaciers every 12-day repeat cycle 

ESA UNCLASSIFIED ï For Official Use  



 
Å Frequent acquisitions in IW mode, 

dual polarisation ASC + DSC, over 
North Sea, Baltic Sea, European 
coastal waters 
 

Å Frequent acquisitions in IW and EW 
mode, ASC + DSC around Iceland, 
Azores and Canary islands 
 

Å One pass coverage of EEZ in IW 
mode over French Islands in the 
Indian Ocean and around 
Newfoundland 

Sentinel - 1 observation scenario  
Maritime surveillance  

ESA UNCLASSIFIED ï For Official Use  



Å IW mode, VV+VH polarisation, one pass 
 

Å Acquisitions following a zonal approach, 
prime acquisition windows prevailing 
regional dry season conditions 
 

Å Continuous acquisition zones (e.g. 
Tectonic active areas) become upgraded 
to dual polarisation whenever they fall 
into a regional zonal acquisition window 
 

Å Revisit per zone several times a year 
 

Å Main driver: emergency reference 
mapping, low frequency global 
applications (e.g. forest mapping, land 
ǳǎŜΣ ǳǊōŀƴ ŀǊŜŀ ƳŀǇǇƛƴƎΧύ  

Sentinel - 1 observation scenario  
Zonal  mapping  

ESA UNCLASSIFIED ï For Official Use  



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

Sentinel - 1 observation scenario  
regularly published online  

(current repeat cycle 66: from 11 to 23 December 2015 )  

ESA UNCLASSIFIED ï For Official Use  



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

 

Sentinel - 1 acquisition segments  
regularly published online  

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



Open & Free on-line data access  
to S1 operational user products  
ǘƻ άǎŎƛŜƴǘƛŦƛŎκƻǘƘŜǊ-use usersέ 

since 3rd October 2014 
on https://scihub.esa.int.   

 

Å Access through self-registration 
Å Automated download scripting published  
Å Restriction on concurrent downloads  
Å All data published since 3rd October 2014 still 

available on line 
Å Data access will be enabled for archive data when 

roll-out will be activated (before end 2015) 

Currently on-line available products: 
Å IW, EW, SM  L0 & L1 systematic products  
Å WV L2 OCN products  
Å IW/EW L2 OCN products 
 

Open and Free On-Line data access 

https://scihub.esa.int




Sentinels User Statistics  
Overview  

By 26 November 2015 :  

Å 14,869  users registered on the scientific/open access data hub  

Å 2.7 million products downloaded by users, representing more than 3.2 Petabytes of data  

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

 



Sentinels Data Statistics  
Overview  

ESA UNCLASSIFIED ï For Official Use  

Sentinel data access online at 

sentinels.copernicus.eu 



 
 
http:/ / sentinels.copernicus.eu 
 
 
Sentinel-1 related 
documentation and technical 
notes are available, e.g.: 
 
άDefinition of the TOPS SLC 
deramping function for 
products generated by the 
Sentinel-1 LtCέ 
 

Sentinel Online web portal 



step.esa.int    
Science Toolbox Exploitation Platform  

SNAP download page  

Access to Beta versions for testing  



Sentinel - 1 Toolbox  
step.esa.int  

1. Sentinel 1 data readers : L1, L2  

a. Multi -mission : ALOS PALSAR, ALOS 2, Cosmo -Skymed , 

ENVISAT, ERS -1/2, JERS RADARSAT -1, RADARSAT -2, 

SENTINEL -1, TerraSAR -X & TanDEM -X 

b. Import/Export of PolSARpro, GAMMA, RAT product formats  

2. Sentinel 1 scientific tools  

a. Automatic Orbits update  

b. Automatic DEM download (ACE 5Min, Ace30, GETASS30, SRTM 

1sec HGT, SRTM 3sec)  

c. S1 TOPS Utilities (Thermal noise removal, Slice Assembly, TOPS 

Split, Deburst, Sub -swath merge, remove border noise etc.)  

d. S1 TOPS Coregistration  

e. Terrain flattening  

f. Texture analysis  

g. Feature Extraction (Ocean object and oil spill detection, Wind 

field estimation)   



Slave  

Range offset 

correction 

Mosaicked  

product 

 

Backgeocoding 

Coregistration 

 

Azimuth offset 

correction 

 

Interferogram & 

Coherence  

 

Debursting & sub-

swath mosaicking 

Master  

Orbit 

DEM 

Orbit 

Correction 

Orbit 

Correction 

Enhanced 

Spectral Diversity 

S1A TOPS Interferogram  
Mt. Etna  

TOPS InSAR for Sentinel - 1 Toolbox  
 https ://sentinel.esa.int/web/sentinel/toolboxes/sentinel - 1  

TOPSAR Chain  



TOPS InSAR for Sentinel - 1 Toolbox  
  

 VV pol  

TOPS Interferometric  

Coherence (12 -days)  

 VH pol  

TOPS Interferometric  

Phase (VV pol)  

Contains modified Copernicus data (2014 )  



Weekly Mission Status Reports published online 
(83 reports issued since Launch) 

https://sentinel.esa.int/web/sentinel/missions/sentinel - 1/mission - status  

ΧΧ 

https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status
https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status


 
 
 
 

Examples of Sentinel - 1A 
images, applications and 

results  
 
 



SENTINEL - 1A FIRST IMAGES  



Land  

Land Cover  
Crop  monitoring , Forest , Food  Security  

é and New Promising  Land Applications é 



Brussels and Surroundings  



Harbour of Antwerp, Belgium  



RBG ï VV/VH/ VH 

Pixel spacing 10m  

250x340 km  

Date: 15.11.2014  

250 km  

Northern Italy 





Sentinel - 1A  
Mosaic of EUROPE  

Contains modified Copernicus Sentinel data [2014]  

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

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

Scientific Toolboxes  
RESULT  



Example of Zonal  mapping results  
-  Mosaic of India -   

 
Sentinel-1 IW mode, VV+VH 

polarisation, acquired end February / 
beg March 2015 

 

Courtesy of SARMAP  

© Contains modified Copernicus Sentinel data (2015)  

ESA UNCLASSIFIED ï For Official Use  



RGB ï VV VH VV/VH  

Data from SciHub  

Processed with S1TBX  

S1A Polarimetric  
Composition  
Poyang Lake, China  



S1A Polarimetric  Composition 
Poyang Lake  



Great potential for rice mapping  
and land classification  

Demonstration North Italy  

Multitemporal  

8-20 Apr  2015 

with coherence  

Courtesy  
SARMAP 

Milan  

Novara  ERMES FP7 Project  
Rice crop mapping  

RED /ORANGE : 

coherence, 

object not 

changing: bare 

soil rough  

GREEN :  

average of the 

two sigma0 VV 

Forest mainly  

BLUE :  

difference of the two sigma0 VV 

objects changing within 12 days 

(here ploughing  activities)  

 

BLACK :  

objects not 

reflecting: water 

or very smooth 

bare soil a reas  


