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Sentinels ï New Era of Observations  
EU-ESA Copernicus Space Programme  

2014 & 2016  

Sentinel 1 ï SAR imaging  
All weather, day/night application e.g . crop type, 
floods , water bodies  

2015 & 2017  

Sentinel 2 ï Multi - spectral imaging  
Land applications: urban, forest , crop status & type  
Continuity of Landsat, SPOT  

Sentinel 3 ï Ocean & global land monitoring  
Wide -swath ocean color, global  vegetation, 
evapotranspiration , land/sea surface temperature, 
altimetry  

Long-term Continuity & Access to Earth Observation data 

* Joint EU/ESA Data Policy Principles adopted by ESA member states in Sep ó09, EU announced in Nov. 2013 

2016 & 2017  

(*)  



Copernicus Sentinel - 1  

Å  Launch: S1a: 3 rd  April 2014 , S1b: 25 th  April 2016 , ...  

Å  Constellation of two satellites  

Å  C-Band Synthetic Aperture Radar, weekly coverage (2 satellites)  

Å  Nominal lifetime in orbit of 7 years (max. 12 yrs )  



Sentinel - 1 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 Mission Routine 
Operations 

S1 Mission  
Operations  

Qualification  

S1 Mission 
ROR 
1st half 2017 

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 
25 April 2016 

S1B IOCR 
14 Sep 
2016 



ü Sentinel - 1 A nominal  routine  operations  continue  

Å Data  routinely  provided  to  relevant  operational  Copernicus  
services,  with  very  good  feedback  received  

Å Support  to  various  activations  from  the  Copernicus  Emergency  
Service  and  from  the  International  Charter  Space  and  Major  
Disasters   

Å Many  promising  results  based  on  S1A data  obtained  in  various  
application  fields  from  institutional,  scientific,  commercial  players  

Å Upcoming  start  of  routine  downloads  via  European  Data  Relay  
System  (EDRS)  

 

ü Sentinel - 1 B start  of  routine  operations  

Å First  SAR data  acquired  and  successfully  processed  less  than  3 
days  after  launch  

Å Commissioning  activities  completed  with  successful  In -Orbit  
Commissioning  Phase Review  (IOCR)  on  14  Sep 2016  

Å Start  of  Sentinel -1B operations  on  26  Sep  2016  with  opening  
of  S1 B data  on  the  various  data  hubs  

 

Sentinel - 1: mission status  



Sentinels User and Product 
Statistics Overview  

More than 47,000 users 
registered on the 
scientific/open access 
data hub  

Sentinel data access online at 

sentinels.copernicus.eu 

5.5 million 
products 
downloaded, 
representing 
about 6 
Petabytes  

More than 720,000 Sentinel - 1 core 
products available for download  

 



 
Å The use of Sentinel-1B similarly to Sentinel-1A will basically allow to increase the 

observations frequency by a factor 2 overall  
Å Increase of global land mapping frequency, for land cover applications in particular, that 

require short revisit timeΧ ŜΦƎΦ Agriculture 
Č First target is to provide a full mapping of global land areas every 12 days with a 

combined use of S1A and S1B 
Note: some global tectonic areas may remain observed in single pol, the full 
coverage in dual-pol is foreseen once in full operations capacity, first half 2017 

 
Å European coverage increase by a factor 2, ie 6-day cycle in both ascending and 

descending, in IW VV+VH 
 

 
ESA UNCLASSIFIED ï For Official Use  

+
 
 
  

Sentinel - 1 Constellation Observation Scenario  
- High level strategy for the inclusion of Sentinel - 1B ï 



S1A - 25 September 2016 
S1B - 1 October 2016 
S1A - 7 October 2016 

The Mekong Delta 

observed by Sentinel-1 

A & B 

last week 



S1A - 25 September 2016 
S1B - 1 October 2016 
S1A - 7 October 2016 

Black: Fallow flooded fields 

Red: Rice harvested between 25/9 and 1/10 

Green: Rice harvested between 1/10 and 7/10 

Blue: Rice not yet harvested by 7/10 



ÅSentinel-1 constellation operations generate daily about 8 TB of data since July 2016 
 

ÅSentinel-1B production volume in August 2016 represents already about 40% of the 
total to S1 mission production   

Total S1B operations level at S1B-IOCR is similar to the S1A routine operations level 

S1 Constellation  
Production operations status  



S1B-L 
04.2016 

S1B Space Segment CP S1 Mission Constellation Ops. Qual. 

Operations and data quality ready for  
opening of S1B data access to all users: 
Å S1B L0 Products operationally qualified 
Å S1B L1 & L2 products preliminary qualified 

S1B IOCR 
14.09.2016 

Release of S1B sample products on 
the scientific data access 

S1B L1/2 Products 
operationally qualified 

Operations are ready to start delivery of Sentinel-1B products to users, using same 
interfaces as for Sentinel-1A.  

S1B IOCR + 12d 
26.09.2016 S1B IOCR + 2m 

Sentinel-1B Data Access Plans   



Sentinel - 1 Mission  
Reaching Full Operations Capacity  

SENTINEL - 1A  
V Launched 3 Apr 2014  
V Fully operational  

CORE GROUND  
SEGMENT:  
V 3 X - band stations  

EDRS - A:  
VLaunch: 29 Jan 2016  
VIn Commissioning  
VUser commissioning with 

S1A starting May 2016  
VService use summer 2016  
ü + additional downlink 

flexibility  
 

SENTINEL - 1B  
ü Launched 25 Apr 2016  
ü + 100%  
observation capacity  

CORE GROUND  
SEGMENT:  
ü 4th X - band station  
ü additional downlink 

capacity and 
flexibility  

 

EDRS - C:  
ü Launch: 

2017  
 

+ 
Evolution of the user requirements 

 
Å from the Copernicus services 
ÅNational requirements from Copernicus Participating States 
ÅOther requirements (incl. science) 

 
 

Χ ƴŜŜŘ to be considered in the allocation of Sentinel-1 
resources 



Copernicus Sentinel - 2  

ÅLaunch : S2a: June 23 rd  2015 , Q1 2017  

Å13 bands (VIS, NIR & SWIR)  

Å290 km swath at 10, 20 and 60 m  

ÅSystematic acq . of all land and coasts  

Å5 days repeat cycle with 2 satellites  

Å7 years design lifetime (max. 12 yrs )  

 



S2 Operational Qualification phase 
leading to the Routine Operations  

S2A Space Segment 
Commissioning 

S2A Routine Operations 

S2A-Launch 
23 June 2015 

S2A IOCR 
15 Oct 2015 

1st S2A ROR 
5 July  
2016 

S2A Operational qualification 

S2 Full Operational 
Capacity 

S2B 
Operational  
qualification 

S2 Mission 
ROR 
~ autumn 2017 

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

S2B Space 
Segment 

Commissioning 

S2B Launch 
28 Feb ς 8 Mar 



Sentinel - 2 acquisition plan  

Sentinel-2 acquisition plan  published online ahead of every repeat cycle at  
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-2/acquisition-plans  

Currently 10 days revisit in Europe, Africa and Greenland  

Rest of the World in 20 days (=14.2min/orbit)  

Ą Continue to increase data acquisition: 10 days revisit of all land masses to be reached 

Q1/2017, using EDRS service / 4 th  X-band station  



Sentinel - 2: products distribution statistics  

Approx. 250,000 products were 
downloaded during Q2 - 2016  Exploitation ratio -   1:9  

on average each product published has 
been downloaded  times  

In addition, an estimated 1 million single 
band tiles were disseminated during Q2 -2016  

Note :  currently  S2 products  comprise  several  Tiles  and  all  Bands . Users  

can  however  download  single  bands  and  single  tiles  via  the  API 

libraries  provided  by  ESA.  



L1 Geometry multi - temporal  

GRI (Global Reference Image)  

Á Objective :  To obtain  a full  repeat  cycle  dataset  of  well - localized  mono -spectral  

Level -1B images  (band  4)  which  will  be used  as reference  images  in  the  

processing,  allowing  to :  improve  geolocation , ensure  coherence  between  orbits  

and  ensure  multi - temporal  registration . 

Å Methodology :  Massive  spatio - triangulation  on  large  blocks . 

 

Spatio -
Triangulation  

S2 Products 

Image and  
ancillary  

data  

GCP and tie points  
block adjustment  

S2 Products S2 Products S2 Products  
+ refined  
viewing 
models 



GRI Construction Status  

V European GRI will be completed (including validation) by Q4 2016.  
V Worldwide GRI will be completed (including validation) by Q4 2017.  



Processing Baselines and 
Anomalies  

V https : // sentinels .copernicus .eu/web/sentinel/missions/sentinel -2/data -quality - report  

Next  evolution  step  ~end  October :   

Å addition  of  True  Colour  Images  (TCI)  =  RGB histogram  equalized  in  JPEG2000  

Å shorter  filename   

Å Sample  data  released  5 th  of  October  

Å See  PSD  V14  

https : //sentinels .copernicus .eu/documents/ 247904 / 685211 /Sentinel -2-Products -
Specification -Document -Draft   
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S2 Data Quality Overview  

V Excellent product data quality:  

 

 

 

 

 

 

 

 

 

 

Requirement  Descript io n  Meas u r ed  
per f o r m an ce  

Abso lut e 

g eo locat ion  
(wi t ho ut  

gro und co nt ro l 

po int s)  

The geo- locati on uncerta inty  shall be bette r  

th an 20 m  at 2ů confidence level (with out  
Ground Contr ol Points) . 

< 10 m  at 2 s  

Mu lti - sp ect r al   

Reg ist r at ion  

The inte r-channel spa ti al co- registr ati on of 

any tw o spectr al bands shall be bette r th an 
0.30 of th e coarser achieved spa ti al 
sam pl ing dista nce of th ese tw o bands at 3ů 

confidence level. 

<  0.26 pixel at 3 s  

Abso lut e  

r ad iom et r ic  

u n cer t ai n t y  

The   abso lute  radiom etr ic uncerta inty  shall 

be bette r  th an 5 %  (goal 3% ). 

B1 to  B9:  <  5%Ñ2%  

SN R The Sign al- to -Noise Rati o (SNR)  shall be  

high er th an specified values  

All bands compl iant 

with   

>  20%  m argin 

 



Call for S2 Validation Team  



Copernicus Sentinel - 3  

Á Ocean and Land Colour  Instrument  (OLCI )  

Á 21 channels, 300 m  resolution, 1270 km swath  

Á Sea and Land Surface Temperature Radiometer (SLSTR)  

Á 9 channel, 500m ï 1km resolution, 1675 km swath  

Á Sea & Ice Topography Payload  
(SRAL, MWR, GNSS, DORIS, LRR)  

 
 
 
 
 
 
 

 
 

Å Revisit at equator = 2 days (or daily with 2 satellites)  

Å 7 year lifetime (max. 12 yrs)  

Å S3A launched on 18 February 2016 , S3B in Q3 2017  



IOCR :  Your  feedback  
provided  valuable  input  to  
the  IOCR . 

Ramp - up  phase  starts :  Gradual  ramp - up  of  
operations  and  progressive  release  of  level  1  and  
2  core  products   
 

Full  operational   
capacity  reached  

Sentinel - 3 Mission Operations Phases  



Sentinel - 3A successfully 
launched from Plesetsk 

Cosmodrome (Russia) on 
16 February 2016  

Spacecraft & all instruments in 
nominal operational mode and 

functioning well.  

16 Feb  Successful  Launch  

18 Feb  LEOP phase  concluded  successfully  
V Perfect  orbit  injection  from  the  launcher  
V Rapid  and  smooth  Solar  Array  deployment  
V Only  one  minor  anomaly  encountered  (Star  Tracker  depointing  due  to  incorrect  

quaternion  data),  rapidly  identified  and  corrected  

26 Feb  Platform  In -Orbit Verification completed  

4  March  Payload In -Orbit Verification completed  
V All  instrument  ON and  operating  (except  SLSTR in  decontamination  mode,  as 

planned)  
V Level -0 products  being  generated  

7 March   Cal/Val  Phase of S3 commences  

April/May  Mid -Term -Reviews for OLCI,  SLSTR and SRAL  

mid -  May  Release  of s ample products to all users for familiarisation  

28 - 30  June  Expert users meeting  ï first feedback from S3 validation teams  

11/12 - July  In -Orbit  Commissioning Review (IOCR) ï successful completion of 
commissioning phase, start of ramp - up phase (initial 
operational)  

13 July  ESA internal handover from development to operations team; 
Handover of flight operations from ESA to EUMETSAT  

30 September  Handover of Marine PDGS from ESA to EUMETSAT  

October 2016  Release of Level 1 data TBC  

Ramp - up phase 
IOCR+9months  

Release of Level 2 data  

What happened since launch  
 



Ocean  and  Land  Colour  Instrument  (OLCI)   
Ç high  absolute  (relative)  accuracy  of  2 (0.5)  %  in  reflectance  
Ç OLCI  working  nominally  since  29  Feb 2016 . 
Ç Sample  Level  1 & Level  2 products  available  since  May/June .  

 
Ç Level  1  performance :   
Ç Radiometry : on-board radiometric calibration functional; 

SNR is compliant; calibration gains show time variability ; 
v icarious calibration shows consistent results, however a 
~+3% bias . 

Ç Spectrally :  fully  compliant  (< 0.15 nm) ;  small  temporal  
trends  since  beginning  of  the  mission   

Ç Geometry :  pointing  issues  fixed,  current  sub -pixel  
accuracies ;   
 

Ç Level 2 validation started.  
Ç Cloud flag needs improvement  
Ç L2 products unavailable for inland waters  
Ç improvement in the atmospheric correction  
Ç Improving standard product flags  

Ç Release  of  Level  1  planned  for  October  TBC . 
Ç Release  of  Level  2  planned  for  end  2016 .  

Algal bloom Barent  Sea  
30 June 2016  

OLCI Global Vegetation Index 
(OGVI ), 19 July 2016  

OLCI : STATUS  



Sea  &  Land  Surface  Temperature  Radiometer  
(SLSTR)  designed  for  high  radiometric  accuracy  < 2%  
(BOL)/< 5%  (EOL) ;  <  0.2K (0.1K goal),   
Ç SLSTR first  switched  on  2 March . 
Ç Current  anomaly  causing  slight  increase  in  SLSTR 

instrument  detector  temperature  (~ 1K)  
Ç Sample  Level  1 and  Level  2 data  products  are  

available  since  May/June .  
 

Ç Level  1  performance,  open  points  from  IOCR :  
Ç Corrections  to  Basic  Cloud  Screening  ï solved  
Ç SWIR  calibration  for  S5/ 6 -  not  yet  fully  solved  
Ç Geometric  calibration  corrections  in  Nadir  and  

Oblique  (nadir  ok,  oblique  still  off  several  pixels)  
Ç Saturation  flags  not  yet  correctly  set   
Ç VIS -SWIR  co- registration  ï solution  discussed  

Ç Level  2  performance  
Ç Level  2 validation  started  
Ç Depending  on  Level  1 quality   
Ç Need  for  fine  tuning  LST & SST coefficients  
 

Ç Release  of  Level  1  planned  for  October  TBC . 
Ç Release  of  Level  2  planned  for  end  2016 .  

SLSTR : STATUS  

I.Trigo , IPMA  



SENTINEL - 3 CORE DATA PRODUCTS  
 



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

ΧΧ 

Weekly Mission Status Reports published online 
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Backup  



Å Increase of revisiting frequency for operational monitoring services, in 
particular CMEMS and maritime surveillance services 
Å CMEMS requirement is to get a daily coverage, increase of coverage 

frequency in western Arctic and around Antarctica 
Å Sentinel-1B observations are made in complement to S1A observations, in an 

optimised way 

  Č very relevant to sea-ice CCI  
 
Å European coverage increase by a factor 2, ie 6-day cycle in both ascending 

and descending, in IW VV+VH 
 Č relevant to Land Cover CCI 

 
Å Interferometry every 6 days for critical areas and applications, for 

instance: 
Å  ŦƻǊ Ŧŀǎǘ ƳƻǾƛƴƎ ƎƭŀŎƛŜǊǎ όDǊŜŜƴƭŀƴŘ ƳŀǊƎƛƴǎ ŀƴŘ άǎǳǇŜǊǎƛǘŜǎέ ƛƴ !ƴǘŀǊŎǘƛŎŀύ 

allowing to get more coherence between two acquisitions 
Å  areas subject to large subsidence 
Å etc 

  
ESA UNCLASSIFIED ï For Official Use  

é /é 

Sentinel - 1 Constellation Observation Scenario  
- High level strategy for the inclusion of Sentinel - 1B ï 

(Contôd) 



Å  Implement άŎƻƳǇƭŜƳŜƴǘŀǊƛǘȅέ ƻŦ ƻōǎŜǊǾŀǘƛƻƴǎ ōŜǘǿŜŜƴ {м! ŀƴŘ {м., to some extent 
(e.g. use S1A for one set of remote volcanoes worldwide, use S1B for another set, distinct 
areas for maritime surveillance activities ) 
 

Å Increase of global land mapping frequency, for land cover applications in particular, that 
ǊŜǉǳƛǊŜ ǎƘƻǊǘ ǊŜǾƛǎƛǘ ǘƛƳŜΧ 
 
Č First target is to provide a full mapping of global land areas every 12 days (except 

Antarctica and Greenland which are subject to specific campaigns), with a combined 
use of S1A and S1B 
Note: some global tectonic areas may remain observed in single pol, the full 
coverage in dual-pol is foreseen once in full operations capacity, first half 2017 

  
  Č very relevant to Land Cover CCI 

 

 
 
 ESA UNCLASSIFIED ï For Official Use  

é /é 

é /é 

Sentinel - 1 Constellation Observation Scenario  
- High level strategy for the inclusion of Sentinel - 1B ï 

(Contôd) 



Sentinel -1A solar  panel  was  hit  by  a space  particle  on  23  August  2016 , resulting  in  a 5%  reduction  of  the  power  
generated  by  the  solar  array . This  power  reduction  does  not  have  any  impact  on  the  mission  operations .  

Sentinel-1A hit by space particle 



L2A Pilot Pre - Operational Production  

Å Pilot  production  of  L2A over  Europe  to  be released  in  the  next  1-2 weeks  

Å The Sen2Cor  processor  has  been  integrated  in  the  ESA-RSS environment  (Research  and  
Support  System) . 

Å It  will  daily  generate  up  to  250 GB of  L2A products  data  (~ 600  Tiles/Day) .  

Å L2A output  products  will  be made  available,  through  http : // scihub .esa.int  

Å Products  granularity  of  resulting  L2A will  be the  same  of  L1C available  on  SciHub . 


