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Change detection: Urban Atlas 

(EUSI, SIRS) 

Geology 

(USGS) 

Emergency 
management: flooding 

(SAFER, DLR) 

A wide range  

of land applications 

Global Land cover & Land use 

(GLOBCover ESA) 

Coastal zones/bathymetry 

(R. Merton et al.) Glaciers & ice 

(LIMA Project) 

Land cover 
classification/CORINE  

IMAGE2006, IMAGE2009 etc. 

(Euromap, DMCii-Deimos, USGS) 

Forests & Carbon, Vegetation 
monitoring/change 

(GEO-FCT/Tropforest 
project) 

Mission purpose 



Sentinel-2 Superspectral imaging mission 
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Mission profile 

 Two Spacecraft operating in 
twin configuration 

 Sun-synchronous orbit at 786 
km, LTDN 10:30 AM 

 Multispectral instrument with 
13 spectral bands (VIS, NIR 
& SWIR), at 10, 20 and 60 m 
spatial resolution   

 290 km swath width  

 5 days repeat cycle at Equator (cloud free) with 2 satellites 

 7 years design life time, consumables for 12 years 

 Data transmission at X band plus Optical Communications via 
EDRS: 900 Gbytes/day for processing with global systematic 
acquisition over land 
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The multispectral benchmark 

Coverage (d)       26           16  5 (2 satellites) 

Swath (km)       60          185  290 

Spectral bands     4+1         8+1  13 

Resolution (m)     2.5       30,(15)             10,20,(60) 

LDCM (Landsat 8) SPOT 5 Sentinel-2 
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Sentinel-2 swath & revisit 

Sentinel-2 

(A+B): 

  

Full Earth 

Coverage  

(at Equator)  

in  5 days 

Sentinels are 
complementary  
to High-Res 
commercial and 
national missions 



13 spectral bands: unprecedented for vegetation 
analysis, correction of atmospheric perturbations 
& land classification 
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Comparison S2-L8-WV3-RE+ spectral bands 
 

Source: J. Lacey, Nov 2014 
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 Compliant 
Spectral 
stability 

Band # 
Center l 

nm 

Spectral 

Width  

 Dl nm 

B1 443 20 

B2 490 65 

B3 560 35 

B4 665 30 

B5 705 15 

B6 740 15 

B7 783 20 

B8 842 115 

B8a 865 20 

B9 945 20 

Band # 
Center l 

nm 

Spectral 

Width  

 Dl nm 

B10 1375 30 

B11 1610 90 

B12 2190 180 

Spectral response 

VNIR 
channels 

SWIR 
channels 
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30 Jun. 16 

Launch 

readiness 

15 Jul. 15 

S2B 
15 Apr. 16 

Payload 

integration 

FAR 

Board 

6 months to launch 
 

*: 
Sine qualification tests 
Acoustic tests 
TB-TV tests 
EMC Radiated 

V 

V 

MSI Payload 

integration 

Launch 

readiness 

(VEGA) 
Satellite arrival 

at IABG(D) 
OCP FM  

integration 

Satellite 

environmental 

qualification tests* 

QAR 

Board 

System 

 IOCR 

11 Aug. 14 12 Aug. 15 12 May 15 15 Mar. 15 6 Jan 14 21 May 14 

Payload 

integration, 

Satellite final 

functional tests 

S2A 

V 

status 19th Nov. 2014 



Courtesy: Airbus Defense and Space 



An ESA unified 
space  segment 
and mission 
management 



Copernicus Sentinel Data Policy 

 Joint COM/ESA Sentinel Data Policy Principles have been prepared 
in 2009 - adopted by ESA MSs in Sep 2009 

 ESA approved Sentinel Data Policy. Main principles of Sentinel data 
policy: 

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

 Free of charge data licenses 

 Restrictions possible due to technical limitations or security 
constraints 

 EU Delegated Act on Copernicus Data and Information Policy has 
been published on 12 July 2013 (C(2013)4311, final) 
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Sentinel Data Policy = 

FREE and OPEN access 
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Systematic Earth Monitoring 

Sentinels-1/-2/-3 (A+B) generate, together, more than  
13 times the volume of data generated by the 10 instruments 
on board Envisat, the largest European EO satellite ever 

Sentinel-1, Sentinel-2, Sentinel-3  
acquire data: 
 
• continuously, 
• over much wider swaths,  
• at improved resolutions, 
• in more spectral bands than 

any of their „predecessors‟ 



 

Name 
High-level 

Description 
Production 

Preservation 
Strategy 

Volume 

Level-1B 
Top-of-atmosphere 
radiances in sensor 

geometry 
Systematic Long-term 

 ˜27 MB  
(each 25x23km2) 

Level-1C 

Top-of-atmosphere 
reflectances in 

cartographic geometry 
(UTM/WGS84) 

 

Systematic Long-term 
˜500 MB  

(each 
100x100km2) 

Level-2A 
Bottom-of-atmosphere 

reflectances in 
cartographic geometry 

On user side 
(using 

Sentinel-2 
Toolbox) 

- 

˜600 MB  
(each 

100x100km2) 
 

S2 Products Summary 



Level-1C / Tiling 

• Cartographic Reference System: UTM (with 6ºx8º grid zones). 

• Each grid zone is split into ~100x100km2 UTM “Tiles”. 

100km x 100km tile 

Very similar to 
Landsat L1T 



Level-2A / Definition 

1. Bottom-of-atmosphere (BOA) reflectances in cartographic 

geometry (UTM/WGS84). 

2. Products additionally include: 

a. Scene Classification Map 

b. Water Vapour Map 

c. Aerosols Optical Thickness Map 

3. Algorithm includes: 

a. Cloud and cloud shadow detection. 

b. Cirrus detection and correction. 

c. Slope effect correction. 

d. BRDF effect correction. 

 



Level-1C / Algorithm 

Level-0
Level-0 

Consolidated
Level-1A Level-1B Level-1C

TELEMETRY ANALYSIS

PRELIMINARY QUICK-

LOOK AND CLOUD 

MASK GENERATION

DECOMPESSION

SWIR PIXELS 

REARRANGEMENT

RADIOMETRIC 

CORRECTIONS

- Inv. on-board equalization,

- Dark signal correction,

- Blind pixels removal,

- Cross-talk correction,

- Relative response correction,

- Defective/no-data correction,

- Deconvolution/Denoising,

- Binning of 60m bands.

GEOMETRIC VIEWING 

MODEL REFINEMENT

- Refining of the viewing model 

using a global set of reference 

images,

- Registration between VNIR 

and SWIR focal planes 

(optional).

RESAMPLING

- Geometry interpolation 

grid computation,

- Resampling (B-splines).

CONVERSION TO 

REFLECTANCES

PREVIEW IMAGE AND 

MASKS GENERATION 

(defective pixels, cloud & 

land/water)

See F. Gascon 
tomorrow 



Level-1C / Data Quality Targets 

Radiometric Data Quality 

Absolute radiometric uncertainty 3 % (goal) , 5 % (threshold) 

Inter-band relative radiometric uncertainty 3% 

Linearity knowledge accuracy 1% 

Modulation Transfer Function (MTF) 0.15 to 0.3 (for 10m bands)  

<0.45 (for 20 & 60m bands) 
Geometric Data Quality 

Absolute geolocation uncertainty 20m 2σ (threshold)  

12.5m 2σ (goal) with GCPs 

 
Multi-temporal registration 0.3 pixel 2σ (goal) with GCPs 

Multi-spectral registration  

(for any couple of spectral bands) 

0.3 pixel 3σ 



Sentinel-2 System 
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Ground Segment 
 

 Data processed by Core GS within 
3-24 hours after acquisition 
 

 X band data downlink with 
instrument data rate of 490 Mb/s 
(after onboard wavelet 
compression) 
 

 Laser Communication through 
geo terminal (can be operated 
simultaneously with the X band 
subsystem) 
 

 900 GB per day: cloud-free 
images will be further processed 

 



Baseline in full operations is 
systematic acquisition of: 

 All land surfaces (-56° and 
+84° latitude); 

 Major (greater than 100 
km2 size) and EU islands; 

 Coastal (20km off the 
coast) 

 inland waters, 
Mediterranean Sea and all 
closed seas; 

 Cal/Val sites. 

S2 nominal observation plan 



S2 cal/val sites Europe 



S2 cal/val sites Europe-Africa  



S2 cal/val sites  
Americas 



S2 cal/val sites South East Asia/Australia 



Sentinel-2 ramp-up 

Like for Sentinel-1, a gradual ramp-up will be defined for Sentinel-2, 

increasing/improving gradually the service to users in a stepwise approach, 

e.g. 

- Gradual increase of acquisition capacity could  

start with a reduced observation scenario for few  

months 

- Ensuring from the start coverage of  

global Cal/Val needs 

- Ensuring as early as possible COPERNICUS CORE datasets needs  

for Europe/Africa, mostly systematically 

- Ensuring maximum coverage/orbit length for generation of a global 

reference image (GRI), which is required to produce highest accuracy 

L1C products…this may take up to 9 months to produce the GRI  

 

 



Main drivers of the S2 ramp-up 
observation scenario 

1. Mission requirements 

a. Mission instrument & check-out needs in E1 and E2 

b. Incl. cal/val sites and cross-comparison with other missions 

c. First ~9 months: GRI production, world is defined in 8 blocks 

d. S1-S2-S3 cross-comparison: land, coastal and ocean sites 

2. Copernicus Services needs 

a. European land: 2 cloudfree coverages of Europe May to Sep 2015, 

2016 etc. 

b. Global land: systematic acquisition of all land masses = gradual 

build-up starting in 2015 

c. Marine, tbc: 

d. Emergency, Security etc. 

3. ESA/ (EU)Member State (urgent) needs  

4. Other users urgent needs 



USE TYPOLOGIES 

Copernicus Services 

 

International 

Agreements 

ESA/EU Member States needs 

(Collaborative GS) 
 

ESA funded R&D projects 

Public  

Value Adding 

use  

Copernicus Core & Downstream Services 
 

 

Other EU needs assimilated to 

Copernicus services 

e.g. EMSA, EEA, EUSC, JRC 

 

Science use 
Commercial 

Value Adding 

use  

Scientific 

/Other use 

32 

MSs 

CollGS 

Int’l 

Agreements 



Data access – 4 categories of users 



Open & Free ‘Science and Other’  
Data Access – Initial Operations 

1. Open and Free T&C‟s published 

2. Self Registration and Sample Products 

open since S-1A launch 

3. Routine Data flow opened on 3rd 

October 

4. Rolling Archive  

a. target of latest 2 months 

data 

b. achievement of full 

population will be progressive 

c. no timeliness guarantee 

5. Quota restriction of 2 concurrent 

downloads to ensure bandwidth 

availability for all users 

 

 



Open & Free ‘Science and Other’  
Data Access – Initial Operations 

1. Samples of all product types 

available (SLC, GRDM, GRDH, 

RAW) 

2. Since launch > 3000 users 

registered 

3. Currently over 6000 

downloads per week 

4. Total volume of data 

disseminated > 20 TB 

“By using Sentinel data, the User 
is deemed to have accepted these 
Terms and Conditions” 



Rolling Archive Access  
for Collaborative Partners – Context 

ESA 
 
 
 
 
 
 
 
 
 
 

MS 
Mirror 
site 

MS 
mirror 
site 

MS 
mirror 
archiv
e 

MS 
mirror 
archiv
e 

MS 
mirror 
site 

DHuS Data 
Centre(s) 

WAN CORE 
GS 
  

CDB

CDB

More explanations on 
4 Dec 2014 in Esrin at 
the ColGS Workshop 



Mission-specific collaboration S2-L8 on a 
mission-to-mission basis in Phase E2 

After pre-launch calibration, other types of collaboration such as 

• Post-flight Validation campaigns and cross-validation 

• Joint out-of-baseline observation campaigns such as e.g.  

• over some regions for tbd time <x degree sun angle,  

• joint Antarctica campaigns 

• nighttime observations campaign for global volcanoes 

• Coral reefs or other natural features special campaigns 

• Etc…. 

• Joint /fused/synergy products?...follow-up of ROSES (NASA), USGS exploitations 

and SEOM/DUE (ESA), and linked to it joint exploitation workshops 

• DEM usage and sharing 

• GRI usage by L8, comparison between L8 GCP database with S2 GRI 

• Etc 

 



Topics covered? 

 Products: Addressed, more detail tomorrow in FGascon talk 

 Global DEM: PlanetDEM as current baseline, may evolve  

 Collaborative ground segment: Principles addressed, more details 

on 4 Dec 2014 at Esrin  

 Toolbox development: S2 toolbox available,  

 Cooperation with USGS, inter-calibration of Sentinel-2 MSI and 

Landsat-8 OLI sensors, etc.: Adressed   



Thank you for your 
attention 

http://www.esa.int/Our_Activities/Copernicus/Sentinel-2 

http://sentinel.esa.int 


