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– ESA framework 
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Overview of ESA  Earth 
Observation Programmes 

 



ESA Member States 
&Cooperating States 

• Over 50 years of experience 
• 20 Member States and 8 
Cooperating States  
• Eight sites/facilities in Europe, 
about 2200 staff 
• 4.1 billion Euro budget (2014) 
• Over 70 satellites designed, 
tested and operated in flight 
• 18 scientific satellites in 
operation 
• 200th  launch of Ariane 
celebrated in February 2011 



European Space Agency 

• 4 EO missions in operation 
– Incl. Sentinel-1 ; Launch 3 April 2014. 
– 7 more currently operated by Eumetsat 

• +3800 user projects worldwide, without 
Sentinel-1 (+2000 users registered so far) 

• More than 750 Terabytes/yr of free data 
• 30 partner missions for which data are 

disseminated to European users 
• More info at www.esa.int 

swarm 

smos 

cryosat-2 sentinel-1 



Earth Observation Programmes 
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Space 
Component 

In-Situ 
Component 

Services 
Component 

Copernicus (formerly known 
as GMES) is a European space 
flagship programme led by 
the European Union 
 
Copernicus a European 
contribution to GEOSS 
 
Provides the necessary data 
for operational monitoring of 
the environment and for civil 
security 
 
ESA coordinates the space 
component 

The Copernicus Programme 



 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     
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Copernicus Space Component: Dedicated Missions 



Copernicus 
Contributing 

Missions 

Atmospheric  
missions 

PROBA-V 

SPOT (VGT) 

MetOp Meteosat 2nd Generation 

Cryosat 

Jason 

DMC 

Deimos-2 

Pléiades 

RapidEye 

SPOT (HRS) 

COSMO-Skymed 

Radarsat 

TerraSAR–X 
Tandem-X 

Copernicus Contributing Missions 
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CSC Ground Segment and Sentinels 
Collaborative Ground Segment 

The Copernicus Space Component (CSC) Operations concept relies 
on a CSC Ground Segment, with CSC-funded Functions and 
Elements, providing : 

• the primary access to Sentinel Missions data as well as 
• the coordinating access functions to Contributing Missions data 
• fulfilling the Sentinels Mission Requirement Documents 

 
This is complemented by a Sentinel Collaborative Ground 
Segment, with non CSC-funded Functions and Elements, providing: 

• a supplementary access to Sentinel Missions data, i.e. either through 
specific data acquisition services, or specific data products 



1st Collaborative GS Agreement 
ESA and Greece signed 1st Understanding for the 
Collaborative Ground Segment Cooperation , in 
Europe (Athens, 12 May 2014)  
 
Agreement: 
• Guarantees access to Sentinel data for Greece  
• NOA will set up a ‘national mirror site’ for 

hosting and distributing Sentinel data and 
products for the derivation of value adding 
environmental services and information. 

 

Volker Liebig (ESA Director of 
Earth Observation Programmes) 
and Kanaris C. Tsinganos 
(President of the National 
Observatory of Athens) 

 
Objective: Prof. Tsinganos:   

“Provide data for priority national activities with a prospect to serve the 
needs of transnational cooperation between Greece and neighbouring 
southeastern Mediterranean and Balkan countries, as well as the Black Sea 
Region.” 



CEOS – Background 
Since 1984, CEOS is the international forum for 
the coordination of space-borne EO missions.  
 
31 Member space agencies (EO Data providers) 
and 24 international organizations as 
Associates (Users of EO data) 
 
Since 2005, CEOS  acts as the space arm of GEO 
 
CEOS currently focuses on key areas such as: 

– Climate change, deforestation/forest carbon, 
agriculture/food security, disasters, water cycle,….  



CEOS – Support Bodies  
• Chair Team (currently EUMETSAT) 
• Strategic Implementation Team (SIT – currently CNES), 
• Secretariat (ESA, EUMETSAT, NOAA, NASA, MEXT & JAXA), 

 

• 5 Working Groups:  
– Calibration/Validation (WGCV ), Information Systems and Services (WGISS ), Capacity 

Building and Data Democracy (WGCapD), Climate (WGClimate),  Disasters (WGDisasters ) 

• 7 Virtual Satellite Constellations Teams,  
• 2 Ad Hoc Project Teams (Forest Monit., Agriculture Monit.) 
• System Engineering Office (SEO) cross-disciplinary support 

 
More info at www.ceos.org  



ESA and CEOS’s Involvement in GEO 
ESA directly involved in GEO or indirectly through CEOS 

– ESA & CEOS both Participating Organisations. CEOS 
space arm of GEO. See www.esa.int & www.ceos.org  
 

 
Direct: some examples 

– ESA developer and operator of 
GEOSS Web Portal 

– Human support in GEO SEC, various 
Committees and Task Teams 

Indirect: some examples 
– Global Forest Observations Initiatives (GFOI) 
– GEOGLAM (Agriculture Monitoring) 
– Disasters 

http://www.esa.int/
http://www.ceos.org/


Integration and Delivery of EO 
Data & Information Services 

 



… ESA Framework … 



Basic Needs for Users Services 
• Ensure preservation, discovery and access to current 

and  historical missions data records and associated 
knowledge 
 

• Provide transparent and friendly user services, giving 
access to information relative to several EO missions 
through a single user interface (as much as possible) 
 

• Link to external information systems from ESA’s 
partners (e.g. National Space Agencies in Europe, 
CEOS Agencies, GEOSS,…) 
 

• Optimize development, operations & maintenance 
costs 
 



 

• Exploitation of existing ESA’s infrastructure for past & 
current missions and of National Facilities as long as 
possible to maximize benefit from past investments. 
 

• Porting services for past & current missions to 
technology & infrastructure for new missions, 
regularly performed but not straightforward : 
– lack of expertise on past missions & corresponding 

infrastructure; budgets limitations, …. 
 

• Use of several standards (e.g. catalogue 
interoperability protocols) at ESA and outside ESA, 
leads to more complex implementations. 
 

Constraints for Users Services 



Not a unique solution 
 

1. Copernicus Sentinels & Contributing Missions: 
dedicated and new infrastructure 
 

2. Other missions: ESA’s missions (ERS-1&2, 
ENVISAT, Earth Explorers) and Third Parties’ 
missions exploited by ESA (e.g. Landsat) 
– Distributed architecture in Europe, developed over 

many years to support flying and past missions (ERS-1 
launch in 1991, ERS-2 in 1995, ENVISAT in 2002, followed by 4 
Earth Explorers: GOCE in 2009, SMOS in 2009, Cryosat in 
2010, SWARM 2013) 



… Copernicus Sentinels & 
Contributing Missions  



Use Typologies 
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Copernicus Services 
 

International 
Agreements 

EU/ESA Member States  
 

(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 

MSs 
CollGS 

Int’l 
Agreements 

Users shall have free, full and open access to Copernicus dedicated  
Sentinel data and Copernicus service information 



Copernicus Services 

… and Copernicus  
Climate Change 

service 
 is still in a development 

phase. 

Courtesy DLR 



Data Access – An Engineering View 
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MSs 
Collaborative 

Access 

Copernicus 
Services 
 Access  

CS
C 

G
S 

Da
ta
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cc
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Scientific / Other 
Access 

International 
Agreements 

Access 

ESA funded 
R&D projects 

Scientific/ Other  users 
 

e.g. scientific, commercial  
outreach, general public 

Copernicus 
Services 

MSs CollGS Users 
e.g. public, scientific, 

commercial 
International 

users 

Funded and 
Operated by MSs 

National Mirrors  
(Inc local station) National Mirrors  

(Inc local station) 
National 
Access  

International 
Mirrors 
International 

Mirrors  
(Inc local station) 

Funded and Operated 
by  int. partners  

Int’l 
Access  



A major European Earth Observation Ground Segment  

design challenge … 
  

 
 
 

Systematic processing and availability of the complete 
acquired data  .. 
corresponding to a sustained generation rate 

(24h/7d) of a continuous stream of …. 
 

500Mb/s of user products (Sentinel-1,-2,-3  A series) = 

5.4 TB/day  =  equivalent of 1180 DVDs/day !! 
 

Data Access – A major undertaking 
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Copernicus GS 

4 core ground stations in the Copernicus ground segment +  European relay satellite system EDRS 
(Sentinel-1 and Sentinel-2 only) 



Copernicus Ground Segment Architecture 

Copernicus Service Entities 



Heterogeneous Mission Access (HMA) 

ESA Developments & 
Copernicus Contributing 
Missions: 

• ESA 
• DLR 
• EUMETSAT 
• CNES – Disasters Charter 
• VITO 
• MDA (RSAT2) 
• DMCii 
• Astrium GbH (TSX) 
• DEIMOS 
• E-GEOS 
• Astrium France (spot/pleiades) 
• RapidEye 
• Euromap 
• EUSI 
• Astrium France (spot 6/7) 
• Proba-V 
• others 



Sentinel 1 Scientific Data Hub 

 



Sentinel 1 Scientific Data Hub 



… Other Missions … 



EOLI-SA 

 



FedEO: Federated Earth Obs. System 

• Provides brokered discovery capability to European & Canadian 
EO missions data, and access and ordering to a subset. 
 

• Implements standard interfaces (e.g. OpenSearch OGC)  for an 
increased number of discoverable and accessible EO data 
collections, and for interfacing with CEOS Community 
Catalogues and Clients 



FedEO Brokered Architecture 



… CEOS and GEOSS 
Framework … 



CEOS Interoperability  

• 4 main on-going projects related to catalogue 
interoperability and data access: 
– CWIC 
– FedEO 
– OpenSearch 
– IDN  



CWIC and IDN  Projects 
• CWIC = CEOS WGISS Integrated Catalog 
• Federated catalogue for data discovery 

from multiple EO data centers 
• + 86 million individual EO data files can be 

found and accessed, accessing over 65 
collections (data sets) (as of 2012). 

• Connect to CEOS International Directory 
Network (IDN) that includes more 30000 
registered EO resources (e.g. data sets & 
services, articles, web sites) over more  

                                   than 30 years 

idn.ceos.org 



High Level Concept – Scenario 1 
European Data in the International Context 

FedEO 

European Scientific Catalogues  
& Services 
 CNES 

ESA Missions 

EUMETSAT 

DLR, VITO 
OTHERS 

Data discovery,  
access and ordering 
depending on agreement 
and interfaces (e.g. HMA, 
OpenSearch) 

CWIC 

EO Clients (e.g. Web Portals)  

CEOS Community Portals  
GEOSS Web Portal 

DAB Broker 

HMA, Opensearch 



High Level Concept – Scenario 2 
European Users and projects to European and non-European EO data 

FedEO 

European Scientific Catalogues  
& Services 
 CNES 

ESA Missions 

EUMETSAT 

DLR, VITO 
OTHERS 

Data discovery,  
access and 
ordering depending 
on agreement and 
interfaces (e.g. 
HMA, OpenSearch) 

CWIC 

European EO Clients (e.g. Web Portals)  

Non European Scientific Catalogues  
& Services 
 ISRO 

NASA 

NOAA 

USGS 
OTHERS 

HMA, Opensearch Opensearch 



CEOS OpenSearch Project 
• Establishes a common CEOS interoperability best practice 

of OpenSearch to allow standardized and harmonized 
access to metadata and data of CEOS member agencies, 
including CWIC and FedEO communities;  
 

• Ordering not supported. 
 

• Project members 
– ESA (Europe) 
– NASA (USA) 
– JAXA (Japan) 
– CNES (France) 
– NOAA (USA) 

 



GEOSS Current Architecture 

Agency Services and SW Applications:  
Web services, Applications. Community Portals 

Official Catalogs 

Centralized EO 
Inventory Clients 

GENESI*, CWIC*, FedEO* 
Component & Service 

Registry (CSR) 

Clearinghouse 
(Catalog) 

GEOSS 
Common 
Infrastructure 

GEOSS 
Portal 

GEOSS User 
Access 

Register 

Resource 
Providers 

Discovery and Access 
Broker* (DAB) 

GEOSS Registries: 
•Standards & 
Interoperability 
•User Requirements 
•Best Practices Wiki 
•Semantic 

Member and 
PO 
Resources 

harvest 

metadata 
links  to 

real-time 
search 

Monitoring 
Services 



EO Collections discovery/access in GEOSS via FedEO 



Athens, Greece 

THANK YOU … 
 
QUESTIONS  ? 
 
 
 
Greece’s Attica region 
 
Sentinel-1A radar image  
from 22 April 2014 
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