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The rapid developments in distributed supercomputing and
parallel computing in recent years have led to the high-
performance computing facilities of several independent

scientific research organisations being joined up via high-speed
networks to construct very-large-scale distributed computing
infrastructures, known as ‘Computing Grids’. The aim is to
eventually allow scientific researchers instant access to a multitude of
distributed-processing and data-storage resources (thousands of
terabytes) simultaneously, via a single log-in.

Access to high-end computer power isn't the only advantage that
such Grids will offer – the ability to form Virtual Organisations
(VOs), which will promote and facilitate interaction between different
scientific domains, is central to the concept of Grid computing.
Loosely related groups of researchers belonging to diverse
organisations will be able to join groups with a common aim, to share
knowledge and to undertake new forms of collaboration. There is
virtually no limit as to what a 'Grid resource' may consist of; i.e. not
only processing, data storage and high-speed networks, but
potentially all manner of data sets, catalogues and databases,
software packages, tools and environments, scientific algorithms,
instruments and robotics, shared software licences, etc., all by using
standard grid protocols in a coordinated way. Therefore, the Grid is
often described as being the basis for the next generation of the
Internet.

Grid Development Today

In the United Kingdom, Grid development is the centrepiece of a major national drive consisting of hundreds of projects and initiatives
to develop the new 'e-science' infrastructures. In the United States several programmes are underway, most notably the NASA
Information Power Grid, the Department of Energy (DOE) Science Grid, the National Science Foundation TeraGrid, and the Alliance
National Technology Grid. In Europe, the main initiatives are DataGrid and EuroGrid (both funded by the European Commission), the
Nordugrid testbed formed mainly by the Scandinavian countries, and the German UNICORE science and engineering Grid. All of these
infrastructures include widely distributed resources and sites. For instance, the DataGrid, of which ESA is a member, is made up of 21
partners in 11 different countries and is currently running across many of Europe’s main computing centres, e.g. CERN (F/CH), Lyon
(F), RAL (UK), CNAF (I) and NIKHEF (NL), all of which are sharing their resources.

In the Grid community, the emergence of Web Services technology has not gone unnoticed, and developers have responded to the
challenge by proposing an Open Grid Services Architecture (OGSA). This is expected to eventually provide a standard framework for
the integration of Grid and Web Services. Technical specifications have been developed by the Globus Project and IBM, and are being
put forward at the Global Grid Forum for discussion, refinement, and standardisation.

Earth Observation on the Grid
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Grids and Earth-Observation Applications
For environmental Earth Observation (EO)
applications, there are several benefits that
a computing Grid can offer to the user
community. Applications of remote-
sensing satellite data are wide ranging,
from studies of the Earth's mantle,
atmosphere, oceans, ice and land
formations, to agriculture and cartography,
to name but a few. Many national and
international programmes – both research
and operationally oriented – build on
specific application domains to provide
large-scale monitoring and analysis of
dynamic Earth-system interactions and to
better understand and be able to predict
prevailing conditions. Many of these
investigations make use of large-scale,
high-capacity distributed processing
facilities and also involve considerable
coordination and interaction between a
large number of players in the scientific,
operational and commercial sectors. A
Grid facilitates these interactions by
providing a standard infrastructure and a

collaborative framework within which to
share data, storage and processing
resources, algorithms and data products in
a coordinated way.

Satellite-borne EO sensors are capable
of collecting data globally and over
extended time periods, generating a huge
volume of data to be catalogued, archived
and processed. ESA’s Envisat satellite, for
example, generates some 400 terabytes of
data products per year, which have to be
handled by the dedicated ground
infrastructure distributed across various
European countries. A remote-sensing
survey that needs to analyse data collected
over a wide area during an extended period
will consume large amounts of computing
time, network bandwidth and storage
space, requiring that the supporting
Information Technology (IT) infra-
structures be dimensioned accordingly.
Where it is preferable to maintain down-
sized local facilities, the Grid can provide
the extra resources needed during times of
peak load.

The European DataGrid
Participation in the European DataGrid
Project (EDG), a major EC-funded Grid
project begun in 2001, has been
instrumental in allowing ESA to gain first-
hand experience in the use of emerging
Grid technologies. ESA leads the DataGrid
EO application development activities,
assisted by close collaboration with its
partners in the project, the Royal Dutch
Meteorological Institute (KNMI), the
French Institut Pierre Simon Laplace
(IPSL) and ENEA (the Italian National
Agency for New Technologies, Energy and
Environment). 

To test the capabilities of the system, it
was decided to use data from ERS-2’s
GOME instrument, consisting of global
atmospheric-ozone measurements collected
over several years of the mission. This data
was chosen because it is fairly
representative of the kind of large-scale,
collaborative types of EO applications that
stand to benefit most from a Grid-type
scenario. Several ESA, KNMI and IPSL
members formed the EO Virtual
Organisation within DataGrid, working
alongside the high-energy physics and
biomedical VOs. Other participants in the
EO VO are other members identified in the
process of promoting Grid technology in
the EO community. In particular, it is
worth mentioning the collaboration started
within the CEOS (Committee on Earth
Observation Satellites) Working Group on
Information Systems and Services) for
demonstrating the potential interaction of
European and US-based Grid systems, and
with the company Dutch Space to
demonstrate the use of the Grid for EO
instrument simulation.

GOME  Data Processing and Validation
GOME is one of several instruments
onboard ESA’s ERS-2 remote-sensing
satellite, which has been orbiting the Earth
since 1995. Every day, GOME makes
some 30 000 measurements of atmospheric
ozone and transmits them to the ERS
ground stations. The raw readings are sent
to the dedicated Processing and Archiving
Facility in Germany  (D-PAF), which
produces the standard data products and
distributes them to scientific investigators.

ESA sites

European DataGrid sites (at the beginning of  2003)

Relevant Links
• The ESA demo Web site: http:/giserver.esrin.esa.int
• ESA SpaceGrid project: http://www.spacegrid.org/
• The European DataGrid project: http://www.eu-datagrid.org
• Global Grid Forum Web site: http://www.ggf.org/
• CEOS Grid WGISS: http://ceos.esa.int/ceos_wgiss_grid/
• Astrophysical Virtual Observatory: http://archive.eso.org/avo
• GREASE: http://tphon.dutchspace.nl/grease/public/
• ESA Grid Initiative: http://esagrid.esa.int/index.html
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In recent years, a research activity has been
started to derive special higher-quality data
products – so-called ‘GOME Level-2
Products’ – which include the Earth’s
‘ozone profile’ and ‘total ozone column’,
which give the precise gas concentration at
different altitudes above the Earth's surface

at any location. By analysing the global
GOME dataset over the whole period
together with ground-based measurements,
it will be possible to obtain an accurate
picture of the speed with which the ozone
concentrations in our atmosphere are
changing. This, in turn, will allow

scientists to improve the
forecasting models used
to predict future ozone
concentrations in the near
and longer term. Two
different ozone-profiling
algorithms developed by
KNMI (NL) and
ESRIN/University of Tor
Vergata (I) have been
selected for the purpose. 

The GOME  Web Portal 
The EO applications
need to be able to access
the available Grid
resources and services
through user-friendly
application portals. The
GOME Web Portal –
which constitutes a
prototype integration of

Grid and Web services – allows scientists
to select a given geographical area and
time period, retrieve the corresponding
GOME Level-1 products and process them
into Level-2 products. Data products
covering an extended geographical area
selected by the user can be processed in

real-time by distributing
the processing load
across several available
Grid resources. The
resulting products then
remain ‘on the Grid’
and can subsequently be
accessed or validated by
other members of the
EO Virtual Organisation.

The GOME Portal is
an excellent example 
of the integration of
several technologies
and distributed services
to provide and end-to-
end application process
capable of being driven

The GOME processing
and validation
scheme relying on
the DataGrid
environment

The Web Portal for processing GOME
products using Grid resources
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by the end-user. It integrates:
– user authentication services
– Web Mapping services for map image

retrieval and data geolocation
– access to metadata catalogues such as

Multimission User Information Services
and SPITFIRE to identify the datasets of
interest, access the ESRIN AMS archive
and retrieve the data

– access to Grid FTP transfer protocols to
transfer the data to the Grid

– access to the Grid computing and
storage elements to process the data and
retrieve the results - all in real-time.

ESA’s Grid Infrastructure
As mentioned above, the
European DataGrid project is
currently running a Grid testbed
involving some of Europe’s main
computing centres, commonly
known as the ‘EDG Testbed’.
ESA’s contribution is in the form
of a dedicated infrastructure at
ESRIN with resources that
include a cluster of 32 PCs and 
a relatively large disk-array
providing 5 terabytes of storage,
interfaced to the ESA-ESRIN
EO reference archive and user
services system (MUIS).  It
provides DataGrid users with a
wide range of services via three
main levels of access:

– Local Grid: the user can access only 
the computing and storage resources
available locally in ESRIN. In practical
terms, the Local Grid allows the user to
have greater control over the use of local
resources.

– Campus Grid: this utilises the gigabit
link connecting the ESRIN and ENEA
high-performance computing facilities. 

– European-wide Grid: this provides access
to the full set of resources making up the
EDG environment and distributed
throughout Europe. In this mode, both
the local and Campus resources are fully
integrated into the EDG testbed and
visible to all EDG users. 

Experience to date with the ESRIN Grid
infrastructure has been very encouraging

and we are considering extending this
approach to include other ESA facilities
such as ESTEC and, building on Grid
experience gained within the CEOS
community, to incorporate access to wider
international Grid infrastructures. 

Conclusion
The first European DataGrid Testbed
release has been successfully validated and
demonstrated, but we are still in the early
stages and much work remains to be done
to make the Grid sufficiently user-friendly
for a wider range of candidate Earth 

Observation and Earth Science
applications. Grid developments over the
next few years, and on-going projects such
as the EC’s IST 6th Framework project, are
expected to bring rapid advances and
improvements in the design of
architectures and protocols, aligning them
with other rapidly developing technologies
such as Web Services and the Semantic
Web.

Since the start of the EDG project, ESA
has made significant progress in
recognising Grid as a technology that will
bring significant benefit in various space-
related disciplines. The results of the ESA
internal Grid initiative, started with the
SpaceGrid project and continued with the
recognised need to build an ESA-wide
Grid infrastructure, will become visible in

the near future. For Earth Observation, the
initial assessment of the potential benefits
of a Grid system for carrying out large-
scale processing of EO data is promising.
The ease with which large amounts of data
can be transferred between Grid nodes and
processed using large numbers of
concurrently executing jobs is impressive.
The results of our evaluation using the
EDG Testbed show that it is possible to cut
processing time one-hundred fold or more
using the Grid rather than conventional
local resources (such as a single powerful
PC, Sun or Linux work station). Although 

using a cluster system might speed the
execution somewhat, it is a solution with
limited scalability. The Grid, on the other
hand, provides almost unlimited
scalability, as well as a standard framework
for collaboration.
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Modis have been providing manpower to ESA
for over 25 years. We are currently providing
the following manpower within Estec:

• Metallurgy Engineers
• Components Testing
• Administration
• Digital Engineers
• Purchase Officers
• Informatics Support
• Materials Testing Engineers
• RF Engineers/Technicians
• Antenna Engineers
• Metallurgy Technician
• Ground Systems Engineer
• Communication Systems
• Human Exploration Science Coordinator

Modis is the European market leader in the provision of
human resource and project services to organisations
and industry. Modis has rightly earned a reputation for
quality, efficiency and innovation in the supply of staff
across the complete commercial and industrial spectrum.
Modis’ philosophy is to forge three-way partnerships
between our customers and our staff that will sustain
over the long term. We regard our staff as Associates –
people with whom we work to provide continuity of
employment and career development. Our customers are 
partners for the long term so that Modis continuously
seeks to provide a truly pro-active service focused on our
customers’ business goals and needs.

If you would like to find out more about Modis’
services and our opportunities then please contact:

Douglas Murdoch, Space Division
douglas.murdoch@modisintl.com
Aalsterweg 5, PO Box 155, 5600 AD Eindhoven,
The Netherlands
+31 (0)40 294 8680

www.modisintl.com
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