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Jiirgen Ackermann, Jérome Breteau,

Jens Kauffmann, Guy Ramusat

& Giorgio Tumino

Future Launchers Preparatory Programme,
Directorate of Launchers, ESA, Paris

Programme (FLPP) was approved by the

last ESA Ministerial Council and began in
February 2004, ending a long period without a
programme dedicated to future launchers at the
European level. The aim is to prepare the Next
Generation Launcher to be operational around
2020. System studies and technology activities
therefore need to be conducted, including
ground and in-flight tests, to foster new
technologies capable of providing high
performance and reliability, together with low
life-cycle costs. The final choice between an
expendable or revsable type of launch vehicle
will be made on the basis of proven
technological readiness and consolidated cost
and risk assessments.

The Future Launchers Preparatory

Programmatics

The Agency’s Future Launchers
Preparatory Programme was initiated in
February 2004 with the aim of preparing
for the development of Europe’s Next-
Generation Launcher (NGL). The FLPP is
designed to strengthen European industry’s
innovative technology competences and
foster progress in the launcher field in
order to safeguard Europe’s guaranteed
access to space in the longer term. The
choice for the best Earth-to-orbit launch
system architecture is essentially between
an advanced expendable launcher and a
fully or partially reusable vehicle. The
final decision will be made on the basis of
competitive launch cost and market
requirements, such as  expected
commercial payloads and the European
institutional mission needs stemming, for
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Ariane-5 G
instance, from the new ESA space
exploration  programme and  the

implementation of European Union policy
concerning environment, security and
defence.

It is essential for Europe to retain its
autonomous, affordable and competitive
access to space both now and in the future.
The near-term needs are covered by the
European launcher workhorse Ariane-5, to
be complemented in the near future by the
Vega small launch vehicle and operation of
the Russian Soyuz launcher also from
Kourou. Looking further ahead, however,
Europe must already begin to prepare the
programmatic and technical ground in
order to be able to undertake the
development of an NGL a decade from
now.

Among the various solutions promising
affordable access to space, Reusable
Launch Vehicles (RLVs) offer the potential
for major cost reductions well beyond
those provided by on-going improvements
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to Expendable Launch Vehicles (ELVs).
Before being able to make a sound choice
between an ELV and an RLV for the Next
Generation Launcher, a number of critical
reusability-related technologies need to be
developed and demonstrated, as well as

Industrial Policy

The current family of launchers that will be operating in the near-
and medium-term from the European Spaceport in Kourou,
French Guiana

Y

Soyuz

Vega

acquiring RLV system-level expertise.
Before finally deciding on the NGL’s
development, there is a need for sufficient
maturity of system and technology
competencies to assess the associated costs
and risks.

It was decided at the outset to grant all NGL-related activities within FLPP to an
industrial prime contractor, and EADS and Finmeccanica have therefore created a
new company, provisionally called ‘NGL Prime Co’.

The industrial work at system and technology level began at the end of 2004, with a
comprehensive road map of activities that will provide, step by step, the results
needed for the decision on the NGL to be taken at the end of the decade.

The industrial activities in 2005 encompass RLV system concept studies together
with the preparation of on-ground demonstrations for various structure and
propulsion subsystems, as well as the progressive implementation of in-flight
demonstrations with testbeds and experimental vehicles.

www.esa.int



In its first two years, the FLPP
programme is concentrating on assessing
the attractiveness of reusability from the
launcher affordability and robustness
standpoints. Decisive progress has to be
made, however, with respect to current
technology to achieve a robust, low-cost,
reusable system. The system requirements,
overall development logic and tech-
nological demonstrations required to
design and build such a demanding vehicle
are going to be assessed, focusing on the
most critical areas, like propulsion,
materials and structures, aerothermo-
dynamics, vehicle health management and
avionics. These new technologies will be
able to foster new system concepts. In
addition, Europe plans to develop and
operate hypersonic experimental vehicles
for flight demonstrations, when deemed
necessary to overcome technology
barriers, study critical flight phases and
assess reusability.

A cornerstone of the European launchers
strategy is optimum use of available
resources. Therefore on the one hand a
harmonisation of all European activities
for future launchers has been initiated, and
on the other the FLPP will permit the
progressive restructuring of the European
industrial landscape in preparation for a
future cost-effective NGL development
and exploitation programme. From the
start, a number of cooperative activities in
the RLV field have been identified, not
least with Russia.

System Studies
There is already a solid base of experience
and technology in Europe for the design of
ELVs, which is being exploited to establish
the system-level capabilities needed to
assess the risks inherent in developing and
operating RLVs. One of the main goals of
the FLPP studies is to assess the
attractiveness of launcher reusability by
comparing the economic features of the
best RLV options accessible for Europe
with the possible ELV solutions on the
basis of comparable Technology Readiness
Level (TRL).

The system work will have to
accomplish multiple objectives. RLV
system design concepts will be developed

www.esa.int

to allow quantification of performance,
flexibility of operations, reliability, cost
and safety. On the basis of these concepts,
a number of system-level trade-offs
dealing with such aspects as propellant
combinations, stage arrangements, launch
modes and return-flight options will be
performed. A further task will be to
elaborate guidelines and well-quantified
objectives for the RLV technology
developments in order to be able to
monitor their coherence and feed the
results into the vehicle concept studies.
The objectives for the in-flight and on-
ground experiments and demonstrations
will also be derived from the system needs.
At a later stage, i.e. during FLPP Period-2,
system studies of expendable NGL
concepts will be started, leading to a

LFBB concept (Courtesy of DLR)

thorough trade-off between the ELV and
RLV concepts. This important decision
will be largely based on the final mission
specification, but will also rely on the
results of critical-technology validation
tests.

FLPP Period-1 is characterised by a
focused approach, aiming at the selection
of one preferred RLV concept for each of
two preliminary ‘reference missions’. The
availability of results from a number of
previous national and European RLV
studies, such as ESA’s Future European
Space  Transportation  Investigation
Programme (FESTIP, 1995-1998), allow
FLPP to focus just on what are seen as the
currently most promising concepts,
namely:

Sub-orbital concept (Courtesy of DLR)

» semi-reusable concepts using a Liquid
Fly-Back Booster (LFBB) or Reusable
First Stage (RFS)

* sub-orbital concepts

» fully reusable Two Stage To Orbit
(TSTO) concepts.

Considerable experience in the analysis of
these options already exists in Europe.
Aside from FESTIP, other studies have
been performed in recent years in France
(e.g. SYS RLV) and Germany (e.g.
ASTRA) on concepts belonging to these
categories and their results will also be
exploited in the FLPP system activities.
The semi-reusable RLV concepts are an
attractive area for potential cooperation
with Russia, where joint activities on the
analysis of reusable liquid stages will be
considered.

Single Stage To Orbit (SSTO) concepts
and air-breathing ascent propulsion
systems (e.g. Scramjet) will not be
addressed as they do not meet the
technology-maturity requirements.

In-flight Experimentation
For any RLV development effort, in-flight

TSTO concept (Courtesy of CNES)
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The European Heritage Regarding RLVs

Several system studies were conducted during the 1980s to investigate possible
concepts for a European RLV, both at ESA level (FLS, WLC, RRL, FESTIP, as well
as the Hermes Programme which included some RLV-related technologies and
facilities) and at national level (Hotol, Sanger, Taranis, Star-H, WLC, STS 2000,
FLS and RRL).

In 1998, ESA flew the Atmospheric Re-entry Demonstrator (ARD) capsule, which
provided valuable information on atmospheric re-entry.

The Agency’s Future Launchers Technologies Programme (FLTP) was approved in
1999 with the objectives of confirming the interest of launcher reusability under
realistic assumptions, and of identifying, developing and validating the required
technologies. The unbalanced participation in the programme by Member States and
the consequent problems with implementing procedures resulted in the FLTP being
put on hold.

Several programmes were, however, set up in Europe, both at national level (e.g.
Astra, Prora and Prepha, as well as vehicle concept studies like Boomerang, Astral,
USV and Everest) and ESA level (X-38/CRV), to foster the development of some of
the technologies required for future reusable space transportation systems.

Moreover, some specific RLV technologies are still being developed within the ESA

Technology Research Programme (TRP) and General Support Technology
Programme (GSTP).

experimentation is indispensable both

system level of key technologies, such as
vehicle thermal-protection and health-
management system components and

flight controllability by means of
aerodynamic control surfaces.
Class-3:  ‘Experimental  Vehicles’,

aiming at validation of a combination of
technologies and system-design capab-
ilities, such as shape representativeness,
fully integrated thermal-protection
systems, guidance, navigation and control,
vehicle health-management systems,
reusability and operations.

An approach taking into account these
three classes of vehicles has been adopted
for the FLPP in order to reduce the
development risks. Considering the
existing planned development schedule for
a series of Class-1 type vehicles (e.g.
EXPERT, PHOENIX-1, etc.), it was
deemed appropriate for FLPP to focus on
Class-2 and Class-3 and so the industrial
system team has been tasked in Period-1 to:
— define an optimised long-term in-flight
experimentation strategy
— select the most promising Class-2
Intermediate Experimental Vehicle
(IXV) and perform a consolidation

for validating system and tech-
nology performance models, as well
as for gathering the first operational
experience. Past experience  with
experimental vehicles shows that a step-
by-step flight-demonstration approach
allows one to limit the risks with a
progressive investment effort, especially
for the most technically challenging
developments.

The various European studies and
projects conducted to date involving in- [T
flight experimentation have been evaluated
in the frame of an ESA ‘harmonisation’
study, resulting in the identification of
three distinct in-flight experimentation
levels, or classes of vehicles:

Class-1: ‘Flying Test Beds’, focusing on
design-tool validation and dedicated to a

single discipline, and thus not concept or
system representative.

Class-2: ‘Intermediate Experimental
Vehicles’, focusing on the integration at

10
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High performance RLV

High performance RLV

Low cost ELV

Vulcain evolution

Concepts for potential engines for Reusable or Expendable Launch Vehicles (Courtesy of SNECMA Moteurs)

(Phase-A type) study of the proposed
concept as part of the short-term in-
flight experimentation strategy

— identify promising Class-3 vehicle
concepts, such as Reuse-X, reflecting on
among other things specific propulsion
system requirements.

The concepts selected will be further
investigated during the second part of
FLPP Period-1.

Bringing together the ESA programme
and currently running national initiatives is
clearly the best means of ensuring that in-
flight experimentation really takes place in
Europe and that a true technological return
on the investments made is created for
Member  States.  Given  Russia’s
considerable experience in this field, its
cooperation will also be considered with a
view to reducing demonstration risks and
the associated costs.

Propulsion

The main propulsion system’s technical
complexity and interaction with the overall
performance and operational capabilities
of an ELV or RLV gives propulsion a key

www.esa.int

role in launcher development and makes
its operational implementation a major
challenge. Today, operational experience
with RLV rocket engines is still rather
limited. The US Space Shuttle and the
Russian Energia/Buran vehicles rely on the
only flight-proven reusable (or robust)
rocket engines, and their experiences have
shown how technically demanding the
reusability requirement really is. This is
why the initiation of development in
Europe of high-performance reusable
rocket engines is an ambitious challenge
that will have to be carefully responded to
within FLPP. Success within the schedule
foreseen will rely on existing European
industrial and national-agency know-how
and the fact that the key players of the
European propulsion industry are
members of the NGL Joint Propulsion
Team defining the future engines.
Basically, the propulsion activities in
FLPP Period-1 include two parallel and
interdependent sets of system and
technology activities aiming at achieving
appropriate technology-readiness levels
for identified critical technologies. At
system level, the studies and tradeoffs on

propulsion cycles and architectures (gas
generator, staged combustion, full-flow
staged combustion), high-performance
propellants (LOx-LH, and hydrocarbons),
and requirements definition and design-
method elaboration are being closely
coordinated with the parallel launcher
system studies. At technology level,
activities on already identified critical
technologies are in progress for major
components such as turbo pumps, valves,
health-monitoring systems, nozzles, thrust
chambers and pre-burners. All of these
activities involve representative testing at
technology, component or subsystem level.
A set of activities designed to improve
solid-propulsion cost efficiency and
combustion characteristics is also included
in FLPP Period-1.

During FLPP Period-2, the technology-
demonstration activities will be continued
with increasingly representative scales of
hardware. All key engine technologies will
be test-proven with component and/or
engine-level demonstrators before the final
development decision for the Next
Generation Launcher is taken.

Risk management is a cornerstone of the
FLPP propulsion activities due to the close
interaction of the system-design activities
with the convergence process at the
propulsion system and technology levels.

Materials and Structures

A technology-development effort on
structures and materials is included in the
FLPP themes to distil a burgeoning array
of advanced structural concepts down to
those that are close enough to maturity for
application in fully or partially reusable
launch vehicles and should provide the
best performance at an affordable cost.
Major challenges include reducing overall
structural mass, increasing structural
margins  for robustness, reusable
containment of cryogenic hydrogen and
oxygen propellants, reusable thermal-
protection system, significantly reducing
operational costs for inspection and re-
validation of structures and sustainability,
all of which must be addressed in close
cooperation with the other themes of the
programme.
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Reusable rudder metallic structure building-block element (Courtesy of Dutch Space)

To be economically viable, the stages of an
RLV must be able to withstand repeatedly the
harsh environmental conditions encountered
during all phases of the mission. All elements
contributing to the dry mass of the vehicle
(e.g. primary structures, engines, tanks,
thermal-protection systems, etc.) must be
cost effective and as light as possible in order
to give each stage the structural index
compatible with high robustness.

Improving the performance and reducing
the cost of RLV primary structures largely
relies on identifying and developing
innovative reusable structural concepts and
architectures, adequate advanced materials
and manufacturing processes, and refined
analytical techniques allowing reduced
vehicle dry mass together with low operating
costs. The various structural subsystems of a

12 esa bullefin 123 - august 2005

typical RLV will be subjected to complex
loadings and temperature conditions, leading
to severe thermo-mechanical gradients. The
structures that carry loads from one part of
the launcher to another must have good
reliability, availability and maintainability
and require as little maintenance, repair and
overhaul as possible, which can partly be
achieved through the use of ‘structural health
monitoring systems’. One approach is to use
CFRP structures with fibre-optic sensors
embedded at critical locations within the
matrix and other innovative sensors attached
to the structure’s surface.

Propellant tanks form a large part of the
vehicle’s structure and dominate the airframe
design effort, influencing as a consequence
the aerodynamic and thermal aspects of the
vehicle’s configuration. The design and

CFRP infertank subscale demonstrator structure for a future
reusable launcher, including an embedded fibre-optic health
monitoring system (Courtesy EADS-CASA and Contraves Space)

manufacture of large reusable cryogenic
propellant tanks are very complex, be they
metallic or composite structures. The fact
that RLVs ascend into orbit full of cryogenic
propellant and return with almost empty
tanks presents particular thermal and
structural challenges. Mastering the
fabrication of reusable, high-volumetric-
efficiency, cryogenic propellant tanks is
therefore one of the key technologies for
RLV development.

The FLPP will also address the
development of an advanced, reusable
thermal-protection system and load-carrying
hot-structure subsystems. These will both
protect the vehicle airframe from the thermal
loads imposed by the high temperatures
reached and the harsh environments
encountered at several points during ascent
and re-entry, and contribute to its external
aerodynamic shape. The programme will
begin to overcome the hurdles of developing
reusable metallic and ceramic structures
dedicated to large-area applications at
elevated temperature. The thermal protection
must not only be lightweight and cost-

effective, but also durable, involving
minimum maintenance or repair.

Conclusion

The Future Launchers Preparatory

Programme will leverage existing European
technology investments in the field of
reusable concepts based on the large efforts
made over the last 15 years with funding
from ESA and national agencies. The
challenge in the FLPP technology effort will
be to define, design, analyse, build and test,
either on the ground or in flight, various
representative demonstrators validating the
requirements defined in the FLPP system
studies. This proactive demonstrator policy
will foster rapid technology maturation,
focusing on concrete targets such as the
experimental vehicle (IXV) dedicated to
reentry technologies. As a system-concept-
driven technology programme, the FLPP
combines innovation with addressing future
market needs. r
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The Ariane-5
ECA Heavy-Lift

Lift-off of the Ariane-5 ECA for its qualification flight L 521 from the European Spaceport in French Guiana




Ariane-5 ECA

Uwe L. Berkes

Ariane Project Department, Directorate of Launchers, ESA, Paris

services market. This major step forward was the result of more than two years of very intense efforts within the framework of the Ariane

Ariane-S ECA made a flawless qualification flight on 12 February 2005, heralding this version of the launcher’s readiness to enter the launch-

Recovery Plan, endorsed by the ESA Council on Ministerial Level in May 2003, after the failure of the ECA version’s maiden flight in December
2002. The recovery involved ESA, CNES, Arianespace and Evropean Industry in a consolidated effort to establish this launcher as the Evropean launch-

services ‘workhorse” for many years to come.

Introduction

ESA’s Ariane Development Programme is
funded by 14 Participating States. Ariane-
5 has been launched 21 times to date from
the European Spaceport (CSG) in Kourou,
French Guiana, with four of those launches
dedicated to the flight-qualification of the
various versions. The commercial flights
are prepared and operated by Arianespace,
which orders the production launchers
from European Industry.

As the new heavy-lift version of the
Ariane-5 family, Ariane-5 ECA provides a
35% increase in payload performance
compared with the baseline Ariane-5 G
version. It is optimized and qualified for
dual-launch missions to Geostationary
Transfer Orbit (GTO), but specific
adaptations are foreseen to make it flexible
enough for other specific launch missions
and orbits other than GTO.

The need for a larger version of the
Ariane-5 launcher was identified in the
1990s, when market forecasts revealed that
the launch-services market would have to
cope with larger satellites. The Ariane
philosophy today is to provide cost-
efficient double-launch opportunities and
so to follow the predicted market evolution
a more powerful version had to be
considered. The birth of Ariane-5 ECA has
been the result of development activities
conducted within the framework of two

programmes: the Ariane-5 Evolution
Programme, and the Ariane-5 Plus
Programme. The aim of the former was to
improve the performance of the launcher’s
lower composite, consisting of the

boosters, the central EPC stage (Etage

The launch of Ariane-5 ECA as seen from the tracking station at (SG

Principal Cryotechnique), and the Vulcain
main engine. The latter concentrated on the
development of new upper stages, of
which the ESC-A (Etage Superieur
Cryotechnique A) has become the upper-
stage of Ariane-5 ECA.
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The Ariane-5 Recovery Plan

Following the failure of the maiden Ariane-5 ECA flight, a Recovery Plan was proposed by the ESA Director General and

subsequently adopted at the Council Meeting at Ministerial Level in May 2003. This Ariane-5 Recovery Plan was intended to:

— Re-establish the qualification status of the Ariane-5 ECA version.

— Provide Arianespace with the capability to manage its current backlog of commercial missions with the ‘gap-filler’ Ariane-5 G+
during 2004 and qualification of the ‘back-up’ Ariane-5 GS version.

— Ensure the European institutional missions, and in particular the ESA missions through the EGAS Ariane-5 Programme.

To this end, the Recovery Plan consisted of a scenario based on establishing the Ariane-5 ECA version as the ‘workhorse’ for

Arianespace, and back-up scenarios for each milestone of the baseline scenario. In the baseline scenario, the following development

activities were identified:

— Consolidation of the Vulcain 2 engine.

— Consolidation of the ESC-A upper stage.

— Qualification flight of the Ariane-5 ECA version (flight L521)

— Restarting of the production of new generic launchers (Ariane-5 GS)

— Qualification of the EPS upper stage for a re-start capability for the launch of ATV and qualification of the related Ariane-5
ES-ATV.

Closure of these activities in 2004/5 was the major objective, in order to be able to proceed with the Ariane-5 ECA qualification
flight, to launch the three Ariane-5 G+ launchers, and to initiate the qualification and production processes for the Ariane-5 GS
launcher.

Ariane-5 ECA was launched for the first
time on 11 December 2002, but this
maiden flight failed due to a malfunction Fayload tairing
in the new Vulcain-2 main engine. A
Recovery Plan was endorsed by the ESA
Ministerial Council in May 2003 to allow
the improvements to be made that resulted
in the successful L521 qualification flight ACU payload adapier
on 12 February 2005.

SYLDA double launch adaptar

Vehicle aguipmant hay

Ariane-5 ECA SC-A cryogenic upper-stage
The Ariane-5 ECA vehicle stands 50.5
metres tall in double-launch configuration
with the long fairing installed on top. It
weighs 780 tons at lift-off and delivers a
maximum thrust of 13 000 kiloNewtons.
The launcher consists of a lower- and an EFC main cryogenic slage
upper-composite. The lower-composite is
made up of the central EPC stage (Etage
Principal Cryotechnique) with the new
Vulcain-2 engine, and the two EAP solid-
rocket boosters (Etage d’Acceleration a
Poudre) attached laterally to the central

HM-TE uppér-Siage &ngine

EAFP solid rocksl haasied

Vilcain- @ngine

The main elements of the Ariane-5 ECA launcher
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stage. The upper-composite consists of the
Ariane-5 ESC-A (Etage Superieur
Cryotechnique A) upper-stage with its
HM-7B engine, the Vehicle Equipment
Bay (VEB), the ACU payload adapters
(Adaptateur Charge Utile) and the payload
fairing. For double launches, the upper
satellite is installed on the SYLDA
(Systéme de Lancement Double Ariane).

The EPC central stage

The EPC central stage (Etage Principal
Cryotechnique) is 31 metres long and has a
diameter of 5.4 metres. It weighs 188 tons,
173 tons of which is propellant (148 tons
of LOX and 25 tons of LH,). The EPC is
powered by the new Vulcain-2 engine,

www.esa.int

which provides 20% more thrust than its
predecessor. The Vulcain-2 is ignited from
the start to work for a maximum of 540
seconds prior to separation of the ESC-A
upper-stage.

The Vulcain-2 main engine

Vulcain-2 is a new engine based on the
Vulcain-1 of the generic Ariane-5 model.
The new engine provides more thrust —
1350 kN compared with the 1100 kN of
Vulcain-1 — and forms the basis of the
launcher’s central stage in its evolution
configuration. The engine and in particular
its nozzle extension have undergone major
reworking in the past two years in
implementing recommendations from the

technical-review commissions to reach

qualification  status, involving in

particular:

— Reduction of nozzle-extension wall
temperature.

— Mechanical reinforcement of the upper
nozzle-extension section.

— Assessment of fatigue behaviour of the
exhaust-gas torus.

— Assessment of Vulcain-2 aerodynamic
loads on the nozzle extension and
shortening of the latter to reduce
excitation.

— Increasing the number of
circumferential mechanical stiffeners to
improve the lower-end ovalisation
behaviour.

The analyses have been accompanied by
extensive development tests under the
most extreme conditions, and have been
verified by appropriate qualification tests
on the P5 (DLR-Lampoldshausen) and
P50 (SNECMA-Vernon) test-stands. A
further series of tests has been performed
using a specially developed Load
Simulation Device (LSD) on the P5 test-
stand. This device, consisting of a tight
skirt around the nozzle extension, allowed
near-flight conditions to be simulated, with
a vacuum level of 200 mbar and the
introduction of ovalisation loads (70 tons),
whilst the engine performed a hot run
under maximum load conditions.

The solid-rocket boosters

Attached to the central stage are the two
EAP solid-rocket boosters, each of which
weighs 280 tons, including 240 tons of
propellant. The boosters are 31.6 metres
high and have a diameter of 3 metres. The
maximum thrust from each booster in
vacuum is 7080 kN and they operate for
140 seconds. They are ignited 7 seconds
after initiation of the Vulcain-2 engine
start-up sequence and provide 90% of the
lift-off thrust. The EAPs are of the
evolution type, with the top segment of

The Vulcain-2 engine and its major modifications after completion
of the reworking activities conducted in the framework of the
Ariane Recovery Plan
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Time Event

Ty—7s Start of the ignition sequence for the Vulcain-2 engine

T, Ignition of the solid-rocket boosters and lift-off

T, + 65s Maximum dynamic pressure

T, + 140s Extinction and separation of the solid-rocket boosters

T, + 188s Separation of the payload fairing

T, +530s Extinction of Vulcain-2 engine and separation of the EPC

T, +535s Ignition of ESC-A upper-stage HM-7B engine

T, + 1480s Extinction of the upper-stage engine and entry into a ballistic phase prior to separation of the first of the

payloads in GTO

each booster carrying an extra 2 tonnes of The Ariane-5 launcher family
solid propellant to generate a higher lift-off
thrust.

The ESC-A upper stage

The upper composite of the Ariane-5 ECA
launcher uses the newly developed ESC-A
upper stage. Its LOX tank and HM-7B
engine are heritage items from the
Ariane-4 H10 cryogenic third stage. The
LH, tank, however, is a new design using
elements from the Ariane-5 main stage
(EPC). The stage’s wet mass is 19 tons
with 14.6 tons of propellant (LOX and
LH,), which provides a maximum of 970
seconds of propelled flight. The 5.4 metre
diameter of ESC-A corresponds to that of
the central main stage. The HM-7B cryo-
genic engine provides a thrust of 65 kN in
vacuum, with a specific impulse of 447
seconds. A launcher attitude-control
system and roll-control system are
installed with the ESC-A stage.

The Vehicle Equipment Bay

The Vehicle Equipment Bay (VEB) is a
cylindrical, 5.4 metre diameter, carbon-
fibre structure installed on top of the
central stage. It houses the electrical
equipment and the guidance, navigation
and inertia platforms to control the 3 ARIANE-G ES-ATV ARIANE-5 ECA
launcher. ! ; imursch &It lorsg Fasrmg s in dur

The fairing, SYLDA double-launch
structure and payload adapters
The payload on top of the Ariane-5
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launcher is protected by a payload fairing
during the atmospheric flight phases. Itis a
lightweight carbon-sandwich structure and
is produced in three lengths to
accommodate different sizes of payloads.
The fairing length may be further
increased in height by adding cylindrical
sections (Adaptateur Cylindrique, or
ACY).

The so-called SYLDA (Systéme de
Lancement Double Ariane) is installed
underneath the fairing in double-launch
configuration. One passenger payload is
installed inside the SYLDA, and the other
sits on top of it. The SYLDA too is
available in  various lengths to
accommodate satellites of different sizes.

Payload adapters (Adaptateur Charge
Utile, or ACU) with various diameters are
available to mount the payloads to the 3936
mm interfaces of the upper stage and of the
SYLDA.

Ariane-5 ECA Launch Sequence

The launching of Ariane-5 ECA follows
the sequence defined since the first
Ariane-5 launches, with the timing of the
various events depending on the number
and masses of the satellites onboard, their
intended orbital parameters, and the
associated payload insertion criteria. The
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accompanying table shows a typical
sequence for an Ariane-5 ECA launch to
Geostationary Transfer Orbit (GTO).

The Ariane-5 Launcher Family
Ariane-5 ECA is supplemented by two
further models of Ariane-5, which are
presently in the qualification process and
whose qualification flights are foreseen in
2005 and 2006, namely:

— Ariane-5 GS, and

— Ariane-5 ES-ATV.

Ariane-5 GS

The GS version of the launcher is based on
the Ariane-5 Generic launcher, with the
Vulcain-1 engine and elements of the
lower composite based on the evolution
configuration. The re-partitioning of the
LOX and LH, propellants in the central
stage (EPC) has been carefully matched to
the specific mixture ratio of the Vulcain-1
engine. This GS version has been
introduced as a backup to the ECA version
and will be produced in only limited
numbers.

Ariane-5 ES-ATV

The ES-ATV version has been introduced
specifically to allow for the launch of the
ATV (Automated Transfer Vehicle) to the

International Space Station (ISS), ina 51.6
degree, low-Earth orbit (LEO). It can
deliver a 20 ton payload to this orbit using
a ‘bi-boost’ strategy. Ariane-5 ES is based
on the evolution-type lower composite
with the Vulcain-2 engine. The upper-stage
is the EPS from the generic Ariane-5
launcher, qualified for three ignitions, two
for the in-orbit insertion of the ATV, and a
further boost for the de-orbiting of the
upper stage.

Conclusion

Having now successfully completed its
initial qualification flight, Ariane-5 ECA
will make at least one more flight in 2005,
together with the first flight of the new
Ariane-5 GS. The first qualification flight
of the Ariane-5 ES-ATV carrying ‘Jules
Verne’ is currently expected to take place
in mid-2006.

It is foreseen to stabilise the Ariane
operating frequency at six launches per
year, the majority of which will be Ariane-
5 ECA flights. Consolidation of this
version of the launcher as the European
launch-services ‘workhorse’ for the
coming years has been and remains a
major programme objective. r
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t the first Space Council in November
A2004, Global Monitoring for Environment

and Security (GMES) was proclaimed as
the next flagship initiative for space in Furope,
after Galileo. This underlines that GMES has
come a long way since its beginnings in 1998.
Initially conceived as a relatively loosely
coordinated forum for cooperation among space
agencies, GMES today stands on firm ground.
The Evropean Commission has assumed political
leadership for GMES, and the Furopean Union’s
policy priorities have been confirmed. A strong
user base has been built up through numerous
GMES projects funded since 2001 by ESA and
the Commission. Currently ESA is preparing,
with its Member States, a firm proposal for the
2005 Ministerial Council to start building up the
space infrastructure necessary to sustain
operational GMES services in the long term.

Why GMES ?
At their 2001 Summit in Gothenburg, the
EU Heads of State and Government
requested that: “the Community contribute
to establishing by 2008 a FEuropean
capacity for global monitoring for
environment and security (GMES)”.
GMES serves two main policy
requirements for Europe in terms of the
need for geo-spatial information services.
Firstly, it provides independent access to
information for policy and decision makers
to advance European and national agendas
related to environment and security.
Secondly, it federates  European
contributions to the international Global
Earth Observation System of Systems,
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Map of global nitrogen-dioxide pollution, based on mesaurements made by Envisat between January 2003
and June 2004. Inset: The pollution over Eurape (courtesy University of Heidelberg, Germany)

GEOSS, which was established at the
Third Earth-Observation Summit in
Brussels in February 2005.

Europe’s Independent Access to Global
Information

Access to information has strategic value
for the development of nations and
regions. GMES will contribute to Europe’s
ability to fulfil its role as a global player.
This entails the capacity to have
independent access to reliable and timely
information on the status and evolution of
the Earth’s environment at all scales, from
global to regional and local. GMES must
also ensure long-term, continuous
monitoring based on space and in-situ
observations on a time-scale of at least
decades.

Through GMES, Europe is now in the
process of capitalising on its strengths by
better coordinating its observation
capacities, hence providing continuity of
services to support the implementation of
EU policies. These include policies in the
domains of environment, agriculture,
regional development, fisheries, transport,
humanitarian aid and external relations, as
well as the Common Foreign and Security
Policy and the European Security and
Defence Policy.

The Third Earth Observation Summit in Brussels in February
2005, at which the GEOSS 10-Year Implementation Plan was
adopted
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GEOSS, the Global System of Systems

The need for better-integrated observations
has been recognised by different
governments as a major pre-requisite to
understanding global issues such as climate
change and to tackling them appropriately
at the political level. To advance the
integration of these measurements, then US
Secretary of State Colin Powell hosted the
first Earth Observation Summit in
Washington DC in July 2003. This was
followed by intermediate and concluding
Summits hosted by Japan’s Prime Minister
Junichiro Koizumi in Tokyo in April 2004
and EU Commissioners Verheugen and
Potocnik in Brussels in February 2005. A
10-Year Implementation Plan for a Global
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Earth Observation System of Systems,
GEOSS, was adopted during the Brussels
Summit, which asks for closer cooperation
among the 60 governments and 40
international organisations that constitute
GEO today. Nine ‘Societal Benefit Areas’
have been identified as the focus for the
implementation of the 10-Year Plan: in
short, disasters, health, energy, climate
change, water, weather, coastal and marine
ecosystems, desertification and bio-
diversity. The 10-Year Plan identifies 2-, 6-
and 10-year targets in terms of
observational capabilities for the nine areas
and indicates their benefits to society.
Statements made by European govern-
ments and the European Commission have
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Variation in sea-surface temperature between March 2003 and
March 2004, based on measurements made by Envisat

repeatedly underlined the intention to
provide the European contribution to
GEOSS via GMES. This will not include
the totality of GMES, but rather those
elements that are deemed appropriate to be
shared at international level. Likewise,
GMES will also act as recipient of data and
information from external sources for the
benefit of European users.

Through GMES, Europe has established
intellectual leadership in developing a
holistic space and in-situ based
observation system coupled with Earth
system prediction models which is driven
by policy needs identified by government
authorities. Indeed, the GEOSS 10-Year
Plan has taken advantage of GMES,
translating some of Europe’s challenges to
the global scale. In addition, a number of
countries are establishing national
systems, which serve their policy
priorities. Examples are the USA, Japan,
India, China or Morocco.

IEOS — The US Equivalent of GMES
The United States is developing the
Integrated Earth Observation System,
IEOS. A Strategic Plan for IEOS has been
established over the past two years, which
addresses the same nine societal benefit
areas as GEOSS, hence allowing
coherence between both systems from the
outset. The Strategic Plan identifies six
priority areas from the nine GEOSS
domains that are to be tackled in the near-
term. These are: data management, disaster
warning, global land observations, sea-
level observations, national drought
information, and air-quality forecasts.

The IEOS Strategic Plan was developed
by 17 federal agencies that are part of the
Interagency Working Group on Earth
Observation, IWGEQ. It reports to the
National Science and Technology
Council’s Committee on Environment and
Natural Resources, which advises the
office of President George W. Bush on
science and technology issues.

The Content of GMES

The overall GMES architecture comprises
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four major elements, as outlined in the EC
Communication on GMES. These are
services, space observations, in-situ
observations, and data integration and
information management. The estab-
lishment of a policy and regulatory
framework, as well as the setting up of an
institutional structure to govern, finance
and operate GMES as a whole, are also
required. They are dealt with in the GMES
Programme Office at the working level,
and by the GMES Advisory Committee at
Member State level.

From EU Policy Priorities o the GMES Space
Component
The definition of the GMES Space
Component is based on a number of steps,
such as: (i) the identification of EU policy
priorities and the respective users within
the EC and the EU/ESA Member States;
(i1) the implementation of GMES service
projects responding to these policy needs,
such as those funded by the EC and ESA
over the past years; (iii) the retrieval of
service  requirements and  space-
observation requirements; and (iv) the
identification of gaps in the continued
provision of Earth Observation data for
European policies, after analysing the
current and planned EO missions of ESA,
EU/ESA Member States, Eumetsat and
third-party  operators. The GMES
‘Sentinel” missions are defined as an
output of these steps.

Gathering requirements from these users
has been a highly structured process
conducted with their active participation.

Within the framework of current GMES
projects, the process has been based on
policy review, traced down to the nature and
scope of responsibilities of legally
mandated organisations under the identified
policies, followed by an assessment of their
requirements for information as well as the
nature of their working practices and
applicable standards that place constraints
to be met within such organisations.

Data gaps are expected to occur in the
near future. ERS-2 and Spot-4 have
already exceeded their nominal lifetimes in
2002, Envisat and Spot-5 have a nominal
end-of-life in 2007, and the ETM imaging
sensor on Landsat-7 has already failed a
few years ago.

Observation requirements for satellite
instruments have been derived and the
satellite elements aggregated into the
definition of the space component of
GMES, which is made up of components
from ESA, Eumetsat and ESA/EU Member
States.

Who Are the GMES Users?

GMES is user driven and responds directly
to user requirements. In particular cases,
requirements can come from users
sufficiently expert in remote-sensing
technologies. This is the case, for example,
for the European Environment Agency
requiring Landsat TM-class observations
for operational updates to the Corine land-
cover database, and for users involved in
programmes such as Global Land Cover
2000 (GLC2000) where there is a direct,
demonstrated and endorsed requirement
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for continuity of MERIS/vegetation-type
measurements.

In other cases, users have only recently
been exposed to GMES services through
dedicated GMES projects funded by ESA,
the EC or Member States. The users
comprise European, national and local-
government level organisations, and
include environmental agencies, civil
protection and safety agencies, city
councils, coastguards, geological surveys,
meteorological offices, fishery-
management  authorities,  transport
authorities, development and aid agencies,
river-basin authorities, port authorities and
health departments.

A recent survey identified some 330
organisations as users of currently running
GMES service projects. As these are
organisations at European, national and
regional level, they have a multiplier effect
in terms of the numbers of citizens
benefiting from this information. For
example, the European Environment
Agency is using and redistributing
satellite-based Corine land-cover maps of
the European territory at 1:50 000 scale to
national environmental organisations for
further use and distribution.

The 12 ESA GMES Service Element projects subscribed to af the
ESA Ministerial Council in Edinburgh in 2001
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GMES Initial Services

The GMES Advisory Council has
endorsed a number of GMES Initial
Services, which require immediate
attention in terms of data provision and
service development. They have been
derived from on-going GMES projects,
and they satisfy EU policy priorities that
are described in different documents. The
identified GMES Initial Services cover:

— Marine and coastal environment
monitoring (including pollution, oil
spills)

— Risk management (floods and forest
fires)

— Risk management (subsidence and
landslides)

Analysis of the GMES space component based on EU policy
priorities

— Air-pollution monitoring (local to
regional scales)

— European water-quality monitoring

— European land-use / land-cover state and
changes monitoring

— Forest monitoring

— Food security — early-warning systems

— Global-change monitoring

— Maritime security (marine transport,
coastal-area surveillance, ice
monitoring)

— Humanitarian-aid support.

All of these services are set to
progressively enter the operational stage
from 2010 onwards, provided that Earth-
observation data are continuously available
to users.

GMES Pilot Services

Among the Initial Services that the EC has
identified are a limited number of early
GMES pilot services to which it would
give priority for operational implement-
ation by 2008. These are:

— Emergency management

— Land monitoring

— Ocean monitoring.

It is planned to establish a fourth pilot
service on atmospheric chemistry is in a
second stage.

The EC will engage in an intense user-
consultation process through a series of
three workshops at the end of 2005 in order
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to consolidate and update existing user
requirements, develop an action plan for
2006-2008, and define criteria for the
sustainability of the three GMES pilot
services.

The ESA GMES Space-Component Programme
Proposal for the 2005 Ministerial (on?erence
The ESA programme currently being
negotiated with Member States in
preparation for the 2005 Ministerial
Council concentrates on the GMES space
component, which comprises the space
segment and the associated ground
segment, including access to national,
Eumetsat and third-party missions.

In this context, it is worth recalling that
ESA, several ESA Member States and
Eumetsat are funding a number of Earth-
observation satellite programmes, which
should become an integrated part of the
overall architecture of the GMES space
component. ESA has duly taken account of
these missions and has designed the
proposed satellite missions — the
‘Sentinels’ — in a complementary manner.

The following missions are candidates
for contributions to GMES:

National

— Spot-5 (operating)

— TerraSAR-X (1 satellite, launch 2006)

— Cosmo Skymed (3 satellites, launches

2007, 2008, 2009)

— Radarsat-2 (1 satellite, launch 2006); C-
band constellation (tbc)
— Pleiades (2 satellites, launches 2008,

2009)

— Other national missions (tbc).

Eumetsat

— Jason-2 (with CNES, 1 satellite, launch
2006)

— MSG (4 satellites, launches from 2002);
MTG (launch 2015, tbc)

— MetOp (3 satellites, launches from
2006); Post-EPS (launch 2019, tbc).

Privately funded or third-party missions

— DMC-UK (constellation of satellites,
launches from 2003)

— RapidEye (5 satellites, launch 2007).

The architecture of the GMES Space
Component is designed in such a way that
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Flight models of MSG-2 and MSG-3 in the clean room at Alcatel Space in Cannes (F)

a certain degree of dual-use capability can
be achieved. This involves investments in
the space segment, ground segment and
information and service dissemination
element. Details of security-related aspects
will be defined during 2006-2007 and
proposed in a later phase (post-2008) of
the GMES Space-Component Programme.

GMES Sentinels

The following five members of the
Sentinel family have been identified as
core elements of the GMES Space

Component:

Sentinel-1 a radar imaging mission
with interferometric
capability

Sentinel-2 a multispectral optical
imaging mission

Sentinel-3 an ocean and global-land
surface monitoring
mission with altimeters

and wide swath, low-to
medium resolution radio-
meters

two families of atmo-
spheric chemistry missions,
on geostationary (Sentinel
4) and low Earth orbit
(Sentinel-5) spacecraft.

Sentinel-4, -5

GMES-1, the First GMES Mission
The core element of the ESA programme
proposal for the 2005 Ministerial

Conference includes the development of a
first GMES mission, GMES-1, planned for
launch in 2010/11. This mission’s
definition is driven by three factors. Firstly,
as mentioned above gaps in data will occur
in the 2009-2011 time frame. Secondly, no
definitive financial commitments are
expected from the EC before 2007. And
thirdly, the developments must be the basis
for a robust and affordable operational
system, incorporating sufficient flexibility
and modularity to allow for the anticipated
evolution that will occur throughout the
extended lifetime of the system.

The GMES-1 mission will satisfy the
most urgent data needs by combining
selected instruments on one spacecraft, the
design of which will allow for future
payload growth. The envisaged instrument
package forms a coherent set of
instruments, sharing similar constraints in
terms of orbit requirements. It is
anticipated that the instruments developed
for GMES-1 will also be used on the future
operational series of GMES satellites.

Aimed at addressing the observational
needs of Sentinel-1 and -3, as a starting
point GMES-1 will include a C-band
imaging radar capable of continuing the
interferometric ~ and  ocean/ice/land
measurements of ERS and Envisat, as well
as an ocean-colour instrument providing
continuity of MERIS-type measurements.
An infrared instrument for fire monitoring
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will also be included to demonstrate its
capabilities. The option of embarking an
infrared radiometer (AATSR-type SST
instrument) or a radar altimeter will also
be investigated early in the programme.

GMES Ground Segment

The GMES ground segment related
to space data comprises tasking, tele-
command and tele-control, acquisition,
archiving, processing up to appropriate
product level and distribution of Earth-
observation data according to GMES
service needs. It includes the payload
ground segment, flight-operations segment
as well as access to historical data. The
payload ground segment is based on
existing national and commercial facilities
in a fully distributed approach. In addition,
access to and integration of Earth-
observation data from Eumetsat, national
and third-party missions are provided to
users via the GMES ground segment.

GMES Service Portfolio Extension
GMES services must serve many diverse
user communities in Europe and
worldwide, continuously integrate new
techniques and research advances from
many different fields, exploit spatial and
non-spatial data from a multitude of
different sources including newly available
satellite data, and evolve to deliver new
forecasting, prediction and early-warning
capabilities. The service extension will
contribute to bringing the current GMES
services to full operational status and to
developing new Earth-observation-based
GMES services. It is understood that this
element is to be funded through (future)
European Commission budgets as part of
the joint implementation of GMES by the
Commission and ESA.

GMES Operations
The operation of the GMES space
component covers the space, ground and
service segments. The different GMES
missions (Sentinels, Eumetsat, national)
and their related ground segments will be
operated by different entities, with ESA
ensuring the integrity and coordination of
the GMES space component.

The operating entities for the GMES
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Sentinel family will emerge over the next
years in parallel with an agreement on the
governance of GMES as a whole.

Cooperation with the European Commission
GMES has, from the outset, been a
cooperative effort involving all major
stakeholders in Europe. Over the past
years, the Commission and ESA have
cooperated on GMES on behalf of their
respective Member States. Investments so
far have focused on the consolidation of
the GMES user base and the provision of
initial services. ESA and the Commission
have each provided some 100 MEuro for
the development of services based on EC
and EU/ESA Member State priorities. In
2004, the ESA Member States have
approved an additional 40 MEuro for
preparatory studies of the GMES space
component.

The GMES Advisory Council and
GMES Programme Office lead the GMES
process. The GMES Advisory Council is
chaired by the European Commission (DG
Environment, to underline the user-driven
aspect of GMES). The GMES Programme
Office is co-led by the Commission and
ESA.

The model of shared responsibility has
been a successful means to continuously
move GMES forward. It has led to the
consolidation of a significant user base
across Europe and has raised the political
awareness in the EC and the EU and ESA
Member States. On the international scale,
GMES has been portrayed as a model for
establishing the Global Earth Observation
System of Systems, GEOSS.

Taking these considerations into
account, and making use of existing co-
ordination and consultation mechanisms,
ESA continues to closely coordinate the
definition of the GMES space component
with the EC and the EU/ESA Member
States using existing mechanisms, such as
the GMES Advisory Council for the
definition of the GMES Space-Component
Programme.

Implementation Approach

The approach proposed has to be
compatible with the fact that no definitive
financial commitments will be available

from user entities, represented through the

European Commission, before 2007. The

second programme imperative is to

anticipate potential data gaps that might

occur in the period 2008-2012, particularly

in:

— the C-band radar imaging and inter-
ferometric capability

— Landsat-Spot type data

— wide-swath radiometer data.

The implementation of the GMES Space-

Component Programme is proposed to

take place in two segments:

— Segment-1 covering the period 2006
2012, and

— Segment-2 covering the period 2008
2013.

Segment-1 will be funded through the ESA
Optional Programme, while Segment-2 is
expected to be co-financed with the
European Commission according to a
financing model to be agreed in 2007.

Outlook

Data continuity over a period of decades is
a key requirement for operational services.
In order to prepare for the full
implementation of GMES, the ESA Space-
Component Programme assures data
continuity for critical satellite observations
from 2010/2011 onwards. The Ministerial
Conference will be a decisive event, in
particular for ESA, to ensure that GMES
continues to move forward.

Only a well-funded and strongly
implemented GMES can serve the
ambitious goal of Europe becoming one of
the most dynamic knowledge-based
societies in the World. Furthermore,
GMES has provided intellectual leadership
in establishing the Global Earth
Observation System of Systems, GEOSS.
It is important that Europe continues to
support this leadership through action,
thus providing a favourable platform for
Europe’s industry, institutions, organisa-
tions and scientists to maintain a leading
edge in preserving the global environment
and ensuring security to Europe’s citizens
and people everywhere. r
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Meteosat Third Generation

Jean-Loup Bézy, Donny Aminou & Paolo Bensi
Future Programmes Department,

ESA Directorate of Earth Observation,

ESTEC, Noordwijk, The Netherlands

Rolf Stuhlman, Stephen Tjemkes &
Antonio Rodriguez
Eumetsat, Darmstadt, Germany

meteorological satellites play a key role in

providing  continvous  atmospheric
observations hoth for weather forecasting and
for monitoring a wide variety of environmental
phenomena.  Following  the  successful
commissioning of the first satellite in the
Meteosat Second Generation (MSG) series,
Eumetsat and ESA are already actively planning
the next European operational geostationary
meteorological satellite system in the form of
the Meteosat Third Generation (MTG). Being
considered for launch in 2015, MTG will
revolutionise  weather forecasting and
environmental moniforing as we now know
them, by providing a very significant
improvement over the capabilities of the current
Meteosats.

Today, the Meteosat geostationary

The second generation of Meteosat
satellites is expected to provide operational
services at least until 2015. However, when
one considers the time needed for the
definition phases of new space systems,
their typical development cycles, and the
approval process for such complex
programmes, it is already time to start
planning for follow-up geostationary
missions.
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Some time ago, therefore, Eumetsat
established a User Consultation Process
aimed at capturing the foreseeable high-
level user/service needs and priorities of its
customers for the 2015 — 2025 time frame.
This process has led to a preliminary
definition of objectives for the European
MTG geostationary satellite system, which
currently consists of a total of five
candidate observation missions selected
for feasibility studies at system level under
ESA contract.

The overall mission will be implemented
using the same ESA/Eumetsat cooperation

scheme that has been successfully
exploited for both the MSG and MetOp
satellite series. ESA will be the

development and funding agency for both
the basic technologies and the first satellite
of the MTG system, and will also be the
overall procurement agent for all MTG
satellites. Eumetsat will define the
requirements for each mission and be
responsible for the overall programme.
Eumetsat will also fund and develop the
ground segment, as well as all operations
and follow-on satellites.

The Candidate Observation Missions

Following the consolidation of user

requirements and assessment of observing

techniques, five candidate observation
missions for MTG were proposed:

e Three distinct imaging missions
dedicated to operational meteorology,
with the emphasis on ‘nowcasting’ and
very-short-term forecasting:

— a High-Resolution Fast Imagery
(HRFI)  mission, based on
enhancement of the MSG High-
Resolution Imagery mission

— a Full-Disk High-Spectral-resolution
Imagery (FDHSI) mission, as the
successor to the MSG SEVIRI
instrument

— a Lightning Imagery (LI) mission.

» Two atmospheric-sounding missions:

— an Infrared Sounding (IRS) mission
focusing on operational meteorology,
with potential relevance to atmos-
pheric chemistry applications

—a UV/Visible Sounding (UVS)
mission dedicated to atmos
pheric chemistry.

Complementing  the  observational
missions, the MTG Programme will also
support:

— a data-collection mission
— a Level-2 product-extraction mission
— an external data-collection mission.

High-Resolution Fast Imagery mission
The HRFI mission expands the MSG High
Resolution Visible (HRV) mission in the
spectral domain. The emphasis is on high
temporal (5 min) and spatial (0.5 - 1.0 km)
resolution requirements, for a limited
number (five) of spectral channels. The
coverage is limited to selectable fractions
of the full Earth disk, with a coverage
equivalent to one-third of the full disk (18°
E/W x 6° N/S) referred to as Local Area
Coverage (LAC). The LAC can be variably
placed over the Earth.

The main objective of the HRFI mission
is to support nowcasting and very-short-
range forecasting of convection, and its
relationship to the ‘fast’ component of the
hydrological cycle. This will be achieved
through observations of cloud patterns,
their horizontal movement, the vertical

Main characteristics of the MTG observation mission

Covernge

BRC 5 min LAC 10 min FIXC | ms 30 min FDC 30 min LAC
AX 0.5 km - 1 km 1 km - 2 km 10 km 3 km - & km 6 km
ovier Europe
5 channels 15 core chommelks 1 marrow channe| C ontrmasmus Continuons
from VIS to LWIR 10 optional channels f: 7774 nm & pum - 15 pam LY M550 nm
from VIS 1o LWIR WI1%: TS0-TE0 nm

BRC: Baseline Repeat Cycle FDC: Full Disk Coverage LAC: Local Area Coverage (18° x 6°) AX: Spatial resolution
UV: ultraviolet VIS: visible LWIR: longwave infrared
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development of clouds, and the micro-
physical properties at cloud top. A second
objective of the HRFI mission is to
complement the MTG Full-Disk High-
Spectral-resolution Imagery and the
Infrared Sounding missions, by providing
more detailed, ‘targeted’ observations over
selected regions where active weather
patterns are developing.

Full-Disk High-Spectral-resolution Imagery
mission

The FDHSI mission is an evolution of the
MSG SEVIRI full-disk mission, featuring
high radiometric performances in a larger
number of spectral channels and full
Earth-disk coverage. It is also more
demanding on temporal and spatial
resolution than the MSG SEVIRI mission,
and has a core set of 15 channels and 10
optional channels located in the visible and
infrared parts of the spectrum. The main
objectives are to support:

Current MTG Status

— nowecasting and very-short-term fore-
casting

— Numerical Weather Prediction at
regional and global scales

— climate monitoring.

The FDHSI mission will cover the full
Earth’s disk, with a 10 minute repeat cycle
and a 1 to 2 km spatial resolution for the
solar and infrared channels, respectively.

A single multi-channel imager operated
in an optimised sequence of full-disk and
LAC coverage will support both the
FDHSI and HRFI missions.

Lightning Imagery mission

The LI mission is designed for the
continuous mapping, day and night, of
lightning discharges into a geostationary
orbit. Detection on a geostationary Earth-
disk basis and real-time observation of the
total lightning-flash activity represent
valuable improvements for all operational

Meteosat Third Generation is an Eumetsat/ESA collaborative mission with the first
satellite planned for launch in 2015. MTG preparatory activities started at the end of
2000, following the decision by Eumetsat’s Council to proceed with a Post-MSG User
Consultation Process. A joint work plan between ESA and Eumetsat has been
established to consolidate the mission requirements and demonstrate the mission’s

feasibility.

The Eumetsat-led process aiming at capturing the needs of
users for the 2015-2025 timeframe has been completed
and presented at the first User Consultation Workshop in
November 2001. Five candidate observation missions
resulted from the user-consultation initiative. High priority
has been given to the continuation of the MSG imagery
missions, but with significantly improved performance.
Lightning imagery and atmospheric sounding will
complete the MTG mission and offer the operational
meteorology community an outstanding tool for weather

forecasting.

Since September 2004, the MTG mission has been the
subject of two parallel ESA system studies led by Alcatel
Space and EADS Astrium GmbH, respectively. The
preliminary findings have been presented at the second
User Consultation Workshop in April 2005.

www.esa.int
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applications. The sensor will be capable of
detecting all forms of lightning with a high
spatial resolution and detection efficiency.
Since the data will be distributed in real
time, it will be an invaluable tool to aid
weather forecasters in detecting severe
storms in time to give advance warning
to the public. The LI mission will
also  support atmospheric-chemistry
applications, as lightning plays a significant
role in generating nitrous oxides. The
natural nitrous-oxide budget is currently a
matter of great uncertainty, and long-term
observations of one of its sources will prove
valuable as the research develops.

The observation technique selected is
based on the detection of the strongest
lightning emission feature within the
cloud-top optical spectra produced by the
neutral oxygen line at 777.4 nm.

Infrared Sounding mission

The primary objective of the IRS mission

is to support Numerical Weather

Prediction (NWP) on regional and global

scales, through the provision of:

— Atmospheric Motion Vectors (AMV)
with higher vertical resolution in clear
air, to be extracted from the tracking of
three-dimensional water-vapour patterns

— more frequent information on
temperature and water-vapour profiles.

The full-disk AMV capability has the
highest priority for global NWP, as this
geostationary observing technique is unique
for the extraction of three-dimensional wind
fields in clear air. Infrared soundings with
high vertical, horizontal, vertical/spectral
resolution and temporal sampling of a
fraction of an hour will also greatly enhance
the National Meteorological Services’
(NMS) ability to initialise regional NWP
models with more realistic information on
temperature and moisture. The high
temporal frequency achieved from
geostationary orbit will increase the
likelihood of getting clear-sky soundings
over dynamically important regions such as
the North Atlantic. This will enable regional
and global NWP models to better identify
areas of rapidly developing atmospheric
instability responsible for vertical motion,
convection, and precipitation development.

esa bulletin 123 - august 2005 31



& esa Earth Observation

The secondary objective of the IRS
mission is to support, together with the
UV/Visible Sounding mission, chemical
weather and air-quality applications. IRS will
provide dramatic improvements over current
sounder data and products, including better
spectral resolution, faster geographical
coverage, and improved spatial resolution.

A high-spectral-resolution infrared
spectrometer has been selected as the most
efficient instrument to fulfil the mission
requirements. Two possible concepts,
namely a Fourier Transform Spectrometer
and a Dispersive Spectrometer, are
currently under investigation.

UV/Visible Sounding mission
Long-term observations have shown that
the composition of the Earth’s atmosphere
is changing. A human influence is clearly
discernible and in some cases firmly estab-
lished. The change in atmospheric
composition induces changes in climate,
UV exposure and air quality. It therefore
has important, often adverse,
consequences for human health and safety,
eco-system balance and socio-economic
conditions. To understand, predict and
control environ-mental change is one of
the main challenges of the 21st century.
UV/Visible Sounding measurements
could contribute substantially in these
areas, and thus support the following
primary applications:
— air-quality monitoring and forecasting
— detection  and  surveillance  of
unpredictable pollution clouds and
plumes
— control of air-polluting emissions
— UV radiation monitoring and forecasting
— numerical modelling and weather
forecasting.

Mission Implementation

Candidate system concepts for the
implementation of the MTG mission are
being defined and assessed in the
framework of two parallel MTG System
Architecture Studies, carried out by
industrial consortia led by Alcatel Space
and EADS Astrium GmbH.

The dramatic improvement in per-
formance compared with the previous
generations of Meteosat is made possible
by the use of a three-axis-stabilised rather
than a spin-stabilised platform, allowing a
much higher duty cycle for observing the
Earth.

To minimise the risks inherent in the
development of the payload complement,
and also to allow a flexible approach to the
MTG system’s operational deployment,
two satellites supporting the imagery and
the sounding missions, respectively, are
being considered. The high availability
required for the provision of operational
meteorological satellite services implies
the need for backup satellites in orbit. The
MTG mission lifetime of 15 years will
therefore require up to 8 satellites (4
nominal and 4 backup), each with a
lifetime of 7.5 years.

Besides the definition of the system
concepts, the ongoing studies will produce
initial estimates of the overall system
development costs and assess the critical
technologies requiring specific pre-
developments. The results of the studies
will be jointly used by ESA and Eumetsat
to consolidate the MTG mission and
technical requirements at the MTG
Mission Definition Review to take place in
the first quarter of 2006. The selected
concepts and the relevant requirements
will then be used as inputs for the detailed

feasibility studies at Phase-A level to be
initiated in late 2006.

Planning Timeline

Based upon Eumetsat maintaining an ‘in-
orbit backup satellite’ philosophy and
hence MTG-1 replacing MSG-3, then with
a nominal lifetime of 7 years for each
MSG satellite, the first component of the
MTG space segment needs to be launch-
ready in 2015.

Eumetsat and ESA are conducting joint
preparatory activities for the definition of
the MTG mission, with the following
planning assumptions for feasibility
studies, design and development:

* 2004-2005

Pre-Phase-A studies conducted with ESA
based upon the high-level user needs and
priorities established in 2000-2003 through
the post-MSG user consultation process.

*2006-2007

MTG Phase-A studies for selected mission
concepts, with approval processes for
coordinated ESA and Eumetsat MTG
preparatory programmes.

*2008-2009
Phase-B activities under coordinated
Eumetsat and ESA  Preparatory

Programmes, with approval processes for
coordinated MTG development pro-
grammes.

©2009-2014
Development and on-ground testing of the
MTG system. r
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Precision Vineyard
Management from
Space

From Bacchus to Eneide

ESA/ESRIN lies in the middle of the Frascati DOC wine-growing
region, southeast of Rome. The right-hand image is an ERS mulfi-
temporal satellite image of the Rome and Castelli Romani region.
The second image is from an INTA ircraft multi-special-imaging
overflight of the Frascati vineyard area (ESRIN entrance and
surrounding vineyards) conducted in 2004, with 50 cm resolution



Vineyard Management

Simonetta Cheli & Luigi Fusco
ESA/ESRIN, Frascati, Italy

Stefano Sandrelli
Osservatorio Astronomico di Brera, Milan, ltaly

n a highly competitive global market such as the wine business, consistent quality is a must,
' especially if Europe wants to maintain its position as world leader. It currently accounts for
55% of the world’s vine-growing areas, 60% of wine production and 70% of exports.
In this very special sector of agriculture, technology and science play fundamental roles in all
phases of activity, from the start of the vine-growing season, through the ripening of the grapes,
to the bottling of the wine. The quality of the wine produced depends on many parameters,
including the soil characteristics in the area, the weather and growth conditions during the season,
the ability to monitor and control vine diseases, the degree of maturity of the grapes at harvest
time, their grade, colour, organic acids, etc. during fermentation and, finally, the wine production
techniques employed. In general, however, Furopean vineyard managers still have little access to
technical means or reliable systems to guide them in their decision-making.

Precision Farming in the Frascati area

Space technologies, particularly those associated with Earth Observation (EO), can help
the wine-growing community in a number of technical areas. One of several initiatives
promoting the use of EO in the wine sector has been ‘Bacchus’, a Research and
Technological Development project started in 2003 (to be completed in 2005), funded by
the European Community through its Fifth Framework Programme. The project is led by
a consortium representing SMEs, institutes, public agencies and regulatory organisations
from the main wine-producing regions of Spain, Italy, France and Portugal (see
http://www.bacchus-project.com).
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Assessment of the urban pressure exerted by Rome’s growth on
the Frascati DOC area: red = anthropic areas, green = potential
vineyard area, as classified using a Landsat-4 TM dataset in 1986

Bacchus’s goal has been to demonstrate
to regional vineyard regulatory bodies,
vine quality-control bodies and wine
producers how a comprehensive space-
based solution can meet their information
needs. Such a solution relies on the
integration  of  very-high-resolution
remote-sensing data gathered from space
with other more traditional information
available, for instance, in Geographical
Information Systems (GISs). This Bacchus
project environment has been used as a
reference infrastructure for:

— defining new data-handling methods for
improving current methodologies for

vine area location, land parcel
identification, and vineyard inventory
making

— generating new land-management

reference maps and experimenting with
dedicated models for vineyard
management.

Test sites in the participating countries
have been selected for the trialing of pilot
system(s) and for demonstrating the
potential of this integrated approach to
several interested parties in the wine
business. In particular, the Frascati DOC
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(Denomination of Controlled Origin) wine
region was been selected as one of the two
Italian Bacchus test sites.

ESA’s ESRIN establishment happens to
lie right in the middlle of this important
wine region southeast of Rome, which is
partially in the volcanic Castelli Romani
area. Since the start of the Earthnet
Programme at the end of the 1970s, the
Earth Observation team at ESRIN has had
routine access to imagery from Landsat,
ERS, Envisat and several other high-

Composite of IRS (5 m resolution) and Quick Bird (0.61 m
panchromatic, 2.4 m multi-spectal) satellite imagery covering the
Frascati area. The yellow line identifies the boundaries of the
community participating in the Frascati DOC region; the green
lines delineate the Frascati DOC vineyards, and the blue lines the
built-up areas in the region

° Centro Paese
= Strada Principale

resolution EO missions. It has therefore
accumulated a large archive of EO data
and related information on the Frascati
area, mainly to verify the quality of the
ESRIN-generated EO products. Such data
include a high-quality digital elevation
model, for documenting the changes in
local land wuse and environmental
parameters over time. By using historical
Landsat Thematic Mapper datasets, for
example, it was possible in 1996 to assess
the urban pressure of the city of Rome on
the Frascati DOC area over the previous 10
years.

Comparison with the classification
performed using images taken in 1996
shows that:

www.esa.int



Urban in ‘86: 14.59%
Vineyard in ‘86: 38.00%
Other: in ‘86: 47.40%

This space-based assessment is in line
with the changes defined in the land
register for the Frascati DOC production.

The friendly spirit of cooperation
between ESA/ESRIN, the local scientific
institutions (in particular the University of
Tor Vergata and the Consiglio Nazionale
della Ricerca, Istituto Scienze Atmosfera e
Clima) and the local authorities (in
particular the Municipality of Frascati), all
of whom have an interest in understanding
and monitoring the evolution of the
environment in this part of the world, has
allowed a unique multidisciplinary know-
ledge base concerning farming in the
Frascati area to be established. Integration
of this knowledge into the enlarged Bacchus
project partnership has led to the generation
of very high-quality land-management
information systems specifically tailored
for the Frascati DOC area.

Results for the Frascati Test Site
The Bacchus project has taken

advantage of recent progress in EO and

ICT technologies, including:

— The availability of very-high-resolution
imagery from space: IKONOS (since
2000) and QuickBird (since 2002) have
been providing data with 80 cm and 60
cm resolution, respectively. European
missions with similar capabilities, also
at radar frequencies, will soon become
available (e.g. Pleiades and Cosmo
Skymed) and be able to support wine
management applications.

— Good progress in web technology,
especially for the handling of mapping
services as part of the Open GIS
consortium standardisation effort and
the European INSPIRE initiative: the
availability of web-GIS technology will
make the dedicated geomatic services
accessible via the Internet.

— Wireless communication: Significant
progress has been made in the
integration of wireless communication,
for example to collect ground
measurements or provide information

www.esa.int

in ‘96: 15.70%
in ‘96: 35.45%
in ‘96: 48.85%

delta: +1.11%
delta: -2.55%
delta: +1.45%

Vineyard Management

Examples of the geo-/bio-morphological and
dimatological information handled by the
Frascati DOC Land Information Management
System developed within the Bacchus project
(courtesy of F. Comandini, CTDF and B. Rapi,
CNR-IBIMET)

(a) Pedological map, integrating land use,
terrain properties and geo-climate parameters

(b) Wine-growing suitability map for the Frascati
region integrating various geo-morphological
data and local climate information

(c) Estimate of 2004 grape production per vine
in the Frascati DOC region for the area covered
by the INTA overflight

—
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via portable devices. Vineyard managers
view this technology with interest for
supporting the wine traceability chain.

During the Bacchus project a number of
dedicated tools have also been developed
for:

— EO image data and GIS management, by
the Spanish partner GEOSYS, to
provide a friendly PC-based, end-user
environment

— specific vineyard area high-resolution
image classification and feature
extraction, by the French partner
CEMAGREF

— vineyard land analysis and management,
by the Italian partner CNR-IBIMET. It
provides models for vineyard area
management and land-use potential for
single vineyard parcels in terms of vine
vigour, production potential and
potential product quality.

Accurate knowledge of the local weather
and climatic characteristics are of major
importance for top wine-producing areas.
The climate can have positive effects in
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that, for example, less frost may increase
wine production, but also dramatic impacts
in that it may also affect the annual timing
of the main stages in grapevine
development (bud break, flowering,
veraison, maturation) or change the
relationship between the vines and their
parasites.

The hyperspectral view (18 bands and
18 m resolution) provided by the CHRIS
instrument on ESA’s Proba satellite,
launched in October 2001, has the
potential to yield additional information on
vineyard 'phenology' - the link between
grape health and ripening and local
climate. This information can help
significantly in adjusting viticulture and
wine production to the potential climate
changes that are believed to be on the way.

A few CHRIS images have already been
acquired over the Frascati area for the
Bacchus project. Co-registration of the
images to a common geometry has proved
to work satisfactorily and the new imagery
has already been integrated into the
Bacchus system.

A Proba CHRIS image frame covering the Frascati DOC test area,
supporting study of the phenology of the grape in the region by
the University of Tor Vergata, CNR-ISAC and ESA/ESRIN). The
black areas are all the vineyard parcels belonging o the Frascati
DOC region

ERS and Envisat radar imagery allows
the ready retrieval of key information
about observed vineyards, such as grape
quality and surface parameters. The
chronology of the cultivation practices in
each vineyard can also be derived, which is
a basis for gathering precise information
about conditions within the land parcels in
question.

In a side-study to Bacchus, carried out
for a final-year dissertation at the Univ-
ersity Tor Vergata, ERS-Envisat synthetic-
aperture-radar (SAR) imagery was
correlated with  very-high-resolution
QuickBird optical images to survey the
approximately 1800 hectares of the
Frascati DOC area. The integration of the
SAR data into Bacchus has allowed the
retrieval of radar scattering information for
individual vineyard parcels. The study has
shown that SAR data may also be useful
for monitoring the development and
ripening of the grapes, with a consistently
sharp increase in backscattering detected
during ploughing and harrowing in March
and April. Strong correlations have also
been observed between SAR back-
scattering and the quantity of the grapes
produced in a number of the parcels
monitored.

The Eneide
Experiment
Given that wine production can be studied
from space, Valfredo Zolesi, Chairman of
Kayser Italia SpA, began to think about the
possibility of studying the behaviour of
grapes directly in space. After all, he
thought, the vine has been regarded
historically as a companion to man, with
archaeologists believing that wine-making
can be traced all the way back to 5600 BC,
and it would therefore be fascinating to
think of vines now accompanying men and
women on their space exploration travels
too.

Such an opportunity was provided by the
Soyuz 10S flight to the International Space
Station (ISS), which included the Italian

Mission and the VINO
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Vineyard Management

ESA astronaut Roberto Vittori. An
experiment known as VINO (Vines in Near
Orbits) was therefore rapidly prepared and
financed by Kayser Italia, the vineyard
associations of Tuscany, and the provincial
authorities of Livorno. The Soyuz mission,
named ENEIDE, was launched on 15 April
2005 from the Baikonur Cosmodrome and
during his eight-day stay on the ISS
Roberto Vittori conducted a programme of
21 experiments, including VINO.

VINO was the first attempt to study the
growth and development of grape-vine
cuttings in space. A few samples of rooted
cuttings of Sassicaia, a high-quality grape
variety grown at Tenuta San Guido in
Bolgheri, in the Livorno area, were grafted
and taken up to the Space Station. It was
the first time that such a complex plant had
been studied in space. Whilst in orbit, the
samples were left to grow at ambient
temperature inside a sealed container, to
prevent possible bacterial contamination.
Once back on Earth, the rooted Sassicaia
cuttings were analysed to gauge what kinds
of stresses they had undergone.

Fluid circulation was one of the most
interesting aspects of the analyses, since
the rooted cuttings were grafted and the
nutrient fluids therefore had to deal with
two different types of wood. The vines
have since been replanted and in the
coming weeks we will see how healthy
they are and start to evaluate the effect of
their trip into space on their reproduction
and growth capabilities. When the plants
are ready to bear grapes next season, more
analyses will be performed ...

www.esa.int

The box that housed the vines for the VINO experiment on the
ENEIDE mission

The Wine Community Meets Space Tech-
nology

During his stay in space, Roberto Vittori
participated by audio link in a novel
workshop titled ‘Space for Wine’, organised
by ESA/ESRIN in collaboration with the
municipality of Frascati, the Strada dei Vini
dei Castelli Romani (Wine Itinerary of the
Roman Castles) and the Consorzio di Tutela
Denominazione Frascati (Consortium for
the protection of the Frascati designation of
origin). The workshop was open to local,
regional and national institutions and those
involved in the wine business. The goal was
to explain how the application of space
technology and associated sciences could
help the wine-growing community, and the
ESA astronaut gave the participants a brief
overview of the VINO experiment and its
aims. The workshop presentations are
available at:
http://www.esa.int/esaCP/SEMXD7NQS7
E_Italy_0.html

The Effect of Global Change on Wine-
Growing Regions

As already noted, climate change in the
form of global warming can have negative as
well as positive effects on vine-growing
areas, with the most damaging impacts
expected to occur in today’s top wine-
producing regions. A new WWF study
echoes several other recent reports in

suggesting that the Earth will warm by 2

degC (3.6 degF) above pre-industrial levels

between 2026 and 2060, unless major steps
are taken to reduce greenhouse-gas
emissions. The need to change cultivars to
cope with such climate changes could spell
economic disaster for the Chianti or

Chardonnay vineyards, but also for the

Frascati DOC area.

On the other hand, two of the ‘Space for
Wine’ presentations highlighted potential
benefits:

— A. Castagnoli discussed how the
influence of global change could
represent an opportunity for some wine
regions to use presently marginal areas
for the production of higher quality
wines in the future.

— M. Severini discussed how the vintage
ratings of the Frascati DOC wine have
increased over the last 20 years, showing
how this may be correlated with a
decrease in the number of frosts
experienced per year in the Frascati
region.

Another related issue is the earlier
maturation of the grape crops in the years
to come. On the basis of local long-term
meteorological measurements, it is
estimated that in 2050 the Frascati grapes
will ripen about three weeks earlier than
today. As regards the effect of a
temperature increase on the evolution of
insects, which may in turn affect quality
grape production, the conclusion from
modelling is that, fortunately, it will be
minor, since the estimated warming is not
sufficient to enable these insects to
complete the fourth reproduction cycle
before grape maturity.

The Future of Vineyard Management

The various vineyard-management applic-
ations of Earth Observation data gathered
from space which were presented at the
‘Space for Wine’ workshop clearly
demonstrate the potential of space
monitoring solutions for this highly
specialised agricultural domain, at the
local, regional, national and European
level. This view was strongly confirmed by
the representatives of the wvarious
institutions - Ministry of Agriculture,
Regione Lazio and the wine sector - who
participated in this unique workshop. The
wine sector has clearly-identified
operational requirements, and can
definitely benefit from the recent and
future environmental initiatives at
European level, such as the GMES (Global
Monitoring for Environment and Security)
programme.
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bservation from satellites require high

attitude stability during the image
acquisition. For some types of cameras (high-
resolution ‘pushbroom’ scanners in particular),
instantaneous attifude changes of even less
than one arcsecond result in significant image
distortion and blurring. Especially problematic
are the effects of high-frequency attitude
variations originating from micro-shocks and
vibrations produced by the momentum and
reaction wheels, mechanically activated coolers,
and steering and deployment mechanisms on
board. The resulting high attitude-stability
requirements for Earth-observation satellites
are one of the main reasons for their complexity
and high cost.

The novel SmartScan imaging concept, based
on an opto-electronic system with no moving
parts, offers the promise of high-quality
imaging with only moderate satellite attitude
stability. SmartScan vses real-time recording of
the actval image motion in the focal plane of the
camera during frame acquisition fo correct the
distortions in the image. Exceptional real-time
performances with subpixel-accuracy image-
motion measurement are provided by an
innovative high-speed onboard opto-electronic
correlation processor. SmartScan will therefore
allow pushbroom scanners to be used for hyper-
spectral imaging from satellites and other space
platforms not primarily intended for imaging
missions, such as micro- and nano-satellites
with simplified attitude control, low-orbiting
communications satellites, and manned space
stations.

T he cameras commonly used for Earth
[)
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Imaging with Reduced Platform Attitude
Stability

Stability of the camera’s focal plane during
the scanning motion of a remote-sensing
imaging system is essential for good image
quality. Satellite attitude perturbations
disturb the imaging motion, which results
in geometric distortions in the images
obtained - with ground sampling every
1 metre, for example, a 0.3 arcsecond
deviation corresponds to 1 pixel.
Especially sensitive to this kind of
disturbance are high-resolution pushbroom
scanners which can, in principle, deliver a
ground pixel resolution of less than
1 metre from a 700 km altitude orbit.
Requirements on the satellite’s attitude
stability can be relaxed, however, if an
appropriate correction to the distorted
image can be performed on the ground.

Such a correction requires a real-time
record of the image motion occurring in
the camera’s focal plane during the image’s
acquisition. With this so-called ‘image-
motion record’, the relative position of
every line and pixel can be calculated and
a corrected image can easily be restored by
standard 2D interpolation. To avoid
degradation of the resolution after
correction, the image motion needs to be
recorded with subpixel accuracy.

The Concept of Opto-Electronic Image
Correction

State of the art solutions for camera image-
motion measurement in aerial remote-
sensing applications use high-bandwidth
gyroscopes. Typically 100 times better
accuracy is required, however, for satellite
cameras due to their much higher
operating altitude. The ideal place to
measure the image motion is at the
imaging instrument’s focal plane, either
using the image sensor itself or some
auxiliary motion sensors. In the case of a
pushbroom camera with one or more linear
sensors (multi-spectral), at least two small
auxiliary matrix image sensors installed in
the focal plane of the camera are
recommended. This allows in-situ
measurement of all relevant image-motion
distortions resulting from camera motion
disturbances close to the primary image
sensor. The resulting image-motion record
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Image distortions due to satellite atfitude instability while scanning with a linear image sensor
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The basic elements of the SmartScan system

data can be downlinked together with the
primary linear sensor image data and used
for posteriori image correction on the
ground.

SmariScan Proof of Concept
The SmartScan concept was first proposed
by the Technical University of Dresden in
1999. Between 1999 and 2002, three
ESA/ESTEC-funded  projects  were
undertaken to demonstrate the SmartScan
system’s feasibility and quantify the
performance parameters of a spaceborne
system. A follow-on system study in
2003/2004 investigated further performance
improvements to SmartScan in terms of an
opto-mechatronic solution, as well as
further applications of the real-time image-
motion tracking using optical correlators.
In the initial project (1999 — 2000),
the feasibility of the system concept was
proven using simulated images and a
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first hardware model of the optical
Fourier processor. The second project
(2000 — 2001) resulted in a hardware
breadboard model of the SmartScan
imaging system, includinges the optical
processor and a smart camera, together
with all necessary control and image-
processing software. The model was tested
with printed images on a laboratory
satellite-motion simulator based on a five
degree-of-freedom industrial robot. In the
third project (2001 — 2002), the model was
tested under flight conditions onboard a
small turboprop aircraft.

The SmartScan system breadboard
model includes a smart pushbroom camera
and an optical processor. Standard video
cameras have been used as matrix image
sensors for the compact SmartScan camera
due to project budget constraints, but this
limits the maximum sampling frequency of
the image-motion record to 30 Hz.
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Image-Motion Measurement with 2D-Correlation

The spatial dynamics of imaging ‘windows’ can be analysed using feature- or area-
based methods to derive image-motion information. Area-based methods have been
proved to be much more robust, particularly for image data resulting from
unstructured environment. The classical and most widely used approach is ‘area
correlation’, which exploits the fundamental property location of the peak in the
cross-correlation function of two images is gives directly the displacement vector of
the image shift.

In the SmartScan configuration, each auxiliary matrix sensor acquires the sequence of
2D images in parallel with the linear-sensor exposure. The image shift between the
moments of exposing neighbouring lines t; and t, is determined by 2D spatial
correlation of the matrix sensor images. The image-motion record is then recalculated
from the shift vectors by geometrical transformations.

Image-shift determination using the area-correlation method is extremely noise-
resistant, gives sub-pixel accuracy and does not require any specific features in the
image. As a drawback, the 2D computer correlation of the images requires a very large
number of calculations. Taking into account the limitations of onboard data processing
resources and the high sampling frequency required, it is not realistic either to produce
the image-motion record by digital data processing onboard the satellite, or to transmit
the matrix-sensors images to the ground station for further processing, due to the very
high additional volume of data -the matrix sensors produce at least two 2D images for
each line of the linear sensor image.

Image 1 Image 2
=t Image shift
=14 1=t
ﬂ i vl
Ima | o
Image shift
vector

Image-shift determination with spatial 2D correlation

The optical-processor model consists of
an optical unit and an electronic module. It
processes two standard video signals from
the camera’s matrix sensors and produces
the real-time image-motion record. The
optical unit uses standard video cameras as
image sensors for the same reason as the
camera. This limits the image processing
rate to 30 optical Fourier transforms per
second, or 15 correlations per second per
optical Fourier processor (one correlation
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requires two Fourier transforms). To
provide the required 60 correlations per
second, two identical optical Fourier
processors are operated in parallel and the
image-processing rate for each of them has
been doubled by the simultaneous
processing of two image pairs.

The in-flight tests were performed using
a small, single-engined aircraft (Cessna
Grand Caravan) at the DLR (Deutsches
Zentrum fiir Luft- und Raumfahrt)

facilities in Oberpfaffenhofen near
Munich. In addition to the complete
breadboard model of SmartScan system, a
portable PC and special control and image-
processing software were installed in the
plane. The camera was mounted in a
special pod beneath the plane, and the
other equipment was mounted in a special
rack inside the cabin. An additional real-
time data recorder was used to store all in-
flight data (raw and operational) for
follow-on laboratory evaluation.

Two test flights were made, each lasting
about an hour, during which a total of nine
image acquisitions were performed. The
altitude of the flights was approximately
2400 metres and the air speed 240 km/h
(67m/s), resulting in a ground pixel
resolution of 0.45 m.

SmariScan Flight-Test Results

The linear-sensor images taken during the
two test flights were considerably distorted
due to variations in the aircraft’s attitude,
engine vibration and changes in flight
direction and velocity (see accompanying
figure). The images were subsequently
corrected based of the in-flight image-
motion record, which gives the position of
every line of the distorted image with
respect to the first line. With this
information, the coordinates of all the
pixels of the distorted image with respect
to the first line were calculated and the
corrected pixel positions determined using
a standard two-dimensional interpolation
procedure.

A direct error determination for the
image-motion record was not possible for
these airborne tests, because no reference
aircraft attitude and position data were
available with the required accuracy.
Instead, an extensive cross-data analysis
with the recorded image-motion sequences
was performed. The mean-square
deviation for all nine imaging sessions was
generally within 0.25 pixels, leading to the
conclusion that the error in the image-
motion record was also within 0.25 pixels.

Some residual distortions in the
corrected images are mainly caused by
unsuppressed residual vibration
components from the camera mounting. A
certain degree of smoothing of the
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The breadboard model of the SmartScan pushbroom camera

Key performance parameters of the breadboarded SmartScan pushbroom camera

Focal length of the lens 75 mm

Linear sensor Resolution: 2048 pixels in line
Line rate: 240 lines per second
Frame size: 640 x 480 pixels
Frame rate: 30 frames per second
Angular resolution 187 prad/pixel

Dimensions 110 x 58 x 50 mm?

Mass 900 g

Auxiliary matrix sensors

The SmartScan optical correlator breadboard model
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corrected image is caused by the
interpolation procedure itself and (in some
parts of the image) by a high local image-
motion velocity due to high vibration
amplitudes. These artifacts are associated
with aircraft vibrations and motions, and
will therefore not be present in satellite

imagery.

SmartScan’s Performance for Spaceborne
Remote Sensing

The image-processing rate of the
breadboard optical processor model is
currently limited to 60 correlations per
second, due to the use of standard video
cameras as image sensors. It is possible,
however, with currently available off-the-
shelf opto-electronic components to raise
the performance of the optical processor to
32 000 correlations per second. This would
allow the direct recording of the image
position for every scan line without any
interpolation. This is necessary for high-
resolution imaging missions, which
require extremely high line frequencies —
up to 7000 lines per second for a low-
Earth-orbiting satellite with 1 metre
ground resolution. In principle, SmartScan
will then be able to cope with any
spacecraft  angular  velocity  and
acceleration during scanning, even making
high-quality imaging from spinning
satellites feasible without any sort of
mechanical compensation device.
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Examples of SmartScan image correction on the basis of image-

motion records

A high optical-processor performance
also permits the image-motion record to be
produced by tracking more than two image
fragments, further improving its reliability
and accuracy. Accuracy can be also
improved by performing the correlation for
a pair of images twice, once to determine
the shift between the images coarsely and
adjust their positions to reduce it before
performing the second correlation.

The SmartScan concept using optical-
correlator technology therefore offers

unique opportunities for affordable
spaceborne remote sensing. r
www.esa.int

The SmartScan airborne flight-test configuration

Estimated performance of the full-scale SmartScan system

Sampling rate of imaging motion record 16000 samples/s for two-fragment tracking

Errors of the image motion record

Dimensions and mass
Power consumption

6400 samples/s for five-fragment tracking
3200 samples/s for five-fragment tracking
and double correlations (to improve
accuracy)

o =<0.25 pixel with single correlation

o =<0.1 pixel with double correlation
Same as for optical processor + harness
within 12 W with full correlation rate
within 5 W with 25% correlation rate
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as played a key role by providing

telecommunications infrastructures that
have allowed the in-orbit validation,
qualification and demonstration of equipment,
technology and services. In the past, this has
been achieved through the provision of
dedicated satellites like OTS, Marecs, Olympus
and Artemis, as well as by the implementation
of piggy-back payloads on other ESA or
commercial satellites. Today, dve to the
importance of satellite telecommunications, ESA
continues to support this sector mainly through
its ARTES - Advanced Research in Tele-
communications — Programme.

T hroughout its 30-year existence, ESA
h

Introduction
Satellite telecommunications has grown to
be the most important commercial space
application. In terms of business volume,
industrial activity and employment
generated, ‘satcom’ is by far the most
important segment of the industry. The
turnover generated in Europe from the
space activity involves some 2 billion
Euros in industrial contracts, and nearly 3
billion Euros in transponder leasing fees
per year. In addition, the associated
ground-segment activities and satellite-
driven services generate a volume of
business one order of magnitude greater
than the space segment.
Telecommunications satellite knowhow,
technologies and capabilities represent an
important asset for Europe. There are
important synergies between security/

esa bullefin 123 - august 2005 47



esa Telecommunications

Satellite telecommunications systems like AmerHis increase the
connectivity

military and civil systems, and the critical
technologies overlap. In the USA, the
research and development in the
security/military field allows the industry
to transfer the resulting leadership edge
into the civilian market.

Satellite telecommunications is vital to
the continuity and viability of the
European space industry. Not only the
continued health of the communications
industry depends on Europe’s ability to
design and build efficient and competitive
telecommunications satellites, but also
those of related industries such as
launchers, where close to 90% of current
business is generated by telecom-
munications-satellite launches, and of the
ground-segment, applications and service
providers.

Technical Content

The ARTES Programme was initiated in

1993 to maintain and improve the

competitiveness of  European and

Canadian industry in this important

segment of space applications. The

activities supported by ESA address the
needs of satellite operators, service
providers and users in a very competitive
market calling for continuous innovation in
satellite telecommunications technology.

The main objectives of the Programme
are to:

— define, assess and develop systems for
advanced fixed, broadcast, multimedia
and mobile communications, data relay,
search and rescue, navigation, and
aeronautical services

— promote the use of satellites, identifying
and experimenting with new services to
enlarge the field of satellite applications

— undertake experimental and techno-
logical missions identified as having
good market potential.

Telecommunication Systems, Equipment and
Techniques

ESA's ARTES activities are focused on
helping industry to enhance its

The AmerHis payload: the first ‘switchboard in space’
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competitiveness in the telecommunications
market. This involves maintaining a well-
structured and well-supported programme
to improve the commercial and
technological capabilities of the industry
through the development of the state-of-
the-art equipment, subsystems and
systems required for each segment of the
satellite telecommunications market.

Multimedia

The interactive broadband line of the
multimedia programme element of ARTES
is providing an important degree of
support to European industry. Significant
projects like Domino, Euroskyway and
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WeB/West are being developed to prepare
for the emergence of a new generation of
interactive satellite services.

A good example in this respect is the
AmerHis system, developed under the
Domino project and launched as a piggy-
back payload onboard Hispasat’s
Amazonas satellite in August 2004.
AmerHis is the first ‘switchboard in

space’, providing connectivity between
user terminals located at any point within
the areas served by Amazonas. The
innovative feature of AmerHis is the node-
switching capability that it provides
alongside the conventional
transmission function.

satellite-

www.esa.int



Mobile

The mobility line has been dedicated to
maintaining European capabilities in the
design and implementation of mobile
satellite systems. The Broadband Global
Area Network system, developed for
Inmarsat, will provide services for
maritime, aeronautical and land-mobile
applications. The AMETHYST project is
defining an advanced mobile system
concept and new payload architectures for
mobile satellite systems. The Satellite Data
Link System addresses the air-to-ground
communications needs of civil aviation for
air-traffic management.

Equipment

The technology and equipment line is
providing significant support to European
industry for the development of new
concepts, as well as for upgrading existing
designs to meet current market demands.
Equipment prices have fallen over the last
few years, emphasising the need for further
reductions in recurring costs, implying
further technology developments. Equip-
ment items for existing satellite platforms
are being updated and improved, and new
payloads and ground equipment are being
developed. Significant developments
under this ARTES programme line
include: Li-Ion batteries, a 400 N engine,
smaller and cheaper frequency converters
for the C-, Ku- and Ka- bands, and solid-
state power amplifiers for the next-
generation L- and S-band systems.

www.esa.int

Applications

These activities relate to the needs of the
users, which may be commercial or
institutional bodies such as the European
Union, government agencies, or other
international organizations. The market
forces normally address user needs but
satellite-based solutions are often beyond
the scope and capabilities, or even
awareness, of many of the potential
beneficiaries of satellite communication
systems. There are many applications of
satellite communications that can benefit
user communities but first require
demonstration and promotion. Therefore
ESA has reinforced the Applications
component of its Telecommunications
Programme both to satisfy the needs of
society and further develop the demand for
satellite =~ communications  capacity,
equipment and services.

Based on the experience acquired over the
past years, three main lines are being
followed:

— ‘Exploratory Applications’ and
development of the associated
technology.

— Deployment of pilot ‘Solution Projects’.

— Setting up of ad-hoc programmatic
frameworks to support the operational
phase.

Exploratory applications
The traditional ‘exploratory applications’
activities play a crucial role in the

Developing microprocessor technology

generation and validation of new
opportunities, and  constitute  the
innovation engine for new applications in
terms of new ideas, new entrants and seed
opportunities. Due to the relatively high
technical and operational risks involved,
these activities are kept within small-scale
projects until the concept is fully
developed and validated.

Solution projects

This application line is designed to provide
the financial and legal framework in which
to execute, in partnership with the
interested parties, a number of ‘solution
projects’. The main goal is to set up fully
functional systems, characterised by
service requirements derived by the users,
which can be easily extended in terms of
scale and penetration, paving the way for
sustainable services.

Ad-hoc programmatic frameworks

A specific legal framework is required to
regulate the participation of user
communities in the management and
funding of the different phases of the
projects, to guarantee compliance with
regulations on competition and state aid
for the pre-operational services, to verify
the possibility of establishing synergies
with regional/national/international develop-
ment programmes with similar or
complementary objectives, and to provide
a stable and appropriate funding scheme
for the operational phase.

User needs

The areas specifically identified for the

development of applications are:

— Telemedicine

— Internet on Public Transport

— Broadband Access to
Applications

— Interactive-TV Applications

— Location-Based Applications

— Automotive Applications

— Civil-Protection Applications

— Safety/Security Monitoring and Control

— Support to Development and Capacity
Building.

Consumer

esa bulletin 123 - august 2005 49



esa Telecommunications

Telemedicine at work

Connecting with the medical centre
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Telemedicine: a test case

Telemedicine is an area that has been the
subject of a number of applications
activities in the past, and for which a
specific, coordinated effort is required to
move from the exploratory stage to the
operational phase. Telemedicine represents
an important opportunity in the field of
satellite-based applications: the health
sector recognizes that satellites can play a
key role in several areas of telemedicine,
and the large and
immediate perception of the value of

sociai  benefits
telemedicine by Europe’s citizens makes it
a priority for ESA in its application
development strategy.

A range of opportunities for coordinated
actions at European level has been
identified and ESA’s role in facilitating the
development of telemedicine via satellite
is well-recognised. Telemedicine via
satellite will therefore be used as a test-
case for the development of applications

www.esa.int

within the Agency’s telecommunications
activities. A strong link with the user
community will be established to help
ESA in defining priorities and mech-
anisms for the implementation phase.

Internet on trains: an exploratory

application
The provision of Internet access on public
transport has been explored. An

encouraging demonstration conducted on
European trains is paving the way for an
envisaged ‘solution project’ in this domain.

Demonstration Missions

The in-orbit-demonstration component is
a very important element of an overall
telecommunications programme through
its structuring effect on industry and its
ability to focus efforts on a well-defined
objective, despite all the associated
mission considerations and constraints.
Two lines of activity are being followed

Internet access on trains: connecting with the external world

within the ESA Telecommunications
Programme, the first dedicated to
Alphabus/Alphasat, and the
addressing other opportunities including
piggy-back and small-satellite missions.

second

AlphaBus/AlphaSat

The goal in developing the AlphaBus
platform is to ensure the competitiveness
of European industry in the global market
for telecommunications satellites in the
12 to 18 kW power range, thereby
complementing the existing European
commercial product lines in the low- and
medium-power range. AlphaBus will
initially be developed to protoflight-model
level, but since the establishment of
customer confidence in the AlphaBus
product requires the qualification of the
platform in orbit, a first operational
mission is essential to achieve the overall
objectives. The availability of the
protoflight model also represents a unique
opportunity for the in-orbit demonstration
of new technologies, systems and services.
Based on past experience with Olympus
and Artemis, it is also especially important
for such a high-capacity spacecraft to
define its operational use from the outset
to be consistent with the level of
investment  available for  mission
implementation.

The AlphaSat mission, based on the
AlphaBus protoflight model, is therefore
envisaged to consist of two main
components, a technology package
benefiting from the flight opportunity
offered by the maiden flight of AlphaBus,
and a core operational payload.

Piggy-back and small-satellite missions

Industry has expressed a need to establish
an in-orbit heritage for newly developed
equipment. Today, satellite operators and
insurers are extremely cautious about
accepting equipment on new satellites that
does not have a proven track record. This is
even true for well-proven designs that have
undergone up-dating to replace obsolete
parts. The ideal way to establish the
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trustworthiness of newly developed or up-
graded equipment is via an in-orbit
demonstration immediately after com-
pletion of its qualification campaign. Such
equipment has therefore been flown as
piggy-back payloads on ESA or
commercial satellites, for example EMS
on Italsat, Skyplex on Eutelsat satellites
and, as mentioned earlier, AmerHis on
Amazonas.

In the context of testing the market with
a new or an existing service in an as yet
untried geographical area, established
operators are searching for a small satellite
with a limited capacity and, most
importantly, low cost. New service
providers are also looking for small, low-
cost satellites to gain entry into the market.
Several concepts are under evaluation for

missions ranging from the in-orbit
servicing of geostationary satellites, to the
development of a small platform for the

commercial market.

ARTES, a Helpful Programmatic Structure

In tackling its ambitious task of supporting

satellite telecommunications R&D in

European industry, ESA is devoting

particular attention to applications that can

benefit user communities requiring
demonstration and promotion initiatives.

Within this framework, financial help is

currently being provided through the

following ARTES elements:

— ARTES-1: Prospective/market studies
and new configurations fully funded by
ESA and contributions based on the
GNP of Participating States.

— ARTES-3 : Multimedia and mobile
systems initiated by ESA and co-funded
by industry.

— ARTES-4 : ESA/industry partnership

element, proposed and co-funded by
industry.

— ARTES-5: Advanced systems
equipment for the future, proposed on an
annual basis and fully funded by ESA.

— ARTES-8: Large-platform product line
and mission, co-funded.

and

Several of these lines can ultimately
contribute to a single project, depending
on its content. Activities deemed to be
‘near-to-market’ are usually be co-funded,
whilst those clearly paving the way for
future telecommunications initiatives are
fully covered by ESA. r
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Klaus Damian & Michel Tognini*
European Astronaut Centre, Cologne,
Germany

Cologne is unique among the ESA centres

for a number of reasons: it is the home
base of the European Astronaut Corps, it is
located on the premises of a national agency, it
has a very specific organisational setup
integrating staff from various origins, it enjoys
tremendous public visibility and, last but not
least, it is the youngest ESA Centre. The Centre
has developed impressively since its official
founding 15 years ago, with the signing of the
Host Agreement with Germany on 10 May
1990.

The Evropean Astronaut Centre (EAC) in

Early Plans

The first steps towards the setting up of
EAC in Cologne were taken in 1988. At
that time, the planned European manned
space programme was very ambitious.
With the goal of achieving autonomous
human access to space for Europe, the
programme included as major elements
the Columbus Laboratory (Attached
Pressurised Module, or APM), the reusable
Hermes space plane to be launched by
Ariane-5, the Man-Tended Free Flyer
(MTFF) as a free-flying laboratory, the
European Robotic Arm (ERA), and
various experimental payload facilities.
The original scenario for the astronaut
support and training facilities corres-
ponded to the demanding requirements of
that programme.

* As Head of the Astronauts Training Division, Klaus Damian, now
refired, contributed to FAC's development from the outset. Michel
Togini, former ESA astronaut, is now Head of FAC.
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The decentralised training-facilifies concept

Early in 1988, an ‘Astronaut Training
Concept and Associated Facilities’
proposal had already been submitted to the
ESA Council. Based on the requirements
of the Columbus and Hermes programmes,
it foresaw a buildup of the ESA astronaut
team to 38 astronauts, including 12
Hermes pilots. This was based on the
assumption of a permanent European
presence onboard the APM, with a crew
exchange taking place every three months,
two Hermes missions per year for MTFF
servicing, and two Shuttle missions per
year.

The concept proposed for the astronaut
training foresaw a decentralised set-up at
various national facilities (see figure): the
Hermes pilot training with flight
simulators and the Hermes training aircraft
was to take place in Brussels (B), the
Hermes systems training in Toulouse (F),
the training for the Columbus Laboratory,
the Hermes/MTFF composite and payload
training in Cologne (D), the European
Robotic Arm training at ESTEC (NL), and
the underwater training for extravehicular
activities in Marseilles (F). There was also
to be a medical centre in Denmark and
crew quarters in Kourou (Fr. Guiana).

For the overall management of astronaut
activities, under ESA’s responsibility, and
as a home base for the ESA astronauts, the
planned European Astronaut Centre, called
the ‘Astronaut Headquarters’ at that time,
was to be located in Cologne. There were
two decisive factors in opting for this
location: Germany's major financial
contribution to the European manned
space programme, and DLR's relevant
experience in supporting ESA's first
Spacelab mission and carrying out the
national Spacelab-D1 mission.

A major step forward was made in
September 1989, when the ESA Director
General and the Directors for the
Columbus and Hermes Programmes met
the Board of DLR and representatives of
the German Federal Research and

Artist’s impression of the Hermes Pilot Training Facility in Brussels
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Technology Ministry (BMFT) for a site
inspection in Cologne. The purpose of this
meeting was to choose a site for the
‘Astronaut Headquarters’. Basically two
options were being discussed: an
independent location outside the DLR
premises, or a location adjacent to the
planned DLR Crew Training Complex
(CTC) on the DLR premises. The latter
option was ultimately chosen, but with a
separate external access as an ESA facility.

This agreement became the basis for the
EAC Host Agreement, which granted the
smallest ESA centre full international and
extraterritorial status, as well as direct
privileged access to Cologne Airport, a

special requirement for the

astronauts.

pilot

Realistic Implementation

As we now know, the European manned
space programme developed somewhat
more modestly than was originally
planned. Hermes and the Man-Tended Free
Flyer were scrapped, the scale of the
Columbus Laboratory docking module
was halved, and the overall schedule was
extended. On the other hand, the
Automated Transfer Vehicle (ATV) came
onto the scene as an additional flight
element and the fundamental political
changes in Russia opened up many new
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