





























































































































































































































































































































models are coupled with the atmospheric
transfer models, resulting in complete radiative
transfer codes describing the interactions over
the entire path of the radiation from the emitted
solar irradiance to the Top of the Atmosphere
(TOA) radiance recorded by satellite sensors.
Variables can then be retrieved by model
inversion constrained by ancillary data (e.g.
atmospheric profiles measured by a radio-
sonde, in-situ measured micro-climatic data,
a-priori knowledge of some of the canopy and
soil variables, e.g. gathered by campaign
activities). Moreover, comparison of the
modelled TOA radiances constrained by
ancillary data with the observed TOA radiances
makes it possible to analyse and further
improve the models.

TOA radiances are used as inputs in the
inversion process. Different approaches are
proposed for the inversion, such as look-up
tables, neural networks, golden-section 3D and
Gauss-Newton techniques.

It should be noted that the models also
consider illumination- and viewing-angle-
dependent effects. This means that the
inversion process is further constrained by
feeding in additional angular observations. This
in turn reduces the number of degrees of
freedom available during the inversion, and
may enhance the accuracy of the retrieved
variables. The latter will then be used as inputs
to surface-process models to derive variables
of interest to researchers, such as canopy
state, fluxes, crop production, etc. These models
can be used both for monitoring and fore-
casting the state of the ecosystem.

3. Assimilation of remote-sensing data into
radiative transfer and canopy or soil
functioning coupled models

A further development of the technique
discussed above is the coupling of the
complete radiative transfer models with the
surface-process models themselves (canopy
and soil functioning models) and assimilating
the remote-sensing observations from different
sources (optical and SAR data with different
spectral and spatial resolutions) in a multi-
temporal manner.

Assimilation involves tuning (by means of a cost
function) some of parameters of the coupled
models so that the simulation matches the
observations as closely as possible. This
facilitates optimum exploitation of the
complementary features of the different
sensors. This technigue is potentially the most
promising because it makes best use of
available information, both on the physical or
biological processes and any ancillary data.

This technique follows a new philosophy.
Instead of retrieving variables directly, it rather
aims at stakilising the coupled process models
by adjusting variables within the models,
making use of assimilation technigues. The
stabilised models make it possible to predict
the future state of the ecosystem more
accurately. The frequent feeding of the models
with remote-sensing data accounts for
unforeseen events such as hailstorms or other
natural hazards, thereby ensuring that the
model remains ‘on-track’.

This, of course, is a rather ambitious and
challenging idea and many scientific questions
still remain unanswered. These include the
refinements to be introduced into the models,
the non-linearity of model scales and the
related optimum spatial resolutions, the
optimum temporal coverage of the different
sensors, the optimum spectral resolution, the
optimum number of viewing directions and
the required spectral resolution of angular
observations, the optimum SAR (band,
polarisations and incident angle), etc. Some
of these questions were already addressed
within the framework of the LSPIM Phase-A.

ESA plans to investigate these questions
further through dedicated study activities. The
DAISEX campaigns provided suitable data to
start addressing some of these questions. A
future land-surface-processes mission will
certainly help in refining these ideas.
Programmes like APEX and CHRIS/PROBA wiill
be useful assets.

The DAISEX campaigns

The main scientific objective of the DAISEX
campaigns was to demonstrate the feasibility of
quantitatively retrieving geo-/biophysical variables
by accounting for atmospheric effects, whilst at
the same time analysing the data for possible
additional information on directional anisotropy.
Bio-/geophysical variables included the leaf
area index, biomass, leaf water content,
canopy height, chlorophyll content, surface
temperatures and emissivity. Since accurate
calibration and atmospheric corrections are
essential to quantitatively retrieve these
variables, in-situ atmospheric measurements
(needed to derive the atmospheric corrections)
were performed in addition to the field
measurements for validating calibration and
retrieval. The atmospheric modelling for
airborne hyper-spectral sensors was carried
out based on the ATCOR model. Three
airborne campaigns were organised over test
sites in Spain, France and Germany, in 1998,
1999 and 2000, exploiting a range of different
airborne instruments.

daisex campaigns
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DAISEX Test Sites and Teams
The Barrax Site

The Barrax test site is a well-described agricultural site close to the town of Albacete in Spain. It was formerly used in such
international programmes as EFEDA, RESRAPS, RESMEDES, RESYSMED, RISMOP and STAAARTE, which included the
exploitation of a range of airborne instruments, e.g. AVIRIS, DAEDALUS, TMS, and AIRSAR. Data from SIR-C/X-SAR as
well as operational sensors such as ERS-SAR, Landsat-TM, SPOT-HRV, NOAA-AVHRR, and Meteosat are available.
Detailed thematic maps and long-term data records exist. In addition, there are two permanent meteorolcgical stations in
the area continuously recording the energy and water fluxes. The School of Agronomical Engineering of the University of
Castilla-LaMancha permanently monitors the fields. An additional advantage of the Barrax site is its topography and
geomorphology. It is relatively flat, which eases the pre-processing required to correct for geometric and radiometric
distortions (needed for the analysis of multi-angular observations).

The Colmar and Harheim Sites

The Colmar site is an agricultural one operated by the Institute National de Recherches Agronomigues (INRA), located south
of the city of Colmar in France. The Hartheim site is about 20 km southwest of Freiburg in Germany, and is directly adjacent
to the Colmar site. During DAISEX, both sites were referred to collectively as the DAISEX ‘Upper Rhine Super Site (URSS)'.
The URSS is located in the southern part of the Upper Rhine Valley, extending from Karlsruhe to Basel, and from the Vosges
to the Black Forest.

The area is a highly uniform flood plain, lying about 200 m above sea level. Much information has been collected on the
atmosphere, soil, hydrology, radiation, land occupation and use, and air quality over the years. Remote sensing has been
used over the last 15 years (Landsat-TM, SPOT-HRV, NOAA-AVHRR, Meteosat, ERS-SAR). It has been an important area
for both national and international research programmes, such as the Regio Klima Project (REKLIP).

The Colmar site includes experimental test fields producing a variety of crops, and experimental vineyards. The site is well-
characterised in terms of the physical and chemical properties of its soil and its hydrology, and it includes meteorological
stations.

Hartheim is a coniferous forest site (pinus sylvestris, about 40 years old) run by the Meteorological Institute of the University
of Freiburg. It is about 10 km in extent north-south, and about 1.5 km east-west. Intensive measurements have been
conducted since 1970, including tree-characterisation (height, density, etc.) and flux measurements. Two towers (30 m and
15 m high) within the site are instrumented with radiometers, ultrasonic anemometer thermometers and fast hygrometers,
enabling mass- and energy-flux estimates to be derived. Hartheim has been used for both national and international
research programmes such as REKLIP.

Teams Involved in the Campaigns

ESA Earth Sciences Division:
Campaign Unit (APP-FSS): Overall management
Land Unit (APP-FSL): Scientific support

DLR, Oberpfaffenhofen:
Flight operation of DAIS 7915, HYMAP and ROSIS. Pre-flight and in-flight calibration of airborne instruments. Radiometric,
geometric and atmospheric corrections of DAIS 7915, HYMAP and ROSIS data.

University of Valencia:
Management of ground measurement programme in Barrax, Spain. Data analysis, including data-quality assessment and
algorithm validation.

University of Strasbourg:
Management of ground measurement programme in Colmar and Hartheim. Data analysis including quality assessment and
algorithm validation.

University of Zurich:
Goniometer measurements in Barrax and Colmar. Analysis of goniometer measurements.

CESBIO:
Flight operation of POLDER. Radiometric, geometeric and atmospheric correction of POLDER data.
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Airborne sensors, flight patterns and acquired
data sets

The core instruments used in the DAISEX
campaigns were the Digital Airborne Imaging
Spectrometer (DAIS 7915), the High-Resolution
Imaging Spectrometer (HYMAP), the Reflective
Optics System Imaging Spectrometer (ROSIS),
and the Polarisation and Directionality of the
Earth’s Reflectance (POLDER) airborne instrument.

DAIS 7915 is a 79-channel imaging spectro-
meter operating in the 0.5 to 12.5 um
wavelength range with four grating spectro-
meters. With the exception of the 1.05 - 1.4 pm
region, all atmospheric windows are covered,
which is a unique feature of this system. The
instrument, purchased from GER Corporation
(USA) jointly by the EC Joint Research Centre
(JRC) and DLR, has already been flown in
Europe since 1995 for a number of different
research and commercial projects.

HYMAP is an Australian instrument, built by
Integrated Spectronics Pty. Ltd. The sensor
provides 126 bands across the reflective solar
wavelength region (0.45-2.5 um) with contiguous
spectral coverage (except in the atmospheric
water-vapour bands) and bandwidths of 15 —
20 nm. The system operates on a three-axis-
stabilised platform to minimise image distortion
due to aircraft motion. It provides a high signal-
to-noise ratio (>500:1) and thus an industry-
standard-setting image quality. Laboratory
calibration and operational system monitoring
ensure the radiometric performance required
for demanding spectral mapping tasks.

ROSIS is a compact airborne imaging
spectrometer developed jointly by German
industry and research organisations. It provides
115 spectral bands in the spectral range 430 —
860 nm, with 4 nm spectral sampling. It was
recently redesigned to provide greater
radiometric and spectral stability.

POLDER is a wide field of view radiometer
equipped with a 2D CCD array and a filter
wheel providing eight spectral bands from 443
to 865 nm. The airborne version has a similar
concept to the spaceborne version, but a
different spectral band configuration. A given
pixel on the ground is projected to different
locations on the 2D CCD array, and therefore
has different view-angles in successive images.
With a specific flight pattern such as that
operated by ARAT during DAISEX ’99, up to 50
view directions are acquired per pixel. After
pre-processing, the BRDF of every pixel is
reconstructed up to a 60° viewing angle at
20 m spatial resolution of an area of typically
3 km x 3 km.

DAIS 7915

79 channels

HyMap

128 channels

ROSIS

115 channels

v l VIS | NIR MIR
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The complementary nature of the various
instruments is illustrated in Figure 5, which
shows their different spectral layouts in the
context of atmospheric transmission.

Data have been acquired under different
observation geometries by using

crossing flight paths, as illustrated in

38,12+ =3

33.10 |-

39.06 — HANL

laitude (degrees)

30904 [~

e

| VR W

39.02 |-

LI S S B P e LIS S B ot S A A e Enn B e e S e

planned flighlines

ARz ——

DGPS-flight track

I

Figure 6. In particular, the 1999
campaign focussed on the
acquisition of multi-angular data, by
using three pairs of crossing flight
paths — one in the morning, one at
midday, and one in the afternoon —
over the Barrax site for HYMAP and
DAIS 7915. This provided a total of
7 six different view-illumination angles
] for each pixel in the overlapping

) 7 area of the flight paths. Observation
of the hot spot was assured by the

y east-west flight line at noon. Table 1
] summarises the data acquired by
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each sensor during the three
campaigns.

10.0 150 200

Figure 5. Atmospheric
transmission and spectral
layout of DAIS 7915,
HYMAP and ROSIS

Figure 6. Flight pattern used
during DAISEX ’98 over the
Barrax test site
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__] DAIS 7915

|: | HYMAP

| | POLDER

ﬂ ROSIS

* URSS = the DAISEX Upper
Rhine Super Site

Figure 7. The Swiss

goniometer at the Barrax
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site

Table 1. Airborne data acquired during DAISEX campaigns

Year Barrax, Spain Colmar, France Hartheim, Germany
D H P R D H P R D H P R
1998
1999
2000
|

The most complete data set was acquired over
the Spanish test site. Thanks to an EC-funded
project, the French ARAT aircraft, equipped
with the LEANDRE atmospheric-measurement
instrument, could be operated simultaneously
with DAIS and HYMAP over the Spanish site in
1999. This allowed the acquisition of a
complimentary data set, something that had
never been done before. The combination of
HYMAP (VNIR, SWIR component), DAIS (VNIR,
SWIR, TIR component) and POLDER (angular
component) data enabled us to simulate the
instrument as it was proposed by LSPIM. The
ARAT instrument provided a 3D characterisation
of the atmosphere at the time of the overflight.

Ground measurements

The field measurements involved a suite of
instruments operated by the various research
teams. The direct and diffuse solar irradiation
was measured with high spectral resolution
(6 nm) for atmospheric characterisation. In-situ
aerosol characterisation was also performed by
a particle counter and nephelometer on ARAT,
enabling us to estimate aerosol extinction
profiles. Ground-based reflectance measure-
ments were mainly acquired for two reasons:
(a) those of relatively homogeneous targets for
system-calibration purposes, and (b) those to
radiometrically characterise principal soils and
vegetation. The latter were also performed
under different viewing geometries exploiting a
field goniometer. Figure 7 shows the Swiss

goniometer for BRDF measurements as
operated during the DAISEX '99 campaign. All
field measurements were geo-referenced using
GPS for later integration of the data into
Geographical Information Systems (GIS).

Detailed mapping included crop identification,
phenological state description and soil-
roughness measurements. Soil and crop
samples were collected for later laboratory
analysis of the soil’s mineral composition and
the biochemical contents. Validation measure-
ments included LA, fPAR, chlorophyll content,
surface temperature, surface emissivity and
evapotranspiration.

At the URSS* particular attention was paid 1o
measurement of the radiative-balance, energy-
flux and directional TIR-radiance components
for modelling and evaluating the surface energy
balance. In-situ radiosonde measurements
were made to obtain temperature, ozone,
pressure and humidity profiles up to an alfitude
of 30 km. These measurements are used to
constrain the atmospheric transfer codes used
for atmospheric corrections. Radio sounding
was supported by the Spanish National
Institute of Meteorology and Meteo France.

Preliminary results

Pre-processing of DAIS 7915, HYMAP and
ROSIS data included radiometric, geometric
and atmospheric corrections, carried out by
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DLR. First results are presented in Figure 8,
where HYMAP data with a spatial resolution
of about 6 m x 6 m, acquired over Barrax
during DAISEX ‘99, are shown. The image is a
‘true-colour’ composite using bands 18,9,3
(0.685, 0.549, 0.457 um) for red, green and
blue, respectively. For visualisation purposes,
the image was enhanced using standard
image-processing tools. Irrigated field patterns
of different sizes (circled objects) are shown.
Different shades of green indicate different
types and growing stages of vegetation and
crops. Brownish to greyish colours show fields
with sparse vegetation and bare soil; gravel
roads appear as white lineaments.

Data acquired during the DAISEX '99 campaign
show the ‘hot spot’ in hyper-spectral data
cubes for the first time; it appears as a bright
horizontal line in the upper part of the image.

POLDER images of the 3 km x 3 km Barrax
area at 865 nm for three positions of the plane
(along the same flight line, within a time interval
of a few seconds) are presented in Figure 9.

Flight direction
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Figure 8. HYMAP data
acquired over Barrax

Figure 9. POLDER images
of the 3 km x 3 km Barrax
area at 865 nm for three
positions of the viewing
plane (courtesy of Luis
Alonso, Univ. of Valencia)

Figure 10. Reflectance of
alfalfa at 2200 nm for
different view zenith angles
extracted from HYMAP data
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The different aspects of the three images
are due to the different view-target-Sun
configurations (the Sun is located to the
bottom-right of the images). The image
sequence shows the hot spot, characterised by
a sharp increase in surface directional
reflectance when illumination and viewing
geometry are in coincidence. The processing of
all images acquired during the flight permits the
full BRDF of every 20 m pixel of the area to be
reconstructed.

reflectance

Figure 10 shows the reflectance at 2200 nm
(SWIR-II) extracted from the HYMAP image for
different viewing zenith angles. Several fields
with the same vegetation coverage were used
for this purpose. The hot spot is clearly visible
at a view zenith angle of 16.8°, also in the
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Figure 11 a,b. BRDF
correction with a class-
specific Ambral Model fit

Figure 12a,b. Spectral
response of the HYMAP
sensor for (a) green
vegetation, and (b}
senescent vegetation, for
the Barrax study area during
DAISEX '99
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SWIR-Il, which proves the good radiometric
performance of the HYMAP sensor. Note that
the image was acquired on 4 April, when the
Sun was close to latitude 20°N, which with the
observed hot spot at 16.8° adds up to about
37°, which is the latitude of the test site.

Figure 11a shows a cross-section of two
geocoded, atmospherically corrected, and co-
registered HYMAP data acquisitions in Barrax.
The chess-board-like pattern in the overlapping
area is obtained by alternating squares in the
north-south image, which is superimposed on
top of the east-west image. Both images have
been processed in the same way (calibration,
geocoding/correction, atmosphetic correction,
image processing), and the differences are due
solely to angular effects.

The angular effects are most pronounced in the
hot-spot region (a bright horizontal band in the
upper third of the image) and disappear in the
nadir viewing direction (slightly below image
centre). Images without any directional
components would not exhibit any pattern-like
structure. In this case, the hot spot in the east-
west direction is not present in the north-south
image. Also, no pattern-like structure can be

observed close to nadir in the centre of the
image.

Figure 11b is an example of a new method for
normalising hyperspectral images to a single
viewing geometry (BRDF correction). The
BRDF correction takes place after geo- and
atmospheric correction and a statistical
method is used to extract BRF measurements
for each surface type. The Ambrals Model is
applied to the data and correction factors are
calculated. The procedure currently requires
user supervision, but has the potential to be
automated in the future.

As a result, most of the differences disappear in
the right-hand image (Fig. 11b). Only some
vegetated areas show residual differences,
which are smaller than the original ones. These
classes have a large internal reflectance
variation. Improving the classification will
reduce the errors. A prerequisite for separating
a class is to have enough occurrences at
different viewing angles within the image.

The ability to discriminate between green
vegetation (Fig. 12a), senescent vegetation
(Fig. 12b), and soil background is essential
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not only to retrieve critical biophysical
parameters, but also for the assimilation of data
into models describing the terrestrial carbon
cycle, where the different roles of the green
(photosynthetically active) vegetation, the
senescent vegetation (carbon assimilation) and
soil (mostly for soil respiration) must be properly
accounted for.

Figure 13 compares actual HYMAP reflectance
data, derived from raw data after calibration
and atmospheric correction, and simulated
reflectance data, by means of a theoretical
radiative transfer code driven by elementary
inputs  describing the leaves, the soil
background and the canopy structure. The
good fit that has been obtained is an indication
both of the accurate radiometric calibration and
atmospheric correction of the HYMAP data,
and the stability achieved across the whole
spectral range. The fit also illustrates our
present capabilities for modelling hyperspectral
data by means of radiative transfer codes. The
code is based on the scattering and absorption
properties of elementary leaf constituents. The
combined scil-canopy response is obtained by
modélling the transport of photons across the
medium. Any deficiency in the theoretical
modelling and/or the calibration of HYMAP
data would show up in this plot.

The ability to understand the theory behind the
role of each individual variable in the combined
spectral response finally measured by the
sensor is important for retrievals of bio-/geo-
chemical parameters and for assimilating
hyperspectral data into models of land-surface
Processes.

Outlook

Data acquired during the DAISEX campaigns
are currently being further analysed and
validated. In particular, validation of higher-level
products accounting for different viewing and
illumination geometries will be analysed, by
comparing measured and modelled BRDFs
and by inverting a full radiative transfer code.

Results of the campaigns will be aggregated
into process models describing the vegetation
growth and energy/water balance over time.
This will further demonstrate the feasibility of a
future land mission aimed at advancing our
knowledge of land-surface processes and
interactions with the atmosphere.

A Workshop summarising the results is planned
for the beginning of 2001. In addition, ESA
plans to fund dedicated studies addressing
some of the open questions discussed in this
article by exploiting the data acquired during
the DAISEX campaigns.
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Programmes under Development and Operations
(status end-December 2000)
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XMM-Newton

The first public data from the XMM-
Newton observatory have been made
available on the World Wide WebD,
together with the associated analysis
software (see: http://xmm.vilspa.esa.es/
public/xmm_sas_sv_top.html). The
software was developed jointly by the
XMM-Newton Science Operations Centre
{SOC) and the Survey Science Centre
(SSC), a consortium, led by Dr. Mike
Watson of Leicester University (UK),
selected to routinely process all XMM-
Newton data.

A Workshop on the radiation effects
experienced by ESA's XMM-Newton and
NASA's Chandra missions was held at
ESA's Vilspa station, near Madrid (E), on

29 November (see http://sci.esa.int/xmm).

XMM-Newton’s instruments are
performing nominally, with no further
problems being encountered. The ground
segment has continued preparations for
the inclusion of a third antenna (in

Santiago, Chile) in the mission’s day-to-
day operations. This additional antenna
will close an existing gap in data reception
around spacecraft apogee.

A special issue of Astronomy and
Astrophysics magazine containing 56
high-quality papers based on XMM-Newton
data has been published, and another
similar special issue is already planned

One of the highlights of the XMM-Newton
mission is the combination of high-
throughput and imaging X-ray
spectroscopic capabilities. The
accompanying image is from a 100 ksec
observation of an area called the
‘Lockman Hole’. This false-colour X-ray
image shows hundreds of so-called
‘serendipitous sources’, and the overlaid
X-ray spectra illustrate the quality and
capabilities of XMM-Newton in this field
for a few randomly selected sources.
Regular updates on the most striking
results obtained by the XMM-Newton
observatory can be found at
http://sci.esa.int/xmm.

Cluster

The Cluster quartet successfully
completed the instrument-interference
campaign on 22 December. It involved
two weeks of intensive checks to ensure
that the 11 scientific instruments on each
spacecraft do not adversely affect each
other’s measurements. A few minor
difficulties involving one or two instruments
have been experienced, as expected, but
by no means can they be considered
show-stoppers.

The potential operational conflict is largely
due to the complexity of the instrument

XMM-Newton false-colour X-ray image of a

100 000 sec observation of the Lockman Hole
Colour indicates temperature, with red being
cold (around 1 million K) and blue being hot

(a few million K) objects. The overlays show X-
ray spectra (decomposition of X-ray light into its
constituent ‘colours’; as with a prism for visible
light) for a limited number of randomly selected
sources in the image. This clearly illustrates that
XMM-Newton can routinely derive detailed
information for many sources within its field-of-
view (courtesy of Prof. G. Hasinger, AIP/MPE)
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set on each spacecraft. Most experiments
are ‘passive’ and simply measure the
space environment through which the
spacecraft is passing, but some
experiments (EDI, WHISPER, EFW,
ASPOC) actively probe near-Earth space.
All of these active instruments were
designed to be compatible with their
neighbours. It was not possible, however,
to precisely forecast, or test for, all of the
possible interference effects until the
spacecraft were actually in orbit and the
experiments had been commissioned.
During the interference campaign, the
scientists investigated ‘worst-case
scenarios’ by looking for any unforeseen
effects that could perturb the space
plasma and so adversely affect the rest of
the science payload. Once these were
found, the challenge was to determine
how to operate the instruments in
question successfully whilst limiting the
impact on the overall science data return.
Careful global scheduling of the scientific
measurements ensured that the Cluster
science programme could be started in
early January and that it will produce
top-quality scientific data.

Meanwhile, after some small ‘constellation
manoeuvres’, the Cluster quartet are now
in the correct orbits to form a perfect
tetrahedron for the cusp crossings next
February. At that time, the spacecraft will
be almost exactly 600 km apart. Taking
advantage of this spatial spread, the suite
of instruments on each satellite will gather
a unique three-dimensional set of data as
they sweep through the cusp regions over
the Earth’s magnetic poles.

Integral

The flight model of the Integral Service
Module is now practically completed. A
significant milestone was achieved with
the delivery last October of the Optical
Monitoring Camera (OMC), which was
the first flight-model scientific instrument
o be delivered and integrated on the
spacecraft.

The current project-completion schedule
remains extremely tight due to the
technology-development difficulties that
some instrument teams have recently
encountered. The plan is to integrate the
remaining flight-model instruments into the
spacecraft during the first haif of 2001 at
Alenia Spazio’s facilities in Turin (). The

environmental test campaign at ESTEC
(NL) will follow immediately thereafter,
allowing the Flight-Acceptance Review to
oe held in early 2002,

The third round of System Validation Tests
(SVT-C) was successfully completed in
December and included the verification of
spacecraft contingency recovery and
instrument flight-operations procedures.
The ground-segment activities are
progressing according to plan.

There have been some delays in adapting
the design of the Proton launch vehicle
and facilities, but overall progress is
presently sufficient to allow launch
according to the current schedule in April
2002 from the Baikonur Cosmodrome in
Kazakhstan. The next major launch-
related milestone is the Mission Critical
Design Review (MCDR), planned for April
2001.

Rosetta

The Electrical Qualification Model (EQM)
continues its testing at Alenia in Turin (1).
All of the payload units have been
integrated and the bus and payload
modules have been mated. The integrated
system tests have been performed on the
power and data-handling subsystems, as
well as for most of the experiments. The
first phase of EQM testing is still foreseen
to be completed by the end of March
2001.

The spacecraft Proto-Flight Model (PFM)
programme has alsc just started. The
structure, propulsion and thermal
subsystems have been delivered and
mechanical integration has commenced.

The Integral flight model ready for payload
integration
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There is still some concern regarding the
delivery schedule for the flight models of
some critical equipment items (star tracker
and transponder), owing to their
development programmes running late
due to technical problems. The engineering
model programmes for these items have,
however, been brought to a successful
conclusion, demonstrating that these
problems are now under control. The
complex nature of the software has also
given rise to development problems. An
incremental delivery approach compatible
with the system test requirements has
now been agreed with all parties.

The Experiment Final Design Reviews
(EFDRs) have all taken place successfully,
with no show-stoppers being identified.
The payload institutes are now busy
integrating and calibrating their experiment
flight models for delivery in the second
quarter of 2001, For most, the schedule is
still very critical, particularly for the
scientific camera (Osiris).

The EQM lander has also been integrated
on the EQM spacecraft and compatibility
testing successfully performed. Assembly
of the flight-model lander has also started,
but there are still some critical units, in
particular the landing gear and some
experiments,.which are receiving
maximum attention in order to ensure
timely delivery.

The development of the ground segment
is proceeding according to plan. The
pedestal for the new 35 m antenna in
New Norcia, Australia, has now been
completed, and the complete ground
station should be ready in early 2002,
which is compatible with the mission
requirements.

Mars Express

The spacecraft programme continues to
progress according to plan, and the
overall workload is currently reaching its
peak. Engineering-model testing is in
progress at Astrium SAS in Toulouse (F).
Production of the flight-model structure is
nearing completion at Contraves in Zurich
(CH) and qualification testing will follow.

The Critical Design Reviews of the
scientific instruments have started, as has
delivery of the instrument engineering
models. The first instrument delivery to
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Astrium’s site took place just before
Christmas.

Beagle-2, the Mars Express lander, has
been reviewed by an independent group
of experts, led by J. Casani, a former
NASA/JPL project manager. It concluded
that the Beagle-2 project is ‘eminently
doable', but certain activities require more
attention than initially planned. The review
group’s conclusion led the United
Kingdom to formally request ESA’s
Science Programme Committee (SPC) to
support the Beagle-2 project. During its
November meeting, the SPC approved
16 MEuro for ESA participation in the
Beagle-2 consortium. ESA will primarily
be involved with the entry, descent and
landing system, and will participate in the
lander’s assembly, integration and
verification (AlV) programme. In addition,
ESA will procure the lander/orbiter relay
system, and will provide access to its
expertise and facilities.

The Ground-Segment Design Review was
completed successfully on 31 October.
The Fifth Meeting of the Mars Express
Science Working Group took place in
December. Discussions focussed
extensively on the scientific aspects of
mission operations, and data analysis
and archiving.
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The Rosetta Electrical Qualification Model at
Alenia in Turin (1)

Smart-1

Since the start of the main development
phase (Phase-C/D) in November 1999,
work has proceeded on all mission
elements: spacecraft, payload
instruments, electric-propulsion
subsystem, and ground segment.

The spacecraft, under the responsibility of
the Swedish Space Corporation (SSC)
and its industrial consortium, has been
designed according to the system
requirements down to subsystem and
equipment fevel. All of the subsystem and
equipment Preliminary Design Reviews
(PDRs) have been successfully closed. A
few subsystems - primary structure, some
mechanisms, solar arrays, transponder,
star tracker - have already undergone their
Critical Design Reviews, allowing flight-
model production to start. The electrical
tests on breadboard and engineering-
model units started towards the end of
2000 and will continue throughout 2001.
The On-board Software contract has
recently been awarded and the
Architectural Design Review is planned for
February 2001.
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The six payload instruments are being
developed in parallel by various European
institutes and industries. Four of them -
the Electric-Propulsion Diagnostic
Package (EPDP), the Smart-1 Infrared
Spectrometer (SIR), the Demonstration of
Compact X-ray Spectrometer (D-CIXS)
and the X/Ka-band Transponder
Experiment (KaTE) — are being developed
under ESA TRP contracts, whilst the other
two — the Asteroid and Moon Imaging
Experiment (AMIE) and the Spacecraft
Potential Electron and Dust Experiment
(SPEDE) - are nationally funded. Al
instruments have undergone their PDRs
successiully. The Critical Design Reviews
(CDRs) are planned for April 2001. The
structural and the electrical models will be
delivered for integration into the spacecraft
models in the February-March time frame.

The electric-propulsion subsystem is being
procured separately directly by ESA from
SNECMA and its subcontractors, and will
be delivered to the SSC as customer-
furnished equipment. The CDR was held
in December and close-out of all open
actions is expected by March 2001,

A complementary engine-lifetime
qualification test will start in January.

The ground segment is being designed
and built by ESOC, based on the existing
infrastructure and facilities. The mission-
control system is based on the SCOS-
2000 (Spacecraft Control Operating
System) kernel, the dedicated control
room is shared with the Huygens mission,
and the ESA ground stations will be used
on a time-availability basis. Extensive work
has been done on optimising the low-thrust
trajectory to the Moon, to cope with
Arianespace’s launch-window requirements
for an auxiliary payload like Smart-1.

The Science and Technology Operation
Coordination will take place from ESTEC
and will include the science and
technology operation planning, technology
data distribution and exploitation, and
data archiving. This will ensure that the
results of this preparatory mission will be
directly transferred to the technology and
project offices of the future science
missions, such as BepiColombo.

Herschel/Planck

The Far-Infrared and Submillimetre
Telescope (FIRST) mission was renamed

the ‘Herschel Space Observatory' at the
end of last year, in honour of William
Herschel, the famous Anglo-German
astronomer who discovered infrared light
exactly 200 years ago, in 1800.

The industrial Invitation to Tender (ITT) for
the Herschel/Planck mission had been
issued to European industry by

1 September 2000 as planned, and
the proposals were received in early
December. Evaluation of those offers is
underway. The start of development
activities (Phase-B) with industry is
planned for June 2001, which is in line
with the foreseen launch of the two
spacecraft in February 2007.

The development of the three Herschel
instruments and the two Planck
instruments is proceeding according to
plan. A major instrument-development
milestone is the second formal Instrument
Design Review. A first review meeting for
the Herschel SPIRE instrument took place
in November. The next review meetings,
for Planck's LFI and HFI instruments, will
take place in February 2001.

The co-ordinated parts procurement that
has been initiated to support scientific-
instrument development is progressing
nominally. The activities together with the
Danish Space Research Institute for
preparing the Invitation to Tender (ITT) for
the Planck telescope’s reflectors are also
progressing. Release of the ITT to European
industry is planned for early 2001.

Earth Observation
Envelope Programme
(EOEP)

The Cryosat Phase-B activities are
proceeding nominally; all Invitations to
Tender (ITTs) relating to the procurement
of the various spacecraft equipment items
have been issued. Evaluation of the offers
received will take place early in 2001.

Negotiation of the GOCE space-segment
Phase-B/C/D/E1 industrial proposal has
been successfully completed. The GOCE
Phase-B activities were kicked-off on

19 December under a Preliminary
Authorisation to Proceed (PATP).
Completion of the GOCE Phase-B is
expected by the end of 2001.

The detailed design of the ALADIN
instrument for the ADM/Aeolus mission is
nearing completion. The ITT package for
the second phase of the predevelopment
programme (hardware manufacturing) is
being prepared.

The ITT package for the Prodex-funded
instrument Phase-C/D is in preparation.
Finalisation of the specifications is being
supported by a scientific study. The
procurement proposal for the provision,
under EOQEP funding, of short-wave infra-
red (SWIR) focal planes to APEX has been
approved by ESA’s Industrial Policy
Committee (IPC). The relevant contractual
actions have been initiated.

In the market-development area, 14 short-
term contracts have been started. Six
proposals for longer-term contracts are
under evaluation, with the objective of
selecting two or three for a start in the first
quarter of 2001.

ESA's plans for Earth Watch’s ORSA-3,
including preparatory activities under
EOEP, have been fully aligned with
Eumetsat’s post-MSG/EPS plans.

Earth Observation
Preparatory
Programme (EOPP)

From the ten proposals received in
response to the Call for Mission Ideas for
the second cycle of Earth-Explorer Core
Missions, five missions were selected for
further assessment: ACE, EarthCARE,
SPECTRA, WALES and WATS. This
selection was endorsed by the Earth-
Observation Programme Board (PB-EQ) in
November. The proposals for pre-Phase-A
studies of these missions are currently
being evaluated, and these studies are
expected to be kicked-off early in the first
quarter of 2001,

The ‘End-to-end Mission Performance
Simulation’ study for SMOS has been
kicked-off.

Meetings were held with NASDA on the
potential joint EarthCARE Earth-Explorer
core mission, ESA's possible participation
in the NASDA/NASA Global Precipitation
Mission (GPM), and implementation of
ESA's SWIFT Earth-Explorer Opportunity
Mission on the Japanese GCOM mission.
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Intensive work within the Agency and
consultations with Delegations are taking
place in the framework of the Earth-Watch
Task Force, created at the PB-EO’s
November meeting. The objective is to
arrive at a consolidated proposal for future
Earth-Watch programmes.

Meteosat Second
Generation (MSG)

The MSG-1 launch delay from October
2000 to January 2002 announced by
Eumetsat means that all of the spacecraft
- MSG-1, EM, MSG-2 and MSG-3 — will
now have to be stored for in the order of
1510 21 months. The revised and extended
MSG programme planning is under review
in order to minimise the resulting costs.

The Pre-Storage Review (PSR) for MSG-1
took place as planned at the end of 2000,
and a PSR Board meeting is planned in
the March 2001 time frame.

The need to add a shock-test programme
in order to qualify MSG-2, MSG-3 and
follow-on models for an Ariane-5 launch is
still under investigation.
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MetOp

An important milestone was achieved with
the completion and delivery of the
Advanced Scatterometer instrument
(ASCAT) and the GPS Receiver for
Atmospheric Sounding (GRAS) for the
engineering-model Payload Module (PLM).
With these instruments now successfully
integrated, the EM PLM is complete, and
has started its system-level testing. The
thermal-balance/thermal-vacuum test in
ESTEC’s Large Space Simulator (LSS) is
planned for the second quarter of 2001.

A major change is now being discussed
with industry, to re-align the assembly,
integration and verification (AlV)
programme for MetOp-1, -2 and -3 to
be in line with the delivery schedule for
customer-furnished instruments,
specifically IASI, A-DCS and SARP. This
re-alignment results in a thinning out of
activities in 2001 (reduced parallel
working on the EM PLM and MetOp-1
PLM) and an interleaving of work on
MetOp-1, -2 and -3 thereafter. Work is
continuing on the MetOp-1 PLM, but at
a somewhat reduced pace, with the first
instrument integration starting in
February.

In the meantime, the elements of the
MetOp structural model have been
delivered to ESTEC for final integration
and then vibration/acoustic testing.

Eumetsat has finalised its approval
procedures for the core ground segment,
allowing the kick-off with Alcatel (F) to take
place in January 2001. Eumetsat was also
able to finalise the contract with Starsem
for the provision of the Soyuz-ST launch
vehicle, which is now the baseline for
MetOp. Negotiations for this change are
underway with the MetOp industrial
partners.

Following a programmatic review,
Eumetsat has determined that ground-
segment system readiness will not be
achieved before the second half of 2005,
and so the launch of the MetOp satellites
would be correspondingly delayed. Under
the realigned AIV programme, the first
MetOp satellite will be ready at the

The MSG-1 SEVIR! optical instrument during
integration at Astrium in Toulouse (F)

The integrated MetOp structural mode! at
ESTEC in Nooradwijk
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beginning of 2004. The consequences of
this launch delay are being assessed in
the context of the ESA/Eumetsat Co-
operation Agreement.

Envisat

System

The system activities have focussed on:

— preparing and conducting the satellite
functional tests and analysing the results

— progressing the Ground Segment
Overall Verification (GSOV) tests

— defining the LEOP nominal and
contingency procedures

— progressing the Commissioning Phase
preparations with the calibration/
validation teams, and performing a
data-circulation rehearsal involving all of
the main players

— preparation of the Flight-Acceptance
Review (FAR) and the Ground-Segment
Readiness Review (GSRR).

Satellite and payload

All of the flight-model satellite-verification-
programme goals set in February 2000
have been met. Following the successful
environmental tests carried during the
summer, deployments of the solar array
and of the ASAR antenna were performed
and confirmed the good health of these
two subsystems. Retrofitting of the ASAR
antenna was then undertaken. The six
repaired transmit/receive tiles were
integrated and an overall antenna-
operation and performance-stability
verification was performed, confirming
overall antenna integrity with respect to
reference data sets. The ASAR Central
Electronics (CESA) was also retrofitted with
flight PROMs carrying the updated flight
software and antenna coefficients.
Functional tests demonstrated the integrity
of this subsystem. The second solid-state
recorder was successfully integrated.
Special Performance Tests (SPTs) specific
to each instrument, and designed to verify
the instrument’s functionality and

performance stability, were successfully
performed.

The satellite functional tests, including the
Integrated Satellite Tests (ISTs) and System
Verification Tests (SVTs), constituted the
most critical activities in the last quarter of
2000. Thanks to the very good progress
achieved with Payload Module Computer
(PMC) software validation, the full suite of
ISTs and SVTs was successfully
completed before Christmas, allowing
preparations for the last major testing
exercise, namely the Radio-Frequency
Compatibility (RFC) tests, to start.

During the SVTs, the satellite was
controlled from the Flight Operations
Control Centre (FOCC) at ESOC in
Darmstadt (NL). Sustained satellite and
payload operations generated by the

The Envisat Radio-Frequency Compatibility
(RFC) test configuration
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ESOC mission-planning system were
successfully commanded and executed
for two eight-consecutive-hour periods.
These tests provided very good
confidence in the satellite software,
particularly in terms of validation of the on-
board PMC software, which had been
schedule-critical, as well as enhancing
confidence in the validation of the FOCC
and mission planning at ESOC.

The configuring of the satellite for the RFC
tests is presently in progress, including the
installation of a specially built RF protective
enclosure around the spacecraft. These
tests, due to start at the end of January
2001, will verify electromagnetic and
radio-frequency compatibility between all
payload instruments and service
subsystems. For this test, the complete
flight model satellite, with antennas
deployed, is nominally operated with the
ASAR and RA-2 radars radiating,
telemetry/telecommand links operating,
and radiometer/spectrometer instruments
in their operational receiving modes.

The AIT programme is on schedule and
the Envisat launch has been confirmed for
the second half of July 2001. The Ground-
Segment Readiness Review (GSRR) and
the satellite Flight-Acceptance Review
(FAR) are scheduled for the first quarter of
2001 to allow shipment of the satellite to
Kourou (Fr. Guiana) for the launch
campaign by April 2001.

Ground segment

The FOS part of the ground segment is
nominally on schedule and the latest SVT
test results are providing high confidence
in its validation. Production of the Flight
Operation Procedures {(FOP) has
progressed well and the simulation
campaigns, to train operators and to verify
the correctness and completeness of the
procedures, will start by early February
2001.

As far as the Payload Data Segment is
concerned, version V3 integration is in
progress, The ESRIN Payload Data Handling
Station’s formal acceptance testing is in
progress. PDS version V3 is currently also
being installed at the Kiruna station.

The integration of the Payload Data
Control Centre (PDCC) is being finalised,
with acceptance testing planned to start in
January 2001,

Ground Segment Overall Validation
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(GSQV) is currently focusing on the
validation of the mission-planning
interfaces between FOS and PDS, using
realistic operational scenarios to exercise
the various functions.

Most of the Processing and Archiving
Centres (PACs) are preparing for
compatibility testing with the ESA PDS,
which is due to start in May 2001.

The calibration and validation groups have
been very active during the latter part of
2000, and a rehearsal data-circulation
campaign, involving use of the Envisat
User Service Facilities, has been
performed. Based on these test results
and the comments received from the
participants, the necessary modifications
are being implemented. Workshops are
being planned for spring 2001 to present
and review the calibration/validation
plans with participants outside the
calibration/validation teams proper.

International Space
Station

ISS Overall Assembly Sequence
During the reporting period there were
three flights to the ISS. Two were primarily
assembly flights, but the third flight, on
310ctober carrying the 1st ISS Expedition
crew (Shepherd, Krikalev and Gidzenko),
marked the beginning of a permanent
human presence on the Station. The
mission objectives set for each of these
flights were fully achieved.

On 16 November, the Government of the
Russian Federation formally decided to
implement controlled de-orbiting of the Mir
space station at the end of February 2001.

Columbus Laboratory

The system Critical Design Review (CDR)
is underway as planned and will be
completed by a Final ESA/NASA Joint
Board in mid-January 2001, In parallel,
independent NASA Safety Review Il has
been conducted. No showstoppers have
been discovered, although many action
items have been generated as a result of
the reviews. Following successful completion
of the launch and on-orbit Modal Survey
Tests on the flight model, the test
configuration has been disassembled and
integration of the flight harnesses, ducting
and plumbing has started.

Columbus Launch Barter

Nodes-2 and -3

Pressure testing on the Structural Test
Article (covering ultimate pressure and
leak tests) has been successfully
completed, and the Modal Survey Test
campaign has been initiated.

Crew Refrigerator / Freezer (RFR)

A consolidated set of requirements for
accommodation of the RFR in the NASA
Habitation Module has been agreed, and
industry has been authorised to proceed
with Phase-B/CO, covering the detailed
design, manufacture and qualification of
the first RFR.

Cupola

The Cupola Structural Test Article (STA)
dome and ring forgings machining has
been completed and the two parts
successfully welded together. Pressure
testing on the STA is imminent.

Automated Transfer Vehicle (ATV)
Industry has completed an internal
evaluation/recovery plan for the ATV
project. Technical teams have closed
various issues identified in the Preliminary
Design Review (PDR) Recovery Plan and
the PDR Board endorsed the results in
December. An overall schedule review has
been performed to successfully establish




programmes & operations

have preparation activities to support the
ESA payload on Zvezda, the Global
Timing System (GTS).

Utilisation

Promotion

Preparations for the global Space-Station
utilisation conference 'ISS Forum 2001, to
be held in Berlin in June 2001, are
continuing. A workshop on the European
Research Strategy for Life and Physical
Sciences in Space, organised by the
European Science Foundation (ESF) from
28 to 30 November, was attended by
some 50 participants from both space
and non-space disciplines.

Two Announcements of Opportunity (AQs)
have been released, one in the area of
physical sciences and the other specific to
exobiology and exposure experiments for
the flight of the Biopan and Stone facilities
on the next Russian Foton flight,

Mast of the 24 projects in the first batch
for the Microgravity Applications
Promotion programme have been, or are
about to be, kicked-off. In parallel,

: activities have already been initiated for a
top-level planning compatible with the further batch of 20 projects, finalisation of
April 2004 launch date, and work is X-38 Vehicle V1318 in free flight which is planned during 2001.

underway to ensure that the ‘bottom up'
planning is compatible with this top-level
schedule. Assembly of the Dynamic Test
Article is well advanced,

X-38/CRV and Applied Re-entry
Technology (ART)

The first V131R drop test was completed.
Owing ta some failures in the control
system, the vehicle did not drop as
predicted and the parafoil did not fully
deploy as planned. Thanks in part to the
ESA Parafoll Guidance, Navigation and
Control (GN&C) system, vehicle control
was recovered and the flight ended
successfully, albeit with quite a high
landing spead but little/no resulting damage.
Wind-tunnet tests are underway to determirie
the cause of the unpredicted behaviour,

The CRV Phase-1 Request for Quotation
(RFQY) has been released to industry and
the proposal has been received and is
under evaluation.

Ground-segment development and
operations preparation

Preparation of the Columbus (COL-CC)
and ATV Control Centre (ATV-CC) System
Requirements Reviews (SRR) planned for
February to April 2001 has continued, as
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Hardware development

Both the Phase-C/D contract for the
European Drawer Rack and the Columbus
Payload Integration contract have been
negotiated, and the Phase-C/D contract
for the Coarse Pointing Device was signed
in October. The Bridging Phase of the
European Technology Exposure Facility
(EuTeF) has been closed, and the PDR-2
was successfully completed. However, the
start of Phase-C/D has been put on hold
due to uncertainties regarding the Express
Pallet Programme.

Astronaut activities

In October, a ‘Delta’ Basic Training Course
was started at the European Astronaut
Centre (EAC) in Cologne-Porz (D) to
provide updated ISS System training to
experienced ESA astronauts. This is
necessary 1o meet the certification
requirements of International Space
Station Basic Training.

Astronaut Claudie André-Deshays and the
Head of EAC’s Astronaut Division, Jean-
Pierre Haignere, were both decorated in
October by the President of the Russian
Federation, Mr Putin, receiving the Ordre
de Courage.

Mission-preparation support is being
provided at Johnson Space Center (JSC)
for the STS-100/MPLM flight, scheduled
for April 2001, with ESA astronaut U.
Guidoni. A new flight opportunity involving
member of the European Astronaut Corps
— Claudie André-Deshays — has been
identified on the CNES-sponsored so-
called 'Taxi Flight’, using the Russian
Soyuz/Progress complex, to the Space
Station in October 2001. Mrs Andre-
Deshays will start astronaut training at
Star Gity early in 2001 to prepare for this
flight.

Early deliveries

MPLM Environmental Control and Life-
Support Subsystem (ECLSS)

The contract with industry has been
closed following the successful completion
of all activities.

Data-Management System for the
Russian Service Module (DMS-R)

The fault-tolerant computer complex
installed in the Russian Service Module
(Zvezda) has continued to perform
nominally since its launch on 12 July,
except for a few anomalies caused by a
problem in the RSC-Energia application
software. The problem, which is not
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mission-critical, will be fixed together with
the planned software update associated
with the US Lab launch and docking.

The Control Post Computer (CPC) and
laptop computers were unpacked,
installed and activated by the Station’s first
crew on 3 November. Although the CPC
has operated flawlessly, some difficulties,
now under investigation by RSC-Energia,
have been encountered with the two
laptops.

European Robotic Arm (ERA)

The ERA flight model has undergone
environmental qualification testing (EMC
and structural) in the ESTEC facilities. The
EMC test was successfully completed and
structural qualification has been partly
achieved, with some static load tests still
outstanding. The flight model has been
re-integrated on the Flat Floor and will be
used together with the engineering
qualification model to continue the
functional test programme. Many of ERA's
subsystems have been successfully
qualified; the remainder will undergo
qualification reviews early in 2001. The
ERA flight model will be ready for delivery
to Russia towards the end of 2001, which
is still consistent with the delayed Russian
Scientific Power Platform (SPP) schedule.

Laboratory Support Equipment (LSE)
Hardware for the —80 degC Freezer
(MELFI) has been pre-accepted for
integration into the first MELFI flight unit,
and agreement has been reached with
NASA for the delivery of MELFI integration
products. Agreement has also been
reached with NASA for the Microgravity
Science Glovebox (MSG) to be carried on
Space Shuttle flight UF-2 in February
2002. The Hexapod Critical Design
Review (CDR) has taken place
successfully.

ISS Exploitation Programme

The Operations Preparation Detailed
Definition Study has been kicked-off with
industry, and an engineering change
request for the Exploitation Programme
Early Activities has also been released to
industry. The evaluation and negotiation
of the proposal that was subsequently
received is complicated by the revised
Manufacturing, Assembly, Integration and
Test (MAIT) concept of the ATV
development programme, which requires
early procurement of a first production
model. Preparation of the Request for
Quotation (RFQ) for the Exploitation

Programme Operations Contract has
continued and it is intended to release it
to industry early in 2001.

The ISS image-promotion concept has
been defined, identifying target segments
and phasing of promotion campaigns and
Pathfinder projects for commercial
utilisation have been evaluated and are
close to commitment. Co-ordination with
the International Partners has continued
specifically in the areas of sponsorship,
merchandising and advertising, and ESA's
Council has approved the approach to the
implementation of commercial utilisation.

Microgravity

EMIR programmes

The 29th parabolic-flight campaign took
place from 20 to 24 November 2000.

A mixed payload of physical- and life-
sciences and student experiments was
successfully completed. The 30th ESA
campaign is planned for mid-May 2001,
with both physical- and life-sciences
experiments onboard.

Preparations continue for Shuttle/
Spacehab mission STS-107, for which
ESA has a number of multi-user facilities
designated for flight covering both the life-
and physical-sciences. That mission is
scheduled for August 2001.

Microgravity Facilities for Columbus
(MFC)

Testing of the Biolab engineering model
started in December, and manufacture of
the flight model will start in May 2001.
Some delays have occurred in Materials-
Science Laboratory (MSL) and Fluid-
Science Laboratory (FSL) subsystem
manufacturing. Their Critical Design
Reviews will be completed by end-April
2001. The MSL using Electro-Magnetic
Levitator (MSL-EML) technology Phase-
A/B will start early in 2001.

An agreement with the Canadian Space
Agency (CSA) for the provision of the
Microgravity Vibration Isolation System
(MVIS) for the Fluid-Science Laboratory
(FSL) has been concluded, and the
provision of Cardiolab by CNES/DLR for
the European Physiology Module (EPM)
has been approved. Qesa
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In Brief

From left to right at the Paris Press Conference:
Lothar Spéth, Jean Peyrelevade, Carl Bildt,
Antonio Rodota and Jean-Jacques Dordain
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ESA’s Evolution as
Envisaged by The
Three ‘Wise Men’

As reported in ESA Bulletin No. 103
(August 2000 issue), in March 2000 ESA's
Director General, Antonio Rodota, asked a
committee of three ‘Wise Men' to provide
him with an independent assessment of
the future evolution of the Agency. The
committee was made up of Carl Bildt
(Chairman), former Swedish Prime Minister
and UN Envoy to the Balkans, Jean
Peyrelevade, President of Crédit Lyonnais,
and Lothar Spath, Chief Executive Officer
of Jenoptik, together representing a
formidable combination of high-level
political, economic and industrial
expertise.

m
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The three examined the organisation of
the public space sector in Europe and the
role of ESA in that sector, the institutional
relationship between ESA and the
European Union, and the associated
potential for synergies between civil and
defence programmes. They also analysed
the potential for enlargement of ESA to
include more countries, and the market
opportunities available to ESA Member
States in the space domain.

On 9 November, commensurate with the
calendar for the European space strategy
being prepared jointly by ESA and the
European Union, the Wise Men presented
their recommendations at a Press
Conference at the Agency's Headqguarters
in Paris, hosted by Antonio Rodota and
Jean-Jacques Dordain, ESA's Director of
Strategy and Technical Assessment.

ESA and the European
Union Adopt a Common
Space Strategy

On 16 November, Ministers representing
the 15 ESA Member States, gathered in
Brussels for an Extraordinary Meeting of
the ESA Council, adopted a Resolution
that accompanies a joint ESA/EC
document on a European Strategy for
Space (the Wise Men’s Report — see
previous news item). A parallel Resolution,
based on the same document, was also
endorsed by the European Research
Council in Brussels on the same day.

This was the first time that the Councils of
ESA and the European Union had met on
the same date and in the same place to
adopt Resolutions that will
constitute a common framework
within which all European players
involved in space activities will
develop their respective plans of
action. (-}
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Further information on the content and
availability of the Report can be obtained
from:

ESA Communication Department

Tel: +33 (0) 1 53 69 7155

Fax: + 33 (0) 1 53 69 7690 Cesa
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=“Through these resolutions, European
space policy takes a first step into a new
phase in which space systems become an
integral part of the overall political and
economic efforts of European States —
whether members of ESA or the EU — to
promote the interests of European
citizens”, said ESA’s Director General,
Antonio Rodota.

The European Strategy for Space

identifies three lines of action:

a. strengthening the foundations for space
activities

b. enhancing scientific knowledge

c. reaping the benefits for society and
markets.

The first line encompasses broadening
space technology and guaranteeing
access to space through a family of
launch vehicles. The second sees Europe
continuing to pursue cutting-edge themes
in space science and space contributions
to the understanding of our planet’s
climate. [t includes human spaceflight and

Ariane-4 - 100 Launches
and Counting!

Not so much an anniversary, more a
consecration. On 29 October Ariane-4
carried the Europe*Star-1 communications
satellite safely into Geostationary Transfer
Orbit (GTO) with the precision that has
become Ariane's hallmark. So much so
in fact that the lift-off could have gone
almost unnoticed, but for the fact that this
was the 100th launch of the Ariane-4
generation of vehicles. For this particular
launch (V134), the Ariane-44LP was
equipped with two solid-propellant and
two liquid-propellant strap-on boosters.

Just two weeks later, on 15 November,
Ariane was at work again, lifting off from
the Guiana Space Centre in Kourou,
French Guiana, to put the PAS-1R
telecommunications satellite into GTO,
together with a radio-amateur satellite,
AMSAT P-3D, and two technology
microsatellites. On this flight (V135),
however, it was an Ariane-5 launcher
providing the ride.

The 136th Ariane launch (V136) took
place successfully less than a week later
on 22 November 2000. This time another
Ariane-4 — a 44L fitted with four liquid-
propellant strap-on boosters — put the

optimisation of the use of the International
Space Station as an infrastructure for
European research in all disciplines of
space science. The third line of action has
the objectives of seizing market
opportunities and meeting the new
demands of our society. It has a bearing
on satellite communications and the
information-technology sector, satellite
navigation and positioning (Galileo), and
systems monitoring the Earth for
environmental and security purposes. This
is where close cooperation between ESA
and the EC will be most instrumental in
putting space systems at the service of
European policies responding to citizen's
expectations.

The European Space Strategy also covers
industrial aspects and pays specific
attention to Small and Medium-sized
Enterprises (SMEs). In the document,
public/private partnerships are seen as a
model for committing the public sector,
along with the complete industrial chain,
1o an operational project.

V134 Ariane-4 No. 100

in brief

The two Resolutions adopted on

16 November endorse the setting up of
a cooperative structure that will bring
together the ESA Executive and the
European Commission. An interim high-
level joint Task Force is being set up to
make proposals for the continuing
development of the European Space
Strategy and its implementation.

In addition to being a partner in the setting
up of joint programmes responding to
political initiatives of the European Union,
ESA will act as the implementing
organisation for the development and
procurement of the space and ground
segments associated with such initiatives.

The Ministers invited ESA’s Director
General to prepare Programme Proposals
on the basis of this strategy and to submit
them to the ESA Council Meeting at
Ministerial Level scheduled for November
2001, Gesa

Anik-F1 telecommunications satellite into
GTO for Canadian operator Telesat.

The next Ariane-4 launch (V137), originally
scheduled to lift the Eurasiasat-1 telecom-
munications satellite for Turkey into orbit
on 8 December, was subsequently
postponed until the new year.

The 138th Ariane launch (V138) took place
successfully on 20 December. This time,
another Ariane-5 launcher (V508) placed
the Astra-2D and GE-8/Aurora-Ill
telecommunications satellites safely into
orbit for GE Americom (USA), along with
the LDREX experimental payload
belonging to the Japanese Space Agency
(NASDA).

Ariane-4 was in action again on

8 February (V139). This time an Ariane-44L
equipped with four liquid strap-on
boosters lifted-off from Kourou to launch
two European military communications
spacecratft into GTO — Sicral for Italy and
Skynet-4F for the UK.

The next Ariane launch, an Ariane-5, is
currently scheduled for Friday 2 March,
carrying two more telecommunications
satellites, Eurobird and BSAT-2A. Cesa
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Memorial Symposium
in Honour of
Prof. Henk van de Hulst

Professor Henk van de Hulst, who died on
21 July 2000 at the age of 81, was not
only one the greatest Dutch astronomers
of the last 150 years, but also one of the
founding fathers of ESA — and indeed in
no small way responsible for ESTEC being
situated in Noordwijk (NL}. To mark his
contribution to ESA and ESTEC, the ESA
Science Directorate organised a Memorial
Symposium in his honour at ESTEC on

6 November, which was attended by
many eminent Dutch and international
scientists, as well as Prof. van de Hulst's
widow and family.

The afternoon began with the planting of a
chestnut tree just outside the ESCAPE
building by Mrs van de Hulst. Henk Olthof
(ESA) explained that once the roots of the
tree are firmly settled, a bench will be built
around it so that the staff at ESTEC can
enjoy its shade — something Henk van de
Hulst himself would certainly have
approved of.

The Symposium proper was held in the
ESTEC Conference Centre with Prof. van
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Portugal Officially Fifteenth ESA Member State

On 14 November 2000, Portugal deposited its instrument of accession to the ESA
Convention with the French Government, thereby completing the legal formalities
maklng it the fifteenth Member State of the European Space Agency.
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de Hulst’s central role in the setting up of
ESRO and ESA as the theme. Prof. Harm
Habing from Leiden University gave the
opening talk on ‘The Self-evident
Importance of Quality: Some Remarks on
the Life of Henk van de Hulst'. In 1958,
Prof. van de Hulst became the first
President of COSPAR, then a new
international organisation for the peaceful
exploration of the Universe, out of which
came the European Space Research
Organisation (ESRO), and later ESA. This
was reflected in the talk given by Prof.
Reimar LUst on ‘Henk van de Hulst and
the Build-up of European Co-operation in
Space Research’. Prof. Sir Hermann
Bondi spoke on the ‘Changes in
Governmental Attitudes to Space’ during
this period.

The emphasis then moved to Prof. van de
Hulst’s scientific work with ESRO and ESA
— Prof. Livio Scarsi (Palermo) explained the
pivotal role played by Henk van de Hulst in
the Cos-B project, and Prof. Malcolm
Longair (Cambridge) discussed Prof. van
de Hulst’s work on the Hubble Space
Telescope.

The day was rounded off with a dinner in
the ESTEC Restaurant, where Prof. Roger
Bonnet, ESA Director of Scientific

Agreement Signed with
Greece

On 17 January, ESA's Director General,
Antonio Rodota, signed a framework
Cooperation Agreement with the Greek
Minister for Development, Mr Nikos
Christodoulakis, in Athens. The areas
considered as offering potential for future
cooperation include: space science,
Earth-observation research and
applications, telecommunications, satellite
navigation, microgravity research, and
ground-segment engineering and
utilisation. In the next phase, projects of
mutual interest will be identified and they
will be defined in specific implementing
arrangements once the Cooperation

Agreement enters into force. QGesa

Programmes, gave the After-Dinner
Speech, reflecting on how Prof. van de
Hulst’s work has paved the way for a
number of the Science Directorate’s future
programmes. Cesa

Mrs van de Hulst planting the chestnut tree
outside ESCAPE

Prof. Reimar Lust addressing the family and
assembled guests
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Green Light for Small
Launcher and Advanced
Solid Booster

The Vega Small-Launcher Development
Programme and the P80 Advanced Solid
Propulsion Stage Demonstrator Programme
were formally approved on 15 December by the
Participating States. Belgium, Italy, the
Netherlands, Sweden and Switzerland decided
(with Spain's decision still pending) to proceed
with full development of the Vega small launcher.

Developed and manufactured by European
industry, Vega will complete the range of
European launch services by offering on the
international market a competitive vehicle for
small payloads of up to 1500 kg (primarily polar

Earth-orbiting missions at around 700 km
altitude).

Belgium, France, ltaly and the Netherlands also decided to finance the P80 Advanced

Solid Propulsion Stage demonstrator. This development programme is designed to:

— demonstrate most of the technologies required to improve Ariane-5 solid-
propellant booster performance and competitiveness

— develop and ground-qualify an advanced-technology first stage for the Vega

launcher.

The development milestones for the P80 are consistent with the schedule for developing
Vega, whose maiden flight is planned for end-2005.

Cesa

Envisat Nearing
Launch

A Media Information Day at
ESTEC in Noordwijk (NL) on

1 February provided the last
opportunity for the press and
media to take a look at the
impressive 10 metre-tall Envisat
Earth-observation spacecraft
before launch. All ten
instruments were installed on
the spacecraft and the large
Advanced Synthetic Aperture Radar
(ASAR) antenna was deployed.

The leading international scientists
involved in the design of Envisat's
instruments, top managers from the
Astrium industrial consortium that has built
the spacecraft, and the ESA Project Team
that has managed the satellite’s design
and construction, gave comprehensive
background briefings on the mission
objectives for this unique spacecraft, its
sophisticated instruments, and the work
scheduled between now and the start of
its operational life in polar orbit.

Envisat, the largest and the most
sophisticated European Earth-observation
satellite ever built, will complete its final
test sequences at the ESTEC Test Centre
over the coming weeks before being
shipped to Kourou in French Guiana for
the three-month campaign leading up to
its planned Ariane-5 launch in the second
half of July.

The next issue of the ESA Bulletin — No.
106, May 2001 issue — will be dedicated

to the Envisat mission. Qesa

ESA Satellite Supports
Rescue Efforts in
El Salvador

Responding quickly to support rescue
efforts converging on El Salvador, member
space agencies of the International
Charter on Space and Major Disasters
dispatched their Earth-observation
satellites to capture images of the
devastation caused by the mid-January
earthquake. The satellites involved were
ESA's ERS-2 radar satellite, Canada’s
Radarsat-1 satellite, and France's SPOT
optical series, and together they provided
the emergency rescue crews with support
based on images captured day and night
and in all weather conditions after the
quake. Up-to-date maps and information
obtained from these specially acquired
images and existing archived images were
forwarded to the rescue authorities as
soon as they were available. Satellite
positioning and operation and image
capture were coordinated by the
International Charter partners.

ERS-2 circles the Earth at a height of
800 km and completes an orbit every
100 minutes, crossing both poles and
covering the entire globe in just three
days. It will be followed this year by ESA's
new-generation environmental
satellite, Envisat, due to be
launched in July.

The International Charter on
Space and Major Disasters is
the expression of a collective
resolve 1o put space technology
at the service of rescue
authorities in the event of major
disasters. [Its current signatories
are ESA, the French space
agency (CNES) and the
Canadian Space Agency (CSA).
The Charter, set up in the context of the
United Nations UNISPACE Il Conference
in 1999 and in force since 1 November
2000, remains open for signature by other
space agencies and satellite operators
anywhere in the world.

Further information can be obtained from:
Simonetta Cheli
ESA-ESRIN
Tel.: + 39 06 94180350

Fax: + 39 06 94180302

Simonetta.cheli@esa.int Qesa
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ESA Takes Further Steps
in Caring for the Earth

At the end of November, the Agency took
further steps to enhance Europe’s
capacity to predict the evolution of the
Earth’s environment, under the influence of
both natural variability and man’s activities:
it selected five new candidate Earth-
observation space missions to undergo
preliminary feasibility studies. This move
reflects the importance of Earth
observation from space in providing the
globally coherent data that are the
essential complement to ground-based,
airborne and shipborne measurements.

To be at the forefront of these activities,
in 1999 ESA launched the Living Planet
Programme, which funds many of the
Agency's Earth-observation activities,
including the Earth Explorer missions.
These are research/demonstration
missions intended to advance our
understanding of the Earth's environment,
which can also be used to demonstrate
new observing techniques. There are two
complementary types of Earth Explorer
Mission:

— Earth Explorer Core Missions, which are
large ESA-led research/demonstration
missions

— Earth Explorer Opportunity Missions,
which are smaller research/
demonstration missions that are not
necessarily ESA-led.

In June 2000, ESA issued a Call for Ideas
for the next Earth Explorer Core Missions.
Ten proposals were received, spanning
the interests of the whole Earth-science
community and involving some 180
scientists from ESA Member States and
Canada, plus countries such as Japan
and the USA. The ten missions proposed
were:

— ACE - atmospheric chemistry explorer
CARBOSAT — a mission dedicated to
monitoring the carbon cycle

~ CLOWUDS - a cloud, aerosol, radiation
and precipitation explorer

— EarthCARE - Earth clouds aerosol and
radiation explorer

~ GeoSCIA++ — a passive remote-sensing
experiment assessing the impact of
regional tropospheric pollution on global
change

— LICODY - laser interferometry experiment
for core and ocean dynamics

— SPECTRA - surface processes and
ecosystem changes through response
analysis
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— WALES - water-vapour lidar experiment
In space

- WATS - water vapour and wind in
atmospheric troposphere and
stratosphere

- W_WISE - atmospheric windows and
clouds, water vapour, ozone, carbon
dioxide, infrared spectral radiation
explorer.

The ten proposals were evaluated by the
Earth Sciences Advisory Committee, who
assessed them and selected five for
preliminary studies, but also made specific
recommendations to ESA for furthering all
ten missions. The five proposals retained
were (in alphabetical order): ACE,
EarthCARE, SPECTRA, WALES and
WATS.

On 20 November 2000, ESA accepted the
recommendations of the Earth Sciences
Advisory Committee and work has now
started on all five missions in anticipation
of a Workshop to be held in Granada (E)
in October 2001. During that meeting all
five missions will be presented to the user
community for comment and reaction as a
prelude to their further assessment, to
decide which should go forward for further
studies and implementation.

These proposals follow four other studies
that were completed in late 1999 and

led to the selection of the first two Earth
Explorer Core Missions to be
implemented: the Gravity Field and
Steady-State Ocean Circulation Mission,
which will help to advance knowledge of
the Earth’s interior structure and provide a
much better reference for oceanographic
and climate studies, and the Atmospheric
Dynamics Mission, which will provide the
first direct observations on a global scale
of atmospheric wind profiles over the
depth of the atmosphere.

In paraliel with its work on the Earth
Explorer Core Missions, ESA has also
initiated considerable activity on the Earth
Explorer Opportunity Missions front. A Call
for Proposals in July 1998 resulted in 27
proposals, which were subjected to peer
review by the Earth Sciences Advisory
Committee and consideration by the Earth
Observation Programme Board.

The first Earth Explorer Opportunity
Mission selected for launch is Cryosat in
2003, to be followed by SMOS 2005.
Cryosat will measure the variations in the
thickness of the polar ice sheets and the

thickness of floating sea ice. Its data will
be used to study the mass balances of
the Antarctic and Greenland ice sheets, to
investigate the influence of the cryosphere
on global sea-level rise and to provide
important observations of sea ice
thickness for use in Arctic and global
climate studies. Cryosat is scheduled for
launch in 2003. SMOS is intended to
demonstrate the observation of two key
Earth-system variables, namely soil
moisture over land and salinity over
oceans, to advance the development of
climatological, meteorological and
hydrological models. It should also provide
new insights into snow and ice structure,
so helping to advance our understanding
of the cryosphere. Cesa

Compatibility Testing of
ATV Transponders
Successfully Achieved

An important milestone in the
development of the communications
system for ESA's Automated Transfer
Vehicle (ATV) was achieved at the end of
1999 with the successful compatibility
testing of the Vehicle’s S-band
transponders by Alcatel Espacio (E). The
objective of this test, performed with the
participation of ESA, NASA and Astrium
SAS representatives, was 1o verify the
transponder’s ability to communicate with
the Ground Control Station via the TDRSS
data-relay satellite network.

The test involved sending data and
ranging information from the TDRSS
transponder located at Alcatel Espacio’s
laboratory in Madrid, via the TDRSS
satellites, to the Ground Control Station
located in White Sands (USA), and
vice-versa. All of the tests were made
simulating normal operational modes,
making it possible to check and confirm
that the TDRSS transponder receives and
demodulates the signals as required, as
well as that the signals sent by it are
properly received at the Control Station.

The work performed under ESA contract
by Alcatel Espacio in the design,
development, manufacture and testing of
this new equipment has positioned the
company as the sole European supplier
for TDRSS S-band-compatible

transponders. Qesa
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Scientists, School
Teachers and Students
Conduct Physical- and
Life-Sciences Studies
on ESA Parabolic Flights

ESA’s 29th Parabolic-Flight Campaign was
conducted from Bordeaux-Mérignac
airport in France, from 21 to 23
November, using the specially adapted
‘Zero-g’ Airbus A300. This particular
campaign included 11 different
experiments: four in physical sciences,
four in life sciences, two experiments
proposed by students and one serving
educational purposes for the general
public. 30 microgravity-simulating
parabolas were flown by the A300 on
each of the three days.

Parabolic flights are practically the only
means on Earth of reproducing
weightlessness with human operators on

board. During a parabolic
flight, the Airbus pilot ~
flying at an altitude of
approximately 6000 m,
usually in a specially
reserved air-corridor above
the Gulf of Gascogne —
first performs a nose-up
manoeuvre to put the
aircraft into a steep climb
(7600 m). This generates
an acceleration of 1.8g
(1.8 times the acceleration R
due to gravity on the =
ground) for about 20 sec.
Then, the pilot throttles back to inject the
aircraft onto a parabolic flight path. The
plane continues to climb until it reaches
the apex of the parabola (8500 m) and
then starts descending. This condition
lasts for about 20 sec, during which time
the passengers in the cabin float in the
weightlessness resulting from the aircraft's
free fall. When the angle below the
horizontal reaches 45°, the pilot opens the
throttles again and pulls the aircraft up to
return to steady horizontal flight. These
manoeuvres are repeated 30 times per
flight.

With Europe and its international partners
now building the International Space
Station, on which research and
experiments will be carried out for the next
15 years, parabolic flights are crucial to
the preparation of experiments, equipment
and astronauts, and allow scientists to
have their experiments tested before they

are actually flown on a space mission.

The four physical-sciences experiments
were related to fluid physics and
investigated electrostatic effects in boiling
liquids, particle motion in aerosols, annular
liquid flows and plasma states:

— Study of the effect of an imposed
electrostatic field on pool boiling heat
transfer and fluids management,
provided by Prof. W. Grassi and Dr P.
Di Marco (Univ. of Pisa, I).

— Three-dimensional tracking by digital
holography of particle motion in non-
equilibrium aerosols, provided by Prof.
J.C. Legros and Dr A. Vedernikov (Univ.
of Brussels, B) and Prof. F. Prodi (ISAO-
CNR, Bologna, I).

- Annular flow film thickness and pressure
drop measurements in microgravity,
provided by Prof. K. Rezkallah (Univ. of
Saskatchewan, CDN) and Dr C. Colin
(Inst. of Fluid Mechanics, Toulouse, F).

— Preliminary tests for the International
Microgravity Plasma Facility, provided
by Prof. G. Morfilt and U. Konopka
(Max-Planck Institute, Garching, D).

In life-sciences, two physiology
experiments studied the cardiac system
and two biology experiments investigated
plant gravitaxis and cell and particle
motion by ultra-sound:

— An assessment of the feasibility and
effectiveness of a method of performing
cardiopulmonary resuscitation during
microgravity, provided by S. Evetts
(School of Biomedical Sciences, King’s
College London, UK) and Prof.

T. Russomano (Univ. do Rio Grande do
Sul, Porto Alegre, Brazil).

— Acute heart response to weightlessness
conditions during parabolic flights,
provided by Prof. A. Aubert,

Dr. F. Beckers and Dr. D. Ramaekers
(Univ. of Leuven, B).

— Investigation of physiological
parameters of gravitaxis in Euglena
gracilis, provided by Prof. D-P. Hader
(Univ. of Erlangen-Nuremberg, D).

— Ultrasonic particle and cell manipulation
in microgravity, provided by Dr. L.G.
Briarty (Univ. of Nottingham, UK).

Two experiments were proposed by
students and selected after two
international competitions, one in a
medical field and the other in space
technology:

— Pulse transit time for the non-invasive
determination of arterial wall properties,
provided by P.F. Migeotte, T. Dominique
and R.C. Sa (Univ. of Brussels, B).

— Globular Cooking Facility, provided by
S. Podhajsky and G. Grillmayer (Univ. of
Stuttgart, D).

The eleventh experiment was flown for
promotional and educational purposes
Several secondary-school teachers,
attached to the Euro
Space Centre in Transinne,
Belgium, conducted
simple classroom
experiments in physics
and chemistry,
emphasizing the role of
gravity’s absence during
parabolic flights. These
experiments were
recorded and will be
shown later to the general
public and schools
attending space classes at
the Centre to promote
early awareness of the characteristics and
possibilities of the space and microgravity
environment. Springs, yo-yos, gyroscopes,
magnetic balls, pendulums, and simple
foods (sweets, bananas, grapes) in
microgravity will be used to explaih their
different behaviours in weightlessness and
the difficulties that astronauts encounter in
their everyday lives in orbit.

ESA's next parabolic-flight campaign is
scheduled for May 2001 and will carry a
mixed complement of life- and physical-
sciences experiments, again including
student-proposed experiments.

More information on ESA parabolic flights
can be found at:
www.estec.esa.nl/spaceflight/parabolic
Eesa
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The ‘Physics on Stage’
Festival

A screeching noise emanates from one
of the 22 stands at the fair: the Irish
delegates are demonstrating with a violin
bow, a metal plate and some sand, how
sound waves propagate through a metal
plate. New patterns form in the sand
depending on where the bow is struck.
A few metres away, in CERN’s main
auditorium, 400 physics teachers and
physics popularisation experts are tossing
small wooden blocks into the air to find
out about which axis they rotate in a
stable manner. Two young Germans —
one dressed as a talk-show host, the
other as a confused scientist — have
captured their audience's attention with
their performance. A few doors down
the hall, a workshop group of some 30
delegates are sitting deep in discussion
over how physics should best be taught in
secondary schools to motivate the youth
of today to become the scientists and
engineers tomorrow.

‘Physics on Stage' took place at CERN in
Geneva from 6 to 10 November and was
a great success. It was the brainchild of
three international organisations: CERN
(European Organisation for Nuclear
Research), ESA, and ESO (European
Southern Observatory). It was a unique
initiative that had a significant impact on
the public understanding of physics and
on the teaching of physics in Europe’s
schools. The European Commission
supported the project as part of its 5th
Framework Programme.

The five-day festival in Geneva was the
climax of the year-long ‘Physics on Stage’
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programme and it brought together over
400 experts on physics teaching and
popularisation, including high-school
physics teachers, university lecturers and
researchers, curriculum developers and
scientific and educational journalists.
Delegates from 22 European countries
presented their ideas and techniques for
making physics a fascinating subject for
schoolchildren and the public alike.
The range of ideas was as wide as
it could be — experiments with
electricity, light, sound, speed,
chaos theory, toys, free fall and the
Big Bang — and the ways in which
these ideas were presented were
highly creative and original.

The festival in Geneva was the
culminating event in a year of wide-
ranging activities in each of the

participating countries. The national
programmes organised by the National
Steering Committees played a crucial role
in the ‘Physics on Stage’ programme.

Thanks to the enthusiasm and
commitment of all delegates, the main
objectives of ‘Physics on Stage’ have
been successfully realised:

— A debate on physics teaching amongst
educators, the media and politicians
has been catalysed.

— The most effective and innovative
methods for teaching physics have
been identified, incorporating
demonstrations, lectures, innovative
teaching materials, hands-on-activities,
theatre, video, web applications, etc.

A colourful highlight of the ‘Physics on
Stage' festival was the physics teaching
fair, where all countries had the
opportunity to present their methods,
ideas, experiments, books, and
brochures. It was buzzing with life, sound,
conversation and surprises at every turn. it
was so much of a real fair that there were
even gingerbread hearts (stamped, of
course, with E = mc2 ) and heart-shaped
helium balloons proclaiming ‘Physics is at
the Heart of Everything’.

The French performance

The Physics Fair



in brief

Workshop group

Other important components of the
festival were the Plenary presentations,
which were of outstanding quality, and
the special performances, which brought
theatre and physics to the stage hand

in hand, and more than once made the
audience roar with laughter or go silent
with astonishment.

The visit of the Directors General of ESA,
ESO and CERN and the active involvement
of the European Commissioner for
Research, Dr. Philippe Busquin, during the
Festival were an important source of

motivation and inspiration for the
educational community, as well
as for the organising team. The
European Commission and the
European Science Organisations
demonstrated strong political
support to the ‘Physics on
Stage’ Festival and its outcome.

Throughout the Festival, participants met
in small groups to discuss various themes
close to the heart of physics education.
These Workshops, with titles such as
‘Mapping the Crisis’, ‘Women in Physics’
and ‘Curriculum Developments’, provided
a forum for the delegates to suggest
actions that could be taken to improve
the current state of physics literacy in
Europe. From a total of 74
recommendations emanating from
‘Physics on Stage’, the present crisis in
the teaching of physics has been clearly
identified:

The Plenary presentations and special performances were all well-attended

This crisis will have a major impact on the
cultural identity of Europe. A frightening
trend is underway in terms of the lack of
interest in physics among the general
public (particularly young people) and the
diminishing number of physics teachers in
Europe. Together, these points indicate
that, if action is not taken now, Europe will
enter a dark age of knowledge.

ESA, ESO and CERN had discussions in
Geneva with the educational community
regarding what role the three European
organisations could play in the future of
physics education.

To close the Festival, there was a voting
session involving all participants to establish
priorities in the list of recommendations.
The results of this vote represent a good
statistical assessment of the will of the
European physical teaching community.

It was a wonderful week: many contacts
were established across European
frontiers and the ‘Physics on Stage’
participants are eagerly looking forward to
putting some of the new ideas into
practice.

Clovis de Matos, Helen Wilson,

Barbara Warmbein Qesa

For more information about the
‘Physics on Stage’ project, visit the
following web sites:
www.estec.esa.nl/outreach/pos
or
www.cern.ch/pos

Entering into the spirit of 'Physics on Stage':
Dr. Philiope Busquin (centre)
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ESA Helping to Develop
the Next Generation of
the World Wide Web

With the World Wide Web (WWW) being
used by more and more people, its
limitations in dealing with huge amounts of
data are becoming ever more apparent.
Its successor, ‘The Grid’, should comprise
computing resources in which super-
computers, processor farms, disks, major
databases, informatics, collaborative tools
and people are linked by a high-speed
network.

The DataGrid initiative originated in the
framework of the European Summit in
Lisbon, Portugal, in March 2000, when the
idea of a dedicated network for European
science applications research was put
forward. The objective is to develop and
demonstrate an informatics architecture
geographically distributed throughout
Europe with high-data-rate transmission
links. The project was submitted to the
European Union in May for funding
through its Fifth Framework Programme
for Research and Technological

Development. Funding of 9.8 MEuro over
three years was authorised at the end of
December and a contract has been
awarded to CERN as project leader.

ESA, through its ESRIN establishment in
ltaly, is one of six partners* in the DataGrid
Project and will demonstrate use of the
distributed infrastructure for Earth-
observation applications. The novel
distributed-computing environment,
specifically designed to analyse and move
vast amounts of data, will be developed
and deployed using emerging technologies
and ‘open source’ code to create a new
worldwide data and computational facility
on a scale not previously attempted.

The resources will be made available
transparently to a wide community using
new ‘middleware’ between the computer
operating systems and applications that
enables and facilitates collaborative working
in new ways. This ‘middleware’ — to be
developed in collaboration with some of
the leading centres in Grid technology,
thereby leveraging practice and
experience from existing Grid activities in
Europe and elsewhere — will subseguently

be made available to industry, potential
partners and research bodies.

The DataGrid Project will provide scientists
around the world with flexible access to
unprecedented levels of computing
resources, and will therefore usher in a
new era of e-science. It will enable next-
generation scientific exploration using
shared databases of up to a petabyte
(equivalent to a pile of CD-ROMs standing
over a kilometre high), across widely
distributed scientific communities.
International connectivity will be achieved
through an advanced research networking
infrastructure, which is the subject of
another EC initiative.

Further information can be found at:

The DataGrid website:
www.cern.ch/grid

The DataGrid Earth Observation Science

Application:
http://tempest.esrin.esa.it/~datagrid

* The other partners are: CERN (CH), CNRS (F),
INFN (l), NIKHEF (NL) and PPARC (UK). esa

Opening Event of ESA
‘Mars City Competition’

Division. Children 10 -12
years old will use the Space
Kwispel in their search for
information to help them
design and build a Mars City
from school milk cartons.

The children in Meester
Eewoutschool in Brielle built
an enormous, glittering and
inventive Mars City from the
school milk cartons that they
had been collecting. The
model, which they had just
two hours to complete,
included a meteorite gun for
——— protection, oxygen
generators, a greenhouse, a
burger and pizza café, and
even a soccer pitch for the
future soccer team, the
‘Mars Maniacs'.

Other classes from schools
around Holland will submit
photographs of their ‘Mars
City’, along with design
data, in order to enter the
competition. The winning
team will be treated to
space-related prizes and a
‘Space Day’ at ESTEC to

see satellites and astronauts first hand
and to show off their design work to real
space scientists and engineers. The
competition ends on 16 March.

For more information, visit:
www.estec.esa.nl/outreach/kwispel


































