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european space agency

The European Space Agency was formed out of, and took
over the righls and obligations of, the two earlier European
Space Organisations. the European Space Research
Organisation (ESRO) and the European Organisation for
the Development and Construction of Space Vehicle
Launchers (ELDO). The Member Siates are Beigum,
Denmark, France, Germany, Ireland, Italy, Netherlands,
Spain, Sweden, Switzerland and the United Kingdom.
Austria 1s an Associate Member of the Agency. Canada and
Norway have Observer status.

In the words of the Convention The purpose of the Agency
shall be o prowde for and to promote, for exclusively
peaceful purposes, co-operation among European States in
space research and lechnology and their space appli-
cations, with @ view 1o their being used for scientific
purposes and for operational space applications systems,

(a) by elaborating and implementing a long-term
European space policy, by recommending space
objectives to the Member States. and by concerting
the policies of the Member States with respect 10 other
national and international organisations and
institutions;

(b} by elaborating and implementing activities and pro-
grammes in the space held;

(c) by co-ordinating the European space programme
and national programmes, and by integrating the
latter progressively and as complelely as possible into
the European space programme, in parhicular as
regards the development of applications salellites,

(d) by elaborating and implementing the industrial policy
appropriale to its programme and by recommending
a coherant indusinal policy to the Member States.

The Agency Is directed by a Council composed of
representatives of Member States. The Director General is
the chiel executive ol the Agency and s legal
representative

The Directorate of the Agency consists ol the Direclor
General, the Director of Scientific Programmes, the Director
ol Applications Programmes; the Direclor ol Space
Transportation Systems, the Technical Director, the Director
of ESOC, and the Director of Administration

The ESA HEADQUARTERS are in Pans

The major establishments of ESA are:

THE EUROPEAN SPACE RESEARCH AND TECHNOLOGY
CENTRE (ESTEC), Noordwijk, Netherlands.

THE EUROPEAN SPACE OPERATIONS CENTRE (ESOC),
Darmstadt. Germany
ESRIN, Frascati, taly.

Chairman of the Council Prol H Cunen (France)

Director General: Mr. E Quistgaard

agence spatiale européenne

L'Agence Spatale Européenne est issue des deux
Organisations spatiales européennes qui I'ont précédée —
I'Organisation européenne de recherches spatiales (CEAS)
ef I'Organisation européenne pour la mise au point el la
construction de lanceurs d'engins spatiaux (CECLES) -
dont elie a repris les drods el obhgations. Les Elats membres
en sont I'Allemagne, la Belgique. le Danemark, 'Espagne.
la France, I'lrtande, |'ltalie, les Pays-Bas, le Royaume-Uni, la
Suédde et la Suisse. L'Autriche es! un membre associé de
I'Agence. Le Canada et la Norvége bénéficient d'un statut
o abservateur.

Selon les termes de la Convention: L'Agence a pour mission
d'assurer et de développer, & des lins exclusivement
pacifiques. la coopération entre Etals européens dans les
domaines de la recherche el de la technologie spatiales et
de leurs apphcations spatiales, en vue de leur utiisation a
des fins sclentifiques el pour des Systémes spafiaix
opérationnels d'apphcations

(a) en élaborant el en mettant en oeuvre une paliigue
spatiale européenne a long lerme, en recommandant
aux Etats membres des objectifs en matiére spatiale
el en concertant les politiques des Elats membres a
l'égard o aulres orgamsations el instiutions na-
tionales el internationales

fb)  en éaborant et en metlant en ceuvre des aclivités el
des programmes dans le domaine spatial

{c) en coordonnant le prog spatial européen et
les programmes nationaux, el en intégrant ces
derniers progressivement el aussi complétement que
possible dans e programme spatial européen,
notamment en ce gu concerme le développement de
satellifes d'applications,

{d) en élaborant et en meftant en oeuvre la poltique
industrielle appropriée a4 son programme el en
recommandant aux Etals membres une politique
indtustnielie cohérente.

L'Agence est dingée par un Conseil composé de repré-
sentants des Etats membres Le Directeur génédral es! le
fonchionnarre exdéculit supéneur de ' Agence et la représente
dans tous ses actes

Le Directoire de I'Agence est composé du Directeur général.
du Directeur des Programmes scientifiques, du Directeur
des Programmes d' Applications, du Directeur des Systémes
de Transport spatial, du Directeur techmique, du Directeur
de I'ESOC et du Directeur de I'Adminisiration

Le SIEGE de I'ESA est a Paris

Les principaux Etablissemenis de I'ESA sont

LE CENTRE EUROPEEN DE RECHERCHE ET UDE
TECHNOLOGIE SPATIALES (ESTEC), Noordwik, Pays-Bas:

LE CENTRE EUROPEEN UD'OPERATIONS SPATIALES
(ESQOC), Darmstadt, Allemagne,
ESRIN, Frascal, italie,

Président du Conseit Prat H Curlen (France)

Directeur général M. E Quistgaard.
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News from the
light-weight
solar array front.

9 December 1980: The first
INTELSAT V solar array in
geostationary orbit is
deployed and starts working
- power 1,564 watts.
Altogether 144 carbon-fibre
sandwich panels (1.6 x1.9 m)
have been completed or are
being manufactured for
another eleven INTELSAT V
satellites and the prototype.
They are covered with solar
cells and electrically
connected at MBB.

Record to date: 20 satellites
equipped with solar arrays
from MBB - 12 INTELSAT V,
1 DIAL, 2 AEROS, 2 METEO-
SAT, 2 OTS, 1 MAROTS.

The next generation of ultra-
light-weight panel arrays
(ULP I) has carbon-fibre
frames with thin preten-
sioned blankets. It has
already been qualified for
Ariane and Space Shuttle
loads. ULP Il has an even
higher performance

(50 watts/kg for an initial
power of 4 kW) and will be
covered with solar cells of
50 um thickness.

MBB is the first company in
the world to have solved the
problem of processing ultra-
light and ultra-thin solar
cells (under an INTELSAT
contract) — a pioneering
achievement by MBB's solar
cell laboratory, as was the
welding of solar cells many
years ago.

In the course of twelve
years MBB has used over
220,000 solar cells from
various manufacturers
(AEG-Telefunken, ASEC,
Ferranti, SAT, Siemens,
Solarex, Spectrolab) -
nobody has more experi-
ence in this area.

Messerschmitt-Bolkow-Blohm GmbH
Space Division

Postfach 801169

D-8000 Miinchen 80, Germany

R-BO1/B1 E



advertisement

Skylark...

P \
\ \
o :
lry 2\
L o w3
«° |8 B %
o ) ;)\
40 E ) \
] |
& i \ ~
\
o N
a0 B
,500 . 0'“ J Sk”anl;;\
‘.-'1::'» E . -\--"-—-__
o V4 ?'%r SKylark &
Cmm -
S P8 d Mass Kg.
8 & A0 o o og® o

the immediately able platform for zero-gravity
and other experiments in sp: .

Skylark upper-atmosphere rest
ability and versatility in some 4
are enabling scientists in the
and elsewhere to carry out €
and so test in advanced
Space Shuttle. Skylatk
400 kgs payload and i
minutes’ useable timefor r
lurgy, ceramics, optical glas
chemistry generally.

éunchmgs over 20 years. Today they A
xepublic of Germany, Sweden

der microgravity conditions /

ue of future research on /

tions range from 100 to -

- For more detailed inform

Marketing Manage
British Aerospace D
Space & Communic
GPO Box 5, Filton,

Bristol BS12 7QW, Enj




@ bulletin27

The existence of highly energetic,
electrically charged atomic particles in
space — and impacting the earth — has
been known for many decades, but only
since space exploration began have we
come to recognise fully the rich variety
of these particle fluxes. One of the prime
aims of space science has been to study
the observable parameters of these
energetic particle fluxes in order to
discover their origin and unravel the
physical processes that govern their
propagation through space. These
investigations constitute one of the main
branches of astrophysical research.
Within this field, we describe in the
following some new results based on
observations obtained by our instrument
on the ISEE-3 spacecratft.

Energetic Particles in the
Heliosphere — Results from the

ISEE-3 Spacecraft

A. Balogh & R.J. Hynds,

Blackett Laboratory, Imperial College, London

J.J. van Rooijen & G.A. Stevens,

Space Research Laboratory, Utrecht, Netherlands

T.R. Sanderson & K-P. Wenzel,

Space Science Dept. of ESA, ESTEC, Noordwijk, Netherlands

Introduction

Astrophysics is in essence the study of
energy sources and energy-conversion
processes in the universe. The sun, a star
typical of many others in the galaxy, is for
us both the most important energy source
and the one that can be studied in
greatest detail. The many and varied
forms in which it releases energy are the
subject of wide-ranging experimental,
observational and theoretical
investigations.

A particular form of energy output from
the sun is the continuous emission of
high-velocity plasma, constituting the
solar wind, which drags out with it the
magnetic field from the surface of the sun
The solar wind and the extended solar
magnetic field within it define and
structure the electromagnetic properties
of interplanetary space. They also interact
strongly with the magnetic fields of those
planets which, like the earth, possess one,
resulting in the creation of
magnetospheres around those planets.
The solar wind remains the dominant
agentin a very large volume around the
sun — the heliosphere — the boundaries of
which are as yet unknown and have not
been encountered by any of the deep-
space probes on their way to the outer
reaches of the solar system.

Our particular research project has been
undertaken to investigate the properties
of a well-defined energetic-particle
population in interplanetary space. Our
observations, and the results to be
described, are intimately connected with
the structure and properties of the
interplanetary medium as defined by the

flow of the solar wind.

In the enormously wide energy range in
which accelerated (i.e. energelic) particles
can be observed, covering about 15
orders of magnitude, our interest is
concentrated in the two orders of
magnitude at the lower end of the
spectrum of particle energies. To be
precise, we are interested mainly in
protons, the most abundant energetic
particle species, in the energy range from
about 30 keV to 1600 keV.

With our instrument we can observe three
different particle populations originating
in the heliosphere. Their sources are the
sun, the earth's magnetosphere and the
interplanetary medium itself, at, or close
to, shock waves propagating through it.

The most dramatic source of energetic
particles in the heliosphere is the solar
flare, which is an abrupt emission of
energy from a small area on the solar
surface. Although the energetic processes
leading to, and occurring during solar
flares have been the subject of intensive
observations and theoretical studies for
many years, many questions still remain
unanswered.

While most of the directly observed energy
output from solar flares is in other forms,
we know that many of the larger and at
least a few of the smaller ones result in the
emission of at times very intense fluxes of
energetic charged particles. Such flare-
associated fluxes are obviously present in
our observations. Their presence in
interplanetary space is relevant for us as
the input for further energy-conversion
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Figure 1 — The formation of shock waves
in interplanetary space: (a) driven by
material ejected during a solar flare, and
(b) at colliding streams in the solar wind

processes. Indeed, in the energy range of
interest to us, the propagalion path of the
particles through the interplanetary
plasma so much modifies their
characteristic features that any attempt to
relate them directly to the oniginal
processes on the sun is fraught with
difficulties and is likely, at this stage, to
remain somewhat speculative.

Energetic-particle fluxes are also created
in the interaction processes between the
solar wind and planetary magneto-
spheres. Some particle fluxes,
occasionally with high intensities, are
ejected from the neighbourhood of the
planet, and so can contribute to particle
populations observed even at great
distances from the planet. This effect has
been clearly observed in the case of both
the earth and Jupiter, two planets with
well developed and active
magnetospheres. Our investigations into
these particle fluxes in the case of the
earth are described below.

The third source of particle populations in
the heliosphere is associated with
interplanetary shock waves. Its nature and
its potential importance are the subject of

much ongoing debate and consider-
able theoretical and experimental effort.

The question is, what energy conversions
take place in interplanetary space as a
result of both large and small irregularities
in the flow of the solar wind, and involve
energetic-charged-particle fluxes? In
particular, it is important to establish
whether shock waves in the solar wind —
created either on the sun in the eruptive
process of solar flares or by colliding
solar-wind streams of different velocities —
are the initiating agents and power
sources of energising processes for
creating certain populations of energetic
particles. A detailed answer to these
questions is important and has far-
reaching consequences, not least
because shock waves are generated
throughout the galaxy on many different
scales and could be considered as prime
candidates for generating a significant
proportion of cosmic rays originating
outside the solar system. Also, a large
proportion of energetic particles, emitted
from the sun at the time of solar flares,
could be accelerated close to the flare site
by shock waves generated in the solar
atmosphere by the blast of the solar flare.

Observations in space over the last ten
years have provided convincing but often
indirect evidence that shock waves indeed
accelerate charged particles. However, it
has not been possible to settle the
question beyond doubt and to interpret
correctly all the observed phenomena. In
most cases it is only possible to observe at
one, or at most at a very few isolated
points in space at any given time, where
spacecraft with the correct
instrumentation happen to be. As the
process in space apparently has
dimensions on the scale of the earth/sun
distance, or at least a significant fraction
of it, it is virtually impossible to construct
all but the crudest picture of a shock
wave propagating through interplanetary
space. It is also clear that the relevant
processes depend on many factors, not
all of which can be either estimated or
measured, and the interplay of many
parameters introduces a great variability
in the observations.

Progress in understanding energetic-
particle fluxes associated with shock
waves can only result from careful
evaluation of observational possibilities,
detailed analysis of all the relevant data,

FLARE SITE AT
TIME OF
ARRIVAL OF SHOCK AT 1AL

FLARE SITE AT
TIME OF FLARE

SOLAR MATERIAL
EJECTED BY FLARE
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preferably involving a number of
spacecraft, and imaginative synthesis into
a coherent overall picture.

Shock waves and the earth’s bow shock
It is appropriate at this stage to give some
details on both the origin of shock waves
and the structure of the earth's
environment in order to define the broad
context in which our investigations of
interplanetary energetic-particle fluxes
take place.

Shock waves in interplanetary space can
arise from at least two distinct causes.
Firstly, solar flares are normally
accompanied by the ejection of a large
amount of material from the solar surface.
As the ejected material blasts its way
through the solar atmosphere and the
solar wind, a shock wave is generated in
front of it. Such shock waves are routinely
observed in the vicinity of the earth after
most large solar flares. It is characteristic
of such shock waves that behind them
the remnant of the originally ejected
material, the driver gas, can usually be
identified. These shock waves have been
observed al large distances beyond the
orbit of the earth by the outbound Pioneer
and Voyager spacecraft. A schematic of a
flare-generated interplanetary shock wave
is shown in Figure 1a.

Another mechanism for generating shock
waves in inlerplanetary space finds ils
origin in the fact that the flow velocity of
the solar wind is not uniform over the
surface of the sun. Often there are areas
on the solar surtace from which the flow
velocity is substantially higher than the
average (400 km/s). Since the sources of
solar-wind streams of different velocities
are all anchored to the sun, as the sun
rotates the faster spiralling streams catch
and compress the preceding slower ones
and an interaction region is generated.
Because of the rarefaction of the solar
wind as it expands away from the sun, the
boundaries of the interaction regions
become shock waves, usually at
distances beyond the orbit of the earth.
The frequently observed stability of the

Figure 2 — The trajectory of the ISEE-3
spacecratft to its orbit around the libration
point (L1) of the sun-earth system

source regions of the solar wind over
several of the 27-day rotation periods of
the sun leads to the same pattern of
interaction regions being swept
repeatedly past the earth. These so-called
‘Co-rotating Interaction Regions (CIR)'
dominate the structure of interplanetary
space beyond the earth’s orbit (Fig. 1b).

It is possible to consider a third, somewhat
speculative, mechanism for generating
shock waves, which could be the result of
ejection of material from the upper
atmosphere - the corona — of the sun.
Such mass ejections, first noted from
Skylab, are not related to solar flares and
are difficult to detect. There is at present
an unexplained discrepancy between the
frequency of mass ejections and the
number of shock waves potentially arising
from this source.

It is a rather special shock wave that
forms the outer boundary of the earth’s
domain in space. This shock wave is
stationary in the solar wind, as it is formed
by the latter as it flows round the
obstruction in its path represented by the
earth’'s magnetic field. Inside this bow
shock the flow of plasma becomes
irregular; the earth’'s magnetic field is
compressed at the sunward side and
elongated at the back, generating a long
tail of stretched out magnetic field lines.
As neither the flow of the solar wind nor

the magnetic field carried within it are
uniform, their interaction with the earth’s
magnetic field results in many dynamic,
lime-varying phenomena, the most
spectacular of which are the aurora.
Among many other less spectacular, but
physically significant phenomena, the
emission of energetic-particle bursts
upstream into interplanetary space has
been closely investigated by a number of
research groups in the past few years.
The difficulty in understanding the details
of the process lies mainly in the highly
lime-varying and nonuniform structure of
these bursts in space.

The spacecraft

Our instrument, the Low Energy Proton
experiment, is part of the scientific
payload of ISEE-3, one of the three
spacecraft in the joint ESA/NASA
International Sun-Earth Explorer
programme, initiated in 1971/72. ISEE-3
was launched in 1978 into a novel and so
far unique orbit, around the so-called
Lagrange or libration point (L) between
the sun and the earth, where the
heliocentric motion of the spacecraft
remains in dynamic equilibrium with the
gravitational forces of the sun and the
earth. The spacecraft's distance from the
sun is very nearly constant, at about 1.5
million km, and as the earth orbits around
the sun ISEE-3 always remains in front of
the earth (Fig. 2). Its observations
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therefore correlate well with earth-bound
observations. The relatively small distance
from the earth — at least in interplanetary
terms —ensures a good link for relaying
observational data to the tracking
stations and the volume of data retrieved
from the spacecraft has remained at a
consistently high level since launch.
ISEE-3 is therefore in several respects

an ideal platform from which to monitor
interplanetary phenomena.

The instruments on the spacecratft
perform observations that can be
correlated to construct a fairly complete
picture of interplanetary conditions just
ahead of the earth. Comprehensive
analysis of the observations has been
greatly helped by the provision of a so-
called ‘data pool', in which some of the
preliminary data from all the instruments
on board have been collected, and issued
to all investigators

The Low Energy Proton experiment

The experiment was conceived,

designed and built to extract the
maximum of information on the
distribution function of the low-energy-
proton component of the heliospheric
energetic-particle population. Physical
processes acting on a particle population
are best described by their effect on the
spatial and temporal evolution of its
distribution function. The concept of the
distribution function, defined as the
number of particles moving with a certain
velocity in a certain direction at a given
point in space and time, was introduced
because it is neither useful nor possible to
study in detail what happens to an
individual particle: we are interested only
in the collective behaviour of large
numbers of them.

In practice, the instrument counts the
number of protons incident on it, sorting
them into various energy (and therefore
velocity) intervals, performing this function
in a number of different directions. A
measure of the quality of such an
instrument lies in the resolution with which
the distribution function and its time

Figure 3 — The Low Energy Proton
experiment

evolution can be deduced. Our instrument
is able to measure 180 sample points
every 165, an unprecedented rate for the
energy interval in question.

The particle-sensing detectors of the
instrument (Fig, 3) are contained in

three identical telescopes, inclined at
different angles relative to the spin axis
and designed to restrict the directions
from which particles can impact on the
detectors. As the spacecraft spins, with
one rotation every 3 seconds,

the three telescopes scan in different
directions in space. This allows us to
resolve particle fluxes in different
directions. Each complete spin of the
spacecralft is divided (electronically) into
eight equal angular sectors. Protons
incident on the three telescopes are thus
counted independently in the resulting 24
directional intervals. Each incident proton
is also counted according to its energy, in
eight nonoverlapping but adjacent energy

intervals or energy channels.

There are a number of technical reasons
why our particular energy interval had not
been more thoroughly explored in the
past. In our case, a number of favourable
factors have combined to make the
experiment possible

Firstly, the ISEE-3 spacecraft contributes a
novel orbit, a high-rate data link, and a
stable attitude in space. This last factor
has been crucial, because it has allowed
us to point our telescopes so that no
sunlight, which could destroy the
measuring capability of the detectors,
could fall within their viewing directions.

The weight, size and power consumption
of space instruments are always severely
limited, but advances in technology have
allowed us to pack in more and better
electronic circuitry on ISEE-3 for signal
processing.
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A very high priority in the design of the
instrument was given to the unambiguous
detection of the lowest possible particle
energies, reducing electronic noise in the
instrument by cooling the detecting
systemn to —20° to —30°C. The three
proton telescopes containing the particle
detectors and their associated signal
amplifiers are mounted on a ‘cold-plate’
and thermally isolated from the rest of the
instrument and the spacecraft (Fig. 3).

After almost three years of trouble-free
operation, the instrument has already
gathered a vast amount of interesting
datla, allowing the investigating team and
a number of external collaborators to
study in detail many previously
unexplored, interplanetary physical
processes.

Results of observations

Before describing our results, it is useful to
review briefly some of the characteristics
of the distribution function of the
energetic-proton population as they
influence our approach to interpreting our
observations. The fundamental physical
fact here is that electrically charged
particles in a magnetic field move in
helical orbits around the lines of force. As
a result, in any large-scale magnetic field,
such as the extended field of the sun in
interplanetary space, the flow of particle
populations is structured by the lines of
force of the field. Hence the distribution
function of charged particles (at a given
energy), which implicitly describes their
flow, also reflects the structure of the
magnetic field. In a smooth, uniform
magnetic field the distribution function is
usually symmetric around the field lines.
The interplanetary field, on the other
hand, is neither very uniform, nor is it
smooth. Therefore, the distribution
function is, at best, only approximately
symmetric.

A further effect of considerable
importance is that, as already mentioned,
the magnetic field is carried by the flow of
the solar wind — the field lines are ‘frozen’
into the solar wind. As field lines are swept

Figure 4 — Traces of the magnetic-field
connection paths at the position of
ISEE-3. In the upper figures no connection
exists between the spacecraft and the
magnetosphere. In the lower figures the
magnetic highway is established and
protons beamed from the magnetosphere
are detected by the experiment

past the spacecraft and our instrument at
400 km/s, the distribution function, which
may be symmetric around the magnetic
field lines, appears to us, as stationary
observers, as very nonsymmetric. To
obtain the distribution function structured
by the moving magnetic field lines, we
transform our observalions to those an
observer moving with the magnetic field
lines would make. This transformation is
far from trivial, but because we measure
simultaneously 180 points on the
distribution function seen from the
spacecraft, we are able to determine the
transformed distribution function with

so far unequalled precision. We have
therefore concentrated on the study of
those interplanetary phenomena for
which this capability of our instrument
can be best exploited.

Energetic-particle bursts from the earth
Well before the launch of ISEE-3, earth-
orbiting satellites had observed energetic-
particle bursts (sudden high-intensity
events) in interplanetary space clearly

originating from the earth's
magnetosphere. These observations were
made at distances from which the
magnetosphere still appears as a large
‘object’. However, it was also anticipated
that such events would almost certainly
disappear at the proposed orbit of ISEE-3,
about 1.5 million km from the earth.
Contrary to this expectation, burst events
were observed throughout the
spacecraft's journey to its eventual orbit,
although they became less frequent as
the distance increased. It is now clear that
given a magnetic ‘highway' to guide them,
energetic particles ‘beamed' from the
earth's magnetosphere reach the position
of the spacecraft and are observed by the
experiment, as well as by other
instruments on the spacecraft which
observe other aspects of the
phenomenon.

This is a somewhat unexpected, but
thereby all the more interesting subject to
investigate and one which has already
proved very fruitful.
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Our investigations have focused on the
physical processes involved in the

propagation of energetic protons from the

earth and on deriving a model for the
spatial structure of the bursts.

Analysis of a large number of burst events
has shown that a necessary, and
apparently sufficient condition for us to
observe the bursts is that the direction of
the interplanetary magnetic field must be
such as to connect the spacecraft to the
earth's magnetosphere by a magnetic-
field ‘highway'. By 'tracing’ the magnetic
field line observed at the spacecraft back
towards the earth, it is possible to
diagnose whether or not the field line is
connected to the magnetosphere. Such a
set of traces is shown in Figure 4.

The burst event itself is quite Impressive:
the proton telescopes suddenly observe a
high-intensity beam, directed from the
earth (Fig. 5). The sudden rise in intensity
is followed by some minutes of relatively
constant flux and then, as suddenly as
they appeared, the particles disappear.
There are often a number of events of
different duration in quick succession
(Fig. 6). By closely examining the flow
patterns of energetic protons in these
events, in particular the asymmetries in
the distribution function, we have been
able to propose a model for the large-
scale structure of the bursts.

Whatever the source of energetic particles
near the front side of the magnetosphere,
the result is a sheet- or slab-like region of
space filled with particles. The slabs are
quite thin, at least on the interplanetary
scale, and we can only observe the
particle beams when the slab is swept
past the spacecraft, tied to the
interplanetary magnetic field line which is
connected to the earth’'s magnetosphere.

Another aspect investigated in detail has
been the influence of conditions in the
solar wind on the way in which particles in
the burst propagate along the magnetic
‘highway'. This study has a dual aim.
Firstly, it can establish whether the

Figure 5 — Three-dimensional
representation of the proton intensity
distribution showing the beam-like flow of
particles along the magnetic field during
an upstream burst event from the
direction of the earth. The axes are
aligned so that the interplanetary
magnetic field is at the centre of the
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picture. (this illustration is reproduced in
colour on the back cover of this Issue).

Figure 6 - Series of energetic-particie
bursts originating in the earth's
magnetosphere

COUNTS PER SECOND

‘highway' is smooth or not. Here the
answer is that it is indeed mostly smooth,
with particles travelling without any
significant ‘accidents’ or trajectory
deviations. Secondly, we are studying just
how particles are accelerated in the
interplanetary field, whatever their origin.

This is very important because we can
rarely observe at the point at which the
particles are first energised, and we have
to extrapolate to the source by
accounting for the effects on the particles
of their journey from source to point of
observation.
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Energetic particles and interplanetary
shock waves

The simplest analysis of energetic-
charged-particle fluxes involves studying
their intensity as a function of time and
relating the observed variations in
intensity to the occurrence of other,
conceivably connected, phenomena. In
the case of interplanetary shock waves
there can be no doubt at all: at their
passage, they are almost always
accompanied by a noticeable increase in
the intensity of low-energy proton fluxes.
This effect is less frequently observed at
higher energies, although it was at these
energies that a possible connection
between shock waves and the energising
of charged particles was first noted. In
fact, one of the reasons for exploring the
lower end of the spectrum of energies was
to study this connection, as it could
reasonably be expected that lower energy
particles would be more affected by the
sudden change in interplanetary
conditions represented by the passage of
a shock wave.

Shock waves are detected by instruments
measuring the solar wind and the
magnelic field. (Interplanetary shock
waves also affect the earth’'s magnetic
field and al their passage geophysical
observalories around the world note a
characteristic change in the magnetic
field, followed by a disturbed period
referred to as a magnetic storm.) From
measurements on board the spacecraft a
number of parameters characterising
individual shock waves, and which are
essential for a meaningful analysis of
observations of associated charged-
particle effects, can be deduced*. Since
the launch of ISEE-3, two or three shock
waves have been seen every month, i.e.
about 30 per year, and this represents a
respectable body of observations for
establishing their common features,

Figure 7 — Intensity of low-energy proton
fluxes, as a function of time, measured in
different energy intervals. The increase
was caused by the passage of the
Interplanetary shock wave

Two such common features have been
known for some vyears:

— arather broad increase in intensity
lasting from many hours to a day or
two around the passage of the shock
wave

— shorl, sharp spike-like increases,
lasting only a few minutes, in close
proximity to the shock wave itself.

It has been suggested by a number of
authors that the longer lasting intensity
increases are caused by the continuous
generation of spike-like fluxes of particles
energised at the shock wave, which then
broaden in time as the shock wave travels
from the sun.

However, we must not prejudge the issue
of whether the shock wave is indeed a
source of energy for the increased flux of
low-energy particles that we observe in its
vicinity. The difficulties in tackling this
problem conclusively have already been
mentioned in the introduction. To put it
simply, we can say that the shock wave is
the active agent in the energisation
process of particles, if it can be
established that the observations pinpoint
it as the source of the fluxes.

If particles could be seen to flow from the
direction of the shock wave both before
and after its passage, this would be a
strong indication that the shock wave
were indeed their source. Thisis in fact
what we observe. A shock-wave-
associated event that has been studied in
detail is illustrated in Figure 7. This event
presents a number of interesting features,
not the least of which is the fact that the
flow of protons is consistently directed
away from the shock. The stability of the
flow is remarkable in this case because
shortly after the shock passage the
interplanetary magnetic field reversed its
direction. This reversal is not connected
with the shock wave, which had clearly
propagated through it some hours prior
to our observations. Despite the reversal
of the magnetic field, the particle flow,
which Is constrained to remain along the
magnetic field lines, was still observed
from the direction of the shock wave.

Because the sun is known to be a source
of particles, it may be suggested that the
shock wave only acts as a barrier to hold
back the particles generated on the sun
and which simply travel with the shock
wave. This may well happen to some
extent, but our observations are again in

*  The provision of relevant data by the
investigating leams responsible, respectively, for
the magnetometer (Dr. Smith of JPL) and the
solar-wind instrument (Dr. Bame of LASL) has
been of invaluable help to us here,
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favour of the shock wave being the
source of the proton flow. The flow of the
solar wind often carries within it
discontinuities in the magnetic field which
originate from the surface field of the sun.
Low-energy protons of interest to us
cannot cross these discontinuities easily, if
at all, but the shock wave can blast its
way through them. Figure 8 shows a
particular shock-associated event during
which two such discontinuities were
observed in the solar wind after the
passage of the shock wave. The fluxes
are clearly very different on the two sides
of both discontinuities, and in both cases
the intensity is higher on the side of the
shock wave. It has been concluded that
the protons were energised close to the
shock wave and were then prevented
from moving from the side close to the
shock wave to the sunward side of the
discontinuities.

The spike-like intensity increase close to
the shock wave is yet another argument
for identifying the shock wave as an
aclive power source for energising
processes (Fig. 9). A model to explain this
phenomenon has been explored by a
number of research workers and is
generally accepted to represent at least
some of the processes thal occur in
association with shock waves. There is,
however, still debate about its relative
importance in the energy-conversion
processes taking place in association with
the shock wave.

An alternative process has also been
proposed: it relies on the fact that
particles colliding with the shock wave
gain a small amount of energy in each
collision. In order to ensure that many
energising collisions can take place, the
model assumes that as the particles move
away from the shock wave after each
collision, they are reflected back onto it

by irregularities in the lines of force of the
magnetic field. This model has also been
proposed to explain the much larger scale
energisation processes in supernova
explosions in the galaxy. The potential
similarity between physical processes

Figure 8 — Intensity of proton fluxes
measured around the passage of a shock
wave shows sudden decreases when
abrupt changes in the magnetic field,
which protons energised close to the
shock wave could not penetrate, are
swept past the spacecratt

Figure 9 — Spike-like intensity increase of
protons freshly energised at the passage
of a shock wave
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close to exploding stars and the
phenomena actually observed in the
earth's neighbourhood underlines the
importance of research in this field.

The source of particles to be energised by
processes associated with the shock
waves remains to be conclusively
identified. The only source continuously
available is the proton component of the
solar-wind plasma. However, these
particles are not energetic enough to fit
into the models mentioned above . We
have to identify other processes which
first energise at least a relatively small
number of solar-wind protons sufficiently
for the shock wave itself to act on them. In
collaboration with the plasma
investigators on the same spacecraft we
have identified, on at least one occasion,
a population of very low energy particles
which appeared to bridge the gap
between the solar wind and the energised
protons that we have observed. This
observation is shown in Figure 10. More
work is in progress to determine just how
general the phenomenon is. The primary
acceleration process for solar-wind
protons is likely to be found in the wave-
like magnetic-field irregularities observed
in the region of space disturbed by the
shock wave.

Conclusion

We have tried to communicate some of
the painstaking experimental and
theoretical work being carried out in one
particular field of space exploration.
Interplanetary space, the broadly
understood environment of the earth, is
the scene of many energetic processes.
Space exploration has opened many new
perspectives and it is impossible to ignore
the complexity of the phenomena of
which we have become aware. Work in
the research fields described above is
continuing and further progress in
understanding, as well as discoveries of
new phenomena are to be expected from
more thorough analysis of observations
already made and from new space
missions currently being prepared or
planned.
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Figure 10 — Energy spectrum of solar-
wind and energetic protons showing
continuity between the two populations
over many orders of magnitude in
intensity and energy. Such observations
point to the solar wind being the source of
particles energised in interplanetary space
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As a footnote it is worth observing that the
ISEE programme was initiated by ESA and
NASA in 1971/72, at which time our
instrument was also designed. The
scientific results of the programme have
been emerging only in the last two or
three years. The long gestation period has
not harmed in any way the novelty and

usefulness of the observations, Both
decision-makers and scientists associated
with the ISEE programme have shown
that it is possible to live with the long
development periods associated with the
complex projects of mature space
science. [ S




histograms from meteosat images

From multichannel Meteosat images
one can build multidimensional
histograms that improve one's feature
identification and interpretation
capabilities. Two-dimensional
histograms of large, meteorologically
uniform areas are presented here as
examples of the technique, together with
a method of automatic feature
identification that is relatively modest in
terms of computer needs.

Large-Area Histograms from

Meteosat Images

K.O. Roska, Meteosat Data Management Department,
European Space Operations Centre (ESOC), Darmstadt,

Germany

Images from line-scanning satellites like
Meteosat must be computer-composed
onto a video display or other imaging
system lo allow the human interpreter to
identify such ground features as rivers,
forests, mountains, etc. Moisture in the
atmosphere blurs the picture somewhat in
the infrared spectral band, and especially
in the water-vapour channel. Most high
clouds can be clearly seen in all three
channels — visible, infrared and water
vapour — while the visible and the infrared
channels show a strong correspondence
to features al surface level. The water-
vapour channel best reflects the state of
the earth's atmosphere, uninfluenced by
small features on the earth's surface.

The images shown in Figures 1a—c were
taken by Meteosat-1 at 1200 GMT on day
297 in 1979.

The images themselves are composed of
picture elements, or pixels, each of which
has a certain grey value. It is the local
distribution of the pixels that ultimately
produces the image. For ease of
interpretation, the clouds in the infrared
and water-vapour images have also been
displayed in light tones, by inverting the
grey scales.

An alternative means of examining the
information content of the images of
Figures 1a-c is by producing histograms
in which the frequency with which the
various grey values occur in each image
is taken as an indicator of what is seen in
the picture or some sector of it. A
monodimensional histogram can be
produced from each Meteosat channel
(one for the visible, one for the infrared,

and one for the water vapour), The
features from which the extreme grey
values originate are knowr: in the visible
channel, for example, the sea is dark and
clouds are bright; in the infrared, clouds
are cold and the hottest values stem from
land features (desert). The onginators of
the intermediate grey-scale values cannot
always by identified with certainty, some
‘clusters’ in the histogram point to the
existence of, say, medium-high clouds,
while in some cases land and sea have
the same temperature or clouds and land
areas have the same brightness. There is
therefore slill a degree of uncertainty as to
the extent to which different features
contribute to the intermediate parts of the
histogram.

By using images of the same area in more
than one channel, one can construct
multidimensional histograms in which
features that exhibit different
characleristics in at least one observing
channel can be clearly distinguished. For
practical reasons (memory and display),
one usually does not venture beyond a
two-dimensional treatment of the dala,
extracted from two of the three Meteosat
channels.

During daytime the infrared/visible
histogram vyields the best target
separation, though even the
infrared/water-vapour histogram, which
can be obtained even at night, resolves
some differences in cloud formation. It is
doubtful, however, whether the clusters
over land regions in the infrared/water-
vapour histogram are significant for
interpretation purposes.
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Meteosat images of the earth's disk
Figure 1(a) Visible (VIS)

Figure 2 — Different meteorological
regions of the earth's disk

Figure 4 — Histogram for the central
African region

The infrared/visible and infrared/water-
vapour histograms shown in Figures 3-6
are for different meteorological regions of
the earth's disk identified in Figure 2. They
have been smoothed and logarnthmically
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Figure 1(b) Infrared (IR)

Interpretation key for infrared/visible and

infrared/water-vapour histograms

Figure 5 — Histogram for the central
Atlantic region

scaled in order to show also the less

dominant features. The scaling of the

video display is such that the highest
values always appear dark and the

intensity wraparound draws the contour

cold

JR =—* hot

dark

VIS

IRAWV

hol

]

Interpretation key

Figure 1(c) Water vapour (WV)

Figure 3 — Histogram for the
Mediterranean region

Figure 6 — Histogram for the south-west
Atlantic region

lines of the third dimension (the height of
the histogram). The arrows in the
interpretation key point in the direction of
increasing radiometer values as
measured by Meteosat (remembering that



histograms from meteosat images

Figure 7 — Meteosat images of the south-
east Atlantic region (1000 > 1000 pixels)
(a) Infrared (IR)

(b) Water vapour (WV)

b

bright clouds are cold). The grid points
are equidistant radiance steps. The
differences in appearance of the
histograms reflect the differing
meteorological features/behaviours in the
various regions

Histograms of the sort shown here should
provide future meteorological studies with
an improved interpretation capability. A
trial run has been made for a region in the
south-east Atlantic, off the coast of Africa
(1000 x 1000 pixels) (Figs. 7a,b). The
interpretation squares below the
infrared/water-vapour histogram (Fig. 8)
define the radiometric regions of the
different features (clouds and sea). Based
on this interpretation table and the
infrared and walter-vapour images in
Figure 7, an artificial image (Fig. 9) has
been constructed showing the local

Figure 8 — Infrared/water-vapour
histogram and interpretation table for the
south-east Atlantic region
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extent of the features; the colours in this
artificial image define the nature of the
features. As one can see from the
sequence of images in Figures 7 and 9,
the major features have been correctly
interpreted

Figure 9 — Artificial immage developed
via the histogram interpretation table

Figure 10 — Infrared/visible and
infrared/ water-vapour histograms (two
dimensional) of the complete earth's disk
as viewed by Meteosat

Figure 10 shows two-dimensional
infrared/visible and infrared/water-vapour
histograms constructed from Meteosat
images of the earth's disk. Lg
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Sounding rockets have proved to be a
most helpful tool for conducting
microgravity research in preparation for
future Spacelab experiments. Each flight
provides 5-10 minutes of low-gravity
conditions (10 *g), and five such flights
have already been made in the
framework of the German/Swedish
Texus programme. In view of the
positive results obtained, ESA has
proposed to its Member States that
sounding rockets should form part of the
Microgravity Research Programme
which is currently under discussion.
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The Value of Sounding-Rocket
Flights in a Materials-Science
Microgravity Research

Programme

U. Huth, Directorate of Space Transportation Systems,

ESA, Paris

P. Clancy, Instrument Technology Division,
ESA Technical Directorate, ESTEC, Noorawijk, Netherlands

Goals of materials-science research
under microgravity

The objectives of materials-science
research work under microgravity
conditions vary widely, their common
denominator being the almost complete
absence of sedimentation and buoyancy,
gravity-driven convection and hydrostatic
pressure. These basic consequences of
terrestrial gravity have implications for
fluid-systems in general and the
community actively involved in
microgravity experiments therefore
includes fluid dynamicists, crystal growers,
process engineers and materials
scientists. A systematic classification of
microgravity research topics of interest is
consequently difficult: classification
according lo the traditional fields of
chemistry, physics, thermodynamics etc. is
one possibility, another would be to
classify with regard to products, such as
single crystals, composites,
pharmaceuticals, etc. The production of
technologically and commercially relevant
materials has frequently been emphasised
in the past, particularly after the initial
Apollo and Skylab flights. However,
interpretation of the results and data
obtained has often proved impossible
because boundary conditions were
complex and often undefined.

Although the ultimate goal of materials
research under microgravity is the
production of new or improved materials
on earth or in orbiting industrial
production plants, the first step must be to
esltablish the scientific and technological
basis for the different processes.
Accordingly, basic phenomena need to
be investigated in order to explore

eventual applications. Thus, as in any
other experimental field, microgravity
research can develop only through the
flight of well-prepared experiments in
combination with the relevant ground
testing and theoretical modelling. This in
turn means that a certain minimum of
‘mission opportunities’ with appropriate
user facilities need to be available to
researchers to ensure the requisite
progress.

Experiment opportunities

The decisive characteristics of a given
flight opportunity are the duration and
quality of the microgravity conditions that
it provides. There are several means of
‘producing’ a microgravity environment
(10°-10“q):

Microgravity source Duration
Drop-tower experiments ~40s
Arrcraft flights 10-50's
Sounding-rocket flights 300-600s
In-orbit lacilities:
- sell-contained packages 3-4d
— Shuttle carry-on experiments

(eg SPAS) 4-7d
~ Spacelab (module/pallet) 7—14d
- free-fiying platforms weeks/months

Preparatory to the first Spacelab mission
(now planned for the end of 1983)
European experimenters have had very
limited opportunities for gaining
experience with flight experiments and for
conducting supporting investigations for
their selected experiments. Only German
and Swedish experimenters have been
given the opportunity to experiment with



rocket flights for materials-science research

sounding rockets through a project
known as Texus (Technologische
Experimente unter Schwerelosigkeit)
supported by the German Ministry for
Research and Technology and the
Swedish Space Corporation. To date five
payloads carrying materials-science and
fluid-physics experiments have been
launched (Fig. 1).

Topics for microgravity experimentation
and the relevance of sounding rockets
As already mentioned, classifying and
defining the topics of interest for
microgravity experimentation is difficult:
one possibility is presented in Table 1.

The first subdivision takes in
homogeneous fluid systems, i.e. properties
of fluids, fluid-flow phenomena,
solidification phenomena and finally
processing of materials by solidification of
homogeneous fluids. Solidification is listed
last since an understanding of it is based
on an understanding of fluid behaviour
under microgravity conditions

A similar sequence would seem to be
logical for the study of heterogeneous
fluid systems, listed in the second
subdivision of Table 1. The preparation of
mixtures and their stability must be
investigated and mastered prior to the
study of solidification and of the
preparation of composite materials.

A third subdivision is devoted to
processing technology. The main topics
here are containerless processing,
shaping of fluids, various crystal-growth,
moulding and casting techniques,
together with electrochemical processes,
electrophoresis and ultra-high-vacuum
applications.

A detailed analysis of the above topics
based on the results of past Texus and
SPAR (NASA) rocket flights shows that
the overwhelming majority of them are
appropriate for sounding-rocket
experimentation, as indicated by the
annotation in Table 1 (+, % and x),

Figure 1 — Launch of a Texus payload
from Esrange, Kiruna, Sweden
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Figure 2 — Larger regions of Ag formed
by coalescence surrounded by Al,O,
spheres in a Al,O,/Ag mixture solidified
under micrograwvity (Texus-1 flight)

Table 1 — Research topics of interest for
microgravity expenmentation

1 Homogeneous fluid systems (liquids & gases)
Properties of fluids

« Heat transler by diffusion

+ Mass transter by difusion

x Chemical diffusion coefficients

x Thermo-migration coefficients

= Electro-migralion coefficients

« Properties ol highly reactive matenails
+ Bailling

« Cntical-point phenomena

+ Segregation phenomena

Precision determination of parameters

Fluid-flow phenomena
+ Influence of residual gravity
+ Fluid flow due to surface-tension (interface)
gradients:
- concentration gradients
— temperature gradients
» Fluid flow due to volume changes
~ thermal expansion
~ phase transitions
+ Fluid flow due to other lactors
- instabilities ot liquid meniscus
- surlace charges
— electnc fields
- magnelic lields
- thermo-acoustic fields
— Coriolis forces

Solidification of homogeneous fluids
+ Nucleation

- homogeneous nucleation

-~ heterogeneous nucleation

- undercooling: glass formation

- spinoidal decompaosition
« Directional solidification;

~ single phases

- euteclic reactions

— peritectic reactions

- monotectic reaclions

- alloys, mullicomponent systems
+ Factors influencing quality.

~ inlerface stability

delec! formation

- macro-segregation

- micro-segregation

— Size

~ container. contamination, nucleation, detect

lormation

Materials processing
= Single crystals (semiconductors, metals, alloys)
+ Glasses
« Eutectics
+ Monotectics
Perteclics
Immiscibles

2 Heterogeneous fluid systems

Precision determination of physical and physico-
chemical parameters

Preparation of heterogeneous mixtures

+ Nucleation of solid. liguid, gaseous inclusions

+ Spinoidal decomposition

+ Powder mixtures

+ Mixing in the liquid state (mechanical, acoustic
elc)

Properties of heterogeneous mixtures
+ Coalescence

Capillanity effects

Fluid flow, convection
Ostwald-npening

Stability of liquid lamellae (foams)
Sedimentation. buoyancy
Marangoni-flow

Interaction with solid/quid interfaces
Boiling, cavitation

+ + + 8 + 4+

+

Solidification

« Interaction of inclusions with advancing
solidfliquid intertaces

« Critical solidification rate for particle
incorporation

+ Fluid flow induced due to solidification

+ Secondary segregation effects

Preparation of composites

+ Particle-reinforced composites
Fibre-reinforced composites
High-porosity matenals
Foams

Dispersion, immiscibles

+ + + +

3 Processing technology

+ Containerless processing:
~ acouslic positioning
- electrostatic positioning
— electromagnetic positioning
- positioning by means of gas jets
— positioning by wetting and adhesion
+ Shaping of fluids:
~ electrostatic lorces
~ acoustic pressure
~ centrifugal lorces
~ wetting
~ gas jets
= Float-zone technology, purification
Skin technology
Moulding and casting
Jaining techniques
« Crystal growth:
~ melt growth: bulk, ribbon, whisker drawing
- solution growth
~ hydrothermal growth
— travelling heater method
+ Electrochemical processes
= Electrophoresis
= Ultra-high-vacuum applications

+ + +

+ Quality and duration of microgravity provided by
sounding rockets (up to 10 minutes at 10~ g)
sufficient for most investigations

= Only precursory. qualitative or very simple

experiments possible

Meaningful expenments not possible

x
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A typical example of sounding-rocket
experimentation would be model
experiments to determine the stability of
multicomponent mixtures (composites)
during wetting, thermal soaking and
solidification under microgravity
conditions. Figure 2 shows a solidified
ALO./Ag mixture flight sample from
Texus-1. Larger droplets of Ag formed by
coalescence can be seen surrounded by
AlO, spheres.

The payload concept and typical
experiment hardware

A material-sciences sounding-rocket
campaign like Texus has three distinct
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Figure 3 — Typical sounding-rocket
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The pre-launch phase, involving,
apart from the obvious countdown
activities and monitoring of the
payload until take-off, the activation
and checkout of the expeniments,
and, if need be, the pre-heating of
samples that are below melting point.
The actual flight, consisting of ascent
phase (70 s), microgravity phase
(360 s), and re-entry of the
parachuted payload. During this
flight phase, the experiment's
behaviour (function, data,
temperatures) can be monitored and
recorded in real time.

The post-recovery phase, in which
the payload is returned to the launch
site for the experiments (samples,
films, etc.) to be removed. It is
subsequently returned to the
experimenter's base for
refurbishment.

low cost and provide good maintenance
possibilities for the re-use of the modules,
all experiment modules are assembled as
autonomous units (Fig. 4), which are
mated later with the common service
modules, telemetry system, recovery
system and attitude control system to
form the complete payload for launch. So
far, 12 autonomous experiment modules
have been developed, built and tested in
Europe. Each has its own power, data-
interface, and experiment-control
subsystems and its own ground-support
system for integration and lest.

All experiment modules are re-usable and
interchangeable. A typical sounding-
rocket payload consists of five or six
different modules, allowing 10— 20
different experiments to be flown,
depending on the priorities assigned

(Fig. 5).

Figure 4 — Texus four-chamber
isothermal furnace integrated for flight

Basic advantages and constraints of
sounding-rocket research

The German/Swedish Texus programme
has provided Europe with considerable
capabilities both from a technological
and a scientific point of view. Rocket
experimentation in most cases can be
considered as a means of conducting
preparatory definition experiments prior to
experimentation in the more sophisticated
Spacelab-type laboratories or on free-
flying orbital platforms. Precursor
experiments with rockets thus help in
specifying experiment requirements in
terms of hardware and experimental
parameters. Other advantages can be
seen in the low payload-cost, safety and
gualification requirements. The frequency
of flights can be easily adjusted to meet
prevailing demand and the preparation
cycle, lasting approximately one year,
allows the experimenter a flexibility in his
research programme, with the necessary
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Figure 5 — The modular payload concept
for the Texus flights

scope for scientific iteration.

Constraints on sounding-rocket
experimentation are associated with the
need to control accelerations and
vibrations induced during the launch and
initial spinning of the payload. The limited
period of microgravity of 5—10 minutes
also excludes certain classes of
experiment that call for longer thermal
and chemical steady states.

ESA's current and proposed
involvement in sounding rockets

In the light of its fundamental objectives of
providing for and promoting cooperation
between European countries in the fields
of space research, space technology and
space applications, ESA foresees the
application of sounding-rocket flights for
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materials-science research in the coming
years as an element of its proposed
Microgravity Research Programme.

At the present time, ESA is already
involved in the use of sounding-rocket
flights for the technological testing of
materials-science sample manipulation
and processing instrumentation. This
instrumentation is being developed within
ESA's Technological Research
Programme and is destined for use in
furnaces on later orbital Spacelab and
Shuttle-related missions. The
instrumentation in this category includes
positioners, mixers and monitoring
instruments. The positioners are used for
the containerless processing of materials-
science samples (thus obviating
contamination of the sample by the
furnace walls). Mixing instruments are
used for the mixing of, for instance,
immiscible alloys, and fibre/alloy or
powder/alloy mixtures prior to
solidification in microgravity conditions.
Monitoring instrumentation includes
optical and infrared instruments for real-
time monitoring of physical conditions in
terms of temperature, temperature
distribution, and the shape and position
of molten and solidifying samples.

Some of the development activities
referred to have been in progress for
some time, while others are only now
being initiated. The development work
that has been in progress for some years
covers two main areas.

— electrostatic positioning, and
— acousling mixing.

The instrumentation resulting from this
work has already been through the
feasibility and conceptual-design phases
and is now at the demonstration-model
stage, making it a prime candidate for
testing on a sounding-rocket flight. The
decision to test-fly the acoustic mixer
within the Texus programme has already
been taken and the necessary agreement
between ESA and the German authorities
established.

The mixer will be flown in combination
with an immiscible-alloy (Pb/Zn)
experiment on either the Texus-5 or
Texus-6 flight, in the spring of 1982. The
experimental configuration of the mixer is
shown in Figure 6. The mixer is an
ultrasonic transducer operating at 40 kHz
and working through appropriate
transformers into the melt to give a
maximum micro-mechanical amplitude of
about 15 pm at the mixing-tool face.

The operational success of acoustic
mixing is expected to be demonstrated by
(a) the appearance of large particle sizes
in the area of the melt traversed by the
solidification front while the mixer is
switched off, and (b) by the ability of the
mixer to reduce the particle size once it is
switched on again.

Although the basic mixing action can be
demonstrated on earth, this is not true of
the basic operation of a positioning
system such as the electrostatic positioner
(Fig. 7). The instrument employs a
tetrahedral electrode arrangement with
the sample at the centre. The sample’s
position is sensed capacitatively at each
electrode and this forms part of a
feedback loop, the control end of which
applies voltages in the order of 5kV to the
appropriate electrode. The polarisation of
the sample by the high voltage applied to
the electrode causes attractive forces
between the sample and that electrode.
allowing re-positioning of the sample at
the centre. Since the applied forces at
these voltages are only of the same order
as the microgravity forces, full testing of
this type of positioner is not possible on
the ground. Considerable efforts are
therefore being made to devise testing
methods employing either aircraft or
sounding-rocket flights. Because of the
extremely short duration of microgravity
conditions on aircraft flights, however, it is
likely that full operational testing of the
positioner is best accomplished on a
rocket flight. This also applies in the case
of acoustic positioning. Development
work has been initiated by ESA on
acoustic positioning, based on a less-
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Figure 6 — Schematic of the acouslic
mixer to be test-flown on a Texus launch

Figure 7 — Schematic of a mono-
ellipsoidal mirror furnace with electrostatic
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complex system than that previously
tested, with somewhat ambiguous results,
on Texus-2.

Clearly then sounding-rocket flights offer
excellent opportunities for the
microgravity testing of advanced
manipulation, processing and monitoring
instruments developed within the
Agency's Technological Research
Programme and destined for use in future
materials-science microgravity
experiments in space.

Outlook

The first Spacelab payload is presently the
only flight opportunity provided by ESA to
European experimenters for conducting
materials-science experiments. Progress
and involvement in this new area of
experimental physics can only be ensured

if a minimum programme is established
which gives European experimenters the
opportunity to acquire experimental
results.

The experience gained to date through
sounding-rocket experimentation and the
possibilities offered thereby make the
sounding rocket a valuable 'work horse'
with a ‘calculable’ risk, able to play a
similar role in the furtherance of materials-
science microgravity research to that
which it has played in the development of
the more classical space sciences. ¢
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L'introduction de techniques nouvelles,
souvent obtenues au prix d'un effort
financier considérable, sera de plus en
plus a la base de la croissance et de
I'expansion industrielles, a condition
pourtant que ces techniques soient
adequatement protégées, par exemple,
par un brevet d'invention '.

Au cours des derniéres décennies, des
considérations économiques ont conduit
la plupart des pays industrialisés a
I'introduction d’un systéme de protection
par brevet plus moderne, dont la
demande de brevet international et le
brevet européen sont des exemples. De
plus, afin de stimuler les inventeurs non
indépendants, un nombre croissant de
pays ont protégé par des textes
appropriés les inventions de leurs
ressortissants.

Voir également l'article de J. de Reuse, Brevels et
savoir-faire technique dans une orgamisation de
{echnologie de pointe, publie dans ESA Bulletin,
No. 17, févner 1979, pp 30-35
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Les inventions de I’Agence et leur

protection

R. Qosterlinck, Département Affaires juridiques et Propriéete

intellectuelle, ESA, Paris

Cet article a pour objet d'expliquer
d'abord brievement ce qu'est la propriete
intellectuelle en général et la notion
d'invention en particulier, et de décrire
ensuite la procedure a suivre entre le
moment ou une invention est faite a
I'Agence et la protection de cette
invention par des dépots de demandes de
brevet

Proprieté intellectuelle

On peut deéfinir la propriété intellectuelle
comme éetant 'ensemble des regles qui
tendent, d'une part, a protéger les droits
de création, d'autre part, a lutter contre
une concurrence déloyale. Afin de faciliter
I'étude d'un domaine aussi vaste, la
propriété intellectuelle est subdivisée en
quatre parties

— les droits de propriété industrielle

— les droits d'auteur

—  |les obtentions vegetales

- le savoir-faire.

De ces quatre parties, la premiére est de
loin la plus importante car elle comprend.
les brevets d'invention et titres analogues,
les modeles et dessins industriels, les
marques (de fabrique, de commerce ou
de service), le nom commercial,
l'enseigne, les appellations d'origine et les
indications de provenance. Seul le cas
des brevets d'invention est pris en
consideration ici.

Notion d'invention

Un brevet d'invention n'est autre qu'un
titre délivré par I'Etat, qui confere a son
titulaire un droit exclusif d'exploitation de
l'invention, objet du brevet. Autant il est
facile de definir le brevet d'invention,
autant il est difficile de définir I'invention.

On chercherait en vain une définition de
l'invention dans les textes legislatifs
traitant de la proprieté industrielle
D'ailleurs les manuels de droit sont
géneéralement muets a ce sujet. Qu'est-ce
donc qu'une invention?

Selon certains dictionnaires, 'le Petit
Robert’ par exemple, on désigne par
invention l'action d'inventer, c'est-a-dire
creer ou decouvrir quelgue chose de
nouveau, el, par extension, le résultat de
cette action. Le dictionnaire ne nous
apprend malheureusement pas pourquoi
telle creation est qualifiee d'invention et
telle autre pas.

Dans le language courant, une invention
est avan! tout une chose rare dont la
nouveauté va de soi. La preuve en est
qu'en demandant autour de soi ce qu'est
une invention on obtient généralement
une reponse telle que: 'imprimerie, la
machine a vapeur, le télephone etc

On utilise en fait le terme 'invention' pour
qualifier des realisations technigues
importantes qui, dans beaucoup de cas,
sont des étapes de |'histoire
technologique. En plus, ces realisations
ne sont pas des objets specifiques issus
d'un concept ‘générique’, mais elles sont
des concepts ‘genérigues’ en soi

Si on compare maintenant ce point de
vue limitatif aux quelgue 500000
demandes de brevets déposées par an
dans le monde entier, on doit admettre
que la definition doit s'étendre au-dela de
celle du type générique sans pour autant
englober toute création ou découverte
C'est pour cette raison que les lois
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-a Dispositif d'orientation de charge utile

mise au point a I'ESTEC par M.D. Bentall

contiennent, au lieu d'une définition
positive, une définition négative de
l'invention. La convention sur le brevet
européen par exemple énumere de fagon
non exhaustive ce qui n'est pas considere
comme une invention. Parmi ces
exclusions figure notamment le cas
épineux des programmes d'ordinateurs.
De plus, afin de limiter I'application des
régles de la propriété industrielle, le
législateur a introduit un certain nombre
de conditions supplémentaires pour
qu'une invention puisse étre protégeée par
brevet: ce sont les conditions de
brevetabilite.

Malheureusement, ni les exclusions, ni les
conditions de brevetabilité ne sont
identiques dans tous les pays: il en resulte
que dans certains pays un brevet est plus
facile & obtenir que dans d'autres. A litre
d'exemple, la loi francaise du 13 juillet
1978 pose trois conditions de brevetabilite
énumérées dans le second alinéa de

,%

.

i

l'article 6: ‘L'invention doit avoir un
caractére industriel, étre nouvelle et
impliquer une activité inventive'.

Que l'invention doive avoir un caractere
industriel et qu'elle doive étre nouvelle
sont des conditions que l'on retrouve en
général dans les textes juridiques de la
plupart des pays industrialisés. Par
contre, I'activité inventive est une
condition qui, bien qu'exigée dans
plusieurs pays, différe considerablement
par son contenu ainsi gue par son
interprétation selon les pays.

Ces exclusions ainsi que les conditions de
brevetabilité ont pour but principal de
rendre la notion d'invention aussi
objective que possible.

Procédure interne a I'Agence

A I'Agence la propriété intellectuelle est
régie par différents articles du Statut du
Personnel. En application de ces articles,

Batiment de I'Office européen des Brevels
— Departement de La Haye

les membres du personnel sont obliges de
déclarer au Directeur général toute
invention réalisée au cours de la période
pendant laquelle ils sont employés a
I'Agence, Ces inventions sont soumises a
un Groupe Brevets constitué de
spécialistes scientifiques et juridiques qui
examinent l'intérét de l'invention pour
I'Agence ainsi que le mérite individuel de
l'inventeur. Cette procédure comporte
deux étapes:

— la déclaration de l'invention

— l'examen par le Groupe Brevets.

La déclaration de |'invention
Régulierement les ingenieurs el
techniciens de I'Agence sont confrontes a
des problémes techniques dont la
solution ne peut étre directement trouvee
dans |'état actuel de la technique. Aprés
discussions, calculs et éventuellement
expériences ou essais en laboratoire, une
solution est trouvee. A ce stade la
guestion se pose de savoir si celte
solution doit étre considérée comme une
invention. Dans l'affirmative, elle doit étre
communiquée au Directeur général.

Cette obligation de déclarer toute
invention a été introduite pour préserver
les intéréts de I'Agence et des Etats
membres en matiéere de propriété
intellectuelle et, par conséquent, d'éviter
que certains résultats techniques tombent
dans le domaine public ou encore soient
brevetés par un membre du personnel
sans accord préalable du Directeur
général ou enfin qu'ils soient breveteés par
des tiers.

23



@ bulletin27

Les solutions ainsi trouvees peuvent étre

classees dans deux catégories:

1. Suite a un probléme pratique posé
lors de I'exécution des programmes
de I'Agence, une solution originale
dont la faisabilite a éte vérifiee ou
n'est pas contestée, est proposée par
un membre du personnel.

2. Un membre du personnel, au cours
de ses activités a I'Agence, élabore
une proposition originale et théorique
qui pourrait avoir un intérét pratique
dans un avenir plus ou moins
proche.

Dans le premier cas il s'agit donc d'une
proposition qui peut immédiatement étre
appliquée. Le fait que cette solution
decoule directement des programmes de
I'Agence ne veut pourtant pas dire que
ses applications appartiennent ou soient
limitées au domaine spatial. Par exemple,
le procéde de soudage aluminium-acier
inoxydable? inventé par un membre du
personnel de 'Agence a été propose pour
resoudre les difficultés rencontrées lors du
raccordement des circuits cryogeniques
aux chambres a vide utilisées pour tester
les satellites. Les applications de ce
procédeé qui resulte directement de
I'exécution des programmes de |'Agence
ne sont naturellement pas seulement
limitées au domaine spatial. Il est évident
que dans la grande majorité, ce type de
solution doit étre considéré comme étant
une invention; c'est pourquoi, il est
vivernent conseillé aux membres du
personnel de présenter un memoire
descriptif au Directeur général,
accompagne le cas échéant d'une
demande de reconnaissance de merite
individuel.

Par contre, dans le second cas, pour
lequel ni l'interét, ni la faisabilité ne sont
demontreés, il est plus difficile de se
prononcer d'une fagon aussi abstraite
que dans le premier cas, en faveur de

l'introduction d'un memoire. Bien que
chacun soit libre de présenter au
Directeur genéral un memoire descriptit
ainsi qu'une demande de reconnaissance
de menite individuel, il est cependant
recommandé de contacter le Service de la
Propriété intellectuelle® qui pourra étudier
cas par cas et conseiller sur l'opportunité
de presenter un memoire.

Une fois la décision prise d'introduire un
mémoire, la seconde question qui se pose
est la suivante: 'Quel doit en étre le
contenu?’. Ceci est en effet trés important
puisque ce document sera a la base de la
deécision du Groupe Brevets. C'est
pourquoi il devrait au moins comprendre
une introduction permettant de situer
l'invention d'un point de vue technique,
une synthése de I'état de la technique et
une description de I'invention. Quant aux
circonstances dans lesquelles l'invention
a eté faite, elles seront relatées dans une
requéte de mérite individuel,

En pratigue, la grande majorite des
inventeurs font appel au Service de la
Propriété intellectuelle pour leur apporter
une aide active dans la rédaction du
memoire et de la requéte. Cette
intervention du Service de la Propriété
intellectuelle des le début de la procédure
a plusieurs avantages. D'abord elle
permet une standardisation des mémoires
presentes, ce qui facilitera d'une part le
travail du Groupe Brevets et d'autre part
la rédaction de la demande de brevet au
cas ou le Groupe Brevets recommande
un dépot. Ensuite, la procédure interne est
ainsi accelérée puisque la pratique a
demontré gu'entre le moment ou un
inventeur decide de presenter son
invention et celui ou le secrétariat du
Groupe Brevets recoit le memoire, Il
s'écoule entre un et trois mois.

Examen par le Groupe Brevets
Le Directeur genéral transmet les

“  Demande de brevet francais 8008752 déposée
le 18 avril 1980, Procédeé pour souder un objet en
aluminium a un objet en acier inoxydable
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* Ce service. raltaché a la Direction de
I'Administration (au Siége), reléve du Conseiller
jundique

documents recgus de l'inventeur au
Service de la Propriété intellectuelle qui
assure le secrétariat du Groupe Brevets.
Des la reception de ces documents, le
secrétariat constitue un dossier complet
qui comprend: les documents regus de
l'inventeur, le résultat d'une recherche
documentaire effectuée principalement
dans la documentation IRS* et un avis
juridique établi par le secrétariat suivi
d'une recommandation. Ce dossier est
ensuite inscrit a l'ordre du jour de la
réeunion du Groupe Brevets et envoyé aux
membres de ce Groupe ainsi qu'a
l'inventeur.

Le Groupe Brevets se réunit environ six
fois par an en réunion ordinaire. En cas
d'extréme urgence des réunions
extraordinaires sont organisées. Apres
présentation de l'invention par son
auteur, une discussion s'engage entre les
membres du Groupe et l'inventeur afin
d'etablir I'utilité et la faisabilité de
l'invention et, le cas echéant, le merite
individuel. Un bref debat entre les
membres du Groupe tend ensuite a
evaluer l'intérét de l'invention pour
I'Agence.

A la lumiére de ces discussions le

Président du Groupe propose:

— soit le dépdt d'une demande de
brevet et, le cas échéant, la
reconnaissance du merite individuel,

— soit la publication de l'invention dans
une revue,

—  soit une recommandation au
Directeur général pour que I'Agence
renonce a ses droits de propriéte
intellectuelle en taveur de l'inventeur.

La décision est ensuite prise & la majorité
simple. Dans le cas ou les membres du
Groupe prennent une décision en faveur
du dépdt d'une demande de brevet, le
secretariat recommande un pays dans

* IRS (Information Retrieval Service ou Service de
Ressaisie de l'information de 'ESA). Les
recherches sont effectuées sur une trentaine de
fichiers comprenant entre autres NASA, NTIS,
CHEMABS. PASCAL
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Exemple de brevet dépose au Japon par
I'Agence concernant I'invention de M.
Péra: ‘Montage anti-ambiguité pour
systeme de transmission binaire a
manipulation de phase’.

lequel ce dépdt devra étre effectué. Le
choix d'un pays n'est pas arbitraire, mais
tient compte des considérations
suivantes:

- l'urgence du dépdt,

- la disponibilité de tous les elements
de l'invention,

- la possibilité d'avoir dans I'année gui
suit le dépét un avis de recherche
documentaire et

- lalangue dans laquelle les
documents sont disponibles.

A l'Agence, les ‘premiers’ depots se font
par ordre décroissant en France, en
Belgique, en Grande Bretagne et au
Luxembourg.

Procédure externe a I'Agence

Par procedure externe a I'Agence, il faut
entendre toutes les demarches qui suivent
la décision du Groupe Brevels de
proceder a un depot de demande de
brevet. Les differentes étapes parcourues
lors d'un depdt de demande de brevet
sont etroitement liées a I'etendue de la
protection conferee par un brevet. En
effet, cette protection est & la fois limitee
dans 'espace, dans le temps et par le
contenu du brevet.

Limite territoriale

La protection accordee au détenteur d'un
brevet national n'a effet que dans le pays
ou il a ete delivre; de méme, le brevet
europeen n'a effel gue dans les pays

designes par le déposant. Un inventeur
doit donc déposer des demandes de
brevet dans chacun des Etats sur le
territoire duquel il désire la protection de
son invention. Le depodt d'une demande
etant onéreux, les industriels du siécle
dernier ont vite compris gu'une entente
entre Etats devait intervenir, soit en faveur
d'un brevet international, soit en faveur
d'une procédure simplifiée facilitant les
differents depots nationaux.

L'idée d'un brevet international — e brevet
europeen elan! considéré comme un
brevet regional — tut assez vite
abandonnée; par contre, la Conférence
Internationale de 1880 aboutissant a la
création de I'Union de Paris ainsi que le

ﬁ
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Traité de coopération en maniéere de
brevets adopté et signé a Washington le
19 juin 1970, ont facilité, dans une
certaine mesure, les différents dépots
nationaux.

En ce qui concerne les dépdts de
demandes de brevet, I'Article 4 de la
Convention de Paris est de loin le plus
important. Aux termes de cet article, celui
qui aura régulierement fait le depot d'une
demande de brevet d'invention dans 'un
des pays de I'Union, jouira, pour effectuer
le dépot dans les autres pays de I'Union,
d'un droit de priorité d'une durée de 12
mois. Autrement dit, aucun document
publié aprés la date de dépot de la
premiére demande ne pourra étre oppose
aux déepots subséquents.

En application de cet article, l'inventeur
peut donc dans l'immédial se contenter
de déposer une seule demande de brevet
dans un premier pays (premier dépot).
Puis, pendant presqu'un an il aura le
temps d'étudier ou de faire étudier la
nouveauté et l'intérét de son invention et,
éventuellement, de rechercher un
acquéreur ou des capitaux pour la mise
en oeuvre de l'invention, avant d'avoir a
décider des dépdts de demandes de
brevet dans d'autres pays.

Le Traité de Washington dit ‘PCT" est un
nouveau pas vers une procedure
internationale unique: cette procédure est
malheureusement d'une grande
complexite. Les différentes étapes peuvent
étre résumées comme suit:

L'inventeur sollicite la protection de son
invention par le dépoét d'une demande
internationale auprés d'un office
récepteur (par exemple, un office national
de propriété industrielle), en designant
dans sa requéte les pays pour lesquels il
réclame une protection. Cette demande
est ensuite examinée par une
administration chargée de la recherche
internationale (par exemple, I'Office
européen des Brevets) qui delivre un
rapport de recherche documentaire. Ce
rapport est publié et envoyé aux offices
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nationaux des pays désignés. Ainsi prend
fin la procédure internationale et la
procédure nationale reprend son cours
normal dans chaque pays désigne
jusqu'a la délivrance d'un brevet national.
La demande internationale a trois
avantages: elle permet d'abord de
prendre date par un depdl unigue,
ensuite d'obtenir, dans des délais
déterminés, un rapport documentaire de
trés bonne qualité et enfin de prolonger la
période de réflexion de 12 mois a 20 mois.

Quant au brevet européen, il a été
instauré par la Convention de Munich,
signée le 5 octobre 1973. Cette
Convention permet par un dépdt et une
procédure uniques de protéger une
invention dans plusieurs pays membres
deésigneés par le déposant. Le brevet, une
fois accordé dans les pays désignés, a les
mémes effets que les brevets nationaux
respectifs.

A I'Agence, dans l'année qui suit le
premier dép6t d'une demande de brevet,
le Groupe Brevets réexamine l'invention
dont le dossier a, entre-temps, eté
complété par un avis documentaire eémis
par I'Office européen des Brevets et,
éventuellement, par d'autres documents
illustrant I'intérét scientifique et
économigue de l'invention.

Limite dans le temps

La durée de vie d'un brevet est différente
selon les pays et se situe genéralement
entre 15 et 20 ans. De plus, dans la
plupart des pays, une taxe annuelle doit
étre acquittée pour le maintenir en
vigueur. Dans ces pays, I'Agence
maintient ses brevets d'office en vigueur
pendant cing ans. Aprés quoi, le Groupe
Brevets, sur recommandation du Service
de la Propriété intellectuelle, decide de
'opportunité de les maintenir en vigueur
pour une nouvelle période déterminee.

Contenu du brevet

L'étendue de la protection conférée par le
brevet est enfin et surtout limitée par son
contenu et, dans les pays qui ont adopte
le systéme & ‘revendications’, par le seul

contenu des revendications. Aujourd'hui
la plupart des législations ont adopté
I'utilisation des revendications qui est
d'ailleurs également recommandée par la
Convention de Strasbourg.

Par exemple, I'Article 28 de la loi francaise
du 13 juillet 1978, stipule que: 'I'étendue de
la protection conférée par le brevet est
déterminée par les revendications. La
description et les dessins servent a
interpréter les revendications. L'objet des
revendications ne peut s'étendre au-dela
du contenu de la description complétee,
le cas échéant, par des dessins'. Il en
découle que les revendications sont la
partie la plus importante du brevet. Dans
la pratique, les revendications comportent
deux parties: un préambule énongant
I'objet de l'invention ainsi que ses
caractéeres connus et une partie
deéfinissant I'essentiel de l'invention. Ces
deux parties sont généralement séparées
par une expression du type ‘caractérisé
enceque....

lllustrons maintenant ce qui précéde par
un exemple. Le 13 juillet 1978,

M. R. Rogard, membre du personnel de
I'Agence, déclare au Directeur général
son invention se rapportant a un systeme
pour élaborer, détecter et interpréter de
facon fiable un signal de détresse
composeé, entre autres, d'informations
telles que l'identité et la position d'un
navire en détresse.

Lors de la réunion du Groupe Brevelts, le 4
décembre 1978, il est apparu que cette
invention pouvait étre nouvelle et avoir un
intérét direct pour I'Agence. C'est
pourquoi le Groupe Brevets s'est
prononce en faveur d'un dép6t de
demande de brevet. Comme nous ne
connaissions aucun document pouvant
nuire a priori & la nouveauté de l'invention
et, qu'en plus, il semblait gue la méthode
et la mise en oeuvre étaient nouvelles,
nous avons decidé de rédiger des
revendications trés generales.

La premiére revendication proposee etait
la suivante: ‘'systéme de



les inventions de I'agence

Formulaire de demande internationale de
brevet déposée par I'Agence au nom de
M.R. Rogard

télecommunicalions de détresse pour
transmettre des signaux de détresse a
partir d'une station mobile vers une DEMANDE INTERNATIONALE PUBLIEE EN VERTU DU TRAITE DE COOPERATION EN MATIERE DE BREVETS (PCT)
station cotiére par l'intermédiaire d'un (1) Clamsificalion Steraationsle don brevets & (11) Namére de poblication lat: WO B0/01631
satellite de communications, caractérisé HO4B 1/034, 7/185 o (B RR R T sl T TR
en ce que la station mobile est organisée
pour transmetire les signaux de detresse
de facon intermittente en une succession
de séquences réguliéerement espacees,

pc'r ORGANISATION MONDIALE DE LA PROPRIETE INTELLECTUELLE
Buresy intermationsl

&

(21) Numéro de la demande internationale: PCT/EPS0/00003
(22) Date de dépbt internationsk: 25 janvier 1980 (25.01.80)

(74) Mandatsires: VANDERPERRE, Robert eic; Bureau
Vander Haeghen, 63, Avenue de ls Toison d'Or, 1060
Bruxeiles (BE).

p (31) Numéro de ls demunde prioritaire: 0/193.301 lﬂ}lﬁ“ DE (brevet cumphu) DK, FR (brevet
chaque sequence etant composée d'une GB (brevet IP,SE (brevet eu-
" . 5 . A (32) Date de priorité: 6 février 1979 (06.02.79) ropéen), US.
phase de detection d'alarme suivie d'une = =
phase de transmission de message’. Cette ! Publiée

Avec rapport de recherche internanonale

revendication était reprise dans la (T1) Dééposant (pour tous les Etats désignés sauf US): ORGA-
NISATION PEENNE DE

. E
demande de brevet déposée le 6 février SPATIALES [JFRE Rus Marks 2k 510, F-7ST38
Paris Cedex 15 (FR).

1979 en Belgigue. Le but recherche en

effectuant un premier dépét en Belgique e ot (US sl ROCKAREE: g
n'était pas en premier lieu d'obtenir le [ty 2 e DA R B 5
brevet, mais plutot de prendre date sans
engager trop de frais. En effet, la
procédure en Belgique est tres courte et
donc peu couteuse; les brevets sont
délivrés apres un simple examen de forme

(54) Title: PROCESS AND DEVICE FOR DETECTING AND INTERPRETING A DISTRESS SIGNAL
(54) Titre: PROCEDE ET DISPOSITIF POUR DETECTER ET INTERPRETER UN SIGNAL DE DETRESSE

sans examen quant au fond. Le brevet (ST) Abstract
belge était délivré le 28 tévrier 1979. Afin ™ ; Iyi i 1—~F 100 3
each ofa interval during which an Vs
de pouvoir se prononcer sur la alarm signal is transmitted and of a message transmission in
; ; during which the distress message itself is i 5 300
nouveauté, une recherche documentaire particularty the identity of the ship in distress, iis position and the ) ) $—e e
. £ X : of distress. During the detection interval, the transmitted si
etait alors demandee a |'Office europeen gnal is comprised of a carmier phase modulated by a sub-carrier, the
des Brevets o oot Dbtk e Canselo BT, e s | MESSAGE
ton Th pesence ofn slam signal during each dtecionimeral
Dans le courant du mois d'avril 1979, mmmﬂmmﬁ.mmmm e ey ot ks g
nous recevions le rapport de recherche il s st i O et s N g S g eslioseng
de | Omcg europeen des Brevets. Ce (ST Abregt
rapport citait deux documents Les ignaux de dérese ) sont ransmis defgon épétte n potes hacunt unineral
- ié i de dé (Td) signal d’alarme et d'un intervalle de ission d m) dant fe-
opposables a la premiére revendicalloh i p et ""'"‘iﬁl:lﬂ' s Sl g
: une lafr de celle-ci dtant iple de la vitesse de de I'infe iy que le messa-
de notre brevel belge. Aprés avoir etudie 0 0 dlrume e i Jopepost A i un T e T e e oo

dant chaque intervalle de dé (Td) estdé Iiil'll in ré d'alarme( 1) surveillant la bande de (réquence de récep-
tion simultanément dans plusieurs canaux de largeurs de bandes étroiles distinctes afin de produire un signal de commande
(300) qui indique la présence d'un signal de détresse (S) dans un canal quelconque. En réponse ace uml:dmnmmawn.lcn-
gnal de regu pendant I'f de de (Tm) subséq est deumuprtdn puis dé-
modulé et interprété de fagon cohé dans un ré de (2) afin de

ces documents il est apparu que d'autres
systemes étaient connus et alors qu'ils ne
mettaient pas en doute la nouveauté de
notre invention, ils correspondaient
quand méme a un systeme tel que celui

décrit dans la premiére revendication de
notre brevet. Il était donc évident que
notre revendication englobait aussi I'etat
de la technique. Pour un éventuel déepot
subsequent, une nouvelle redaction de la
premiere revendication etait donc
necessaire.

Au cours de I'annee de priorité, differents
organismes ont contacte |'Agence pour
avoir des renseignements
complémentaires sur l'invention de

M. R. Rogard. Ces contacts ont montre

avec certitude que cette invention avait de
I'avenir. C'est pourguoi les membres du
Groupe Brevets decidaient de protéger
I''nvention dans un grand nombre de
pays. Le 25 janvier 1980, une demande de
brevet international était deposée en
designant les pays suivants: Etats-Unis,
Japon, Danemark, République fédérale
d'Allemagne, France, Grande Bretagne,
Suede et Norvege.

Avec la publication du rapport de
recherche internationale qui ne citait

aucun nouveau document, se termina la
procedure internationale, et les
procedures nationales reprennent
maintenant leur cours normal. Lors de
ces procedures nationales, la demande
subit un examen approfondi dont le but
principal est d'appréecier la brevetabilite de
l'invention. Bien que les brevels nationaux
ne soient pas encore accordes et délivres,
l'invention de M. Rogard est maintenant
valablement protégée dans tous les pays
désignés. [ 2
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Though much smaller than the three
major ESA establishments of
Headquarters, ESTEC and ESOC, ESRIN
undertakes several specialist tasks of
relevance not only to ESA but also to the
broader aerospace community in
Europe and around the world. The two
main programmes at ESRIN involve
close contact with ‘end-users’ —in one
case information searchers, in the other
users of earth-resources data — leading
to a working environment more akin to
that of a commercial venture than found
elsewhere within ESA.

28

ESRIN — The ESA Establishment in

ltaly

T. Howell, Head of ESRIN, Frascati, Italy

Introduction and history

The original concept of an establishment
in ltaly was born in 1962, two years before
the formal creation of the European
Space Research Organisation (ESRO). Al
that time, however, in conformity with the
more purely scientific goals of ESRO the
on-site activity was that of an institute to
‘undertake laboratory and theoretical
research in the basic physics and
chemistry necessary to the understanding
of past, and the planning of future
experiments in space’. To this end, an
establishment was set up capable of
implementing scaled-down laboratory
experiments in plasma physics, and
thereby simulating phenomena of interest
in space physics and chemistry, such as
the behaviour of waves and radiation in
plasmas, boundary layers, collision-free
shocks, urbulence, acceleration of
charged particles, efc.

This activity continued at ESRIN until the
end of 1971, by which time a decision had
been taken by the ESRO Member States
to reorient the goals of the Organisation
to take account of the growing interest in
the applications of space technology. It
was thereby decided to forgo some of the
more 'purely scientific’ activities that had
hitherto been undertaken within the
Organisation, including the plasma-
physics activities at ESRIN. It was further
agreed, however, that an activity would be
maintained at the ltalian site, and it was
decided to relocate the ESRO Space
Documentation Service — now the ESA
Information Retrieval Service (IRS) — to
Frascati from Paris.

An aerial view of the establishment, some

20 km south of Rome, is shown in

Figure 1, a total of about 100 staff are
currently employed on-site, some 70 ESA
staff and 30 contractual support staff, the
latter group being essentially concerned
with the running and maintenance of the
ESRIN computer system and its software
support.

The two main programme activities, IRS
and the Earthnet Programme Office for
the distribution of earth resources satellite
data, are described in more detail in the
following paragraphs.

Information Retrieval Service

The aim of the Space Documentation
Service —since renamed the Information
Retrieval Service — was to provide on-line
computer-based bibliographic
information to users in the aerospace
field, and it was initially set-up in 1964 to
implement a NASA/ESRO Agreement on
the interchange of aerospace information
This Agreement, which is still in force,
foresees the collection and processing by
ESA of European aerospace
documentation for subsequent inclusion
in the NASA information retrieval services
(which include the STAR and IAA journals,
plus an on-line bibliographic file), and
distribution of this information in Europe,
with direct on-line access to the NASA
database, and the provision of current-
awareness services, microfiche or hard-
copy reproductions, bibliographies, etc.

The Information Retrieval Service (IRS)
has now developed into easily the largest
European on-line information centre, and
ranks number three in the world. It has 30
bibliographic files on line (among them
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Figure 1 — Aerial view of ESRIN

Chemical Abstracts, INSPEC, NTIS,
PASCAL, and NASA), and four databanks
(Electronic Components, Space Qualified
Components, etc.), giving a total of nearly
20 million records.

Through its own data-communication
network (ESANET) and the related nodes
in many Member States, the system is
already accessed by about 2000 users in
Europe and Morocco. Following
ESANET's recent connection to other
commercial data networks, non-
European customers have also been
given access to the system.

The activities carried out under the
umbrella of ESRIN/IRS may be broadly
categorised then as:

— the ESA-QUEST on-line information
service

— the ESANET scientific and technical
information network

— the ESA databanks

— the activities in support of the
NASA/ESA Information Exchange
Agreement

— various ESA development projects.

ESA-QUEST on-line information service
The ESA-QUEST on-line service is a major

provider of information in most fields of
science and technology, in the form of on-
line access to bibliographic references
and factual data, on-line ordering of
original documents, direct provision of
NASA-sponsored literature, etc. The
associated IRS-developed software, called
ESA-QUEST, controls and supports three
processes:

1. Data storage and retrieval; the
information is stored in a classical
‘inverted file' system, containing the
keywords and terms to be used to
retrieve specific items.

2. Command languages; two main
languages are in use, the basic ESA-
QUEST for on-line conversation, and
the QUEST implementation of the
EURONET Common Command
Language. A third instruction set is
provided for on-line data entry.

3. Telecommunications; to support a
number of terminal facilities and
protocols. Teletype-compatlible dial-
up terminals with speeds from 110 to
1200 bit/s and higher speed
2400 bit/s video terminals are
supported, as well as IRS-developed
remote terminal concentrators. There
are connections to a number of
telecommunications networks in

addition to ESA's own ESANET
network; examples are TYMNET,
TRANSPAC and EURONET.

Currently there are 30 files loaded (a list is
given in Table 1), including the NASA file
(IRS is the only source of this file other
than NASA itself), covering the areas of
multidisciplinary science and lechnology,
chemical and biological sciences, earth
sciences, engineering and metallurgy

Central services provided by IRS include
the preparation of restrospective
bibliographies and current-awareness
files, and reproduction of NASA, AIAA and
ESA documents in either microfiche or
hard-copy form.

The information retrieval system is based
on medium-sized computers, the
computer room at ESRIN housing two
central-processor units connected to a
major disk-memory installation, presently
capable of holding 20 Gbit of information
(Fig. 2). The usual mode of operation is to
use one processor to support the on-line
service, and one for off-line batch work,
software development, and preparation
for loading of updated file information.

ESANET scientific and technical
information network

Recognition of the fact that the reliability
of a private network can be no better than
the reliability and quality of the
international lines leased from the
European PTTs prompted IRS to initiate
the development of its own
communications network, ESANET.
Initially implemented with no more in mind
than the support of a few dedicated
leased-line remote terminals at ESA
establishments, it pioneered the support
of up to two dozen sophisticated
terminals now distributed throughout
most ESA Member States. The RTC
(Remote Terminal Concentrator), based
on a PDP-11 minicomputer, was field-
tested during 1975 and as a result of the
grafting of the RTCs onto ESANET to
provide easy access to cheap dial-up
terminals, the mushrooming growth in the
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Figure 2 — The ESRIN computer room

Table 1 — Bibliographic databases currently accessible with ESA-QUEST

Start date of
File title Basic subject matter information
ABl/Inform Management disciplines 1971
Acompline Urban sciences 1973
AGRIS Agricultural sciences 1975
Aluminium Techrical literature on aluminium
Aqualine Water research, pollution 1974
BIOSIS Biological science 1973
BNF Metals Non-ferrous metal technology 1961
CAB Agricultural sciences 1972173
CHEMABS Chemical science 1969
COMPENDEX Engineenng Iiterature 1969
Conference Papers Index Scientific conference digest 1973
EDF-DOC Electrical energy 1972
Energyline Energy 1971
Erviroline Environmental sciences 1971
France-Actualité Summary of French press 1978
FSTA Food science 1969
INIS Nuclear energy 1975
INSPEC Electronics and electrical engineering 1971
INSPEC information Information sciences
IRRD Road research documentation 1972
ISMEC Mechanical engineering 1973
METADEX Metallurgy 1969
NASA Aerospace and related sciences 1962
NTIS Multidisciplinary file for US government reports 1964
OCEANIC Oceanographic sciences 1964
PASCAL Scientific multidisciplinary file 1973
PNI Pharmaceutical information 1974
Pollution Pallution 1970
RAPRA Rubber and plaslics science 1974
WTI Summary of scientific translations 1978

number of IRS customers really began in
1976. The subsequent ability to use
ESANET to distribute search results for
off-line printing at remote stations in Paris,
London and Noordwijk, enabled IRS to
overcome the otherwise insuperable
problem of mail delays. Today's network
is shown in Figure 3.

ESANET, at least within the ESA Member
States, may now be about to be
superseded by new, public developments.
Preparations are being made to phase
out the network in favour of alternatives
which will include EURONET, developed
by the European communities, and other
public-data-network initiatives from the
European PTTs.

ESA databanks

The IRS databank unit is primarily

concerned with the creation of source

files from which to generate on-line
databanks; the unit is thus analogous in
this respect to the database suppliers
from whom IRS receives its various
computer-readable tapes. There are three
operational databanks:

—  Elecomps, containing all technical
characteristics of and manufacturers
or agents for a range of electronic
components

—  Elspecs, containing specifications
and approvals from national
agencies for electronic components

—  Spacecomps, reviewing electronic
components actually used in space
projects, giving reliability reports,
tailure reports and radiation-
sensitivity reports.

A fourth file, Sateldata, containing
information on satellite subsystems, 1s
currently under development

The development of a new source-file
production procedure is now under way
to take full advantage of a new on-line
data entry (ODE) screen-oriented input
system that has been introduced.

This ODE system enables the user to
generate his own database on the IRS
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Figure 3 — The IRS network
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computer, and is designed to meet the
growing needs of on-line information
users for the computerisation of
information services or activities, such as:

— the creation of personal on-line
bibliographic files

— the handling of library inventories

— the handling of mailing/distribution
lists for periodicals, newsletters, etc.

- the management of client accounts

— the handling of accounting files

without having to invest in dedicated
computer hardware, or to await the
development of new software for an
existing in-house computer.

NASA/ESA Information Exchange
Agreement

IRS serves as a European extension of the
NASA Scientific and Technical
Information Facility. It maintains contact
with all bilateral NASA information-
exchange partners in Europe and
arranges information-exchange
agreements between ESA and European
groups working in the aerospace field, to
ensure the acquisition of as much as
possible of the aerospace literature
originating in Europe. ltems published
openly, e.g. in the periodical literature, are
not accepted, while difficult-to-obtain
material such as research reports is
actively sought.

An item selected for the NASA STAR
(Scientific and Technical Aerospace
Report) journal is given an English-
language abstract (the source document
may be in any of eight European
languages, including English), descriptors
from the NASA Thesaurus are assigned, it
is catalogued, and a mother microfiche of
the source document is prepared.
Simultaneously, the details coded into the
input worksheet are keyboarded to
computer-readable, terminal-compatible
form, and the cumulation of data is rolled
out weekly onto a mini tape and
despatched with a back-up copy.

Under the terms of the ESA arrangements
with NASA, on-line access to the NASA file
is granted in return for the submission of
European literature falling within the
scope of the NASA information service.

Development projects

The development of IRS over the past ten
years has called for a great deal of work
on system upgrading. Examples have
been the introduction of the remote-
terminal concentrator; remote off-line
printing stations and the current work to
convert these for disk-to-disk operation;
the new high-speed terminal package; the
Eurab terminal; ODE (on-line data entry),
the LEDA Earthnet imagery databank; the
link to EURONET; the EURONET
Common Command Language,;
distributed databases, etc.

The Eurab terminal is a dual-alphabet
video display unit, which was developed
by IRS and is now being prepared for
production. The terminal can handle any
two alphabets, butin the first instance
was programmed for latin and arabic
characters, hence the name Eurab. A
number of these terminals have been
installed in Morocco, and although they
are only pre-production versions,
originally designed for data retrieval only,
they have been successfully adapted by a
combination of hardware/software
maodifications to serve as efficient data-
entry units. The final version will
incorporate all the sophistications of both
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a data-entry and data-retrieval terminal.
Figure 4 shows a typical display, here
listing some of the terminal's own
applications.

The ten terminals currently in use are fully
occupied in the production of the ‘LEXAR
file’, which represents another first for IRS
in the field of information retrieval. This file
Is the first altemptl to create a machine-
readable arabic dictionary of technical
terminology. It1s planned to link it later to
other existing terminology databanks

Future system upgrading may be

expected to include

Videotex applications

- integral database handling

distributed database handling
simplified retrieval techniques
data-compression techniques

new storage devices

storage and transmission of original
document full texts

quicker updating of databanks.

Figure 4 — The Eurab terminal and its
applications

A NUMBER OF EURAB APPLICATIONS MAY BE
FOUND OF INUALUABLE USE AMONG WHICH:

¥ DATA ENTRY - WITH INTERMIXED ALPHABETS

¥ CREATION OF FILES IN ARABIC

£ TEXT TRANSLITERATION

£ ON-LINE FILE INTERROGATION
INTERACTIVE INFORMATION RETRIEVAL

t BILINGUAL DISPLAYS OF ANY KIND
SUCH AS AIR CARRIER TIMETABLES..etc

THE FOLLOMING PAGES SHON A FEW SELECTED
APPLICATIONS:

ENTER- |}
BLOCK 13

Figure 5 — 3 m Spine antenna on the roof
of the ESRIN computer building
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One experiment of particular interest
currently being undertaken by IRS in
conjunction with various other ESA
establishments is the Space Informatics
Network Experiment (Spine), in which the
Agency's OTS communications satellite i
being used for high-speed dala-
communications experiments via small
satellite ground stations throughout
Europe. The 3 m antenna installation for
Spine on the roof of the ESRIN computer
building is shown in Figure 5. As far as
ESRIN itself is concerned, Spine has
permitted a useful association of the file-
generation and network-distribution
knowledge of the IRS programme with the
earth-resources satlellite data-
dissemination activities of the Earthnet
Project Office. The element of Spine
supported by ESRIN aims to make use of
the satellite link for the exchange of
remote-sensing satellite imagery between
the central Frascati Earthnet facility, the
Earthnet national point of contact at the
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Table 2 — The Earthnet spacecraft

and their data

Spacecralt Lifetime Sensor type Application
Landsat-1 Launched 22.7.72 Multispectral scanner Land
retired 6.1.78 (MSS)
Landsat-2 Launched 22.1.75 Multispectral scanner Land
retired 22.1 80 (MSS)
back in operation
in May 1980
Landsat-3 Launched 5378 Multispectral scanner Land
expected to (MSS)
operate until Return beam widicon
mid 1983 (RBV)
Landsat-D/D’ Launches planned Multispectral scanner Land
for 1982 and (MSS)
following years Thematic mapper
Seasat-1 Launched 26.6.78 Active and passive Sea and coastal
failed 910.78 microwave sensors zones (and
— Altimeter land for
- Scatterometer SAR-type data)
- Synthetic aperture
radar (SAR)
- Scanning muiti-
channel microwave
radiometer (SMMR)
HCMM Launched 264.78 Two-channel scanning Earth surlace
retired 14980 radiomeler (thermal lemperalure
infrared band) measurement
Nimbus-7 Launched 24.10.78 Coastal zone colour Troposphere
expected to scanner (CZCS) and slralos-
operate until Scanning multichannel phere observa-
1983 microwave radiometer tion, ocean
(SMMR) monitoring
Land and sea

temperature profiles, sea
surface winds, snow
cover, soill moisture, etc

Royal Aircraft Establishment at
Farnborough (UK), the Swedish Space
Corporation at Solna (Sweden) and the
Swedish Earthnet station at Kiruna
(northern Sweden).

The distribution of the remote-sensing
data, including both ‘quick-look’ and full-
resolution images, has been integrated
functionally into a comprehensive
database interrogation system, in order to

demonstrate the feasibility of offering

earth-resources data users a complete
on-line service, extending from initial

enquiry to actual delivery of the final

product.

Earthnet
The Earthnet programme was set up to
facilitate the establishment of a well-

structured remote-sensing user

community in Europe and to build up the

necessary remote-sensing expertise within
the Agency, in preparation for the future
European remote-sensing satellite
programme. The decision to locate this
unit at ESRIN was taken in 1978. The
terms of reference of the programme
include the acquisition, archiving,
preprocessing and distribution of satellite
remote-sensing data. The Earthnet
Programme Office is responsible for
programme management, network
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monitoring, user interfacing, data
distribution, and preparations for future
activities.

Present Earthnet activities are centred
around the acquisition and preprocessing
of data from the American Landsat-1, 2
and 3, Nimbus-7 and HCMM (Heat
Capacity Mapping Mission) satellites, the
roles of which are summarised in Table 2.
Future activites will include the handling
of data from the Landsat-D/D’ satellites
and from a number of ad-hoc campaigns,
such as the Convair-580 aircraft SAR
campaign this year, and from the
microwave experiments on the Space
Shuttle and on Spacelab.

Work is currently underway in preparation
for the first European remote-sensing
satellite, and particularly for those aspects
associated with the acquisition,
preprocessing and distribution of the data
from this satellite.

The data collection is to be based on a
network of stations (Fig. 6) which first
became operational in 1978; it currently
includes four receiving stations and two
synthetic-aperture radar (SAR) processing
centres. The stations are located at
Fucino in Italy and Kiruna in Sweden
(Landsat data), Lannion in France
(HCMM and Nimbus-7 data), and
Maspalomas on the Canary Islands
(Nimbus-7 data). The coverages of these
stations are shown in Figure 7 (the
Oakhanger station in the UK has been
used to acquire data from Seasat-1).

The two SAR processing centres are at
Farnborough (RAE) in the UK and at
Oberpfaffenhofen (DFVLR) in Germany.

The remote-sensing data already being
distributed from ESRIN includes
multispectral images in the visible and
infrared, as well as microwave data
obtained from active and passive sensors.
Users can take advantage of different
powers of resolution, ranging from the
10m x 12 m for Seasat SAR to the

40 m = 40 m of Landsat, and the
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Figure 6 — The current Earthnet network
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50 m x 50 m of the multichannel
microwave radiometers of Seasat
and Nimbus-7.

The standard products include digital
data in the form of raw data or system-
corrected information on computer-
compatible tapes, and data in
photographic form — black and white
films and prints, colour composites,
optical enlargements on various scales.

Only the ‘standard products' mentioned
above are distributed directly from the
central facility at ESRIN. The national
points of contact in the Member States
are responsible for the redistribution and
provision of special products, services
such as the interactive use of computer

systems, data analysis and interpretation,

and discipline-oriented applications
packages.

A further service provided by the Earthnet
Programme Office at Frascati is the so-
called ‘browse facility' (Fig. 8), which is
intended to help users to inspect the
archives and formulate their orders.
Complete, up-to-date files of incoming
data are maintained in 'quick-look’ form,
to aid users in assessing specific
coverages, and cloud-free imagery, as
well as the best available recordings. The
facility also includes micro-image
catalogues of Earthnet Landsat
acquisitions, as well as a microfiche
collection, from the US EROS Data Center,
of Landsat recordings made around the
world.

As far as the next few years are

concerned Earthnet's key objectives will

be:

— toincrease the number of remote-
sensing missions handied
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Figure 7 — Coverage zones of the Figure 8a,b — The Earthnet Programme
Earthnet ground stations Office's browse facility
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— to maintain a high quality of
standard product

— tointroduce new products tailored to
users' needs
and to offer a faster data-distribution
system. L&
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The acquisition, preprocessing,
archiving and distribution to users of
CZCS data from the Nimbus-7 spacecraft
is one of the tasks of the Earthnet
Programme Office*. CZCS data are used
by the European scientific community to
demonstrate the usefulness of space-
acquired data for coastal-waters
monitoring.

*See arlicle on page 28 of this issue for further
infarmation
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Nimbus-7 Coastal-Zone Colour
Scanner Data Processing for
Earthnet — Experience to Date

L. Fusco, Earthnet Programme Office, Frascati, Italy

The Nimbus-7 spacecraft system
Nimbus-7 was launched in October 1978
to conduct a variety of experiments in
oceanography. meteorology and
pollution control. Integrated subsystems
on the spacecraft provide the power,
attitude control and information flow to
support the scientific experiment payload,
which makes use of the following
instruments:

CZCS coastal-zone colour scanner
ERB earth radiation budget

LIMS limb infrared monitor for the
stratosphere

SAM-Il  stratospheric aerosol
measurement (Il)

SAMS stratospheric and mesospheric
sounder

SBUV  solar and backscatter ultraviolet
spectrometer

TOMS total ozone mapping
spectrometer

SMMR scanning multichannel
microwave radiometer

THIR temperature humidity infrared

radiometer.

The Nimbus-7 communication and data-
handling system includes three different
routings for the sensed data:
— aversatile information processor
(4 kbit/s)
— adigital information processor
(25 kbit/s)
— the CZCS information processor
(80O Kkbit/s)

The 800 kbit/s CZCS data processor
multiplexes the data acquired from the six
CZCS radiometric channels, removes
non-sensible data and adds calibration
and synchronisation data.

Figure 1 shows the Nimbus-7 spacecraft
in orbital configuration, with its solar
panels unfolded. The spacecraft's
performance is summarised in Table 1

CZCS instrument and its objectives

The coastal-zone colour scanner is the
only space instrument to date to be
devoted solely to ocean and coastal-zone
water monitoring. Each instrument
parameter has therefore been optimised
for use over water, to the exclusion of any
other land and meteorological sensing
Since waler is a poor reflecting surface,
high signal-to-noise ratios are used in the
spectral channels sensing reflected solar
radiance. Consequently, some of the
channels saturate when the fields of view
encompass land areas and clouds.

The CZCS experiment is designed to
measure water colour and temperature. It
is well known that water colour is affected
by many organic and inorganic coloured
scatterers and absorbers. Chlorophyll, for
example, absorbs strongly in the blue and
normally changes the water colour to
green. Inorganic elements usually have
different colours from organic materials,
typically in the red/brown part of the
spectrum

The major objectives for the CZCS can be

summarised as:

— oplimum qualification and
quantification of suspended
materials. By providing the first
opportunity to carry out rapid
measurements over large water
areas, the CZCS will
increase our scientific knowledge of
water phenomena. Analysis of the
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Figure 1 — The Nimbus-7 spacecraft

" data collected over the existing fish-
producing areas will be used to
BOCAHARTAF investigate other potentially
S-BAND ANTENNA + prcn_dgplive areas.
DIGITAL SOLAR ROLL — definition of the requirements for
T e s n. }‘H‘ future ocean-monitoring instruments.
SUBSYSTEM The CZCS experiment will help to
AN define the requirements for future
o T operational oceanographic satellites.
") B s | such as Europe’s ERS-1
s : Oceanographic institutions are
PITCH T o already experimenting with real-time
e = 4 0% acquisition and production of sea-
. oF P parameter maps for the planning of
their future activities.

STRATOSPHERIC AND The performance of the CZCS instrument
b —_— is summarised in Table 2. Considerable
TEMPERATURE HUMIDITY = flexibility has been built into the

INFRARED RADIOMETER =L $8 4 SENSOR SUPPORT STRUCTURE | instrument: individual gains can be set for
S-BAND ANTENNA S STRATOSPHERIC AEROSOL channels 1—4 to allow the best possible
£ e gy P dynamic range over water targets, and
TOTAL OZONE MAPPING EARTH RADIATION BUDGET the scan mirror can be tilted to avoid sun
SPECTHOMETER I glint. To improve the instrument's
LIMB INFRARED MONITOR @|ﬁ B COASTAL ZONE COLOUR SCANNER | response still further, thresholding of the
OF THE STRATOSPHERE o AXIS top 30% of the signal is possible for
SOLAR AND BACKSCATTER channels 1—4.
ULTRAVIOLET SPECTROMETER
All channels were calibrated prior to
launch. Channels 1—5 can be calibrated
Table 1 — Nimbus-7 performance Table 2a — CZCS performance
parameters parameters
Angular resolution 0865 m rad {.0496)
Orbual altitude 955 km
Interchannel registration at nadir 015 mrad
Orbutal iInchination age
Resolution 0825 km = 0825 km al nadir
Orbital penod 104 min, passing equator at (sea level)
1200 h mean solar time
Scan angle 1374 rad (7B 68°)
Westward displacement of consecutive
subsatellite tracks at the equator 26.04°~ 2890 km Swath width 1566 km
Number of orbits per day 14 Consecutive swath overlap 0.209 km {25%)
Weslward displacement ol subsatellite tracks Information bandwidth 8OO kHz (for 6 channels)
on consecutive days at the equalor 4.56°~ 506 km
Scan mirror —tilt around pitch + 20° with steps of 2°
Repeal cycle B3 orbils ~6d
Telescope Cassegrain
Westward displacement of subsatellite tracks
of the repeat cycle at the equator 1.3° ~ 144 km Data count resolution B bits (for all channels)
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Figure 2 — The EURASEP test sites

Table 2b — CZCS performance

parameters
Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6
Scientific observation chlorophyll chlorophyll yellow chiorophyll surlace surface
substances vegetation temperature
Spectral bandwidth (jrm) 04330453 0510—0530 0.540—0.560 06600680 0.700—0.800 105-125
Saturation radiance for gain 0 (mW/cm?Sr.um) 11.46 7.64 6.21 288 239
Saturation radiance for gain 3 541 350 286 134 239
Channel 6 noise equivalent temperature difference 022Kat270 K
Channel 6 usable range 270—320 K
in-flight using a light source and channel 20
6 with a blackbody source at monitored
temperature.
=
The CZCS data can be recorded on
board and played back later to a NASA
acquisition station, or transmitted to
ground in real time at 800 kbit/s. %
CZCS user community
As part of the Nimbus-7 programme and
NASA's centralised processing
organisation, a group of expert users has
been set up to support development of
algorithms toraid the operational 50
acquisition planning, and to demonstrate IRLY 681
the usefulness of the data products. The
tasks of this CZCS Nimbus Experiment T -
Team (CZCS-NET) include development
trade-offs, sensor calibration, sensor- B1 North Sea (Belgian)
performance verification, definition of D1 North Sea (German)
e 5 D2 Baltic Sea (German)
priorities in data acquisition, data formats, DK1  Kattegat (Danish)
testing of algorithms for the extraction of F1 Atlantic (French) Fle
: . F2 Mediterranean  (French)
ggoDhysma{ parameters by comparison S 5o (Bt
with truth measurements, etc. GB2 . Bristol Channet  (British)
GB3 Tay Estuary (British)
3 1 IRL1 Allantic {Irish)
The Egropean contribution to CZCS-NET B LigunanSea (talan)
is provided by EURASEP (European 2 ‘Rome’ {italian)
Association of Scientists for Experiments :": ?ﬂamﬁ'se ::‘ﬂ:'a":
" o : natc Sea talian
onl Pollution), a project organised by th_e NL1 : NorthSea (Dutch)
Joint Research Centre of the Commission 1 Bolnian Bay  (Swedish)
of the European Communities, with the s2 Baltic Sea (Swedish)
y f estabiishi hinii { 53 . Kattegat {Swedish)
aim of establishing a technique for sS4 Greal Lakes  (Swedish)
monitoring the quality of the coastal
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waters of the Commission’'s member

countries.

European offshore waters vary
significantly in terms of climate, tidal
actions, upwelling, latitudes, bathymetry,
types and quantities of suspended and
dissolved matter and coastal
characteristics. Nineteen test sites have
been selected to represent as many of
these different characteristics as possible
(Fig. 2 & Table 3).

processing stations

Earthnet CZCS data-acquisition and

One of the tasks of ESA's Earthnet

Programme Office (EPO) is the reception,
preprocessing, archiving and distribution
to users of CZCS data. It therefore runs
two acquisition stations, one al
Maspalomas in the Canary Islands and
one at Lannion in Brittany, at which data
are also archived and processed up to
the generation of ‘quick-look’ and system-

correction products. CZCS data can also

Table 3 — EURASEP national project

objectives

Country

Research objectives

Test
sile no.

Belgium

France

Germany

United Kingdom

ltaly

Netherlands

Ireland

Sweden

Denmark

Primary preduction, eutrophication and industrial waste
dumping in the English Channel
Modelling of the North Sea

Sediment transport, dynamics of estuanes and tidal zones

Pollution of telluric origin, diffusion phenomena
Pollution by hydrocarbons
Speciral signatures and atmospheric effects

Geodynamics of coastal regions

Chemical and thermal pollution

Sediment transport by tides, chlorophyll, distribution
Ice registration and sea state

Atmosphenc turbidity

Suspended-sediment concentration and temperature
Chemical constitution
Salinity Currents

Sediment transport

Poliution of coastal zones

Turbidity and fresh/salt-water interface
Dynamics of estuary zones

Currents

Chlorophyll concentration

Chemical wastes

Coastal-water temperatures

Primary production
Salinity distnbution
Sediment distribution
Dumping of wastes
Temperature distribution

Salinity distribution
Currents Yellow substances

Chlorophyll concentration
Domestic pollution

Various

B1

F1.F2

D, D2

GB1,2.3

11,234

NL1

IRL1

§1,234

DK1

Figure 3 — Coverage zones of the
Maspalomas and Lannion Earthnet
stations

be processed at the EPO central facility in
Frascati for quality-assurance purposes.
Figure 3 shows the coverage of the data
archived by the two stations.

The Maspalomas station, opened in
September 1980, has an S-band 10 m
antenna and associated receiving chain.
The CZCS data (800 kbit/s) and the data
from the other sensors (25 kbit/s) are bit
and format synchronised and fed into a
PDP-11/34 minicomputer, for
preformatting and subsequent recording
on computer-compatible tapes (CCTs).

The Lannion CZCS station, opened in
April 1979 (from orbit 2200), uses two
antennas and acquisition chains up lo
the analogue recording of the CZCS
signal.

CZCS data processing

The Earthnet data-processing package is
based on a NASA package run at
Goddard Space Flight Center (Fig. 4).

Raw data products

The CZCS data recorded on high-density
tapes (HDTs) at Lannion or on CCTs

at Maspalomas are processed to

LANMIGs NINBUS T COVERALE TOME
MIMBUST COVERAGE TOME
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Figure 4 — CZCS-processing flowchart Figure5 — A CZCS 'quick look' image
for the Lannion Earthnet station produced at the Maspalomas Earthnet
station

/AL. ACQUISITION

FROM
NASA
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TIME —m{PREPROCESSING __ ENTER

I STARTISTOP
INSERTION TII‘E /

CRT DERIVEL
| PRODUCTION PRODUCTS

! \ TO ARCHIVE!

USER DISTRIB /

Q/L _ACATALOGUE CRT

GENERATION ENTRY FILM GENER

TO ARCHIVE/USER DISTRIBUTION/CATALOGUE ENTRY

TRLI

1 TO ARCHIVE!

/Vvuszn DISTRIBUTION

1 FILM GENER

897< CH 1 £254 CH 5 £166 211 CH 6 £254

Bar<
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I
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generate CCTs with re-synchronised lines
(TRLIs). These TRLI tapes carry the raw
input for further processing and represent
the prime archiving for CZCS data.

A quick-look capability is provided at TRLI
generation for channels 1, 5 and 6 (Fig. 4).
Data are stretched and time-tagged every
30 s, with indications of acquisition start/
end times, ascending-node times, dales
and orbit numbers.

An example of a CZCS quick-look is
shown in Figure 5.

System-corrected products

The steps involved in generating standard
system-corrected radiance and
temperature products are as follows:

1. The TRLI raw data are read to select
the 2 min (970 scan lines) of interest. The
appropriate data are then copied from
tape to disk in a prescribed format.
Relevant image-location information
provided by NASA on the ILT-tape is
copied onto disk. Operator inputs are
requested to specify orbit number and
start/end time of data to be processed.

2. The raw-image, housekeeping and
image-location data are processed to
generate the CRT tape. The
housekeeping data are first screened to
extract calibration parameters in the
visible and infrared channels, gain setting,
tilt angle, reference lamp flag; spacecratft
and sun-ephemeris attitude parameters
are then processed to locate in a given
earth coordinate system for each scan
line (77 reference pixel positions).
Misalignments of mirror rotation with
respect to the optical (roll and lilt) axes
are taken into account

3. The CRT tape is formatted. Image data
are not corrected, but all necessary
correction parameters are provided on
tape.

4. The CRT tape is processed lo generale
the CRT film product. The CRT
documentation records are read in and

Figure 6 — Typical CRT film product
delivered by the Lannion Earthnet station

NIMBUS T  CZCS
ORBIT 3541 TJLLTS 104243 TO 104442 GHT GAIN i—4=1 THRESHOLD OFF TILT ANGLE 200
GRID CENTER DATA! 104343 GHT 42.9TN B.24E SINEL 67 AZ 150 ROLL ©+1 PITCH —0+1 YAH 040
. 1 Y

s .

>
. b
LT T
1€

i

o

. ~
B 0T 1= B¢

i z 3 . 5 4 T 0 5
GRAY SCALE INDEX (GSI) CALIBRATION FORMULA® N = B + ImGSI

ALGORITHMST @1 01 1 @1 @1 @2 ez o2 @2 o2 VB Tie FTezes@ 20 )

the data are processed to generate film
annotation information. CRT image data
are enhanced and an intermediate CCT -
called CRT film tape —is generated. The
enhancement transformation uses the
estimated radiance at the centre of the
scene due to the Rayleigh scattering for
channels 1—4. The same correclion is
applied to the whole image to improve the
results over water.

generate user printouts carrying the
relevant CRT information.

Geophysical data products

The first objective in deriving geophysical
water parameters is to compute radiances
at sea level, for which the contribution of
the various absorption and scattering
sources must be computed. The NASA
algorithm (from H. Gordon, University of
Miami) uses the radiance in the 0.750 mm
band to screen out clouds, land and
regions of high sediment and/or
chlorophyll, and the radiance in the 0.670
mm band to estimate the effect of sun
glint and aerosol scattering on the
upwelled radiance observed at the
spacecrafl. The upwelled radiance in the
0.443, 0.520 and 0.550 mm bands is then
corrected at each pixel to derive the
subsurface radiances.

The CRT film tape is used as the data
source for the film writer device. The
Lannion station uses a VISIR laser film
recorder, while Maspalomas uses an
Optronic system. To achieve an image
aspect ratio of 1:1, certain lines must be
duplicated (19%) and certain pixels
repeated (25%). A typical CRT film
product is shown in Figure 6.

5. Finally, the CRT tape is processed to
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Alternative methods for atmospheric
correction have been proposed by

B. Sturm (EURASEP) and other scientists,
because some of the hypotheses inherent
in the NASA algorithm do not apply to all
types of European waters. A large effort is
In progress within the scientific
community, lead by the Nimbus
Experiment Team, to finalise the proposed
algorithms for Earthnet,

-

The geophysical data made available to

users on the calibrated radiances,

chlorophyll sediment temperature

(CRCST) tape include:
aerosol radiances, computed at 0.670
mm

— subsurface radiances, computed at
0.443, 0.520 and 0.550 mm

- pigment concentrations and diffuse
attenuations computed as functions
of the 0.442, 0.520 and 0.550 mm
subsurface radiances.

These geophysical parameters are also
made available by NASA on film (Fig. 7
shows an early example), and the
Earthnet Programme Office will be
providing European users with the same
type of product in the coming months

Nimbus-7 CZCS Data Catalogue

All CZCS-acquired and processed data
are made available to the Earthnet user
community. The Earthnet centralised
catalogue system contains the
information needed to retrieve and select
CZCS image data and products. Entries in
the Catalogue are set up at the
acquisition and processing station, using
tracking information (i.e. geographic
parameters), CZCS image and
housekeeping data (i.e. data quality), and
operator inputs (.. visual guality). The
CZCS Catalogue is organised so that
users may access Il either as a
geographical database or by specifying
an orbit and time of acquisition.

The CZCS Catalogue is currently
available at the Earthnet Programme
Office in Frascali and it is planned to
make it more widely accessible via ESA's
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Figure 7 — Preliminary examples of NASA-
processed geophysical products
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Information Retrieval Service (IRS)
network.

Summary of CZCS operations

l'he operational CZCS data-processing

and user-product services are based on

the following scheme
The CZCS dala-acquisition stations
(Lannion and Maspalomas) are
responsible for acquisition, data
formatting (TRLI), data archiving,
quick-look generation, and system-
corrected products. Derived products
will be available from the central
facility (EPO, Frascati).
Quick-looks are distributed weekly to
major users and to EPQO.
The Earthnet Catalogue is kept up to
date at EPO

—  The Earthnet User Services Branch

]

408E SINEL 49 AZ 161 ROLL @+4 PITCH -0+@ YAH 0.1

services all user needs in the areas of
data selection/ordering/distribution
Data quality control is performed at
two different levels:

(1) during product generation at the
archiving station. The operators
manually check the printouts
produced during processing against
reference values. Special visual
Inspections are made of the film
products

(2) at EPO, on selected products.
The CZCS product-generation
package is also installed on the EPO
computer, so that specific problems
highlighted during operational
processing at the two stations can be
studied centrally C
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oTS

OTS entre dans sa quatriéme année
d'exploitation en orbite et tous les sous-
systémes de bord continuent de
fonctionner de maniére excellente. Les
Etats membres ont donné leur accord de
principe pour que la mission se poursuive
pendant encore deux ans el les
dispositions financiéres nécessaires sont
en cours de mise au point.

A I'exceplion d'une panne accidentelle
de I'amplificateur a tube a ondes
progressives (ATOP) qui a entrainé
I'utilisation d'une Unité redondante, tous
les équipements embarqués continuent
de fonctionner de facon satisfaisante. Les
termpératures a bord du satellite ont
tendance a s'égaliser, ce qui indique une
vilesse de dégradation reduite des
surfaces de protection thermique. La
quantite d'ergol indiquée est supérieure a
33 kg, de sorte qu'avec une
consommation d'environ 10 kg par an, il
serait possible d'assurer le maintien a
poste pendant une cinguiéme année en
orbite. La puissance de sortie du réseau
solaire reste bien au-dessus de la valeur
minimale prévue. Le fonctionnement des
batteries d'accumulateurs au cours de la
periode en éclipse qui vient de s'achever
recemment dénote des performance
irréprochables.

Les équipements des expériences Stella et
Spine continuent de fonctionner de facon
satisfaisante et ils permettent d’ acquérir,
dans le domaine de I'exploitation des
réseaux de transmission de données, une
experience qui pourra utilement étre
appliquee aux systémes futurs.

Les essais de {ransmission de données
numeriques a grande vitesse se déroulent
régulierement a partir des grandes
stations terriennes d'Eutelsat en utilisant
le module A du satellite. On utilise de plus
en plus le module B pour un certain
nombre d'expériences orientées vers les
applications, car le nombre des
expérimentateurs de la propagation
continue a diminuer comme prévu,

Les transmissions de télévision francaise
a deslination de la Tunisie continuent a
fonctionner avec succes sur une base
réguliere et on a également procédeé a
des demonstrations de divers types,
notamment une demonstration de
teleconférence qui a eu lieu en mars, a
Génes (ltalie), lors de la 'Conférence
Internationale sur les Télé-

a4

communications numériques par
satellite’.

Une conférence a eu lieu & Londres, en
avril, sous les auspices de I''Institution of
Electrical Engineers'’; elle était entiérement
consacrée aux résultats des mesures et
des expériences d'OTS. L'assistance y a
éte nombreuse et les documents
présentés, parmi lesquels plusieurs
contributions de I'ESA, ont fait apparaitre
I'importance du programme expérimental
exécute par la communauté des
utilisateurs a I'aide d'OTS.

Exosat

Satellite

Le modele technologique du satellite est
parvenu au terme du programme des
essais obligatoires apres quoi plusieurs
equipements ont du étre démontés pour
faciliter les travaux d'intégration
préliminaires du modeéle de vol. Ces
equipements ont été depuis reintégres et
la mise en service des logiciels est
terminée. Des essais de compatibilité RF
avec I'équipement de télémesure de la
station sol doivent avoir lieu en juillet.

La seconde et derniere partie de la Revue
critique de Développement (DRR-B),
tenue en mars, a permis de définir des
mesures destinées a faciliter Ia liquidation
des travaux au cours des prochains mois.

Le modele mécanique a été utilisé a
I'ESTEC pour vérifier les paramétres de
performances critiques de I'interface
satellite/ lanceur qui jouent un réle crucial
au moment de la séparation. D'aulres
essais sont en préparation pour confirmer
d'importants impératifs concernant
I'acces au satellite lors de son installation
sous la coiffe du lanceur.

Les travaux d'intégration du modéle de
vol ont été interrompus chez MBB et la
structure a éte renvoyée chez MSDS pour
des modifications a apporter au circuit de
propane de |'equipement de commande
par réaction (AOCS). Les travaux ont
maintenant repris chez MBB et
I'integration de I'alimentation électrique,
du cablage et de I'équipement de
{raitement des données est terminée. Les
problémes identifiés au niveau des sous-
systémes du satellite concernent
I'électronique de I'AOCS (défaillance de
composants), le réseau solaire (échec des
essais) et des équipements de traitement
de données (modification conceptuelle).

Charge utile

Le nouveau fournisseur des feuilles en
béryllium est maintenant en mesure de
fabriquer, avec une reproductibilité
raisonnable, des feuilles de 62 pm
d'épaisseur pour les fenétres d'admission
des rayons X des détecteurs ‘moyenne
energie’. On a en oulre fait appel a une
nouvelle methode consistant a fixer la
feuille sur une plus grande partie de la
surface du collimateur de facon a limiter
rigoureusement le mouvement de la
fenétre.

Trois détecteurs dotés de feuilles de

37 um ont été livrés et étalonnés dans les
installations de Leicester. Quatre autres
détecteurs se trouvent a des stades divers
du montage et des essais chez les
contractants (LND), la réalisation d'un
cinquieme sera entreprise sous peu, apres
livraison des feuilles. Huit détecteurs sont
necessaires pour le vol,

Les deux télescopes imageurs destinés au
modele de vol ont été livrés, I'un pour
intégration au satellite, I'autre pour des
essais d'élalonnage a I'installation de
Munich (MPI). Les activités d'étalonnage,
qui se sont déroulées depuis le mois de
mars jusqu'a ce jour, ont fait apparaitre
un certain nombre de problémes au
niveau ‘systéme'; des solutions
adequates ont déja été trouvéees pour la
plupart d'entre eux. Le principal sujet de
preoccupation est lie au flux du compteur
proportionnel a gaz pour les
coordonnées d'impact, qui se révéle étre
plus important que prévu aux basses
energies. Cet effet n'avait
malheureusement pas été détecté sur les
modeles scientifiques ou technologiques
disponibles au MSSL et des études sur de
nouveaux detecteurs ont été entreprises
d'urgence chez le sous-traitant (Sira).

Le compteur proportionnel a scintillation
dans le gaz (GSPC) sera livré
prochainement; il fera I'objet d'un
étalonnage complet et sera changé par la
suite.

L'avis d'offre de participation au
programme d'observation d'Exosat vient
d'étre lancé.

Lanceur

Les essais de validation de la
configuration des injecteurs pour le
lanceur LO3 ont été conduits a bon terme
el les préparatifs en vue d'un lancement
de ce véhicule au mois de juin se
déroulent conformément au calendrier.
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oTsS

OTS is now entering its fourth year of
orbital operation with the status of all on-
board subsystems continuing to be
excellent. Member States have agreed in
principle to continuation of the mission for
a further two years and funding
arrangements are being made to enable
this.

With the exception of a random TWTA
failure, which has necessitated the use of
a redundant unit, all on-board equipment
continues to operate well. Spacecraft
temperatures are tending to level off,
indicating a reduced rate of degradation
of thermal surfaces. The indicated
propellant level is above 33 kg which, with
a usage rate of approximately 10 kg/year,
could allow on-station operation well into
a fifth year in orbit. The array power
output continues to remain well above the
minimum predicted value. Battery
operations during the recently completed
eclipse period indicated flawless
performance.

The Stella and Spine experiments
continue to operate satisfactorily and
both are providing experience in the
operation of data-transmission networks
which can usefully be applied to future
systems.

High-speed digital tests are taking place
on a regular basis from the large Eutelsat
earth stations through module A of the
satellite. Increasing use is being made of
module B for a number of applications-
oriented experiments, as the number of
propagation experiments continues its
planned decline.

French television transmissions to Tunisia
continue to function successfully on a
regular basis and a variety of other
demonstrations have also been given
including a teleconference demonstration
at the International Conference on Digital
Satellite Communications in Genoa, Italy
in March.

In April, a conference held under the
auspices of the Institution of Electrical
Engineers in London was entirely devoied
to the results of OTS measurements and
experiments. The conference was well
attended and the papers presented,
including a number of ESA contributions,
reflected the significant extent of the
experimental programme carried out by
the user community using OTS.

Exosat

Satellite

The engineering model has completed its
mandatory test programme, after which
several units had to be removed to assist
preliminary flight-model integration work.
These units have now been reintegrated
and software commissioning completed.
RF compatibility testing with the ground-
station ranging equipment is due to take
place in July,

The second and final part of the
Development Results Review (DRR-B) was
conducted in March and a number of
remedial actions were defined to facilitate
proper close-out during the forthcoming
months.

The mechanical model has been used at
ESTEC to verify critical performance
parameters for the satellite-to-launcher
interface, which plays a vital role during
the separation phase. Further tests are
being prepared to check important
requirements for access to the satellite
during its installation under the launcher's
fairing.

The flight-model spacecraft integration
work was interrupted at MBB during the
reporting period and the structure
returned to MSDS for rectification work on
the AOCS propane subsystem. Integration
work has now restarted at MBB and the
power-supply, harness and data-handling
equipment have been integrated
successfully. There are still a number of
problems relating to spacecraft
subsystems, including the AOCS
electronics (component failure), the solar
panels (test failure) and the data-
handling units (design change).

Payload

The new producer of beryllium foil is now
able to manufacture 62 um sheets for the
X-ray entrance windows of the medium-
energy detectors with reasonable
repeatability. A method of attaching the
foil to a greater area of the collimator has
also been introduced to strictly limit
window movement.

Three detectors with 37 um foils have

been delivered and calibrated at the
Leicester facility. Four others are in

various stages of assembly and test at the
contractor (LND) and a fifth will be started
shortly.Eight detectors are required for flight.

The two flight-model imaging telescopes

have been delivered, one for spacecraft
integration and one for calibration at the
Munich (MPI) facility. The calibration
activity, lasting from the beginning of
March until now, has uncovered a
number of system-level problems, but
adequate solutions to the majority of them
have already been identified. The greatest
cause of concern is the higher than
expected flux of the position-sensitive gas
proportional counter at lower energies.
This effect was not apparent on the
scientific or engineering models available
to MSSL and urgent investigations are
presently proceeding at the subcontractor
(Sira) on additional detectors.

The flight-model GSPC will be delivered
shortly, will undergo full calibration, and
will be integrated at a later date.

The announcement of opportunity for
participation in the Exosat observation
programme has just been issued.

Launcher

In view of the successful validation tests
for the LO3 injector configuration and the
fact that preparations for a June launch
of LO3 are reported to be on schedule, the
launch slot for Exosat in the middie of
1982 now agreed with the Launcher
Authority appears realistic and all efforts
are being made to meet this date.

While there is still a need to check the
compatibility of vital interfaces between
launcher and satellite, it has been
agreed that verification tests should
proceed on the appropriate levels and to
cancel the requirement for the full-scale
compatibility test previously envisaged.

Ground segment

Pre-integration at ESOC of the principal
ground-station equipment was nearing
completion at the end of May.
Preparations for the start of the
compatibility tests with this equipment at
ESOC have advanced well and MBB have
initiated the changes to the CTU
(compatibility test unit) needed to make
the unit more representative of the flight
model,

The software has now reached an
advanced stage of development and
some subsystem tests have started. The
MSSS computers have been reconfigured
to meet the Exosal requirements.
Preparation of the necessary operating
procedures has progressed well, and the
first draft of the Flight Operations Plan is
now due to be issued at the end of May.
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C'est pourquoi le créneau de lancement
actuellement arréte pour Exosat avec les
responsables du lancement - vers le
milieu de 1982 — semble realiste et

tout est acluellement mis en oceuvre pour
faire en sorte que cette date soit
respectee.

Bien que la nécessité d'un contrdle de
compatibilite des interfaces capitales
lfanceur/satellite ait eté maintenue, il a eté
decidé que les intéresses procéderaient
aux essais de vérification au niveau
approprie et qu'on renoncerait &
I'impératif d'un essai de compatibilité
grandeur réelle précédemment envisage.

Secteur sol

Fin mai, la preintégration a I'ESOC

des principaux équipements de
station-sol etait presque terminee. Les
préparatifs en vue de la mise en route des
essais de compatibilite avec ces
equipements a I'ESOC ont bien progressé
et MBB a entrepris les modifications qui
doivent étre apportees a I'equipement
d'essai de compatibilité pour le rendre
plus représentatif du modéle de vol.

La mise au point du logiciel est parvenue
a un stade avance el quelques essais au
niveau sous-systéme ont commenceé. La
configuration des moyens calcul du
MSSS a été modifiée pour répondre aux
imperatifs d'Exosat. La préparation des
procedures d'exploitation a bien
progresse el la premiere version du Plan
des operations de vol devail paraitre a la
fin du mois de mai

Télescope spatial

Réseau solaire

L'intégration du mécanisme secondaire
du modeéle de développement s’est
achevée. Les opérations de déploiement
et de rétraction sur tables hydrauliques
ont eté couronnees de succes. Les essais
de systeme ont commence. Les essais
acoustiques et les essais de bilan
thermique ont éte effectués avec succeés
et les essais en vibrations se poursuivent.
Les essais au vide thermique sont prévus
pour la fin de I'éte.

Cependant, un échec a été enregistré au
cours des essais de cyclage thermique
accélére d'un échantillon de la
couverture teste en vue de sa qualification
el qui a subi 30000 cycles de — 100°C &

+ 100°C simulant ses cing ans de
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fonctionnement sur orbite terrestre basse.
Des recherches approfondies sont en
Ccours pour determiner la nature exacte et
les conséquence de cet échec.

La NASA continue a étudier les différents
modes de deploiement en orbite, de
maintenance et de récupération a utiliser
lors des missions du Télescope spatial, de
sorte qu'une incertitude persiste au sujet
de la conception thermique.

Chambre de prise de vues pour astres
faibles

L'examen critique de la conception est
terminé et a donneé des resultats
satisfaisants. L'integration de I'ensemble
electronique est presque achevee et les
essais complets de compatibilité
electromagnetique auront lieu en juin. Un
autre fournisseur de dispositifs de
memoire CMOS 4 K pour le stockage des
donnees scientifiques a été identifié et des
pastilles ont éte achetées en quantite
suffisante pour le systéme de stockage
des données scientifiques en vol.

Le matériel du modéle de vol de la
chambre de prise de vues pour astres
faibles est en cours de livraison et les
essais des exemplaires de vol vont
commencer.

Ensemble détecteur de photons

La panne de la partie ‘intensificateur' du
modele technologique survenue aprés
plusieurs centaines d'heures de bon
fonctionnement parait avoir été
provoqueée par une decharge corona a
haute tension. Cette panne et d'autres

Mécanisme secondaire du réseau solaire du
Telescope spatial en cours de préparation aux
essais dans I'installation d'équilibrage thermique de
I'ESTEC

Space Telescope solar-array secondary deployment
mechanism being prepared for testing in the ESTEC
heat-balance facility

problemes similaires affectant la partie
‘chambre photographigue’ et les
connecteurs a haute tension ont conduit
a adopter des approches différentes en
ce qui concerne la conception et les
essais. Ces difficultés ont entraing
d'importants retards de calendrier, mais
la conceplion retenue pour le prototype
de vol de I'ensemble détecteur de
photons et les remaniements apporteés au
programme de chambre de prise de vues
pour astres faibles permettent cependant
de respecter la date a laquelle cette
chambre doit étre livree a la NASA,
c'est-a-dire avril 1982.

Les essais du systéme electronique de
I'ensemble detecteur de photons, qui
utilise un tube analyseur opérant dans les
conditions ambiantes, se deroulent de
facon satisfaisante.

Activités de la NASA

La date de lancement du Télescope
spatial a élé reportée jusqu’au débul de
1985. La NASA a signé avec les
‘Universilés associées pour la Recherche
en astronomie' un contrat relatif a
I'établissement et au fonctionnement de
I'Institut scientifique du Télescope spatial
a I'Université John Hopkins de Baltimore.
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Space Telescope

Solar array

Integration of the development model
secondary deployment mechanism has
been completed and deployment and

retraction tests conducted on water tables

have been successful. System testing has
started. Acoustic testing and thermal-
balance testing have been successiully
conducted and vibration testing is in
progress. Thermal-vacuum lesls are
scheduled for the end of the summer

A failure in a gualification blanket sample
has occurred during accelerated thermal-
cycling tests (from — 100°C to +100°C
over 30 000 cycles) to simulate the five
years of operation in a near-earth orbit
Detailed investigations are in progress to
assess the precise nature and
consequences of this failure

The various Space Telescope mission
modes for in-orbit deployment,
maintenance and retneval are still under
study by NASA, which implies that an
uncertainty still remains with regard to the
thermal design

Faint-Object Camera

The Critical Design Review has been
completed satisfactorily. Integration of the
electronics-bay assembly is nearly
complete and overall EMC testing will be
carried out in June. An alternative source
of high-quality 4 K CMOS memory devices
for the scientific data store has been
found and sufficient chips for the flight
scientific data store have been procured.

Hardware for the flight-model Faint-
Object Camera is being delivered and
flight-unit testing is now starting.

Photon Detector Assembly

The failure in the engineering-model
intensifier section which occurred after
several hundred hours of successful
operation, appears to have been induced
by high-voltage coronal discharge. This,
together with similar problems in the
camera section and high-voltage
connectors, has led to different design
and test approaches. These difficulties
have led to substantial schedule delays,
but the introduction of a protoflight model
philosophy for the Photon Detector
Assembly and re-arrangements in the
overall Faint Object Camera programme
still allow the NASA need date for delivery
of the camera of April 1982 to be met.

The testing of the electronic system of the
Photon Detector Assembly using a
camera operating under ambient
conditions Is proceeding salisfactorily

NASA activities

The launch date for the Space Telescope
has been shifted to early 1985. NASA has
signed a contract with the Associated
Universities for Research in Astronomy for
the development and operation of the
Space Telescope Science Institute at the
Johns Hopkins University in Baltimore

Space Telescope engineenng-model filter-wheel
mechanism under test at Dornier, Friedrichshaten

Meécanisme du porte-filtres du Télescope spatial au
cours des essais chez Dornver a Friedrichshalen

Sled

The Sled development programme was
completed on schedule and within the
original cost estimates at the end of
March 1981. The Acceptance Review
Board recommended the Sled's
acceptance by SPICE, subject to the
salisfactory outcome of a number of
actions, most of which have since been
completed.

Some last spare parts and a special hois!
rig for installing the Sled inside Spacelab
are still in manufacture, and delivery of the
final items is expected to take place this
summer. The Sled training model, the
flight model and their spares and support
equipment have been put into storage at
ESTEC until needed by SPICE for the
Spacelab D-1 mission.

Sled lacility with test subject seated at right angles to
the direction of travel

Essais du Traineau spatial avec sujet assis a angle
droit par rapport a la direction du mouvement
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Traineau spatial

Le programme de developpement du
Traineau spatial s'est acheve dans les
délais prévus et dans les limites des
estimations de codt initial, a la fin de mars
1981. La Commission compeélente en a
recommandeé la recette par le SPICE sous
réserve de I'issue salisfaisante de
plusieurs activités, dont la plupart ont eté
terminees entre lemps.

Il reste en fabrication quelques piéces de
rechange et un systéme de levage special
pour installation du Traineau dans le
Spacelab; la livraison du dernier element
est prévue pour I'été. Le modele de
formation, le modéle de vol et leurs
rechanges ainsi que I'équipement de
soutien ont été stockes a I'ESTEC en
attendant que le SPICE en ail besoin pour
la mission D-1 du Spacelab.

La phase d'essai du systéme a I'ESTEC
n'a rencontré aucun obstacle et s'est
déroulée exactement selon le calendrier
fixé en aodt 1980. Le Traineau a répondu
a toutes les exigences des utilisateurs, a
fonctionné correctement avec I'ensemble
complexe de maleriels des expériences
européennes el s'est avere sans aucun
danger pour les sujets humains soumis
aux essais. Les utilisateurs scientifiques
ont estime que les performances du
Traineau spatial sont supéerieures a celles
de tous les lraineaux bases au sol qu'ils
connaissent.

L'équipe de développement a éte affectee
a d'autres taches et fournira un soutien
au SPICE pour les travaux d'intégration
futurs des expériences du Traineau avec
le reste de l'installation en vue de la
mission D-1 du Spacelab.

ISPM

La NASA ayant annoncé son intention
d'annuler le satellite américain, une
intense activité s'est deployée, sur le
double plan diplomatique et administratif,
pour rétablir la mission a deux vehicules
spatiaux. Il est actuellerent trop tot pour
dire si ces démarches seront couronnees
de succés mais la tendance est plutét a
I'optimisme.

Une nouvelle complication est apparue
aux Etats-Unis touchant a la methode de
lancerment des vehicules spatiaux ISPM.
Début 1981, la NASA avait annonce son
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intention de passer, pour la mise en orbite
interplanétaire, de I'étage superieur
inertiel (IUS) a un etage supérieur
Centaur modifié. Ce plan semble s’étre
heurté a des difficultés d'ordre leégislatif et
on examine actuellement un certain
nombre de possibilités de lancements a la
fois combinés (en tandem) et séparés
pour les deux véhicules spatiaux. On
espére que ce probléme, comme celui du
nombre des véhicules spatiaux, sera réglé
dans le courant de I'éte.

En dépit des incertitudes qui régnent
outre-Atlantique sur le projet, les travaux
sur le véhicule spatial de I'ESA se
poursuivent a peu prés dans les délais,
mais des retards dans la livraison de
certains composants de haute fiabilite
résistant aux radiations obligent a
rechercher des solutions de
remplacement. Le modeéle structurel du
veéhicule spatial a été livré au contractant
principal et un essai de charge statique
est en cours. Il démontrera la solidité de la
structure du satellite, élément de sécurité
essentiel pour permeltre un lancement
par la Navette. L'équipement électrique
de soutien au sol a également été livré et,
apres quelques problémes, I'équipement
mécanique de soutien au sol est lui aussi
presque acheve.

Courant mai, une réunion du Groupe de
travail scientifique, réeunissant les
chercheurs principaux pour toutes les
experiences prevues sur les deux

Préparation du sujet aux essais sur Traineau spatial
al'ESTEC

Test subject being prepared for a Sled test run at
ESTEC

satellites, a eu lieu & Heidelberg, en
Allemagne.

Un certain nombre de questions
scientifiques ont été examinées outre les
problemes concernant la conception de
la mission et les interfaces des veéhicules
spatiaux. Des résolutions ont également
été prises au cours de cette reunion pour
recommander vivement le maintien de la
mission a deux satellites et pour
demander & la NASA de reconsidérer sa
décision d’annuler I'expérience de prise
d'images du solell qui etait prevue sur son
satellite.

ECS

Les activités d'assemblage. d'intégration
et d'essais (AlIT) du premier modele de vol
d'ECS ont commencé comme prévu dans
les nouvelles installations de Matra a
Toulouse. Les modifications et
renforcements qui avaient deja ete
apportés a la structure de Marecs I'ont
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The Sled system-test phase at ESTEC ran
smoothly and in accordance with the
schedule dates established in August
1980. The Sled satisfied all user
requirements, performed well with the
complex European set of experiment
hardware, and was proved to be
absolutely safe. The user scientists
consider the unit's performance to be
superior to that of any ground-based
human accelerator known to them.

The Sled development team, now
reassigned to other tasks, will support
SPICE in its future work of integrating the
Sled experiments with the facility for the
Spacelab D-1 mission,

ISPM

Following the announcement by NASA of
their intention to cancel the American
spacecraft, there have been considerable
efforts, both diplomatic and
administrative, with the intention of
ensuring restoration of the two-spacecraft
mission. It is still too early to say whether
these will be successiul, but there are
signs for optimism.

A further problem has arisen within the
USA concerning the method of launching
the ISPM spacecraft. Early in 1981 NASA
announced its intention to change from
the Inertial Upper Stage (IUS) for
interplanetary injection to a modified
Centaur Upper Stage. This plan appears
to have run into legislative difficulties and
a number of launch options are now
being considered for combined (tandem)
and separate (split) launches for the two
spacecraft.

It is hoped that both of these issues will be
resolved during the summer months.

Despite the various uncertainties
concerning the project on the other side
of the Atlantic, work on the ESA
spacecraft is continuing approximately on
schedule, although late delivery of some
radiation-hard high-reliability components
is leading to a need for some work-
around solutions. The structural model of
the spacecraft has now been delivered to
the prime contractor and a static load test
is currently being performed to prove the
strength of the spacecraft structure. This
is an essential ingredient of the safety
submissions required to permit launch on

the Shuttle. The electrical ground support
equipment has also been delivered and,
following some problems, the mechanical
ground support equipment is also
nearing completion.

During May, a meeting of the Science
Working Team, made up of the principal
investigators of all experiments on both
spacecraft, took place at Heidelberg in
Germany.

A number of scientific issues were
discussed, as well as the mission design
and spacecraft interfaces. The meeting
also passed resolutions strongly urging
the retention of the two-spacecraft
mission and asking NASA to reconsider
its announced cancellation of the solar-
imaging experiment on the NASA
spacecraft.

ECS

ECS first flight unit assembly, integration
and test (AlT) has started as foreseen at
Matra's new facilities in Toulouse. The
structural modifications and
reinforcements already incorporated in
the Marecs structure have also been
introduced on ECS. So far the AIT
activities have progressed according to
schedule, with a minimum of problems

As a result of recent requests from Intelsat
and considering the likely calendar of
Ariane launches in 1982, the launch of the
first ECS flight unit will probably take
place later than the previously planned
date of April 1982. An obvious advantage
of this delay is that the criticality of the
MAGE-2 ABM planning is significantly
reduced. On the other hand, the costs
associated with this elongated planning
could be significant. The impact on the
launch date of ECS-2 has still to be
evaluated, but stringent efforts will be
made to minimise it

ECS payload integration at AEG-Telefunken

Intégration de la charge utile d'ECS chez AEG-
Teletunken
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également été a celle d'ECS. Ces activités
AlT se sont jusqu'ici deroulées
conformément au calendrier et n'ont
pose gue peu de problemes.

A la suite des récentes demandes
d'Intelsat et compte tenu du calendrier
probable des lancements d'Ariane en
1982, le lancement du premier modele de
vol d'ECS interviendra vraisemblablement
plus tard qu'avril 1982 comme on le
prévoyait initialement. Ce retard aura un
avantage certain: le calendrier du moteur
d'apogee MAGE-2 qui était critique sera
considérablement assoupli. Par contre,
cette prolongation des délais pourrait
entrainer des colts importants. Enfin,
l'incidence de ce retard sur la date de
lancement d'ECS-2 doit encore élre
évaluée mais tous les efforts seront faits
pour la réduire au minimum.

Marecs

L'intégration du vehicule spatial
Marecs-A s'est effectuee avec succes et
I'on a fixé la performance de reférence. Le
satellite doit maintenant subir des essals
d'ambiance, en commencant par les
essais de bruit acoustique chez IABG a
Munich.

Les problémes qui se sont posés dans les
domaines mécanique el électrique n'ont
pas permis d'achever le programme
d'essais de I'antenne en bande L.

Le modele de vol de cette antenne sera
donc intégré plus tard sur le vehicule
spatial Marecs-A Le programme d'essais
d'ambiance a été réorganisé pour tenir
compte de ce retard, tout en preservant la
validité technique de ces essais.

L'intégration de Marecs-B a commence
parallélement et les activites d'intégration
et d'essais doivent en principe suivre une
progression voisine, pour aboutir a un
lancement quatre mois et demi apres
celui de Marecs-A.

A la suite de fa signature du contrat de
location avec Inmarsat, I'ESA a passe un
contrat avec KDD (Japon) pour la

Météosal-2 au cours de son intégration pour fe
lancement & bord du 3éme vol d'essal d'Ariane

Meteosat-2 being integrated for launch on the third
Anane test flight
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construction et le fonctionnement d'une
station TTC a Ibaraki, Celte station
assurera ['exploitation du satellite Marecs
qui sera mis sur orbite au-dessus de
I'Océan Pacifique.

L-Sat

L 'étape actuelle de définition du systéme,
intitulée phase B2 principale du projet
L-Sat, a commenceé en décembre 1980, a
I'issue de la phase B2 préliminaire au
cours de laquelle ont éteé menees a bien
les principales analyses de compromis au
niveau systéme et la sélection
concurrentielle des contractants charges
des sous-systémes de la plate-forme.

La phase actuelle a pour principaux
objectifs la définition du satellite jusqu’au
niveau des équipements et I'achevement
des appels d'offres qui aboutiront au
choix des fournisseurs des équipements.
Au niveau systéme, un certain nombre de
questions viennent d'étre réexaminees,
parmi lesquelles la conception du systeme
et les plans de développement, les bilans

F

techniques et enfin la mise au point
definitive des spécifications, Au niveau
sous-systemes, la définition concepluelle
a élé poursuivie en soutien de I'activité au
niveau équipements, de sorte que I'on
dispose pour les sous-systémes d'un jeu
complet de spécifications qui ont atteint
un niveau proche de celui qui sera exigé
pour la phase CID.

L 'activité dominante dans I'industrie au
cours des deux derniers mois a porteé sur
la préparation des spécifications
techniques et sur des éludes de
compétitivité des équipements de sorte
que tout soit prét a temps pour le dernier
examen d'ensemble de la proposition de
phase C/D (phase principale de
développement) prevu pour fin mai.

Les débats qui se sont déroulés au debut
de cette année entre I'Exéculif el les Etats
membres participant au programme ont
fait apparatitre la nécessite d'une phase
relais de trois mois, entre la fin de la
phase B2 — prevue pour debul juin — et
le début de la phase C/D. Celle phase
relais permettra de proceder aux
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Marecs

The Marecs-A spacecraft has been
successfully integrated and the
performance baseline established. It is
now due to start environmental testing,
beginning with acoustic noise tests in
IABG, Munich.

Mechanical and electrical difficulties have
so far prevented the completion of the
L-band antenna test programme. The
flight antenna will therefore be integrated
with the Marecs-A spacecraft at a later
stage. The environmental test programme
has been rearranged to take account of
this late delivery, while maintaining the
technical validity of the testing.

The Marecs-B integration has started in
parallel and is due to follow a similar
course of integration and test activities,
with the launch four and a half months
after Marecs-A.

Following signature of the lease contract
with Inmarsat, ESA has placed a contract
with KDD (Japan) for the construction

and running of a TTC station in Ibaraki.
This will operate the Marecs satellite
placed in orbit above the Pacific Ocean.

L-Sat

The current system definition stage,
termed ‘Main Phase-B2’ of the L-Sat
project, was initiated in December 1980,
following completion of the Preliminary
Phase-B2 during which key system-level
trade-offs and competitive selection of
platform subsystem contractors were
completed.

The main objectives of the current phase
are satellite definition down to equipment
level and completion of tender actions for
the choice of equipment suppliers. A
number of system-level subjects have
recently received further attention, among
them the system design and development
plans, system-level technical budgets and
the finalisation of system-level
specifications. A subsystem-level design
definition has been pursued in support of

the equipment-level activity, the result of
which is a complete set of subsystem
specifications of a near-Phase-C/D
standard.

The dominating industrial activity in the
last two months has been the preparation
of technical specifications and equipment
competlitiveness studies, aimed at
consolidation in time for final compilation
of the Phase-C/D (Main Development
Phase) proposal at the end of May

Discussions earlier this year between the
Agency and the Member States
participating in the L-Sat programme
identified the need for a three-month
bridging phase, running from the end of
Phase-B2, scheduled for early June, and
the beginning of Phase-C/D. This phase
will provide time for negotiation of the C/D
proposal, including various preparations
for the starting of that phase. Additionally,
a certain number of schedule-critical
activities will be continuing right through
to the start of Phase-C/D. Proposals for
the bridging phase are currently being
evaluated by the ESA project team.

Phase-C/D is now scheduled to
commence in September, subject to the
envisaged proposal/negotiation activity
progressing such that the necessary
decisions can be laken by thal time.

Meteosat

Space segment

Meteosat-1 continues to carry out the
data-collection mission; its further
exploitation will depend on the success of
Meteosat-2.

Meteosat-2 has arrived at the Guiana
Space Centre. After having successfully
completed the final tests, the satellite was
handed over to the launch authorities for
mounting on the Ariane LO3 launcher.
Meteosat-2 is scheduled to be launched,
together with the Indian Apple satellite, on
19 June 1981 (see page 75 for latest
news).

Meteosat-2, Apple and the technology capsule
(CAT) being integrated for launch on Anane LO3

Les satellites Météosat-2 et Apple et la 'capsule

Ariane technologique’ (CAT) au cours de leur
intégration pour le lancement & bord d' Ariane LO3

51



@ buletin 27

negociations de la proposition couvrant
la phase C/D ainsi qu'a divers préparatifs
pour le demarrage de celte phase. Par
ailleurs, un certain nombre d'activités
critiques sur le plan du calendrier se
poursuivront jusqu'au démarrage de la
phase C/D. Les propositions couvrant
cette phase relais sont en cours
d'évaluation par I'équipe projet de I'ESA.

Le démarrage de la phase C/D est
actuellement fixé a septembre, sous
réserve que les négociations de la
proposition se déroulent de facon que les
décisions necessaires puissent étre prises
d'ici la.

Météosat

Secteur spatial

Meteosal-1 continue a assurer la mission
de collecte des données. L 'extension de
son exploitation dependra du succes de
Meteosat-2.

Meétéosat-2 se trouve au Centre Spatial
Guyanais. Le satellite, aprés avoir subi
avec succes les derniers essais, a été
remis aux responsables lanceur pour étre
installé sur Ariane (L0O3). Météosat-2 doit
eélre lance avec le salellite indien Apple le
19 juin 1981 (pour plus amples
informations, voir page 75).

Segment sol

Les travaux de remplacement du systeme
de calcul a Darmstadt sont en cours mais
ceci n'a pas d'impact sur la date de
lancement. Le Comité de Politique
industnelle de | Agence a accepte
I'installation de materiels fournis par
Siemens (RFA)

Programme operationnel

Les lravaux de définition d un cadre
institutionnel pour le systeme Meteosat
operationnel continuent au sein du
Groupe de travail mis en place fin janvier
1981. Diverses solutions sont en cours
d'examen mais aucune n'a encore eté
retenue. En paralléle des travaux sont en
cours afin de delinir une version de
référence pour le systéme.

Le veéhicule spatial Sino-2

The Sirio-2 spacecralt
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Sirio-2

Les essais des sous-systemes de soutien
(alimentation électrique, commande
d'orientation et correction d'orbite, TT&C)
du modele de vol du satellite se sont
terminés avec de bons résultats.
L'integration et I'essai des charges uliles
MDD et Lasso commenceront en juillet
1981 apres I'exécution de mesures
correctives destinées a eliminer de petits
problemes d'instabilité qui affectent le
convertisseur et des tendances a
I'apparition d’effets corona dans le circuit
d'alimentation électrique. L'actuel
calendrier de lancement Ariane prévoit le
lancement combiné de Sirio-2 et de
Marecs-B au printemps 1982.

Les préparatifs de la phase d'exploitation
de Sirio-2 se poursuivent de fagon
satisfaisante depuis que le Conseil a pris
la deécision d'assurer le financement
necessaire a l'execution des missions de
demonstration MDD et Lasso, pour
lesquelles il est prevu une periode de deux
ans en orbite. La selection de sites
africains pour y implanter les trois stations
sol prototypes MDD progresse en étroite

liaison avec I'Organisation
meétéorologique mondiale. La tache assez
complexe que represente |'échange de
messages enlre les participants a
I'expeérience Lasso (il s'agit
principalement de stations laser, de
Bureaux de I'Heure, d'universites et du
Centre de coordination Lasso) est en
train de trouver une solution gréce a
I'utilisation, pour la premiére fois a cette
fin, du Systéme de Ressaisie de
I'Information (IRS) de I'ESA, installé a
Frascati.

L'intégration et les essais du Centre de
controle des opérations de Fucino et de la
station sol qui lui est associeée auront lieu
apres un examen final de la conception
qui se tiendra en juin 1981.

Télédétection

Au moment ou nous rédigeons le présent
article, la campagne SAR 580 est sur le
point de commencer. Cette campagne fait
Suite a une série d'activités avant
lancement qui etaient destinees a verifier




programmes & operations

Ground segment

Work on the replacement of the
Darmstadt computer system is under way,
but this will not affect the launch date.
The Agency's Industrial Policy Committee
has agreed to the installation of
equipment supplied by Siemens
(Germany).

Operational programme

The Working Group set up at the end of
January 1981 is continuing its efforts to
define an institutional framework for the
operational Meteosat system. Various
solutions are being considered, but no
decision has as yet been taken. At the
same time, work is also under way to
define a baseline for the system.

Sirio-2

Tests have been successfully completed
on the supporting subsystems (power
supply, attitude/orbit control, TT&C) of the
satellite flight model. Integration and test
of the MDD and Lasso payloads will start
in July 1981, following remedial actions to
resolve minor problems with converter
instability and power-supply coronal
tendencies. The present Ariane launch
schedule foresees launch of Sirio-2 with
Marecs-B in spring 1982,

Preparations for the Sirio-2 exploitation
phase are continuing satisfactorily,
following the Council decision to provide
adequate funding for the two-year in-orbit
MDD and Lasso demonstration missions.
The selection of African sites for the three
MDD prototype ground stations is in
progress, in close collaboration with the
World Meteorological Organisation. The
somewhat complex message-exchange
task between Lasso participants (mainly
laser stations, time institutes, universities
and the Lasso Coordination Centre) is
being resolved through innovative use of
ESA's Information Retrieval Service (IRS)
based in Frascati (Italy).

The operations control centre at Fucino
and its associated ground station will be
integrated and tested following a final
design review in June 1981.

Spacelab checkoul computer at ERNO, Bremen

Installation de calcul pour les opérations de
vénfication du Spacelab chez ERNO & Bréme

Remote Sensing

At the time of writing, the SAR 580
campaign is about to commence,
following completion of a series of pre-
campaign activities to check out the
experimental equipment. During these
aclivities, a notable ‘first' was achieved,
with the first-ever SAR imaging in the
C-band.

The Remote Sensing Programme Board's
approval of the nominal payload for
ERS-1 (ESA Remote-sensing Satellite), as
reported in the last Bulletin, has permitted
the Agency to issue an invitation to
European scientists to participate in the
programme as members of instrument
and data teams, and to propose small
scientific experiment packages to take
advantage of possible spare capacity on
the satellite.

The principal programme activities during
this period have been devoted to the
preparation of the Call for Tender and
finalisation of the Programme Proposal,
which will be presented to the Programme
Board on 23 June.

FSLP

The first launch date for Spacelab (SL-1)
has again been pul into question, with
reports being received recently that NASA
is considering shifting the date from
May/June 1983 to September of the same
year, for budgetary reasons.

In addition the US Department of Defense
has apparently requested modifications to
the TDRSS satellites, which might delay
readiness of the complete data-relay

systemn until the first quarter of 1984. If only
one of the three TDRSS satellites is
available for SL-1, the real-time data and
command capability would be reduced to
approximately one-half of that originally
planned, and the mission profile would
have to be considerably redesigned.
Possible effects on the payload are under
evaluation, but it appears that some
experiments would be severely affected.
Discussions between ESA and NASA are
continuing on this subject.

Progress with European payload
integration at Bremen is good. A total of
14 experiments had been delivered by the
end of May, and a further three are
expected in June.

The pallet bridge assembly has been
completed and six experiments have been
installed and checked-out. Work on the
single racks has now commenced. The
first encounter between hardware and
operating software has produced very
encouraging results.

The Phase-2 Safety Review at NASA/JSC
in April resulted in the rejection of the
experiment 1ES332 'Organic Crystal
Growth' (Technical University of
Denmark), as the use of acetonitrile was
regarded by NASA as posing an
unacceptable risk to the Orbiter crew.
Replacement of this substance by a
nontoxic one is expected to enable the
experiment to be retained on board.

Ariane

For latest news, see page 75. [ g
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les équipements d'expérimentation. Ces
activités ont ete marquees par une
remarquable ‘premiére’, en I'espéce la
premiére prise d'image SAR jamais
effectuée en bande C.

Le Conseil directeur du programme de
[éledétection ayant approuvé la charge
utile nominale d'ERS-1, comme nous le
signalions dans le dernier Bulletin,
I'Agence a pu lancer aux scientifiques
européens une invitation a participer a ce
programme en qualité de membres des
équipes ‘Instruments’ et ‘Données’ et a
proposer de petits ensembles
d'expérimentation scientifique pour
mettre a profit la capacité qui serait
éventuellement disponible a bord du
satellite.

Au cours de la période considéréee les
aclivités en matiére de programme ont ete
principalement axees sur la preparation
de I'appel d'offres et sur la mise au point
définitive de la proposition de programme
qui sera présentee au Conseil directeur
du programme le 23 juin.

FSLP

La date de lancement de SL-1 a de
nouveau été mise en cause. Selon des
informations recues récemment, la NASA
envisage de la reporter de mailjuin 1983 &
septembre 1983, essentiellement pour des
raisons budgetaires.

En outre, il apparait que le Ministére de la
Défense des Etats-Unis a demandeé
d'apporter aux satellites TDRSS des
modifications susceptibles de retarder
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jusqu'au premier trimestre de 1984 la
certification de I'aptitude opérationnelle
du systéme complet de relais de donnees.
Si un seul des trois satellites TDRSS est
disponible pour SL-1, la capacité de
transmission de données en temps reel et
de télécommandes sera réduite a environ
50% de ce qui était prévu au départ et le
profil de la mission devra étre
considérablement remanié. Les
répercussions éventuelles sur la charge
utile sont en cours d'évaluation, mais il
semble que certaines experiences
risquent d'étre gravement affectees. Les
discussions sur ce point se poursuivent
entre I'ESA et la NASA

L'intégration de la charge utile
europeéenne progresse de facon
satisfaisante a Bréme. Au total, 14
expériences avaient éte livrees fin mai et
trois autres sont attendues en juin.

La construction du pont du porte-
instruments a eté achevee et six
experiences onl été mises en place el
vérifiées. Les travaux & effectuer sur les
bétis simples ont commenceé. La premiére
confrontation entre materiels et logiciels
d'exploitation a donné des resultats tres
encourageants.

L'examen de sécurité de phase 2 qui s'esl

déroulé en avril au JSC de la NASA a
abouti au rejet de I'expénience 1ES332
'Croissance des cristaux organigues’
(Université technique du Danemark), la
NASA considérant que ['utilisation
d'acétonitrile faisait courir a I'équipage
de I'Orbiteur un risque inacceptable. On
escompte que le remplacement de cette
substance par une autre non toxique
permettra de maintenir I'expérience.

Intégration du premier modéle de vol du Spacelab
avec son porte-instruments chez ERNO a Breme

First Spacelab flight model plus paliet during
integration at ERNO, Bremen

Ariane

Pour plus amples informations,
voir page 75. T




phasing of technological developments

—

Technology provides the basis upon
which space projects are built. New
space projects in the scientific and the
applications fields normally require new
technologies and generally push the
technological state of the art in various
ways. If a project is initiated without first
assuring that the technologies needed
are in fact available, or are state of the
art, then performance compromises or
schedule and cost overruns are the
natural consequence.

The recent reorientation of the Agency's
technology efforts (see ESA Bulletin

No. 24) serves to increase visibility into
the availability/timing of the
technologies required for future space
projects. It attempts to identify more
clearly when new technologies can be
expected to be available and to assess
at distinct points in the technological
development cycle what risks are
associated with their application. This
article attempts to quantify these risks
and discusses the relationships between
technology and spacecraft project
developments.

The Phasing of Technological

Developments

H. Stoewer, Head of System Engineering Department,
ESA Technical Directorate, ESTEC, Noordwijk, Netherlands

The technology development cycle
Technological developments normally
progress through various steps from the
initiation of first exploratory studies, which
initially define broad requirements, and
terminate when the flight-qualified
product is integrated and tested in a
satellite project. The origin of such a cycle
lies in a need identified for an anticipated
future mission or in the advent of a new
technology that promises advantages
over other alternatives for future space
projects (NASA refers to these forces as
‘mission pull’ and 'technology push’).

ESA has defined five distinct steps within
this cycle (Fig. 1). Particularly in cases
where terrestrial technologies are adapted
tor space applications, the cycle may not
be followed completely, and steps might
be left out or combined.

Step 1: Definition of objectives and
requirements

In this step, an exploratory study responds
to a need for a new technology that has
arisen through the identification of a new
mission opportunity, or arises with the
emergence of a new technology which
may create future mission possibilities.
The study attempts to define the
requirement in broad terms and to identify
alternative technical solutions that could
meet the need. Cost, schedule and other
resource considerations then lead to an
initial development plan for one or more
of the alternatives identified.

Step 2: Initial design(s) and critical-items
development

In this step, initial designs are established
for one or more of the alternatives

identified, and the critical items are
developed (mostly at assembly or
subassembly level). As a result of this step,
the feasibility of one of the alternatives
may be preliminarily established, which
may lead to the elimination of some of the
alternatives and possibly already to a
focusing on the most promising
approach. The initial development plan
can be adjusted in this step and the
projections of cost and schedule
resources updated. A first iteration of the
requirements can be completed with a
view to providing feedback on the
updated performance projections to the
mission analyses conducted at system-
study level.

Step 3: Development, test and
evaluation of a breadboard model

In this step, the individual activities at
subassembly, assembly or even
equipment level are combined into a first
working system in the form of a
(technology) breadboard model. The
objective of this step is to test the
interaction between the various
technology elements that have to operate
together. The result is a first
demonstration of the feasibility of the
technology with a level of confidence
comparable to that normally achieved at
the end of a Phase-A system feasibility
study. Such a breadboard (or
structural/mechanical model in
nonelectronic technology) will lead to a
first approximate verification that the
performance will come up to the mark
and will normally provide clear answers
as to which of the alternative technology
paths should be followed, since this is
also normally the last phase during which
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Figure 1 — Typical steps in space-
technology development
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alternative technologies are pursued in
parallel. This step also leads to a
development plan which, for the
subsequent development phase and
qualification of the technology, already
predicts the quantifiable risks and the
remaining efforts needed for the
application of this particular technology in
a satellite project. This step concludes
what is generally considered to be the
technological pre-development phase.

Step 4: Development, test and
evaluation of an engineering model

In this step, the flight-worthiness of the
technology is demonstrated based on a
(technology) engineering model!
incorporating anticipated project-specific
requirements, to the extent that they are
known. The technology is verified to the
point that fairly accurate performance
predictions and a good estimate of the
additional effort needed for flight
qualification can be made. This allows an
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industrial contractor to incorporate the
technology in a future project with
sufficient confidence to make a sound
proposal for the main development phase
(Phase C/D). This step normally
terminates what is considered to be the
technological development phase, and
from here on the process of incorporating
the technology into the subsystems and
subassemblies of an approved, ongoing
project begins.

Step 5: Development and qualification of
flight hardware

This step, which leads to ‘qualification of
the technology' by virtue of its inclusion in
flight hardware, is normally performed as
part of a spacecraft project-development
phase. This qualification process is
project-specific, in that it is conducted to
test levels and standards based on the
particular environment and constraints of
the project, its launch system and its
mission.

Looking again at Figure 1, which
summarises the above development-cycle
steps, ESA's Basic Technological
Research Programme normally covers
Steps 1 to 3, ESA’'s Support or Preparatory
Technology Programme ' focuses on the
next and most costly step, Step 4; i.e. once
a specific requirement for the next project
has been established, the technology I1s
further developed with an increasingly
strong orientation (also from an industrial
policy point of view) towards that
particular project.

Qualification is approached as a
spacecraft-specific task, funded as part of
the project development.

1 At present the Support or Preparatory Technology
Programme is comprised of the ASTP (Advanced
Systems Technology Programme; lelecom) and
RSPP (Remote Sensing Preparatory Programme)
elements
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Figure 2 — Average costs (relative) for Figure 3 — Average ltimes (relative) for
technology development technology development

Cost, schedule and performance risks of
technological developments

Figure 2 shows average relative costs for
each of the five steps in the technology
development cycle. Clearly, each
subsequent step becomes more
expensive in that it calls for a greater effort
to achieve it. Qualification costs within a
project are the most difficult to estimate
on a general basis and vary with the
model and test philosophy adopted by the
project and the closeness to 'real life’ of
the foregoing technology-development
efforts,
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There is a significant cost increment
between Steps 3 and 4, due to the more
stringent hardware quality, standards and
documentation required, and the
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Figure 4 — Residual risks during the
technology development cycle

the technology phases. It follows that
between Steps 3 and 4, a careful
management review of the requirements
and uses for a specific technology is
needed o ensure that Step 4 is only
undertaken if the next project which
needs the particular technology has been
identified and warrants this depth of
technological preparation. In fact a
successive alignment of the requirements
guiding the technology steps from the
initial idea to the development of a
breadboard and engineering model is an
essential part of ESA's approach to the
development of technology.

Figure 3 attempts to illustrate, also on a
generalised basis, the time span
associated with each step in a typical
technology development cycle, i.e. the
duration of each of the five steps
indicated. The slope is intended to

demonstrate the variation that may occur
in the time taken in each step for different
technological developments.

It can be seen that an average
technological development, from initiation
of the idea and establishment of the first
set of objectives and requirements to
demonstration of flight-worthiness, takes
roughly five to six years, or six to seven
years to flight qualification. Very seldom is
it possible to bring new technologies to
qualification level in less than five years
and it may even take as much as ten
years in some cases. Quite frequently,
therefore, satellites are launched which
are based on initial ideas and
technological developments initiated as
much as ten years previously. It follows
that many of the technologies needed for
the 1990s must be analysed and initiated
today if we are to ensure their availability

for the spacecratt for the end of this
decade. (This does not apply to fields
where space technologies are derivations
of terrestrial developments, as is now
frequently the case, particularly in the
fields of microcomputers and data
processing.) Additional financial and
human resources can sometimes
compress to some extent the time
required for a particular development
cycle, but experience tells us that the
maturing of ideas and their testing have
fairly fixed associated time constants and
these are compressible only to a limited
extent,

Expressing the risks remaining at any
point during a development cycle in terms
of schedule, performance and cost
uncertainty, leads to the diagram shown
in Figure 4. The remaining risks of
applying a particular technology 1o a
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space project may be considered as zero
at the time flight qualification is
completed, as all its implications have
been reasonably well tested by then. In
the pre-development phases, however, the
remaining risks are quite high, their exact
magnitude depending of course on which
technology is being considered.

Quite frequently, the schedule uncertainty
at the time of the initial study, i.e. the ability
to predict the completion date for a
technological development, is in the
range of three to five years. and drops
only to about one and a half to two years
at the end of the pre-development phase,
i.e, on completion of the breadboard-
model evaluation. In other words,
incorporating the technology at this point
into a system study and project plan
implies an associated schedule
uncertainty of two years. This can be
further aggravated by the inclusion of
several critical technologies. The schedule
uncertainty only drops significantly, to
about three to six months, after
engineering-model evaluation.

Experience shows that the performance
uncertainty drops more consistently, from

an uncertainty factor of the order of 100%
at the initiation of the first study, to 10—
30% at the end of the pre-development
phase (Step 3). Uncertainties of 5-10% in
the prediction of performance at the end
of the development phase are common.

Cost-estimating uncertainties are very
large at the outset of the development
cycle. Uncertainties of 50-100% at the
end of Step 3 are not unusual, and they
are still in the order of 15-40% at the
completion of the engineering model
(technology development) phase.

The uncertainties and remaining risks
during a technology development cycle
are of course also very dependent on
other criteria, such as industrial policies to
be pursued in a specific development,
project-specific requirements, etc. Table 1
summarises the end products and
estimated remaining risks on completion
of the five technology-development steps.

Phasing relationship between
technology development and spacecraft
project development cycles

A number of conclusions can be drawn
from the foregoing assessment of the five

technology steps in the life cycle of a
normal salellite project. Generalisations
concerning technological developments
are difficult to make, particularly since
‘technology’ is never without surprises
and exceptions. In addition the range of
space technologies needed for the
Agency's satellite programmes extends
over such diverse subjects as CCD sensor
arrays, heat pipes, composite structural
materials, software architectures for
distributed data processing, to name but
a few.

Nevertheless, the risks associated with a
normal technological development cycle
are being progressively reduced,
analogous to how overall project risks are
reduced in spacecraft development, by
applying successive study and
implementation phases. Moreover, there is
a direct relationship between the
technological and spacecraft
development cycles. Performance, cosl
and schedule risks associated with the
plans for building a satellite at the
completion of preparatory study phases
cannot, however, be lower than the risks
associated with the technologies
employed.

Table 1 —End products on completion of
each technology development step

Average relative remaining risk

Step Task description End products/milestones Perfarmance Cost Schedule
1 Definition of objectives Demonstration of prospects 50-100% 100-200+% 2-4 years
and requirements (incl. potentat application
development justification
and plan)
2 Initial designis) and Establishment of preliminary 30-60% 100-200% 1.5-25 years
critical items development concep! feasibility/practicability
3 Development. test and Demaonstration of feasibility 10-30% 50-100% 1-2 years
evaluation of
breadboard model
4 Development. test and Demonstration of flight- 5-10% 15-40%, 3-6 months
evaluation of waorthiness
engineering model
5 Development and Flight qualification (for a 0 0 0
quahfication of flight specilic project)
hardware
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Figure 5 — Technology and project
phasing relationship (idealised)

ESA uses the terminology: Phase-0 for
initial mission-assessment studies,
Phase-A for feasibility studies, Phase-B for
the project-definition phase, and Phase-
C/D for the design and development
phase of a project. The duration of
Phase-0, from the initial identification of
the mission opportunity to the point of
reaching a decision to engage in a
system feasibility study, may be several
years. A Phase-A sludy usually takes
about one year to complete, whereas a
Phase-B, which results in an industrial
offer for the design and development
phase, takes in the order of one and a
half years. There are decision periods
between these phases in which the
Agency assesses the results of the
previous phase, prepares for initiation of

the following phase’s Invitation to Tender,
and assures support from Member States,
and from scientific, user and advisory
bodies for engaging in the next phase.
Phase-A results in the establishment of
the mission’s feasibility, Phase-B
completes the project definition, and
Phase-C/D results in the launch of a
spacecraft.

demonstrated flight-worthiness and
technology qualification.

The figure further identifies the inputs that
should become available from the
technology development cycle for the
project initiation phases and at what
milestones these inputs should occur.
Inputs from the technology development
cycle should assure timely project
‘realism’, i.e. there should be a sound
technological base available at feasibility
and flight-worthiness demonstration level
prior to completion of a mission-feasibility
study and prior to the completion of the
project definition phase.

Figure 5 shows a typical technology
development cycle and its relationship to
a project development cycle. This chart
represents an ‘idealised’ situation, which
is sometimes very difficull to achieve in
real life. However, it serves 1o identify
‘normal’ schedule constraints for a
technological development from the point

Similarly, timely inputs from the results of
of exploratory studies to the point of

project study phases will allow re-
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phasing of technological developments

definition and re-assessment of the
technology requirements and
developments,

Without first having demonstrated the
technological feasibility of critical
components through test and evaluation
of a breadboard model (Steps 2 and 3), a
Phase-A study objective cannot really be
fully accomplished. Prior to this point, the
risks associated with critical components
of a new technology are considered too
large to allow a realistic first-order
performance prediction or cost and
schedule assessment for a normal
satellite project.

Similarly, the technological risks prior to
the completion of engineering-model
development and testing (Step 4), which
results in demonstration of the flight-
worthiness of the new technology, are
considered too large to allow the
completion of the project-definition phase
and the associated system design. It is at
this point that the project requirements
must be frozen, the interfaces to the
experiments fixed and the project
schedule and cost projections
established. If the option exists, the project
manager can, of course, always resort to
proven technologies. This is the step that
normally results in the offers from industry
for the execution of a satellite project.

Unfortunately, it is frequently the case that
either the Agency, because of external
schedule constraints, or industry for a
variety of reasons, terminates a Phase-B
prior to having achieved fundamental
readiness of the most critical (new)
technologies. The effects of this are well
known and usually result in changes to
performance specifications and interfaces
to the payload or ground segment during
Phase-C/D, which in turn results in cost
and schedule overruns.

As has already been said, in real life an
idealised phasing relationship of the sort
shown in Figure 5 is not always easy to
achieve. It is, however, extremely important
that a project-initiation plan be

established which, from the outset,
systematically anticipates and plans to
avoid risks and uncertainties, particularly
for Phase-C/D. This may occasionally
delay the initial project-study and project-
initiation schedule, or necessitate the
selection of available and proven
technologies in place of more advanced
ones, However, following such a phasing
relationship will contribute to ensuring
that later modifications due to
‘technological surprises’, having cost and
schedule impacts, arise less frequently,
and that the offers from industry for the
Agency's projects can be considered
sound from the point of view of the
technologies upon which they are based.

Conclusions

1) Technology developments normally
evolve through several steps (five) from
the initial idea to flight qualification,
independent of whether they are initiated
on the basis of a ‘mission pull’ or a
‘technology push'.

2) Performance, cost and schedule
prediction uncertainties associated with
technological developments are high
during initial study and pre-development
phases. They become more limited once
technology feasibility and especially flight-
worthiness demonstrations have been
completed through the first testing of
breadboard or engineering-model-type
hardware of the new technologies,
normally at assembly or equipment level.

3) The period needed for the development
of new technologies ranges from five to
ten years.

4) The confidence in the results of mission
and feasibility studies and the project-
definition phase of a new satellite project
1s usually not better than that associated
with the risks and uncertainties
associated with the inherent technologies.

5) Technological feasibility and flight-

worthiness should be demonstrated prior
to completion of project feasibility studies
and the completion of a project definition

phase, respectively. Technology

qualification is normally performed as part
of and during the spacecraft development
phase (Phase-C/D). c
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L'une des fonctions de I’Agence spatiale
européenne est de stimuler le
développement de la technologie et d'en
promouvoir la qualification spatiale. Le
développement d'un Cryostat a Hélium
Superfluide pour Utilisation Spatiale
(CRHESUS) est actuellement I'une des
activités importantes entreprises par
I'Agence dans le cadre de son
programme de recherche
technologique. Cette activité doit aboutir
a la livraison mi-1982 d'un prototype de
vol de cryostat standard, reutilisable,
dimensionné pour le refroidissement de
charges utiles scientifiques pendant des
missions de courte durée. La
technologie mise en oeuvre pour la
fabrication de ce modéle de cryostat
sera qualifiée au cours d’un prochain
vol du Spacelab et sera ainsi disponible
dans le futur pour des projets plus
importants de I'’Agence. L'Aérospatiale
(Cannes) et L'Air Liquide (Sassenage)
ont été chargés du développement de ce
cryostat.
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CRHESUS - un cryostat spatial
pour trés basses températures —
Etat du développement

J. Lizon-Tati, Division Structure et Contréle Thermique ESTEC,

Noordwijk, Pays-Bas

Dés 1974, la cryogénie spatiale a eté
reconnue, grace a des analyses
previsionnelles effectuées par I'Agence,
comme un domaine necessitant a court
terme un effort particulier en Europe.

La demande la plus immediate provenait
de propositions de missions d'astronomie
infrarouge, de physique de lI'atmosphére
et d'observation de la Terre.

Pour la plupart des experiences
scientifiques ou charges utiles utilisant la
détection infrarouge, la plage de
tempeéerature de 4 K et au-dessous
correspond a une sensibilité maximum
des détecteurs. Cette zone de temperature
est celle de I'hélium liquide {(normal pour
des températures inférieures a 4,2 K, ou
superfluide pour des temperatures
inferieures a 2,2 K), C'est la raison pour
laquelle le programme de 'Agence a
porté en priorité sur la technologie relative
a I'helium liquide,

Définition du programme

Un certain nombre de similitudes parmi
certaines charges utiles du Spacelab se
proposant d'utiliser I'nélium liquide
comme agent réfrigérant, il a été possible
d'identifier le besoin d'un cryostat de
dimensions moyennes et de définir les
caractéristiques principales de ce qui
pouvait se présenter comme un disposiif
standard mis a la disposition d'éventuels
utilisateurs.

Les exigences de base suivantes ont
donc été definies: fournir aux utilisateurs
une température de fonctionnement
inférieure a 2 K pendant une durée de
mission de 7 a 30 jours, pour une charge
thermique moyenne de 40 mW. La

conception du cryostat devait d'une part
permettre de loger dans une cavité interne
une expéerience de dimension moyenne
(40 litres environ), mais devail également
d'autre part fournir les reserves
necessaires a de possible adaptations
ultérieures. La possibilités de reutilisation
au cours de plusieurs vols faisait
egalement partie des critéres de
conception

Difficultés technologiques

Les principales difficultés liées au
développement d'un tel cryostat
concernent l'isolation thermique, pour
satisfaire la durée de vie, la tenue
mecanique lors du lancement, le contrdle
du cryogéne en gravité nulle, les
caracteristiques physiques de I'helium
superfluide, et les contraintes d'opération
au sol du véhicule de lancement.

Aspect thermique

L'helium est le seul cryogene liquide
permettant d'obtenir des températures
inférieures a 4,2 K. Sa chaleur de
vaporisation trés faible (10 fois inférieure a
celle de I'azote liquide) impose une
isolation limitant au maximum les entrees
thermiques sur le réservoir. La chaleur
spécifique trés éleveée de I'hélium gazeux
est utilisée en faisant circuler les vapeurs
quittant le réservoir dans les écrans
entourant celui-ci. Les entrées thermiques
provenant de |'enveloppe externe du
cryostat sont ainsi captées par les écrans
et réduites a une valeur qui est
compatible avec la durée de vie
demandée au cryostat.

Tenue meécanique
Les supports structuraux du réservoir
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contribuent d'une maniére non
négligeable au bilan énergétique sur le
coeur du cryostal: les dimensions et le
choix du materiau de ces supports
doivent donc étre le resultat du meilleur
compromis entre les contraintes
thermiques et mecaniques,

Séparation de phase

L'un des problemes particuliers a
l'environnement spatial concerne la
separation des phases liquide et vapeur
du cryogene. En effet, alors que sur terre
cette séparation se fait naturellement sous
I'action de la pesanteur, il est nécessaire
dans l'espace d'avoir recours a un
dispositif particulier permettant d'éviter
I'écoulement du liguide hors du réservorr,
L'helium superfluide (He Il) permet de
resoudre ce probléme en utilisant 'une de
ses proprietés physiques, |'effet thermo-
mecanigue ou effet fontaine se
produisant dans les milieux poreux. On
utilisera ainsi un bouchon poreux
(‘porous plug'’) a la sortie du réservoir, ou
se produira I'évaporation du liquide. Bien
gu'utilisant une propriété physique simple
de I'hélium superfluide, ce dispositif
demande une mise au point assez
délicate afin de contrdler le phénoméne.

Caractéristiques de I'hélium superfluide
La viscosite pratiquement nulle et la tres
grande conductivité thermique de I'hélium
superfluide sont d'une trés grande utilité
pour réduire le gradient thermique au sein
du cryogene. Ces mémes propriétés
rendent par contre délicate la mise au
point de vannes etanches du point de vue
hydraulique comme du point de vue
thermigue.

Contraintes opérationnelles

L'une des difficultés majeures du
developpement a eté le probleme de la
tenue du cryostat pendant la phase
d'attente aprés le remplissage jusqu'au
moment du lancement. Ce probléme de la
phase d'attente, lié aux contraintes
d'opération au sol de la Navette spatiale,
a eu une trés grande importance sur le
choix du systéme cryogénique.

Figure 1 — Configuration générale du
cryostat

Configuration d’ensemble

Le cryostat est contenu dans une
enveloppe etanche en aluminium de

1230 mm de haut et de 750 mm de
diametre, permettant d'assurer le vide
necessaire a l'isolement. Ce conteneur est
compose d'une partie centrale cylindrique
et de deux couvercles identiques (Fig. 1).

L'ensemble des deux réservoirs d'hélium
(reservoir principal et réservoir auxiliaire)
est de forme toroidale et construit en acier
inoxydable. Ces deux réservoirs ont des
volumes de 57 et 23 litres. Les
composants cryogéniques sont situés au-
dessous du réservoir auxiliaire. Les
réservoirs entourent une cavité interne de

Conteneur externe étanche
Ecran refroidi

Supports du réservoir d'hélium
Reéservoir principal

Reéservoir auxiliaire

b WM =

Composants cryogéniques
Séparateur de phase

Cavité expérimentale

Bride de fixation de I'expérience

O oo~N;
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Figure 2 — Scheéma de principe du circuit
cryogenique

40 litres environ réservée a la charge utile
a refroidir. Les réservoirs sont maintenus
par 24 supports réalisés en fibre de verre.
Chaque support est compose de trois
éléments raccordés au niveau de chaque
écran de maniére a faciliter l'integration.
La protection thermique est assurée a
l'aide de deux écrans realisés en
aluminium et refroidis par les vapeurs
d'hélium provenant du réservoir auxiliaire.
Chaque écran est recouvert d'une
superisolation multicouche composée de
feuilles de mylar aluminisé et de cellulose.
La masse totale est de 101 kg au
lancement, masse de la charge utile
expérimentale exclue (15 kg max.).

Systéme cryogénique

Choix du systéme

L'un des critéres principaux du choix du
systéme cryogénique a été sa capacité a
satisfaire les contraintes d'opération au
sol de la Navette spatiale. La derniére
période d'accés au cryostat, suffisamment
longue pour permettre le remplissage final

de celui-ci, se situe environ 10 jours avant
le lancement et juste avant la fermeture de
la soute de la Navette. Une premiére
solution pour conserver le bain d'hélium
superfluide a une température
satisfaisante est de maintenir au-dessus
de celui-ci une pression inférieure a

50 mbar (point A). Cette solution nécessite
I'utilisation d'une pompe a vide, un acces
facile au cryostat, et une disponibilité
d'énergie électrique tout au long des 10
jours d'attente, ce qui est difficilement
compatible avec les contraintes
d'opération de la Navette.

La seconde solution qui a éte choisie est
basée sur le principe du double bain
Roubeau-Claudet utilisé pour le
refroidissement d'aimants
supraconducteurs. Cette solution utilise
deux réservoirs:

—  un réservoir auxiliaire rempli d'hélium
normal (He l) en équilibre avec sa
vapeur et maintenu a la pression
atmosphérique normale (T=4.2 K);

— le réservoir principal rempli d'hélium

superfluide (He Il), egalement
maintenu a la pression
atmosphérique (T<2,17 K).

Les vapeurs provenant du réservoir
auxiliaire refroidissent les écrans du
cryostat pendant la phase d'attente el
limitent I'échauffement du réservoir
principal.

L'avantage d'un tel systéme est que le
réservoir auxiliaire (He |) comme le
réservoir principal (He Il) restent a
pression atmosphérique normale pendant
la phase d'attente. Ainsi, le pompage pour
le maintien a une température inferieure a
2,17 K (point 4) n'est pas nécessaire. En
outre la trés faible différence de pression
sur les vannes reduit le risque de fuites.

Description du systéme et opération
Le schéma de principe du systeme
cryogénique est donné a la Figure 2. Le
réservoir principal (RP) et le reservoir
auxiliaire (RA) sont respectivement
équipés de bouchons poreux (SP) et

RP

RA
CRE

EC
EF

Al
V2,V3 V4
SP

HX1, HX2

R

DG

P

Réservoir principal
Réservoir auxiliaire
Circuit de refroidissement
de I'expérience

Ecran chaud

Ecran froid

Vanne de déetente
Vannes

Séparateur de phase
Echangeurs
Remplissage
Dégazage

Pompage
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Figure 4 — Vue éclatee des vannes de
fermeture

Figure 3 — Diagramme de phase de
I'hélium et diagramme de fonctionnement

d'une vanne de fermeture (V 4) sur la
tuyauterie de dégazage. Le remplissage
des deux réservoirs se fait par la vanne
V3. Le transfert d'hélium et la
communication entre RA et RP se fait via
lavanne V 2. Aprés que les deux
réservoirs ont été remplis d'hélium normal,
on procéde au sous-refroidissement de
RP par pompage de I'hélium contenu
dans RA au travers de la vanne Joule-
Thomson (V 1) et de I'evaporateur (HX 1).

du cryostat

|bar)

A
PRESSION

SOLIDE

LIQUIDE NORMAL
Hel

Refroidissement de RP et complément
d'hélium dans RA s'effectuent
simultanement. Pendant la phase
d'altente, les écrans sont refroidis par les
vapeurs provenant de RA et permettent & |
de limiter 'echauffement de RP. Sur orbite, 4 | £ Apres rempiissage du réservoir auxiliaire RA, du
les deux réservoirs sont mis 50mb t—+“ A réservoir principal RP et sous refroidissement de
automatiquement en communication. La (o) :"hélrum contenu dans AP, les points de
. : i A pour RP et
Figure 3 donne, sur le diagramme de anctionnement sont respectivement en
) g N ¢ 9 217K B pour RA. Pendant la phase d'attente, le bain RA
l he'”"l'm' la position du point qe ) 10*2 e reste en eéquilibre avec la vapeur a pression
fonctionnement de chaque réservoir 25m atmosphérique normale (point B). Les vapeurs
' Smb pe
durant les diverses ségquences. GAZ provenant de RA en circulant dans les écrans du
cryostat permettent de limiter 'échauffement du bain
y superfluide de RP dont le point de fonctionnement
Toutes Iezl\;a‘rimes sont Commzndf?s par 16K evolue lentement de A & C & pression
pression d helium gazeux pendant ie 103 atmosphérique normale. Pendant le lancement, les
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que sur orbite, tout le systéme est en D sur la courbe d'équilibre liquide-vapeur pour
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) E. sous une pression de 7.5 mbar et une température
) ) de 16K
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composants critiques LB 2 3 L B

Les composants critiques du cryostat
CRHESUS sont les vannes cryogénigues,
le separateur de phase, les supports du
reservoir, Des études detaillees sur ces
composants et des essais de
développement ont été effectués pendant
les deux premiéres phases du
programme.

Vannes cryogéniques

Deux types différents de vannes de
fermeture (V 3, V4), une vanne de
communication (V 2) et la vanne Joule-
Thomson (V 1) ont été développées. Les
premieres sont concues pour un taux de
fuite & I'nélium gazeux de 10 cm?/s sous
une pression differentielle de 1 bar et pour
une fuite thermique inférieure a 1,5 mW,
entre42K et 1,6 K (Fig. 4).

La vanne Joule-Thomson permet de
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Figure 5 — Installations d'essais de la
magquette fonctionnelle

sous-refroidir les 8 kg d'helium du RP de
42K a 16K pendant un temps donne, Le
debit minimum d'hélium est de 3 litres a
I'heure (vanne ouverte) et e taux de fuite
maximum est de 510 °g/s (vanne
fermee).

Le separateur de phase est du type
passif. Divers types de matériaux ont éte
testes et finalement un bouchon poreux
en bronze fritte, avec des pores inferieurs
a 15 um et une surface effective de

10 cm?, a été choisi. Ce séparateur est
couplé a un clapet de surpression dans
un méme assemblage.

Tous ces composants cryogéniques ont
subi des essais de qualification thermique
et mecanique.

Supports de réservoir

Plusieurs types de supports ont éte tesleés.
Le modele déefinitivement choisi consiste
en des brins de fibre de verre enroulés sur
deux bobines en aluminium. La longueur
de chaque support est de 50 mm et la
section de fibre de verre est de 4 mm?.

Un programme intensif d'essai de
qualification a été effectué sur ce type de
support. La charge de rupture est de

490 daN environ a température ambiante

Essais de développement sur modéles
Deux differents modeles de cryostat ont

eté construits jusqu'ici: une maquette
structurale pour les essais mécaniques a
température ambiante et une maguette
fonctionnelle pour les essais
cryogéniques et thermiques. Des essais
mecaniques a basse temperature ont
egalement été effectues sur ce deuxieme
modele.

Maquette structurale

Le programme d'essais sur ce modele
comprenait des essais statiques, un essai
de modes el les essais de vibration. Les
essais statiques ont eteé effectues sur le
réservoir d'hélium pour verifier son
comportement en surpression (1,5 bar) et
SOus une compression axiale de

1400 daN. Les essais de modes ont
permis de mettre en évidence les résultats
suivants: le premier mode longitudinal (X)
se situait a 59 Hz, le premier mode
transversal (Y) a 44 Hz et le second (2) a
55 Hz. Ces fréquences se situent au-
dessus des valeurs minimales
recommandées pour les charges utiles de
Spacelab.

Des essais de vibrations sinusoidales et
aleatoires ont ete ensuite effectués sur ce
modele. Les niveaux appliques
correspondaient aux niveaux specifies
pour les charges utiles. Les resultats des
essais a haut niveau ont révéle un
abaissement des frequences de
résonance par rapport aux essais

Figure 6 — Implantation des vannes de la
maquette fonctionnelle

modaux, avec une fréquence critique a
40 Hz. En conséquence, il a eté décidé de
maodifier la conception des supports et
d'augmenter leur section (4 mm? au lieu
de 3 mm?), de maniére a garantir une
premiére fréquence de résonance
nettement superieure a 50 Hz.

La maquelle fonctionnelle a été équipee
de ces nouveaux supports.

Maquette fonctionnelle

Les essais de la maquette fonctionnelle
ont constitue en fait I'activité la plus
importante de la deuxieme phase du
programme

Ces essais avaient pour but de veérifier le
systéme cryogeénique et les performances
thermiques du cryostat. La vérification
fonctionnelle devait s'appliquer au
comportement du systeme cryogenique
pendant la simulation de chacune des
phases d'opération du cryostat
(remplissage, attente, phase orbitale etc.)
y compnis les vibrations simulant le
lancement. La vérification thermique
devait essentiellement se rapporter a la
confirmation des principaux parametres
de dimensionnement definis par l'analyse
(temperature, bilan thermique, duree de
vie etc.). La Figure 5 montre les
installations d'essais et la Figure 6 une
vue partielle de la maqguette fonctionnelle
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Il est difficile de résumer en quelques
phrases une série d'essais qui s'est
déroulée sur une période de plusieurs
mois. |l est apparu trés rapidement au
cours de ces essais que I'application
stricte du programme tel qu'il était prévu a
I'origine était difficile. En effet, divers
incidents rencontrés en cours d'essais, les
résultats plus ou moins satisfaisants
durant les premiéres series, ont conduit a
une adaptation permanente du
programme, des moyens de mesure, des
procédures ulilisées et du specimen
d'essais lui-méeéme. Les diverses
améliorations apportées au cours des
essais ont permis d'obtenir des resultats
dans I'ensemble satisfaisants pour
['aspect fonctionnel du cryostat comme
pour l'aspect performance. Les
enseignements lirés de ces essais sont les
suivants:

—  La phase de mise sous vide de
l'espace interparoi peut élre
relativement longue et il est
nécessaire d'améliorer la qualité des
matériaux internes en reduisant leur
taux de dégazage (superisolation en
particulier),

—  Le transfert d'helium pour
remplissage des réservoirs s'effectue
sans probléme particulier

—~  Latempeérature minimale obtenue
par le pompage sur la vanne Joule-
Thomson est de 1,62 K. Le pilotage
de cette vanne demande |'application
d'une procédure trés precise.

-  Le comportement du cryostat, équipé
des nouveaux supports, a ete
satisfaisant pendant les essais de
vibrations effectués a basse
temperature. Aucune anomalie n'a
été constatée dans le comportement
de I'hélium contenu dans le réservoir
(Fig. 7).

La durée maximale de maintien du
réservoir principal au-dessus du
point « (phase d'attente au sol) esl
de huil jours avec les capacites
actuelles de réservoirs au lieu des 10
jours requis.

—  Par contre, le volume du reservoir
principal actuel permet une duree de

Figure 7 — Essais de vibration du cryostat

a basse température

vie de 24 jours au lieu des 20 jours
requis sur orbite.

L'une des conclusions principales de ces
essais sur la maquette fonctionnelle est
que toute amélioration de performance
est trés delicate. Trois points ont
cependant ete identifies qui seront mis en
oeuvre sur le prototype lors de sa
fabrication: ameélioration globale de
I'efficacité de la superisolation (par
colmatage des ouvertures parasites),
reduction des fuites thermiques par les
vannes, et reduction des fuites thermiques
par les supports du réservoir principal.

Conclusions

Avec la fin des essais cryogeéniques, le
programme a atteint un niveau trés
satisfaisant permettant d'entreprendre
sans risque majeur la construction du
prototype. Une inconnue majeure du
developpement consistait en la tenue des
supports du réservoir lors des
sollicitations mecaniques provoquees
pendant le décollage et 'atterrnssage
cette inconnue a ete levee et le
comportement du cryostat est juge
salisfaisant.

En ce qui concerne les performances
thermiques, la durée de vie a température
operationnelle du cryostal sur orbite avec
son dimensionnement actuel est
supérieure a la durée requise. Seule
I'exigence de tenue au sol n'est pas
satisfaite pour l'instant. Une
augmentation du volume du réservoir
principal de 12% environ permettra de
résoudre ce probléeme, Cette modification
ainsi que les ameéliorations identifiees
auparavant seront mises en oeuvre dans
la construction du prototype qui doif etre
livre a 'Agence a la mi-1982 ('S
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In our geometrical perception, time is
often thought of as a somewhat cryptic
fourth dimension after distance, area
and volume. Similarly, time
synchronisation can be likened to a
fourth dimension in our social
awareness, preceded by sight, hearing
and feeling. Our audiovisual and tactile
faculties are tools of communication,
and communicating means
synchronising ourselves with the world
around us — intellectually, emotionally,
and timewise. But why are vast sums of
taxpayers’ money being spent to
achieve time synchronisation with
accuracies of a few billionths of a
second when the average wristwatch is
perfectly adequate for keeping
appointments and respecting deadlines?

World - Space - Time

P. Berlin, Earth Observation Programme Office,

ESA, Toulouse, France

At the dawn of civilisation, measuring time
consisted of knowing day from night and
adapting the daily survival routine
accordingly. Soon the need for higher
diurnal time resolution arose, and the
sundial was born — initially just a tree's
shadow meandering from stack to stone
to stump as the day wore on, and only
centuries later came the scientific variety
with graduated scale. All was well until the
sun disappeared behind a cloud, or night
fell.

Uninterrupted time measurement clearly
required some kind of time interpolation,
and it was the ancient Egyptians and the
Chinese who thus invented the water
clock. An ordinary pail with a small
calibrated hole in its bottom was filled with
water when the sun's disc set on the
horizon. As the water trickled out through
the hole, the water level was read off
against a scale on the inside wall of the
pail, providing a measure of elapsed time
until the sun appeared once more. The
use of the water clock subsequently
spread to all time-conscious cultures of
the world. Analogous designs such as
the hour-glass, using sand instead of
water, were invented to make the
limepiece more easily transportable. By
the 16th century, the growing interest in
astronomy put more stringent
requirements on accuracy, and the
mechanical resonator was born in the
form of the gravitational pendulum, as
found in the grandfather clock. Once
more, the need for ease of transport
brought about a more compact
reasonator, namely the torsion pendulum
relying on springs, as used in
wristwatches to this very day. Other types

of mechanical resonators employ tuning
forks or quartz crystals. Only in the last
fifty years has the mechanical resonator
met with serious competition from new
inventions: e.g. electronic resonators like
tank circuits and microwave cavities, and
especially atomic resonators using the
rapidly oscillating properties of atomic
gas beams of cesium, rubidium and
hydrogen.

The desire to synchronise clocks over
large distances arose in the days of the
water clock, not least in warfare, when a
battle might be won or lost depending on
the timely execution of pincer-movement
assaults. Today, clock-synchronisation
accuracies of 1 nanosecond (~10 %s) or
better are required to trigger and correlate
actions, movements and observations in
navigation, deep-space tracking,
communications, and in the geosciences.

The expression ‘it is written in the stars’
evokes visions of philosophers gazing into
the nocturnal sky in search of ultimate
answers 10 the meaning of life when the
world around them fails to offer the clues
they seek. The same method is used by
geodesists and geodynamicists in their
endeavour to establish geographical
distances and to discern the shape and
movement of the earth. Ideally, the
measures should have been obtained by
observing the earth using theodolites from
some fixed point in space, but until ESA’s
Spacelab becomes operational we are
obliged to do the opposite, namely to
study the relatively constant celestial
sphere from our restless and deformed
planet and draw our conclusions
backwards.
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In geodesy, transcontinental distances
can now be measured with an accuracy
of a few metres thanks to a method
known as Very Long Baseline
Interferometry (VLBI). Two astronomical
observatories at each end of the distance
to be measured aim their radio telescopes
towards a common celestial source,
usually a known radio galaxy. The
incoming radio waves are recorded at
each observatory, and the distance ‘D’
between them is obtained by simple
interferometric trigonometry, as illustrated
in Figure 1. In practice one obtains the
difference in arrival time AT ,, of a given
radio wave front. Consequently, the more
accurate the synchronisation between the
observatories' atomic clocks, the more
precise the estimate of ‘D"

In geodynamics it is common practice to
examine the apparent drift of satellite
orbits against the starry background in
order to monitor the precession of the
earth's spin axis, and accurate time
synchronisation is again a prerequisite for
correlating observations recorded by
participating tracking stations. A pedantic
historian might question whether
explorers like Peary and Amundsen really
reached the North Pole at the beginning
of the century, for only lately have the
positions of the poles been determined
with sufficient accuracy to permit
explorers to place their nation’s flag on
the spot to say: | was here!'. To make
things worse, the poles have been found
to be moving almost imperceptibly in
circles of up to 15 m diameter with a
periodicity of 14 months (Fig. 2). This
restlessness is thought to be caused by
gravitational pull from the sun and the
moon, and by convective flow in the
earth's molten interior.

Navigators at sea and in the air also seek
the truth among the stars, at least those
who still need to use a sextant. This
instrument measures the elevation of a
selected star (such as the sun) above the
horizon. If the navigator is lucky, the star
happens to be at its highest point in the
sky at the moment of observation,

Figure 1 — Very Long Baseline
Interferometry (VLBI)

Figure 2 — Polar precession

B AT, ¢
cos ¢

STATION A

STATION B

allowing him to determine his latitude
directly from the elevation and the
indispensable star almanac. Usually,
however, the navigator does not know
how far the star is from its highest point; in
addition he has yet to establish his
longitude. In both cases he must know the
earth's rotational phase, i.e. the time of the
day. Consequently, the navigator requires
a clock on board which is well
synchronised with the astronomically
determined standard time of his nearest
time and frequency institute. Since the
earth turns approximately 360 deg in

24 hours, if the navigator's clock is wrong
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by a mere minute, he will misinterpret his
longitude by

1
—— 360 = 025 de

2460 9

or all of 30 km at the equator — a lack of
precision that could have dire
conseqguences!

Accurate time synchronisation, therefore,
becomes a prerequisite for correlating
distant observations of common targets
when other media (e.g. point-to-point
data or radio links) are not available for
technical or economic reasons.

Besides the applications in geodesy,
geodynamics and navigation described
above, time synchronisation is a uniting
factor in astronomy, in deep-space
tracking, and in earthquake prediction, for
example. Yet another possible application
is the time sharing of satellite data-relay
channels between several transmitting
ground stations. By carefully timing their
transmissions of messages — or even of
individual data bits — according to a
previously agreed micro-schedule, the
participating stations can intertwine their
traffic into a minute web of intelligence
which passes through the satellite’s
transponder without exceeding the
available bandwidth. Here again, precise
synchronisation between the atomic
clocks at the transmitting stations
becomes a must if mutual interference is
to be avoided. Of course, the same is true
for the receiving stations which have to
unravel the strands within the message
fabric.

So how does one go about synchronising
atomic clocks? The most obvious method
is perhaps to obtain a transportable
clock, synchronise it with a master clock
at one of the major time and frequency
institutes, and dispalch it to each of the
customer clocks for 'time fertilisation’ as
quickly as possible, before significant drift
builds up. Today, this is in fact one of the
most accurate and least expensive
methods in use, though the perennial air
travel sometimes wears out both the
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Figure 3 — The Lasso principle

AT = AT +HT, —T,)

where AT, = clock asynchronism between stations A and B

laser pulse travel ime Transmitter A —
Saleliite — Receiver A
T, = laser pulse travel time Transmitter B —
Satellite — Recewver B

a
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5
lelemetered to the ground

transportable clock and its globe-trotting
chaperon. The trend is, however, towards
clock synchronisation without the
inconvenience of constantly roving staff
and equipment. A simple though rather
inaccurate method involves tracking the
sinusoidal wave form in standard power
transmission lines, for although the
electric power may be generated by
different plants throughout a country or a
continent, the various transmissions are
carefully brought into phase in order to
allow regional power switching. The
participating clock owners must of course
agree beforehand which particular
periods within a given train of sine waves
to use — i.e. they must resolve the
ambiguity. This can be achieved even with
rather coarse synchronisation between
the clocks; the end result is a ten-fold
improvement in the level of relative
accuracy.

Clock synchronisation in this 'lighthouse’
mode, i.e. using a common radiation
source with known and stable periodicity,
1s an attractive solution because of the
relatively passive involvement required
from each customer. Other useful
radiation sources are: pulsars and
quasars, sync codes in public television

time difference measured by satellite clock and

broadcasts, navigational aids such as
Loran-C and Omega, and programmable
clocks carried on satellites.

A more active form of clock
synchronisation holds promise for the
future; namely the exchange of
microwave or laser pulses via satellite
between the participating clock owners.
Microwave synchronisation, in its simplest
form, requires each participant to transmit
a brief pulse towards the satellite at
precisely the same assumed time (each
according to his own clock) and to
subsequently time-tag the arrival time of
his own and his partner's pulse as relayed
by the satellite. This two-way mode not
only permits relative clock synchronisation
over large distances, it also obviates the
need for making corrections due to the
travel times of the pulses. Laser
synchronisation likewise relies on the
participants transmitting a laser pulse at
the same assumed time towards a satellite
equipped with an event timer and a laser
retro-reflector (Fig. 3). The on-board event
timer clocks-in the arrival of the individual
laser pulses in terms of spacecraft time.
This time interval is then transmitted via
housekeeping telemetry to a central
ground station for decommutation and
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forwarding to the participants. The time
interval is a direct measure of the actual
synchronisation discrepancies between
the participating clocks, apart from a
correction imposed by the different laser
travel times between each participant and
the satellite. The travel time is measured
by the originating laser station simply by
receiving and time-tagging the echo of
the laser pulse as it bounces off the
satellite's retro-reflector.

The techniques described enable today's
customers for atomic-clock
synchronisation to obtain relative
accuracies of between 1 millisecond and
1 nanosecond (=10 "s), depending on
their technical and financial resources.
Precisions down to fractions of a
nanosecond are envisaged after further
refinement of the active methods. A
summary of methods and applications for
atomic-clock synchronisation is shown in
Table 1.

ESA's involvement in improving clock-
synchronisation techniques is embodied
in the Laser Synchronisation from
Stationary Orbit (Lasso) experiment which
will be flown on board the Sirio-2 satellite
(detailed descriptions are to be found in
ESA Bulletin No. 19, 1979, and ESA
Journal No. 1, 1980). Lasso employs the
laser pulse method in conjunction with
the geostationary Sirio satellite and
existing laser stations in Europe, Asia and
the Americas (Fig. 4).

Scientists affiliated with time and
frequency institutes, universities and laser
stations all over the world are
enthusiastically collaborating with ESA in
the detailed definition of Lasso schedules,
formats and procedures which form the
skeleton of the inevitably rather complex
space —lime system. The launch

of the satellite is planned for early 1982
and Lasso promises to become thereafter
an institution in man's quest for grasping
and exploiting that elusive fourth
dimension we call 'time’, [ <

Figure 4 — The Sirio-2 Lasso experiment
concept

Table 1 — Summary of methods and
applications for atomic-clock

synchronisation
Accuracy Method Application
10s Wristwatch Man in the street
Telephone service
Radio amateurs
1s Digital clock Pleasure navigation
Aurline operations
Radio stations
100 ms
Industry
10ms
HF radio
1ms Power lines Seismic studies
LF radio
100 s Loran-C, Omega Mapping
Satellite relay
10ps Commercial navigation
Satellite with clock
1us TV line sync (VHF) Orbit determination
Aur-traffic control
Transportable clock
100 ns
TV line sync (SHF)
10ns
VLBI
Astronomy
1ns Lasso Geodesy
Geodynamics
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New ESA Chairman Elected

At its meeting on 30 June 1981, the ESA
Council elected Prof. Hubert Curien
(France) as its new Chairman. He
succeeds Mr. Jan Stiernstedt (Sweden).
Dr. H.H. Atkinson (United Kingdom) and
Dr. H. Grage (Denmark) were elected
Vice-Chairmen.

Prof. H. Curien (56) is an 'Agrége de
Sciences physiques’ and a 'Docleur és-
Sciences' and has been President of
France's Centre National d'Etudes
Spatiales since 1976 and President

of the European Space Foundation

since 1980. [

ESA Arianespace
Convention Signed

The Convention that sets out the practical
arrangements for putting into effect the
Declaration on the Ariane launcher
production phase was signed on 15 May
by Mr. E. Quistgaard, ESA's Director
General, and Mr. F. d'Allest, Chief
Executive of Arianespace.

Under the terms of this Convention,
Arianespace, a limited company under
French law, is to be entrusted with the
marketing, manufacture and launching of
Ariane vehicles, beyond the promotional
series of launches, to meet the worldwide
demand for launch services.

Arianespace was officially formed on 26
March 1980 and its shareholders — 36
principal European aerospace firms, 11
European banks, and Centre National
d'Etudes Spatiales (CNES) — reside in
eleven European countries. The
geographical distribution of funding is
as follows (figures in percent):

Germany 196 Italy 3.6

Belgium 4.4 Netherlands 2.2
Denmark 0.7 United Kingdom 2.4
Spain 25 Sweden 24

France 59.25 Switzerland 2.7
Ireland 0.25 '3
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Cooperation Agreement
Signed between ESA and
IERA

The Institut d'Etudes et de Recherche
pour |'Arabisation (IERA) in Morocco and
ESA’s Information Retrieval Service (IRS)
based in Frascati (Rome), signed a
contract on 22 May for the development
of the tools needed for the constitution of
a dual-alphabet lexicographical data
bank, as part of the Lexar programme.

This programme has been implemented,
with the help of the United Nations
Development Programme and UNESCO,
to establish a multilingual Arab bank of
lexicographical data that will constitute a

practical reservoir of Arabic terminologies.

The Moroccan Documentation Centre
has been connected to the IRS network
for the past five years and the
cooperation between the Agency and
Morocco has already led to the
development of a dual-alphabet terminal
(Eurab) that can acquire and display
dual-alphabet texts (in this case Latin and
Arabic).

Under the terms of the new contract,
software permitting the local acquisition,
validation and transmission of dual-
alphabet data will be installed in the IERA
computer in Rabat. In addition, IRS will
adapt the ESA-QUEST software to enable
dual-alphabet data to be retrieved for
interactive interrogation of the
lexicographical files established in Latin
and Arabic characters . [ ¢

Australian Communications
Evaluation Contract
Awarded to ESA

The Agency has been awarded a contract
by the Overseas Telecommunications
Commission of Australia to participate in
the evaluation of offers for the future
Australian satellite communications
system. ESA will support the Overseas
Telecommunications Commission (OTC)
in their technical evaluation of the bids
and the bulk of the work will be carried
out by a team of Agency staff based
temporarily in Sydney, from 11 May,

The award to ESA was the result of an
international invitation to tender, to which
the OTC received more than 25 replies.
This contract is a follow-up to an earlier
one awarded to the Agency for the study
of a satellite system design. (4

Meteosat-2 Readied for
Operation

Meteosat-2 was launched on Ariane L0O3
on 19 June. After successful injection into
transfer orbit, the MAGE-1 apogee boost
motor was fired on 20 June. Spin-axis
erection took place the following day,
followed by manoeuvres to increase drift
and spin rates. As of 10 July, the
spacecraft was at about 30°W longitude
and drifting towards its planned position
at 0°, to be reached on 20 July.
Meanwhile, the MPT (mission
performance transponder), the SIC
(synchronisation and image channel) and
the EDA (electrically despun antenna)
have been switched on and found to be
operating normally. Transmission tests
with previously recorded images (from
Meteosat-1 archives) have started. During
the initial phase, a problem in switching
on the Data Collection Mission indicated
that uplink signals were not being
accepted by the spacecraft. This
phenomenon is presently under
investigation. Once the spacecraft is on
station, further antenna tests will be
performed and the radiometer will be
commissioned. Dissemination of the first
low-resolution raw images 1o users is
scheduled to take place in mid-August,
and dissemination of high-resolution
images will commence one month laler. @
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ESA’s Presence at Le
Bourget Air Show

This year's ESA pavilion at the
International Air and Space Salon was
designed 1o appeal to a wide public, from
the young enthusiast to the well-informed
specialist. Sited next to the full-scale model
of Ariane that is now a permanent feature
of the aviation museum at Le Bourget, the
pavilion reflected both the present and
future programmes of the Agency. Full

the satellites Meteosat-2

scale models of

(for meteoroloay), Exosal (for scientific

research), and ECS (for telecom-

munications), weare on display, as was a
auarter-scale model of Europe's Giotto
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After the "[":-S'*('|-1t'lj,:.'-1l success of the first

test flight (LO1) of the Ariane launcher on
24 December IE!TQ the failure of the

(L ‘J: ) in May -'WJ( caused

second launc

some consternation. Failure of one of the
four first-stage engines, owing to
combustion instability, resulted in the LO2

launcher being destroyed some 100s
after lift-off. The investigations and tests to
determine the cause of this failure finally
led to the conclusion that the
combustion-stability margin of the Viking
engine, which depends hally on the
geometncal configuration of the

propellant injector, was 1oc
rnumber of static tests were made to

determine the most effective modification
/|
ating

narrow, A

for the injector, which was then qualifiec
in a series of tests in which the ope

conditions were dishin

vV more l-~”I|’|J! n

than those laid down for u'*h: third test

flight (LO3)

The engines for this third flight were
equipped with the new injeclors, so
removing any danger of a recurrence of
the phenomenon that led to the failure of

the second test flight.

Launch campaign

The launcher and supporting equipment
left Le Havre by sea on 17 April and
reached Kourou on 29 April 1981
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The launch campaign began on 4 May
and lasted for 34 working days
(compared with 56 days for LO1). No
significant difficulties were encountered.

The payload, consisting of the Agency's
own Meteosat-2 (the second European
meteorological satellite), the Apple*
experimental communications satellite
being launched for the Indian Space
Research Organisation (ISRO), and the
CAT (technological capsule flown
systematically on each test flight), was
erected on the launcher on 3 June.

After the fitting of the fairing and final
preparations, the launcher and payload
were ready for the countdown to start on
17 June.

Launch
The countdown, which lasts 29 h, began
at 06.20 UT on 18 June.

After two holds in the final phase of the

countdown (automatic sequence):

- the first due to an on-board battery
voltage in the third stage being
slightly outside limits

-~ the second due to one of the two
Bretagne radars being out of phase,
the launch took place at 12h 32 m
59s, (the HO corresponding to the
moment of the ignition command for
the four first-stage engines).

During the flight, all the stages and
systems of the launcher functioned
normally. The separation of the payload
composite, of Meteosat and finally of
Apple took place exaclly as planned, less
than 17 min after lift-off, and the satellites
were placed in therr nominal elliptical
transfer orbits.

The two satellite control centres — the
European Space Operations Centre
(ESOC) in charge of Meteosat and the
Apple Mission Control Centre in Shar
(India) in charge of Apple — reported
nominal on-board performances after the
first acquisition of telemetry data by the
ESA and the Indian tracking networks,
respectively.

Preliminary results

The transfer orbit of the composite after
separation was well within the nominal
lolerances:

*Anane Passenger Payload Experiment
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Actual Planned

Perigee altitude 201.5km 2000 km
Apogee altitude 36 175 km 35 962 km
Inclination 10.48° 105°

Two modifications made to the LO3
launcher since the LO1 flight proved their
effectiveness:

Second-stage Pogo effect

It will be remembered that while there was
no Pogo effect during the LO1 launch in
the first stage, the Pogo correction system
(SCP) of which had been activated, there
was such an effect during part of the flight
of the second stage, whose SCP had not
been activated. During LO3, the second-
stage SCP was activated, and this
resulted in virtual elimination of the Pogo
phenomenon.

PAYLOAD INTEGRATION

Payload contamination

During LO1, thermal flux and
contamination were observed, both
phenomena stemming from the second-
stage retro-rockets. The moving of these
from the top towards the bottom of the
stage, together with the closure of the
fairing vents, has solved these two problems.

Conclusion

The launcher's third test flight met the
general criteria imposed for a
qualification flight and therefore
represents an important step towards
definitive qualification of the launcher.

The excellent results achieved with this
third test flight also mean that no major
modifications to the L04 vehicle are
necessary and the fourth test flight is
currently scheduled for November of this
year.
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ESA Journal

The following papers were published in
ESA Journal Vol 5 No 2:

CO, LASER COMMUNICATION TECHNOLOGY FOR
INTERSATELLITE DATA LINKS
BONEKE & LUTZ H

] ]
PUbI lcatlons THE SPACE SLED — A EUROPEAN FACILITY FOR

LIFE-SCIENCE EXPERIMENTS ON SPACELAB
The documents listed have been issued SOONS AF L, BURDEN DF. GARVIN MJ &
since the last publications announcement WLRROEERS 0

in the Bulletin. Requests for copies should

be made in accordance with the Tableon  THE ATLAS PROGRAMME

I KONECNY G. MISKI T. REYNOLDS M &
page 86 and using the Order Form on SCHROEDER M
page 87

INVESTIGATION OF MICRO-PACKAGING
TECHNIQUES FOR HI-REL ACTIVE CHIPS
BOETTIA, LYNCHJ T, McCARTHY JP &
HEPHERMR

MATERIAL AND CIRCUIT EVALUATION FOR MATERIAL AND CIRCUIT EVALUATION FOR
MILLIMETRE-WAVE APPLICATIONS: A MICROSTRIP  MILLIMETRE-WAVE APPLICATIONS: A

3 DB HYBRID COUPLER WITH LOW-DIELECTRIC BROADBAND FIN-LINE MIXER FOR MILLIMETRE
SUBSTRATE FOR MILLIMETRE WAVES WAVES

ARNDT F, BORNEMANN J, GRAUERHOLZ D & ARNDT F, BORNEMANN J, GRAUERHOLZ D &
VAHLDIECK R VAHLDIECK R

ESA SP-1030 Atlas of Meteosat Imagery — Atlas
Météosat esa SP-1030
Compiled by C A Brimacombe, Meteosat Data
Management Department, European Space
Operations Centre (ESOC), Darmstadt, Germany A | M L+ A 1-
Edited and published by ESA’s Scientific and T OS eteoso
Technical Publications Branch.

One of the Meteosat system’s main functions 1s 1o nllﬂ’

provide images showing cloud, temperature and
water-vapour distributions over about one-third of the of
globe. This Atlas presents a selection of the images
received from Meteosat-1 during its first two years of
operation. It explains and illustrates: mctco,nt lmﬁ 9" g
—  the Meteosal system

charactenstics of Meteosal iImages

cloud classification

surface features
~  mesoscale cloud formations

synoptic scale cloud patlerns

planetary scale cloud systems

some aspects of tropical cloud systems

miscellaneous aspects of satellite meteorology

wetconet |wedeta
o

BN

A bilingual text (English and French) in one volume,
format 21 cm x 29 cm. 494 pages including nine full-
colour pictures and 560 black and white photographs. @,mnmw
Price 200 FF (postage included)
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Special Publications

ESA SP-165 NOWCASTING: MESOSCALE
OBSERVATIONS AND SHORT-RANGE PREDICTION.,
PROCEEDINGS OF AN INTERNATIONAL
SYMPOSIUM, 25-28 AUGUST 1981, GERMANY
(PART OF THE IAMAP THIRD SCIENTIFIC
ASSEMBLY), SPONSORED BY THE
INTERNATIONAL COMMISSION ON CLOUD
PHYSICS, CO-SPONSORED BY INTERNATIONAL
COMMISSION ON DYNAMIC METEOROLOGY,
INTERNATIONAL RADIATION COMMISSION, WMO,
ESA AND COSPAR (JUNE 1981)

BATTRICK BIMORT J(EDS)

ESA PRICE CODE C4

ESA SP-169 SCIENTIFIC AND EXPERIMENTAL
ASPECTS OF THE GIOTTO MISSION
PROCEEDINGS OF AN INTERNATIONAL MEETING,
27-28 APRIL 1981, NOORDWIIKERHOUT,
NETHERLANDS (JUNE 1981)

BATTRICK B/MORT J(EDS)

ESA PRICE CODE C2

ESA SP-1030 ATLAS OF METEOSAT
IMAGERY/ATLAS METEOSAT (BILINGUAL) (MAY
1981)

BRIMACOMBE CA

PRICE: 200 FF

ESA SP-1033 HUMAN CARDIOVASCULAR
ADAPTATION TO ZERO GRAVITY (JANUARY 1981)
BONDE-PETERSEN F (ED)

ESA PRICE CODE C1

Scientific and Technical Memoranda

ESA STM-217 FUTURE SPACE SEGMENT
CONCEPTS FOR LOWER COST COMMUNICATION
SATELLITE SYSTEMS, (JAN 1981)

PREUKSCHAT. AW

ESA PRICE CODE E1

Scientific and Technical Reports

ESA STR-207 REFLECTIONS ON THE ECONOMICS
OF THE EUROPEAN SPACE PROGRAMME. (JAN
1981)

VANDENKERCKHOVE. J A

ESA PRICE CODE C1

Procedures, Standards and
Specifications

ESA PSS-55 (QRM-28P) ISSUE 1, REQUIREMENTS
FOR REPAIR AND MODIFICATION OF SPACE-
STANDARD PRINTED-CIRCUIT BOARDS AND
SOLDER JOINTS. (OCT 1880)

PRODUCT ASSURANCE DIVISION, ESTEC

ESA PRICE CODE E1

Contractor Reports

ESA CR(P)-1374 CODIFICATION OF THE HIGH-
TEMPERATURE PROPELLANT TRHA — FINAL
REPORT. (JUL 1980)

NOBEL EXPLOSIVES CO. LTD., UK

ESA PRICE CODE C1

ESA CR(P)-1375 PHASE A STUDY OF SAR FOR
THE EUROPEAN REMOTE SENSING PROGRAMME
~ ADDITIONAL STUDIES — FINAL REPORT —
EXECUTIVE SUMMARY. (JUNE 1980)
THOMSON-CSF, FRANCE

ESA PRICE CODE C1

ESA CR(P)-1376 FIELD EMISSION ELECTRIC
PROPULSION ION OPTICS OF SLIT EMITTERS AND
BEAM FOCUSSING - FINAL REPORT. (JUN 1980)
CULHAM LABORATORY, UK

MICROFICHE ONLY

ESA CR(P)-1377 EVALUATION AND ASSESSMENT
OF LOW-NOISE PRE-AMPLIFIERS FOR INFRA-RED
DETECTORS - FINAL REPORT. (AUG 1980)
PLESSEY RESEARCH (CASWELL) LTD, UK

ESA PRICE CODE C3

ESA CR(P)-1378 FEASIBILITY ASSESSMENT OF A
MAGNETICALLY SUSPENDED
REACTION/MOMENTUM WHEEL. (JAN 1980)
TECHNISCHE UNIVERSITAET BRAUNSCHWEIG,
FRG

MICROFICHE ONLY

ESA CR(P)-1379 STUDY ON THE COMPATIBILITY
OF SURSAT AND LASS/COMSS TECHNICAL
MISSION REQUIREMENTS — FINAL REPORT. (OCT
1979)

CANADIAN ASTRONAUTICS LTD.. CANADA
MICROFICHE ONLY

A

Human cardiovascular
aﬁftatian

to zero ]

ﬂravity

university of copenhagen

ESA CR(P)-1380 STUDY OF HEAT REJECTION
SYSTEMS, (JUL 1980)

AERITALIA, ITALY

ESA PRICE CODE C1

ESA CR(P)-1381 (VOLS 1 & 2) THE DESIGN STUDY
OF A FAR INFRARED HETERODYNE
SPECTROMETER ASSEMBLY - FINAL REPORT
(APR 1980)

BADG, UK

MICROFICHE ONLY

ESA CR(P)-1382 STUDY OF INTERACTION
BETWEEN SOLAR ARRAYS AND ATTITUDE AND
ORBIT CONTROL — FINAL REPORT. (APR 1980)
BADG, UK

MICROFICHE ONLY

ESA CR(P)-1384 (VOL 1) FINAL REPORT ON THE
SAR PROCESSOR DEFINITION STUDY EXTENSION
- VOLUME 1: TECHNICAL DESCRIFTION OF
HARDWARE. (MAY 1978)

MARCONI, UK

MICROFICHE ONLY
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