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“Real-world” Signals.
No matter whose world
they come from.

and in-orbit. There has to be a
better way!

Now there is. The HP 8791
signal simulator can generate
the signals you need to quickly
and thoroughly test payloads,
earth stations or system moni-
toring equipment. From group
delay and gain to noise loading
and bit error rate, testing to
spec has never been this fast or
accurate. The HP 8791’s digi-
tally generated signals deliver
unsurpassed test consistency
time after time, anywhere, in or
out of this world.

Testing with simple signals and
modulations only tells part of
the story. Ever wonder what will
happen when real signals enter
your receivers and transpon-
ders? With the HP 8791 you can
simulate up and down link
traffic, add transponder and
earth station impairments, test
with multiple carriers or evalu-
ate the effects of propagation
and multipath. Quickly, easily
and repeatably.

#
- -

For more information on the
HP 8791, call your local HP
sales office, or call the Nether-
lands +31 20 547 9999 and ask
for Ron Rausch. We'll send a
data sheet and a satellite test
technical paper that shows how
to get your birds off the ground
faster.

There is a better way.
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ALCATEL ESPACIO: Quality in time.

ALCATEL ESPACIO is engaged in the Fiber Optical Buses, etc).
design, development and manufacturing of space - On Board Radiofrequency equipments
communication equipments and systems, providing (TTC transponders, filters, multiplexers, etc).
front - line technology used in satellite payloads - Communication systems (Design, User
and also in ground control stations. Stations, Control stations, etc).

ALCATEL ESPACIO'S main technologies ALCATEL ESPACIO'S organization gua-
and products are: rantees the quality, devoted to deliver the pro-

- On Board Digital Electronics. {(On Board duct on time and fulfilling the agreed requi-
Processing, Data Acquisition, Video Processing, rements.

ALCATEIL
ESPACIO

Alcatel Espacio, S.A. Einstein S/N. Tres Cantos 28760 Madrid. Spain
Tel {341) 803 47 10. Fax. {341) 804 00 16




First step on the moon
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Stay ahead in the European aerospace industry in the 1990's

Are you a manager, scientist, ESA and NASA Reports &

engineer or researcher in the D .
9 Scientific and Technical Reports B

aerospace industry ?
International Space Journals B

Equipped with a PC and a modem Daily News &
connected to a telephone line, you can ...
i you Contract Opportunities B

access directly online many of the NEW
and unique aerospace databases from Conference Proceedings @
the European Space Agency Information Earth Images Catalogues &
Retrieval Service, ESA-IRS. .
Spaceflight Data @

No library, CD-ROM or other similar
: . . Market Research Reports W

information source is more complete,

up-to-date and international in coverage! Company Directories &

*Profs: the e-mail system of ESA available at all establishments

ESA-IRS, Esrin, Via Galileo Galilei, 00044 Frascati, Italy
Fax: (+39 6) 94180361, Tel: (+39 6) 94180300, E-mail address: |RSHELP@ESRIN. BITNET

E-mail address for ESA-Profs users (ESA-IRS HELP-DESK): IRSHELP




SPACEFLIGHT DATA RECORDER

Product Spotlight
Model: FDR-8500C
Capacity: 5 Gigabytes {[uncompressed)
10 Gigabytes (2:1 compression)
250 Gigabytes (50:1 compression)
Date Rate: 10 Mbit/s per channel (burst)
4 to 12 Mbit/s total (sustained)
Weight: 16 Ibs {7.3 kg)
Power: 18 Watts @ 28vDC
Size: 11.8"x 9" x 6"
(300mm x 229mm x 152mm)
Interface: RS-422

FDR-8000 series recorders are flight-proven,
high performance data storage units built for
operation within the Space Shuttle bay, on
the aft flight deck, and aboard space
platforms. Designed with 8mm helical scan
technology, the FDR-8000 line provides
economical mass data storage. These
recorders' unique characteristics make them
equally useful in avionics and satellite
applications.

Capacity

The newest member of the FDR-8000 family
is the FDR-8500C. The capacity of the
FDR-8500C is 5 Gigabytes of uncompressed
data. Hardware compression is typically 2:1,
yielding 10 Gigabytes of storage space.
Depending on data content, compression
rates of 50:1 are attainable. Peak data rates
are 10 Mbit/s per channel into a 4 Mbit
buffer. Multiple input models are available.
Total sustained data rates from combined
channels are from 4 Mbit/s to 12 Mbit/s
depending on compression efficiency. The
error rate is less than one in 10*® bits read.

Mechanical

The FDR-8000 enclosure is a sealed box
purged with nitrogen. The inert gas provides
an air cushion around the recording head
and protects the tape from common corrosive
gases during long term storage. Internal

heaters activate below +10°C. During
initialization, recording is disabled until
heaters can stabilize the internal

environment above 0°C. Shock and vibration
isolation allow the tape transport assembly
to surpass Shuttle launch and landing
requirements.

The recorder's footprint measures 11.8" x 9"
(300mm x 229mm), with a height of 6"
(152mm). The mounting hole pattern is on
70mm centers for easy interfacing with ESA
cold plates and Hitchhiker pallets. Total
weight is 16 1bs (7.3 kg).

Electrical

Power dissipation is 18 Watts at 28V. Each
recorder contains its own DC/DC power
converter. An internal controller supports
serial data transfer, file structures, error
recovery, and regulation of the recorder's
operating environment.

Interface

Communication with the FDR-8000 is
provided via RS-422 compatible channels.
The command channel is asynchronous at
1200 baud. The data channel is synchronous
from DC to 10 MHz.

Let Amptek provide the solution to your
high-capacity data storage needs.

AMPTEK, INC. 6 DE ANGELO DRIVE, BEDFORD, MA 01730 U.S.A. TEL 617/275-2242 FAX 617/275-3470
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SSAC(93)7
Paris, 24 September 1993

European Space Agency
Space Science Advisory Committee

Selection of Cornerstones 3 and 4

The SSAC at its 68th Meeting, held in Paris on 23 September 1993, considered the ordering of the
third and fourth Cornerstone missions of Horizon 2000, namely FIRST (Far-Infrared Submillimetre
Space Telescope) and ROSETTA (Cometary Rendezvous mission).

Presentations were given by the teams preparing these missions and the Committee were very
favourably impressed with the science and technical development of both missions.

It was recognised that both missions fulfilled the requirements of a Cornerstone of the Horizon 2000
Programme.

The Committee also appreciated the large involvement of the European scientific community and the
European lead that had been established by the studies of both missions.

The Committee recommended that ROSETTA be implemented prior to FIRST.

This Recommendation was based on programmatic considerations. A better balance between
disciplines in the Horizon 2000 Programme is achieved by this order. The launch of ROSETTA in
2003 and FIRST in 2006 still results in the science return from FIRST being earlier than that from
ROSETTA, because of the extended interplanetary transit of ROSETTA.

Under no circumstances should the FIRST science be descoped further. The extended development
time for FIRST can be very effectively used for further qualification of critical technologies for the
telescope and the cooling system. The need to define the payload requirements in association with
such developments led the Committee to recommend that the current Science Advisory Group be
kept in close contact with all technical and scientific developments in the project until the release of
the Announcement of Opportunity.

The Committee recommended that for both missions all avenues be explored with regard to
international cooperation, to reduce the cost of the programme without jeopardising the science. It
requested that the Director of Science report back on progress in the international negotiations within
one year.
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‘Rosetta’

— ESA’s Planetary Cornerstone Mission

G. Schwehm

ESA Space Science Department, ESTEC, Noordwijk, The Netherlands

M. Hechler

Mission Analysis Section, ESOC, Darmstadt, Germany

Background

In May 1985, after extensive discussion by the
European members of the ESA/NASA Primitive
Bodies Science Study Group, the ESA Solar
System Working Group recommended a
Comet-Nucleus Sample-Return mission — later

The Planetary Cornerstone Mission of ESA’s Long-Term Programme for
European Space Science, known as ‘Horizon 2000’ (Fig. 1), was
foreseen as a ‘Mission to Primordial Bodies including the Return of
Pristine Materials’. The return of primordial material from primitive
bodies — asteroids and comets — was seen as one of the major themes
for planetary research during implementation of the Long-Term
Programme and as an area in which Europe could take a lead, building
on the success of the Giotto mission.

Programmatic difficulties encountered by ESA’s intended partners in
this complex and ambitious mission have required its reassessmentas a
purely ESA undertaking. As aresult, it will nolonger be possible to bring
back samples for analysis in terrestrial laboratories; instead, we have to
take the ‘laboratories’ to the comet!

Figure 1. The Long-Term European Programme for Space Science ‘Horizon 2000’
as foreseen in 1991

LOW COST PROJECTS
AND
SPACE STATION

UTILISATION
Giotto/GEM

named ‘Rosetta’ as the Horizon 2000
Planetary Cornerstone mission. This mission
was to encompass both the in-situ study of
comets and the return of samples. A joint
ESA/NASA Science Definition Team was form-
ed by the end of 1985 to define the scientific
objectives for a joint ESA/NASA mission in
detail.

Financial and programmatic difficulties ex-
perienced by NASA, the envisaged partner for
the original mission concept, made it
necessary to study alternative concepts in early
1992. The prime consideration was to define a
core mission that would attract the support of
the scientific community at large and that could
be performed by ESA alone on the basis of
European technology. The opportunity for
other agencies to join and augment the scien-
tific return should, it was felt, be left open.

The new baseline mission is a rendezvous with
a comet and at least one, but probably two fly-
bys of asteroids, The in-situ investigation of the
cometary nucleus by surface-
science packages (eQ. surface
station, penetrator) has been
assigned the highest priority by
the science community

As far as possible, the mission will
satisfy the objectives of the original
comet-nucleus sample-return mis-
sion and will concentrate on the
in-situ investigation of cometary
matter and the structure of the
nucleus, with the added potential
of studying the evolution of the
cometary processes as a function
of heliocentric distance.

Our knowledge of small solar-
system bodies, the comets and
asteroids, has dramatically impro-
ved over the last 20 years, The ma-
jor milestones were undoubtedly
the first fly-bys of Comet Halley by
the Giotto, Vega, Sagigake and
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C-RICH STAR

Susei probes in 1986 and, in December 1991,
the first near encounter with a main-belt
asteroid, Gaspra, by the Galileo spacecraft on
its way to Jupiter. During the same period,
telescaopic observations performed on the
ground or in Earth orbit have drastically ex-
panded and diversified. They constitute the
basis for understanding small bodies as a
population, since we can Now compare obser-
vations of a large variety of objects, and can
undertake Investigations of the variability of
cometary activity,

SUPERNOVA

METAL GRAINS
OXIDES
SULPHIDES

INTERSTELLAR MEDIUM

MOLECULAR CLOUDS

PROTOSOLAR NEBULA

SURVIVED?

PARTIALLY

PROCESSED

PROCESSED

a p
TR

- '!

ASTEROIDS

COSMIC DUST

Figure 2. Schematic
history of circumstellar
dust grains, from their

birth in stellar
atmospheres to their
arrival in the inner Solar
System

METEORITES

Systematic observations in the visible spectrum
are performed for short-period comets as well
as main-belt and near-Earth asteroids, and 1t is
now possible to observe cometary nucler very
far from the Sun from the ground and with the
Hubble Space Telescope. Furthermore, small
bodies can now be studied systematically at all
wavelengths from the ultraviolet (with TUE), via
the infrared (with IR telescopes on Mauna Kea,
Hawall, the spaceborne IRAS telescope, and
soon with ESA's Infrared Space Observatory),
to microwave and radio wavelengths.

From this wealth of new information, it is
becoming apparent that small Solar System
bodies, asteroids and comets, constitute an
almost continuous suite of progressively less
evolved objects, reflecting the radial gradient in
the swarm of planetesimais during the forma-
tion of the Solar System (Fig, 2). Indeed, the
outermost asteroids present spectral similarities
with the bare cometary nuclei chserved far
from the Sun. The most distant ‘asteroid)
Chiron, whose orbit is outside Saturn's, is often
considered as a giant cometary nucleus. Fur-
thermore, short-period comets should ultimate-
ly evolve into asteroids after the depletion of
their volatile components, A better understan-
ding of the relalionship belween asteroids,
comets and planetesimals throughout the solar
nebula is an essential step in unravelling the
first stages of the formation of our Solar System.

Cometary material has been submitted to
the lowest level of processing since its conden-
sation from the protosolar nebula. It Is con-
sidered likely that pre-solar grains may have
been preserved in comets. As such, cometary
material should constitute a unique repository
of information on the sources that contributed
to the protosclar nebula, as well as on the con-
densation processes thal resuited in the forma-
ion first of planetesimals, then of larger
planetary bodies, While tantalising results were
obtained in situ from cometary grains, and on
interplanetary dust particles collected on Earth,
the latter cannol be considered as fully
representative, in particular in terms of their
organic and volatile complement.

Direct evidence on cometary volatiles Is par-
ticularly difficult to obtain, as species obser-
vable from Earth, and even during the Halley
fly-bys, result from physico-chemical processes
such as sublimation, interaction with solar
radiation and the solar wind. The currently
available information on cometary material
gained from in-situ studies and ground-based
observations demonstrates he low level of
evolution of cometary material. The latter's
tfremendous potential for providing information
on the constituents and early evolution of the
solar nebula has vyet 1o be exploited (Fig. 3).

Scientific objectives

Studying cometary material represents a
major challenge, owing to the very charac-
teristics that make it a unique repository of
informaticn apout the formation of the Solar
System, namely its high volatiles and organic
material content., Two solutions to the problem
of obtaining unaltered material can be
considered: returning to Earth a sample of a
cemetary nucleus (the ornginal  Rosetta
concept) or staying close to the comet and
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performing comprehensive in-situ analyses of
material from the surface and the coma.

The first approach had the undisputed
advantage of bringing the full range of current,
and even future, analytical techniques that are,
or will be, available in the laboratory to bear on
investigations of the Probe material. Limiting
thermal and mechanical stresses to acceptable
levels during cruise and recovery, and even
defining these acceptable levels, represented
a significant scientific and technological
challenge. The new approach, which results in
a simpler and cheaper mission, guarantees by
design minimal perturbations of the cometary
material, as analyses are performed in situ, at
low temperatures and in a
microgravity environment.
It also provides the oppor-
tunity of observing at close
range the onset and
development of cometary
activity, which results in the
spectacular displays that
have captured the imagi-
nation of mankind over the
centuries.

A fundamental question
had to be addressed both
for the original sample-
return concept and the
new in-situ analysis con-
cept: to what extent can
the material accessible to
analyses be considered as
representative of the bulk
material constituting the
comet, and of the early
nebular condensates that constituted the com-
etesimal 457x10° years ago? This represen-
tativity issue must be addressed by first
determining the global characteristics of the
nucleus (mass, density, rotation state), which
can provide clues concerning vertical
gradients, and hence the relationship between
the outer layers and underlying material.

5
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The dust and gas activity observed around
comets, as well as its rapid response to
changes in illumination, guarantees the
presence of volatiles at or very close to the sur-
face in active areas. Analysing surface material
in active areas will therefore provide information
on both the volatile and the refractory consti-
tuents of a cometary nucleus. The selection of
a site for surface-science investigations should
be relatively straight forward with the extensive
remote-sensing observation phase provided by
the new Rosetta concept. The surface science
site(s) can be monitored during surface
activities, as well as during a large fraction of

the activity cycle, which should bring clues con-
cerning the compositional heterogeneity of
active regions (e.g. from the observation of out-
bursts).

The dust-emission processes are induced
by very low density gas outflows and should
preserve the fragile texture of cometary grains.
These grains can be collected at low velocities
(a few tens of metres per second) by the
spacecraft after short travel times (a few
minutes), which minimises alterations induced
by solar radiation. Similarly, gas analysed in jets
or in the inner coma should yield information
on the volatile content of cometary material in
each source region.

HALLEY  METEORITES EARTH

The Rosetta mission will make a detailed study
of a comet lasting at least one year, from the
onset of activity beyond 3 AU heliocentric
distance through its perihelion (typically around
1AU). On its long journey to the comet, it will
pass close to one (or possibly two) main-belt
asteroids.

The model payload

The model payload has been specified to focus
on the scientific objectives as defined above, It
can be subdivided into two major experiment
groups:

— the Remote-Sensing Investigations, and

— the In-situ Investigations

for which the individual instruments and
respective goals are listed in Tables 1 and 2.

The Science Team also considered additional
instruments that would significantly increase
the science return of the selected baseline
mission, such as a Microwave Radiometer/

Figure 3. Chemical-element
abundances in the Sun,
Cl-chondrites and Comet
Halley
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Table 1. Rosetta model payload

Nucleus Detection

Remote Imaging System

o Determine nucleus rotational state

e Detect and characterise active and
inactive areas

e Determine variability of surface feature

e Characterise the topography of the
nucleus

« |nvestigate surface morphology with
resolution better than 1 m

s Characterise and monitor dust and gas
jets

s Determine scale length associated with
the outflow of material from the nucleus
(dust acceleration)

* Determine shape and volume of the
asteroid

e Determine the asteroid's rotational state

e Determine geomorphological features
on the asteroid

Visible and IR Spectral and Thermal Mapper

e Characterise the nucleus surface in
terms of concentration of ices, the
mineralogical composition of dust and
the characteristics of organic
compounds :

e Determine the surface temperature
distribution, gas and dust distribution in
the inner cometary coma

* Map the asteroid’s surface
mineralogical composition

Gas and lon Mass-Spectrometer

¢ Elemental, molecular and isotopic
composition of volatiles

e Temperature, density and bulk velocity
field of gas and ions

e Homogenous and heterogenous
reactions of gas and ions in dusty
cometary coma

e Strength and distribution of gas
activities on nucleus

Cometary Mass Analyser

+ Elemental composition of individual
dust particles (all elements)

» |sotopic composition of key elements
(H, C, N, Mg, etc.) in individual dust
particles

« Information on molecular composition,
especially of the organic material

Scanning Electron Microprobe

e Size, shape, texture and morphology of
individual dust grains

= Abundance of elements (Z> 10)in
individual dust particles

* Mineralogy of individual grains

Dust Production Rate and Velocity Analyser
e Dust flux

e Dust size distribution

o Dust velocity

10

Plasma Package

s |nvestigation of the solar-wind/comet
interaction is not a primary goal of
the mission and the plasma package
is limited to an Electron Density and
Temperature Probe and a Solar Wind
Flux Monitor

Surface Science Package

o Accelerometer: Study during landing
of the mechanical strength of the
cometary crust and subsurface
material

e Permittivity Probe: Measurement of
electrical properties of cometary
material close to surface, providing
‘ground truth’ for possible microwave
experiments

e Thermal and Evolved Gas Analyser:
Measurement in a pyrolysis cell of
the thermal behaviour of cometary
material and study with a gas
chromatograph and/or a mass-
spectrometer of the chemical nature
of the evolved gases

The addition of a fluorination cell using
the decomposition of K,NiFgKF as F
source would allow 8170 and 8180
determination for the silicates and
evolved gases

Gamma-Ray Spectrometer:
Determination of the major elemental
composition (H, C, O, Si, Fe) of the
cometary near-surface material.
Instrument detects characteristic
gamma-rays from capture of cosmic-ray-
produced neutrons in elements. Volume
probed =1 cm?®

Alpha — Proton — X-Ray Spectrometer:
Determination of abundance of light (C,
N, O) and rock-forming elements (Mg,
Al, Si, Ca, Fe) in cometary surface
material. Instrument carries a's, protons
from o, p reactions, and characteristic
X-rays exited by a's. Surface area of
several tens of cm? probed to a depth
of about 10 micron

Neutron Spectrometer: Determination of
hydrogen concentration. Measures ratio
of epithermal to thermal neutron flux for
the cosmic-ray-produced neutrons
Probes to a depth of 0.5t0 1m

In-situ Imaging System: Study of
characteristics of local surface
(morphology, texture). Set of panoramic
and monitoring cameras, some with
fibre-optics systems. Resolution mm to
about ten microns.

Spectrometer and a Microwave Mapper/
Sounder. However, these instruments have not
been included in the baseline model payload,
either because of possible constraints on mis-
sion design and mass budgets or because
there is a certain amount of pre-development
required to prove their technical readiness.
However, the relatively long time scale for the
implementation of the third Cornerstone makes
significant technological advances very likely in
the interim.

Mission analysis

During 1992, the Rosetta mission scenario
underwent a considerable evolution as the mis-
sion had to be redefined from a comet-nucleus
sample return to a mission that had to fit within
the financial and technological envelope of a

Table 2. Rosetta science objectives and
payload complement

e Global characterisation of the nucleus,
determination of dynamic properties, surface
morphology and composition, using:

— Remote Imaging System
— Vis and IR Mapping Spectrometer

e Chemical, mineralogical and isotopic
compositions of volatiles and refractories in a
cometary nucleus, using:

— Neutral Gas and lon Mass Spectrometer
— Cometary Matter Analyser

— Scanning Electron Microprobe

— Surface Science Package

e Physical properties and interrelation of volatiles
and refractories in a cometary nucleus, using:
— Cometary Matter Analyser
— Neutral Gas and lon Mass-Spectrometer
— Scanning Electron Microprobe
— Dust Flux Analyser
— Surface Science Package

e Study the development of cometary activity
and the processes in the surface layer of the
nucleus and in the inner coma (dust - gas
interaction) using:

— Neutral Gas and lon Mass-Spectrometer
— Surface Science Package

— Cometary Matter Analyser

— Scanning Electron Microprobe

e Origin of comets; relationship between
cometary and interstellar material; and
implications for the origin of the solar system,
using:

— Cometary Matter Analyser

— Neutral Gas and lon Mass Spectrometer
— Scanning Electron Microprobe

— Surface Science Package




‘Cornerstone’ in ESA’s Scientific Programme.
The technological constraints were set by:

— the use of solar power

— the use of an Ariane launch vehicle

— the use of ground stations belonging to ESA
Member States.

First, various near-Earth asteroid- and comet-
rendezvous and sample-return mission options
were studied; in particufar, missions to such
objects as Oljato and 1979 VA alias P/Wilson-
Harrington. The improved capabilities of solar-
array technology at low temperatures and the
enhanced capabilities of Ariane-5 (using a
delayed ignition of the upper stage and utilising
more complicated planetary gravity-assist
tours) then turned out to enable ESA to perform

rosetta

a rendezvous mission to a ‘true’ comet with
European technology. The spacecraft design
study also indicated that such a mission was
feasible within the financial limits.

Consequently, a comet-rendezvous mission
with in-situ analysis of the material on the sur-
face of the comet by means of a ‘surface
package emerged as the new Rosetia
baseline. It also became possible to include
in the mission design fly-bys of one or two
asteroids on the way to the comet

Reachable targets for a comet rendezvous are
those short-period comets with low inclination
with respect to the ecliptic plane and perihelion
radii near 1AU. The aphelion radii of such
objects are typically around 5.2 AU,

Table 3. Rosetta comet rendezvous opportunities for a launch in 2003/4

Rendezvous Asteroid Launch arrival Mission Ariane-5 Spacecraft
with comet fly-bys at Type perihelion Av performance at launch Remarks
(date) (km/s) (k9) (k9)
. 2002/04/19
\?\f:é’;anf:;”:g” :SQE'ZD , VEE  2009/12/31 0735 2708 1539 E:t”ey 07D
2011/10/12
Ministrobell DGOz
Wirtanen St MEE  2011/08/28 1490 2990 1948
p 2013/10/21
2003/07/18
o 0,
s\f;c"r:arsz:“nag” Brita ME 2008/06/10 1924 2426 2032 ?Iﬁn/ Dl
2011/10/12 9
2003/07/17
Finlay 1990 OK MEE  2013/09/05 1837 2507 2172
2014/12/09
du Toit 2003/10/20 One or two
Dot VEE  2012/11/05 1884 3504 2204 fly-bys above
y 2013/08/16 tank filing
2003/11/03
Wirtanen Bgi %3 VEE  2012/10/23 1327 2698 1850 ;eg%‘zz‘ff
2013/10/21 '
onoda 2003/11/21 Two fly-bys
A VEE  2013/06/23 1465 2571 1932 above tank
P 2016/11/08 filing
2003/11/29
- 0,
s\f;c”?’}anfz::g” 1990 TJ VE 2008/10/28 1930 2352 2036 ?I?m/ bitank
2011/10/12 9
1080 85 2004/05/11 Maximum
Finlay o, VEE 2013112001 1073 2651 1709 sun distance
y 2014/12/09 58 AU
Car 2004/05/25 Minimum
Brooks 2 roaawy  VEE 201111723 1740 2413 2106 sun distance
2014/05/23 0.6 AU
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