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ABSTRACT

This space mission will investigate the structure of the comet by passing close to the
nucleus. The spacecraft will first be injected into a geostationary transfer orbit where a
perigee boost motor will deliver the kick necessary to encounter the comet post perihelion,
as it passes through the ecliptic plane at a distance of 0.98 AU from the earth. The
spinning spacecraft and the use of a shield for protection from the dust present in the
comet atmosphere dictate the use of a despun high gain antenna with inclined beam. The
telemetry downlink at 40 KBps is in X Band and will be received on the Parkes (Australia)
radio telescope which will be specially adapted for the task. The trade offs leading to the
selected communications configuration are described along with the various spacecraft
hardware items such as antennas, transponder, decoder and twta.

THE GIOTTO MISSION

It is now believed that comets consist of a frozen ball of various condensed gases mixed
with dust (the dirty snowball model). When far from the sun the comet is cold and inactive
and, as the snowball (nucleus) is only a few km. across, invisible. As the comet
approaches the sun it warms up and its outer surface begins to boil off. A cloud of dust and
partially ionized gas is formed around the nucleus. This is the coma with a typical extent of
105 km. Solar radiation pressure acts on the dust and unionized gases and the solar wind
plasma acts on the ionized gases to form the long tail in the anti-sun direction. The tail can
reach enormous lengths (eg 0.3 AU) but contains negligible mass.

Comets may contain very old material frozen in time, but so far the existence of the
nucleus is purely conjectural and the cometary materials and processes are not well
documented. There is therefore great interest in a space mission to investigate a comet. As
a target Comet Halley has several advantages. It is a periodic comet of well known orbit so
that it is possible to make the necessary mission plans ahead of its actual appearance. It is



among the most active of the periodic comets and also one with the least energy
requirements for interception. However, its orbit round the sun is retrograde so that an
intercepting spacecraft will approach the dust and gas of the coma with a very high relative
velocity (68 km/sec or fifty times faster than a bullet). This high closing velocity requires
the spacecraft to be protected with a special dust shield.

The ESA Giotto spacecraft will be launched in tandem with a geostationary satellite by the
Ariane rocket from Kourou, (French Guyana) in mid July 1985. Both spacecraft will be
injected into a geostationary transfer orbit. Within a few days a solid perigee motor will
inject GIOTTO into the heliocentric orbit shown in fig. 1, which will intercept the comet
as it crosses the ecliptic plane for the second time. For about 8 months, the major activity
will be tracking and orbit correction, since the ephemeris of the comet will not be known
with any exactitude until late into the mission.

The encounter with the comet will last about 4 hours of which 1/2 hour will be spent inside
the coma. The spacecraft will be targeted close to the nucleus and is likely to approach
within 500 km of it. Since it is very likely that the spacecraft will be destroyed by collision
with cometary debris all telemetry will be real time. All the instruments shown in table 1
will be active during encounter with their share of the bit rate being changed at fixed times.
The biggest producer of data will be the colour camera which uses the rotation of the
spacecraft for scanning.

REQUIREMENTS AND CONSTRAINTS ON THE TELECOMMUNICATION
SUBSYSTEM

The GIOTTO spacecraft is spin stabilised for low cost and must encounter the comet with
its spin axis aligned with the relative velocity vector so that the dust shield can adequately
protect the spacecraft. This places the earth at about 45E to the spin axis during encounter.
The primary task of the communications subsystem is to transmit the desired 40 KBps of
encounter data in real time with very high reliability, coping with atmospheric effects on
earth and both the natural plasma of the comet coma and artificial plasma built up around
the spacecraft as gas and dust impact the dust shield.

Prior to the encounter, attitude and orbit control is the chief user of the telecommunications
subsystem, especially for setting up the perigee motor firing, the up to 10 trajectory
correction manoeuvres and for maintaining the pointing of the high gain antenna to the
earth.

The GIOTTO mission must be European in nature. This means that mission control should
be from ESOC (European Space Operations Centre) in Germany and that a European
coordinated ground network should be used.



So far as spacecraft hardware is concerned, already existing units should be used as far as
possible and because of the high probability of solar array damage during encounter the
d.c. power, to be supplied by batteries, should be minimised.

TRADE OFFS PERFORMED

The choice of encounter telemetry frequency band is fundamental. For a given antenna size
and transmitter power a link in the 8.4 GHz band can carry 11 dB more bit rate than one in
the 2.3 GHz band. However 2.3 GHz is virtually immune to the rain attenuation which
afficts 8.4 GHz and the other higher frequency bands which are available. Conversely
8.4 GHz is less likely to suffer attenuation from the plasma of the coma and that
surrounding the spacecraft. 8.4 GHz, 20 watts, space qualified TWTA’s will be avail able
from the ESA ISPM spacecraft whereas there is, in Europe, little interest in developing
similar items at 2.3 GHz. 20 watts r.f. at S-Band would be on the low side so that choice
of this frequency would probably lead to increased d.c. power requirements. Therefore the
decision was taken to use the 8.4 GHz band and to use all available link margin to
compensate any rain attenuation.

Margin is increased by flying the largest possible reflector antenna and using concatenated
coding. It is estimated that with a 64m ground station the chance of data loss caused by
rain is less than 10-4. Calculations based on models of the cometary coma show that
attenuation due to water, ice and plasma should be negligibly small and by siting the
antenna on the other end of the spacecraft from the dust shield the worst of the collision
induced local plasma is avoided.

The second major problem was to define a suitable ground network. The largest European
coordinated antenna normally available for space work is the 30m dish at Weilheim
(Germany) This dish would be converted to receive 8.4 GHz for the Galileo programme,
but link budgets showed that it would not be possible to receive 40 KBps with any
appreciable rain margin. The 100m radio telescope at Effelsburg (Germany) would be
suitable technically but unfortunately lies in a valley with an inadequate view at low
elevations to the south where the encounter would take place. The problem of equipping a
phased array such as that of Westerbork (Netherlands) with twelve low noise amplifiers
was rated too difficult. Fortunately the 64m radio telescope at Parkes (Australia) will have
a good view of the encounter and its owners, the Commonwealth Scientific and Industrial
Research Organisation, were interested in cooperating with ESA on the GIOTTO project.
With some adaptations Parkes will provide a performance similar to that of a DSN 64m
station at 8.4 GHz.

At spacecraft system level a major question was whether to use a star mapper or use a
conscan system on the high gain antenna, working from the uplink r.f. carrier, as the



second attitude measurement system alongside the sun sensor. Conscan requires a
minimum of additional equipment, can work with the thrusters in a closed loop mode and
will be flown on ESA ISPM, but cannot operate before the high gain antenna is earth
pointing and even in an emergency attitude recovery mode requires the uplink carrier to be
present. The star mapper involves more equipment on the spacecraft and works generally
in open loop mode via extensive ground software. It can operate at all times of the mission,
except around perigee motor firing when the spacecraft spins too fast, and by aligning it at
45E to the spin axis it can be made to perform a simple attitude recovery, using the earth as
a target, without ground intervention. The star mapper was therefore preferred.

It is interesting to note that various analyses which were made showed that conscan
through an inclined beam despun antenna is feasible, providing that due allowance is made
for constants entering the solution due to beam squint and providing that the despin axis
departure from the spacecraft spin axis is small compared with the conscan offset angle.

THE PRESENT CONFIGURATION

The spacecraft geometrical configuration is shown in fig. (2). The cylindrical body carries
at one end the dust shield and at the other the high gain antenna. Close to the earth all
communications are in S-Band. In the geostationary transfer orbit a cardioid coverage
antenna provides the necessary coverage. The hole in the cardioid coverage is filled by a
conical beam antenna flush mounted into the dust shield. The primary use of this fill-in
antenna is to provide rapid tracking data immediately after perigee motor firing when, for
some days of the launch window, the motor end of the spacecraft will view the earth.

Fig. (3) is a block diagram of the telecommunications subsystem. The layout and in most
cases, the units themselves are taken over directly from the ESA ISPM spacecraft.
Redundant transponders provide reception in S-Band, transmission in S-Band (5W) and in
X-Band (16mW) and facilities for coherent tracking. The receiver and transmitter parts of
the transponders can be cross coupled. The receivers are cross coupled to redundant
decoders which include PSK demodulators, and the transmitters are cross coupled to
X-Band travelling wave tube amplifiers. Selection between the three S-Band antennas and
the two transponders is provided by an r.f. distribution unit which also drives an X-Band
waveguide switch connecting one of the two TWTAs to the high gain antenna. Data
handling on board is based on a data bus with central and remote terminal units. Only
essential commands do not pass through this system.

The ground network configuration is shown in fig. (4). During the geostationary transfer
orbit the ESA controlled S-Band transfer orbit network consisting of 10m stations at
Kourou (French Guyana) and Malindi (Kenya) with a 15m station at Carnarvon (Australia)
will be used. These stations are linked to the control centre at ESOC by standard PTT



lines. During the cruise phase the spacecraft is supported, on the basis of one pass of a few
hours a day, from DFVLR’s 30m antenna at Weilheim and/or from Carnarvon. In
encounter the uplink will be from Carnarvon and the downlink will be received on
CSIRO’s 64m radio telescope at Parkes. All data will be digitally recorded at Parkes and a
selected part of it will be passed to ESOC via Carnarvon for quick look purposes.

SPACECRAFT UNIT DESCRIPTIONS AND PERFORMANCES

High Gain Antenna.

A number of possible configurations for the high gain antenna are shown in fig. (5). These
include differing geometries and differing despun parts. The requirements on the antenna
were:  maximum gain at 8.4 GHz with acceptable gain at 2.1 and 2.3 GHz (all with
circular polarisation),low centre of gravity for spacecraft dynamics, low height for twin
launch by Ariane, no shadowing of the solar array and no rotary joints if possible. A trade
off produced the design shown in detail in fig. (5) and further study on the strength and
electrical properties of the central support cone showed that a single skin cone would give
adequate strength, could be shaped, if necessary, to reduce losses from poor incidence
angles, and was not much more lossy than more complex sandwich constructions.

However a recent increase in the diameter of the spacecraft to improve inertia ratios and
provide more d.c. power has allowed a reversion to a simpler configuration in which the
antenna is front fed at both S and X-Bands; some 0.5 dB of gain being sacrified because of
the favourable state of the link budgets. The feeds are supported by carbon fibre struts
external to the dish( fig. (2)). Details of the performance of the antenna are given in
table 2.

Low gain antennas

Two solutions are presently under study for the cardioid antenna. A slotted circular
waveguide to be flown on L-SAT (1) provides good coverage out to 140E from the axis but
is rather massive and heavy. An alternative is a short qualifilar helix such as will be used
on the Franco-German TV-SAT. While much smaller and lighter this antenna provides
reduced coverage. The final selection will depend on analyses of near earth link budgets
and problems of switching between two antenna elements in transfer orbit passes. The fill-
in antenna is a simple microstrip patch antenna of well known design. Details of the low
gain antennas are given in table 3.



Transponders

The phase lock loop transponders are identical to those to be flown on the ESA ISPM.
They feature a 3.5 dB noise figure, a fixed frequency second IF and a loop bandwidth of
20 Hz at threshold. Extensive use is made in the high frequency circuits of MIC
technology. Details are given in table 4 and an example is shown in fig. 6. The
transponders have successfully undergone compatibility tests with DSN for ISPM.

Decoder

The internally redundant decoder is also identical to the ISPM unit of which a breadboard
model has successfully completed DSN compatibility tests. The decoder contains a Costas
loop to recover the 16 KHz telecommand subcarrier but from that point on everything is
under the control of a microprocessor. The analogue message demodulated from the
subcarrier is digitised and software is used to recover the bit clock, check the redundancy
and check bits of the message and route the message either to the CTU for distribution via
the data bus, or to certain individual units requiring high priority commands. Tests have
shown that between -20EC and +60EC the decoder operates within 1 dB of theory. Full
details are given in table 5. The block diagram is shown in fig. 7.

Travelling Wave Tube Amplifiers

The TWTAs are essentially similar to those which have been flying on OTS for some 3
years. Some small modifications have been made to produce those now being assembled
for ESA ISPM, NASA ISPM, and SPOT. The GIOTTO amplifier will be identical with
these latter. It features 40 dB of gain with an output power of 21 watts. The power supply
(EPC) features protection logic in case of anomalous conditions on the tube and automatic
anode voltage adjustment to maintain high performance throughout life. Life tests on 58
examples of this type of TWT show a predicted 2 million hours between failures. The
oldest tube on test has been running for 60,000 hrs. and the youngest 30,000 hrs. Full
details of the TWTA are given in table 6, and the tube and its power supply are shown in
fig. 8

ADAPTATIONS TO BE IMPLEMENTED ON THE GROUND

The encounter receiving station (Parkes) must be equipped with an X-Band feed, and
suitable local oscillators to convert the incoming signal to the frequency of the existing low
noise MASER. Project specific receiving chains must also be installed. A real time,
hardware Reed Solomon decoder will be sited in the station. This item has been studied
and the first breadboard is under construction. The surface quality of the Parkes antenna
will be improved by replacing much of the present wire mesh outer annulus by perforated



metal panels, For tracking new equipments will be required at the stations supporting the
cruise phase:  Weilheim and Carnarvon. The exact type of ranging to be used is not yet
decided but systems similar to those of the DSN, using PRN codes or discrete spectrum,
will be compared with extensions of ESA’s present tone ranging system. Doppler
extraction will also be provided.
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FIG. 1. THE PATHS OF THE SPACECRAFT COMET AND EARTH AROUND THE SUN DURING THE
GIOTTO MISSION



FIG.2  FINAL CONFIGURATION OF SPACECRAFT AND ANTENNA COVERAGES



FIG.3   T, T & C SUBSYSTEM SCHEMATIC



FIG. 4   GROUND COMMUNICATION NETWORK



FIG. 5   POSSIBLE ANTENNA LAYOUTS AND FIRST SELECTED CONFIGURATION



FIG. 6.  S/X BANDS TRANSPONDER



FIG. 7   DECODER BLOCK DIAGRAM



FIG. 8.  TRAVELLING WAVE TUBE (ABOVE) AND H.V. POWER SUPPLY (BELOW)


