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Abstract

After briefly presenting the TRANSMED mission, the configuration of the Telemetry
and Telecommand links is illustrated and the their dimensioning is analyzed. Both
links operate at S-band with satellite grade standards. The system composition, the
main equipment and the system growth potential are thereafter presented.
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1. Introduction

Since 1975 the Trapani Milo base of Agenzia Spaziale Italiana (ASI) has been
launching stratospheric balloons over the Mediterranean sea for scientific purposes.
IRIG Telemetry was used, in which each user experiment in the balloon was analogue
modulating a sub-carrier and a multiplex of the sub-carriers phase modulated the VHF
carrier. VHF was also used for Telecommand with PCM-PSK-FM modulation.

In 1993 ASI decided to introduce S-Band for the Telemetry and Telecommand of the
balloons and charged MAC with the development. The initial supply consists of five
on-board systems, one fixed station in Trapani Milo and one transportable station. An
experimental launch is planned for Summer 1996, with operational flights starting in



Summer 1997. Such flights are part of the TRANSMED mission, which we describe
next.

2. The mission

The core of the mission consists in supporting experiments in astrophysics,
astronomy, biology, technology by means of stratospheric balloons and their
Telecommand / Telemetry systems over a 20 hours flight.

Due to its peculiar characteristics, the balloon is a nearly ideal means for:

* exploring the stratosphere

* observing the over flown sites

* carrying scientific instrumentation and technology experiments above the
thick layers of the earth atmosphere

* studying the masses of air and their composition

In geophysics the balloon allows measurements to be conducted in correlation with
satellites.

In experiments in polar areas, the balloon allows the analysis of the ozone hole and
studies on materials for operation at the lowest temperatures.

For TRANSMED, ASI decided to overcome the intrinsic limitations of VHF and the
IRIG standard in favour of fully digital Telemetry and Telecommand at S-Band.

In the new concept, the S-Band Telemetry carrier is QPSK modulated by a single
digital stream in which the data originated from the experiments are organized
according to the "Packet Telemetry Standard" as defined by ESA (European Space
Agency) and by other space authorities for new satellite missions. Telemetry is error
protected by an inner Reed-Solomon code and by the outer convolutional coding.

Telecommand also uses a satellite technique: command data, organized according to
ESA's Packet Telecommand Standard, BPSK modulate a 16 kb/s sub-carrier which in
turn phase modulates the S-band uplink carrier.

High accuracy balloon localization and event datation is achieved by means of an
embarked GPS (Global Positioning System) receiver.



With reference to the shown map, the
TRANSMED balloons are launched from
Trapani Milo base (38E0.1'N, 12E35'E) in
west Sicily, fly over the Mediterranean sea
and are typically recovered in Spain. During
flight ground links are established first with
the fixed station at the base and then with
the mobile station placed in the Baleari
Islands (39E36'N, 02E41'E) or in western
Spain (37E06'N, 06E44'W).

Figure 1 TRANSMED GEOGRAPHY

In the typical trajectory the balloon launched from Capo Milo is first driven East by
the currents and then West toward Spain. The cruise altitude of 40 to 50 km is reached
after about three hours of flight.

3. The communications links

The key features of TRANSMED communications links are presented in the
following Table 1.

In the design of the Telemetry link the following contrasting requirements were faced:

! Meet the CCIR Power Flux Density (PFD) limitations, which set an upper
bound to the Power Flux in 4 KHz band, and conserve on-board power.

! Allow transmission of high rate Telemetry (up to 1 Mb/s), in the presence of a
dynamic range of 60 dB.

! Minimize the size of the ground antenna, such as to be compatible with road
transportation in its operational configuration.



! S-BAND LINKS FOR TELEMETRY AND TELECOMMAND
! FULL DIGITAL TRANSMISSION
! HIGH BIT RATE FOR THE EXPERIMENTS : UP TO 1 MB/S, 

AGGREGATE
! SINGLE CARRIER TELEMETRY FOR ALL EXPERIMENTS AND

FOR HOUSEKEEPING
! PACKET TELEMETRY, SIMILAR TO SATELLITE
! FULL TRANSPARENCY OF THE TELEMETRY FOR THE

INDIVIDUAL EXPERIMENTS
! ESA STANDARD TELECOMMAND LINK, THE SAME AS FOR

SATELLITES
! FULL REDUNDANCY OF THE TELECOMMAND CHAIN
! ON-BOARD GPS FOR PROBE LOCALIZATION AND

EXPERIMENTS DATATION
! BACKUP MONOPULSE TRACKING OF THE PROBE AT THE

GROUND STATIONS
! CRUISE ALTITUDE OF ABOUT 40 KMT
! HIGH LINK MARGIN UP TO THE LIMIT VISIBILITY RANGE
! COMPLIANCE WITH CCIR POWER FLUX LIMITATIONS DURING

CRUISE FLIGHT

TABLE 1: TRANSMED KEY FEATURES

Such requirements are met by means of the following provisions :

! Discrete spectral lines are avoided by use of a suppressed carrier modulation
scheme (QPSK) complemented by a self-synchronizing scrambler against
possible repetitive patterns.

! Excessive PFD at low ranges (high elevation) is avoided by using an on-board
antenna approximating the cosecant-squared radiation pattern in the vertical
plane (Figure 2). The radiation pattern has cylindrical symmetry in the
horizontal plane.

! The link margin is improved by means of nested coding : Rate 7/8
Reed-Solomon coding followed by rate ½ convolutional coding with Viterbi
soft decision decoder.

Tables 2 and 3 show the Telemetry link parameters and performances respectively.
Figure 3 shows the available Telemetry link margin and the margin against the CCIR



PFD limitations versus elevation at cruise altitude (i.e. versus range) for the maximum
Telemetry rate of 1 Mb/s.

Tables 4 and 5 show the Telecommand link parameters and performances
respectively.

Figure 2 PROBE ANTENNA RADIATION PATTERN Figure 3 LINK/PFD MARGIN (T/B) VS.ELEVATION



4. The composition of the system

The major components of. the TRANSMED system are :

! The balloon platform, including the flight hardware
! The on-board communication package, including the Telemetry

Transmitter, the Telecommand Receiver and the GPS (for localization)
! The on-board experiment packages
! One or more TLM/TLC fixed stations
! One or more transportable TLM/TLC stations
! The data processing hardware for the experiments

Figure 4 shows the on-board communication package. Figure 5 shows the block
diagram of the fixed and mobile ground stations (fixed and transportable), which share
a common design.



Figure 4 ON BOARD COMMUNICATIONS PACKAGE

Figure 5 BLOCK DIAGRAM OF THE GROUND STATIONS



Figure 6 shows the outline of
the transportable station. The
transport configuration is
shown, where the antenna is
inside the vehicle envelope.
Deployment of the antenna
only requires opening the
protection cover and
changing the elevation from
-90E to the operational angle
(0E to 90E).

Figure 6 OUTLINE OF THE TRANSPORTABLE STATION

Three main areas can be identified in Figure 6 : the drive cabin, the shelter hosting the
racks, the antenna area which also contains the two diesel generators (refer to Figure
5) which provide autonomous power to the station or can be used as a backup to the
public network.

5. The principal communications equipment

Reference is made to the block diagrams in Figures 4 and 5.

The main components of the probe are :

1. Two S-Band helix antennas, one Tx and one Rx with opposite circular
polarizations and with the cosecant squared radiation pattern shown in Figure 2.

2. Two S-Band LNAs, NT=50 K, 40 dB gain, used in redundant configuration.
3. Two S-Band SSPAs (Solid State Power Amplifiers), output Power 1 W, used in

redundant configuration.
4. Two S-Band QPSK modulators, inclusive of V23 scrambler, of convolutional

encoder, of beacon generator. The beacon is a line at the band edge, with power
within the PFD constraints, designed for aiding acquisition of the ground
antennas. Manufactured by MAC.

5. Two S-Band PM demodulators.
6. The probe Telemetry / Telecommand Subsystem manufactured by Alenia (one

of MAC's owners) and derived from satellite units.
7. The Housekeeping Data Acquisition Unit : in a market PCM encoder.
8. Two GPS receivers.



The ground station components are allocated in racks, such as sown in Figure 7. The
main components are :

1. The Antenna Subsystem, manufactured by MAC and consisting of : 2.4 mt
offset reflector, S-Band monopulse feed, monopulse receiver, Antenna Control
Unit, motors, motor drivers, mechanisms.

2. Two S-Band LNAs, 1 + 1 configuration, NT=50 K, G=50 dB.
3. Two S-Band SSPAs, 1+1 configuration, P =10 W.1dB

4. Two S-Band PM modulators.
5. Two S-Band Telemetry Receivers, manufactured by MAC.
6. Two 70 MHZ QPSK demodulators, compatible with Intelsat IDR specifications

and drawn from the market for Intelsat.
7. Two digital recorders. As compared to analogue recorders required for IRIG

standard Telemetry, the digital recorders have higher capacity and are less bulky
and expensive.

8. One ground TM/TC Subsystem, manufactured by Alenia and drawn from its
experience on satellite EGSE.

Figure 7 GROUND STATION EQUIPMENT LAYOUT

6. Conclusions

The results of the mentioned TRANSMED experimental flight will be illustrated in
the international literature. After that, the operational TRANSMED will launch a few
stratospheric probes (balloons) every year. The ground segment will grow with



another fixed station in the West Mediterranean basin and with one or more mobile
stations. Consideration is also being given by ASI to extending the mission in other
world areas.

TRANSMED is a remarkable example in Italy of fruitful harmonious cooperation
between Public Research (ASI) and private industry (MAC). In less than two years
and with a limited budget, a system has been set up which promises to be very
effective for performance and operational yield.

It should be noted that the TRANSMED TM/TC platform (flight package and ground
stations) are suitable for applications in areas other than scientific research, such as
earth observation and similar areas. A principle agreement is being studied by ASI and
MAC for promoting use of the TRANSMED platform within the scientific community
and for new applications.


