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THE TECHNICAL CHARACTERISTICS OF THE GERMAN
TELECOMMAND STATION FOR DEEP SPACE

H. ÖTTL and H. HOLL
Institut für Flugfunk und Mikrowellen, DFVLR, Germany.

Summary.   The technical description of the Telecommand Station is based on the results
of the final subsystem tests. Some outstanding results are illustrated by measured
diagrams.

The design of some station systems differs from those of the well known DSN stations.
Presently, the station is equipped for command purposes only. Nevertheless, the station
concept is such that a full-fledged deep space station can be achieved with a few additions,
such as receiving and ranging equipment.

1.   Introduction.   At the ITC 1972 [1] we gave a synopsis of the German Telecommand
Station based on our specifications and design work. At that time the construction of the
station had just started 30 miles south west of Munich. Meanwhile, the station has been
completed. All subsystems have been tested and the station is integrated, so operation may
start.

The task of the paper is to describe some of the results achieved. In the oral presentation
some additional information will be given, based on measurements made in the period after
submission of the paper.

2.   Overall Description of Operation.   Operation comprises three main functions:
antenna pointing, command generation and transmission to the spacecraft.

There are of course other aspects such as station control, station monitoring and message
exchange with Mission Control, but these have been sufficiently covered in [1] and will
not be a topic of this paper. In the simplified block diagram of fig. 1, monitor and
verification loops have been omitted.

As seen in fig. 1, the data for antenna pointing are computed in the station processor. The
computed sets of the angles " (azimuth) and , (elevation), the velocities                  , and
the accelerations                      are fed every 100 ms to the servo electronics for the
pedestal drives.
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For the polarizer drive system, angle information is only needed at 1 sec intervals, if linear
polarisation is in use. The polarizer can be switched for left-hand or right-hand circular
polarisation too.

The command bits are generated in the computer. The subcarrier of the command
modulator unit is keyed ± 90E corresponding to the command bits. After phase-shift
keying, the subcarrier is fed to the exciter, which gets its carrier from a synthesizer. This
carrier, at approximately 44 MHz, is phase modulated by the subcarrier, multiplied into the
S-band and fed into the high power amplifier. There it is amplified up to 20 kW and then
radiated via the antenna toward the spacecraft.

3.   Technical Description of the Station - some results achieved.

3.1   Antenna-and-Pedestal.   The antenna (fig.2) is a corrected Cassegrain system fed by
a near field horn. The subreflector (diameter = 4 m) has been shaped in such a way that the
amplitude distribution across the aperture is toroidal [2] i.e. the amplitude has a maximum
half way along the main dish radius and tapers towards the subreflector edge and the main
dish edge. The main dish (diameter = 30 m) is rather deep (7,7 m) and deviates in its shape
from a paraboloid to obtain a plane wavefront. The amplitude distribution has been chosen
to optimize the antenna for sidelobe suppression rather than maximum gain.

With a scaled down antenna model of 2 m diameter the pattern of fig. 3 was achieved. The
measured gain is approx. 53 dB. The pattern of the full size antenna will be measured in
June and July 1974.

The mechanical deviation from the ideal dish shape is a function of the elevation angle.
The panels have been adjusted to minimize the rms value of this deviation at 45E elevation.
Fig. 4 shows the rms value versus elevation.

The elevation over azimuth pedestal is a stiff construction having the lowest resonance
frequencies at 3.5 Hz in azimuth and 2.5 Hz in elevation [3]. Its SCR drive system allows
pointing of the mechanical axes with an accuracy of 0.001E. Deviations between the
mechanical and electrical axes are compensated for in the computer.

The speed range is 0.0015E/sec to 1.5E/sec in azimuth and 0.001E/sec to 1.0E/sec in
elevation. A pointing error occurs, if the pedestal accelerates. The magnitude of this
pointing error is shown in fig.5. Although it should be mentioned that the accelerations
shown only occur for near earth spacecraft and never for deep spaceprobes.



3.2   Command-Modulator-Unit.   The main task of the command modulator unit is to
phase-shift key the subcarrier with the pattern of command bits arriving from the
computer.

The measured frequency range of the subcarrier goes from 80 Hz to 110 kHz in steps of
0.01 Hz, computer controlled, or 0.001 Hz, manually controlled. The rms-value of phase
jitter is less than 0.003 rad. Frequency stability of the internal quartz is <10-8 /day.

The output voltage can be adjusted from 1/16 of maximum 255/256 in steps of 1/256. The
measured deviation from linear is less than 0.5% of maximum output. Voltage stability
measurements over 24 h showed an error of <0.35%.

Command bit rates from 1 Hz to 1 kHz are acceptable. For the HELIOS mission a bit rate
of 8 Hz is used.

3.3   Exciter-Subsystem and Reference-Receiver.   The exciter receives as input carrier
from a synthesizer a frequency of approx. 44 MHz. This frequency can be changed
manually or by computer down to microhertz steps, without phase transients.

The carrier is phase modulated by the subcarrier and multiplied 48 times. This S-band
carrier is then amplified to 34,5 dBm for a frequency range of 2.11 GHz to 2.12 GHz. The
receiver has a threshold sensitivity of -143 dBm and a dynamic range of 70 dB. Phase lock
bandwidths of 3 Hz, 12 Hz, 48 Hz and 152 Hz can be selected.

The receiver is used for the measurement of phase jitter, modulation index and carrier
frequency of the exciter signal. The mentioned sensitivity and dynamic range are not
absolutely necessary, but are available since the reference receiver is a modified telemetry
receiver.

Exciter and receiver use the same kind of digitally controlled synthesizer and can therefore
perform any programmed frequency sweep function. The measured phase jitter depends on
signal level, loop bandwidth, performance of synthesizer etc..

Exciter and reference receiver together have a phase jitter of less than 4E rms under strong
signal conditions. The measured linearity for phase modulations was <1%, up to 2.4 rad (at
S-band).

3.4   High Power Amplifier.   The high power klystron has an adjustable output from
2 kW up to 24 kW in the frequency range from 2.11 GHz to 2.12 GHz.



Its high voltage power supply is SCR-controlled. The measured short term phase stability
between input and output of the klystron is <± 0.25E, which shows the quality of the
power supply.

The whole amplifier including power supply and cooling equipment is housed in one of the
two azimuth huts. This solution was chosen to permit easy maintenance and to avoid
trouble with cooling equipment during the cold Bavarian winter. An elliptical waveguide is
used to transport the RF-power from the amplifier to the polarizer in the elevation hut.
Taking the losses of the waveguide switch, waveguide and polarizer into account, a
maximum power of 20 kW is available at the antenna feed point.

3.5.   Time-and-Frequency Standard.   For the station, a Caesium atomic clock as a
primary time and frequency standard has been chosen. Typical short-term stability is 10-11.

3.6   Station computer   The hardware of the station computer consists of two central
processing units and extensive standard and process peripherals.

Its main task is to control and monitor the whole station. At the moment, the software for
command handling and antenna steering is complete. The programming for data exchange
with Mission Control via high speed data line and for station configuration has still to be
finished.

4.   Conclusion.   At the ITC 1972 and here we have described the German Telecommand
Station. Whereas the concept based on our planning work still corresponds to the
description of 1972, quite a number of subsystems perform better than originally expected.

Some are quoted below: Mechanical accuracy of dish shape, pointing error and gain of
antenna have been improved. Speed range and mechanical stiffness of the pedestal permit
the use of the station even for earth satellites. RF power of the amplifier can be varied
within 10 dB. Phase jitter, due to the high voltage power supply is negligible. For the
engineer familiar with ground stations it might be of interest to note that SCR’s are used in
the pedestal drive system as well as in the high voltage power supply.

The purpose of the figures given is to illustrate the performance of a station, which can be
considered an example of the latest state of ground station technology.

Acknowledements.   We would like to give our thanks to Messrs. Arko, Bartsch, Brendel,
Haerter, Prof. Reiser and Dr. Sliwinski who conducted most of the subsystem
measurements and finaltests. Furthermore, we appreciate the help of Mr. Hounam for
checking the English.



References

[1] Öttl, H., Holl, H., “The German Telecommand Ground Station for HELIOS - A
New Concept”, Proceedings of ITC 72, Los Angeles, Vol. VIII, pp 668 - 678.

[2] Leupelt, U., Rebhahn, W., Siemens-Studie über “Optimierung vorhandener
Antennenanlagen” DFVLR-Auftrag 042-7171/71.

[3] Eschenauer, H.A., Schwarz, R., German Telecommand Station - The dynamic
behaviour of the steel structure and its drive and control system”, Proceedings of
ITC 74, Los Angeles.

Fig. 1  SIMPLIFIED BLOCK DIAGRAM OF COMMAND STATION
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Fig. 2 ANTENNA AND PEDESTAL OF THE TELECOMMAND
STATION. 
The polarizer is housed in the elevation hut, and the high power amplifier
in the right-hand azimuth hut.
The electronics for the drive system are located in the concrete basement.



Fig. 3 CENTRAL AZIMUTH PATTERN AND AN AZIMUTH
SECTION 8E BELOW THE MAIN BEAM
(The measurements were made by Siemens A.G., Munich)

Fig. 4 RMS-VALUE of mechanical deviation from theoretical
contour of main dish vs elevation angle.
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Fig. 5 POINTING ERROR (mechanical)
due to angular acceleration over a speed range from 0 to 90 percent maximum
speed in azimuth and elevation. For comparison: 3 db beamwidth of antenna
pattern main lobe is approx. 0.3E at S-band (2115 MHz).
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