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ABSTRACT

The paper gives a short history of the beginnings in tele-meteorology and missile telemetry
in Germany and describes the developments since the 50’s in these fields, and in remote
control systems up to the present day.

The activities of various organisations in the promotion of the use of telemetry are also
briefly mentioned.

1.  Historical Review

1.1  Telemeteorometry

The Netherland engineer Olland was the first to pioneer Telemeteorography. His
apparatus, constructed in 1875, allowed the common registration of more weather
elements on one recorder by electrical signal conversion in a Time-Division-Multiplex
mode through a 2-wire system (1).

It took more than 50 years until wireless transmission from weather balloons was
successfully tried, still using the same or similar kind of mechanical commutation, for the
transmission of weather parameters. First trials for remote wireless transmission from
captive balloons by keying a spark transmitter were reported as early as 1918, in France.
But the transmitted power was not enough to cover longer distances. When radio amateurs
discovered the surprising propagation properties of short waves in the 20’s, P. Duckert in
Germany began in 1926 with propagation tests from captive ballons over a distance of
8 km with an rf-power of 2 watts and an 8/4-vertical antenna on 60 meters wavelength. At
a weight of several kg’s his airborne apparatus was not able to further the use of
“Telemeteorometry”, as it was called in those days. Soon he found that much lower power
(0.2 to 0.5 Watts) was sufficient to cover ranges up to 200 km. He investigated lower



frequencies and saw that much more power was needed due to “atmospheric” attenuation
and low antenna efficiencies. On the other hand, wavelengths shorter than 10 meters were
not really useable due to the limitations of vacuum tubes of those days. His first free-flying
ballon in 1928 carried an instrument package with 585 grams of which 400 grams were the
batteries. By 1930 an improved version was available weighing 256 grams and using FM-
modulation of 6 MHz frequency; the system was now mature for industrial production.
The multiplexing technique was still not very different from Olland’s days. Each sensor
measuring in turn atmospheric pressure (Bourdon tube), temperature (bimetal strip) and
humidity (hair hygrometer) moved one needle, with a full scale deflection of 100 degrees.
The 3 sectors were separated by 2 fixed marks and a broad sync contact (2/3).

Three of those sondes were released during an arctic expedition in July 1931 onboard from
the famous airship “Graf Zeppelin”. They reached altitudes of more than 10 km and the
data recording was reported to be excellent.

DVL, an earlier part of DFVLR, showed in 1931 the first optical scanning system by use
of a rotating light beam and a selenium cell.

1.2  Missile Telemetry

Two independent developments in German missile telemetry that were made during World
War II were both initiated in 1942.

Professor Busch developed the 8-channel AM/AM telemetry system known as
MESSINA I (4 analogue and 4 digital channels) with 6 AM-subcarriers between 5 and 12
KHz and one AM-reference voltage channel. Chamber pressures, attitude parameters and
temperatures were typically measured when testing the A4 (“V-2") rocket. The transducer
signals were converted to an electrical signal from 1 to 6 Volts by potentiometers. An
8 Watt crystal-controlled transmitter was used on 62.5 MHz with supressor-grid
modulation. Two 8/4-rod-antennas were mounted on the fins of the missile (4).

With a sufficiently strong signal the accuracy was reported to be have been ±3%. Often
however the data were furthermore distored through vehicle spin caused amplitude
fluctuations. The signal attenuation through the exhaust flame led to insufficient signal-to-
noise ratios.

An improved system “MESSINA II” FM-AM, with 12 FM-subcarriers was developed by
Heinrich Hertz Institute. FM was obtained by changing the dc-magnetisation of the
subcarrier oscillator inductance as a function of the input voltage. The system became
operational in the closing days of Peenemünde, early 1945, but generally too late to aid in
critical stages of flight testing. For flight testing the subsonic missile “V-1", a 12 channel



PAM/FM telemetry “Stuttgart” was produced by the Research Institute Graf Zeppelin. The
commutator with 10 samples per second per channel was driven by a small electric motor.
A 50 Watt transmitter on 3.65 MHz was used, frequency-modulated by a reactance tube in
parallel to the oscillator. A 21.6 m long trailing wire was the antenna.

The receiving equipment was installed in an HE 111 aircraft, and with an identical trailing
wire antenna a distance of 50 km could be covered with a noise-free 500 µV signal at the
receiver input.

More than 40 telemetry instrumented flight tests have been performed.

2.  AEROSPACE- AND BALLISTIC TELEMETRY SINCE 1950

For almost 10 years after the end of World War II, no further developments in the field of
telemetry were reported; indeed,,the first post-war work was done in 1954 by a student A.
Becker of T.U. Braunschweig who reviewed all existing literature for a study on aircraft
TM systems (6). After graduating, Dr. Bekker joined the Deutsche Forschungsanstalt für
Luftfahrt (DFL) (today part of DFVLR) and was instrumental in the development of a DFL
system for aerospace-and ballistic telemetry which was in use until the PCM aerea,
following its break through around the 70’s.

The first system developed by DFL was a 5 channel (400 Hz ...1 KHz) AM/AM telemetry
transmitting on 27.12 MHz and used in the flight testing of a glider-aircraft Kranich III;
this 5 channel TM design was basically similar to Messina I, but with much improved
properties, by transmitting only differences of voltages to the reference channel, resulting
in a precision of ±1%. The transmitter range was 25 km (7).

Though MIL-qualified U.S. IRIG-FM/FM systems dominated such test applications in the
following years and the IRIG documents were accepted as standards here, too, we began
to develop along one own lines, stimulated by the increasing demand stemming from the
economical resurrection of the country and the reestablishment of German Army.

The further development of DFL led to a low-cost 10 channel AM/FM system with a
VHF-transmitter, and AM-subcarriers between 2.4 KHz and 19,2 KHz; frequ. response
was from 56 Hz to 452 Hz. This system was successfully used for rotor tests of a
Sykanore Helicopter (8).

Miniaturized TM systems for testing high-g ballistic vehicles, e.g. artillery rockets,
sounding rockets and shells down to 30 mm calibre were developed in the 60’s. First came
a derivative of the DFL-AM/FM system having 7 channels and 0.1 Watts RF power at 



224 MHz with a channel linearity better 1%. With the rapidly increasing progress in
technology the circuit simplicity of AM-subcarriers was no longer as important.

By 1968, the German-French research institute (ISL) had developed a low-cost modular
family of high-g components in ceramic-thick film technology for applications in
accelerations up to 100 000 g; the flexible system design, allowed for biomedical and
ergometrical applications too. PAM/FM/FM systems could now be produced with
rf-power up to 2 Watts in the UHF range. A later family addition was an 8-channel PDM-
module, followed by a move to L-band transmission, to increase the onboard antenna
efficiency (9/10).

The first space qualified PCM-airborne components became available by 1969 and were
flown on the German national satellites DIAL and AZUR, and on the AZUR sounding
rocket program; PCM-ground equipment was still imported mainly from the US.

With specially designed and fabricated spacecraft TM, as well as the dedicated around
equipment for the near-solar mission HELIOS, and the French-German communication
satellites “Symphonie” the German industry has reestablished its competence in remote
data transmission a fitting climax to this short history.

To support national and international space projects, DFVLR constructed the Weilheim
ground station which includes 15 meter and 30 meter dish antennas, the latter for deep
space missions.

Sounding rocket projects were also carried out, and continue to be undertaken, by the
DFVLR-Mobile Rocket Base in countries as far away as Australia or Greenland.

Additionally, Military test ranges and the aerospace industry have been equipped with the
latest ‘state of the art’ hardware for the flight testing of advanced missile systems and
aircraft.

3.  INDUSTRIAL TELEMETRY AND REMOTE CONTROL

3.1  Process oriented Telecontrol

Remote control of industrial processes, in manufacturing and energy generation and
distribution has been applied with increasing demand since 1928 (11), contributing much
to the optimisation of manufacturing processes and making them more reliable.

Technologically the industrial use of telemetry and remote control (after IEC terms
“Telecontrol”) grew along the lines of telefone circuitry. Later with the increasing



demands in the number of channels and speed of transmission FDM played an important
role in the “Analogue Age”. PDM has become very popular due to its insensistivity to
bundle noise. In the digital age asynchronous transmission of digital telegrams with error
correction capabilities for hamming distances of 4 to 6 are standard newadays.
Transmission speed from 300 to 9600 Band are most popular.

With the evolution of computer technology it is difficult today to identify telecontrol
specific hardware under the surfeit of computer hardware, and is visible possibly only at
the near-process interfaces or at the man-machine interfaces.

Some experts believe that telecontrol has lost its identity by introduction of computer and
digital networks and it is now only an integral part of it. A deeper analysis however, shows
that telecontrol data transmission differs in some very important points from the ordinary
computer-computer data transmission by the stringent requirements for a real-time
transmission and near-real-time data availability, and representation with high integrity.

Economically this part of telemetry and remote control application is the most important,
e.g. investments for 1984 are estimated to be in Western Europe 1100 Mio DM (Germany
500 Mio DM) for telecontrol systems inclusive control room equipment.

3.2  Test-Oriented Industrial Telemetry

Before 1970 most of the systems used were built around U.S. imported components and
equipment; the national market was not yet attractive enough to encourage indigenous
developments to a large extent.

With the trend within industry to minimize the turn around time needed for the design,
development and fabrication of its products, as well as the evaluation and feed-back of
corrections or design, or the implementation of safety - and environmental requirements,
an increasing number of test-oriented TM-systems were required. Due to the variety of
applications, reasonable priced equipment could be achieved through flexible, modular and
(almost) free programmable concepts, adaptable to various tasks, e.g. 8 to 16 bit resolution
of the individual data signal with frequency responses from, say, 1/10 Hz to 10 KHz and a
number of channels from 4 to perhaps 256, giving bit rates from 10 Bps to 10 MBps. The
evolution of microprocessor technology encouraged the development of such systems.

The wide range of application calls for low-cost products as well as high-reliability in
extreme environmental conditions in the case of some processes.



The German Bundespost - the local PTT-authority - allocated 10 different radio frequency
bands from HF to SHF, to cope with this variety of applications and the required wireless
links.

Presently industrial radio telemetry is done mostly in the S-band range 2400 to 2500 MHz,
providing 40 channels with 2,5 MHz and an allowed maximum rf-power output of 1 Watt.

C-band transmission at 5700 to 5900 MHz with 5 MHz channel spacing is gaining
importance and Ku-band from 24000 to 24300 MHz has been used for special
applications, allowing channel spacings of maximum 25 MHz.

Electrooptical systems with transmission in the visible and unvisible light-range have
gained popularity in some fields, e.g. at fast rotating parts, in an electromagnetic moise
environment or for high bandwidth requirements. The design of many of the available
systems is based on IRIG-telemetry standards. For the recording of PCM-signals we have
our own industrial standard, DIN 66224 which favours Delay Modulation (Miller Code)
and contributes much to the cross-support of industrial test facilities (12).

The spectrum of available hardware ranges from relatively bulky systems, for applications
where weight, volume and power are not so important, up to a PCM-encoder integrated
completely on one chip.

Presently nearly 40 different, most small to medium sized companies are competing in this
market.

4.  PROMOTION OF TELEMETRY

Industrial process-oriented Telemetry and Remote Control (Telecontrol) is promoted
within a joint-board “Process Data Transmission”, sponsored by the Gesellschaft für Meß-
und Regeltechnik (Society for measurement - and control techniques) of VDI and the
Nachrichtentechnische Gesellschaft (society for Communication Techniques) of VDE.

The 3 working groups concern themselves with the main scope of the board

- fiber-optic links for industrial applications

- networks for transmission of process data

- services (current and future) for transmission of process data.



Studies are presently under way on new or soon to be offered services such as TEMEX
(Telemetry Exchange), TELETEXT (Bildtext) and the Integrated Services Digital Network
(ISDN), their influence on the design of telecontrol equipment and their possibilites for
future applications. The board tries to represent the users-view point in a dialogue with the
PTT-authorities and it supports the national committee of the International Electrical
Commission (IEC) with studies and proposals.

National conferences and forum discussions on subjects of public interest in the telecontrol
community are organized, and any results or resolutions are usually published.

Aerospace, biomedical and test-oriented industrial telemetry is promoted by the
Arbeitskreis Telemetrie e.V. (German Society for Telemetering), which was founded in
1973 by Herbert Wutz, HMW Data Systems, Inc. Since a while in the past decade several
biennial Telemetry Conferences have been held, whilst the high degree of interest from
neighbouring countries encouraged the society to open the 1984 conference as a European
event.

Upgraded tutorial courses are offered on a regular basis on telemetry and telecontrol which
are sometimes highly specialized and application-oriented on microwave techniques or the
integration of microcomputers in telecontrol.

General studies in the interest of the TM-community are sponsored by the society, such as
propagation tests in S-band and Ku-band to support mobile terrestrial applications or the
use of “piped-light” for biomedical data transmission.

One group of the society looks after the Telemetry Board of Deutsche Gesellschaft für
Luft- und Raumfahrt (German Aerospace Society). The new CCSDS guidelines for Packet
Telemetry and -Command Systems and their impact on future airborne- and ground system
design is one of their current analysis tasks.
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