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TELEMETERING IN THE SPACE PROGRAM OF THE 1970’S

WILLIAM E. MILLER, JR.
NASA Headquarters

Washington, D.C.

Before we take a look at what the rest of the decade holds for telemetering in the space
program, let’s consider briefly the history of telemetering since the end of World War II.

The late 40’s and the 50’s saw the evolutionary development of the guided missile, with its
high degree of dependency on radio telemetering and usual employment of the standard
analog systems, FM/FM, PAM/FM/FM, and PDM/FM. There was need for a large
quantity of missile-borne equipment because only rarely ins a missile unit recovered for
reuse. Ground equipment was needed in some quantity, too, as the number of test ranges,
number of links per flight, and number and duration of flights increased.

The early space program did not change this picture much, but, at about the time of the
advent of manned space flight in the 60’s, FCM telemetering began to replace the
workhorse analog systems and unified two-way communications systems came into being
for doing the voice, command, telemetering, tracking, and video jobs. The coming of long-
life satellites and lunar missions meant that long equipment life had become essential, and
the increasing cost and complexity of missions meant fewer flights and thus a reduction in
the need for vehicular telemetering equipment in quantity. The latter situation, in terms of
business for industry, was counterbalanced by a large increase in ground equipment needs
to obtain worldwide coverage.

During the decade of the 70’s, we will enter the era of the reuseable Space Shuttle and the
Data Relay Satellite, and this will mean a decrease in the quantity needed of both
spaceborne and ground equipment: The reuseable Shuttle--and its capability for return of
payloads and spent satellites to Earth for refurbishment--will mean reuseable flight
equipment; the Data Relay Satellite will mean that the large network of ground facilities
around the globe will no longer be needed. As planned, essentially all of our Earth orbital
programs, manned and unmanned, will use the Shuttle and Data Relay Satellites for
transportation and communication. (of course, our planetary probes, always few in
number, will continue to require special treatment, with ground communications for them
still focussed at the three Deep Space Network sites.) The shift in emphasis from quantity
of flight equipments, having relatively short lifetimes, to quality of flight equipments,
having very long lifetimes, will have been completed.



Although we will have few manned flights in the 60’s after next year’s Skylab, our plans
for the balance of the decade do contain vigorous activity in all areas of unmanned flight:
planetary missions, Including multi-experiment flights to Venus, Mercury, and the outer
planets and a Mars landing; physics and astronomy missions, with special attention to
space-based radio astronomy and other spectral surveys; communications satellites,
including the Data Relay Satellite already mentioned; and Earth observations satellites for
detailed study of the Earth and its meteorological environment.

Our Earth orbital missions in the 70’s, both manned and unmanned, will be focused on the
exploitation of space for the benefit of the people of Planet Earth, including the solution of
problems in environmental reclamation; development of Earth resources; weather
prediction; communications, including educational television; navigation; life sciences; and
manufacturing. This means the performance of a multitude of experiments and applications
tasks, often employing real-time interaction between Earth and space, and resulting in the
generation of ultra-high data rates, especially where imaging is involved. Special attention
is needed to this data rate problem to keep it from running away with us. Even the present
unmanned ERTS (Earth Resources Technology Satellite) and next year’s manned Skylab
offer serious challenges to us in data acquisition, processing, and distribution. The
telemetering community is especially aware of the limitations of the available radio
spectrum, but there are also serious practical limitations in all the other elements of the
data management process, including recording, computing, display, analysis, even
archiving. Our rule must be that, as a general practice, only highly meaningful data or data
which is highly likely to be so will be acquired. Experimenters and other data users will
need to be brought into the command and control loop to interact with the space vehicle in
such a way as to assure this result.

Planetary missions also will encounter the high-quantity-of-data problem as they become
increasingly characterized by multiple interdisciplinary experiments as well as by very,
very long life times. There, too, interaction between experimenter on the ground--often at
his home base--and the spacecraft will be needed to control the quantity of data generated
and to maximize results through real time experiment replanning as results come in.

Although it is painful nostalgically to many of us, the decade of the 70’s could mark the
end, essentially, of telemetering as a separate discipline in space. I have already referred to
the trend toward unified communications systems such as were used in the Apollo
spacecraft. Of course, telemetering channels for reporting and diagnostic purposes will
always be employed, but they will usually be contained within a highly integrated data
system. When our future vehicle is fairly large, a in the case of some of the planned sortie
payloads for the Shuttle (see Figures 1, 2, and 3), we may have digital and analog data
busses on-board, multiplexing and furnishing data to on-board computers, in some cases,
but more commonly to tape and film recorders for ground processing after return of the



Shuttle to Earth. Data bus systems, of course, are very closely related to telemetering
systems.

Regarding RF bands, Ku band will come into use in the 70’s, but with the bulk of data still
using S-band, and with some continued use of VHF and X bands. Even greater use of VHF
and for deep-space missions is expected with data rates reaching as high as several
hundred kilobits per second at planetary ranges. We may begin using interplex modulation,
a new form of PSK/PK, in deep-space missions about the end of the decade. (Interplex
modulation was described at ITC/71 in a paper by Butman, Lafrieda, and Timor of the Jet
Propulsion Laboratory.)

While these evolutionary changes are being made, increasing attention will need to be
given to reduction of costs concomitant with improving performance. This is a very real--
and important-- challenge if we are to realize high dividends in space from our limited
dollars. One of the ways which has been suggested to lover costs is to provide modular
electronics, so that integrated data and communications systems, performing the voice,
command, telemetering, video, etc., tasks, can be constructed for our various missions
reliably and economically with standard, proven, low cost, off-the-shelf modules.

Looking ahead to the 80’s, there is the possibility that we will be able to establish an
orbiting space station capable of generating the equivalent of 1012 to 1013 digital bits per
day. Through the use of low cost modular on-board electronics, proven in the intervening
years, and with the multitude of experiments and space applications needs we expect to
exist, it will not be difficult to generate that much data. The challenge will be to find even
more effective ways to help data users fill their needs without both the communications
p1peline to the ground and the users themselves becoming inundated. It will be even more
important than ever to give the most serious attention to the data proliferation problem at
every point in the data loop, from ex periment design to published report.

In brief, the challenge in the 70’s, and on into the 80’s, is to achieve low cost with high
performance through careful systems engineering of the total data and communications
system, including all its man-machine interfaces, both in space and on Earth. I am sure that
the telemetering community, which has made so maxrj exceedingly important contributions
to the space program in the past, will respond to this new challenge with renewed
enthusiasm and high creativity and will thus play a valuable role in maximizing the benefits
to mankind of our future space program.
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