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HOW THE 1980’s LOOK FOR
GODDARD SPACE FLIGHT CENTER’S

SPACEFLIGHT TRACKING & DATA NETWORK

PAUL R. SMOR

ABSTRACT

The Spaceflight Tracking and Data Network (STDN), operated by NASA’s Goddard
Space Flight Center, finds itself adapting to internal and external changes. Among these
changes, now familiar to all of us, are higher data rates, shrinking budgets, and to some
extent this nation’s relations with foreign governments. This paper strobes the STDN in a
period of rapid evolution. This evolution embraces automation, consolidation, and the
development of a space borne data relay network to replace terrestial stations. The STDN
is only one of several worldwide data and communications networks. Perhaps others will
tread similar paths.

THE STDN

The Spaceflight Tracking and Data Network (STDN) is a worldwide complex of
ground based stations designed to provide communications and data flow between users
and their spacecraft via the Payload Operations Control Centers (POCCs.) It evolved from
two previous Goddard-managed networks, the Manned Spaceflight Network (MSFN, and
the Spaceflight Tracking and Data Network (STADAN.) The MSFN, with its ships,
aircraft, and 20 ground stations, supported manned flights through the Apollo era, while
the STADAN supported primarily scientific, earth orbital payloads. The realm beyond the
moon was deemed deep space and was supported through JPL’s Deep Space Network.

STDN now consists of four domestic and eight foreign based ground stations as located
in Figure 1. This configuration is able to maintain communication with each NASA earth
orbiting satellite. About 30 spacecraft are supported daily. One of them (ATS-1) has been
around about 90,000 times since 1966.

Goldstone, Madrid, and Canberre have 26 meter dishes. The rest use 9 meter antennae.
All operate at S-Band.

Figure 2 shows the ingredients of a typical STDN station. Incoming TM data is
normally buffered, formatted, and temporarily stored before being sent back to the control
centers.



Forward data is serialized in the communications processor and uplinked. The present
digital data processor will soon be improved by a programmable modern interface, able to
switch data faster.

Historically, limits in terrestial communications data rates have prevented direct
transmissions of high rate data to the POCCs and Data Processing Facilities (DPF’s)
Instead, of shipping the juice, only the concentrate was transmitted, such as spacecraft
health and welfare data. The bulk of the data was recorded and sent by mail.

High-data-rate requirements have risen rapidly as space technology continues to
mushroom. Landsat-D, for example, needs 15 megabits per second for multi-spectral
scanning and will soon need 85. Spacelab wants 50 megabits and more.

The ground tracking stations are tied to their mission control centers with a web of
global communications called NASCOM, also managed by.Goddard. Figure 3.

NASCOM is using satellite links, higher carrier frequencies, and ever faster switching
devices to throughput data in “bent pipe” fashion, permitting economical shipping of the
“juice” instead of only the “concentrate”, to use the orange juice analogy.

Processing of these data is under constant pressure to be handled in real time, as
permitted by computer capability.

Concurrently, spiralling costs and inflation erode the true funding levels imposed by a
budget which has not grown significantly since Apollo. The need to do more with less
demanded a bold new approach to the telecommunications mission.

ENTER TDRSS

The TDRSS is a new era in every sense, replacing the terrestial network with a
spaceborne system which links into NASCOM at one ground terminal. (Figure 4.)

TDRSS was created by the search for cost effectiveness. NASA studies showed that
over ten years it should have a 1.6:1 cost advantage.

At the same time, TDRSS greatly improved support coverage of the average spacecraft.
Two TDRS satellites (and a spare) can provide up to 85% visibility of orbits below 200
km, rather than the 15% averaged by the STDN alone. This figure improves for higher
orbits. (Figure 5.)



Up to 20 users can be supported simultaneously at low return link data rates of 50
kb/sec. This is called multiple access service. Forward link service is time shared with a
maximum bit rate of 10 kb/sec to one user at a time.

Wideband, high data rate return link service, called single access service, at rates up to
300 Mb/sec at Ku band and up to 12 Mb/sec at S band, can be provided to two users per
TDRS, for a total of six users when the spare TDRS is operating. The SA forward rates
are 300 kb/sec at S band and 25 Mb/sec at Ku band. (Figure 6.)

Forward and return data flows through one highly automated ground facility near White
Sands, New Mexico. This is not a control facility, however data quality must be
continually examined here to ensure proper service. For this purpose, NASA has
developed a data-quality monitoring facility colocated with its NASCOM terminals at
White Sands.

The potential of orbital data sensors is obvious. They enjoy superb visibility. They are
immune to earthquakes, hurricanes, and labor disputes. It is very possible that the space
shuttle will bring the day when these sensors are refuelable and even repairable in orbit.

Present plans are to launch the first two TDRS satellites in December 1982 and June
1983, respectively. They will soon support all NASA low earth orbit spacecraft, including
the very high data rate users like Landsat-D, Spacelab, and Space Telescope.

When TDRSS is operational, the 9 meter STDN stations providing low earth orbit
support will no longer be needed and may be phased out. It is here that NASA expects to
realize substantial cost savings.

NETWORK CONSOLIDATION

The 9 meter STDN antennas at Goldstone, Madrid, and Canberra, originally built for
the Apollo program, are also destined to be replaced by TDRSS, however they will find
continued use in supporting the very high altitude elliptic orbit spacecraft with which
TDRSS has difficulty.

To do this, these three sensors will be consolidated into the Deep Space Network,
where they will also be modified to help support the DSN workload. The STDN 26 meter
dishes will be dropped from the network, as it is not economically feasible to modify them
for the DSN mission.

The impact of this consolidation will be an enhanced DSN and closer cooperation
between the telecommunication arms of Goddard and JPL than ever before.



MISSION CONTROL

The STDN exists to serve users of the data it transports. These users plug into the
STDN through their respective control centers, the POCC’s and, in the case of JSC, the
Mission Control Center (MCC.)

GSFC has been trying for several years to make the STDN as mission-independent as
possible. TDRSS, after all, is not modifiable once in orbit and therefore must be mission
independent. The control centers have likewise been standardizing hardware and, even
more significantly, software. The ultimate goal is to avoid mission-to-mission changes
which have been so costly and time-consuming in the past, yet not sacrifice any capability
of the experimenter to interact with his spaceborne hardware.

SUMMARY

In summary, the 1980’s will see the STDN moving to orbit as it is displaced by the
TDRSS. The decade will be marked by ever higher data rates being handled by ever fewer
people with no penalty in data quality. (Figure 7.)

FIGURE 1.  THE SPACEFLIGHT TRACKING & DATA NETWORK



FIGURE 2.  TYPICAL GSTDN STATION

FIGURE 3.  NASCOM CONFIGURATION FOR GSTDN



FIGURE 4.   TDRSS CONFIGURATION

FIGURE 5.  TDRSS ZONES OF EXCLUSION



Figure 6.   Forward and Return Link Frequency Plan

FIGURE 7  BASELINE STDN IN THE 1980s


