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David W. Stell
Project Engineer, Satellite Control Network Planning Office

The Aerospace Corporation
1320 Orleans Drive

Sunnyvale, CA 94086

ABSTRACT

The Air Force Satellite Control Facility’s Remote Tracking Stations, as they are presently
configured, are encountering several factors which will change their future viability and
utility. These factors include examples such as survivability and endurability requirements,
estimates of future Satellite Control Network loading, dependence on foreign ground
stations, and life cycle cost. Probable future Remote Tracking Station configurations are
discussed in view of these factors.

INTRODUCTION

The Air Force Satellite Control Facility (AFSCF) has been successfully performing the
satellite telemetry, tracking, and commanding function for over twenty-five years with
1950’s and 1960’s technology. During most of that time the capability and configuration
changes in the AFSCF network have been evolutionary, whereby capabilities are
constantly assessed and improved over a period of time to reflect changing support
requirements. Recently, however, a number of factors have been developing which will
dramatically change the AFSCF’s scope, capability, and methodology for performing its
assigned mission. This paper will first highlight the existing AFSCF network as a back
drop to the panorama of change now unfolding in satellite command and control. Then the
factors which are developing behind the scenes in this panorama, and some future
configurations for the RTSs, will be discussed.

THE AIR FORCE SATELLITE CONTROL FACILITY OF TODAY

The AFSCF’s mission is to provide command, control, and data processing for DoD space
vehicles. Beginning with a five station network in 1958 to support the Discoverer program,
the AFSCF has evolved into a network with a Control Center (Satellite Test Center) in
Sunnyvale, California, and seven Remote Tracking Stations (RTSs) located throughout the
world. The AFSCF also has a radiometric test facility at Camp Parks near Pleasanton,



California. AFSCF Headquarters is colocated with the Control Center at Sunnyvale AFS,
Sunnyvale California. Organizationally, the AFSCF is part of Space Division which, in
turn, is one of the divisions of the Air Force Systems Command.

The user oriented operations concept used by the AFSCF has not changed essentially in
twenty-five years. Real-time operations occur at the RTSs, while planning, orbit
determination, telemetry analysis and overall direction occur at the Control Center in
Sunnyvale. Each space program has a support team, called a Mission Control Team, which
operates from an assigned Mission Control Complex (MCC) in the Control Center in
Sunnyvale. During contact with the space vehicle, the MCC is in data and voice
communication with the appropriate RTS. The RTS executes the mission support plan
under the direction of the MCC by transmitting commands to the space vehicle and routing
telemetry and tracking information to the MCC via a computer-to-computer link. Most
functions performed at the RTS and the Control Center are manpower-intensive which has
led to increasingly higher personnel costs.

The AFSCF uses computers and equipment dating back to the 1950’s and 1960’s. CDC
3800 computers are used in the Sunnyvale Control Center to perform necessary orbit
determination and command planning functions. Varian computers are used to transmit
commands to the RTS computers prior to space vehicle contact and receive satellite
telemetry from them during space vehicle contact. At the RTS, Univac 1230 computers are
used for control and routing of data flow prior to, during and following space vehicle
contact. Antenna systems consist of either or both RADINC 60' double axis dual-drive
antennas or Philco-Ford 46' double axis dual-drive antennas. Command, telemetry and
tracking information flow to and from the space vehicle via the Space Ground Link
Subsystem which uses a 20 channel RF system operating in the S-band spectrum between
frequencies of 1750-1850 MHz (uplink), and between the frequencies of 2200-2300 MHz
(downlink). Communications capability between the Control Center and the RTSs consists
of voice circuits, and narrowband (2400 bps) as well as wideband (1.024 Mbps) data
circuits.

FACTORS AND TRENDS REGARDING THE RTS OF THE FUTURE

Of all the factors emerging to change command and control capabilities for future space
systems, several are proving to be more poignant and will be discussed here. These are
survivability and endurability, operational workload, life cycle costs, dependence on
overseas ground stations, and formation of Space Command. These factors will be
discussed relative to their impact on the AFSCF as a network of RTSs, focussing on the
changes that will occur organizationally, operationally and technically.



SURVIVABILITY AND ENDURABILITY

With the advent of the Reagan Administration in 1981, dramatic changes occurred in the
definition of national defense policy. Among the changes, the concepts of survivability and
endurability have become of paramount importance in defining and implementing defense
systems of the future. Relative to military space systems, missions are expanding from
strategic force enhancement and support to include tactical support and space control as
well. Consequently, space systems are now being designed to provide a significant
improvement in their ability to survive and endure throughout the conflict spectrum.

Survivability and endurability are being implemented in the ground control networks that
support national space programs by a combination of internetting, standardization, and
mobility. Internetting is defined here as the capability of hardware, software, and
communications which will allow one functional element to use the resources of another to
perform a function. As an example of this, the NAVSTAR Global Positioning System’s
Ground Antenna sites will be internetted with the AFSCF’s RTSs so that the respective
control centers of the two networks may use the ground station of the other. Future
distinctions between mission and functions of internetted networks will be blurred, and
“common user” RTSs will seem to proliferate. Standardized RTS communication links
with space vehicles will be designed in accordance with MIL-STD-1582 to operate in the
EHF and SHF RF spectrum. This is being implemented in the AFSCF with an “Advanced
Telemetry, Tracking, and Command “ (ATT&C) project. The ground stations and antenna
for the ATT&C project will be designed to fit in an 8x30 foot van, giving mobility to the
RTS for the first time. To further implement a survivable ground control network some of
these mobile RTSs may be designed with the command and control capability of a control
center as well as the traditional RTS functions of telemetry, tracking, and commanding.
This concept is being explored through a prototype project called the “Transportable/
Mobile Ground Station.’

OPERATIONAL WORKLOAD AND LIFE CYCLE COSTS

The AFSCF’s operational workload has been steadily increasing every year since the early
1970’s, and there is no indication that this trend will change. In fact, recent analyses
indicate that today’s AFSCF spacecraft inventory will almost double by 1995.
Coincidentally, since space vehicles are becoming more autonomous, the RTS workload is
not expected to double. The network is being used at 90% of capacity today. thereby
raising obvious questions concerning the capability of the RTS Network to accept the
increased workload. As with the operational workload, the yearly cost of operating and
maintaining the AFSCF Network has been steadily increasing as well. Cost factors such as
inflation, aging equipment, and wages and salaries have combined to raise yearly O&M
costs.



To cope with the projected operational workload and to reduce life cycle costs, the AFSCF
began a major effort several years ago to modernize the Network. The two programs,
(Data Systems Modernization and Automated Remote Tracking Station) in this effort will
bring about major changes in the RTS Network’s current configuration and operations
concept. Real-time operations, which are currently conducted at the RTS, will be remotely
conducted from the Control Center in the future. RTS configuration, control, testing, and
fault isolation will be remotely conducted from the control center as well. As a
consequence, RTS personnel will be primarily engaged in maintenance and administrative
activities. The major configuration change at the RTS will be the removal of the Univac
1230 computers which are now used for control of real-time operations and data flow.
Equipment for functional capabilities which remain at the RTS will be modernized for the
first time in years.

If technology and requirements permit, the 10 Kw klystrons and 60' RADINC antennas
will be replaced by solid state power amplifiers and modernized ten-meter antennas.

DEPENDENCE ON OVERSEAS GROUND STATIONS

The Air Force has become increasingly concerned about the cost and vulnerability of
overseas ground stations. Logistics, personnel, transportation, and operating costs have
been steadily increasing. Furthermore, those RTSs located in foreign countries are
susceptible to the political whims of the host nation, and are more likely to be subject to
attack during increased hostilities. As a consequence, Air Force policy for the past two
years has been to minimize reliance on overseas ground stations when planning for new or
modernized space systems.

To implement Air Force policy, studies are being undertaken to develop communications
relay capabilities that will allow RTSs in the CONUS to communicate with space vehicles
at any point in their orbit. Studies already completed have validated the feasibility of a
relay system operating at 60 GHz. Other studies are investigating crosslinks which operate
at other frequencies in the RF spectrum. Standardization now being established by MIL-
STD-1582 (SDLS) for up-and-down links will be broadened to include crosslinks as well.
The AFSCF’s ATT&C project will provide the ground terminals for the communications
relay system. With communications relay system modules installed on several host
spacecraft and with several ground terminals located appropriately throughout the
CONUS, the impact of losing an overseas ground station can be reduced.

FORMATION OF SPACE COMMAND

The U.S. Air Force Space Command was formed on 1 October 1982 to manage, control,
and protect assigned operational space assets. At the time of its inception, Space



Command was assigned responsibility for both the early warning satellites and the defense
meteorological satellites as well as their associated ground control and tracking networks.
Agreements subsequent to 1 October 1982 will bring additional space system assets under
the purview of Space Command, including the transfer of the AFSCF’s RTS Network from
Systems Command. The Satellite Test Center in Sunnyvale, California, will remain a
Systems Command asset.

The changes resulting from the transfer of the RTS Network to Space Command could be
primarily organizational and administrative rather than technical. The AFSCF has
traditionally provided its operations, maintenance, logistics, and training support to the
RTS by contract. Space Command, on the other hand, may use Air Force military
organizations, such as Logistics Command and Air Training Command, for their support.
Future on-site personnel could continue to include contractors by may tend to emphasize
the use of active duty military personnel. The overall result could bring the RTS more fully
into the “mainstream” of the traditional Air Force.

SUMMARY

The Air Force Satellite Control Facility’s worldwide Network of Remote Tracking
Stations which has performed its mission eminently well for the past twenty-five years, has
entered an era of significant change. The factors which are causing and influencing this
change will result in expanded mission, automated configurations, different operating
methodologies and new support philosophies for the RTSs. Specific changes will be:

• Organizationally, the RTSs will become part of Space Command. Administrative,
logistics and communication support may be provided by other Air Force
organizations per agreement with Space Command.

• RTSs which are at fixed locations will no longer have a real-time operations
function. Configuration, control, testing and fault isolation will be performed
remotely by one of several control centers having access to the RTS.

• While RTSs will continue to operate in the S-band spectrum, capability to operate
at Ku-band frequencies may be added. The eventual goal will be to use
communications links that conform to MIL-STD-1582 (Space Data Link
Standards).

• To accommodate the projected increased workload and to reduce life cycle cost,
automation will be used extensively. Old equipment will be replaced by
modernized equivalents where is is cost efficient to do so.



• To enhance endurability and survivability of space systems, RTSs will be
internetted with other ground control networks which are dedicated to specific
programs, and some “RTSS” will be mobile.

• Dependence on RTSs which are located overseas will be reduced through the use
of an Intersatellite communications relay system.

In summary, the RTS of the future will be a modernized part of a larger “network” which
will be an internetted combination of several networks. It will communicate with future
spacecraft at frequencies which are considerably higher in the RF spectrum than in the
past. It will be operated remotely by one of several control centers, and some RTSs will be
mobile.


