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INTRODUCTION

Consideration of the command and control of the United States military satellites
precipitated a review of the existing satellite control networks. This review cataloged the
existing facilities and highlighted their differences and commonalities. Areas that have
promise for providing mutual backup and interoperability are noted. A long-range goal is
to achieve a degree of interoperability such that command and control of any particular
satellite system can be supported by any of several ground control systems.

SATELLITE NETWORKS

There are currently six commercial satellite control networks, five United States
government civil networks, three foreign civil networks, and nine United States military
networks.

There are some elements that are common to all these networks; such as, a control center,
staffed by technical, operational and maintenance personnel, supported by computers with
extensive arrays of software and procedures for performing satellite control;
communications facilities both intra- and internet and, of course, antennas plus some
facility, usually automated, for scheduling the operations of the network.

Some networks are dedicated to the support of a single satellite program, an example is the
Defense Meteorological Satellite Program (DMSP) network. Others are common user
networks that support a multiplicity of satellites from several different programs, examples
are the Air Force Satellite Control Facility (AFSCF) and the NASA Ground Spaceflight
Tracking and Data Network (GSTDN).

The three examples in the previous paragraph are all true networks in the sense that they
consist of a central control center connected by communication links to remote antenna
ground stations. This is characteristic of networks that support non-geostationary orbits.



For the support of satellites in geosynchronous orbit, such as the communication satellites,
a single ground station may comprise the entire satellite control “network.”

This paper will focus on the characteristics of six of the United States military networks.
These six are: the Air Force Satellite Control Facility (AFSCF), Defense Meteorological
Satellite Program (DMSP), Defense Satellite Communication System (DSCS), Global
Positioning System (GPS), Western Space and Missile Center (WSMC), and the Eastern
Space and Missile Center (ESMC).

AIR FORCE SATELLITE CONTROL FACILITY (AFSCF)

The mission of the AFSCF is to provide Telemetry, Tracking and Commanding (TT&C)
for most DoD space programs. Presently, it is supporting forty-four satellites from fifteen
different programs. It has seven Remote Tracking Stations (RTS) with twelve antennas.
The major control center is in Sunnyvale, California. The primary support from this
network is in the S-band region of the spectrum. The Space Ground Link System (SGLS)
is the TT&C radio system used throughout this network. The AFSCF began operations in
1956 and has evolved to a common user network. A modernization of the AFSCF’s
computer system is in progress and plans call for a second control center to be constructed
in Colorado Springs, Colorado.

DEFENSE METEOROLOGICAL SATELLITE PROGRAM (DMSP)

The mission of this system and its associated network is to collect and disseminate global
weather information. The space segment is made up of two satellites in 500 nautical mile
polar orbits. The network consists of two Command and Readout stations which provide
for both TT&C and the collection of mission data. The primary control center is located at
Offutt Air Force Base. Additionally, mission data is sent to the Fleet Numerical Weather
Center (FNWC) at Monterey, California. This data is transmitted via the Westar
Commercial ComSat Relay. The two Command and Readout stations use the SGLS
system in the S-band.

DSCS SATELLITE CONFIGURATION AND CONTROL ELEMENTS (SCCE)

The mission of the Defense Satellite Communication System (DSCS) is to provide
communication for the DoD. The Satellite Configuration and Control Elements (SCCE) are
being located at eight of the existing DSCS ground terminals. These control elements are
capable of providing the TT&C for the DSCS III satellites. This is done in the X-band
along with the communication channels provided by the satellite. The AFSCF also
provides TT&C for DSCS in the S-band. The SCCEs are being implemented and deployed
with the final installation planned for 1985.



GLOBAL POSITIONING SYSTEM (GPS)

The mission of the GPS is to provide accurate navigation data to world-wide users. The
space segment consists of six satellites with plans for eighteen satellites plus six spares by
1986. At this tine all TT&C for GPS is provided by the AFSCF with navigation message
upload being provided from the GPS upload station at Vandenberg Air Force Base. GPS is
planning a network of three ground antennas located around the world, five monitor
stations also world-wide, and a central master control station. This network will be
dedicated to the GPS program. Operation will be in the S-band with a SGLS type system.

WSMC AND ESMC

For purposes of this survey, the Western Space and Missile Center (WSMC) and the
Eastern Space and Missile Center (ESMC) were considered as networks. While in the
strict sense, these facilities are not involved in day-to-day satellite control operations, they
both possess extensive TT&C capabilities. No catalog of assets that might be considered
for interoperability would be complete without these centers. Both centers’ mission is the
launching of missile and space vehicles. The WSMC is composed of five cooperating
organizations, the Western Test Range, the Pacific Missile Test Center, Ballistic Missile
Defense Center, 6595th Test Group, and the Air Force Satellite Control Facility (AFSCF).
There are three major centers at Vandenberg, Point Mugu and Kuajalein. WSMC includes
twenty-seven TT&C ground facilities including both RF and optical systems. The RF
system operates in the VHF, UHF, L-band, and S-band region.

OBSERVATIONS

There are several observations to be made from the data compiled on the various
networks. First, it can be noted that substantial TT&C capacity is in existence. This survey
compiled data on 19 networks. Most of these, but not all, are independent of each other.
All of the networks employ similar architecture for performing command and control of
satellites. However, they are generally not interoperable and cannot provide mutual backup
for each other. The key element that is required in this area is standardization. There are
two notable exceptions to the general lack of standardization and these are the Unified
S-band (USB) employed by NASA and the Space Ground Link System (SGLS) used by
many of the DoD networks. These two systems are not mutually interoperable. Figure 1 is
a diagram that indicates where potential for mutual backup does exist.



CONCLUSION

Of the presently existing TT&C networks, there is some limited mutual interoperability
and backup. This is primarily due to the good work done in the 1960’s towards
standardizing the space-ground RF systems (USB and SGLS). This points the way for the
future. Standardization is the key. Commonalty and modularity also are important for
orderly interconnection and growth. These are areas that should be vigorously pursued to
establish an interwoven structure of Satellite Command and Control capabilities with a
resilience such that complete disruption cannot be accomplished without destroying the
entire fabric of the whole system. In this vein, three opportunities for moving in this
direction are the interconnection and mutual backup of the DMSP, GPS, DSCS, and the
AFSCF networks.

Figure 1.  Potential Backup Groupings of Satellite Command and Control Network


