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ABSTRACT

The Air Force Satellite Control Facility (AFSCF) originated over twenty years ago, and
has evolved into a global satellite support network. This global network includes seven
Remote Tracking Stations (RTSs), support elements, and the Satellite Test Center (STC)
located in Sunnyvale, California. The AFSCF provides real-time telemetry, tracking, and
commanding (TT&C) support to Department of Defense (DoD) spacecraft and launch
vehicles.

Since its inception in response to changing DoD space support requirements, the AFSCF
network has grown through expansion and modernization of its tracking, data processing,
and communication capabilities. The AFSCF network supports over 52,000 satellite
contacts per year. This paper describes the operations performed in support of one of these
contacts.

INTRODUCTION

The AFSCF is a USAF world-wide network composed of a control center, called the
Satellite Test Center (STC), located in Sunnyvale, California; seven geographically
separated Remote Tracking Stations (RTS) (shown in Figure 1), and all of the equipment,
subsystems, and computer programs required to support satellites while in orbit and to
support recovery operations. Presently five of the RTSs are called dual stations, dual
signifying that two satellites can be supported simultaneously. At the two remaining RTS
only one satellite contact is possible at one time. The AFSCF is fundamentally a service
organization which time-shares its resources among multiple satellite programs. It is
essentially operational in character.

The Air Force Systems Command Space Division plans and manages DoD satellite
research and development projects. SD through the AFSCF performs the on-orbit
command and control of DoD satellites.



Central administrative, management, and development offices for the AFSCF are located
at Sunnyvale AFS, California. The Commander, AFSCF, reports to the Deputy
Commander for Space Operations at Space Division. The AFSCF staff offices perform
requirements definition, engineering development, and system procurement/modification as
required to meet assigned mission objectives.

MISSION

The AFSCF supports DoD satellite programs by performing real time telemetry and
tracking reception/processing, command and control, and recovery of satellite data
packages. The AFSCF also performs post-pass and post-flight evaluations. The AFSCF
provides planning, design, development, procurement, installation, and checkout of
satellite control and recovery systems, computer programs, and facilities to support
Research and Development (R&D) of DoD Space Programs.

The following paragraphs address how the AFSCF, as it is today, supports one of the
many operations for the Global Positioning System (GPS).

CURRENT SYSTEM

The current system consists of three major elements; the Satellite Test Center, the RTSs,
and the Communication System. This geographically dispersed network called the AFSCF,
tied together via the communication element, performs the command and control function
required for support of DoD satellites. The AFSCF system is designed with the
performance and flexibility to support simultaneously a wide spectrum of earth-orbiting
spacecraft of various altitudes and orbital inclinations on a 24 hours-per-day, seven days-
per-week operations.

GPS is one of the many spacecraft systems supported by the AFSCF. The satellites making
up the GPS constellation (six to date) are in two orbital planes inclined 63E and with a
period of 1/2 sidereal day (approximately 12 mean solar hours). The properly equipped
user can determine his three-dimensional position, velocity, and system time, when four of
the satellites are in the user’s view. The GPS satellites are launched from Vandenberg Air
Force Base, California. The AFSCF supports all phases of GPS satellite operation from
prelaunch, launch, orbit transfers, and on station. When the GPS satellite is on station the
AFSCF performs normal housekeeping operations such as TT&C.

One of these standard operations is a stationkeeping maneuver. A representative
stationkeeping maneuver is a sequence of maneuvers as commanded by the ground that
keeps the spacecraft within its specified orbital tolerances such as the orbital period,
eccentricity and phasing. On the average, the stationkeeping maneuver is performed about



once per year. The operations that occur at the STC and RTSs are described in the
following paragraphs.

SATELLITE TEST CENTER

Program office and AFSCF support personnel at the STC plan, integrate, schedule, and
control the total AFSCF network activities for multiple satellite support. Each program has
a support team which operates from an assigned Mission Control Center (MCC) at the
STC. The MCC is in data communication with the appropriate RTS via a communication
switching system and one of ten computers. The STC-RTS vehicle data exchange is
assigned and operated on a preplanned schedule by a network control group to meet the
program requirements. Except for possible schedule conflicts that must be resolved, each
MCC and support team can operate as if it were the only program using the AFSCF
network. The program support teams are composed of mission control personnel, Mission
Directors and program representatives for operation direction, and a staff of program-
oriented specialists and technical advisors who constantly review satellite status and
performance and plan future activities.

The data exchange process that takes place during the representative GPS contact or any
satellite contact is as follows.

TT&C report data are transmitted via the AFSCF Communication System to the STC in
real time where it is processed further and recorded in the data buffer complex prior to
distribution and display in the assigned MCC.

The data buffer complex receives data from an RTS Univac 1230 mTc computer, formats
the data for display, and buffers the data for output to selected display devices. The current
data buffer computer is a Sperry Univac 73/75 Emulator Buffer Computer (EBC) so
named because it emulates or copies the previous data buffer computer, a CDC-160A
computer. The data buffer computer also transmits prepass data, provided by the CDC
3800 computers, to the RTS Univac 1230 mTc computers located at the RTSs. Currently
ten data buffer computers provide realtime data support. The data buffers carry on duplex
digital-data communications with the RTS computers over 2400 bps data circuits.

Typically the data buffer:

a.  Transmits prepass messages (telemetry, tracking, and commanding) containing such
information as antenna-positioning data, command information and instructions, and
telemetry modes, to the RTSs.



b.  Stores tracking and telemetry messages on magnetic tape for processing on the CDC
3800 computer.

c.  Receives and converts telemetry data messages arriving from the RTSs into
engineering units suitable for display on line printers.

d.  Formats tracking and command data for display on line printers.

e.  Transmits command messages to the tracking station for subsequent transfer to the
orbiting satellite.

The data buffer computer formats the received RTS TT&C data for display and buffers the
data to printers and to the digital television system displays located in the MCCs. The
display subsystem supplies processed TT&C and status data to MCC personnel to assess
the health and status of the satellite in contact with an RTS.

Control and display equipment in the MCCs includes the Mission Controller’s console, the
Planner/Analyst console, and the Data Controller’s console. Display monitors are located
within these consoles as well as an alphanumeric keyboard for use with the digital
television (DTV) system. The DTV processes computer generated television images of the
same data that is printed on the MCC’s printers. The MCC consoles display any of the
available digital television channels and provide command and control capability through
voice links with the RTSs. Voice links and pneumatic tube drops within the MCC also
connect the console positions with other operational areas of the STC.

Post satellite contact data reduction is performed on the CDC 3800 computer. The CDC
3800s utilize the data recorded in real time or post pass by the data buffer computers.

The CDC 3800 computer complex performs data storage, data processing, and
computation operations that are beyond the capabilities of the data buffer computer. The
data buffers are primarily data-handling computers, that have limited memory storage and
limited computation capabilities as compared to the 3800 computer complex. The 3800
computer complex performs the following functions required for future contact with a
particular satellite: (1) process the satellite specific telemetry processing parameters, (2)
perform orbit determination and ephemeris generation including antenna-pointing data; and
(3) format vehicle command messages. The CDC 3800 computer complex develops this
large volume of data mainly from the results obtained during the last contact with the same
satellite; for example, the antenna-pointing data used to position the RTS antennas to the
succeeding contact point are generated from previously received antenna tracking data.



The operations described in the previous paragraphs apply to any of the number of
satellites supported by the AFSCF. Specifically in case of GPS, the RTS transmits health
and status telemetry data and tracking data to the STC data buffers during satellite contact
where it is recorded on magnetic tape. The recorded tapes are subsequently processed on a
CDC 3800 computer. The two major software programs residing on the 3800 that are
required to perform the stationkeeping maneuver are the GPS peculiar program called the
GPS Command Program (GPSCP) and the Advanced Orbital Ephemeris System (ADES).

The GPSCP consists of a number of computer programs that perform the software support
during a GPS mission i.e., launch, the transfer orbit, the drift orbit, and the operational
orbit. The computer program required during the stationkeeping planning and execution
process is the telemetry processing software which calculates the consummables available
onboard the satellite. This data is passed via the data base to the Reaction Control System
Modeling software which calculates the estimated fuel usage required to perform the
maneuver. These estimates are required by the stationkeeping software, which calculates
the length of any thruster firing required to keep the GPS spacecraft in its orbital period.
ADES provides to the stationkeeping software the exact spacecraft ephemeris data which
it determined from the earlier RTS contact, using the recorded tracking data. The final
output of this mission planning function is a series of commands, which when executed at
the RTS provide the proper firing of the small thrusters onboard the GPS spacecraft in
order to perform the required stationkeeping maneuvers. These commands, after approval
by the Mission Director, are transmitted by a data buffer computer to an RTS 1230 mTc
for storage and subsequent execution under the control of the MCC. The communication
media between the STC and the RTSs is discussed in the next paragraphs

COMMUNICATION

The AFSCF communication system provides fast, reliable communication of voice and
data within the AFSCF and between the AFSCF and other agencies. The communication
system consists of land lines, submarine cables, microwave, and satellite communication
links.

The communication interfaces within the AFSCF (STC-RTS) and external to the SCF
consist of both narrowband and wideband systems. Typically the narrowband systems
employ leased commercial telephone circuits having a nominal bandwidth of 3 kHz. Until
recently, the narrowband circuits provided the majority of the voice, teletype, and 2400
bps computer data communication. The AFSCF in the last two years has been shifting to
the wideband communication capability offered by the Defense Communication Agency
(DCA) communication satellite system. The AFSCF interfaces with the DCA
communication terminals via its own internal communication terminals. This system
provides duplex high data rate communications between the RTSs and STC. Due to the



orbit location of DCA satellites the AFSCF also uses commercial terminals and satellites
to provide links with a number of RTSs.

The AFSCF system allows a maximum combined data rate for all signals of 1.536 Mbps
(3.072 Mbps rate with one-half convolutional encoding) per single RTS to the STC, and
192 kbps from the STC to a single RTS. For a dual RTS, a combined output of 3.072
Mbps (6.144 Mbps rate with one-half convolutional encoding) to the STC and 384 kbps to
the RTS is available.

Using the above communication media (wideband or narrowband) the appropriate GPS
command and acquisition tracking data will be transmitted to the selected RTSs.

REMOTE TRACKING STATION

In general the RTSs contain the receiving, tracking, and transmission equipment necessary
for satellite data reception, position determination, and commanding as they pass within
range of the RTS. Individual teams operate the RTS antennas, telemetry equipment, and
data systems. The teams are directed by the Operations Controller. The Operations
Controller is in voice communication with the appropriate Mission Controller who is
located in the assigned Mission Control Complex (MCC) at the STC. Telemetry, tracking
and commanding data pass between the STC and the RTSs through a Univac 1230 mTc at
the RTS and a Varian 73/75 EBC at the STC via 2400 bps full duplex communication lines
or the wideband interface.

All GPS thruster firings for the stationkeeping maneuver require two RTSs where one is
primary and the other is backup. This redundancy provides insurance that in case of a
ground equipment failure at the primary site during thruster firing and in case the thrusters
do not turn off automatically the backup site can transmit the command. The primary RTS
that will command the required stationkeeping maneuver is the Vandenberg Tracking
Station (VTS) and Hawaiian Tracking Station (HTS) is backup. GPS satellite support at
the RTSs is performed in the following manner. Both RTSs receive instructions from the
STC to prepare for operations. Equipment is readied and checked about 30 minutes before
satellite pass operations are scheduled to begin. Nominal processing data required for the
stationkeeping maneuver such as tracking, commanding, and telemetry information
normally resides at the selected RTSs.

Equipment checks are made at the RTS to prepare the station for pass support. The Univac
1230 mTc computer and its peripherals, the station operations console, and other RTS
hardware, such as transmitters and receivers, are properly configured. Adjustments are
made as required, and functional tests to confirm proper operation of the system are made.
Sample transfers of data are made between the STC and the RTS to ensure that the data



links connecting the two are working properly. Finally, the data buffer assigned to the RTS
sends prepass data as required to the RTSs Univac 1230 mTc computer, which then
updates and prepares the prepass disk for use during the operations that are to follow.
When satellite acquisition is imminent, a real-time near message is generated and sent to
the data buffer. This is used to connect the 1230 mTc to the buffer computer.

At Estimated Time of Arrival minus 10 minutes, final checks of equipment are made.
Prepass data, including the telemetry processing modes to be used during the pass, is read
into the Univac 1230 mTc core memory from disk. The final system configuration is
established. The Univac 1230 mTc writes the final system configuration data, so-called
recovery data, on the master disk for use in the event that a gross system failure occurs
during the pass. During this time the Operations Controller directs the Assistant
Operations Controller situated at the station operation console to dial up each command as
directed by the satellite pass plan, briefed earlier by voice, to verify the proper availability
of each briefed commands.

The data buffer computer, meanwhile, is standing by awaiting data from the satellite. It has
also accomplished a thorough final check of its readiness to support operations. The pass
will begin for the data buffer when data is received from the RTS.

Approximately five minutes before acquisition, the Univac 1230 mTc begins sending
antenna pointing data (azimuth and elevation) to drive the antenna and displays on the
station operations console. This data may be used throughout the pass if necessary to point
the antenna at the spacecraft. When the antenna has located the satellite and frequency-
locked its receiver to the downlink signal, automatic tracking circuits begin to operate and
tracking data that will be used to update the satellite ephemeris data is accumulated. Upon
acquisition of the satellite, the Univac 1230 mTc begins processing tracking data from the
primary antenna. The primary antenna can be either a 46' or 60' antenna. Since two RTSs
are required during this maneuver both will be tracking and receiving telemetry data but
only the primary station (VTS) will be commanding with an active transmitter while the
backup station (HTS) transmitter will be passive.

Commands are transmitted to the satellite in response to directions received via voice lines
from the GPS Mission Controller at the STC. The Operations Controller, at the RTS,
directs the Assistant Operations Controller to initiate the command sequences. Command
verification data appears in the satellite’s downlink telemetry data stream and is used by
the Univac 1230 mTc to determine whether the command just transmitted requires
retransmission. This data, together with tracking data and status reports of various kinds,
are printed at the Univac 1230 mTc’s printers and simultaneously sent to the data buffer
during the pass. The same TT&C data is provided from the data buffer computer to the
MCC line printers and television monitors for the associated satellite programs personnel.



The telemetry data is processed on the basis of parameters and algorithms specified in the
various telemetry modes. The processing of particular parameters enables information
meaningful to the user at a particular time to be extracted from the telemetry data streams.
All telemetry data is recorded in an analog format on magnetic tape recorders located at
the RTS. The recorded telemetry tape can be used for subsequent processing of raw
telemetry data during a postpass playback. Tracking and Command data (T&C data) is
recorded on a Univac 1230 mTc history disk. Included in this T&C data is time
information, tracking data received from the primary antenna, command status and
configuration reports, and status and alarm messages. When the satellite passes out of
sight of the RTS, or by direction by the MCC, in case of GPS, live TT&C operations
cease, computer processing is terminated. Instructions may now be given by the STC for
the RTS to process and transmit certain additional data the STC did not receive during the
active support period. The data to be sent may be from the recorded telemetry tape or from
the history disk. Processing of this data is essentially identical to that which took place
during the pass, except for the differences in data source and telemetry processing modes
employed.

The completion of data transmission to the data buffer following either a live pass or a
playback terminates the pass phase of operations. The Univac 1230 mTc reads a new
prepass program back into core memory and prepares to support other satellite programs
or subsequent passes of the same satellite. A fade message sent from the RTS to the data
buffer terminates the postpass transmission. The data buffer returns to its prepass phase in
preparation for further operations. The RTS computer is disconnected from the data buffer.
During the “non-station contact” period the data buffer recording tape is hand-carried to a
CDC 3800 computer for post-flight analysis and updating of various data bases.

All communication between the RTS and the satellite is performed using the Space-
Ground Link Subsystem (SGLS). SGLS utilizes the S-Band frequency spectrum. For the
uplink, the command and range tracking services are multiplexed onto a single radio
frequency (RF) carrier in the 1.75 to 1.85 GHz band. Simularly, telemetry, analog data,
and range tracking data are multiplexed onto a single RF carrier (carrier 1) in the 2.2 to 2.3
GHz band for downlink transmission from the satellite. The carrier frequency is maintained
coherent with the uplink to enable the extraction of doppler range rates information for
tracking data. A second downlink carrier 5 MHz below carrier 1 handles high rate PCM
telemetry data. A wideband downlink capability, known as the advanced space-ground
link subsystem, is also provided. This downlink operates in the 2.2 to 2.3 MHz frequency
range.

The GPS spacecraft uses a 1 kbps uplink command rate and a 4 kbps or 500 bps health
and status telemetry downlink in the above mentioned GHz bands.



BENT PIPE

The AFSCF, in the last two years, has incorporated a remote command and control
capability direct from the STC. This capability is called “Bent Pipe”. The equipment
providing this capability is nearly equivalent to the current data handling subsystem
located at the RTSs, and is identified as the Command Data Processing Area (CDPA). In
conjunction with the CDPA three RTSs were modified to provide Bent Pipe capability.

The primary difference between a standard RTS and a Bent Pipe RTS is that Bent Pipe
RTSs contain only the equipment required for commanding, telemetry reception, and
tracking, i.e. command transmitter, receiver, and tracking equipment respectively. All data
processing normally provided at the RTS is performed in the CDPA located at the STC.
The CDPA interfaces with the Bent Pipe RTS either via narrowband or wideband circuits
as previously described in the communication section. All other interfaces such as data
buffer complexes and the MCCs are the same.

The GPS MCC uses either mode of operation, standard RTS contact or Bent Pipe contact.

SUMMARY

This paper has attempted to present to the reader a time slice of typical AFSC operation in
support of an ongoing satellite program using the RTS and STC resources (shown in
Figure 2). The stationkeeping maneuver discussed earlier is based on a wide variety of
complex planning tasks. These tasks, including extensive application of computer software
to mission optimization calculations, are accomplished by the GPS Mission Control Team
at the STC.



Figure 1.  Air Force Satellite Control Facility (AFSCF)

Figure 2.  AFSCF Operations


