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CONSOLIDATED SPACE OPERATIONS CENTER

Margaret H. Moffat and Sidney Hollander
The Aerospace Corporation

Advanced Satellite Control Directorate
P. O. Box 430

Sunnyvale, California 94086

ABSTRACT

Now in the planning stage by the Air Force Systems Command Space Division, the
Consolidated Space Operations Center (CSOC) will be a secure, dedicated space control
center that will provide the Air Force enhanced command and control capability in the late
1980’s and 1990’s. Tentatively to be constructed in Colorado Springs, Colorado for an
initial operational capability date of mid-1986, the CSOC will include a Satellite
Operations Center (SOC) and a Shuttle Operations and Planning Center (SOPC). The
SOC, an integral part of the Air Force Satellite Control Facility (AFSCF) network and
functionally identical to the Satellite Test Center (STC) in Sunnyvale, California, will
perform its command and control functions with a modernized data system now under
development at the STC, and will support its assigned AFSCF workload. Also, in the event
of a catastrophic failure, the SOC will provide austere backup support for workloads
normally assigned to the STC, and vice versa. Additional land is being acquired to
accommodate the construction of facilities for major new space programs as required.

The SOPC, functionally equivalent to portions of the NASA Johnson Space Center Space
Shuttle Complex, will perform preflight, flight, and postflight operations necessary to
satisfy DOD Space Shuttle vehicle payload mission objectives. The SOPC and the
Johnson Space Center (JSC) will be interoperable so as to provide limited backup support
for DOD or NASA Space Shuttle missions in the event of catastrophic or extended failure
at either location.

The development of the CSOC requires major architectural changes for both the AFSCF
and NASA. These changes include an expansion of the current AFSCF wideband
communications system; interfacing of the AFSCF and NASA communications networks;
inclusion of a 32 megabit-per-second (or higher) telemetry processing capability for
scientific experiments that will be flown during Shuttle sortie missions; and provision of
systems to coordinate operations between Shuttle payload specialists and associated
ground controllers.



INTRODUCTION

The CSOC will provide DoD with significantly enhanced capabilities to conduct space
launch and orbital operations, and will implement in a single location an expansion of the
AFSCF network and a link to the NASA network. It satisfies many concerns about
survivability of command and control systems for DoD space programs, and provides for
backup of missions conducted at the STC and JSC. The CSOC also provides a secure,
dedicated environment for the conduct of classified DoD space missions; additional
resources for anticipated growth in space programs; and the potential for integration of
future space support systems, i.e. common hardware and software. A pictorial view of the
CSOC is shown in Figure 1.

BACKGROUND

Two factors have led to the development of the CSOC: the first is the vulnerability of the
STC, and the second is the inadvisability of extensive additions to JSC to meet the DoD
requirements of survivability, security, capacity, positive control, and operational
flexibility for DOD Shuttle missions. The STC performs the satellite command and control
functions at a facility which is located in a crowded industrial park near three major
earthquake faults and adjacent to major highways and civilian facilities. Since the STC is a
single point failure node in the AFSCF network, a requirement was established to create
another facility, called the SOC, to provide a redundant command and control center.
Various siting criteria, such as proximity to earthquake faults, susceptibility to
communications jamming, and availability of adequate space for growth, were established
to assist in the selection of a site for the SOC.

In the same timeframe, plans were being formulated to create a DoD facility for operation
of DoD Space Shuttle missions. The Air Force Space Division had already entered into
agreements with NASA to support the initial DoD Shuttle Missions through the mid-
1980’s timeframe. This capability was designated the Controlled Mode at JSC. Knowing
that the projected workload for DOD missions was going to exceed the capacity of JSC
resources, additional studies were initiated by the AFSCF and the Shuttle Program Office
to determine the optimum solution to this loading problem. Options considered ranged
from enhancement of the capabilities at JSC to construction of a separate, dedicated
facility at an unspecified Air Force base.

Also in the same timeframe, the Space Division Global Positioning System (GPS) Program
Office was considering various locations for construction of their Navstar Control Center.
This center was being developed as the command and control facility for the constellation
of GPS satellites in the 1983-1985 timeframe. The preferred location was Fortuna Air
Force Station, North Dakota.



In early 1979, the Office of Management and Budget requested the Air Force to provide a
summary of the requirements for the SOC and a recommended option for provision of the
SOPC. The study was conducted through the spring of 1979. Coincidentally, in May 1979,
the Secretary of the Air Force directed Space Division to consider consolidation of the
SOC and SOPC at a single facility to be designated the Consolidated Space Operations
Center, with growth capability for other ground systems. One of the primary reasons for
this consolidation was the expected merger of satellite and Shuttle control operations for
Sortie missions, i.e., missions in which the Shuttle payload remains aboard the vehicle
during the entire period of flight. Another consideration was the potential for development
of a backup Navstar Control Center.

Based on the direction from the Secretary of the Air Force, the Space Division reexamined
the sites considered for the SOC and added other locations being considered for the SOPC
and the GPS Navstar Control Center. Siting criteria were developed from existing criteria
for the SOC, the SOPC, and the Navstar Control Center. After intense study, three
locations were selected from the field of 17 sites: Kirtland Air Force Base New Mexico;
Peterson Air Force Base, Colorado Springs, Colorado; and Malmstrom Air Force Base,
Montana. In September 1979, the Secretary selected Peterson Air Force Base as the
preferred location, and environmental impact studies were initiated for all three sites to
provide information for final site selection. At the time of this writing, the studies had not
been officially completed.

In November 1979, Space Division created a CSOC Program Office to manage the
acquisition of the facility and all equipments. A study group was formed to develop initial
system configurations for the SOC, the SOPC, and related facilities, and to estimate the
system cost for the fiscal year 1981 Air Force budget submission to Congress. The study
group consisted of representatives from Space Division, the CSOC SPO, the AFSCF,
Aerospace Defense Command, NASA, and the Aerospace Corporation. This paper
provides an overview of the operational concepts for the CSOC and a description of the
system configurations developed during the study.

SOC OPERATIONAL CONCEPTS

The mission of the AFSCF is to perform all command and control functions related to
analysis of the status and health of the majority of DoD space program satellites. In the
performance of these functions the AFSCF accepts mission requirements from user
agencies; plans the functions to be executed during each satellite contact; determines the
orbit of the satellite so that it can be acquired at the tracking station of interest; commands
the satellite; receives and processes telemetry data from the vehicle; and analyzes vehicle
performance to determine how well the vehicle can continue its mission. The AFSCF also 



supports ballistic missile and reentry vehicle tests, and selected NASA Space Shuttle
missions.

The AFSCF conducts its mission through a worldwide network of remote tracking stations
and a command and control facility located at Sunnyvale Air Force Station, California.
Figure 2 illustrates the AFSCF network in the CSOC era. The DOD space programs to be
supported in the CSOC era will be assigned to either the STC or the SOC for primary 
support. Each satellite program will be supported from a designated Mission Control
Complex, which will contain the required equipment and personnel to support the mission.
The SOC portion of the CSOC will replicate functions conducted by the STC and will
provide backup capability for satellite missions permanently assigned to the STC. 

Some AFSCF resources, such as remote tracking stations, will be shared by the SOC and
the STC. Based on mission requirements for each program assigned to either facility,
remote tracking station antennas will be scheduled to support a particular operation. Data
received at an RTS will be relayed via communication satellites to the designated facility
for processing. At the same time, data destined for the assigned RTS will be transmitted
from the facility. In order to schedule resources for these operations, two Range Control
Complexes (RCCs) will be created, one at the STC and the other at the SOC. One of these
complexes will be designated the prime RCC, responsible for overall AFSCF resource
assignment. Each RCC will in turn be responsible for allocation of assigned resources to
support the individual satellite programs at each facility.

In the event of catastrophic failure of either the STC or SOC, such as through an
earthquake at Sunnyvale, the remaining center will assume a large portion of the total
program support workload. Thus, loss of support to satellite programs will be minimized.
To implement this backup capability, resource data bases will be exchanged as necessary
so that each RCC maintains status of the entire AFSCF network. In addition, Mission
Control Complexes will exchange data with counterparts at the other center so that critical
satellite operations can be continued. Detailed operational concepts for redundant support
have not yet been developed.

Operational functions of the SOC, as with the STC, fall into two major areas: mission
operations and range operations. The mission operations area relates to functions which
are performed by AFSCF mission control teams in support of on-orbit satellites. The
mission planning function begins approximately two to four years before the launch of a
new satellite. The satellite program office levies support requirements on the AFSCF,
which must be satisfied either by existing capabilities or by the development of new
capabilities. Requirements for new capabilities are forwarded to AFSCF development
offices for implementation. Once the initial planning for the satellite program is completed,
the mission readiness function begins. Operational data bases, telemetry and display



processing requirements, command plans, and personnel training are accomplished.
Approximately six months before launch, detailed prepass, pass, and postpass tasks are
generated. Resource requests are submitted to the RCC so that requirements for the
program can be worked into the existing AFSCF workload. With launch of the satellite,
the mission control function begins. Real time satellite operations are conducted using
AFSCF resources allocated by the RCC. These operations include antenna pointing,
receipt of tracking data and orbit determination, satellite commanding, receipt of status and
health telemetry, and analyses and evaluations of both satellite and personnel performance.

SOPC OPERATIONAL CONCEPTS

The mission of the SOPC will be to support the planning, readiness, and execution of all
DoD Space Shuttle missions, and to provide limited backup support to NASA in the event
of catastrophic failure of Johnson Space Center. Figure 3 illustrates how the SOPC
interfaces with Shuttle elements of the NASA network. Operational concepts for DoD
Shuttle missions are derived from baseline operational plans now being developed by
NASA for both civilian and military Shuttle missions. These near-term DoD Shuttle
missions are being conducted in a secure mode at Johnson Space Center, designated
Controlled Mode, with DoD sharing most NASA resources in the conduct of these
missions. However, the projected NASA workload in the 1985/1986 time frame will
exceed the ability of NASA to support DoD missions. Thus, the SOPC will assume the
workload for DoD missions, with minimal support from NASA.

Shuttle operations consist of three major phases: flight planning, flight readiness, and flight
control. Flight planning begins after the satellite or other payload program office and
NASA have completed cargo integration review. A flight manager is appointed for the
particular mission, and is assigned responsibility for all flight design and flight crew
activity planning functions. Planning functions include long and short range flight design,
trajectory estimation, and development of crew activity timeliness These items are
published in a flight specification, which forms the basis for all readiness operations that
follow.

Flight readiness functions include generation of Shuttle Orbiter computer data loads and
training of both flight and ground support crews. The Orbiter computer data loads contain
all software and data required to fly the mission. The process of building these data loads
begins with generation of a flight data base, and continues through validation and
certification of the tape which will be loaded onto the Orbiter computers prior to launch.
The training functions serve to familiarize the selected flight crew with all phases of the
mission. In the CSOC era, launch and reentry phases will be rehearsed on the NASA
motion-based simulator at Johnson Space Center, whereas on-orbit flight operations will
be rehearsed on the DoD fixed-base simulator at the CSOC. The final phase of flight



readiness is the performance of integrated simulations, wherein the Orbiter crew, the flight
control team, and all ground support personnel rehearse the entire mission. Also during
integrated simulations, tests are conducted of the SOPC/AFSCF functional and procedural
interfaces that will be utilized during the upcoming Shuttle mission.

Prior to initiation of integrated simulations, a flight control team is selected to oversee the
development of mission rules, data management plans, other ground support
documentation, and system configuration requirements. This team must insure that all
ground data and communication systems are ready for the mission, and that all flight
planning and readiness documentation are complete and compatible. The final proof that
all preparation for the mission is complete is the successful completion of integrated
simulations. The Shuttle flight begins with launch from either Kennedy Space Center or
Vandenberg Air Force Base, and terminates with landing at one of several worldwide sites.
During the flight, the flight control team communicates with the Orbiter crew; monitors the
health, status, and trajectory of the Orbiter; and coordinates payload activities with the
appropriate AFSCF or other control organization.

One of the main advantages of colocation of SOC and SOPC at the CSOC is expected to
be integration, or as a minimum, closer coordination of satellite and Shuttle activities.
Since the Shuttle will become the sole launching platform for satellites, close coordination
is required between AFSCF and SOPC personnel for deployment of the satellite. Even
closer coordination is required for Sortie missions, wherein the Orbiter payload is not
deployed, but rather remains in the Orbiter cargo bay for the duration of the mission. The
expected duration of both types of mission could be as short as three hours for a simple
deployment, to as long as 21 days for a complex Sortie.

CSOC SYSTEMS OVERVIEW

The CSOC mission encompasses both AFSCF and Shuttle operational requirements.
Therefore, the systems being planned for the CSOC must implement both AFSCF and
Shuttle functions. The major systems identified for the CSOC are the AFSCF command
and control system, the Shuttle command and control system, the communication system,
support system, and the facility.

SATELLITE COMMAND AND CONTROL SYSTEM

The satellite command and control system (Figure 4) must support the share of the AFSCF
workload assigned to the SOC. The ability of the system to support all normal AFSCF
satellite operational functions identified in the SOC Operational Concepts section above,
plus the ability to provide contingency support for STC-assigned programs, dictate that the
systems be identical in all major hardware and software areas. Therefore, the SOC satellite



command and control system will be a duplicate of equipment and software now being
developed for the AFSCF under the Data System Modernization (DSM) Program. The
current procurement for the AFSCF contains an option to acquire all required systems for
the SOC, and will also include additional functions, such as sharing range control and
mission data bases, providing primary control of the entire AFSCF, and supporting
contingency operations.

No architectural changes to the current command and control system procurement are
anticipated to support CSOC. However, other requirements planned for AFSCF
implementation are expected to introduce, as a minimum, new interface and operator
control capabilities. One example is the support system required for Sortie missions. This
system will be required to process telemetry data rates of 32 megabits-per-second, or
higher, and provide interactive command and control between a payload specialist aboard
the Shuttle and a ground system controller. Since the high data rate requirement exceeds
the DSM system requirement of five megabits-per-second, it is expected that special-
purpose equipment will be procured to perform the major telemetry processing functions,
and that interfaces to the general-purpose SOC command and control system will be
required. Thus, the high-data-rate requirement does not levy excessive constraints on the
general purpose system, yet some integration of common functions, e.g. control and
display, is achieved.

SHUTTLE COMMAND AND CONTROL SYSTEM

The Shuttle command and control system (Figure 5) must support all of the flight planning,
flight readiness, and flight control functions identified in the SOPC Operational Concepts
section above. The current NASA system consists of several dedicated computer systems
which have evolved as Shuttle mission requirements have been identified. Although the
SOPC must perform most of the current NASA Shuttle operational functions and although
reprocurement of the current systems would be the lowest cost option, it is expected that
further evolution of NASA requirements,and maturity of Shuttle missions will lead to some
consolidation of the current systems. As a minimum, new computer systems for Shuttle
command and control must be upward-compatible with existing equipment, allowing
transfer of the large set of baseline software with minimal revision. At the same time,
functional compatibility with NASA equipment and software must be maintained to allow
contingency support with minimal risk. A more detailed system design will come from
future system definition studies.



COMMUNICATION SYSTEM

The CSOC communication system is an integration of systems currently in existence or
planned for implementation by NASA and the AFSCF in the near future. The
communication system provides the sole link between CSOC and elements of the AFSCF
and NASA networks (see Figures 2 and 3); several subsystems are required to provide
these interfaces. The AFSCF interface with the remote tracking stations is implemented
through wideband and narrowband equipment supporting the following functions:
modulation/demodulation; error correction encoding/decoding; multiplexing/
demultiplexing; encryption/decryption; voice digitization; synchronization; switching and
routing; and control, monitor, test, and calibration. Data rates that must be included in
these links range from 9.6 kilobits-per-second for remote tracking station control and
status data, to 32.0 megabits-per-second or higher for relay of payload data.

Other communications interfaces must be provided between SOC operational complexes
and external users, such as spacecraft program offices and users of scientific experiment
data. The majority of these interfaces can be implemented with narrowband circuits;
however, relay of high data rate payload telemetry will require communication satellite
links.

As discussed under the SOC Operational Concept section above, the SOC and the STC
must share range and mission data bases to provide contingency support to each other.
These data bases, plus other information requisite to the conduct of satellite operations,
will be multiplexed with voice and video conferencing information onto a single STC-SOC
link.

SOPC must interface with elements of both the NASA network and the AFSCF network in
support of DoD Shuttle missions. The primary link between SOPC and the orbiting Shuttle
will be the White Sands Ground Terminal of the Tracking and Data Relay Satellite System
(TDRSS). This link must support Orbiter commanding, air/ground voice, Orbiter and
payload telemetry, and network scheduling data transfers. For most missions, the highest
data rate required for transfer is the 1.024 megabit-per-second Orbiter data dump.
However, for some Sortie missions, Orbiter payload telemetry of 32 megabits-per-second
or higher must be relayed to either the CSOC or the STC for processing.

To provide scheduling and orbit prediction data and to exchange mission support data,
SOPC will interface with both Goddard Space Flight Center and Johnson Space Center.
The exact contents of these links have not been officially determined, and must await
definition of detailed internetwork operational concepts.



In support of launch operations, both the SOC and SOPC will interface with the Kennedy
Space Center and Vandenberg Air Force Base Shuttle launch complexes. These links will
carry essentially the same uplink and downlink information as for the on-orbit mission,
plus additional channels for pad checkout and pre-launch coordination among operations
personnel.

SUPPORT SYSTEM

The CSOC support system will consist of a timing subsystem, a weather subsystem, and a
management information system. The timing subsytem will generate, format, distribute,
and display various timing signals for both the SOC and the SOPC. These timing signals
will provide an accurate, uninterrupted time base for tagging of telemetry, command, and
status data and for signal synchronization.

The weather subsystem will provide CSOC weather personnel with imagery, solar/space,
and conventional meteorological data to support both satellite and Shuttle missions. The
weather subsystem will access the external environmental data bases of the CONUS
Meteorological Data System, the Air Force Global Weather Center, the National
Meteorological Center, the National Weather Service, and the 1st Weather, Wing at
Hickam Air Force Base, Hawaii. In addition, it is expected that interfaces with the new
NASA/NOAA/Navy weather system will be provided.

A management information system is being planned for the CSOC to support automated
document development and interoffice correspondence, budget analysis, and contract
management. The system would replace a myriad of manual and semiautomated
subsystems currently in use, and would take advantage of technology currently under
development by industry for the office of the future.

FACILITY

The CSOC facility encompasses all site development, architectural, mechanical, electrical,
and security requirements. A facility design specification has been prepared to provide the
selected architectural and engineering contractor with all information required to construct
the roads, buildings, and other structures for CSOC. The total space requirements for the
SOC and the SOPC exceed 470,000 square feet. Provision for further growth is included in
the specification so that future major space programs could be supported at the CSOC with
minimal architectural impact. Requirements for the backup GPS Navstar Control Center
have not been finalized as of this writing.



FUTURE PROGRAMS

Since the general direction from the Secretary of the Air Force was to include provisions
for consolidation of future space programs, the CSOC can accommodate new programs as
either colocated or integrated systems. In a colocated system, the satellite program office
would provide all command and control and possibly communications equipment for its
mission, but would share the facility and support subsystems. In an integrated system, the
program office would fund additions to the existing SOC and/or SOPC systems to provide
the requisite mission support. Thus, the goals of maximum use of existing resources and
minimal proliferation of program-specific subsystems are attained.

SUMMARY

In this brief treatise, we have hoped to illustrate the conception and general system
definition of the Consolidated Space Operations Center. The system architecture presented
will allow further evolution as technological and military requirements dictate. However,
many years of study and development work remain before this major addition to the Air
Force space program is completed. When operational, the CSOC will allow Air Force and
DoD space planners to take full advantage of our satellite and Shuttle command and
control resources in the conduct of new space missions.



Figure 1.  Consolidated Space Operations Center



Figure 2.  AFSCF System Network



Figure 3.  SOPC Relationship to NASA Shuttle Network



Figure 4.  Satellite Command and Control System



Figure 5.  Shuttle Command and Control




