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ABSTRACT

The Air Force Satellite Control Network(AFSCN) supports DoD satellite systems for
C2, monitoring, as well as providing a communications path for mission data. The
present ground-based system is limited in the coverage of satellites, the survivability
of communications links as well as the foreign-based RTS’s.

The proposed concept is to field a satellite segment to augment the AFSCN, which
would provide both backup as well as new services (such as providing real-time,
survivable C2 and mission data). The proposed system would maximize transparency
to the existing SCN and user satellites, and could provide a “bridge” to the future
capabilities of the Integrated Satellite Control System (ISCS).

The objectives of the study just concluded were to define system requirements,
identify and develop satellite concepts, and evaluate the feasibility and cost
effectiveness of the concepts. Concepts were developed that provide varying
capabilities to enhance the AFSCN. Operational concepts for this system were
defined. A proof-of-concept demonstration, which is proposed for a future phase of
the study, was defined, so that system and cost effectiveness of the proposed system
could be further evaluated.

This paper will discuss the results of study for AFSSD-XRS to provide the Air Force
with data and a well defined concept to augment the SCN and provide new, innovative
services to DoD satellite assets, as well as advance the introduction of the survivable
C2 as defined in the Integrated Satellite Control System (ISCS). The concepts
explored in this study can also be part of the larger concept to provide enduring and
direct support to operational military users (TACSAT).



INTRODUCTION

The Air Force Satellite Control Network (AFSCN) supports DoD satellite systems,
providing TT&C (Telemetry, Tracking & Commanding) services to user satellites
and, for some systems, also provides the communication paths for the receipt of
mission data. This support is evolving from the present fragmented ground-based
system that has both common-user and dedicated systems, to one that provides
satellite-to-satellite, survivable cross-linking and a mix of fixed and survivable mobile
ground stations in a standard system, called the Integrated Satellite Control System
(ISCS). In the near-term and interim period, there might be a difficulty in transitioning
both the satellites and the ground stations from the present system to the future
system. Both satellites and ground stations will require new hardware that will not be
compatible with the present system. Furthermore, “older” satellites and ground
stations would not be compatible with newer ISCS-driven hardware interfaces. The
proposed system concept would provide both an immediate improvement in AFSCN
capabilities as well as provide a “bridge” for present systems to evolve to the
advanced ISCS capabilities in the most effective manner. In addition to the problems
of transitioning to a survivable satellite control system, the current ground-based
system has several limitations: 1) continuous coverage cannot be provided for all
satellites, 2) the current SGLS communication links provide limited survivability and
3) the system relies upon non-CONUS based assets. There are a number of
capabilities and services that might be available from a space-based augmentation
system. Some of these near-term improvements include; 1)replacement for failed
ground stations, 2) increased satellite coverage for space tests, 3) and backup or
replacement of RTS-CONUS communications.

The proposed system concepts involve the use of small “TACSAT”-class satellites to
augment the existing ground-based AFSCN assets and to provide both backup and
new services not currently available. The AFSCN-augmentation satellites could be
used to both relay data/telemetry from the user satellites to the user on the ground, and
relay command/control information to the satellites directly from the ground user
stations. Figure 1 gives an overview of the proposed AFSCN satellite augmentation
concept.

The AFSCN consists of two control nodes, at the STC in Sunnyvale, Cal. and at the
CSOC in Colorado Springs, Col., a number of Remote Tracking Stations (RTS)
distributed around the world, and dedicated-mission ground stations that service
particular programs.



Figure 1. PROPOSED AFSCN-AUGMENTATION SATELLITE CONCEPT

The AFSCN user satellites can be segmented by orbit. Low Earth Orbiting (LEO)
satellites can communicate through many ground stations, as they pass through their
orbital path, although the time a satellite is in view is limited to 15-20 minutes. The
same is true for Medium Orbit Satellites (MEO). Geosynchronous orbiting satellites
are in constant view of fixed ground stations within thier field of view.

Ground-based relay stations are also limited by view angles, which also limits the
view times of LEO satellites. If a large amount of data communication is required,
then a high data-rate link is required, potentially increasing satellite power and weight
requirements. As shown in Figure 2, a typical LEO satellite flies in and then out of
sight of the various RTS coverage areas. In Figure 2 it can be seen that a satellite in
the 778 km altitude will not be contact with any RTS when it is over the South
Atlantic. Figure 2 also shows the location and viewing area of the various RTS’s
around the world. Due to the limited availability of contact between satellites and the
ground stations, space tests are also limited in the length-of-time and orbital location
that a test can take place, if real-time C2 and/or data transmission is required. Highly
Elliptical Orbiting (HEO) satellites are likewise subject to temporary contact with
ground stations, although at their apogee this period of contact can be large. In
summary, ground-based receiving stations can only communicate with LEO/HEO
satellites for a fraction of their orbit, thus limiting the availability and operations of
the satellites.

Geostationary satellites, while they can communicate continuously with a ground
station, can communicate only through the ground stations that are in line-of-sight. In
the event that an ground station(s) should become non-functional, then those
Geostationary satellites utilizing the failed station(s) will have reduced or impaired 



Figure 2. RTS COVERAGE AREAS - TYPICAL LEO SATELLITE

command and control as well as mission-data communications with the ground. If one
RTS or dedicated ground station were out of service, then the capacity and availability
of other ground stations in the AFSCN could be severely strained, lowering
availability to other satellite systems due to rescheduling of resources.

The AFSCN ground stations are at risk of shut-down or degradation from many
diverse causes, such as military attack/sabotage, terrorism, political shut-off, jamming,
natural disaster, and nuclear environmenteffects. Ground station survivability during
wartime is limited, and thus is a weak link in the satellite command and control chain,
as are the co-located RTS-CONUS communications links (via DSCS). Reliability
(MTBF) and communications path redundancy for the data in the AFSCN is limited.
RTS capabilities are improving with the recent modifications and additions of the
Automated Remote Tracking Station (ARTS) program, but could still be improved
with the addition/replacement of a space-based system. The ARTS program is a step
in the same direction of removing the ground-based relay system abroad with a more
direct path or “bent-pipe” from users in CONUS to the satellites in orbit. The
proposed satellite augmentation system will likewise increase the capabilities of users
to directly control the satellite systems on orbit.

The AFSCN has finite capacity and flexibility to handle unscheduled-“responsive”
satellite launches or quick increases in the number of user satellites, as schedules are
difficult to change. An AFSCN-augmentation satellite launched prior to, or with the
unplanned launches could provide the additional capability required.



Another limitation of the ground-based AFSCN is that commands and telemetry must
be relayed between CONUS and the satellite in question to/from an RTS via either
ground or space-based relays (eg., DSCS). Real-time command and control over
payload (eg., antenna pointing) and satellite (eg., maneuvering) is limited under the
present capability. Operators that are located in the theaters have limited time-critical
C2 and mission data capability for data that must go via several links to arrive. Also,
the relay paths themselves are potential targets for disruption and are not survivable. A
cross-link of TT&C as well as mission data from existing satellites to satellites in the
proposed space-based system could be made both AJ and LPI using either laser or
millimeter-wave technology. These links would not penetrate the atmosphere, and
would thus not be detected or jammed. Survivable, A-J transmission to CONUS
stations (ie., CSOC/STC and/or mobile stations) would complete the survivable link.
This concept has been addressed in the Integrated Satellite Control System (ISCS),
which envisions relay crosslinks and survivable communications links to handle both
C2 and mission data from DoD satellites. Table 1 summarizes the potential services
that a space-based augmentation system would support for user satellites.

Table 1. POTENTIAL AREAS FOR SUPPORT

REQUIREMENTS ANALYSIS

System level requirements were identified during the study. Primary among the
system requirements were system transparency, to both on-orbit spacecraft as well as
existing ground stations. ISCS operational requirements shown in Table 2. The
proposed system should meet both the ISCS transition-requirements as well as the
near-term enhancement (backup) requirements to completely satisfy the program goals
of providing a near-term space-based system that is cost-effective as well as being
useful in the near-term. The primary requirement of the system is to provide a means
to relay data from user satellites to the ground by means of satellite-to-satellite
crosslinks. The system should be as compatible with as many existing satellite TT&C
systems as possible, in order to be useful to the maximum number of users. The
system should also be compatible with either or both the SGLS as well as the future
satellite TT&C system (possibly at EHF).



Table 2. ISCS REQUIREMENTS IMPLEMENTATION

  USER SATELLITE COMMAND AND CONTROL

The details of the existing user-satellite command and control systems (TT&C)
on-board the user satellites were analyzed so that the proposed system will be as
compatible with the greatest number of satellites on-orbit or already built. The satellite
TT&C system signal waveform, EIRP, antenna characteristics, and receive G/T will
be used in the link analysis to define the AFSCN-augmentation satellite
characteristics. Details of the TT&C characteristics are classified and are not
presented in this paper.

CONCEPT OF OPERATIONS

Analysis of the operations of the existing and planned AFSCN operations was also
performed during the study. The space-based system must not interfere or hinder the
operation of the ground-based system in any way. The proposed system must be as
transparent as possible to the operators of the satellites, and should allow them to
command and control and receive payload data to/from their satellites. In order to
determine the details of the operations of the present AFSCN direct contact will be
made during the early phase of the study to define the requirements and procedures of
the system. The conops being looked at in studies of the ISCS architecture will also be
considered. A preliminary concept of operations for the space-based augmentation
system is shown in Figure 3. The AFSCN-augmentation satellite will be operated by
the AFSCN in much the same manner as the present ARTS. The user satellites will be
monitored and controlled by the CSTC and/or CSOC through the AFSCN-
augmentation satellite-mission satellite crosslink directly. Payload commands could 



Figure 3. POTENTIAL OPERATIONS WITH 
AFSCN-AUGMENTATION SYSTEM

either be sent by the user to the user satellite by three means; 1) directly, or 2) through
the AFSCN-augmentation satellite and then on to the user satellite, or lastly, 3)
through the AFSCN nodes for relay to the user satellite. This flexibility and
redundancy in paths also gives some survivability and reliability to the user. Mission
data could either be sent from the user satellite directly to the ground user, or if
desired, through the AFSCN-augmentation satellite to the AFSCN nodes and then on
to the user.

CONCEPTUAL DESIGN

Various satellite, payload and launch concepts have been identified and evaluated in
the Phase I study effort. These concepts will be further refined so that a baseline
design can be chosen from these concepts that provides that maximum utility and
cost-effectiveness.

Figure 4 shows two concepts, using LEO AFSCN-augmentation satellites and GEO
user satellites, that could be useful in the transition from the present AFSCN
capabilities to the ISCS capabilities. One concept shown in Figure 4 allows an “older”
SGLS-compatible satellite to contact a new or upgraded EHF ground station by
having the older S-band waveform converted by the augmentation satellite to the 



Figure 4. AFSCN TRANSITION AUGMENTATION - LEO CONCEPTS

newer EHF waveform before being relayed to the ground. The other concept shows
the reverse situation, where a newer satellite has its EHF signal converted by the
augmentation satellite to the older S-band signal.

In addition to the capability to act as a “bridge” from the present system to the future
ISCS-driven system, the proposed system could also be used to provide relay to either
Geosynchronous satellite, or LEO satellites, as shown in Figure 5. In this
comprehensive concept, both GEO and LEO user satellites are “serviced” by a two
orbit AFSCN-augmentation system. One satellite, at LEO, could contact both LEO
and GEO user satellites, while the GEO-augmentation satellite acts as a relay for the
LEO augmentation satellite, as well as possibly contacting other GEO user satellites
(those that can direct their transmissions to another GEO satellite).

TRADES AND ANALYSIS

Link Margin analyses were performed for the concepts identified during the study, in
order to trade power and gain characteristics, determine optimum link distances, and
to size the satellite components. Table 3 shows a sample link margin calculation for a
LEO to GEO SHF relay. An 8 Kbps data rate is supported by a 5 watt transmitter on
the LEO satellite into an Earth-coverage antenna on the GEO satellite.



Figure 5. TWO SATELLITE AFSCN AUGMENTATION
CONCEPT FOR DATA RELAY

TABLE 3. SAMPLE LINK MARGIN ANALYSIS



Satellite coverage analysis was provided in the Phase I study, as shown in Figure 6.
The orbital coverage of one LEO satellite constellation to view another is shown in
Figure 6. The observing constellation (the AFSCN-augmentation constellation) is at a
higher altitude than the user satellite LEO constellation. It can be seen that for an
observing satellite at a high inclination angle (60 degrees) at 1000 nmi altitude, a high
percentage (95%) of a user satellite constellation at 30 degrees inclination angle and
400 nmi altitude can be seen.

Figure 6. ORBITAL ANALYSIS - LEO TO LEO
SATELLITE OBSERVABILITY

TECHNOLOGY IDENTIFICATION AND EVALUATION

From the various concepts analyzed during the study, existing, state-of-the-art, and
new technologies were identified. Figure 7 shows the satellite payload components
and their characteristics that have a degree of risk. Preliminary analysis indicates that
this mission can be designed with no new technologies, although new or space-
qualified components will be required. Among these items are the “inverse RTS
transponder”, the on-board processor, large (possibly deployed) antenna, and the
crosslink transciever (at 60 GHz or laser). Hardware from some of the existing, or
soon to be implemented satellite crosslinks might be compatible with the requirements
of the AFSCN-augmentation system. These links include those on the DSP,
MILSTAR, GPS, and TDRSS satellite systems.



Figure 7. PRELIMINARY TECHNOLOGY ASSESSMENT

SATELLITE BASELINE DESIGN

In order to “size” the AFSCN Augmentation satellite, preliminary conceptual design
of the payloads and satellites have been determined. Figure 8 shows a preliminary
block diagram (with estimated power and weight for the identified component) for a
payload that receives data from a user satellite, and then retransmits that data to a
satellite in the Geostationary orbit. This is one of the concepts that appears to be
useful for both near-term use as well as for for ISCS transition use. The payload
weighs 249 lbs and requires 183 watts of prime power from the satellite.

Figure 8. SAMPLE PAYLOAD BLOCK DIAGRAM



From the conceptual design of the payload, along with other pertinent parameters (eg.,
satellite orbit, life, pointing stationkeeping, etc. requirement) a conceptual baseline
design for the satellite has been defined, to the degree to which a satellite weight can
be estimated. SPARTA has developed an in-house satellite synthesis computer
program, SATSYN, that estimates the weight and power for a satellite, given key
payload and system parameters. The SATSYN program calculated that the
satelliteweight would be 976 lbs., which is within the desired 1000 lbs TACSAT goals
of low-cost and “responsive” capability.

The satellite sizing analysis is used to define the launch vehicle requirements. In order
to provide a “responsive” launch capability, the time to operational status of the
AFSCN-augmentation Satellite will be determined for selected launch vehicles. A 976
lb spacecraft, launched into a LEO orbit, can be launched by a Taurus launch vehicle.

DEMONSTRATION CONCEPTS

Several demonstration concepts have been identified that can serve to identify issues
and determine capabilities of a space-based SCN-augmentation system. Both ground-
based demonstrations and space-based demonstrations will be considered. Two
critical issues that must be evaluated are, 1) that satellite crosslinking of TT&C and
mission data from a user satellite to an augmentation satellite is practical and
technically feasible, and 2) the AFSCN operations and procedures will allow for
crosslinking of command and telemetry.

Figure 9 shows an example demonstration concept that uses a DSCS III satellite as a
GEO relay for a small LEO AFSCN-augmentation satellite, e.g. intercepting data
from a DSP satellite. This type of demonstration will serve to identify the issues and
technical problems with the various concepts. Both technological and operational
issues could be addressed by this type of demonstration. The technology issues of
designing the augmentation satellite payload will be addressed by the on-orbit
satellite, and the operational issues and problems of utilizing a satellite in place of an
RTS for data/command relay will be uncovered.

CONCLUSIONS

This paper has discussed the rationale, requirements, concepts and analysis that has
been performed during a study for AFSSD/XRS to provide a space-based
augmentation to the AFSCN. The two basic objectives of the proposed system is to
provide an enhanced capability and new services to the AFSCN, as well as to provide
a cost efficient means of transitioning to the standardized and survivable ISCS
requirements. Primary requirements of the system are to be as transparent to the 



  Figure 9. PRELIMINARY DEMONSTRATION CONCEPTS

existing satellites as possible; be compatible with the AFSCN ground system and
provide survivable real-time, continuous data relay capabilities to satellites in both
LEO and GEO orbits. Concepts involving AFSCN relay satellites in both the
Geosynchronous and Low Earth Orbit have been identified and analyzed. Several
favorable concepts have been identified which require further evaluation and analysis.
Technology issues have been discussed for the concepts identified. No new
technologies will be required to provide the satellite relay services proposed. A
near-term demonstration concept has also been identified that can serve to verify the
feasibility and operational requirements for this system.
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