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ABSTRACT

An interoperable military satellite communications system concept involving proliferated,
all-frequency band, microprocessor-controlled satellites is proposed. Network access and
control techniques are suggested, and the utility and cost effectiveness in terms of terminal
cost savings are explored.

INTRODUCTION

A military satellite communications system configuration is envisioned which allows
terminals in various frequency bands to be interconnected by means of a particular form of
satellite repeater. Communications interconnection of diverse equipment is usually referred
to as interoperability. Such interoperability is essential for maximum flexibility in
employing diverse military resources associated with a broad spectrum of tactical
operations. In addition, present DoD management arrangements dictate that development
and acquisition of terminal segments be accomplished independently by the different
Services. While highly coordinated joint programs will result in truly interoperable
terminal equipments, the satellite node represents the logical place to effect broad general
interoperability.

The general purpose system would be a proliferated system providing survivability through
redundancy of satellites. The capability to interface small HF, L-Band, SHF (X-Band), and
K and Q-Band terminals at low data rates gives the concept a truly general purpose
quality.

SATELLITE ARCHITECTURE

The architecture of the satellite is based on the use of a microprocessor to perform
modulation/demodulation functions and to control operation of transmitters and receivers
designed for various frequency bands. A conceptual block diagram is Shown in Figure 1.
Each satellite at one instant of time is either receiving or transmitting, and only one band



(e.g., UHF) is activated at one time. Time separation of transmit and receive functions
eliminates intermodulation products from transmitters interfering with reception. The
cycling from transmit to receive or from band to band is controlled by the microprocessor
using a stored program in connection with an on-board real-time clock. The stored
program can be modified by ground originated commands. The real-time clock is also used
in connection with generation of frequency hopping patterns used for anti-jam protection in
all bands. A common frequency synthesizer is employed to generate frequencies.

Each of the frequency bands of interest has a separately and independently optimized
transmitter and receiver. Since only one transmitter is operated at one time, a common
primary power value for all bands is suggested. Estimates of the transmit powers and
EIRPs have been developed for the various bands. Based on these results and other
considerations, a medium altitude orbit (6-hour period) is suggested.

OPERATIONAL CONCEPTS

The “general purpose” emphasis of the satellite architecture shown in Figure 1 allows
considerable flexibility in the way the satellite capability is used once it is deployed. A
fully capable spacecraft might be operated using a time division of modes, varying in the
short term as illustrated in Figure 2a, while a satellite is in view of a particular region. A
regional control station would load commands into the microprocessor to determine the
intervals A,B,C,D, which cycle repetitively in sequence and correspond to four user modes
UHF 1, UHF 2, L-Band 1, and L-Band 2, for example. Flexibility is also possible to make
the user modes and short-term intervals vary over longer periods as illustrated in
Figure 2b, corresponding to satellite passage over several regions of the earth.

As an example scenario, a crisis situation might develop requiring deployment of L-Band
equipped forces to an area. If there were no other types of terminals in the crisis
geographical area, all satellites could be commanded to produce the L-Band mode for the
interval corresponding to the period of the orbit in which each satellite is in view of that
region. During other portions of the orbit (about 4 hours assuming a 6-hour orbit period),
each satellite could operate with any arbitrary relative values of intervals A,B,C,D,
corresponding to various modes.

NETWORK CONTROL

A division of satellites and terminals into well-defined regions leads to several reasonable
ways to achieve network control. A regional controller which assigns the frequency-time
distributions to the satellites could assume varying degrees of network control for the
terminals in its region in a normal operating mode. The system should be able to degrade
to a completely automatic mode with the loss of the regional controller, however.



A proliferated system will usually provide several accessible satellites to any one terminal.
The choice of a good mutually visible satellite through which to achieve a point-to-point
link could be made with an appropriate request to a controller. The controller could assign
resources based on its knowledge of current channel utilizations or jamming conditions.
Controller-to-controller information could be used to establish multi-hop paths for
interregional traffic.

In the simplest scenario, force coordination could be achieved by short, highly formatted
messages that are received on various uplink frequencies at low data rates and then
multiplexed into a common downlink message stream that is broadcast on all the downlink
frequencies. The command or control terminal might select several of the accessible
satellites through which to send these messages.

Figure 1.  SATELLITE BLOCK DIAGRAM



Figure 2.  TIME DIVISION SATELLITE MODES


