
TRANSPORTABLE TT&C TERMINALS:
CONCEPTUAL SYSTEMS DESIGN CONSIDERATIONS

Item Type text; Proceedings

Authors Kannard, Keith B.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 24/05/2023 20:52:44

Link to Item http://hdl.handle.net/10150/612267

http://hdl.handle.net/10150/612267


TRANSPORTABLE TT&C TERMINALS:
CONCEPTUAL SYSTEMS DESIGN CONSIDERATIONS

Keith B. Kannard, President
The Kannard Company

667 San Doval Place
P.O. Box 1316

Thousand Oaks, CA 91360

ABSTRACT

Sustaining operations of critical satellites throughout the modern conflict spectrum has
become a key issue in our national defense posture.

Ground and air transportable Telemetry, Tracking and Control (TT&C) terminals are a
viable solution when their design addresses the broad systems requirements that are
dictated by today’s needs.

Rapid deployment and quick deactivation of these systems along with related systems
design requisites need to be examined. Autonomous as well as internetting capabilities,
modular and flexible approaches for operational, reliability and maintainability needs,
commercial versus military hardware and mission interoperability are systems design
concepts that are considered.

INTRODUCTION

Military and commercial satellites contain considerable instrumentation and either
continuously or “on command” transmit details of these subsystems. This “health and
status” information, along with measurements of the signals received from its
transponders, is monitored at terrestrial Telemetry, Tracking and Control Terminals.

These terminals transmit commands to the satellite to maintain its orbital position and to
keep it operating properly. Transponders can be switched in and out of service. Switching
between redundant equipment can be accomplished in case of failure or for reliability
purposes. If the satellite has steerable spot beams they can be controlled from the station.
Use and charging of batteries can be controlled. Satellite on-board control mechanisms are
sometimes backed up by terrestrial control means which can take over in case of failure. 



Command functions relating to despinning and stabilizing the satellite sensor packages and
antenna subsystems are also included in the TT&C terminal responsibilities.

Reception of mission data in telemetry form and in various frequency spectrums,
decrypting, processing, encrypting and retransmission via other communication links, both
terrestrial and satellite, are also included in most TT&C functions. Mission control
responsibilities are also required in most instances.

Therefore, TT&C terminals are complex control, receiving, processing and
communications centers that are the earthborne essentials for all present satellite systems
operations. Their reliable and continuous operation in all environments and situations is
critical to the delivery of mission data from all of our space systems.

Historically, both commercial and military TT&C terminals have been large, fixed
complexes with one or more full-tracking antenna systems as well as various satellite and
terrestrial communications systems and antennas. Their control and processing equipments
are also housed in fixed installations. Operation and maintenance of these sites has been
inherently manpower intensive. This is not only due to the outdated technology of most
space systems but also to the penchant to include numerous “wants” or “bells and
whistles” in ground stations that are beyond the essential “needs” of basic operations.
These types of systems are not only uneconomical in light of today’s technology, but even
more important, are highly susceptible to both natural and man-made disasters as well as
being prime targets for jamming due to their fixed, known positions.

Transportable TT&C terminals are now feasible concepts for achieving an available and
survivable command and control capability for the support of our space systems in a
modern conflict environment.

The systems design concepts covered are acknowledged to be general in nature and
incomplete in scope. However, these are considerations that are essential in planning any
transportable TT&C terminal design for today that must sustain satellite operations in the
foreseeable tomorrow:

S Ground and air transportable
S Quick-erect and deactivation ability
S Self-contained
S Extended autonomous operation
S Interface with a wide variety of spacecraft
S Direct interface capability with fixed ground stations
S Internet and communication with other transportable and fixed ground stations
S Reliable and rugged design



S Commercial versus military hardware
S Minimal military manpower requirements
S Incorporate pre-planned product improvement (P3I) concepts.

GROUND MOBILE AND AIR TRANSPORTABLE

Transportable and mobile systems can provide surviveability in the event of limited or full
spectrum conflicts. The ideal situation would be to deploy the system in an area where it
would be undetected. However, in today’s age of photographic, IR and RF detection, this
is an impossibility if the terminal has enough strategic value to be a priority target of the
enemy.

Therefore, the system must be able to be deactivated (if in use) and “on-the-road” quickly
in case of the start of a conflict or if in use during a prolonged emergency situation. As a
matter of fact, quick deactivation is equally important as rapid erection and operation in
design planning.

A proven and reliable antenna system design that meets these criteria has been designed
and built by Datron Systems, Incorporated. It not only meets the quick erect/quick
deactivation requirement but also is air transportable in C-130, C-141 or C-5 aircraft. This
system is also ground transportable utilizing a standard commercial-type tractor as the
prime mover. It is capable of relatively high speed over primary and secondary highways,
has limited off-road ability and will blend in well with other commercial traffic by not
calling attention to itself. The antenna system portion of this TT&C terminal is shown in
Figure 1. The dotted lines describe rernoveable side, back and top panels. Figure 2
indicates its ability for C-130 transport. The entire weight for this particular system also
meets C-130 requirements.

The data processing and communications equipment as well as the mission control center
for the terminal is located in another van, of equivalent size and weight, capable of the
same type of transport. Associated power generation and fuel are separately contained and
transportable/mobile.

QUICK-ERECT AND DEACTIVATION ABILITY

The ability for quick erection and deactivation, as mentioned earlier, is essential not only
for flexibility but for survival in case of conflict.

The Datron approach to the antenna system allows complete erection, installation and
operation in less than one hour by a crew of three men in normal environmental conditions.
Tear-down and deactivation to a “road-ready” condition is accomplished in even less time.



The antenna system, with its separate power generation equipment, includes an on-board
16-bit microprocessor-based Antenna Control Unit. The entire RF system down to and
including the receivers is controlled via IEEE-488, RS-422/232 and/or MIL-STD-1553B
busses. A complete library of calibration and diagnostic routines has been written to effect
initial checkout as well as periodic maintenance.

While the antenna system is being activated, the mobile control center and data processing
van can also be activated in parallel. The same applies to the communications antenna
which, like the TT&C antenna, has the quick-erect capability which includes light weight
construction with all captive hardware.

The erection procedures for the antenna system are indicated in Figures 3a through 3h.
Deactivation would entail the reverse procedures.

There are, of course, other design considerations that have to be addressed in order to
effect an economical and reliable operational system. Some of these are mentioned in other
sections below.

SELF-CONTAINED/EXTENDED AUTONOMOUS OPERATION

Quite naturally, the system must be totally self-contained within its own requirements.
Reliance upon others cannot be counted on in case of an emergency situation. This, and
the ability to operate autonomously for an extended period of time, is essential. These two
topics are directly related.

The data processing system and mission control center must be able to support all satellites
within its responsibility. This includes all ephemeris data, status and control functions as
well as a back-up or redundant command capability. Complete system diagnostics, fault-
detection and correction (where redundancy is possible) and communications (satellite and
terrestrial) calibration programs are essential.

Addressing the antenna system, Datron Systems has developed an extended library of
back-up computer software. Some of these programs and their associated functions are
listed in Table 1. Their automated test subsystem is described in Table 2 with some
additional capabilities shown in Table 3.

The design of Datron’s S-Band RF and Test Subsystem is shown in Figure 4. As shown, a
level of redundancy with automatic fault detection and correction have been designed into
the system. Table 4 lists some of these features.



TABLE 1.  BACK UP COMPUTER SOFTWARE

I. MISSION CRITICAL

Schedule of visible passes (Multiple Satellite),
Acquisition Time, Azimuth Angle, Max. Elevation

Program Track
Priority Statements

Orbital Parameter Evaluation
Autotrack vs. Program Track

Primary Channel Validation
Flash Test

II. AUTOMATED TESTING

System G/T
Solar Calibration Method

RF Module Performance
Noise Floor, Gain

Instrumentation Tests
Self Contained - No additional T.E.

Fault Diagnostic Tests to LRU Level

Dynamic Autotrack Position Error
A True Tracking System Test

Servo Response
Velocity
Acceleration
Acceleration Error Coefficient
Encoder Accuracy

Bias in North Alignment
Mis-Level



TABLE 2.  AUTOMATED TEST SUBSYSTEM

TWO TEST LEVELS

1. Mission Ready
Completely tests primary channel
Switches to back-up channel
automatically on any fault

2. Performance Validation Tests
Self Test of Instrumentation

Minimum Number of T.E.
Tests primary and backup channels
Diagnostic routine identifies
failed module

DETAILED STATUS REPORTING
Actual performance compared to
tolerance values

INTEGRAL COMPUTER CONTROLLER
BACKS UP PRIME CONTROLLER

Required for rapid installation
Reduces readiness test manpower
Available for operations and maintenance
training programs

TABLE 3.  ADDITIONAL CAPABILITY

Zenith Pass
Geosynchronous Satellite Pointing Angles
Auto Initialization On Power Interupt
Expansion Capability
Training Programs on System Maintenance and Operation



TABLE 4.  RF TEST INSTRUMENTATION

MINIMIZED TEST INSTRUMENTATION

Four Items:
HP-8566A Spectrum Analyzer
HP-8660C Synthesized Signal Generator
HP-3325A Function Generator
Boonton 4200 Dual Channel RF Power Meter

Provides comprehensive subsystem tests and
fault isolation diagnostics.

Test System detects channel failure and
automatically switches to active back-up
channel.

All tests completely computer controlled.
No operator action.

Test instrumentation performance self
verified. No additional support equipment
required for testing.

INTERFACE CAPABILITIES

The most extensive satellite control network in the world is operated and managed by the
U.S. Air Force Satellite Control Facility (AFSCF). It provides Telemetry, Tracking and
Command (TT&C) for most DOD space programs as well as backup for other networks. It
is comprised of a major control center (STC) in Sunnyvale, California, and includes seven
remote tracking sites worldwide with twelve antenna systems. It supports approximately
45 satellites in all earth orbits (low, medium and high). Its military and commercial,
terrestrial and satellite communications system is worldwide. There are eight (soon to be
nine) tracking stations that have the ability to interface with DSCS, WESTAR, RCA,
ANIK, NATO, SDS and INTELSAT communications satellites. This is an interface
capability!

One major Transportable TT&C program is presently under contract to Ford Aerospace
and Communications Corporation by the U.S. Air Force. This program is the
Transportable/Mobile Ground Station (T/MGS) (See Figure 5). The T/MGS mission is to
provide transportable mobile and surviveable TT&C capabilities as an extension and back-



up to the AFSCF network. It must exhibit the capability to support some of the same
missions.

The interface design of this system should accommodate the ability to act as an emergency
stand-in system in case of a prolonged failure at one of the fixed Remote Tracking Systems
(RTS). It also has to interface with other T/MGS as in the AFSCF Network of RTS.

The validation T/MGS system is scheduled for delivery in 1985. Undoubtedly, major
interface designs for transportable systems are going to be accomplished.

RELIABLE AND RUGGED DESIGN

Reliability and ruggedness in a transportable system of any kind go hand-in-hand. This
should be an even more important design aspect of a TT&C system because of its
complexity and the relative fragility of some of the more complex subsystems and
components.

Safe operation and maintenance are a prime requisite. Maximum Mean-Time-Between-
Failure (MTBF) and minimum Mean-Time-To-Repair (MTTR) have to be designed into
the system. Of course, the system will have to operate in almost the entire spectrum of
environments which include temperature, wind, rain, sunshine, humidity, snow, ice, salt,
sand, altitude, shock, vibration, overpressure, EMI, RFI and EMP.

The packaging of such a system into a transportable and mobile configuration needs to be
acknowledged as one of the prime systems design requirements. It cannot be delegated
down the line and treated as an after-thought.

COMMERCIAL VERSUS MILITARY HARDWARE

Studies of available commercial hardware to accomplish the systems requirements indicate
that, if the packaging design of the overall system is given the proper priority, minor
modifications and ruggedizing can save untold time and money in a lot of cases. Most
commercial manufacturers are willing to work with the systems designers in accomplishing
this task. However, it is incumbent on the military system developer to accurately specify
for the particular system environment, keeping in mind that under specifying can cause a
sacrifice in systems reliability and availability. Likewise, over-specifying adds untold time
and cost to the program.

Designing a system based on commercial products causes a problem sometimes
overlooked. This is the support of the system through the National Supply System. In full
MIL-SPEC equipment, everything is fully documented and controlled down to the paint.



The very nature of commercial higher volume manufacturing makes it difficult to comply
with military configuration control and a worldwide supply support.

Present DOD procurement policy, however, has exhibited more flexibility in allowing the
use of commercial equipment for many military applications. If the proper purchasing and
support strategies are used, suppliers of military systems can realize substantial advantages
over special military equipment by using what is commercially available where
appropriate. Furthermore, the evolution of commercial equipment is swift and can provide
state-of-the-art performance more quickly, better reliability and definite cost advantages.
Careful planning for evolving technology can allow the program management to take
advantage of new equipments to keep their systems operational and effective for many
years.

PRE-PLANNED PRODUCT IMPROVEMENT (P3I)

One of the latest buzzwords to take the systems design community by storm is P3I.
However, this design concept cannot be sold short. It is vital in today’s world of budget
crunches and quick-paced technological advances.

Today’s system requirements for TT&C terminals to support existing satellite systems are
going to change tomorrow. Already, technological evolution in just one area, frequency, is
having its effect on design concepts.

MILSTAR, with the distinct advantages of EHF operation, is just around the corner. The
transportable TT&C terminal for the military must be able to support this system as well as
the existing systems already in operation and that will be in operation for years to come. A
procurement system known as Evolutionary Acquisition allows for the development of
systems within an architectural framework that permits deployment of an initial capability
while retaining flexibility for future growth.

Datron’s approach to “designed-in” product improvement/modernization includes the
ability to upgrade an existing S-Band System with an EHF capability by the later addition
of a frequency selective subreflector (FSS) and EHF RF feed on the same antenna
structure (Figure 6). The dichroic subreflector is reflective to S-Band while being almost
electrically invisible to EHF. Tracking dynamics of the antenna system are originally
designed to support orbital parameters of both types of satellites.

This is just one example of using foresight (sometimes the gift of prophecy) in
accomplishing the conceptual design of one portion of the system that can have significant
impact on the future usefulness and cost-of-ownership to the end-user. 20/20 hindsight
never saved anyone any money.



CONCLUSION

When a specification and statement of work is released for procurement it is already
obsolete. Even after a contract is signed, funds committed and designs frozen, changes are
inevitable. (A better way to satisfy the needs becomes apparent, or the needs themselves
will change.) The systems Planner/Designer/Marketeer/whoever, has to be a sharp-shooter
because the target is always moving. Needs, wants, environments, threats, etc. are difficult
to determine, much less specify.

Someone asked during the preparation of this paper, “Another treatise on transportable
antennas? Aren’t they going to be obsolete when our satellite systems become
autonomous? How about the suitcase-sized antenna systems of the next decade?” These
advances will happen as expected. When they do, a transportable TT&C terminal with
forward-looking and thinking conceptual design will be able to keep pace through
modernization. Autonomous satellites will not be fully autonomous but need some ground
control and attention. Payload processing increases of new and existing systems can be
accommodated as technological advances are incorporated. Reliability, transportability,
interface capabilities - - - all of the concepts discussed in this paper, and more, can meet
the user’s requirements for today and the foreseeable future. It is certain that Transportable
Telemetry, Tracking and Control Terminals are going to play an increasing role in support
of our nation’s needs for sometime to come.
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FIGURE 1.  DUAL BAND TRANSPORTABLE SATELLITE TT&C TERMINAL



FIGURE 2.  TRAILER LOADING, C-130

FIGURE 3.  TT&C ANTENNA ERECTION PROCEDURE



FIGURE 3.  TT&C ANTENNA ERECTION PROCEDURE
 



FIGURE 4.  S-BAND RF/TEST SUBSYSTEM



FIGURE 5.  TRANSPORTABLE/MOBILE GROUND STATION (T/MGS)



FIGURE 6.  DUAL BAND TRANSPORTABLE TT&C TERMINAL


