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ADVANCED TELEMETRY TRACKING SYSTEM DEVELOPMENT
AT WHITE SANDS MISSILE RANGE

Phillip D. Sharp
Data Systems Division

Instrumentation Directorate
White Sands Missile Range, NM 88002

ABSTRACT

Early in the 1980s White Sands Missile Range (WSMR) began
studying the problem of updating the Telemetry Tracking
Systems (TTS) used to support test range missions. The
information and equipment available at that time indicated
that very little technology advancement had occurred in the
area of TTS. Because the TTS usually have a long service
life, it was imperative that the new or updated systems be
as good as the state-of-the-art in todays technology could
produce. Because of the lack of technology advancements, it
was evident that drastic measures would be required to
achieve the objectives of the update effort.

These findings resulted in a program called the Advanced
Telemetry Tracking System Integration and Development
(ATTSID). Its objective was to determine if it was possible
to apply advanced computer technology to the solution of
servosystem problems characteristic in most TTS. This paper
and three related papers, The Advanced Telemetry Tracking
Servosystem; An Automated Testing System for a Telemetry
Tracking System; and The Microcomputer-based Digital
Controller for the Advanced Telemetry Tracking System;
document the objectives, design considerations, fabrication
and evaluation of a prototype TTS. It utilizes a dedicated
computer system to control, compensate the servo position
loop, and provide automated testing of the servo and RF
receiving systems. This computer system was installed and
evaluated in one of the WSMR Transportable Telemetry
Acquisition Systems (TTAS) for evaluation and refinement of
the system. The results of this program will determine the
evolution of TTS and extend the use of computer technology



to providing more reliable and accurate telemetry tracking
support of test range operations.
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BACKGROUND

During the process of establishing the requirements for the
modernization of the TTAS at WSMR, it was discovered that
the technology being used in present day TTS has basically
remained unchanged for the past twenty years. With the
exception of updating and improving circuit components, very
little new technology has been applied to TTS servosystem.

The alternatives available for application to the TTAS for
its modernization were few. Computer controllable Antenna
Control Units (ACU) were available for the application of
remote control and automated system testing, but no basic
improvements, including computer or digital techniques, were
available for the servosystem compensation.

There are several areas in which the old technology did not
lend itself well to solution of the TTS servo problems.
Conventional high-performance tracking systems contain
analog servosystems. All related servosystems respond in a
nonlinear fashion in the transient and saturation phases,
and linearly in the steady state phase of tracking. Because
of the difficulty of altering the parameters of the analog
servosystem in real-time, based on the servosystem error
conditions, the same control laws are implemented and used
to control the basic servoloops during all phases of
operation. As a result, no specific phase can be optimized
and considerable compromise in compensating the servoloop is
normal design practice. Tradeoffs must be made to achieve
acceptable performance in each phase while using the same
control laws. A typical analog servosystem is shown in
Figure 1.

With the advances in computer technology, digital techniques
are being applied to more and more new uses. Although
computer applications to ACUs are now common, computer
techniques have not yet been applied to the TTS servosystem



compensation problems. This application seems to be
especially well adapted for computer techniques, because of
the ability to alter in real-time, the parameters of the
servosystem based upon the operational requirements and
external conditions. This would enable the elimination of
all analog components within each servoloop to the maximum
extent possible. The simplified design of a digital
servosystem is given in Figure 2. Total control of each
servoloop is then completely possible with the resultant
benefits as follows:

o Optional control of high inertia servoloads.

o Reduced sensitivity to noise and offset.

o Total adaptive control of the outer (position) and
inner (rate) loops of the servosystem.

o Elimination of several analog servo components.

o Increased operator controllability.

o Increased safety features.

o Improved maintenance features.

o Improved reliability.

The features of some external intelligent interfaces could
be included in the embedded controller and the external
interface eliminated. Such an interface, the Tracking System
Interface (TSI), is presently being used between the TTAS
and the range Precision Acquisition System (PAS). Presently,
there is no known automatic tracking system, either at WSMR
or other ranges, that has applied this approach to
implementing digital servosystems.

APPROACH

When this project was started in 1985, servosystem
manufacturers had no interest in exploring the area of
digitally compensated servosystems without external funding.
With all the unanswered questions and no apparent source for



the answers, it was not possible to develop specifications
sufficient to achieve the objectives of the project.
Therefore, it was concluded that the construction of a
prototype system employing the newest digital techniques and
most advanced auxiliary systems available would be necessary
to develop a test-bed from which to extract the required
answers at an economical cost.

In the belief that this application of computers to
servosystems would greatly enhance and improve the operation
of the servosystem, resulting in a state-of-the-art TTS that
would remain serviceable for many years, a program was
proposed to undertake this development, in-house. The
program was named ATTSID.

To implement this technology within the constraints of
funds, personnel and time, use of existing commercially
available hardware and components to reduce costs and
acquisition time, was a design objective. The system was to
use an advanced programming language to expedite software
development and simplify understanding by maintenance and
operations personnel. The Digital Control Unit (DCU) would
become the heart of the prototype system. Due to the costs
involved with some major systems, such as the pedestal
system and the trailer and shelter systems, existing
equipment to the maximum extent possible, would be utilized.
The ATTSID design had to be compatible with subsystems of
the TTAS that were to be retained in the conversion. Other
subsystems that were not compatible with computer control
and the objectives of the ATTSID task were replaced. New
capabilities to correct operational deficiencies of the TTAS
and to take advantage of the computer control capabilities
were added.

Since most of the servosystem problems at WSMR had been
experienced in the TTAS, and in anticipation that it would
be an answer to those problems, it was decided that the
prototype ATTSID design would be applied to TTAS-1. The
results of the development would influence the decisions
concerning a permanent solution for the mobile telemetry
tracking systems at WSMR. It was anticipated that these
results could be applied to the fixed Telemetry Acquisition
Systems (TAS) and TAS-II as well.



The objective of the servosystem development was to at least
retain the operational parameters of the original TTAS
servosystem.

o Acceleration - 90 degrees/second/second
o Velocity - 60 degrees/second
o Overshoot - Less than 50 %
o Servo bandwidth - 8.5 radians/second

Conditions, found in the existing pedestal system during the
development and evaluation, made some of these goals
unachievable as is discussed in the paper on the
Servosystem.

REQUIREMENTS

The evolution of TTS at WSMR has been an attempt to improve
known deficiencies and add capability as technology has
advanced. Many of the features contained in the TAS, the
TAS II, and the TTAS are useful features that must be
retained. However, there are some capabilities that have
proven not to be practical or have been overcome by other
capabilities. Taking these into consideration, the ATTSID
design capability closely follows that of the existing TTS.
The modified TTAS with the ATTSID design implemented will be
called the Advanced TTAS (TTAS-A).

Support requirements for the range TTS have changed greatly
since the existing TTS were put into service. The
requirement to insure maximum support capability from all
range support instrumentation has established a requirement
to fully test and evaluate all instrumentation prior to each
mission. Because of the amount of data required to fully
evaluate a TTS, manual methods of testing requires hours to
complete. The only answer for this requirement is the
application of automatically controlled test equipment and
computer controlled measurements. This ATS will have to be
completely computer controlled and will measure all
necessary parameters in the servo and RF receiving systems.

Another area of problems within the TTAS was the Silicone
Controlled Rectifier (SCR) power amplifier. It had
experienced many failures and was a major source of



instability. The application of a Pulsewidth Modulated Power
Amplifier (PMPA) was believed to be more compatible with the
computer control and would eliminate some of the instability
problems being experienced.

AUTOMATED TESTING SYSTEM (ATS)

A system which will able the operator to completely evaluate
the RF receiving and servosystems prior to each mission was
designed, built and evaluated. This system uses simple
operator selectable menus selected from a computer keyboard
to lead the operator through the measurements. Computer
controllable test equipment is controlled by the DCU to make
all measurements, move the pedestal and antenna as required
and provide visual and hard copy results of each test. The
following tests were provided:

o RF System Gain Response
o Antenna Pattern Response
o RF System Noise Floor
o RF System Figure of Merit (G/T)
o Tracking Error Gradient
o Sun Tracking
o Servo Small Step Response
o Servo Large Step Response
o Tachometer Gradient
o Constant Velocity
o Constant Acceleration

ANTENNA CONTROL UNIT (ACU)

The prototype system had to retain a familiar operator
interface that will make the transition from the old TTAS to
the new TTAS-A as easy as possible for operations personnel,
while retaining the flexibility offered by the new
technology. Operational controls, indicators and modes were
incorporated to give the operator full control and the
operational capability required for test range mission
support.

The interface between the operators and the TTAS-A was
considered very important. The operator must be presented
conditions with which he is familiar and can quickly adapt.



For this reason, the control of the ATTSID remains a
conventional ACU. All operational functions are selected
from the ACU and processed by the DCU. In addition to the
ACU, a keyboard and monitor are provided for communication
with the DCU, the ATS, and special setups and controls. Most
electronic technicians now have experience with computer
keyboards and will quickly adapt to the necessary keyboard
operations.

DIGITAL CONTROL UNIT (DCU)

The DCU consists of a 68000 series microprocessor using a
VMEbus system and auxiliary VME equipment to provide
Input/Output functions, Analog to Digital and Digital to
Analog conversions, and control relay functions. While far
from a desirable field operational unit, the VME system
provides an inexpensive and satisfactory test-bed for the
proof-of-concept program. “C” Language was selected for the
software to simplify the development of the required
programs and routines. The DCU houses all the software
required to operate and test the TTAS-A systems and
subsystems.

The DCU monitors all controls, indicators, limits, and
interlocks performing the indicated functions, updating
operations, and safety controls to operate the TTAS-A to
perform test range missions. It performs all except the ATS
functions while in a completely operational condition.
During the ATS operations, it is in a non-operational test
mode. The DCU performs all formatting, calculations, and
error signal development for slaving to the PAS data.

All input/output signals to the DCU are routed through a
TTAS Interface Unit (TIU). The TIU distributes,
consolidates, and conditions certain signals before being
introduced to the DCU.



SERVOSYSTEM

All functions of the Servosystem Position Loop are performed
by the DCU. The equations and variables are contained in the
DCU software. Input commands and drive signals are updated
every 50 milliseconds to produce a smooth reaction by the
tracking pedestal.

The DCU output drive signals are routed to the only analog
unit still in the TTAS-A servosystem, the PMPA unit. The
PMPA and the tracking pedestal drive motors with the
tachometer feedback makes up the Servosystem Rate Loop (SRL)
of the TTAS-A. This SRL is capable of producing much greater
drive forces than the tracking pedestal mechanical
components can withstand. For that reason, the final
performance of the TTAS-A was reduced to prevent additional
failures in the mechanical components.

PROGRAM IMPLEMENTATION

The three companion papers mentioned earlier will document
and explain the major features of the DCU, the ATS, the ACU,
and other equipment and interfaces that resulted from this
program. A block diagram of the final system is given in
Figure 3.

 



 



 




