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ABSTRACT

Designing and fielding a telemetry processing and
display system in today’s environment of rapidly changing
requirements is an imposing task. This paper delineates some
design considerations that will allow a system designer to
adapt or modify a system as required in order to stay
abreast of constantly changing telemetry requirements. A
description of how these design considerations were used in
implementing the Telemetry Processing System at the Pacific
Missile Test Center is then presented.

INTRODUCTION

Designing a modern telemetry processing and display
system presents a system designer with many difficult
challenges. Foremost among those challenges is defining
exactly what are the system requirements. As can be seen
from Figures 1 and 2, telemetry data rates and data sample
throughput rates have grown exponentially over the last few
years and consequently so have the requirements for data
processing and display. Advancements in micro-circuit
technology over the last 20 years have allowed a tremendous
increase in the number of functions monitored on board a
test vehicle and have permitted increased use of on-board
computers in test vehicles. The increase in functions
monitored along with the increased use of on-board computers
have made the volume of data and the complexity of the data
formats increase dramatically. I make the analogy that
trying to define telemetry requirements in today’s test and



evaluation environment is like trying to hit the bulls-eye
on an archery target mounted on the back of truck moving at
60 miles per hour. By the time you take aim and release the
arrow, the target has moved. Given the lead time required to
design, develop, and procure complex telemetry systems,
fielding a system that is not already obsolete is a
significant challenge. While the challenge is great, it is
not impossible and by following the simple design
considerations and recommendations outlined below, one can
adapt a system as required and hit that moving target.

DESIGN CONSIDERATIONS

The first consideration in designing a system should be
modularity in implementation and the ability to easily size
or adapt the system to changing requirements. The use of
standard bus based implementations such as VME and other
industry standards allows for simplified expansion or
modification of systems. One must keep in mind the maximum
data throughput requirements of the system and ensure that
whatever bus is chosen for implementation that it is capable
of sustaining those throughput rates under real world
loading conditions.

Another key consideration is the use of a distributed
processing architecture versus a highly centralized
processing approach. Distributed processing allows for
specialized highly efficient processing to be implemented
where it is needed. For example, it is more efficient to
process embedded asynchronous data formats in a telemetry
front end using a dedicated bit-slice processor than in a
generic mainframe computer. Another example of distributed
processing is in the display area. By using graphics
workstations as opposed to a mainframe computer with dumb
display terminals, one can optimize and customize displays
for individual users with no impact on the display or
processing rates of other system users. This ability to
customize displays for one user with no impact to other
users is critical when you have diverse functions such as
Range Safety, Range Control, and the test vehicle evaluator
concurrently using the system during a test operation. One
can also easily expand the processing and display capability
by the simple addition of more workstations. Another aspect



of the distributed architecture is software implementation.
A modular implementation is essential. This is particularly
true in a test and evaluation environment like that at the
Pacific Missile Test Center (PMTC) where several operations
are conducted each day and each one is unique in it’s
requirements. The ability to easily add and tailor specific
software modules without major perturbations in the basic
software system is a must.

As a consequence of using a distributed architecture,
bus bandwidth and network data rates are key elements to
determining overall system performance. You must ensure that
your network(s) can sustain the worst case performance
requirements. Use of multiple networks or channels is one
mechanism to provide some headroom for growth in the network
requirements. Another way to optimize network performance is
by prioritizing functions to ensure that critical realtime
functions are always serviced first and lower priority
functions are performed on a time available basis. For
example, the transfer of realtime data to the display system
would have a higher priority than the production of hardcopy
data products.

A factor for consideration that is often overlooked or
sacrificed for cost considerations is the incorporation of
an off-line software development system. Practical
experience has repeatedly demonstrated that systems
dedicated to realtime operational support are rarely
available to software personnel to develop and test their
software. It then becomes imperative that software
developers have an off-line system that allows them to
develop and test independent of the primary operation
support systems. By providing an off-line capability that is
networked to the primary support systems, significant
improvements in utilization can be achieved as both software
development and operations support can be conducted
simultaneously.

An important consideration, particularly in Government
installations, is system and data security. Typically, data
must be separated not only on the basis of classification;
Secret, Confidential, and Unclassified; but also on a
project and need to know basis. Local security regulations



will dictate to a large degree how you handle security, but
a few ideas can simplify your system implementation. One,
avoid running systems with concurrent multi-level security
if you can. Multi-level systems are expensive to implement,
operate and maintain. It is simpler and cheaper to dedicate
a system to a particular operation and run it in a security
“system high” classification and then reboot the system and
change classification for the next operation than to run a
multi-level system. Second, use removable recording media,
tapes and disks. Removable media greatly simplify the
security problems and expedite system turn around between
operations. Third, require that routine security
requirements be automated. For example, security
classifications should be appended automatically on all data
displays and data products produced by the system. An
automated security check should be implemented on data
transfers between systems if your system is networked to
other systems. Also, require that all networks be
implemented with physical security disconnects. A network
monitor that graphically displays all networks and
connections will be a great aid in monitoring and
controlling access to the system.

The final, and in the real world possibly most
important consideration, is procurement cost and long-term
affordability. You can design the greatest performing system
ever conceived but if it is not cost effective to build or
operate, it is of no value. Adherence to a few simple rules
can go a long way towards minimizing system costs, both
implementation and long term operations and maintenance.
First, do not re-invent the wheel. Use Off-The-Shelf (OTS)
hardware and software wherever possible. There now exists
quite a large selection of systems that can meet most
telemetry requirements or can be easily modified to meet
them. Unique hardware and software tend to be extremely
expensive, not only in terms of development costs but in
longterm maintenance support as well. Second, utilize
Military and Commercial standards for hardware and software
whererever possible. Require that all applications software
be written in standard languages such as Fortran, C, and
Ada. Third, do not over specify requirements. Use of
commercial grade products vice military qualified will save 



you significant dollars not only in procurement costs but in
operations and maintenance costs as well.

TELEMETRY PROCESSING SYSTEM IMPLEMENTATION

Now that I have enumerated several of the design
considerations for a modern telemetry system, I will
describe how those considerations were put into actual
practice in the design and implementation of the Telemetry
Processing System (TPS) at PMTC. The TPS is the fourth
generation of telemetry processing and display systems to be
implemented at the test center. The TPS block diagram and
installed systems configuration is shown in Figure 3. A
single TPS consists of three major subsystems; a Telemetry
Front-End Subsystem (TFESS), a Telemetry Processing
Subsystem (TPSS), and a Telemetry Display Subsystem (TDSS).
The basic data flow of the TPS starts at the TFESS where the
demultiplexing, data compression, and engineering unit
conversion functions are performed. From the TFESS, data is
transferred to the TPSS where history recording, overall
system control, data routing, and specialized applications
processing is performed. From the TPSS, data is routed via
the Telemetry Graphics Network (TGN) to the TDSS for
realtime display. Data is also routed from the TPSS to other
Range systems via the Telemetry Data Network (TDN). The
configuration implemented at PMTC consists of four
independent TPS’s interconnected via an Input Data
Distribution Patch Panel (IDDPP) and various high and low
speed local area networks. The systems can be operated
totally independently, supporting up to four independent
operations concurrently, or can be networked together in any
combination of two, three, or four systems to support large
operations that exceed the capacity of a single TPS. The
TPS’s are capable of supporting both realtime and post
flight operations. However, due to the workload on the Range
at PMTC, all four TPS’s will be dedicated to the support of
realtime test and evaluation operations. Post flight
analysis and data reduction functions are handled by other
Range and Project systems.



IDDPP

The IDDPP provides the means for centralized
distribution and monitoring of the incoming telemetry data
streams to each of the four TFESS’s. The IDDPP consists of
five standard 19-inch equipment racks containing two
Honeywell Model 97 recorder/reproducers, a TRAK Model 8500
time code generator/translator, two Apcom AGC/Video
Multicouplers, and four Fairchild Weston Model 4142 tunable
analog discriminators.

TFESS

The heart of the TFESS is the Aydin Computer and
Monitor Division (ACMD) System 2000 (S2K) telemetry system.
The S2K provides frame synchronization, engineering unit
conversion, data compression, processing of user defined
algorithms, and other generic processing functions on the
input telemetry data streams. In addition, the S2K is
interfaced to two Acroamatics Model 2410 PAM synchronizers/
PCM converters, a Fairchild Weston Model 8470 Tunable
Digital Discriminator, a Tustin Model 2315 Analog/Digital
converter, and a TRAK Model 8500 Time Code Generator/
Translator. Table 1. summarizes the basic capabilities of
the TFESS.

TPSS

The TPSS serves as the host computer for the TPS. It
supports the functions of centralized operations control,
preflight setup, data acquisition, data routing, and data
recording in both realtime and post flight modes. The TPSS
is based on a Digital Equipment Corporation (DEC) VAX 6220
super minicomputer configured with 64 megabytes of memory
and 1 gigabyte of removable on-line disk storage. A special
feature of the TPSS is the Input/Output Processor (IOP). The
IOP serves as a translator performing data and format
conversions between the TPSS and other dissimilar Range
computer systems. The IOP functions are controlled by the
TPSS but are implemented in specialized dedicated processor
boards external to the TPSS that have access to the VAX 6220
main system bus. This implementation off-loads the 



translation functions from the TPSS host computer and frees
more CPU time for applications processing.

TDSS

The TDSS provides the primary interface between the
Range user and the TPS. Each TDSS consists of four high
resolution color Graphics Display Stations (GDS), eight
strip chart recorders, two remote color monitors and a large
screen Range operational Display System (RODS). The GDS is a
DEC VAXstation 3200 configured with a GPX graphics
coprocessor. The GDS has 8 megabytes of memory, 200
megabytes of local removable disk storage for local data
recording and playback, and interfaces to the TPSS via the
TGN. The TGN is an Ethernet based network. The strip chart
recorders are Astro-Med Model 95000R’s with a digital
interface option and are remotely controllable from the TPSS
or locally controllable from the front panel.

SDS

The Software Development System (SDS) provides an off-
line capability for setup file development and applications
software development. The SDS is networked to the four TPS
systems via a Local Communications Network (LCN) which is an
Ethernet based network. The SDS is composed of a DEC VAX
6210 super minicomputer and peripherals along with a
VAXstation 3100 based GDS. The SDS also serves as the
archival system for TPS setup file software.

TDN

The TDN serves as the primary data link between the TPS
and the rest of the Range instrumentation and control
systems. It is based on a Network Systems Corporation
HYPERchannel network. The network is configured with
redundant channels and will support bidirectional data
transfer rates up to 50 megabits per second.

EXPANDABILITY AND FLEXIBILITY OF TPS DESIGN

In the process of procuring the TPS, twenty-four months
elapsed from the issue of the TPS Request for Proposals



(RFP) to the initial TPS design conference with the prime
contractor. During that time, several new requirements for
the TPS were documented. The most significant of those
requirements was to demultiplex and process Mil-Std-1553
aircraft bus data embedded in a PCM telemetry data stream.
This modification was easily accommodated through firmware
additions in the S2K and minor software changes for the TPSS
and SDS. Additionally, with the modular design and
implementation of the TPS, expansion of the system to meet
increased requirements is relatively simple. Additional
processing capability can be implemented by simply adding
additional frame synchronizer or processor cards to the
TFESS S2K chassis. As test program requirements exceed the
current 10 megabit per second data rate limit of the TFESS,
input channels can be individually upgraded as required to
meet the expanded requirements. Transfer of data to new
Range computer systems can be accomplished by simply adding
additional conversion routines to the IOP software.

The TPS was designed from the very start to accommodate
as yet to be written application specific software. By
designing the TPSS software system to have the appropriate
systems calls and software “hooks”, it is possible to add
new applications software modules to the system without
major impacts to the overall TPSS software.

Large operations, that exceed the capacity of a single
TPS, can be accommodated by defining additional TFESS and
TPSS as part of the setup file software and additional
display capability is simply a matter of adding another TDSS
to the setup file and making the appropriate patch panel
connections. The TPSS is designed such that there is a
reserve capacity of 50 percent in the TPSS and TDSS systems
to accommodate future growth and as yet unspecified
requirements.

COST SAVINGS/AVOIDANCE

The TPS is quite similar to the Realtime Telemetry
Processing System (RTPS) III at the Naval Air Test Center
(NATC). Because of the close coordination in specification
and requirements development and the near identical TFESS
implementation between the TPS and RTPS III, PMTC benefited



from the lessons learned at NATC and consequently benefited
from reduced development costs in the implementation of the
TPS. By utilizing commercially available OTS hardware and
software, we anticipate that additional long term savings
will be realized. The TPSS host computer and GDS utilize the
same operating system thus minimizing the burden on the
software maintenance personnel and reducing the number of
personnel required. The display software utilized in the GDS
is an OTS commercially available product that is used 100
percent as is with no modifications. As a result we do not
have to assume the burden of maintaining this piece of
software.

SUMMARY

As the TPS demonstrates, you can hit a moving
requirements target by using a little foresight and
incorporating growth and flexibility into the system design
from the start. The incorporation of incremental growth
capability will allow you to size your system for near term
requirements but still be able to adapt to increased
requirements in the future. Finally, one can achieve
significant cost avoidance by utilizing OTS hardware and
software as much as possible and by using commercial grade
equipment where applicable.
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