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TRENDS IN RANGE INSTRUMENTATION SYSTEMS

Brian Johnson
Science Applications International Corporation

10260 Campus Point Drive
San Diego, California 92121

ABSTRACT

T&E range instrumentation systems of diverse designs are
located throughout the United States. Used for testing of
aircraft weapons systems and missiles these systems are
large, expensive, and unique to each site. New technologies
now emerging are making possible the construction of small,
inexpensive range instrumentation systems of common design
and significant capability. Using industry-standard bus
designs and distributed general-purpose microprocessors,
these systems, while still using existing instrumentation,
will be able to provide growth flexibility that is not
inherent in today’s monolithic architectures. This paper
will review the design and capabilities of a few systems
currently under construction as well as describe what can be
expected in the immediate future of range instrumentation
systems with the transponders using multilateration
techniques for position location and message handling.

Range instrumentation (RI) systems of various forms have
been in place since the testing of weapons systems began. As
the technology evolved computers became integral parts of
these systems, significantly expanding their capabilities
both from the standpoint of data capture and data analysis.
That this evolution is continuing can be demonstrated by two
RI systems currently under construction: A fixed-site
tracking system and mobile tracking system (the Mobile Sea
Range, MSR). While these new systems define the state-of-
the-art in computer-based RI systems, new technologies now
evolving and the budget-conscious climate that is likely to
continue for many years will require changes in our thinking
of what an RI system should look like and how it will be
maintained. What follows is a brief description of both
these fixed and mobile RI systems, an analysis of RI trends, 



and a few recommendations of what can be done to improve
future systems.

Fixed Site Tracking System

This system incorporates functions to support safety, real-
time range control, and the collection, display, and
storage of range sensor data. Although the range is
currently operating in support of its mission, a combination
of increasing complexity of range operations and
technological obsolescence of the existing equipment has led
to a need to upgrade the system. With the successful
implementation of the system, the range will be better able
to accommodate larger force exercises and increasingly more
complex weapon systems and tactics, provide improved real-
time control via graphics displays, and support more
effective maintenance as a result of more reliable and
expandable equipment and software structured for rapid
diagnosis and resolution of problems. The system uses
modern, commercially available, reliable hardware and
applies computers of similar designs to minimize maintenance
training requirements and need for unique spare parts. It
employs a modular, functional software architecture to
simplify development and maintenance efforts and provide a
flexible baseline for future growth.

Figure 1 illustrates the top-level hardware design. The
system consists of three central computers of the Gould
CONCEPT series, each capable of 4.67 million instructions
per second (MIPS). Identically configured for redundancy,
these machines take on separate responsibilities for real-
time data collection, data playback, and data products.
Twelve NTDS interfaces on each machine link through a patch
panel to external systems and sensors: SPARS, UTS, NTDS,
ITCS, and APIS. Controlling each NTDS interface is a
Motorola 68000 microprocessor. Through use of a bus adaptor,
the address space of these front-end I/O processors share
address space with the central computers. By allowing these
36 processors to field interrupts, manage the NTDS protocol,
and form incoming data into easily handled packets,
significant computational resources are freed in the central
computers. A series of software handlers capture the data in
the central computers and place it in a circular list f o r
later use by other elements of the system. By using this
technique new sensor systems can be added to it in the 



FIXED SITE TRACKING SYSTEM CONFIGURATION
FIGURE 1

future with a minimal impact on the balance of the software
suite.

All three machines are linked via high-speed parallel DMA
interfaces to two Gould 32/67 computers that function as
data servers. One machine is a master and is responsible for
managing data storage and retrieval while the second, the
slave, operates in a hot standby mode. In the event of a
failure switchover between the two machines is automatic.
Approximately 4 Gbytes of magnetic and 12 Gbyte of optical
disk storage are dual-ported to these two processors. The
data servers are linked via high-speed DMA interface which
is used to synchronize directory data in both machines as
well as perform watchdog timer functions.

Three additional computers, all Gould MicroSELs, are tied to
the central processors. Using alphanumeric terminals for
MMI, these machines support the system’s Process Control
Stations.

The three central computers are linked to over 20 display
processors via a series of Local Area Networks (LANs). Most
of these processors, which are Gould MicroSELs, have 2 high-



resolution (1280xl024 pixel) color graphics engines attached
via DMA interface and serve as workstations. Each of these
high-performance graphics engines is capable of generating
approximately one million vectors per second. Data is
displayed at each workstation on two 19-inch color monitors.
One of these displays is normally used to display
alphanumeric data (called the Aparameter display@) while the
other is used to present graphics data (called the Aposition
display@). The parameter display is updated each second,
while the position display is updated every 100
milliseconds. Two touch-sensitive electroluminescent panels
are used as function keys. Providing chained menus for
control of the parameter and position displays, these
programmable panels allow an essentially unlimited expansion
of control of display functions.

Three specific workstations are used to control the system’s
six large screen displays. Presenting data generated by
dedicated graphics engines on a 6 foot square format, these
displays can be controlled in real-time to provide outputs
identical to those available at the workstations. In
addition, special annotation capability is provide for the
large screen displays to provide more readable formats for
observers.

Data Products Workstations, consisting of single displays
and capable of directing hardcopy devices for graphic data
(plotters), may be used in a post-exercise mode. These
workstations can be used to perform detailed analysis of
data, further enhancing the capabilities of the system.

MSR

The MSR is a fully mobile tracking and instrumentation
system. While MSR may be used for analysis of weapons
systems capabilities, its primary mission is in support of
training and the analysis of training exercise data. MSR
consists of three components: The Simulator Element (SE),
Participant Tracking Element (PTE), and Data Analysis
Element (DAE). Figure 2 illustrates the interrelationship
between these elements.



MSR CONFIGURATION
FIGURE 2

The SE, which is shore-based and not part of the mobile
capability, simulates MSR’s external environment. Linked via
fiber optic cables to the PTE and DAE when they are at
shore, the SE will simulate the actions of the range
transponders as well as the system’s external data links.
The SE may be used for system testing, teaching how to use
MSR’s PTE and DAE, and as a tool for scripting training
exercises. The PTE and DAE are fully portable and are housed
in separate shelters that may be joined together with an EMI
shielded butting kit.

The PTE is based on the technology originally developed for
the Cooperative Tracking System (CTS). The CTS uses as its
transponder the Relay-Responder-Reporter, or R3 (R-cubed),
which employs multilateration as its tracking philosophy. By
measuring the propagation delays of interrogating radio
signals, an R3 (the reporter) is capable of determining the
distance to other R3 (responder) units. For over-the-horizon
measurements an R3 (the relay) may be used to forward range
measurements made by other R3 reporters. Through use of a



sophisticated Kalman filter the system is capable of
determining the X, Y, and Z as well as velocity vectors of
participating units. In addition, the R3 may be interfaced
to other systems (such as GPS) and can be used to relay
messages Apiggybacked@ on its RF communications.

Range information is received by the PTE through an R3
co-located with its computer suite. Data is preprocessed by
a Motorola 68020 microprocessor and passed via shared memory
to a Concurrent 32/60 minicomputer. The 32/60 performs the
multilateration algorithm to determine positions of up to 76
participants, stores the information on disk, and passes it
to a second Concurrent for storage redundancy. The data is
also passed to a second 68020 which controls the graphic
display of the information. The PTE graphics display console
displays graphic data on a 19-inch color monitor, and is
supported by a keyboard, valuator, and rate stick. A touch-
sensitive electroluminescent panel similar in concept to
those used by the fixed site system act as Avariable action
buttons@ or VABs. The entire hardware suite, including the
R3s, computers, and display hardware is redundant and
incorporates a rapid automatic failover to increase
availability. The PTE is capable of supporting a 16 hour
exercise with a reliability of over 99%.

The DAE receives tracking information from the PTE via a
serial link. It also collects data from NTDS, BFDL, ADER,
and Link-11. Again, 68020-based microprocessors capture the
data and pass it to a Concurrent 32/60 for further
processing and storage. Other 68020 processors format the
data for graphic display. These display consoles are linked
to their graphics engines by fiber optic cables and maybe up
to 500 feet from the DAE shelter. As in the PTE, a touch
sensitive electroluminescent panel is used to support VAB
functions. A keyboard and rate stick are used for data entry
and selection. Data for later analysis is stored in a
relational database and may be recalled through a
alphanumeric screen-driven interactive menu system. Certain
components of the DAE are redundant so that the overall MSR
system reliability exceeds 97% for a 16 hour exercise.

The Future

While the capabilities of these systems are impressive, new
advances in hardware capabilities and software design



promise dramatic changes in RI systems soon. Both systems
use as their architectural foundation computers of
essentially Amonolithic@ architectures. In both the Gould and
Concurrent designs the processors communicate with primary
(semiconductor) memory through their main busses for both
instructions and data. Both computers will support multiple
processors, but due to their demands on the central bus
collisions will occur when accessing primary memory. While
both systems are being built with significant computational
reserves (the fixed site system will have a 50% reserve and
MSR will have an aggregate processor reserve of over 40%)
their is an inherent limitation to their expandability. Many
years in their future the systems will no longer be able to
evolve in functional capability and will have to be
replaced.

This is likely to change with the next generation of RI
systems. For the first time, low-cost single-board
processors having significant on-board memory supported by
both real-time and general-purpose operating systems and
using standardized high-level languages are being made
available. These processors may be linked through industry-
standard busses to both shared memory and peripherals. These
boards now allow us to open the architecture of computer
systems so that they may continuously evolve, rather than
requiring the quantum evolutionary leaps now commonly seen.

For example, Motorola recently introduced their 147 single
board computer. Based on the 68030 microprocessor, this
computer plugs into the popular VME bus and has 4 Mbytes of
on-board memory. It has its own Ethernet controller and also
may control peripherals through a separate SCSI bus. The
processor is rated at over 1 MIP.

How does this achieve continuous evolution? These processors
may be gradually added to their Abackbone@ bus, increasing
the computational ability of the system. Because these
processors will go to their local memory for their
instructions and most data, very little use of the backbone
bus is required. With proper design, a bus of the capability
of VME (40 MByte/second) may never saturate. Software tasks
within this distributed computer system may be assigned
dedicated processors and would communicate through shared
memory. As new processors with higher capabilities become
available they may be added to the hardware suite, rather



than replacing it. Through use of industry-accepted bus
protocols such as VME and SCSI the end user can expect
compatibility for many years. RISC-based single-board
computers of 17 MIPS are presently available and boards
exceeding 50 MIPS are expected soon.

What is the future of transponder technology? Clearly we can
expect increased use of GPS as the satellite suite is
launched, although it is difficult to predict when a
sufficient constellation for RI update rates will be
available. It is also clear that systems capable of over-
the-horizon operation will be needed as much in the future
as now. The logical way to meet these demands is through use
of the R3 multilateration system. The R3 can meet a RI
systems position determination needs now and can adapt to
GPS when it is available. The R3 transponder is presently
capable of connecting to external systems, and can carry
information back to the central RI system on its signal,
using its relay capability if necessary. Rather than
requiring the use of specialized hardware for signal
relaying and distance determination, this general-purpose
module may be used for both.

By using modular building blocks to build these RI systems,
commonality between various sites should naturally evolve.
Where we presently see unique RI systems at each site, the
modular nature of future systems will encourage developers
to take advantage of capabilities created on past designs
for use in future implementations. What can follow is a
dramatic reduction in the cost and time required for system
development.

What Can Be Done to Improve Future Systems

The military can do much to encourage the development of RI
systems that will remain useful for many years. The key is
in the specification of such systems. Most specifications of
computer-based systems are written with processors of
monolithic design in mind. Growth capacity is measured as a
percentage of CPU, bus, and memory utilization. Reserve
specifications of 50% for these key measures of resource
utilization are common. Frequently specific hardware
architectures are specified, rather than what the capability
of these systems should be.



Future specifications can encourage open architectures by
requiring demonstratable growth capability significantly
beyond delivered reserves. This growth capability should
allow aggregation of processor power, rather than requiring
it to be concentrated in a single, monolithic machine.
Processing growth capability of 500% is achievable with
existing hardware using distributed single-board computers.
Memory reserves should be tied to the number of processors,
rather than standing alone. Use of popular bus protocols,
such as VME and SCSI, should be encouraged. By relying on
widely used bus designs the probability of long-term
industry support is significantly increased.

This same need to maximum use of existing assets so that
they will remain useful for decades applies as much to
software as hardware. While the hardware suite for a
computer-based application provides a framework of
capability and represents the physical perception of the
system, it is the software that directs that capability to
realize the system’s function. With the advent of structure
programming techniques, the necessity of standards in most
software applications has gained wide acceptance. It should
be emphasized that these standards and conventions are
particularly crucial in the realm of real-time, interactive
systems developed in a multi-programming environment where a
complete deliverable system will more often than not involve
the successful integration of several individual programs or
parts of programs, developed by several different
programmers. In such an environment, there is understandably
a premium on software which is not only structured, but
readily legible, comprehensible, and if necessary,
modifiable by any member of the programming staff; in this
context, standards provide the critical set of common
assumptions required for mutual intelligibility of programs.
It is for this reason that standards be required for the
system development and their use continued when in the
maintenance phase. There is a common tendenancy for our
maintenance programmers to Are-invent the wheel@. Existing,
operational code is changed, often only for aesthetic
reasons. New programming standards and conventions are
overlayed over old ones. The result is what is known as
Abrittle@ programs; code that can no longer robustly handle
new features or capabilities. To allow our software systems
to gracefully age, any new capabilities added should follow
the same architectural philosophy used by the original



designers. While this Aegoless" approach is difficult to
enforce, it is a cornerstone to the concept of a gracefully
aging RI system.

Summary

RI systems now being built are defining a new level of
capability for accurate collection and analysis of range
data. Rapid advances in hardware technology and more
widespread use of structured programming will allow the next
generation of tracking systems to be smaller, less costly,
and more reliable that what is now generally available.
These systems have the promise of both a quantum leap in
capability and expanded useful lifetimes. Both the military
and industry must be partners to maximize the use of the
limited funds that will be available to build them.


