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INTRODUCTION

The office of the Under Secretary of Defense for Research and Engineering recognized the
potential advantages of a range tracking system based on the Global Positioning System
(GPS). A tri-service committee was formed in the summer of 1981 under the chairmanship
of the Western Space and Missile Center (WSMC). After a 1-1/2 year study with
contractor assistance, the committee reported its findings. It was unanimously agreed that
the application of GPS to range tracking offered both cost and technical advantages over
existing range tracking techniques.

As a result of the study, the Office of the Under Secretary of Defense established a Range
Applications Joint Program Office (RAJPO). This RAJPO is managed by the Air Force at
Eglin Air Force Base in Florida and has deputy program managers from the Army and
Navy. The purpose of the RAJPO is to develop a family of GPS components required by
the range tracking community. It is anticipated that this family of GPS user equipment will
satisfy the unique requirements of the ranges for time, space, and position information
(TSPI).

The RAJPO is in an enviably unique position to develop this much needed family of GPS
user equipment for range applications. They will be able to take advantage of the
synergism derived from previous and ongoing DoD GPS development programs. Rather
than sponsoring a parallel development program, the RAJPO can take advantage of the
results of the Air Force, Navy, and the Defense Advanced Research Project Agency
(DARPA) programs already underway or completed. This approach will ensure that the
RAJPO will offer significant development cost benefits to the U.S. Government.



The previous DoD GPS development programs that could offer cost benefits to RAJPO
are the Phases I and II development programs performed by the U.S. Air Force Space
Division’s GPS Joint Program Office (JPO); the TRIDENT Program’s precision tracking
system developed by the U.S. Navy’s Strategic Systems Program Office (SSPO); and the
microminiature GPS receiver development sponsored by DARPA. Each of these programs
has unique technology to offer to the RAJPO.

JPO PROGRAM

The GPS JPO is located at the U.S. Air Force Space Division, Los Angeles Air Force
Station. The GPS development evolved from earlier satellite navigation programs within
the U.S. Navy and the U.S. Air Force. In 1973 the USAF was named the executive service
for GPS and directed to develop an operational system. This was potentially a multibillion
dollar project and consisted of three major development efforts. These were the
development of the space segment, consisting of the satellite constellation; the control
segment, consisting of ground-based master and remote control stations; and the user
equipment. DSARC II, which approved advancement to full-scale engineering
development, occurred in mid-1979. Phase II will run until early 1985.

The user equipment being developed by the JPO has been directed primarily toward
strategic and tactical military weapon systems applications. Specifically they are
developing hardware that will be tested as navigation systems on the following platforms;
tank (M-60), submarine (SSN700), aircraft (A-6E, F-16A, B-52G), aircraft carrier
(CV-63), helicopter (UH-60), and a manpack. Three classes of user equipment are
currently under development. These are a low-dynamic set, which is a single-channel unit;
a medium dynamic unit, which is a two-channel unit; and a five-channel, high-dynamics
unit. All of these units are currently undergoing tests. DSARC III, full production, is
expected to begin in mid-1985.

This user equipment is not the size and configuration of the equipment required by RAJPO
for the test ranges, and this equipment was designed utilizing technology that is five or
more years older than that currently available. It nonetheless is functionally similar. With
substantial repackaging and the insertion of newer, highly integrated circuitry and more
capable processors, the basic JPO designs may suffice for RAJPO’s needs. However,
those receiver designs were optimized for maximum antijam and nuclear hardening, two
requirements not present in the range application of GPS. In a sense the JPO receivers are
overkill for the RAJPO needs where accuracy under dynamics and shadowing is the most
challenging problem.

There are, however, significant advantages that can be gained from the JPO program.
Specifically, the space and control segments of the system are already in operation. Not



only has the system been thoroughly tested, but system operating characteristics have been
established. The total GPS concept has been developed and proven by the JPO program.
This provides the utmost confidence that GPS will work on the DoD ranges.

DARPA PROGRAM

This program was initiated in 1983 to apply the latest microelectronic capability to the
development of state-of-the-art GPS user equipment. Specifically the program is directed
toward the development of a microminiature (cigarette pack) receiver. One potential
design approach is to convert the incoming RF signal to baseband immediately and digitize
and then accomplish all signal processing in the digital domain. This approach has many
potential advantages. The analog RF circuitry, which is difficult to miniaturize, is kept to a
minimum, while the major portion of the receiver operates in the digital domain where
microminiaturization techniques are most applicable.

Some hybrid RF/LSI development effort has already begun toward implementing the front
end in monolithic gallium arsenide, making future microminiaturization practical that will
be available in time for the RAJPO program. In addition, because the major portion of the
receiver is digital, the latest very high-speed integrated circuit (VHSIC) technology can be
inserted. Of significance is the availability of technology developed by DARPA for
satisfying the requirements of the RAJPO program.

SSPO PROGRAM

The Strategic Systems Program Office (SSPO) recognized the potential advantages of
applying GPS to range tracking of the TRIDENT Weapon System. In fact the TRIDENT I
program was one of the first operational users of GPS, although it was used only to gather
TSPI data for postflight analysis. For the TRIDENT II program, however, a real-time GPS
missile tracking system is being developed for both range safety and metric tracking. This
program is leading the RAJPO program by about 2 years and is also developing a family of
GPS components for range tracking applications. Not only are state-of-the-art GPS
components being developed, but they are specifically being developed for range tracking
applications. The GPS-based TSPI system for the TRIDENT II program utilizes a
frequency translator in the missile that receives the L-band signals from the satellites and
retransmits them to the ground or to a ship at S-band. The position solution is performed at
the ground station or ship. This program, in addition to calling for the development of a
missileborne translator, also requires sophisticated ground equipment including precision
GPS reference and missile-tracking receivers for differential target position determination.



Many of the unique characteristics of range applications of GPS are being addressed by
the TRIDENT program, thus offering valuable technical inputs and lowering the risk of the
proposed RAJPO program.

The RAJPO is in a unique position to take advantage of related DoD-sponsored GPS
development work. The synergism and technology provided by these prior programs could
minimize the cost of the RAJPO program. Most important, however, is the ancillary
reduction of technical risk.

The overall GPS concept has been proven and the space and control segments put in place
by JPO at USAF Space Division. The necessary microminiature building blocks are being
developed by the DARPA program while the peculiarities of adapting GPS to the ranges
has already been addressed by the TRIDENT Program. The results of these previous
programs can assure the success of the RAJPO program.


