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NAVSTAR-GLOBAL POSITIONING SYSTEM
(GPS) FOR RANGE APPLICATIONS

by
THOMAS P HANCOCK

Program Manager GPS Range Applications
Joint Program Office (RAJPO)

Deputy for Range Systems
Armament Division, Eglin AFB, FL

ABSTRACT

The purpose of this paper is to describe the Tri-Service effort to use the NAVSTAR
Global Positioning System (GPS) on Tri-Service ranges. It will describe the background,
the development program, the equipment, the management team, the specifications that the
equipment must satisfy, the integration into five DOD ranges, an assessment of
developmental risk, a recap of logistical aspects, and will provide a development schedule.
Key Words:  Global Positioning System Range Applications, Time-Space Positioning
Information, Range Instrumentation.

INTRODUCTION

Background

The GPS Range Applications program was initiated in 1981 by a DOD-directed study.
This study was to determine if the NAVSTAR satellites could provide accurate and cost
effective time-space-positioning information to the range community. The 18-month study
effort was managed by a Tri-Service Steering Committee with two members from each
service, one representing a training range and one representing a testing range. They
surveyed 22 ranges to determine the requirements for six parameters. The results of the
survey and what the GPS can provide is shown in Figure 1. At the conclusion of the
Steering Committee effort, DOD directed the Air Force to take the lead in a joint
development program to use GPS for range applications. The Air Force established the
Range Applications Joint Program Office (RAJPO) at Eglin AFB, FL, as part of the
Armament Division’s Deputy for Range Systems (AD/YI).



Scope

This paper will describe the development program, highlight the equipment, describe the
integration effort for five DOD ranges, touch on the logistics aspects and end with the
development schedule. The Tri-Service Steering Committee defined the family of
equipment that should be developed. This family was used as the starting point for the
RAJPO development effort. Figure 2 illustrates the family members and the degree of
development for each family. The majority of the paper will address the High Dynamics
Instrumentation Set (HDIS), Low Dynamics Instrumentation Set (LDIS) and the Range
System, which incorporates either the HDIS or LDIS with a RAJPO developed data link.
The 100-cubic inch receiver shown in Figure 2 is being developed through the RAJPO by
the Jet Propulsion Laboratory. A separate paper on this is being presented by Jet
Propulsion Laboratory personnel. The translator is now in the specification formulation
phase. It will be developed as a separate contractual effort and will not be addressed in
this paper. The development program that will be described is the effort to develop GPS
range equipment (HDIS, LDIS and Range System) and the effort to integrate this
equipment into five ranges. The contractor that won the source selection to develop 44
prototypes and integrate into the ranges was Interstate Electronics Corporation, Anaheim,
CA. This contract was awarded on 1 May 1985.

THE MANAGEMENT TEAM

The development documents that make things happen in an acquisition program such as
the System Specifications, Statement of Work, and Request for Proposal were the result of
a RAJPO led management team. The team was composed of range engineers from each of
the five ranges that will receive the prototypes, technical support contractors, and the
program office engineers/managers. The original Tri-Service Steering Committee members
were retained as the RAJPO advisory board called the Transitional Advisory Group
(TAG). Table 1 lists the management team.

Methodology

The RAJPO employed the complete team working in a single group methodology to
produce all the key documents. A working group was established for each of the three
specifications, statement of work, and certain elements of the request for proposal. For the
three specification working groups, the support contractors provided a strawman design,
each range engineer provided their respective requirements, and the complete team
produced a draft document. These were then reviewed by the TAG to ensure they reflected
each service’s requirements and policy. A second and third working group finalized the
documents. These working group sessions proved to be an effective method to produce a
coordinated set of specifications since each service’s requirements were considered in



concert with the other tri-service needs. Another RAJPO technique that proved to be very
effective was the extensive involvement with the potential contractors. After each working
group and TAG review, the documents were provided to the contractors for their
comments. These contractors were also attendees at the TAG meetings. The result of this
iterative process was that the contractors knew the RAJPO requirements, the RAJPO
knew the dollar drivers, and that the resultant proposals were very responsive to the
request for proposal. The RAJPO management team were advisors and members of the
source selection board.

THE EQUIPMENT

The Low Dynamics Instrumentation Set (LDIS) and High Dynamics Instrumentation Set
(HDIS) – Inertial Reference Unit (IRU) combination are the basic building blocks of the
GPS range equipment. The LDIS is a 200-cubic inch receiver that will provide position
and velocity information once a second and is a 1 G system. The HDIS, coupled with a
RAJPO developed IRU, is a 10 G system that will provide position, velocity, acceleration,
attitude, and attitude rates at 10 times per second. Interstate’s HDIS is 304 cubic inches
and the Litton IRU is approximately 100 cubic inches. There are three configurations of
the HDIS-IRU combination. The limiting form factor is the AIM-9 5-inch diameter pod.
Other configurations using the same electronics components will be (1) a rack-mounted
configuration for internal aircraft use or helicopters, and (2) a configuration for drones.
The components of the receiver will be separate and placed in allotted space for the drone
application. drone configuration. The drone will be configured by each component in the
allotted space connected with appropriate wiring harness. Also being developed by the
RAJPO is a reference receiver and differential processor (RR/P) that will provide
differential corrections either to the range participant or ground range controllers. The
HDIS or LDIS will provide information on the range participants and the RR/P will
provide differential corrections to improve the tracking accuracy of these range
participants. The natural evolution was to complete the GPS range family by developing a
data link to use the GPS-derived information. The data link, data link controller, RR/P and
HDIS or LDIS combination is called the GPS Range System. Figure 3 is an artist concept
of the range system.

SYSTEM SPECIFICATIONS

The discussion on system specifications that the equipment must satisfy can be presented
best by use of graphic illustrations. Figure 4 provides the overall specifications in terms of
size, weight, power, and data rates. Figures 5 and 6 are the accuracy specifications for
LDIS and HDIS respectively and Figure 7 provides the data link specifications.



INTEGRATION INTO FIVE RANGE SYSTEMS

The development program requires that the HDIS-IRU, LDIS and RR/P be compatible
with four separate and distinct range systems. These are the Army’s Mobile Automated
Field Instrumentation System (MAFIS) at Ft Hood, TX; the Navy’s Extended Area Test
System (EATS) at Pt Mugu, CA; the Air Force’s Gulf Range Drone Control Upgrade
System (GRDCUS) at Tyndall-Eglin AFBs, FL, and the Air Force/Navy’s Air Combat
Maneuvering Instrumentation/ Tactical Aircrew Combat Training System (ACMI/TACTS)
at a location TBD. The separate stand-alone GPS range system will be integrated into the
Air Force’s Advanced Range Data System (ARDS) at Edwards AFB, CA. Recall that this
system combines the HDIS-IRU and RR/P with a data link to provide the range a stand-
alone system. The map in Figure 8 shows the locations mentioned above.

Integration Management Structure

The integration effort requires cooperation between Interstate and the range system
contractors such as Cubic Corporation (ACMI/TACTS), General Dynamics Electronics
(EATS) and Government agencies for the MAFIS and GRDCUS. Interstate is required by
contract to establish an associate contractor agreement with these organizations to ensure
data is exchanged during the development process. Interstate also will chair the Interface
Control Working Group (ICWG) to produce the required Interface Control Documents
(ICD). This process is proceeding and the first of ICWG meetings proved to be
enlightening for both parties as issues were surfaced and action initiated to resolve them.

Integration Philosphy

The extent of integration will vary by range system. For the ACMI/TACTS, Interstate will
provide the HDIS, antenna, and RR/P and ensure their subsystems perform within the
ACMI/TACTS system. Cubic will demonstrate the ACMI/TACTS system. This is also the
integration/demonstration philosophy for the GRDCUS and MAFIS. The EATS integration
is more extensive. The EATS will provide their subsystems and Interstate will design the
EATS pod and prove the system works on the EATS data link. The integration for the
ARDS is the other end of the spectrum where Interstate must design the GPS pod and
integrate the RAJPO data link, HDIS and RR/P into the ARDS system.

DEVELOPMENT RISK

Hardware Confidence

An assessment of the hardware development risk is low to medium. Basically, the RAJPO
development effort is capitalizing on Space Division’s GPS technology using the latest in



electronics card volume reduction and high-speed processors. There were several technical
issues identified earlier in the program that were isolated during a RAJPO sponsored flight
demonstration program at Yuma and Eglin. The main issue was the antenna masking
problem when a pod was used on a highly maneuvering fighter aircraft. The RAJPO demo
pod using a 5-channel Collins Phase II GPS receiver, two different inertial reference
systems, and a Cubic antenna was flow on a F-4 at Eglin. A total of 15 flights
demonstrated that antenna masking is a problem that can be resolved when the set is aided
by an inertial reference unit.

Software Confidence

Since the GPS equipment is software intensive, the TAG advisors urged the RAJPO to
analyze the risk areas. Five technical and three management areas of concern were
identified. These areas were the ones that were unique to the range program as compared
to Space Division’s user equipment software. An Independent Verification and Validation
(IV&V) effort was placed on contract to address these areas of concern. Figure 9
describes the areas and the concerns. The activities and relationship to Interstate are
shown in Figure 10. The requirements derivation and software designs shown in Figure 10
for TASC is for the five technical areas of concern only. The results of the first interaction
to date, the presentation at SRR (see Figure 10), did confirm the requirements as well as
highlight new requirements that are being addressed by Interstate. The net effort of this
Independent Verification and Validation should reduce the risk to the development
program.

LOGISTICS ASPECT

Cost as a Design Parameter

From the outset of the development program, cost was considered as a design parameter
similar to technical and schedule. The request for proposal required a Design to Unit
Production Cost (DTUPC) goal for each configuration of equipment. The source selection
criteria had DTUPC/Life Cycle Cost as the number one cost criteria. The statement of
work and data items require extensive tracking of these DTUPC goals. The competitive
pressure will continue as a reprocurement data package will be delivered at the end of the
sole source initial production phase. This thought process paid dividends as the Interstate
design uses only five electronic cards and an RF front end for all 44 prototypes. Each
configuration uses a different combination of the same cards. This will allow learning
curve phenomenon to reduce the production cost due to the large volume production of a
few components. This highly modular concept will also reduce spare and maintenance
cost.



Logistic Support Analysis

The effort involved in achieving a common support system for the Global Positioning
System Range Applications Program (GPS-RAP) is complex due to the variations of
support requirements that now exist at each of the Tri-Service ranges. The ranges have an
extensive diversity of operating requirements that must be logistically supported. Ranges
historically have been self-supporting and have operated with one-of-a-kind commercially
developed systems. As a result, they have all developed different approaches to supporting
their systems. The challenge we face on this program is the standardization of hardware
and supporting resources which can be used interchangeably between ranges while
meeting their unique operating requirements in a cost effective manner.

The approach taken in structuring the contract to achieve this standardized flexible support
was to put an extensive MIL-STD-1388 Logistics Support Analysis (LSA) requirement in
the contract. This LSA program will interface with all of the pertinent Integrated Logistics
Support ILS elements, such as Facilities, Spares, Technical Orders, Support Equipment
Training, Reliability, Maintainability and Packaging, Handling and Transportation,
necessary to achieve GPS-RAP support. Also, the maintenance concept will accommodate
two or three levels of support to allow for flexibility in range maintenance philosophies,
i.e., repair can be removal and replacement of the black box or circuit cards/modules
contained therein.

To ensure that logistics considerations were incorporated into the program from the
beginning, logistics requirements were included in the hardware specifications, statement
of work, along with requiring data and reports on logistics elements. Logistics was also a
major criteria in the source selection process. All of this effort ensured that the design
presented by the offerors would consider logistics requirements and also logistics would be
prominent in the management structure of the GPS-RAP contractor.

Unique logistics problems are presented by the multiplicity of ranges, military services,
and operating requirements, but we believe these can be overcome through an Integrated
Logistics Management team concept between the Government and contractor.

SCHEDULE

Figure 11 depicts the GPS Range Applications schedule. Generally, equipment will be
ready for contractor’s testing in 24 months and ready for site acceptance site and
integration in 30 months for the first range. The dotted line reflects an accelerated schedule
for six of the Army’s prototypes. Interstate agreed to this 16-month accelerated schedule
once the RAJPO reduced some of the MIL-Standard components. Integration will continue
in stair-steps fashion. RAJPO and contractor manpower loading was the pacer for this



stair-step integration schedule. Individual production decisions will be made for the Army,
Navy, and Air Force once operational testing is completed. This testing and integration
schedule dovetails very nicely with the satellite coverage as shown in Figure 12.

SUMMARY AND CONCLUSIONS

In summary, the RAJPO is developing a family of GPS equipment that is tailored to test
and training ranges. The program is structured to maximize the use of Space Division
satellite signals, user equipment, experience, and to the latest technology. The system
concept employs the high accuracy benefits of differential GPS and low cost inertial
systems. The development risks have been identified, and an independent validation effort
to reduce these risks has been instituted. The RAJPO is following the road map laid out by
the Tri-Service Steering Committee. To summarize the management approach, the range
players were involved in defining requirements and selecting the contractor. All potential
contractors were involved in the requirement development process and in identifying high
risk/high cost areas. The TAG was used to facilitate communications among all parties. As
a result, there was good understanding of requirements by all players and management
attention was placed in risk areas and cost drivers. In conclusion, this Tri-Service approach
has shown where GPS can satisfy 95 percent of the 22 ranges’ requirements with a
modular design that has only five electronic card types and one RF module and the
program is structured and managed by players motivated to achieve the best results.
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TABLE 1

RAJPO MANAGEMENT TEAM

ORGANIZATIONS SYSTEM/RELATIONSHIP TO RAJPO

GOVERNMENT

Armament Division, Eglin AFB, FL RAJPO Management - Normal Program
Office Functions

Pacific Missile Test Center, Pt Mugu, CA Extended Area Test System (EATS)
Engineers and Advisory Board Members

TRADOC Combined Arms Test Activities, 
(TCATA), Ft Hood, TX

Mobile Automated Field Instrumentation
System (MAFIS) Engineers - Advisory
Board Member and Deputy Program
Manager - Army

Air Force Flight Test Center, Edwards
AFB, CA

Advanced Range Data System (ARDS)
Engineers and Advisory Board Member

3246th Test Wing, Eglin AFB, FL Gulf Range Drone Control Upgrade
System (GRDCUS) - Engineers

Naval Air System Command, Washington,
DC

Tactical Aircrew Combat Training System 
(TACTS) - Engineers

USN Fleet Analysis Center Corona, CA Advisory Board Member

HQ USAF (XOORE), Washington, DC Advisory Board Member

USA - Ballistic Missile Defense Systems
Command, Huntsville, AL

Advisory Board Member

Western Space and Missile Center
Vandenberg AFB, CA

Advisory Board Member

Space Division, Los Angeles, CA Advisory Engineers and Test Planning

Navy Program Manager              Collocated - Eglin AFB, FL



TECHNICAL SUPPORT
CONTRACTORS

SRI International, Menlo Park, CA Spec Development Range System Data
Link and Differential processing

The Analytic Sciences Corporation
Reading, MA

Spec Development LDIS, HDIS and Data
Links and Software IV and V

BDM Corporation, Austin, TX MAFIS Interface

Bell Textron, Niceville, FL System Specifications and Statement of
Work

Applied Physics Laboratory/Johns Hopkins
University, Laurel, MD

Translators, Specification Development

 Jet Propulsion Laboratory, Pasadena, CA High “G”/Fast Acquisition/Low Volume
Receiver

General Dynamics Services, Yuma, AZ Test Planning and Support

Space Qualified Systems Ft Walton Beach,
FL

Software and System IV&V



TABLE 2

RANGES TO RECEIVE RAJPO GPS EQUIPMENT

RANGE EQUIPMENT

Mobile Automated Field Instrumentation
System (MAFIS) Ft Hood, TX

10 - Position Location Modules
  1 - RR/P
  3 - HDIS - Rack Mounted

Gulf Range Drone Control
Upgrade System (GRDCUS)
Eglin/Tyndall AFB, FL

  3 - HDIS - Pod
  2 - HDIS - Rack
  3 - HDIS - Drone
  1 - RR/P

Advanced Range Data System
(ARDS)
Edwards AFB, CA

  2 - HDIS - Pod
  1 - HDIS - Rack
  1 - RR/P
  1 - Data Link Controller
  5 - Data Link Stations

Extended Area Test
System (EATS)
PMTC, Pt Mugu, CA

  3 - LDIS - Ship Container
  3 - HDIS - Racks (Plate)
  3 - HDIS - Pods
  2 - RR/P

ACMI/TACTS
Location TBD

  3 - HDIS - Pod
  1 - RR/P

ACRONYMS

LDIS Low Dynamics Instrumentation Set
HDIS High Dynamics Instrumentation Set
RR/P Reference Receiver/Processor
ACMI/TACTS Air Combat Maneuvering Instrumentation/ Tactical Aircrew

Combat Training System



FIGURE 1: TSPI REQUIREMENTS SUMMARY (22 RANGES)



FIGURE 2: FAMILY – VOLUME/PLAYERS RELATIONSHIPS



FIGURE 3: GPS RANGE SYSTEM



FIGURE 4: GPS EQUIPMENT SPECS



FIGURE 5: LDIS OUTPUT DATA (REAL TIME)



FIGURE 6: HDIS OUTPUT DATA (REAL TIME)



FIGURE 7: SPECIFIED DL SYSTEM REQUIREMENTS



FIGURE 8:  GPS RANGE APPLICATION – INTEGRATION AND TEST SITES



FIGURE 9:  SOFTWARE CONFIDENCE



FIGURE 10:  IV&V ACTIVITIES



FIGURE 11:  GPS RANGE APPLICATIONS



FIGURE 12:  GPS SATELLITE LAUNCHES SUPPORT RANGE TESTING


