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APPLICATION OF GPS TO NATIONAL TEST RANGES

Harold L. Jones and Thomas J. Macdonald
The Analytic Sciences Corporation

Reading, Massachusetts 01867

ABSTRACT

This paper summarizes an evaluation of the potential use of the NAVSTAR Global
Positioning System (GPS) as a source of Time Space Position Information (TSPI) for
weapon system test and evaluation. The study was conducted in support of a Tri-Service
Steering Committee chartered by the Office of the Under Secretary of Defense Research
and Engineering to investigate applications of GPS for the DOD test and training ranges.
The performance capabilities and life-cycle costs of GPS- and non-GPS-based
instrumentation equipment are compared for eight generically-defined test ranges. Based
on these analyses, a prioritized ranking of applications is presented. Finally, desirable
characteristics for a family of GPS equipment are described and technical issues requiring
resolution through field tests are identified.

INTRODUCTION

The NAVSTAR Global Positioning System (GPS) is a space-based radio navigation
system designed to provide users with world-wide, three-dimensional position and velocity
information, along with coordinated universal time (UTC). The advent of GPS offers a
major opportunity to field a standardized, national Time Space Position Information (TSPI)
system for DoD test range applications. A GPS-based TSPI system would be able to
provide precise, uniform tracking accuracy on a global basis to unlimited numbers of test
articles operating between surface-level and low earth orbit. These benefits could be
obtained with a relatively modest capital investment consisting primarily of user equipment
development and test range data link (telemetry) system upgrades. There are, however, a
number of significant performance and implementation issues which must be resolved
before the full potential of a GPS-based TSPI system can be realized. This paper reviews
the potential benefits of GPS as a test range asset and outlines the features of a candidate
GPS-based TSPI system.



BACKGROUND

The GPS system is scheduled to become fully operational with an 18 satellite constellation
(plus 3 in-orbit spares) in 1987(1). An interim constellation of 4-6 satellites will be
maintained until the constellation build-up is initiated in 1986. This interim constellation
will be able to provide baseline GPS system accuracy (10-15 m CEP) to all users for a
2-4 hour period each day, with additional limited coverage (primarily useful for survey or
time transfer) for up to 16 hours a day. A user will be able to autonomously measure his
position and velocity without active radio emissions. The interim constellation could be
augmented with ground-based transmitters, termed “pseudolites”, to improve coverage in a
particular test arena.

The Tri-Service GPS Range Applications Steering Committee has recently completed an
evaluation of the applicability of GPS to DoD test range applications(2). The findings of
the committee were that GPS is a viable option for determining TSPI in most types of test
range operations and that a five-year program for developing test article GPS equipment
should be initiated. In support of the committee’s activities, TASC performed an analysis
of the technical and implementation issues involved in adapting GPS for test range
applications and of the possible resulting cost benefits(3).

CONCEPTUAL TSPI USER EQUIPMENT DESCRIPTIONS

GPS-based TSPI data may be obtained from either an onboard receiver or translator.
Receivers can provide TSPI data in the form of pseudo-range and delta range (Doppler)
measurements with a minimum of onboard processing, or position and velocity
measurements in Cartesian coordinates with a moderate amount of onboard processing. In
either case, the measurements can be either recorded for post-test processing or
telemetered to a monitoring station. Translators act as wideband RF relays which
frequency-shift (typically to S-band) and retransmit the unprocessed GPS signals to a
monitoring station. The monitoring station would either wideband record the unprocessed
signals for post-mission processing or track and process the signals (using a modified
receiver) for real-time tracking (see Fig. 1).

Because translators perform a relatively simple function, they tend to be smaller and less
expensive than a full-up receiver. As a consequence, they are well-suited for small or
expendable vehicles. However, spectrum allocation requirements tend to limit the number
of translators which can broadcast simultaneously. Whereas a receiver might require a
1-2 kbps data link for data relay, each translator would require allocation of a 2 MHz
channel.



* Full GPS accuracy may be denied to unauthorized users for national security reasons.
Differential correction would circumvent this restriction.

For non-expendable applications such as aircraft, receivers (pod-mounted instrumentation
or tactical equipment) become prime TSPI candidates, although translators may be a viable
option in scenarios where multiple translator-based missile tracking is not done
simultaneously. For missiles and drones (which will suffer attrition either intentionally or
inadvertently) the choice will most likely be driven by a combination of available volume
and unit cost. In general, the type of onboard TSPI equipment chosen will be dictated by
performance requirements, form-fit factors, and cost relative to that of the test article itself.

PERFORMANCE ISSUES

The baseline CPS accuracy (10-15 m CEP) would meet the majority of the projected DoD
TSPI accuracy requirements. However, the potential value of GPS would be significantly
enhanced if, for special-purpose applications, it could also provide accuracy in the 1-3 m
regime. Preliminary analysis, corroborated by limited field test data, suggests that a 1-3 m
performance level is achievable through simple error calibration procedures which could
readily be implemented by individual test ranges. The expected accuracy of GPS in several
different operating modes is summarized in Table 1. The issues which impact achievable
accuracy are reviewed below.

The baseline GPS error budget is dominated by systematic errors introduced by
uncertainties in satellite location and signal transmission delays through the ionosphere. A
reference GPS receiver operating from a surveyed site could readily calibrate the
systematic errors and compute differential TSPI corrections. These differential corrections
could either be periodically broadcast to the test participants for real-time compensation or
applied to TSPI information data-linked to the monitoring stations (Fig. 2). A test program
to determine the extent of the region over which the differential correction is valid is
currently underway, but the region should exceed 100 km. For both accuracy and broader
system-related issues*, differential mode operation is recommended for test range
applications.

The traditional means of characterizing GPS accuracy is in terms of measurement
geometry (Geometric Dilution of Precision, GDOP) and code selection. The operational
GPS constellation will provide relatively uniform coverage with GDOP values ranging
from 2 to 6. GPS GDOP is predictable for months in advance and it would be relatively
simple to schedule tests at times of day such that the available GDOP was consistent with
test requirements(4,5).



Every GPS satellite continuously broadcasts two different navigation codes:  C/A-code
and P-code. C/A-code is less precise (in position but simpler to receive, and can be
utilized by somewhat less sophisticated user equipment. It also has a narrower bandwidth
(2 MHz vs 20 MHz), which makes it the preferred choice for translator applications. As
shown in Table 1, P-code will provide the same velocity accuracy as C/A-code, but a
factor of 2 to 4 improvement in both real-time and post-mission position accuracy. P-code
is also less susceptible to multipath-related errors and mutual interference effects
associated with combined satellite/pseudolite operations. This improved performance at a
relatively modest incremental cost would make P-code utilization desirable for most TSPI
applications.

Under normal circumstances, a GPS receiver will process signals from four different
satellites to compute a position fix. This can be accomplished by either simultaneous
tracking in a four or five channel receiver or sequential tracking in a single or dual channel
receiver. In general, the tradeoff is improved accuracy and data rate against reduced size
and cost. However, integration with a relatively low cost IMU could improve the
performance of both single and multiple channel receivers by incorporation of an inertial
“dead-reckoning” capability. In addition to increasing the effective data rate of all receiver
types to approximately 50 Hz (a typical IMU readout rate), IMU augmentation would also
maintain TSPI system performance through brief signal outages brought about by such
factors as antenna or terrain masking.

POTENTIAL COST BENEFITS

The cost benefit analysis performed in support of the Tri-Service GPS Steering Committee
was based on an analysis of service-derived TSPI requirements for the 1985-1987 (near-
term) and post-1987 (far-term) timeframes. Strawman GPS- and non-GPS-based
instrumentation suites were defined for eight generic test ranges encompassing the basic
test and training activities of the major DoD test ranges. Near-term equipment
configurations were in general consistent with existing national range capabilities. Far-term
GPS- and non-GPS suites were permitted to evolve to meet increasingly stringent TSPI
requirements. For the non-GPS case, this meant the introduction of phased array radars
and extended coverage, ground-based multilateration systems.

The cost benefit analysis addressed both life-cycle cost and performance against the
projected support requirements. The performance analysis focused on the major
requirement issues — real-time and post-mission accuracy, broad-area and low-altitude
coverage, number of users, and data rate — but included consideration of such issues as
growth potential, technical risk, portability, and integration difficulty. Table 2 summarizes
the recommended implementation priorities by generic range and timeframe.



The essence of the life-cycle cost (LCC) comparison was a tradeoff between the
development, acquisition and maintenance of several thousand relatively inexpensive GPS
user equipment sets vs the maintenance and replacement of a relatively small number of
major ground-based facilities. The results indicate a potential 20-year LCC savings for
DoD of as much as $1.1-1.5B if GPS were efficiently integrated into range operations and
selected ground-based tracking systems were eliminated. For three of the generic ranges
— supporting tactical air combat training, strategic missile testing, and bomber/cruise
missile testing, respectively — the potential LCC savings are sufficiently great to
recommend integration of GPS prior to achieving a full satellite constellation. Three other
ranges show significant long-term LCC savings, while in two application areas
introduction of GPS might in fact increase the 20-year LCC. The trends in the LCC
analysis are relatively insensitive to 25-50% variations in major cost elements.

In most applications, GPS was much more effective in meeting the major performance
requirements than the non-GPS option, primarily through a moderate improvement in
accuracy (particularly in velocity) combined with a significant improvement in coverage
volume and low altitude coverage. GPS also in general offered better growth potential,
portability, and standardization. On the negative side, the possibility of partial signal
masking for under-wing, pod-mounted receivers and uncertainty over whether or not GPS
receivers can be made small and inexpensive enough for tactical missile applications
(translators provide an alternative) represent technical risk areas which must be resolved.

RECOMMENDED GPS EQUIPMENT

The recommended family of GPS user equipment includes both receivers and translators to
serve as sources of test article TSPI data. These equipments must be capable of operating
in dynamic environments ranging from those encountered in strategic or tactical missiles
and fighter aircraft down to land vehicles and surface ships. Because of this diversity in
operating requirements, two classes of test article receivers and translators are specified:
High Dynamic and Low Dynamic Receivers and Low and High Power Translators. In
addition, existing GPS Geoceiver (for site survey) and Timing Receiver equipments are
recommended for general range support. Top-level features of these equipments are
summarized in Table 3. A matrix of the potential applications of this equipment is provided
in Table 4. It is anticipated that 2000 to 5000 of each receiver type may be required over
the first 20 years of system operation, with up to 10,000 translators (primarily the low
power version).

The physical dimensions indicated in Table 3 are readily achievable with current
technology and would meet the majority of test range requirements. However, this would
necessitate utilization of translators for all small test article (e.g. , tactical missile) tracking,
with the attendant limitations on number of simultaneous tests. Receiver size reductions to



below 100 cubic inches are projected for the early 1990’s. If size reduction could be
accompanied by a corresponding cost decrease, receivers would become the preferred
TSPI source for most small and/or expendable test articles.

SUMMARY

The potential benefits of GPS as a source of TSPI has been clearly established and DoD
has accelerated, efforts to effect a timely integration of GPS into national test range
operations. Development of a family of GPS equipment generally consistent with that
described in this paper has been initiated by the newly formed GPS Range Applications
Joint Program Office (RAJPO). However, several issues relating to implementing a GPS-
based TSPI capability remain to be resolved.

The most significant issue remaining to be addressed is the problem of how to relay a TSPI
solution computed on the test article to the monitoring station to support both real-time test
monitoring and post-mission data analysis. Interfacing with existing data links and
telemetry channels is the likely near-term solution; however, development of a
standardized data link could be a more cost effective long-term solution.

There are also a number of issues which require field test resolution as GPS equipment
development progresses. Validation of the differential tracking concept and evaluation of
multipath effects have been previously mentioned. Possible antenna masking for pod-
mounted systems carried under aircraft wings also requires experimental evaluation. If
ground-based “pseudolites” are to be used to augment the GPS satellite constellation for
special test applications, there is also a series of interface issues which require field test
evaluation. An on-going test program should provide resolution of most of these issues by
late-1984.

REFERENCES

1. NAVSTAR Newsletter, Code SD/YEC, Los Angeles Air Force Station, Los Angeles,
CA, January-March 1983.

2. George, Kingston A., et al., “GPS Range Applications Study Final Report,” Tri-
Service GPS Range Applications Steering Committee, Western Space and Missile
Center, Vandenberg Air Force Base, CA, January 1983.

3. Jones, Harold L. , Macdonald, T.J. , et al., “GPS Range Applications Study Final
Report,” Report No. WSMC TR 82-3, Western Space and Missile Center,
Vandenberg Air Force Base, CA, December 1982.



4. Brady, Wayne F. , and Jorgensen, Paul S. , “Worldwide Coverage of the Phase II
NAVSTAR Satellite Constellation,” Navigation, Vol. 28, No. 3, Fall 1981.

5. Kruh, P. , “NAVSTAR/GPS Six-Plane, Eighteen Satellite Recommendation,”
Aerospace Report No. TOR-0081(6476-0l)-1.

Figure 1.  Example of GPS Translator Concept



Figure 2.  Differential GPS Concept



TABLE 1
EXPECTED GPS TSPI ACCURACY

Assumptions: No Uncompensated User Dynamics (INS Aided)
Receiver or Translator
GDOP = 3 (HDOP = 1.5; VDOP = 2.5)

Accuracy (lo)

REAL-TIME* REAL-TIME
DIFFERENTIAL

POST-MISSION
DIFFERENTIAL

C/A-CODE P-CODE C/A-CODE P-CODE C/A-CODE P-CODE

Position (ft)
x,y
z

Velocity (fps)†

x,y
z

30
51

0.06-0.65
0.11-1.10

14
23

. 0.06-0.65
0.11-1.10

25
41

0.06-0.65
0.11-1.10

  7
12

0.06-0.65
0.11-1.10

  6
10

0.02
0.03

2
4

0.02
0.03

*Assumes 10 ft uncompensated ionospheric bias, C/A not available on L2 , and 10 ft multipath error.

†For 1-10 Hz data rates.



TABLE 2
RECOMMENDED GPS RANGE APPLICATIONS

GENERIC RANGE
(BY PRIORITY)

RANGE
CATEGORY

TYPICAL
TEST ARTICLE

TIMEFRAME

NEAR
TERM

FAR
TERM

Tactical Air

1 Ballistic Missile

Extended-Range Air

OT&E* , Training

DT&E† , OT&E

DT&E, OT&E

Aircraft, Drone,
Cruise Missile

Ballistic Missile,
ABM, SMILS

Cruise Missile, Bomber

GPS

GPS

GPS

GPS

GPS

GPS

Sea-Based Tactical
(Near-Shore)

2 Short-Range Air
(Land)

Short-Range Air
(Water)

OT&E, Training

DT&E, OT&E

DT&E, OT&E

Aircraft, Missile,
Ship

Aircraft, Drone,
Missile

Aircraft, Drone,
Missile

GPS

GPS

GPS

Ground-Based
Tactical

3 Sea-Based Tactical
(moving)

OT&E, Training

OT&E, Training

Aircraft, Drone, Land
Vehicle, Troops

Ship, Aircraft

GPS

GPS

*Operational Test and Evaluation

†Development Test and Evaluation



TABLE 3
RECOMMENDED GPS INSTRUMENTATION FAMILY

PARAMETERS

RECEIVERS TRANSLATORS

GEOCEIVER
TIMING

RECEIVERHIGH
DYNAMIC*

LOW
DYNAMIC

LOW
POWER

HIGH
POWER

Channels

Codes

Frequency

Size (in3)

Weight (lb)

Power (W)

5

P, C/A

L1
†, L2

<600

<40

<140

2

P, C/A

L1

<450

<25

<100

-

C/A

L1

<30

<3

<45

-

C/A

L1

<140

<10

<100

1

P, C/A

L1 , L2

<3500

<50

<100

1

C/A

L1

2000

35

300

*Two packaging options:  rack-compatible and pod-mounted.

†Translator signal receiver will have common components except for an S-band front-end
module.



TABLE 4
POTENTIAL APPLICATIONS FOR GPS RECEIVERS AND TRANSLATORS

APPLICATIONS

RECEIVERS TRANSLATORS

GEOCEIVER
TIMING

RECEIVERHIGH
DYNAMIC

LOW
DYNAMIC

LOW
POWER

HIGH
POWER

Test Articles:
• Aircraft

• Drones

• Short Range Tactical
Missiles

• Land Vehicles

• Ships

• Strategic Missiles

• Anti-Satellite Missiles

• Cruise Missiles

Baseline Range Equipment:
• Differential GPS Reference

Receiver

• Translator Receiver

• Rawinsonde Tracker

• Survey

• Time Reference

X*

X*

X*

X

X†

X

X

X

X

x

X*

X

X*

X*

X

X**

X

X*

X

X

  *IMU Aiding Desirable

  †High Dynamic Receiver with S-Band Front-End Module

**SMILS Positioning


