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ABSTRACT

The NAVSTAR Global Positioning System (GPS) allows extremely accurate global
determination of time as well as position and velocity. Currently, the DoD test and training
ranges of the United States are working towards using GPS to obtain position and velocity
information and recently attention has been given to using GPS for precise range timing.
This paper provides background information, discusses the advantages of using GPS for
range timing, and describes two timing system configurations using Tri-Service GPS range
equipment.

INTRODUCTION

Background

The test and training ranges have realtime and post-test timing requirements which can
vary from milliseconds to less than 30 nanoseconds.1 The required accuracy may be with
respect to GPS time or Coordinated Universal Time (UTC), or the requirement may be
relative timing between range tracking sites. There are several advantages of using GPS to
satisfy these range timing requirements compared to conventional time synchronization
methods.2 These are improved timing accuracy, the ability to enable all ranges and
locations on the same range to operate from this same time base, and the potential to
reduce the cost of precision time keeping. GPS timing systems can eliminate the need for
portable clocks to calibrate range timing standards and could eventually eliminate the need
for cesium standards in many range applications. With the current constellation, signals
from a GPS satellite with a good clock can be received approximately 16 to 20 hours a day
depending on the location. If a continuous and highly accurate time source is required, an
atomic standard is used. When the full GPS constellation is in place, all locations on the
earth will be able to receive signals from at least four GPS satellites 24 hours a day. With
continuous reception of GPS satellite signals, it may be possible to replace many cesium
standards with low cost rubidium or high quality crystal oscillators.



Scope

A family of modular instrumentation is being developed by the Tri-Service GPS Range
Applications Program.3 Phase I of this program will integrate prototype equipment into five
ranges. A contract for Phase I efforts was awarded to Interstate Electronics Corporation,
Anaheim, California in May 1985 and calls for delivery in late 1987 of various GPS
equipment which includes a Reference Receiver/Processor (RR/P), Low Dynamics
Instrumentation Set (LDIS) and Position Location Module (PLM). This equipment could
be used in a variety of implementation schemes for range timing applications. The paper
describes two configurations: a full capability timing system using the RR/P and a simple
timing system employing the LDIS or PLM. The full capability timing system will be
tested at the Western Space and Missile Center in early 1988.

FULL CAPABILITY GPS TIMING SYSTEM

The full capability configuration (Figure 1) uses the Reference Receiver/Processor (RR/P)
and provides a capability to continuously monitor and verify the performance of the
frequency standard. The RR/P code and carrier tracks and processes the P-code signals
from four GPS satellites on both the L1 (1.57542 GHz) and L2 (1.2276 GHz) frequencies.  
The Processor, which is operated from a terminal, controls the Reference Receiver,
Precision Time Module and Test Signal Source. The Precision Time Module synthesizes a
precision local oscillator frequency for the Reference Receiver and adjusts its phase to
make the “on time” one-pulse-per-second (1 pps) receiver output coincide precisely with
GPS time or UTC time.

 The Time Interval Counter measures the time intervals between the frequency standard
1 pps output and the Reference Receiver 1 pps output. These time intervals (timing errors)
can be used in realtime or post-test to correct the timing signals. The Test Signal Source
provides a capability to calibrate time delays from the antenna to the Reference Receiver
1 pps output. The resulting timing accuracy will be better than ±30 nanoseconds. With
common view satellite tracking, relative accuracies to better than ±10 nanoseconds will be
accomplished. These accuracies will be achievable when Selective Availability is in effect.

SIMPLE GPS TIMING SYSTEM

A simple GPS timing system (Figure 2) could employ a single channel GPS Receiver that
tracks the Clear/Acquisition (C/A) codes on the GPS L1 frequency. The Receiver outputs
a precision 1 pps signal to a Time Code Generator. The accuracy of this simple system will
be better than ±100 nanoseconds. By employing common view satellite tracking, better
relative accuracies could be achieved. The Low Dynamics Instrumentation Set (LDIS) or
Position Location Module (PLM) could be used in this application.



SUMMARY AND CONCLUSIONS

In summary, equipment being developed for the GPS Range Applications Program could
be configured for a variety of range timing applications. The paper described two possible
configurations, a full capability system for the most stringent requirements and a simple
configuration using the minimum hardware. Implementation of GPS range timing systems
using standardized Tri-Service equipment will be relatively simple since the required
hardware is already being developed for the GPS Range Applications Program. The
equipment will be proven and available for range applications in late 1987.
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Figure 1. Full Capability GPS Timing System Configuration

Figure 2. Simple GPS Timing System Configuration


