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ABSTRACT

The Global Positioning System (GPS) has proven to be an extremely accurate
positioning sensor. A stand-alone civilian user enjoys an accuracy of 100 meters, which is
adequate, for a wide variety of applications. However in some situations, such as aircraft
precision approaches and taxi-way guidance, higher accuracy is required.

Conventional Differential GPS (DGPS) usually has an accuracy of 2 to 5 meters within
100 kilometers of the stationary calibration receiver, even with the expected levels of
induced Selective Availability (SA) errors. To implement DGPS on a large scale, the total
number of monitor stations needed to cover the United States Continent to this accuracy
would exceed 500. Wide Area Differential GPS (WADGPS) is a system that can limit the
number of necessary monitor stations to 15 while achieving the same accuracy. WADGPS
can reduce the installation cost and the operational cost of the system dramatically. The
WADGPS system comprises a master station and monitor stations distributed across the
United States. It calculates and transmits a vector of error corrections to the users
preferably via satellite. This correction vector consists of parameters describing the three-
dimensional ephemeris errors, the satellite clock offsets including SA, and optionally the
ionospheric time delay.

The performance of a 15-station WADGPS network was investigated by simulation
for users at sites across the United States, and the results indicated that normal GPS
positioning errors can potentially be reduced to about one meter using WADGPS.

Experimental results from field tests using six monitor stations with a 1600km
minimum baseline from a dual frequency user showed a submeter positioning accuracy,

provided the data link had no time delay. These results strongly support the potential of

iv



WADGPS to give high positioning accuracy at a cost substantially lower than that of

conventional DGPS.
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CHAPTER 1. INTRODUCTION

1.1 Motivation

The Global Positioning System (GPS) greatly increases the accuracy and reduces the
cost and complexity of navigation for land, marine, and air and space users. Under normal
operating conditions, it is able to provide positioning accuracies in the range of 15-25m.
However, with Selective Availability (SA), a deliberate degradation of the signal for
national security purposes, the errors incurred by typical civilian users have been found to
be 100 m or more [Larkin, 1988]. In some situations, for example harbor navigation or
precision approach of an aircraft, these accuracies are not sufficient. Table 1.1 describes
the details of precision approach requirements of an aircraft.

Teasley et al. [1980] proposed the Differential GPS (DGPS) navigation concept based
on the differential techniques developed for Loran C, OMEGA, and TRANSIT. DGPS is
a potential means for improving navigation accuracy in a local area. A single DGPS
monitor station at a known location can compute range error corrections for all GPS
satellites in view. These error corrections are then broadcast to users in the vicinity. By
applying the corrections to the signals received, a user within a 100km range can typically
improve the accuracy down to the 2 to 5m level [Chou, 1991]. However, as the distance
between the user and the monitor station increases, range decorrelation occurs and
accuracy degrades. Beyond a separation distance of 100 km, a range error correction is
not sufficiently accurate for the user to be able to take advantage of the full potential of

DGPS. In fact, over 500 monitor stations would be required to provide conventional
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DGPS aiding across the entire United States. The total cost of such a system would be
too high and the system would not provide high reliability because of the large number of

monitor stations.

Table 1.1 Aviation Navigation Accuracy Requirements

Decision Accuracy
Phase Sub-phase Height (2drms, meters)
(feet) Lateral Vertical
Non-precision 250-3,000 100.0
Approach CATI 200 +17.1 4.1
and Landing | Precision CATII 100 +5.2 +1.7
CATII 0-50 +4.1 0.6

Wide Area Differential GPS (WADGPS) is a system that will reduce the number of
monitor stations necessary to 10-15 while achieving virtually the same accuracy.
WADGPS will reduce the operational cost and the overall cost of the system dramatically
and will also increase the system's reliability and integrity. The WADGPS system
calculates and transmits a vector of error corrections to the users via satellite. This
correction vector consists of parameters describing the three-dimensional ephemeris
errors, the satellite clock offsets including SA, and optionally the ionospheric time delay.
As a result, the accuracy of WADGPS does not depend on the distance between a single
monitor station and user. WADGPS provides a powerful means for bridging the gap
between unaided performance and high accuracy navigation in the vicinity of a correction
station.

Now the Federal Aviation Administration (FAA) is planning to implement WADGPS

in the navigation system by 2000.






