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ABSTRACT

The Darling Fault near Perth in Western Australia causes a steep geoid gradient of
approximately 100mm/km. Existing gravimetric geoid models cannot currently recover this
rapidly varying geoid undulation with sufficient accuracy so as to allow the accurate
determination of Australian Height Datum (AHD) heights using the Global Positioning System
(GPS). As such, the geometrical approach to determine the separation between the AHD and
World Geodetic System 1984 (WGS84) ellipsoid is expected to offer improved GPS height
determination in this region. A network of 45 carrier-phase GPS baselines, made at 14 first-
order AHD benchmarks at ~3km intervals along a 30km profile across the Darling Fauit near
Perth, was observed in order to test this hypothesis. Several GPS network adjustment
strategies were implemented which constrained existing height information in different ways.
Due to the poor knowledge of the position of the geoid in this region, the most precise network
adjustment used only one fixed ellipsoidal height and all other known stations were held fixed
in latitude and longitude only. When the geometrical approach was compared with the results
of existing gravimetric geoid solutions, it offers a superior means of determining heights from
GPS. However, the geometrical method only satisfies third-order specifications in 5 of the 12
cases tested in this region of the Darling Fault.
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1. INTRODUCTION

Global Positioning System (GPS) observations in conjunction with optical levelling on
the Australian Height Datum (AHD) enable a direct estimation of the position of the
geoid at discrete points. This concept is not new and has been described by, for
example, Gilliland (1986), Mitchell (1988), Dickson and Zahra (1992) and Collier and
Croft (1995), among others. The geometrical difference between the geoid and the
World Geodetic System 1984 (WGS84) ellipsoid (ANy;5z4) 18 realised through:

ANywsss = Ahwisga —AHyyp (H

where Ahyaesq 15 the WGS84 ellipsoidal height difference provided by relative GPS
measurements, and AH,,,, 1s the height difference provided by optical levelling [and
surface gravity measurements if it is to truly be an orthometric height; see Holloway
(1988) and Torge (1991)].

This is referred to as the geometrical approach to geoid modelling and only
requires a knowledge of the Earth's gravity field along the levelling route instead of
over a large area surrounding each computation point, as is the case with the
gravimetric method. The principal advantage of using the geometrical approach is that
the majority of any common errors in GPS heights, orthometric heights, or both, are
reduced when using equation (1). However, the proficiency with which the
geometrical approach can be used to determine AHD heights is ultimately limited by:
the precision of the GPS-derived WGS84 ellipsoidal heights; the definition of, and
undulations in, the AHD, which is also assumed to be coincident with the geoid; and,
the type of interpolation surface used.

In practice, the geometrical approach is applied in the following way: Given
GPS heights at AHD benchmarks that surround a survey area, and GPS heights at
points within this survey area, the AHD heights of these inner points can be derived by
interpolating the GPS-derived geoid heights from the surrounding control stations.
The interpolation surface used to model the geometrical geoid is generally a plane or
low-order polynomial, each generated by least squares techniques if redundancy exists.
A higher order polynomial surface should be used with extreme caution as this can
often create spurious geoid undulations, especially in areas of sparse AHD control.

Accurate geometrical modelling of the short-wavelength undulations between the
AHD and WGSB84 also requires that the control stations are sufficiently dense.
Gilliland (1986) indicates that linear interpolation over distances of approximately
25km can result in errors exceeding 4mm/km, if disturbances exist in the local gravity
field. This situation occurs around Perth, Western Australia, where GPS height
determination has proven problematic due to perturbations of the gravity field
assoctated with a major geological structure called the Darling Fault. As such, the
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