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1. INTRODUCTION

In rccent years Australia has become well-known
in the surveying world for its modern geodetic surveys.

It is indeed a rare, once in a lifetime, opportunity
for surveyors, in a country the size of Australia, to take
part in geodetic surveys, concentrated over a period of
15 years, which lead to the determination of a homo-
gencous horizontal datum, of a nation-wide height
datum and of the geoid in that country. This is what
happened in Australia between 1956 and 1971.

Geodetic surveys in Australia on a nation-wide scale
started relatively late. However, Australian surveyors
were able to make use of some important innovations
which became available in Australia in 1955, namely
the introduction of the Tellurometer, of automatic
levelling instruments, of clectronic computers as well
as the availability of commercial helicopters.

It has been an exciting period guided by the National
Mapping Council of Australia, chaired by the Director
of National Mapping. Many Survey Authorities in Aus-
tralia have contributed to the successful completion of
these surveys as have a great number of private sur-
veyors, who were engaged in levelling and astronomic
surveys financed by the Commonwealth of Australia.

2. A DEFINITION OF GEODESY AND
GEODETIC SURVEYING

Geodesy and geodetic surveying deal with the art
of determining the size and the shape of the earth, and
of meusuring the earth’s surface or large portions of it
as distinguished from planc surveying which deals only
with limited tracts. Geodetic surveys take into considera-
tion the carth’s gravity field.

In a geodetic survey three different reference sur-
faces are used in order to determine positions on the
carth. The first one is the actual surface of the earth
which is highly irregular, consisting of many topo-
graphic landforms such as plains, mountains and valleys.
It 1s the surface on which gecodetic measurements arc
made.

In the first instance these measurements arc reduced
to the geoid which coincides with the smooth but un-
dulated surface to which mean sea level of the earth
would adjust if the occans were free from disturbing
forces and would extend through the continents.

The geoid is a surface on which gravity is the same
everywhere, This is called an equipotential surface. 1t
is everywhere normal to the gravity vector. Due to the
complex distribution of material in the earth’s crust
and the liregular masses of different densities below
the earth’s surface. the gravitational force varies from
place to place in amount and direction.

The forces that defleet the gravity vector act on sea
level as well, causing it to display a warped surface.
The slopes of the geoid, though relatively small, are
quite troublesome, since the gravity vector is always
perpendicular to the gcoid and surveying instruments,
when properly levelled, will have their vertical axis
coinciding with the gravity vector.

Because the geoid is very hard to define mathematic-
ally and is an irrcgularly shaped surface, geodetic mea-
surements are further reduced to a spheroid also called
cllipsoid which is a geometrical figure which best fits
the geoid or portion of it

A spheroid is a figure obtained by rotating an
ellipse around its minor axis. It is defined by two num-
bers, the length of the semi-major axis also called “a”
radius and the flattening f = a — b usually in terms of

a
its reciprocal 1;f.

Any spheroid which has a rcgular mathematical
surface, does not coincide with the geoid. The scpara-
tions of the two surfaces are expressed as geoid heights,
that means the height of the geoid above the spheroid

which is a positive quantity or below it a negative-

quantity. There is no way of measuring the geoid heights
direetly but it can be computed from a comparison of

geodetic and astronomic positions as well as from
observed gravity.

The sclection of a particular spheroid together with
the unique placement of it relative to the earth con-
stitutes a Horizontal Geodetic Datum.

3. HORIZONTAL CONTROL

Early trigonometrical surveys in Australia started
in New South Wales in 1828 and later on 1n other
States extending over the more populated arcas only.
Most of these surveys were not connccted to each other.
During the period 1930-1945 the Royal Australian
Survey Corps concentrated on the co-ordination of
existing triangulation in Victoria and New South Wales
and ran a triangulation survey from Port Augusta in
South Australia through Victoria and New South Wales
into Queensland. Betore World War II the Survey
Corps, in conjunction with the University of Adelaide,
developed a new method involving special electrical
resistance measuring cquipment to determine tempera-
ture correction when standardising baseline tapes in
the ficld (Hurren 1959). By the cnd of World War II,
only a small part of Australia was covered with heri-
zontal control surveys of presently acceptable standard.
In 1945 the National Mapping Council of Australia
was formed and adopted a basic schecme of a National
Geodetic Survey. Traditional methods of triangulation
were still used and progress was slow.

The Division of National Mapping acquired a
Model 2 Geodimeter in 1954 and subsequently a num-
ber of basclines were measured with it in all States,
cxcept the Northern Territory, between 1954 and 1957,
This constituted the first speed up of geodetic surveys
in Australia based on electronic distance measuring
gquipment. With the introduction of more portable
clectronic distance measuring c¢quipment, mainly the
Tellurometer, in 1956, it took only a further ten years
to complete a nctwork of geodetic survey over the
whole of the Australian continent and Papua New
Guinca (Johnson, 1969). At that time the computation
of various parts of this survey, old and new, was based
on 20 diffcrent geodetic datums using four different
figurcs of the carth. In March 1966, the whole survey
of 58 loops containing 2,506 firmly marked geodetic
stations including 533 astro geodectic stations and over
50,000 kilometres of Tellurometer traverses, was adjusted
by program VARYCORD, using the method of least
squares by wvariation of co-ordinates on the spheroid
{Bomlord, 1967). The Australian Geodetic Survey is
particularly strong in azimuth due to the great number
of Laplace stations along the traverse network.

4. AUSTRALIAN GEODETIC DATUM

This adjustment resulted in the formation of the
Australian Geodctic Datum (AGD) which is a homo-
gencous system of latitudes and longitudes covering
the whole of Australia and Papua New Guinea and
which is defined as follows:

The Australian National Spheroid:

Size—a = 6 378 160 meires
Shape — 1/f = 298.25 exactly.

Orientation: the minor axis was originally defined to
be parallel to the mean pole of 1962.0 and subsequently
changed to the Conventional International Origin with-
out alering any co-ordinates. The plane of zero longi-
tude was defined to be parallel to the vertical through
the Bureau International de I’'Heure's mean observatory
ncar Greenwich which 15 1497 007 18.855” west of the
vertical through the photo zenith tube at Mount Stromlo
in the A.C.T.

The position of the centre of the spheroid can be
inferred from the co-ordinates of the ground mark of
the Origin, the Johnston Geodetic Station in the centre
of Australia:

South Latitude: 25° 56" 54.5515"
East Longitude: 133° 12’ 30.0771”
which dcfines the direction of the normal to the spheroid



through the mark and from the fact that the spheroid
surtace 18 571.2 metres down the normal frem the mark.
This hcight, together with the geographical co-ordinates
of the Origin, are those mentioned in Commonwealth
Gazette 84 of 6 October 1966. In 1971 the Australian
Height Datum {AHD) and the geoid in Australia were
determined, resulting in a different spheroidal height
for the Origin. However, the spheroidal height of
371.2m as distingt from the sum of the AHD value
uand the geoid-spheroid separation determined in 1971,
must remain unchanged to preserve the definition of
the Australian Geodetic Datum.

The Jatitude and longitude of the Origin of the
Australian Geodetic Datum, the Johnston Geedetic
Station, were determined from a comparison of astro-
nomic and geodetic co-ordinates at 155 survey stations
well distributed over the whole of Australia. This had
the desired effect of placing the spheroid very close to
the geoid in Australia. The value of the separation of
the geoid from the spheroid was cverywhere assumed
to be zero, and all distances in the adjustment were
reduced using trig heights based on mean sca icvel
datums.

The computations and adjustment were carried out
by the Division of National Mapping. The methods
and 1nstruments used in the field suggest that the stan-
dard error between adjacent stations of the originally
adjusted net is between 3 1o 4 paris per million both
linearly and laterally. Errors of 10 parts per million
should be rare. Closures of the 58 loops suggest that
for distances of about 1300 kilometres, the average
misclosure has reduced to about 2 parts per million
or 3 metres. New surveys are continually being added
by adjusting them to points of the original 1966 adjust-
ment. Over 11,000 geodetic stations arc by now com-
puted on the Australian Geodetic Datum. Copies of
Compiiter cutputs containing adjusted values of stations
on the AGIDY have been distributed to all members of
the National Mapping Council. Figure 1 shows the
network of geodetic control on the AGD as at 31.12.71.

The average distance between stations contained in
thc basic adjustment js 30 kilometres and 3 1o 4 parts
per million of such distances are equivalent to between
9 and )12 centimetres, about the width of a man's hand.

Geodetic survey stations all over Australia, which
ar¢ based on the Australian Geodetic Datum, arc on
a homogencous system of co-ordinates, free from dis-
continuities caused by changes of origin. Co-ordinates
on the Australian Geodetic Datum  provide a firm
foundation on which lower order surveys and all map-
ping can be based. Furthermore they provide a basis
for @ point reference system, on which any point in
Australia for example an o1l well, a mineral deposit,
a gravity station, a fire watch tower, a light house or
any other station can be described in precise and
unambiguous terms.

5. AUSTRALIAN MAP GRID

Creodetic co-ordinates are usually computed in lati-
tude and longitude. For many purposes, including map-
ping, a system of rectangular grid co-ordinates — ecast-
ings and northings — is more convenient. A transverse
mercator projection has long been uwsed in Australia
for this purpose. The opportunity has been taken to
change from the old Australian National Grid in yards,
based on different datums all using the Clarke 1858
spheroid, to a Transverse Mercator Grid in metres,
which uscs the same zone numbers as the Universal
Transverse Mercator Grid but js based on the Austra-
han Geodetic Datum. This new grid is called the
Australian Map Grid abbreviated AMG. Al the same
ume, all distances and herghts, previously quoted in
vards or feet, have been converted to metres, in accor-
dance with the policy of a gradual change to the metric
system.

The Australian Map Grid corresponds with the
Universal Transverse Mercator Grid, as follows:

Co-ordinates are in metres.

Zones are 6° wide with 4° overlap on either side.

Australian Map Grid zones are numbered from

zong 47 with central meridian 99° E to zone 58 with

central meridian 165° E.

The origin of cach zone is the intersection of ils

cenibral meridian with the eguator.

A central scale factor K of 9996 is superimposcd

on zll projected distances.

-

The Limits of the Australian Map Grid: Although
the Universal Transverse Mercator reference system is
of world-wide application, differcmt countries use dif-
erent spheroids, and it is therefore necessary 1o define
the limits within which the Australian National Spheroid
and the Australian Map Grid are to be used. The Aus-
tralian Map Grid covers Australia and the Territories
administered by Australia within the area as described
1n the National Mapping Council of Australia Special
Publication 7, “The Australian Map Grid”. The grid
does not cover Heard Island and the McDonald
[slands, nor the Australian Antarctic Territory, for which
the [nterpational Spheroid remains in use. Special Pub-
lication 7 can be obtained (rom the Australian Govern-
ment  Publishing Service book centres in Canberia,
Sydney, Mclbourne and Perth at a cost of $4.65.

Before 1966 and up to late 1970, mapping in Aus-
tralia was bascd on many heterogencous datums includ-
g astrofixes not related te any datum. An analysis
of 1:250,000 sheets has been made recently of sixteen
sheets well distributed over Australia in order to find
out the dilference between the Survey control on which
these sheets were based, and control based on the
AGD. The differences in latitude ranged from 6"
to + 6 and the differences in  lopgitude from
+ 9" to 8. The decision to base 1:250,000 maps n
arcas without geodetic control! on astro fixes, before
AGD based control became available, was made in the
expectation that astro fix control would be nearer to
the finally accepted geodetic datum than to a number
of datums of isolated geodetic or lower order triangula-
tion nctwerks having large, and at the time unknown,
deflections of the wvertical at their origins.

Based on the AGD, mapping at any large scale
covering the whole of Australia, can be started at widely
different locations and should match up perfectly when
assembled for the whole of the country.

6. VERTICAL CONTROL

Many thousands of kilometres of differential levelling
to various standards of accuracy and on at least 15
different datums have been carried out 1n Australia by
survey authoritics over the years. However, levelling
of geodetic standard with permancent marks placed at
adequate intervals had a slow start. Before 1956 about
3000 kilometres of geoedetic control levelling had been
completed in three of the six States of the Common-
wealth of Australia. Between 1956 and 1960, an addi-
tional 16,000 kilometres were levelled and at the end of
1970 a total ol over 150,000 kilometres had been com-
pleted to provide a nation-wide coverage.

The completion of this programme was only possible
by adopting third order levelling techniques and the
letting of contracts for marking and levelling to private
survevors under the supervision of the States Surveyors-
General. The Divisien of National Mapping arranged
a total of 232 such contracts worth about $2 million
during the pcriod 1961 to 197

As part of Australia’s mapping programme the Divi-
sion ol National Mapping, on behalt of the National
Mapping Council and with the help of varicus State
and other Authorities, has been organising a pregrarnme
of tidal readings at 33 tide gauge stations around the
coastline of Australia. The aim of this programme
was to oblain simultaneous recordings at all stations
on & continuous basis for a common period of one
yedr in order to compute mean sea level at these stations
pertainiing to the same epoch.

The processing and analysing of the tide record
charts has been undertaken by the Horace Lamb Centre
lor Oceanographic Rescarch of the Flinders University
in Adelaide. Hourly values were read from the charts to
the nearest 0.1 [t and punched on to cards. All records
were digitised in terms of Universal Time. There is a
card per day for ecach station with 24 tide readings on
the hour.

During the first twelve months of the programme,
which started on | January 1966, 24 stations supplied
their records for digitising. The programme continued
for three years in order to get records [rom as many
stations as possible for the same period of |2 months.

National Mapping sent a survey team to visit cach
tide gauge. The team’s job was to calibrate the tide
gauge recorder against a standard instrument, to estab-
hsh additional permanent marks so that there were af
lcast three permanent marks near every tide gauge and



to determine the difference in height between the gauge
zero and the permanent marks as well as to take photo-
graphs of all important fixtures of the tide station.

Adjustment of the National Levelling Swrvey: The
adjustment of sclected loops ol the continental net took
place in May 1971. Observed orthometric differences
based on theoretical gravity were used.

The method of adjustment of this continental nel
was as follows:

The Australian levelling net was split up into five
regional nets. Each net contained up to 140 junction
points and was adjusted scparately. The five separate
adjustments were then combined in a continental Jeast
squares adjustment involving 497 junction points, hold-
ing mean sea level at 30 tide gauges at zero.

Heights of bench marks on  traverses bcetween
adjusted junction points were subscquently computed
by 2 linear adjusiment, as were heights of marks on
traverses not included in the least squares adjustment
which arc joining points with heights fixed by the con-
tinental adjustment or by a subsequent lincar adjust-
Meni.

7. AUSTRALIAN HEIGHT DATUM

The Australian Height Datum (AHD) is a homo-
gencous set of heights above sca level, ie. above the
geoid, covering the whole of Australia, except Tasmania
and other islands, for which:

The basic framework was computed on 5 May 1971.

Mean Seca Level at 30 tide gauges pertaining to the

same ¢poch was held at zero.

The height of the mark beneath the cairn at John-

ston was computed to be 366.30 metres above the

geoid.

Existing heights in the metropolitan areas of Perth

and Adelaide were deemed to be on the AHD, and

were adjusted to the computed values in “buffer

Zones' .

Details are given in the Division of National Map-
ping’s Tecinical Report 12 {Roclse et al, 1971} and
in 3Special Publication 8 of the National Mapping
Council of Australia, “The Australian Height Datum’ .

Figure 2 shows the scctions contributing to the
adjustment in black and other scctions tied to adjusted
values in red called supplementary sections.

Although classified as third order, because woodcn
siaves were used and sighted distances ol up 90 metres
were allowed, the work was performed with modern
automatic levels, the main part of it between 1961 and
1970. The standard ecrror in height of a bench mark
in the centre of Australia near Alice Springs is only
0.3 metres with respect to mean sea level. This is guite
adequate for all users of heights.

Copies of the adjusted values of primary sections
and supplementary  sections  were  distributed to
all members of the National Mapping Council and to
the Bureau of Mineral Resources, before Christmas
1971. A unique retrieval system has been designed
which shouid ¢nable any bench mark contained in an
adjusted scction to be identified. .

The Division of National Mapping will be kecping
an up-to-date record of new levelling adjusted to the
AHD and any changes in recorded bench marks and
will be issuing amended records from time to time to
the recipients of the results of the Levelling Adjust-
ment. To date 1420 sections containing 45,500 bench
marks have been adjusted.

One phenomenon  resulting from the Australian
Levelling Network is the rise of mean sea level, aleng
the North-East Coast of Australia between Brisbanc
and Cape York, ot 1.5 metres. A number of theories
have been put forward to account for this rise along
part of a theoretical equipotential surface. The presence
of the Barricr Recf, prevailing occan currents, the tem-
peraturc and salinity of the water and the shallowness
of the water have been considered. None gives a satis-
Tactory explanation.

8. ADJUSTMENT OF TRIGONOMETRIC
HEIGHTS

Immediately after the completion of the levelling
adjustment, trigonomectric heights of horizontal control
stations were adjusted to the AHD. To date heights
of all the stations included in the 1966 adjustment,

which contributed to the establishment of the Aus-
tralian Geodetic Datum, have been computed in terms
of the AHD, as have heights of stations in many supple-
mentary horizontal control sections. [t will take about
another yecar to have heights of all horizontal control
stations on the Australian mainland of third order and
better, expressed in terms of the AHD.

Y. AGD CO-ORDINATES AND AHD
HEIGHTS

During 1972 the Division of National Mapping has
replaced the original 1966 VARYCORD computer out-
puts with a new set which:

Refer to the National Mapping Council in the

heading;

Use the words AHD HEIGHT instead of HEIGHT:;

Show AHD heights in place of the 1966 height

values;

In all other respects are identical to the 1966 out-

puts. No co-ordinates were changed except in the

Newcastle to ACT precision network which was

adjusted in September 1972 using a combination of

observations completed before 1966 and medern

Geodimeter meastrements and astronomic observa-

tion.

Listances were not changed to accord with the new

heights except in the Newcastle to ACT network.

These outputs, labelled VARYAHD, giving AGD
co-ordinates and AHD hcights, are envisaged to be the
accepted master documents for a long time.

10. THE GEOID IN AUSTRALIA

The scparation of the geoid above or below a
spheroid is denoted by N, positive or negative, mea-
surcd in metres. Values of N can be determined by
astro-geodetic levelling, by gravity or by observations
to artificial satellites.

A preliminary geoid for Australia was determined
in %6 by Madame Irenc Fisher of the US Army
Topographic Service. About 550 astro-gcodetic stations
on the AGD werc available for this determination.

In 1971 a ncw geoid 1n relation o the Australian
Geodetic Datum  was determined (Fryer, 1971). The
first stage of this project was the computation of sec-
tions of primary geoidal profiles along traverses wherc
the spacing of astro-geodetic stations was gencrally less
than 35km. These sections formed large loops which
were broken up by geoidal profiles along traveiscs
where the spacing of astro-geodetie stations was often
in excess of 50km. A weighted least squares adjust-
ment provided values of N for 1133 astro-geodetic
stations.

Values of N and the deflections of the vertical were
computed from gravity data at 51 geodetic stations and
at 1679 points on a half degree grid inside the loops
formed by the gceoidal profiles. The gravimetrically
compuicd values were adjusted, loop by loop, into the
system defined by the adjusted values of N at the astro-
geodetic stations on the loop perimcter.

All geodcetic values used in the 1971 geoid deter-
mination were from the 1966 Geodetic Adjustment and
should be free of crrors greater than 0.1 seconds of
arc. The astronomic observations have been performed
in the period 1950 to 1970. Since 1963, 917 stations
have been observed with DKM3A  theodolites. A
single batch of computer programs, combined into onc
program known as ASTRO in 1967, have been used
to reduce all observations. A homogeneity exists
throughout the astronomic and geodetic information on
the AGD and this has added greatly to the certainty
of the results.

The results of the Geoid adjustment were used to
plot a geoid coniour map of Australia based on the
Australian Geodelic Datum, see Figure 3. The range
of the geoidal heights is about 18 metres from — 6m
at the Johnston Geodetic Station to 4 12 metres at the
coast of this continent.

Diagrams showing contours of the components of
the deflection of the vertical have also been plotted as
well as a diagram showing the deviation of the plumb
line. Deviations of up to 20" occur in Australia.



1. SATELLITE GEODESY

During the last decade, Commonwealth surveyors
from the Division of National Mapping, the Depart-
ment of the Interior and the Royal Australian Survey
Corps have become increasingly involved with satellite
peodesy. The field work included the survey of twao
long baselines in Australia between satellite camera
stattons for the worldwide Pageos Satellite Triangula-
tion {(Leppert, 1972), the geodetic connections to 51
satellite tracking facilities at 24 tracking sites and the
assistance given lo Pageos, Tranet and Secor Satellite
observation teams.

One satellite bascline between Perth and Narrabri
in NSW is 3200 kilomctres; the other one between
Thursday Island and Narrabri 1s 2300 kilometres. The
two basclines follow traverses and triangulation which
are part of the 1946 adjustment. The Division of
National Muapping re-measured all distances along the
two traverses connecting the base terminals mainly with
MRA4 Tellurometers and partly with Model 8 Laser
Geodimeters. It observed astronomic azimuths simul-
tancously from both ends of a linc on two nights along
every line in pure traverse and every second line in
trigngulation. Almost every station along the two base-
line traverses is an astro-geodetic station of which
145 have been observed by private surveyors for the
Division of National Mapping which trained them 1in
geodetic astronomy methods employed by the Division
and provided them with astro-theodolites, time-record-
ing equipment and star predictions.

Observatiens along both basclines were reduced to
the spheroid using AHD heights and N from the 1971
ecold determination and were then adjusted by program
VARYCORD, holding the common terminal at Culgoora
ncar Narrabri fixed. The adjusted co-ordinates of the
terminals of the two baselines were then transformed
into cartesian X Y Z co-ordinates and the chord dis-
tances between the satellite camera stations computed.
A comparisen of these distances with the values obtained
in the 1966 adjustment shows a dillerence in the east-
west baseline of — 1.2m or — 04ppm and of -+ 2.2m
or + 0.9ppm in the north-south baseline.

The two Australian baselines together with bases in
America, Eurpope and Africa provide the scale for the
Pageos Satellite Triangulation. Anart from the three
catellite triangulation stations at the end of the Aus-
tralian baselines, there are four more such stations on
Australian Territory. They are at Cocos and Heard
Islands and al Mawson and Casey in Antarctica.

Geodetic Information Sheets for all satellite track-
ing stations and radio telescopes in Austraha have been
prepared by the Division of National Mapping and are
avallable on request.

12. HIGH PRECISION TRAVERSING

A network of high precision traverses has been
measured by the Division of National Mapping. [t links
all Australian Capitals except Hobart with the Johnston
Ongin and contains the two satellite basclines, Except
for a section of 500 kilometres in New South Wales
the traverses follow existing geodetic work observed
during the peried 1957-1965 with Telluromeicr Models
| and 2.

On these traverses measurements were made as de-
scribed jn paragraph 11 for satellite baselines. Almost
all stations on these traverses are asiro-geodetic stations.

Alter the completion of the two baselines most dis-
tances along the traverses started in 1970 have been
measurcd with Model 8 Laser Geodimeters and a few
with MRA4 Tellurometers. Lines of up to 70 kilometres
in length have been measured with the Model 8 Geodi-
meter  employing up to 42 prisms. Smoke, dust
particles in the atmosphere, shimmer and hazy condi-
tions have at times restricted the use of the Laser Geo-
dimeter while high humidity in coastal regions lLimited
the range of MRA4 Tellurometers,

~ This network of high precision traverses will be
included in the formation of the Geodetic Model of
Australia described in the next paragraph

Py

13. THI: GEODETIC MODEL OF
AUSTRALIA

At the time of writing this paper, preparations arc
in hand to readjust all the peodetic surveys in Austraba
to form the Geodetic Model of Australia (GMA)
making usc of all modern surveys completed since 1966,

The input data will be adjusted by program
VARUDEL which is identical to program VARY-
CORD, except:

[t uses Rudoe’s formula instead of Robbin’s in the

computation of azimuth and distance between co-

ordinates of points and vice versa.

[t computes the parameters of relative error cllipses

of adjusted points.

The maximum number of variable points is 200

instead of 100,

The differences between the parameters of the GMA
and the AGD are:

The flaticning of the spheroid will be changed to

to that of the Reference Ellipsoid 1967, i.c. from

1/f = 298.25 to 1jf = 208.247.

The minor axis of the spheroid will be rigorously

defined to be parallel to the pole of the Conven-

tional International Origin (CIO).

The height above the spheroid at the Johnston

Geedetic Station will be 560.3m derived from its

AHD height of 566.3m and the spheroid geoid

scparation N = —6m.

The data for the GMA adjustment will have all
astronoanic latitudes, longitudes and azimuths reduced
to the CIQ pole and all ebserved distances reduced to
the spheroid using AHD heights and 1971 N values.
Laplace azimuths between the three Pageos satellite
triangulation stations at the ends of the two Australian
satcllitc basclines, determined from satellite observa-
tions, will be included.

The adjustment will result in GMA co-ordinates of
the 140 odd junction points of the geodetic network
in the first instance. Thercafter only selected survey
stations like radio telescopes, satellite tracking stations
and other important stations will have their co-ordinates
computed in terms of GMA.

Such co-ordinates would be made available on de-
mand in the form of cartesian X, Y, £ values. This
i5 in order to prevent confusion with AGD co-ordinates
published in terms of latitude, longitude and height.

Co-ordinates on the Australian Geodetic Datum will
remain  official for mapping and integrated survey
systems.

As time progresses more modern surveys will be
made in Australia and further GMA adjustments will
be computed. Any GMA adjustment will be transformed
to the best available world datum when this becomes
available.

i4. COMPARISON OF EARTH CENTRED
GEODETIC DATUMS WITH THE AUS-
TRALIAN GEODETIC DATUM

A number of such comparisons have been made at
single stations and groups of stations for which co-
ordinates on the AGD and on ecarth centred geodetic
datums are available. This 1s a continual process with
more comparisons becoming available and more up-to-
date ecarthr centred datums being determined.

The co-ordinates based on carth centred datums
arc usually determined from observations to passive
or active satellites. The US Navy Navigational Satellite
System, which consists of a number of active satellites
transmitting well stabilised radio frequencies, which are
received by special ground equipment, has emerged
as the leading system for the time being. Table | lists
transformation parameters between the AGLD and two
carth centred datums used by the US Navy derived
from two groups of cight TRANET stations and from
four fixes obtained with commercial satellite receivers
in Australia.

Government departments and private companies tn
Australia using satellite receiving equipment have been
encouraged to supply the Division of National Mapping
with the results of satellite derived position fixes at
known AGD stations so that better transformation
parameters can be worked out.

Satellite receivers could very well be used in Australia



and Antarctica in the near future te determine with
geodetic accuracy the position of islands and reefs and
of marks mm parts of this country having sparse or no
geodetic control,

15. THE POSITIONAL ASTRONOMY SEC-
TION OF THE DIVISION OF NATIONAL
MAPPING

The Division of National Mapping took over the
Positional Astronomy Section of the Mount Stromlo
Observatory in Scptember 1971, This Section, equipped
with a Photo Zenith Tube (PZT) and with modern time
keeping equiprnent soon to inctude three atomic clocks,
determines variations in the rotation of the carth and
the positien of the earth’s pole 1n conjunction with
similar obscrvatories in other parts of the world. PZT
observations can also be used to deiermine the move-
ment of the earth’s ¢rust between observatories on thoe
same parallel of latitude.

Similar results can be obtained by making laser
rangings to reflectors left on the moon and to artificial
satellites cquipped with reflectors.

At the tme of writing this paper there is a good
chance that the USA will lend a laser system, capable
of ranging to the moon, to the Division of National
Mapping for a number aof years. It 1s envisaged that
this system would be set up necar Canberra.

16. CONCLUSION

Australia is fortunate indeed in being one of wvery
few countries having homogeneous geodetic control
systems, both horizontal and wvertical, surveyed waith
modern instruments during a short span of time.

Thesc systems form the base for all future mapping
in  Australia. Looking forward. they provide a firm

base [or national reference and retrieval systems without
which full efliciency in all future aulomated thematic,
resources, topographic, aecronautical and marine map-
ping and charting cannot be achieved.

The present reality of these geodetic control systerns
15 mainly due to the foresight, good planning and dircc-
tion of the Director of National Mapping and the
National Mapping Council of Australia, the good co-
operation between Australian survey authorities and
the perseverance of surveyors and their assistants in all
the orpanisations which have contributed to this great
cnterprise.
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TRANSFORMATION PARAMETERS BETWEEN THE AUSTRALIAN GEODETIC DATUM AND TWO
EARTH CENTRELD GEODETIC DATUMS BGERIVED FROM A COMPARISON OF AGD CO-ORDINATES

WITH THOSE OBTAINED FROM SATELLITE GBSERVATIONS

TABLE 1

COMPARISON WITH

DIFFERENCES N XY Z
CO-ORDS

DIFFERENCEIN O.
OTHER DATURM

. H+N
AGD

EARTH
CENTRED DATUM

—

OTHER DATUM AGD X O POSITIVE N: PiOSlTiVE W
/\X 'Y / Z VECIOR LB AN AN cosp [/ \(HN)
I3y " 1H 1 1 i

MERCURY 1960

Pranet solutionn NIWWIKE 1 g = 6378166 m

Mean of 8 stations -119.2 -2 K + | 38.0) |84 .5 +4.G7 -1.85 -3.46 -13.2 1/f298.3

Tranet Solution NWILEF-9[) MERCURY 1960

Mean of 8 stations 1236 280 +141.9 1903 +5.15 -3.93 -3.53 -11.0

Hobart FIX 1T Receiver

Pole Carrected 1194 -17.2 t13v. 3 184.6 25 A -3.56 -3.20 + 1.6 APL, a= 6378 144 m
1/1=298.23

Darwin Fix Magnovox

Received, Pole corrected -107.6 -28 .0 +[37.4 | 768 v T7 a3 5 316 -12.2 APL

§ Moocloolaba FIX. ITT

Pole and tropospheric Cn ~L.17 .6 432 +145.4 192.3 4 97 -4,19 8 20,9 APL

Canberra Fix, 11T

Pole and tropospheric On -122.9 -37.3 +141.4 1908 +4.93 -4.13 -3.71 1115 APL

Mean of APL Comparnisons -117.0 -31.9 +140 .9 186.1 +4.92 -3.85 -3.46 10.5

S:E.of Mean 33 6.0 1.7 %5 (.06 (.18 0.16 4.6

Ah
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THE GEOID REFERRED TO THE AUSTRALIAN GEODETIC DATUM

1971
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REVIEW

of :

Leppert, Klaus (1973), Geodesy in Australia, 1956-72, Technical
papers presented at 16th Australian Survey Congress, Canberra,
1973, pp.Al-A6.

from :

Murphy BT (1973), Reviews, The Australian Surveyor, September,
1973, Vol.25, No.3.

“"The Geodetic Survey of Australia is one of the outstanding scientific
achievements of the post Second World War period. It was made
possible by the foresight, technical competence and physical effort of
many government and private surveyors and the use of modern precise
theodolites, electromagnetic distance measurement equipment,
automatic levels, electronic computers and helicopters.

The paper discusses implications of the actual surface of the earth, the
geoid, and the spheroid; it describes the Australian Geodetic Datum,
the Australian Map Grid and the Australian Height Datum; it outlines
contemporary work on she definition of the geoid in Australia and the
application of satellite geodesy to the measurement of two long base
lines between Perth and Narrabri and between Thursday Island and
Narrabri for the worldwide Pageos Satellite Triangulation; it discusses
the measurement of high precision traverses with Model 8 Laser
Geodimeters and MRA 4 Tellurometers, and it introduces the Geodetic
Model of Australia.

This paper is the latest in a series by various officers of the Division of
National Mapping. Each has made a valuable contribution by
presenting an up to date statement of the remarkable progress of the
Australian Geodetic Survey and by detailing the continuing
development of methods, instrumentation and results. Geodesy in
Australia, 1956-72 is a valuable reference for all surveyors and survey
students”.

Brian Thomas Murphy (1927-1983), University of Melbourne, Faculty of
Engineering. Department of Surveying.



