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Objectives

To learn about:;

- The development of geodetic datums in Australia including
Australia’s approach (technical and institutional) to changing
to a geocentric datum

- How the Geocentric Datum of Australia (GDA) is currently
maintained

—> Australia’s future plans for GDA
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Early Geodetic Datums in Australia

-> Prior to 1966: there were some twenty different datums using
four different spheroids

—> The spheroid in general use until 1961 was the Clarke 1858
spheroid

- Most triangulations were computed from bases measured Iin
British feet and there were a number of distinct astronomically
determined origins

—> National integration of state surveys was commenced In the
late 1950s
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Largely triangulation before 1956
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As at
315t December 1955

First Order Triangulation ... il

First Order Traverse ...

Astro Geodetic Station . ., .coro

Second Order Triangulation ..
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Triangulation - labour Intensive

GEOSCIENCE AUSTRALIA [GWOm & Sommonweats of Austrea



Triangulation - challenges
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Geodimeter

Model 1 (1954 to 1956)

Model 8 (1968)

- More portable

- Increased accuracy, ~1 ppm
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Tellurometer

Introduced in 1956 P {;m ‘.

—> Long traverses & loops possible
- More coverage

AUSTRALIA
NATIONAL MAPPING COUNCIL

9 ACCUraCy —_ 5 ppm Bosiments ol M |

As at
313t December 1965
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Spheroids Used in Australia g

- 1962: geodetic computations were performed
on the so-called "NASA" spheroid and then on
a preliminary local spheroid (the "165"
spheroid)

- 1965: a better fitting local ellipsoid -- the
Australian National Spheroid (ANS)

—> Although the ANS was used to best fit to the
local geoid surface in Australia, its centre did
not coincide with the centre of mass of the
earth — i.e. it was non-geocentric
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Australian Geodetic Datum 1966

- From May 1965 to March 1966 a complete least squares
adjustment of the Australian geodetic network was carried out

—> Australian Geodetic Datum (AGD66) adopted April 1966

-> Grid coordinates derived from a Universal Transverse
Mercator projection of the AGD66 coordinates were termed
the Australian Map Grid coordinates (AMG66)
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Australian DOPPLER Survey, 1975 to 1977

Satellite positioning

- 106 stations

> 7-day observations (~40 passes) !

—> Post processing by US Defence

- ~1 metre accuracy
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Australian Geodetic Datum 1984

- 1982: a new national adjustment was performed using the
ANS and incorporating all previous data as well as additional
terrestrial and space-based Transit Doppler observations.

- It also included geoid-ellipsoid separations, which were
assumed to be zero in the 1966 adjustment.

- Known as the Australian Geodetic Datum 1984 (AGD84)

—> Grid coordinates derived from a Universal Transverse
Mercator projection of the AGD84 coordinates were termed
the Australian Map Grid coordinates (AMG84)
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Moving to a Geocentric Datum: Motivation

- Compatibility with satellite navigation systems, such as the
Global Positioning System (GPS) in use by ICAO and IHO

- Compatibility with all national mapping programs being carried
out on a geocentric datum, such as Defence agencies

- Encourage a single standard for the collection, storage and
dissemination of spatial information at global, national and
local levels

- Compatibility with GPS service providers

- Compatibility with resolutions of the International Association
of Geodesy and the resolutions of the United Nations
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Geocentric Datum of Australia 1994 (GDA94)

- 1992: as part of the world-wide International GPS Service
(IGS) campaign, continuous GPS observations were
undertaken on eight geologically stable marks at sites across
Australia, which formed the Australian Fiducial Network (AFN)

105° 120° 135° 150° 165° 180°
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Geocentric Datum of Australia 1994 (GDA94)

- 1992: GPS observations were also carried out at a number of
existing geodetic survey stations across Australia

- 1993-1994: supplemented by further observations producing
a network of about 70 well determined GPS sites, with a
nominal 500 km spacing across Australia. These sites are
collectively known as the Australian National Network (ANN)

- The GPS observations at both the AFN and ANN sites were
combined in a single regional GPS solution in terms of the
International Terrestrial Reference Frame 1992 (ITRF92) and

the resulting coordinates were mapped to a common epoch of
1994.
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Geocentric Datum of Australia 1994 (GDA94)

- 1994: Inter-governmental Committee on Surveying and
Mapping (ICSM) adopted GDA94

- 1994: ICSM recommends progressive implementation
Australia-wide by 1 January 2000

- GDA94 has an origin that coincides with the centre of mass of
the earth (i.e. geocentric)

- The International association of Geodesy (IAG) the Geodetic
Reference System 1980 ellipsoid (GRS80) was used to
express the positions as latitude and longitude and when
converted to a Universal Transverse Mercator projection they
are known as Map Grid of Australia 1994 coordinates
(MGA94)

GEOSCIENCE AUSTRALIA  [@W0m ©Commonueatth of Australa



Geocentric Datum of Australia 1994 (GDA94)
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Moving to a Geocentric Datum: the tools

Coordinate Transformations
- Geodetic (AGD) to Geocentric (GDA) was ~ 200 metre shift
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Moving to a Geocentric Datum: the tools

Multiple transformations methods were provided for users

- Approach taken depends on fithess-for-purpose

Ease of Use Accuracy

EEEEE B
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Ease of Use Accuracy
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Moving to a Geocentric Datum: Transformations

- Simple latitude and longitude shift
- 10 metre accuracy
- Used for transforming 1:250,000 topographic maps

- Made available to users as a spread sheet (for each map tile)

Ease of Use Accuracy
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Moving to a Geocentric Datum: Transformations

- Molodensky Transformation

- 5 metre accuracy

- Relatively simple

- Convert to GDA94 directly from latitude and longitude

Ease of Use Accuracy
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Moving to a Geocentric Datum: Transformations

—> Similarity Transformation
- 3 shifts, 2 rotations and scale
- 1 metre accuracy

- More complex requiring earth-centred Cartesian coordinates

Ease of Use Accuracy
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Moving to a Geocentric Datum: Transformations

-> Distortion modelling based on grids in the Canadian format
known as National Transformation version 2 (NTv2)

- 0.1 metre accuracy
-> Significantly more complex
- Requires lots of common points

- Software and support required

Ease of Use Accuracy
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Moving to a Geocentric Datum: Promotion
Strategy for the promotion of GDA94:.
-> A full time promotions officer was employed

- Regular industry briefings were held

-> Published extensively in industry literature

- Worked closely with software vendors providing
technical support and encouragement

- Established a dedicated web site

- Developed a comprehensive technical manual
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Moving to a Geocentric Datum:

Documentation

Geocentric Datum of Australian
Technical Manual

- Background and explanation
- Sample ellipsoidal calculations
- Sample map grid calculations
- Transformation methods

- Test data

€S M

INTERGOVERNMENTAL COMMITTEE ON

SURVEYING & MAPPING

Geocentric Datum of
Australia
Technical Manual
Version 2.3 (1)

(Version 2.3, Amendment 1)
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Moving to a Geocentric Datum: Documentation
14S M

INTERGOVE RNMENTAL COMMITTEE ON

C h a pter 4 SURVEYING & MAPPING

Computations on the Ellipsoid Geocentric Datum of
Excel Spreadshest — Vincenty's Formulae {Direct and Inwverse) AL_JStra“a
Technical Manual
Version 2.3 (1)

There are a number of formulas available to calculate accurate geodetic positions, azimuths and

distances on the ellipsoid (Bomford, 1980). Vincenty's formulae (Vincenty, 1975) may be used for lines

(Version 2.3, Amendment 1)

ranging from a few cm to neardy 20,000 km, with milimetre accuracy. The formulas have been ?(

extensively tested for the Australian region, by comparison with results from other formulae (Rainsford, GDA
1955 & Sodano, 19635).

Vincenty's Inverse formulae
Given: latitude and longitude of two points (§ 5, &, and ¢ 5, &),

Calcwlate: the ellipzoidal distance (2) and forward and reverse azimuths between the points (o5, )

TanU, = (1) Tanj ,
Tanl, = (1-f) Tand ,
Starting with the approximation,

b=t =g -k

lterate the following equations, until there is no significant change in o:
Sin"o = (CosU, Sink)® + (CosU, SinU; - SinU, Cosl, Cosi )
Cosg = Sinl, SinlJ; + CoslU, Cosl), Cosi
Tanc = 5ing { Cosc

Sing = Cosl), Cosl), Sink / Sinc
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Moving to a Geocentric Datum: Promotion

Published Brochures KIIOYW Vgherﬁ
- "Know Where You Stand with 0.ll tan
GDA" With GDA
- "Get In Step With the ‘ Q
Geocentric Datum - Discussing S i =
the Business Issues" = &

: 4
S GDA
=, GEOCENTRIC DATUN OF AUSTRALIA
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Moving to a Geocentric Datum: Promotion
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datum are that GDA & totally

1 compatible with satellite-based

——— mavigation systems such 2 the
Clobal Positioning System

‘ (GPS) and with major
Intermational grographic systems.
In Eact, the GOA will provide
very significant and substantial
benefits to thase using satellite
pattioning and'or operating
matioaally or Internatioralby.

G 15 belng progressively Introduced, with
all government mapplng agencles and
autharities scheduled to e 1t adopted by
2000, Priar to 2000, most other private and
public coganisations wiich produce or use
peograpiuc indoomatsoon o amy form, will need o
aszress and prepare for the change, and where
appropriate, implement thelr can changes.

To amses both the impact and benefits of GOA.
oFanimtans will need to enderstand both thelr
cument and fshre operational requirements as

well a5 the broader fAnanclal, administrative and

managerial Issues. [In particular, they will need to
conslder:

*  exigting and fiture gatial data requirements
and use - for example many organisations are

linking spatial and other usiness spstems,
some of which may be accessed and
malntained by other organisitians;

* gpatial data collsction, storages and
marsgement practices - migration from
paper to elecironic doouments, acoess and

© Commonwealth of Australla
(Geosclence Australia) 2012

am sene boundaries ard leases, =t

The following sections cutline the GOA in
more detall including how you can obtain more
Information.

What Do | Need to Do ?

Organisations need to plan for tansition to

GDA. The key 1zapes are:

* rabsing the awarenes of GDA internally and
promating discusson about GOA with
clients, providers and industry bodles

*  making an asesgment of the urgency to
change to GIDA, based on the 1mplicationes
on operations, clients and providers,

*  determining the appropriate strategles and
timetable for amy changes; and

* make the strategles and timetables publichy
acreszible to asd athers developing stategies.

Common Questions About GDA
What is the GDA ?

A “datum” 1= a mathematical sarface on which a
mapping and coordinate spstem s bassd. A
“geocentric datum” 15 a datum which has s
origin at the Earths centre of mas. The
advantage of the geocentric datuemn 1s that 1t 1=
directly compatible with satellite-based
navigation systems

Therefore the GOA 15 based on a model which
& a best fit mode] for the whole Earth with the
GIAs camtre betng colncident with the Earth’s

cenire of mas

Know Where
You Stand

With GDA

o

<, GEOCENTRIC DATUN OF AUSTRALIA




Moving to a Geocentric Datum: Promotion

Information Factsheets

- "Maps and the GDA"

- "Transformation Options"

- "GDA Grid Transformation Using Distortion Modelling"
- "What is the difference between WGS84 and GDA94?"
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Maintenance of GDA94

- Ongoing operation of the Australian Regional GNSS Network

- Provision of ITRFXX to GDA coordinate transformation
parameters

—> Delivery of processing services
- AUSPOS - GA’s online GPS processing service
—> Legal traceability of GPS in Australia
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GDA94: problems, issues, complications

Large local distortions

— 30 cm in horizontal differences in parts

‘Localisations’

® Transformation
@ o
GDA94 via ITRF, AUSPOS, ARGN Local
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NSW SCIMS to GDA94(2010)

Offset between
GDA94(2010) (CORS) &
GDA94(1997) (SCIMS)

Source: Joel Haasdyk and Tony Watson, LPI NSW, APAS Conference 2013
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NSW SCII\/IS to GDA94(2010)

Source: Joel Haasdyk and Tony Watson, LPI NSW, APAS Conference 2013
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GDA94: problems, issues, complications

Relative uncertainty not always able to be determined
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GDA94: problems, issues, complications

Absolute difference between GDA94 and ITRF will exceed 1.8 metres by
2020

— pseudorange-based positioning services will have a positional
uncertainty of 6 cm (PU 95%, open sky)

105° 120° 135" 150° 165° 180°

~ 70 mm/year tectonics
Geocentric Datum of Australia — referenced at 1994
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GDA94: problems, issues, complications
Rotation of the Australian Plate
— has become significant for survey applications

1994
2020

9mm rotation on a
30km after 26 years
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GDA94: problems, issues, complications

Heighting not well supported in GDA94
— 9cm vertical bias with respect to the recent ITRFs

— uncertainty of vertical coordinates is not rigorously propagated
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GDA94: problems, issues, complications

Coordinate transformation back to 1994 increasingly difficult
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Ground and Space Infrastructure Developments

National GNSS Network
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fCbncriancac « numéra A« awrll 3nnn

DORIS

YANK  Yanskie
YAR2  Yatharaggs
YEEL  Yeelsana
@ YELO  Yelowdine
® 72 Operational £ LARR  Larrimah YULA  Yulars
i @ 15Under Construction LONA  Leonora
Altlmetry 10 Site Selected LAY Liaweenos
® 7 Proposed X LORD  Lord Howe is
125 Total MAIN  Msinoru
[ERYRN 013 Feds 16900583 :z:’ M': i

GEOSCIENCE AUSTRALIA  [GW0m ©Commomweatt of Australa




GEOSCIENCE AUSTRALIA  [@W0m ©Commonueatth of Australa



Yarragadee (Moblas 5) Satellite Laser Ranging Facility, Western Australia




Katherine VLBI, Northern Territory
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Hobart VLBI, Tasmania
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Subsidence mapping using satellite radar
Southern NSW Coalfields

Line of Sight Velocity (mm/yr)

0 3 10 15 20
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A New Datum For Australia

—>Government’s objective is to provide leadership and
assistance to the geospatial industry to adapt in a rapidly
changing environment

— Australia’s datum (GDA94) does not meet users expectations
now or into the future i.e. in terms of accuracy, consistency and
uncertainty

- Users (industry, government, public) have an expectation that
the positioning infrastructure will deliver +/- 2 cm (PU 95% CL)

— These user expectations are realistic and achievable within
the 2015-2020 timeframe
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A New GDA: what should we aim for?

— Datum should support +/- 2 cm user positioning (PU 95% CL)

= The relationship to the ITRF is also always known at the +/- 2
cm (PU 95% CL) or better

— Fully 3-D datum (i.e. ellipsoidal)

— Relative uncertainty can be computed between any and
every survey mark

GEOSCIENCE AUSTRALIA  [@W0m ©Commonueatth of Australa



A New GDA: what should we aim for?

— Datum updated continuously as new observations are
contributed and blunders detected

— Datum supports the continuous update of the national
Geoid model

— Datum supports time-based corrections (i.e. deformation
models)

— Datum has tools and services that facilitate its use by the
mass-market (e.g., time based transformations)
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National GNSS Campaign Solution \

=8

[] -

!

Jurisdictional Adjustments

%%
i

National GNSS CORS Solution

Gz h-
1

Australian Terrestrial
Reference Frame (ATRF)

Fully rigorous geometric adjustment

—> aspire for an all stations-and-
observations adjustment (down to the
street corner)

- phased-adjustment strategy

- work-flows managed automatically
(using e-Geodesy technology)
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Roadmap for a New National Datum

2015
GDAfOZO

1990 2000 2010 2020

L L Y L LY V.V V.V V.V .V VN

| I

GDA94 2012 GDA
Update Dynamic

User Implementation

ICSM/ANZLIC Adoption and >
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