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• Importance of Reference Frames 

• Realising Reference Frames 
• Global 

• Regional 

• National 

• Case Study: Update of the Geocentric Datum of 
Australia 
• Why 

• How 

• Communications with users 

Presentation Overview 
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Reference Frames 

Earth System Science 

• Well defined and realised station coordinates (and velocities) underpin science of the : 
Earth’s interior, solid Earth, atmosphere, oceans, cryosphere, space environment 
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Reference Frames 

Societal Applications 

• Well defined and realised station coordinates (and velocities) 
supports a ever widening array of societal applications 
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Satellite Delivered ITRF 

• Growing number of options for users to exploit satellite delivered ITRF positioning 



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 6 

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 6 

National/Regional Services 

• National/Regional CORS integration and ITRF based positioning capabilities 

• In Australia, the National Positioning Infrastructure project led by Geoscience 
Australia aims to integrate all GNSS CORS 
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SBAS Trial – Inmarsat-4F1 GEO 
 

7 

L-Band Transponders 

Footprint (15° elevation cut-off) 

Uralla, NSW, uplink 
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Satellite Delivered ITRF 

1 June 
2017 

GEO L1 
SBAS 

1 
August 
2017 

GEO L1 
PPP 

1 
October 

2017 

DFMC 
GEO L5 

• Satellite 122 
• 0.5 metre accuracy 
• Widely implemented 

RTCA DO-229D 
standard 
 

• 0.1 metre accuracy 
• New Precise Point 

Positioning (PPP) 
technology 
 

• 0.5 metre accuracy 
• Better in challenging 

environments 
• High availability 

(better for aviation) 
• Regional capability 

 

Australian and New Zealand trial of a current and next generation Satellite-Based 
Augmentation System (SBAS) 
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Australia’s Reference Frame: 

 

• International Terrestrial Reference Frame (ITRF) 

Asia Pacific Reference Frame (APREF) 

• APREF is a densification of ITRF 

Geocentric Datum of Australia (GDA) 

• GDA is a densification of ITRF and APREF 

 

• Relationship between ITRF and GDA is well known and monitored 

Reference Frames 
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Reference Frames 
VLBI SLR 

VLBI Array SLR 

• Well defined and realised station coordinates (and velocities) are realised from a global 
network of geodetic observatories 
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Reference Frames 
VLBI SLR 

GNSS 

DORIS 

Yarragadee Geodetic Observatory, Western Australia 

Beidou 

Gravity 

• The Australian government ensures a significant contribution to ITRF from 
the Australian Continent and Pacific region 
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Reference Frames 

• GNSS is the primary tool for accessing reference frame in Australia 
• Data from our GNSS network is contributed to organisations like 

International GNSS Service (IGS) and APREF 
• IGS products widely used by Australian industry and government 
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Australia and GDA2020 
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• Between 1858 and 1966 no national datum 

• Australian Geodetic Datum 1966 (AGD66) 
• derived from astronomical observations all over Australia 

• Australian Geodetic Datum 1984 (AGD84) 

• Geocentric Datum of Australia 1994 (GDA94) 
• Geocentric,  ITRF1992 @ 1994 

• Geocentric Datum of Australia 2020(GDA2020) 
• ITRF2014 @ 2020 

Future 

• Australian Terrestrial Reference Frame (ATRF) 
 

History of Australian Datums 
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Why Update GDA94 

1994 

2020 

9mm rotation on a 
30km after 26 years 

Absolute difference w.r.t. the ITRF 

Errors (distortions) in GDA94 

Rotation of the Australian Plate 

We can do it better now 
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GDA2020 
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• Support +/- 2 cm user positioning (PU 95% CL) 

• Has a known relationship to the ITRF at +/- 2 cm (PU 95% CL) or 
better 

• Fully 3-D (i.e. ellipsoidal) 

• Support the computation of relative uncertainty between any 
survey mark 

 

 

GDA2020 Objectives 
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• Updated continuously as new observations are contributed and 
blunders detected 

• Support the continuous update of the national Geoid model 

• Support time-based corrections (i.e. deformation models) 

• Has tools and services that facilitate its use by the mass-market 

GDA2020 Objectives 
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GDA2020 Approach 
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GDA2020 

+ AuScope GNSS Stations ARGN 

Upgrade of national GNSS Infrastructure 
• Australian Regional GNSS Network (ARGN) 
• AuScope National Research Infrastructure 
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GDA2020 

National GNSS infrastructure 
• Upgrade of national GNSS Infrastructure 
• Care taken with monumentation 
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Coordinates, velocities and a plate model were derived in three main stages: 
 
1. GPS Processing (Bernese) 

• daily and weekly coordinate solutions (SINEX) 
• application of latest modelling and  reprocessing 

 
2. Velocity Estimation (CATREF) 

• combination of weekly GPS solutions (SINEX) 
• application of discontinuities 
• position and velocity estimation 

 
3. Estimation of Plate Model (in-house) 

• derived from AUSCOPE + ARGN velocity estimates and VCV 
 
 

GDA2020 Analysis 
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GPS Processing 
 

• Processing software – BERN52 
• Reprocessed from 1996 to 2016  
• Based on IGS orbit and ERP products 
• Processing methodology based on 

subnetworks 
• Processed on a supercomputer 

(approximately 50 kSU to complete) 
 
• Approximately 2-3 months to complete 
• Major constraint is chasing up individual 

outliers, and resolving issues with individual 
solutions 

GDA2020 
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GDA2020 

Velocity estimation 
 
• SINEX combination undertaken in CATREF 

software 
• A combination of 20 year time series takes 

approximately 4 days to complete 
• Currently only using weekly solutions, daily 

solutions would take to long to run. 
• refining our reference frame station 

selection algorithm 
 

• Missing discontinuities, or the misapplication of 
a discontinuity, in the time series impact the 
velocity and position estimates, so care was 
taken to address this 
 

• Non-linear discontinuities to deal with large 
earthquakes (e.g. COCO and XMIS) were not 
dealt with at this stage (doesn’t significantly 
impact Continental Australia) 

Macquarie Island coordinate time-series 
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GDA2020 

Handling of discontinuities 

• For IGS core stations: apply official IGS discontinuities supplied by the IGS-RF WG. 

• For AUSCOPE and APREF: TSVIEW to help aid the detection discontinuities 

 

AuScope HYDN – note: change of antenna, mainly impacts horizontal 

Before discontinuity is applied After discontinuity is applied 

North (mm) 

East (mm) 

Up(mm) 
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Velocity estimation 
 

GDA2020 
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GDA2020 

Australian station velocity estimates 
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Plate Model 

Plate Model estimation 
 
• CATREF combined SINEX used as input 
• Solution reduced to high quality ARGN and 

AuScope stations only 
• Outliers > 1mm/yr 
 
• Conventional plate model works well in Australia 

for geodetic applications 
• Australian Plate across the Australian continent 

is stable at the 0.2 to 0.3 mm/yr level 
• Post-seismic effects from far-field earthquake do 

change crustal motion Australian sites by ~0.3 
mm/yr 

• Co-seismic effects from far-field earthquakes at 
the 3 mm level but this is not an issue if they are 
modelled correctly in the combination 
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GDA2020 

Residual velocity  
• APREF station velocities minus Plate Model velocities 
• Residuals – measurement error versus geophysical signal? 
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GDA2020 

Residual velocity  
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GDA2020 

𝑋 

𝑌 

𝑍 
=

0 𝑍 −𝑌
−𝑍 0 𝑋
𝑌 −𝑋 0

𝑅 𝑋
𝑅 𝑌
𝑅 𝑍

 

𝑋𝐺𝐷𝐴2020
𝑌𝐺𝐷𝐴2020
𝑍𝐺𝐷𝐴2020

=

1 𝑅 𝑍 (𝑡 − 2020) −𝑅 𝑌(𝑡 − 2020)

−𝑅 𝑍(𝑡 − 2020) 1 𝑅 𝑋(𝑡 − 2020)

𝑅 𝑌(𝑡 − 2020) −𝑅 𝑋(𝑡 − 2020) 1

𝑋𝐼𝑇𝑅𝐹
𝑌𝐼𝑇𝑅𝐹
𝑍𝐼𝑇𝑅𝐹

 

From ITRF2014 to GDA2020 

Velocity of Ground marks 

Plate Model 
• Easy for Australians to adopt ITRF and transform to GDA2020 and vice versa 
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GDA2020 

Stable Australian Plate? 

• Estimates of the regional seismic moments (e.g., Kostrov, 1974) lead to 
predictions of the deformation of the Australian plate of 0.65 ± 2 mm/yr (95% 
confidence level) (Leonard, 2008) 

Australian earthquakes Australian stress orientation 
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GDA2020 

Canberra to Hobart (GA Operational Solution) 

2004 Mw=8.1 Macquarie Ridge earthquake 
 



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 34 

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS 
Technical Seminar Reference Frame in Practice 
 
Kobe, Japan 

29-30 July 2017 

Page 34 

GDA2020 

Geodetic Adjustment Strategy 
 

National 
Adjustment 

(single epoch 
conventional 

geodetic) 

Multi-year GPS 
solution @ 2020. 

Positions and 
velocities. 

Terrestrial geodetic 
measurements 

(distances, angles) 

Short occupation 
GPS observations 

(6 hours) 
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GDA2020 

Geodetic Adjustment Strategy 
 

National 
Adjustment 

(single epoch 
conventional 

geodetic) 

Multi-year GPS 
solution @ 2020. 

Positions and 
velocities. 

Terrestrial geodetic 
measurements 

(distances, angles) 

Short occupation 
GPS observations 

(6 hours) 
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GDA2020 

2020 

1994 2017 

A 

B 

North 

Year 

C 
D 

Generating a solution at 2020 
 
• Multi-year GPS solution was the datum constraint for all further geodetic adjustments 
• Includes all GNSS CORS in Australia including short-span stations 
• Interpolate all coordinates (and the VCV) to individual site mean epochs 
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GDA2020 

2020 1994 

A 

B 

North 

Year 

C 
D 

Generating a solution at 2020 
 
• Short-span CORS stations generally have unreliable velocity estimates but Plate Model 

velocities very reliable 
• Replace the observed station velocities with modelled velocities if the they differ by an 

amount larger than a threshold value (1 mm/yr) 
• Map all coordinates to 2020 
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GDA2020 

Coordinate Transformation 

 

• GDA94 to and from GDA2020 important next step  

• Input: 

• Official GDA94 defining station 

• New coordinates from the multi-year GPS solution at 2020 

• Compute 7-parameter transformation using CATREF software 
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GDA2020 

Geodetic Adjustment Strategy 
 

National 
Adjustment 

(single epoch 
conventional 

geodetic) 

Multi-year GPS 
solution @ 2020. 

Positions and 
velocities. 

Terrestrial geodetic 
measurements 

(distances, angles) 

Short occupation 
GPS observations 

(6 hours) 
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GDA2020 

Terrestrial geodetic observations 
 

• Terrestrial (angles, distances) geodetic observations 
• 580,000 measurements 
• 245,000 stations 
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GDA2020 

Geodetic Adjustment Strategy 
 

National 
Adjustment 

(single epoch 
conventional 

geodetic) 

Multi-year GPS 
solution @ 2020. 

Positions and 
velocities. 

Terrestrial geodetic 
measurements 

(distances, angles) 

Short occupation 
GPS observations 

(6 hours) 
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GDA2020 

GPS 
• Created a large observation archive of GPS data observed by Australian government 

agencies  
• 9000 RINEX files that were 6+ hours 
• 6092 stations 
• Processing automated (AUSPOS engine) 
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GDA2020 

Geodetic Adjustment Strategy 
 

National 
Adjustment 

(single epoch 
conventional 

geodetic) 

Multi-year GPS 
solution @ 2020. 

Positions and 
velocities. 

Terrestrial geodetic 
measurements 

(distances, angles) 

Short occupation 
GPS observations 

(6 hours) 
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GDA2020 

Geodetic adjustment 
 

• Phased Least Squares adjustment technique implemented in DynaNet software 
• Automated sub-network segmentation 
• Generates rigorous solution of very large geodetic adjustments 

 

Source: Roger Fraser et al 2017 
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GDA2020 

Geodetic adjustment 
 

• 1,969,705 measurements to 245,774 stations 
• 4 iterations at 22 hrs/iteration and requires ~20GB of RAM 
• σ0 = 1.012 

 

Source: Craig Harrison 2017 
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Distortion  

model NTv2 

𝑋𝐺𝐷𝐴2020
𝑌𝐺𝐷𝐴2020
𝑍𝐺𝐷𝐴2020

=

𝑇𝑥
𝑇𝑦
𝑇𝑧

+ 1 + 𝑆𝑐

1 𝑅𝑧 −𝑅𝑦
−𝑅𝑧 1 𝑅𝑥
𝑅𝑦 −𝑅𝑥 1

𝑋𝐺𝐷𝐴94
𝑌𝐺𝐷𝐴94
𝑍𝐺𝐷𝐴94

+

𝐷𝑥
𝐷𝑦
𝐷𝑧

 

Helmert transformation 

GDA2020 

Transformation GDA94 to GDA2020 
 

• The GDA94 – GDA2020 grids were developed using over 170,000 points at which 
both GDA94 and GDA2020 coordinates were available 

• Available for implementation in GIS software 
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