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Positioning by GPS / GNSS (historical)

Image courtesy of Geoscience Australia



Positioning by GPS / GNSS (future)

SBAS

Image courtesy of Geoscience Australia

(Previously)



GPS Standard Positioning Service

Typical Performance

5 metres

Image courtesy of Geoscience Australia



5 centimetres

Image courtesy of Geoscience Australia



New positioning applications



… e.g. GNSS Mining Applications

Slide courtesy of 

Larsen and Toubro



Why update the Australian Datum?

Australia is on the move Known Distortions in GDA94

Improved

Geodetic

Technologies

National 

Adjustment

PMM

“Australian 

Plate Motion 

Model”



GDA94, GDA2020

and … ATRF

1994

GDA2020
• new STATIC datum

• behaves like GDA94

• up to 1.8m NE of GDA94

• Better precision

ATRF
Australian Terrestrial 

Reference Frame

• Future proofing

• “Time-dependent”

• 7cm / year toward NE

• [+ deformation model]

ATRF
Plate Motion Model  
[+Deformation]



Transforming from GDA94 to GDA2020

ITRF1992 ITRF2014

1) 7 Parameter Transformation (3D)

‘Conformal only’ – preserves shape

2) NTv2 Transformation Grids (2D)

‘Conformal only’ – preserves shape 

‘Conformal and distortion’ 

1) No change to AHD71 heights

2) AHD-derived (from GNSS Ellipsoidal Height)

requires new AUSGeoid model

GDA94 + AUSGeoid09

GDA2020 + new AUSGeoid2020

Difference:

• ‘Several cm’

• Up to +/- 30 cm

• Relative heighting

unchanged

in NSW: SCIMS, CORSnet-NSW (localised)

PMM  

Horizontal

Height



Transforming from GDA94 to GDA2020 (just how far?) 
(Print version)



Online transformation tools and services

• Online transformation service: http://positioning.fsdf.org.au/

• also https://www.icsm.gov.au/datum/gda-transformation-products-and-tools/software-and-plugins

http://positioning.fsdf.org.au/
https://www.icsm.gov.au/datum/gda-transformation-products-and-tools/software-and-plugins


Search:

“NTv2 Australia”

“GDA2020 grids”

Online transformation tools and services

• NTv2 Transformation grids: https://github.com/icsm-au/transformation_grids

https://github.com/icsm-au/transformation_grids


TS3663

Panorama

GDA2020 in GIS – e.g. QGIS

Automatically loads NTv2 files

1.5m



WGS84

GDA2020 in GIS – Transformation On-The-Fly: 

‘On The Fly’ Transformations

Use software to transform ‘on the fly’

Keep GDA94 data in GDA94

Keep GDA2020 data in GDA2020

Beware WGS84

GDA94  GDA2020

WGS84 ≈ GDA94 GDA2020



“WGS84 Projection Dilemma – A significant problem for web-mapping

1.8m

‘50cm accuracy’

‘3 METRE 

accuracy’

‘Web – Mercator’



Enable Transition

A
d

o
p

t

Prepare

Oct 2017

GDA2020 Gazette

Dec 2017

NTv2 Grids

March 2017

Australian Plate 

Motion Model

July 2017

GDA Tech Manual

Apr 2018

EPSG Codes

Q2

SCIMS

GDA94 & 2020

2019

Delivery

GDA94 & 2020 

CORSnet-NSW

GDA94 & 2020

Legislation 

Adopt GDA2020

6 month

window

20182017 2020 2021

Rollout

2016

May 2015

GDA2020 & ATRF

ICSM Agreement 

GDA2020 – Timeline for Adoption (NSW)

2022

Software / Vendor support Window for Mine Survey Plans?  TBD



CORSnet-NSW
Retain GDA94 

RTK / NRTK streams

Add GDA2020 

RTK / NRTK streams

Feb  

2019

CORSnet-NSW – GDA2020 and GDA94 from Feb 2019

VIC GPSnet

Geoscience 

Australia

Value added 

Resellers 

22

Old Port: 2101

Site localisation 

still required
GDA94 + AUSGeoid09

GDA2020 + new AUSGeoid2020! !



SCIMS

GDA94 Coords

Class & Order

SCIMS+

GDA94 Coords

Class & Order

Measurement 

Database

SCIMS Online – GDA2020 and GDA94 from 01 July 2019

GDA2020 Coords

Class (and Order)

Positional Uncertainty

Local Uncertainty

July 

2019



SCIMS Online – GDA2020 and GDA94 from 01 July 2019



SCIMS Online – GDA2020 and GDA94 from July 2019



SCIMS Online – new Symbology (GDA2020 and GDA94)

New symbols = Class E



SCIMS Online – GDA2020 Coordinate tool

via ‘Conformal 

and Distortion’

transformation



SCIMS Online – GDA94 Class and Order

GDA2020 Class, PU and LU

Positional Uncertainty (PU) describes 

the accuracy of a point with respect to the datum

(e.g. GDA2020 or AHD) (95% confidence)

+/-

10mm

+/-

50mm

75%

State GNSS

Horizontal

Adjustment

~31,000 marks
(July 2019)



SCIMS Online – GDA94 Class and Order

GDA2020 Class, PU and LU

Positional Uncertainty (PU) describes 

the accuracy of a point with respect to the datum

(e.g. GDA2020 or AHD) (95% confidence)

+/-

10mm

+/-

50mm

95%

State GNSS

Adjustment
ANLN

Vertical AHD

Adjustment

~11,000 marks
(July 2019)



SCIMS Online – GDA94 Class and Order

GDA2020 Class, PU and LU

Positional Uncertainty (PU) describes 

the accuracy of a point with respect to the datum

(e.g. GDA2020 or AHD) (95% confidence)

Local Uncertainty (LU) describes 

the relative accuracy of a point derived from 

the survey connections to adjacent points 

+/-

10mm

+/-

50mm



SCIMS Online – GDA2020 Class

Class describes 

the precision of a survey network, reflecting

• observations, network design, survey methods, 

instruments and reduction techniques 

• preferably verified by minimally constrained LSA.

‘Established’
Class D or better

‘Accurate AHD’
Class B or better

Class LD or better



GDA2020    Ellipsoidal Height       24.901         C           0.04   0.02      202012 



NSW Legislation references to horizontal datum (Acts and Regs)

Surveying and Spatial Information Act 2002 No 83 and Surveying and Spatial Information Regulation 2017

Work Health and Safety (Mines and Petroleum Sites) Regulation 2014

Marine Estate Management (Management Rules) Regulation 1999 (and references to Marine Parks Act 1997, repealed)

Mining Act 1992 No 29 and Mining Regulation 2016

Offshore Minerals Act 1999 no 42

Petroleum (Offshore) Act 1982 no 23 & Petroleum (Offshore) Act 1991 no 84  Petroleum (Offshore) Act 1991 no 84 

Fisheries Management Regulations (several)

Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources 2011

Etc...

01 

Jan

2020

GDA2020 – Timeline for Adoption (Spatial Services)

Legislation: Update S&SI Act and Reg

1) Move definition of Datum from S&SI Act to Regulation 

2) (Begin to) rationalise the above legislation

3) Land Surveys: GDA2020 required on Survey 

Plans with ‘date of survey’ from 01 Jan 2020

4) Mine Survey Plans: Timing TBD



SURVEYING AND SPATIAL INFORMATION REGULATION 2017

Clause 3  Application of Regulation 

This Regulation applies to all land surveys, and to all surveys referred to in section 4 or 5 of the Act, 

but does not apply to any mining surveys except to the extent to which the other provisions of this 

Regulation expressly provide and to the extent provided by an order in force under clause 4. 

Clause 4 Mining surveys 

(1) The Surveyor-General may, by order published in the Gazette, give directions with respect to the 

conduct of mining surveys. 

(2) Such an order may only be made on the recommendation of the Board. 

(3) The document entitled Survey and Drafting Directions for Mine Surveyors 2015 (NSW—Mines), 

published in the Gazette on 2 October 2015 at page 3097, is taken to be an order under this clause 

with respect to mining surveys carried out for the purposes of the Work Health and Safety (Mines and 

Petroleum Sites) Act 2013 and may be amended and repealed accordingly.



SURVEY AND DRAFTING DIRECTION FOR MINE SURVEYORS 

2015 (NSW – MINES) 

3.1.1 A metalliferous or extractive industry underground mine may apply to the Chief Inspector for an 

exemption to allow for surveying to a local grid and a “Letter of Datum Reference” where the relationship 

between the local grid and the height datum and MGA94 and AHD can be accurately provided. 

3.1.2. To allow for a metalliferous or extractive industry underground mine to be surveyed on a local grid and datum 

a copy of the exemption granted by the Chief Inspector as required in 3.1.1 and a copy of the “Letter of Datum 

Reference” must be provided to the Department and the information must be updated as necessary. 

3.1.3.At all mines where a “Letter of Datum Reference” has not been granted all surveys made and carried out in 

accordance with these Directions shall be calculated and plotted using the Map Grid of Australia (MGA94). 

Mine Baseline 

A permanently marked surveyed line included in the State Survey Control Network. 

3.1.4 All surveys are to originate from the Mine Baseline or may originate from any other mark included in the State 

Survey Control Network having a standard of accuracy consistent or greater with that of the Mine Baseline. 

3.1.5 The horizontal survey of the Mine Baseline should be planned and surveyed to Class 3.1.5“B” standards of 

accuracy as defined in ICSM (2007) SP1 (version 1.7). The geometry of the network should be consistent with 

this standard of accuracy. 



WORK HEALTH AND SAFTEY (MINES AND PETROLUEM SITES) 

REGULATON 2014

Clause 122(11):

Australian Height Datum means the Australian Height Datum described in the Division of 

National Mapping Technical Report No 12, The Adjustment of the Australian Levelling 

Survey, 1970—1971 (2nd edition, 1975).

Geocentric Datum of Australia means the Geocentric Datum of Australia as defined in 

Commonwealth of Australia Gazette No. 35 of 6 September 1995 at page 3369. 

Note. Regulations made under the Surveying and Spatial Information Act 2002 have application to 

mine surveys.



Mine Baselines

• Review current Orientation and Coordinates of Mine Baselines 

GDA94 values against new GDA2020 SCIMS values…

• Note: cm-level differences between Adjusted and Transformed

coordinates in SCIMS

Adjusted 

in GDA2020

Adjusted

in GDA2020

Transformed

in GDA2020

Transformed

in GDA2020

Adjusted 

in GDA2020

Transformed

in GDA2020

Terrestrial – to be adjusted MixedGNSS - adjusted



GDA2020 – Next steps: More adjusted stations

State Adjustment (2019 July)

• ~31,000 stations

• > 300,000 measurements

• > 200 CORS

• > 7000 AUSPOS

• GNSS Baselines

Next steps: 

3)  Adjust up to 50,000 stn this FY.

Add the 20 largest 

Terrestrial Adjustments

4) Continue network densification

Populate SCIMS

~250,000 stations

~150,000 Hz Class D (or better)

1) Transform all marks 

GDA94 => GDA2020

2) Add State Adjustment (~31,000)

12% of all SCIMS



Data Supply
Dual

Data Supply

Maintenance DB 

Data stores GDA94

GDA2020

Recommended path to prepare for GDA2020 workflows

GDA2020

1

GDA94 GDA94

GDA2020

3

GDA94

GDA2020

Recommended path 

to prepare for GDA2020

1) Receive GDA2020 data (and GDA94)

Retain GDA94 workflow

Store incoming data, as supplied

2) Deliver GDA2020 data (and GDA94)

…on demand

3) and then, when prepared… 

migrate GDA94 workflows to GDA2020 

workflows. 

2

Spatial Services provision of 

DCDB, Topo, Addressing etc. 

in GDA2020 and GDA94

Jan

2020



ATRFEnable Transition

A
d

o
p

t

Prepare

Oct 2017

GDA2020 Gazette

Dec 2017

NTv2 Grids

March 2017

Australian Plate 

Motion Model

July 2017

GDA Tech Manual

Apr 2018

EPSG Codes

Q1 Q2

SCIMS

GDA94 & 2020

2019

Delivery

GDA94 & 2020 

CORSnet-NSW

GDA94 & 2020

Legislation 

Adopt GDA2020

6 month

window

Place Names  DB

Topography DB

Imagery DB

Lidar DB

DCDB DB

20182017 2020 2021

Rollout

2016

May 2015

GDA2020 & ATRF

ICSM Agreement 

GDA2020 – Timeline for Adoption (NSW)

2022

New U.S.A.

Datum(s) 2022

Time-dependent

ATRF

Software / Vendor support Window for Mine Survey Plans?  TBD



http://icsm.gov.au/upgrades-australian-geospatial-reference-system

Australian Datums (and how to move between them)

Available 2017

Adopt 2020

Available Jan 2020

Adopt ???

Available Jan 2020

Adopt ???

Australian 

Geospatial 

Reference 

System



Practical take home messages

• GDA2020 is static like GDA94, but ~2m NE

… but the earth is moving… GDA2020 + PMM [+deformation] = ATRF

• AHD71 is unchanged… but… 

AHD-derived from GNSS needs new AUSGeoid2020

• GDA2020 & GDA94 both to be supported

• 2018 = Prepare

• 2019 = Enable via  CORSnet-NSW, SCIMS Online, Cadastre, Topo, etc

• 2020 = Adopt  How to prepare for GDA2020 in your workflows

• … and beyond Prepare: Review Mine Baseline and 

Survey Control in SCIMS GDA2020



Questions?  Comments!

• Talk to the surveyors in your organisation

• Visit the ICSM forum and FAQs pages: www.icsm.gov.au/gda2020

• email: GDA2020@finance.nsw.gov.au

• Transformation grids: https://github.com/icsm-au/transformation_grids

• Online transformation service: http://positioning.fsdf.org.au/

• also https://www.icsm.gov.au/datum/gda-transformation-products-and-tools/software-and-plugins

non

http://www.icsm.gov.au/gda2020
mailto:GDA2020@finance.nsw.gov.au
https://github.com/icsm-au/transformation_grids
http://positioning.fsdf.org.au/
https://www.icsm.gov.au/datum/gda-transformation-products-and-tools/software-and-plugins

