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National Measurement System

General Conference on Weights and
Measures (CGPM) ! International Committee
for Weights and Measures (CIPM)

Defindions: @ 00000 I e i e e e e
First level National Measurement Institute
standards (NMI)
Australian secondary
standards of measurement
State primary Reference
Second level
5 measurement of measurement
Third level . NATA laboratories and
standards Working standards legal metrology authorities

Measurements in industry, commerce and the community
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ITRF to GDAY94 coordinate transformations
John Dawson and Alex Woods

* Geocentric Datum of Australia 1994 (GDA94)
 |ITRF96@1994.0
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GDA94 to ITRF
XGpa9a XirrF Ix + b(t — 10)
Yopaoa | =TS Yrrr p = | t, +1,(t —to) | + (14 5+ 5e(t — t0))
ZGDA94 ZITRF t.+ t(t — 1)
r; — F(1—1p) 1 ry + (1 — 1) Yirrr
ry + (1 — 1) ry — Fy(1 — 1) 1 ZITRF
Geocentric Datum of Australia 1994 (GDA94)
ITRFO6@1994.0

New Zealand

Toitd te whenua

* Sub-cm accuracy at Australian Fiducial Network stations
Sponsors: !7/ Land Information

C,GL/ecca & Trimble.
eosystems



mailto:ITRF96@1994.0

S
FIG/IAG/UN-GGIM- AP/UN-ICG/NZIS Technical Seminar \I‘(i Pk
Reference Frame in Practice (e &
Christchurch, New Zealand, 1-2 May 2016 g ¢

1ESM

ANZLIC COMMITTEE ON
SURYEYING & MAPPING

Standard for the Australian
Survey Control Network

Special Publication 1

Offset between

GDA94(2010) (CORS) &
GDA94(1997) (SCIMS) Version 2.0
Intergovernmental Committee on Surveying and Mapping {ICSM)
Source: Joel Haasdyk and Tony Watson, LPI NSW, Permanent Committee on GE"“'?’ (pea)
24 October 2013

APAS Conference 2013
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GDA2020
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GDA94 Australian TRF (ATRF)

ICSM/ANZLIC Adoption and “~
User Implementation
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AuScope GNSS Array
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National GNSS Campaign Solution : :
\ Rigorous geometric

% adjustment
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(down to the street corner)
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%-\ - phased-adjustment
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National Adjustment Strategy

National Computational Infrastructure

(NCI) is the Southern Hemisphere’s fastest

supercomputer and filesystems

Forward pass

Combination adjustment

Reverse pass

adjustment adjustment
Block 2 Block 3 Block 4
Xp X X4 Xq Xe Xg X 5z
ms Vo, ms Vo, my V
I I I I I
\b Vo X,f \Ix} First i).”ase
| v A
Second pha. ! V’C:ﬂ [X;] Vx’: 3 —| ‘
¢ e [
| Xg < Wi
i Second phase . ) A
, Vo, | Junction estimates and variances
Fbe el T i (Non—rigorous)
=
Tal [
| N
Junction estimates and vari Ra
(Non-rigorous)

From Fraser et al 2014
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APREF and ITRF2014

 APREF combination updated

* Reparametrising using
ITRF2014 discontinuities

* Reassessing all other APREF
discontinuities

* Reprocess using Bernese 5.2

Up (mmy)

Morth (mm)

East mm)

o R |
5 AL

COCO raw residuals

2001|2002|2003|2004 2005 2006 2007 2008 2009 2010 2011 2012 2012 2014 2015
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ITRF2014 versus APREF (IGb08)

e RMS coordinate differences at 2016.0
3.1, 3.5, 5.0 mm (latitude, longitude, height)

 RMS velocity differences
« 0.2,0.2,0.6 mm (latitude, longitude, height)

* Significant outliers: PARK, XMIS, SA45
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Supported Coordinate Transformations

ITRF2008 544 mm.yy

ITRF2005 g 44.mm.yy

ITRF2000 6 44.mm.yy

ITRF1997 a44.mm.yy

ITRF1996 544 mm.yy

GDA2020

ITRF2014

@dd.mm.yy
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Approach

* Exclude all but the latest point code coordinate estimate

7 2020

o PARK 150108M001

PARK 2 50108M001
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Propagate ITRF2014 coordinates to 2020 using individual site
velocities

Compute 7-parameter transformation using CATREF software

XaDpAazo020 Ty 1 R. —R, XITRF
Yopasoe | =Ty | +(1+5:)| —R. 1 R: YiTrF
ZGDA2020 T, R, —R; 1 ZITRF
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Results GDA2020 — GDA94
YARI A 50107M004 1 XYZ -1206.9 143.3 1334.2 PLH|1480.1 1029.4 -82.9| (MM)
CEDU A 50138M001 1 XYZ -1054.7 -18.8 1339.6 PLH|1516.0 774.1 -98.6| (MM)
ADE1 A 501095001 1 XYZ -1019.2 8.7 1296.8 PLH|1504.9 666.8 -105.3| (MM)
DARW A 50134M001 1 XYZ -863.1 -447.0 1521.6 PLH|1534.9 944.2 -112.9| (MM)
STR1 2 50119M002 1 XYZ -905.9 -50.8 1222.4 PLH|1431.3 510.0 -94.3| (MM)
SYDN A 50124M003 1 XYZ -861.3 -104.0 1225.2 PLH|1409.9 506.7 =-95.9| (MM)
TIDB A 50103M108 1 XYZ -898.5 -48.6 1226.0 PLH|1430.9 504.7 -103.0| (MM)
HOB2 A 50116M004 1 XYZ -976.5 152.3 1115.9 PLH|1433.6 397.2 -94.3| (MM)
MOBS A 50182M001 1 XYZ -983.5 39.3 1218.2 PLH|1469.9 532.2 -93.2| (MM)
PARK 2 50108M001 1 XYZ -900.4 -99.9 1239.9 PLH|1428.3 558.6 -77.0| (MM)
ALIC A 50137M001 1 XYZ -972.4 -223.2 1441.2 PLH|1526.0 855.6 -108.5| (MM)
TOW2 A 50140M001 1 XYZ -722.4 -463.0 1423.6 PLH|1460.8 781.4 -135.2| (MM)
STR2 A 50119M001 1 XYZ -908.6 -43.9 1214.6 PLH|1428.3 505.4 -85.1| (MM)
XMIS A 50183M001 1 XYZ -1082.0 -121.7 1398.3 PLH|1406.9 1074.6 -81.1| (MM)
NNOR A 50181M001 1 XYZ -1217.3 170.8 1322.0 PLH|1488.8 1016.9 =-90.2| (MM)
PERT A 50133M001 1 XYZ -1216.4 179.5 1322.5 PLH|1488.9 1016.0 -108.4| (MM)
KARR A 50139M001 1 XYz -1119.1 -56.5 1431.1 PLH|1500.7 1022.1 -83.5| (MM)
YARR A 50107M006 1 XYZ -1211.5 147.4 1336.3 PLH|1484.7 1031.8 -78.9| (MM)
RMS |1468.6 797.5  97.1| (MM)
* GDA94 ellipsoidal heights ~10cm larger
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Results transformed(GDA94) — GDA2020

TOWZ2 A 50140M0O01 1 Xyz -17.6 7.8 -11.3 PLH -4.4 3.0 21.6 (MM)
ALIC A 50137M0O01 1 XYZ -0.7 5.1 -3.1 PLH -1.2 -=-3.1 5.0 (MM)
KARR A 50139M001 1 XYZ 0.1 -12.2 1.1 PLH -2.8 5.5 -10.6 (MM)
CEDU A 50138M001 1 XYZ -0.9 5.8 2.7 PLH 4.8 -3.4 2.6 (MM)
YARR A 50107M006 1 XYZ 2.3 -6.1 3.5 PLH -0.1 0.5 -7.4 (MM)
ADE1 A 50109s001 1 XYZ -5.0 4.4 -7.6 PLH -2.5 0.0 9.8 (MM)
STR1 A 50119M002 1 XYZ 4.7 -1.6 0.7 PLH -2.2 -1.0 -4.3 (MM)
NNOR A 50181M001 1 XYZ -0.3 4.8 -2.1 PLH 0.5 -1.8 4.9 (MM)
YARI A 50107M004 1 XYZ -2.3 -1.9 5.6 PLH 4.5 2.9 -3.4 (MM)
DARW A 50134MO0OO01 1 XYZ -5.0 -0.6 0.6 PLH 1.2 4.1 2.6 (MM)
MOBS A 50182M001 1 XYZ 9.1 2.7 -=-5.3 PLH -7.8 -=-7.4 -1.4 (MM)
PERT A 50133M001 1 XYZ -8.8 17.4 -14.1 PLH -1.7 0.3 24.0 (MM)
STR2 A 50119M001 1 XYZ 7.3 -8.5 8.4 PLH 0.7 3.5 -13.6 (MM)
SYDN A 50124M003 1 XYZ 4.0 -=-3.0 1.6 PLH -1.5 0.7 -=5.0 (MM)
TIDB A 50103M108 1 XYZ -4.0 -1.3 -3.9 PLH -1.6 3.2 4.5 (MM)
HOB2 A 50116M004 1 XYZ -6.9 3.5 1.7 PLH 6.5 0.8 4.5 (MM)
XMIS A 50183M001 1 XYZ 11.3 =-7.1 1.3 PLH -0.5 -8.9 -10.0 (MM)
PARK A 50108M001 1 XYZ 12.5 -8.8 20.3 PLH 8.7 0.9 -23.9 (MM)
RMS 3.9 3.7 11.4 (MM)
N/ i ©
sponsars: (I e tosiond " Seica  Trimble
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Supported Coordinate Transformations

ITRF2008 544 mm.yy

ITRF2005 g 44.mm.yy

ITRF2000 6 44.mm.yy

ITRF1997 a44.mm.yy

ITRF1996 544 mm.yy

GDA9%4 GDA2020

ITRF2014

@dd.mm.yy
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e 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) < : 10& 7

-10° {484

® magnitude > 6.0
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Background

* Fastest moving continent
e Karratha: 70 mm/yr

* Alice Springs: 67 mm/yr
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Plate Model

South
Copyright 1989 John Wiy and Sons, Ina. All nghts reserved
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Residual Crustal Deformation
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What About the Tier 3 Sites?
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Tregoning et al, 2013

Horizontal deformation (mm)
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2004 Mw=8.1 Macquarie Ridge earthquake
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* Conventional plate model works well in Australia for geodetic
applications

e 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 3mm level
* Not an issue for CORS if they are modelled

e Crustal velocities can be gazetted now as part of GDA2020

Land Information £eica .
Sponsors: [ Ml New Zealand @:Trlmble‘.,

Toita te whenua Geosystems




FIG/IAG/UN-GGIM- AP/UN-ICG/NZIS Technical Seminar
Reference Frame in Practice
Christchurch, New Zealand, 1-2 May 2016

* GDA2020 RVS

e Crustal velocities will be derived from the plate model and propagated
from?

* Epoch of Minimal Position Variance - APREF
* Epoch of Minimal Position Variance — ARGN/AuScope
* Epoch of Minimal Position Variance — ITRF2014

* 1Jan 2010 /

+ 1Jan 2017 2020
* 1Jan 2020

* 1Jan 1994
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