A Dynamic
Datum for PNG

Improving PNG94
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What 1s PNG94?

14 Stations around PNG surveyed by
GPS between 1992 and 1994
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Gazetted national geodetic datum for PNG




What is ITRF?

International Terrestrial Reference Frame

ITRF Is the International geodetic datum used
by geodesists and basis for national geodetic datums

It is dvnamic like WGS84 and coordinates change
constantly up to due to tectonic motion.

ITRF I1s similar to WGS84 at 10 cm

ITRF defined by coordinates of stations at

a reference epoch,
AND

Site velocities (how rapid tectonic movement is)

This means that instantaneous coordinates
can be converted to any other epoch

Current version is ITRF2005, accurate to 3 mm
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ITRF Station network




What i1s WGS847?

World Geodetic System 1984

WGS84 is the datum used by the US DoD for GPS
orbit ephemeris

It iIs dvnamic like ITRF and coordinates change
constantly up to due to tectonic motion.

WGS84 i1s similar to ITRF at 10 cm

Datum network of WGS84 is sparse (tracking stations)

So why do we see WGS84 being used everywhere??

WGS84 is only suitable as a datum for
navigation (pilots/ships) in PNG (+/- 3 metres)




Isn’t PNG94 the same as WGS847?

Why not?

Ellipsioid is almost the same 0.2mm, BUT

PNG94 coordinates are frozen in time
(1st January 1994) - Static Datum of 14 PNG stns

WGS84 coordinates change by up to
10 cm a year due to tectonic movement
(dynamic datum), nearest station is in Marshall Is.

PNG94 and WGS84 now up to 1.5 m different
and difference iIs increasing every year
by several cm




Problems with tectonics
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Problems with a static PNG94

Baselines across PNG changing by up to 140 mm/yr

Can’t use precision GPS across plate boundaries
because coordinates will be different when repeat
survey Is done

Constantly changing coordinates for assets,
land surveys and GIS are unmanageable
and lead to gross errors

Coordinates should relate to a common
fixed reference epoch (e.g. 1994.0), even in a
dynamic environment like PNG

It’s not a problem in Australia (i.e. for GDA94)
because internal tectonic movementis < 1 mm/yr




How New Zealand deals with tectonics

NEW ZEALAND

DEFORMATION MAP
Varsion 2.2, May 2003

Australian Plate




Effect of tectonic deformation on
survey baselines & PNG94

Station A Station B
»Ain 2008

Earth-
quake

Station A 2d5¢liNe  giation B
in 1994 994 ih 1994

Plate 1 Plate 2

Need to use a model to get
back to 1994 coordinates




There isn’t a velocity model in PNG94?

Site velocity is required to convert ITRF & WGS84
coordinates to PNG94 e.g. AUSPOS, OmniSTAR-HP

Model of coseismic and postseismic displacements
also required If site Is affected by large earthquakes

Need a velocity model to enable baseline measurement
across plate boundaries (even with PNG94)

Without a model you can’t use LAE1 and MORE as
a base station for other areas of PNG

Should use the nearest validated PNG94
station on the same plate




How do you use a velocity model?

A velocity model iIs used to compute dynamic
coordinates for any point in time (epoch)

The site velocity is the rate of change of coordinates
due to overall tectonic movement

EPNGMG = EUTM (ITRF) +VE (1994.0 _YM )

NPNGMG = NUTM (ITRF) +VN (1994.0 _YM )

Erneve @Nd Npyeus @re the PNG Map Grid Coords.

Eurmatre @Nd Nyryarrey @re the ITRF/WGS84 UTM Coords
at the time of measurement

Veand V, are site velocity components (Easting and Northing)

1994.0 and Y,, Is the reference epoch and measurement epoch




Example - Using OmnISTAR-HP or AUSPOS

Measurement made near Hides on 2nd July 2008
ITRF2000 UTM Zone 54 E 725073.31 N 9310194.84

1. Compute epoch of measurement
Yy = 2008 + 184/366 = 2008.503

2. Determine site velocity from model
Ve = 0.032 m/yr Vy = 0.054 m/yr

3. Compute coordinate change from 2008.503 to 1994.0
diff E = 0.032(1994.0-2008.503) = -0.464 m
diff N = 0.054(1994.0-2008.503) = -0.783 m

4. Compute PNG94 (PNGMG) Coordinates

Epnoye = 725073.31 + -0.464= 725062.85
Nonays = 9310194.84 + -0.783= 9310194.06




Improvements to PNG94

ANU, NMB, UniTech & UCSC have gathered a huge dataset
of GPS observations at over 100 stations around PNG

All this data needs to be collated to densify PNG94

Minimal cost involved to do this <K50,000

Who will fund it?
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PNGS4 1=t order control listing -_Provision

al update 7" June 2008 (verification required)

Station location

PM94 Ellipsoidal Coordinates

PMGMEa4 Grid Coordinates

Site Velocity

GRS
1]

Location

MKBE
Feg. Mo.

Latit ude

Longitude

Ellip=oid
Height

Zone Easting Maorthing

E M
miyr Myt

Ajambak Ala

PSht 3350

-("20'51 g208"

TH116'01 4470"

9352

ad | 92947573 | 9187501 94

0037 | 0035

Alotau - Gurney Airport ALTZ

PSh 33355

-10°13'37 .5094"

1:a0%20M5.0912"

94.57

a6 | 20847337 | 835905357

0.031 0.035

Buka Airport Bk

PShd 4571

W EEEETAS

15474008 437 3"

7325

a6 | 654918522 | 9399967 57

-0.058 ] 0031

Daru DaARL

B2 A4,

-8°0515.5229"

1431227 1952"

g0.25

a4 | 742639.83 | 599471942

0.035] 0.033

Finzchhafen FIMNZ

PShd 19471

-6%36'5 5 .4209"

147°51"7 6365"

7424

25| 984504 66 | 9263656.33

-0.006 | 0.004

Garoka - Airport GORA

PShd 95353

-6 045307 17"

1452330 .4470"

1664.47

25| 322023895 | 93273351 .64

0.023] 0.045

Hosking - Airport HOSK

PShd 3795

-a"28'00.4073"

1320 24'31 6614"

101.33

a6 | 2286972 | 9393119532

0022 -0.027

Kavieng - Airport HAN]

PShd 3313

-2"34'5 3 0660"

1:a0° 4522 53561"

V.81

a6 | 25607786 | 9714464 61

-0.067 | 0027

Kenahat - Lands Base KEMNB

PSh 23342

-4%20'43.1 168"

132°16'07 .9951"

136649

a6 | MEETI63 | 931960279

-000z2 | -0.04

Kerema - Catholic Mission WERE

PSh 31703

EETFEDER

1454619 .0726"

a7.a7

25| 364647 .55 | 912016545

0.030] 0032

Wikari - Airport KK

PShl 55873

EiEVFEEER

144°14'353 767 7"

gd.93

33 [ 196828545 | 917549000

003 0054

Kiunga - Airport KILIN

PShd 9453

-6°07"37 .95305"

T41°16'341 2696"

10327

ad | 593077345 | 9322724 61

0.035] 0.036

Lae - Unitech DELS Baze LAE

PSh 31107

-6°40°2 5 3661"

146°59'35 4665"

140357

25| 49924679 | 926232080

0026 0032

Lae - Unitech Sports 9794

PS5k 9799

-6°40' B.97 07"

146°59'52 375 4"

130.3

S5 [ 49978591 | 926257560

0026 [ 0052

Lake Kopiago - Airport KOPI

PSh 17001

-5 23'09.03:32"

142°29'42 1907

1273

34 | BE3650.93 | 940445051

0.0 0035

Losuia LSy

A8 5T

-5%32'07 2596"

1:31°07"30.81581"

316

a6 | 283644 .60 | 9056016.40

0.0 0.071

Madang - Airport h& D1

3 13493

-aM2'41 283"

145" 46'56 .1940"

V327

25| 36304417 | 942352987

0023 0039

Manusz - Lombrum Secor hA ML

PShd 3522

-2"05'02 2944

1472137 6363"

12877

25 | 94005432 | 9773357 .45

-0.063 | 0027

hencli MER D

PShd 33207

-BR05"5 6.7 344"

1433922 16558"

1813.03

ad | 79388121 | 9320195880

0029 0047

Misima - Airport (L]

PShd 3193

-10°41'19.9049"

132" 49'53.93558"

g7.46

a6 | 48174161 | §5313417.91

0.030] 0.033

Maro - Ajrport MORA

PShd 17442

-6%21'44 9072"

1431346 .0940"

917.56

ad | V4BEZT 49 | 9296194 53

0033 0034

Mourt Hagen - Airport HGEN

PS5l 3419

-2°49'35. 7 a9

14471823 7948"

171013

a9 [ 20172579 | 9334635651

0030 [ 0045

Madzab - Airport MaDE

ST 31024

-6%33'4 7 937"

146" 4339 6:341"

14553

25| 46959496 | 9274314 .63

0024 0.036

Mamatanai - Airport MAMA,

=3 19461

-3"38'g 042"

152" 26'06.1:552"

114.96

a6 | 453726132 | 938474259

-0.061 0.0

Mogali Hides - Helipad MOGD

PShl 30041

-5°56'02. 43 48"

142°4716 7433"

1340.20

54 [ B97950.59 | 934577078

003z 0054

Paomio JACO

PShd 3313

-2"35'42 9V E"

131" 3019 6067

13153

a6 | 353447629 | 937379522

0.020] -0.033

Popondetta POPM

PShd 9371

-5°46'09 .64 99"

145°14'00 .3966"

18753

25| B33667 .54 | 9050425354

0024 0034

Port Moreshy - NMB Baze MORE

PShd 155352

-9°26'0 2. 76 95"

1471112 201 8"

116.74

55 [ 52045542 | 593714559

0025 | 0055

Rabaul - %O Baze RWO

RO

-4*11°271915"

1:32°09'43 .5108"

266 .24

a6 | 40719052 | 9336723533

0007 | -0.032

Tokua - Airport ToKLU

F3 9522

-420°2 T eI

192" 22'45 5215"

g2.05

a6 | 431137 .64 | 9320146.01

9.3

-0.010 | -0.0356

Yanimo - Doppler AN

P G35

-2M1'05.2519"

T41°1813 6362"

G054

ad | 933582963 | 970324249

34

0013 0043

Wankkun - Pillar MM 54

RIGEATEE

-6°05'5 2 .07 38"

146°04'52 4422"

a08.95

25| 388354412 | 9320370135

4367

0026 0047

Wal - MCG Baze Mew WAL

WAL

-7e20'57.0998"

146°42'55.7613"

122479

29 | 46338931 | 918763365

11445

0023 0036

Wienneak - Airport WWEVH

PShd 13497

-3"3a'02 .55 458"

143" 40'00.1451"

33.91

ad | VHEZ63.15 | 960341522

2.8

0017 ] 0033

WLl WL

PShd 13456

-1°44'07 59:31"

142°50M0.0751"

79.03

ad | 704257 66 | 93030851 66

24

-0063 | 0019

Horizontal Coordinates - Postional Uncertainty = 0.05m, Ellipzoidal HeigH

' Coordinates require verification by resurve

z - Uncertainty = 0.10m, MZL ELz - Uncertainty = 0.5m (except Lae & Kikori= 0.10m)

An preliminary update for PNG94 showing selected stations




Escalation of development in 2008-2009
requires connection to PNG94 (nhot WGS84)

Collate existing data (partially done but K$ required)

Resurvey of selected important stations in the
PNG geodetic network (NMB GS requires funds)

Levelling between tide gauges and GPS stations
at selected locations to validate
MSL datum/geoid model

Development of a Windows based PNG Velocity
calculator (software & via online javascript)

Small investment by PNG for enormous gains
IN integrity of PNG’s geospatial infrastructure.
It will save billions of Kina in years to come




Information MUST be available on the internet

« PNG94 coordinates (and equivalent AGD66)
« PSM sketches (scanned to pdf format)

= site velocity calculator (i.e. Javascript)

= clickable map for above info

Need web-host access via NMB portal

Online GPS processing PNGPOS - down the track




Getting
GIS
working
with
PNG94

The GIS monster
needs to be fed
good parameters!

Otherwise we will
have a real spatial
horror show

" REAL SURVEYOR WS. |

GIS-MONSTER!




datum setup for PNG GIS

PNG94 to be setup in GIS datum selection

Can use WGS84 ellipsoid & UTM projection
parameters (almost the same as GRS80 used by
PNG94 & ITRF), PNMGMG is a UTM projection

Nationwide development of AGD66 to PNG94
transformation parameters for GIS use

Molodensky 3 parameters and 7 parameter model
Provincial and location specific parameters

Distortion grid file (block shift corrections)

Requires resurvey of selected AGD66 primary
stations in towns/development areas (NMB GS)




Take away points

Baselines change across plates up to 140 mm/yr
Can’t do constrained adjustment across plates

ITRF & WGS84 coordinates change up 100 mm/Zyr
(e.g. AUSPOS and OmniSTAR-HP)

Large earthquakes cause changes of metres

Have to use fixed reference epoch e.g. 1994.0
(PNG94) so coords don’t change constantly

Have to use nearest base station on same plate
(e.g. can’t use MORE for ENB surveys)

AUSPOS and OmniSTAR-HP need to be converted
to PNG94 using site velocities. What are they??
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We need to get
with the times!
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Saturday: Workshop - Using GPS to connect to PNG94




