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Workshop overview

Legal requirements to connect surveys to PNG94

Accuracy and Precision - Positional & Local Uncertainty

What GNSS equipment and techniqgue to be used
Network design and observing procedure
Loop closures, fault finding and adjustment

Grid to Plane computations

Worked example




What 1s PNG94?

14 Stations around PNG surveyed by
GPS between 1992 and 1994
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Legal Requirements

Cadastral surveys to be connected to PNG94
(e.g. via connected PSMs)

A closed loop survey or double check is required
(for quality assurance)

Coordinates for survey should be legally traceable
(by proven connection to PNG94)

Distances to be converted to local “ground” distance
(Grid distance is not a legal boundary dimension)




Pros. of using GNSS

mm / cm accuracy over hundreds of km

No line of sight required

Fast

Cons. of using GNSS

Needs clear view of sky (requires tree clearing)
Large errors if incorrect technique used

Accuracy can cause problems!
(e.g. unmodelled tectonic deformation)




PACIFIC PLATE

New Guinea Hightands
Deforming Zone

.(";rﬁ\:\\
(o SCALE
f } 50 mm/lyr ———

f A Geodetic Monitoring station

My

I A I I | I I I I I i
141°E 142°E 143°'E 144°E 145°E 146°E 147°'E 148°E 149°E 150°E 151°E 152°E 153°E 154°E 155°'E 156°E

PNG site velocities and plates  Ellipses show error ell.




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

May need to use a model to
get back to 1994 coordinates




The guiding
principle is that
PNG94 coordinates
for any point should

not change from
where they were on
1/1/94




Positional Uncertainty (PU)

How accurate a coordinate is with respect to PNG94
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Local Uncertainty (LU)

How precise a coordinate is in relation to adjoining
survey control
or cadastral corners SURVEY
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Suggested PU and LU
for PNG Cadstral Surveys

Classification Application Suggested Suggested
-_ Positional Uncertamty Local Uncertainty
Rural Class 1 Land used for resource 300 mm 100 mm

Rural Class 3 Customary Registration of rural 10 m 3m
land for individuals or families
Rural Class 4 Other Customary Land surveys

PNG Cadastral surveying accuracy requirements (derived from PNG Survey Directions, 1990)




GNSS Equipment

Handheld (or vehicle based) stand-alone
3 - 50 metre “accuracy” on WGS84 or user datum

DGPS enabled geodetic receivers (e.g. OmniStar VBS)
1 metre precision in ITRF2005 (WGS84)

Precision DGPS enabled receivers (e.g. OmniStar HP)
0.1 metre precision in ITRF2005 (WGS84)

Single-Freqguency geodetic receivers (carrier-phase)
(e.g. Sokkia Stratus, 1700CSX; Trimble L1 only; Leica GR20)

7-30mm precision up to 10 km from base station

Dual-Frequency geodetic receivers (carrier-phase)
(e.g. Trimble R8; Sokkia 2700I1SX; Leica 1200)

7-30mm precision up to 50 km from base station
(2000 km with precise orbits)




GNSS Techniques & Cadastral Usage

Point Positioning
Uses broadcast orbit -

DGPS
1 receiver -

Real-Time Kinematic

2 receilvers -

Post-processed Static
2+ receivers -

Precise Point Positioning (PPP)

1 d/f receiver - 6 hrs+ observations -




Static GNSS
surveying

(preferred method)




Static GNSS - What’s needed

1 single-frequency receiver

Requires CORS < 10 km range

2 or more single-frequency receivers
< 10 km from PNG94 control & between receivers

1 dual-frequency receiver

Requires CORS < 50 km range
or PPP observations (6 hrs+ observations)

2 or more dual-frequency receivers

< 50 km from PNG94 control (30 km is better)

Need post-processing and adjustment software
e.g. Trimble Geomatics Office, Sokkia Spectrum, GPPS




Some continuous GPS
(CORS) stations in PNG

Lands Kenabot - KENB




1. FiInd nearest validated PNG94 station
ON THE SAME PLATE (< 50 km)

North Bismarck Pacific Plate
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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
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-("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
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Wikari - Airport KK

PShl 55873
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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
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1:31°07"30.81581"
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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"
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34

0013 0043

Wankkun - Pillar MM 54
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-6°05'5 2 .07 38"

146°04'52 4422"

a08.95

25| 388354412 | 9320370135

4367

0026 0047

Wal - MCG Baze Mew WAL
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-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)

A preliminary update for PNG94 showing selected stations
http://rses.anu.edu.au/geodynamics/gps/png/site_info/sitelogs.htmi




. Obtain VALIDATED PNG94 coordinates

. Obtain PSM sketches, plans & reports
. Choose positioning equipment

Place new stations for GNSS

. Clear vegetation




What if no station within 50 km on same
tectonic plate?

Use AUSPOS, NRCan, or I1GS Precise Orbit




Network design - 2 receivers

First set of radiations from central base station




Network design - 2 receivers

Second set of radiations from second station




Network design - 2 receivers

Minimum network of closed loops




Network design - to support total station surveys

First set of radiations




Network design - to support total station surveys

Baselines between stations




Network design - to support total station surveys

Closed loops




Network design - corridor surveys

“Traverse” of baselines between PNG94 control
LEAP FROG TECHNIQUE




How long should I observe for?

Table 1. Occupation times for different baseline lengths (good observing conditions)

length minutes minutes
| 510km | 20 | = 4 |
| 3040km | 550 |
| 40-50km | 60 | 0000000 |
| >5km* | 300 | 000000000000

* over 50 km requires PPP such as AUSPOS or precise orbit.
If using AUSPOS start obs after 10:00 PNG Time if possible.

If bad conditions (hearby trees, high grass,

buildings, towers, periods of bad DOP or SV

availability, or if =400m elevation difference
on baseline, then double or triple the time

AUSPOS best to get 24 hrs obs for best result




Recelver setup

Check free memory (download, backup and
delete old files)

Set all observables recorded

10 second epoch (30 sec for AUSPOS/NRCan)

elevation mask 10° (5°-15°)

Clear any trees or branches nearby
to improve sky visibility




Station and antenna setup

Check battery levels & eqpt.

Level and
centre the
antenna

.:\

Check \ ARP

b
% Measurement

Ce- n te r I n g '%g:p\ : {I}t(tée)t
with plumb- %\

bob N

N
measure %N\
antenna T\
height (3
points)

Measured height (reduced)
Height to Phase Centre (H)

Height to ARP (A)

-

Station Mark

Kisim piksa




Site Log

GPS Occupation Log

Site ID or filename

Station Name

Antenna type

Antenna serial number

Height measurement (start)

Height measurement (end)

Height to Phase Centre

Antenna sketch
show point where measurement

to antenna is taken

Date start

Time start (PNG Time)

Approximate position

Time end (PNG Time)

Latitude

Date end

Longitude
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also commonly

Point (ARP)” Is
used

“Antenna

“Instrument height
Reference

phase centre




GPS data processing

Static baseline processing using
carrier-phase observations

May need software to convert receiver raw
data to RINEX (Receilver Independent
Exchange Format) if different receivers
used and for AUSPOS /7 NRCan

Can use AUSPOS If no PNG94 reference
station used (or = 50 km from PNG94

Control), or for QA
AUSPOS www.ga.gov.au/Zbin/gps.pl

NRCan www.geod.nrcan.gc.ca/online _data e.php




Baseline Processing

Setup project (can use WGS84 & UTM parameters)

Zone 54 South between the Indonesian border and 144° E
Zone 55 South between 144° E and 150° E
Zone 56 South between 150° E and 156° E

Use EGM96 Geoid if available
Load raw or RINEX data

Enter known PNG94 coordinates and ellipsoid height
for validated PNG94 reference station (set as fixed)

Leave ? for orthometric (MSL) height

Run the baseline processing




Baseline assessment

Should use “fixed” solution as “float” solution
often unreliable for cm accuracy surveys

Shouldn’t use code solution for accurate surveys
L1 fixed or narrow lane fixed

L1/L2 fixed or ionospheric free fixed

RMS should be between 0.004 and 0.030

Reference variance ideally 1, but up to 10 usually OK
Ratio 1:n the higher n is the better (=10)
Reobserve if outside tolerances

Observe new station from different station (compare)




Loop Closure & Adjustment

Loop closures should be within PU and LU tolerances

If loop doesn’t close, 1 or more baselines
(usually float or high RMS will need to be reobserved)

Radiations (baselines not in loop) should have
two measurements from different stations,
and coordinates should agree within tolerances

Once loop closures have been checked - run
the Network Adjustment

Network Reference Factor ideally 1, but up to 5
usually OK
If > 1, then reduce weight of high RMS baselines

If < 1, then baseline precision underestimated
(not common)




AUSPOS or NRCan

Dual-frequency RINEX file required

Need 1 hr obs for +/- 20-30 cm
Need 6 hrs obs for +/- 2-3 cm
Need 24 hrs obs for +/- 1 cm

Should walit 2-3 days to get Rapid Orbit

Should wait 2-3 weeks to get Final Orbit

GDA94 and ITRF report sent by email




Using a site velocity model?

Need to convert AUSPOS/NrCan ITRF ellipsoid or cartesian
coordinates to UTM (using geographical calculator)

The site velocity is the rate of change of coordinates
due to overall tectonic movement (refer to Stanaway)

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




Obtaining MSL values

Baseline processing or AUSPOS will give MSL values
using the EGM96 geoid model if selected

If possible observe at a nearby 1st order MSL station
(i.e. next to tide gauges) otherwise at any existing
high order MSL station used as existing height datum

Compare EGM96 MSL with existing MSL. The difference

IS correction to be applied to all other EGM96 derived
heights

Compare EGM96 MSL with existing MSL. The difference

IS correction to be applied to all other EGM96 derived
heights

ﬂ’ISL!’ ocal = ; Y EGM96 + c f§ ¢~ MSL localdatum ~ *"H""'?(SLI:T{]_.‘l 196

EGM96 available on web if not built in to processing
software, or use older PNG geoid model




Using RTK for control surveys

Should use post-processing for better reliability

RTK can be used for local < 5 km range control

Check that a geoid model is used in the system

Should not do RTK when DOP high or satellite
availability is low

Can use site calibration but geometry must be
good (must span survey area)




Using OmniStar

For Rural Class 2A, 2B, 3 or 4 only

Uses ITRF2005 -

Three main service (accuracy levels):

OmniStar-HP (+/- 100 mm) - Rural 2A +
OmniStar-XP (+/- 300 mm) - Rural 2B, 3, 4
OmniStar-VBS (+/- 1000 mm) - Rural 3, 4

Requirements:
1. obtained by observing known PNG94

2. Displayed accuracy x 3 to get realistic tolerance

4. Must “Close” survey by comparing with PNG94




Setting up a cadastral plane grid

Can’t use PNGMG distances for cadastral surveys
where ground distances are required

Scale factor of 1 often used with PNGMG/AMG coords
Scale factor can be very different from 1,
especially at high elevations near the central meridian

Choose a local origin at centre of survey area
(e.g. mean coordinates and height of rural land parcel)

Use same azimuth and drop “sleeping” figures off
PNGMG coordinates so they are more manageable

Can extend Plane grid 10 km away from datum
or less if there are large elevation changes




Plane Grid conversions

—E0, 00 (Eq. 4.11)

PNCGMG

NO prane T f\:— (Nf'.x'f MG NO PNGMG ) (Eq. 4.12)

I.".‘

E".w MG Eo,fmmr; T k,n (E,f’!..-l.".'s'-_' - EUI‘J’..-J.‘\'I: ) (Eq. 4.13)

!

N

[ enrc = N Opyguig T p (N ppawe = NOpp i) (Eq. 4.14)

Eprave & Ny @re the local plane coordinates

Ervenie & Npvaw are the PNGMG coordinates to be converted

EO0p v & NOpp 4 @are the Plane coordinates of the Plane datum origin

EOpvcnc & NOpvans are the PNGMG coordinates of the Plane datum Origin

k, is the is the combined PNGMG Grid and Height scale factor at the Plane Origin




Distances

A =lope distance (d2)

- &2 T Wave path distance (d1]
4 -
'1‘ N Tt - hean terrain height

L=

gedidales level distance (21
e S

Ellipzoidal distance (=)

Geoidfsea level —— :
Ellipzoidal chord distance (d3)

Ellip=oid




1. Obtain VALIDATED PNG94 coordinates

2. Obtain PSM sketches, plans & reports

3. Choose positioning equipment

=10 km dual-frequency GPS (static)
<10 km single-frequency GPS (static)

<5 km single-frequency GPS (RTK)

<1 km line of sight: total stations
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