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COMPANY DESCRIPTION

PHS is a specialist hydrographic survey company with offices located in South Australia and the Pilbara. PHS
specialise in conducting high accuracy hydrographic survey services supervised and approved by AHSCP certified
Level 1 hydrographic surveyors. PHS has experience in all facets of producing high resolution multibeam surveys
for safety of navigation, dredging and maintenance operations. PHS surveys are conducted to meet local, national
and international standards.

www.precisionhydrographic.com.au
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CERTIFIED

Precision Hydrographic Services Pty Ltd operates under Quality and Safety Management Systems certified 1SO
9001:2015 and ISO 45001:2018 by ECAAS (JAS-ANZ registered).
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ABBREVIATIONS

The following abbreviations may appear in this document:

AHD
AHO
AHSCP
AMSA
BM
CPHS1
DGPS
GNSS
GPS
GRS80
IHO
ITRF
kHz
MGA
NTRIP
PDOP
PHS
PPA
ams
RTK
RINEX
SSM
UTM
WA
WHS
WGS84

Australian Height Datum

Australian Hydrographic Office

Australasian Hydrographic Surveyor Certification Panel
Australian Maritime Safety Authority

Benchmark

Certified Professional Hydrographic Surveying (Level 1)
Differential Global Positioning System

Global Navigation Satellite System

Global Positioning System

Geodetic Reference System 1980

International Hydrographic Organisation
International Terrestrial Reference Frame
Kilohertz

Map Grid of Australia

Network Transport of RTCM via Internet Protocol
Position Dilution of Precision

Precision Hydrographic Services

Pilbara Ports Authority

Quality Management System

Real Time Kinematic (GPS/GNSS)

Receiver Independent Exchange Format

State Survey Mark (Also called PSM — Permanent Survey Mark)

Universal Transverse Mercator
Western Australia
Workplace Health and Safety
World Geodetic System of 1984
Table 1: Abbreviations

PHS-20-009-PPA-R004-Rev O
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A. INTRODUCTION

During a previous phase of this project, the position of the AMSA DGPS Karratha Base Station was observed by
PHS and processed by Frontier SI*. An approximate difference of 1.7m was found from the established position.

Precision Hydrographic Services (PHS) has been contracted by the Pilbara Ports Authority (PPA) to provide
positioning services before and after the repositioning of the Karratha AMSA DGPS Base Station. This report
presents the methodology and results of the survey.

B. EXECUTIVE SUMMARY

e  Prior to the Karratha Base Station adjustment, a large horizontal difference of 1.2-1.6m was observed
in the DGPS positioning data in comparison to the RTK observed position. This is consistent with the
1.7m difference observed in a previous phase of this project.

e After the base adjustment, a large improvement was observed in the accuracy of the DGPS positioning
data from approximately 1.7m to 0.3m.

e The results confirm that the adjustment to the Karratha DGPS Base station has been successful, and the
PPUs are now performing within the expected accuracy tolerances stated in the Navicom HPL manual
(<0.5m for DGPS at 95%).

C. SURVEY METHODOLOGY

The following methodology was used for the survey:

e  Prior to the repositioning of the AMSA Karratha DGPS Base Station, a GNSS RTK rover was used to
position two reference marks at the Jetwave Yard in Port Hedland. A five-minute static RTK observation
was conducted, with corrections received from a permanent RTK Base Station at the Port Hedland PPA
Tower.

e Two PPUs were mounted at these newly created reference marks, and a position was observed using
DGPS corrections from the AMSA Karratha DGPS Base Station and averaged over five minutes. This
average position was compared against the RTK observed position.

e AMSA adjusted the coordinates of the three GPS antennas at the Karratha DGPS Base Station.

e Afive-minute average position was observed using the two PPUs, to confirm the accuracy after the base
station adjustment and compared against the RTK observed position.

e Afurther one hour of PPU positioning data was observed and averaged, in order to have a larger dataset
for comparison.

Note that the Karratha DGPS Base Station is 194km away from the survey location in Port Hedland. The large
baseline distance will reduce the DGPS positioning accuracy. Due to operational constraints the survey was
conducted in Port Hedland rather than Karratha, as the PPUs were only available for short period of time in
between shipping movements.

PHS-20-009-PPA-R004-Rev O 5
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Figure 1: Survey Location

D. EQUIPMENT
D.1  Port Hedland RTK Base Station Equipment

GNSS corrections for the RTK rover were received from a permanent RTK Base Station set up at the PPA Tower.
The following is a list of components at the RTK base station:

e 1xTrimble SPS 855 GNSS Receiver
e 1xZephyr 2 Geodetic Antenna
e 1xADL Vantage Broadcasting Radio

D.2  GNSS RTK Rover

A GNSS RTK Rover was used to position two marks at the Jetwave Yard in Port Hedland. The following Rover
equipment was used:

e Trimble R8 GNSS Receiver

e Trimble Yuma 2 Tablet

e 2mpole

e Bipod

D.3  Portable Pilot Units (PPU)

The following equipment was borrowed from the PPA and was used to log positioning data with corrections from
the AMSA Karratha DGPS Base Station.

e Navicom HarbourPilot Lightweight (HED 29 and HED 21)
e Qastor enabled Toughbook (HED 29 and HED 21)

6 PHS-20-009-PPA-R004-Rev O
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E. DATUM AND CONTROL

E.l Horizontal Datum

The horizontal datum used throughout the project was the ITRF2014, UTM Zone 50S for grid coordinates. See
Table 2 for the ITRF2014 parameters.

Parameter ‘ Value
Datum ITRF2014
Ellipsoid GRS 80
Semi Major Axis 6378137.0m
Inverse Flattening (1/f) 298.257222101
Projection Universal Transverse Mercator
Zone 50 (South)
Latitude of Origin 0°N
Longitude of Origin 117° 00’E
False Easting (m) 500,000.00
False Northing (m) 10,000,000.00
Central Meridian Scale Factor 0.9996
Epoch 2020.85

Table 2: ITRF2014 Parameters

The horizontal datum of the Port Hedland Tower RTK Base Station is referenced to GDA2020. In order to convert
the RTK observed positions into ITRF2014, the following transformation parameters® were used.

tx ty tz sc rx ry rz
(m) (m) (m) (ppm) (arcseconds) (arcseconds) (arcseconds)

Fixed

. 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Transformation
Uncertainty 0.00 0.00 0.00 0.00 0.00 0.00 0.00
tx ty tz sc rXx ry 7z
(m/yr) (m/yr) (m/yr) | (ppm/yr) | (arcseconds/yr) | (arcseconds/yr) | (arcseconds/yr)
Tra"s;g::’satm" 0.00 0.00 0.00 0.00 0.00150379 0.00118346 0.00120716
Uncertainty 0.00 0.00 0.00 0.00 0.00000417 0.00000401 0.00000370

Table 3: ITRF2014 to GDA2020 Transformation Parameters at Reference Epoch (to) 2020.0

At an epoch of 2020.85, the transformation parameters are as follows:

tx ty tz sc rx ry rz
(m) (m) (m) (ppm) (arcseconds) (arcseconds) (arcseconds)

Epoch 2020.85 0.00 0.00 0.00 0.00 0.001281 0.001008 0.001029
Table 4: ITRF2014 to GDA2020 Transformation Parameters at Epoch 2020.85

E.2 Horizontal Control

One GNSS base station was used to supply RTK corrections to the GNSS rover. The base station has been
previously established by PHS and remain as permanent installations on the PPA network.

saesiaton | S |Gt ooy | S
(GDA2020) (GDA2020) (GDA2020)
PPA Tower 20°18'52.21394" S 118°34'34.58621" E 48.916m Permanent Base Station
Table 5: RTK Base Station Coordinates

PHS-20-009-PPA-R004-Rev O 7
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Two State Survey Marks (SSMs) were used to validate the position of the GNSS base station and to confirm the
correct operation of the GNSS RTK Rover used for establishing the PPU antenna reference marks. The details of
the SSMs are provided below in Table 6.

Latitude Longitude Easting Northing erigh.t
(GDA2020) (GDA2020) (MGA2020 (MGA2020 (Ellipsoid)  Source
Zone 50) (m) Zone 50) (m) (m)
PH98 S 20°18'31.65849" E 118°36'08.58315" 667305.154 7753534.805 7.072 Landgate
PH99A = S20°18'33.25808" E 118°35'17.27052" 665816.177 7753500.008 13.657 Landgate

Table 6: Survey Benchmark Summary

F. SURVEY CHECKS

The following survey checks were conducted to confirm the correct operation of the GNSS rover and the RTK
Base Station used to establish the PPU antenna reference marks.

F.1 AUSPOS Base Station Position Check

To confirm that the RTK base station location was established and setup correctly, the AUSPOS Online GPS
Processing Service was used to process a static 24-hour RINEX base station dataset. An IGS rapid orbit solution
was used during processing.

A comparison between the initial established RTK base station position and the AUSPOS processed position is
presented below.

PH Tower Base Station AUSPOS Processed Difference
Established Position Position 06/11/20

Easting (m)
MGA2020 Zone 50 664572.411 064572.409 o002
Northing (m) 7752929.007 7752929.011 0.004
MGA2020 Zone 50 ' ' '
EII|pSOIz:|) Height 48.916 48.906 -0.010

Table 7: PH Tower RTK Base Station AUSPOS Comparison

The AUSPOS processed position compares well against the established position, confirming that the base station
position is setup correctly and that no movement has occurred since the base was established.

F.2 RTK Benchmark Position Checks

RTK benchmark position checks were conducted to confirm the reliability of the GNSS base station position and
the correct operation of the Trimble GNSS rover. Each measurement is an average of one-second observations
over a minimum of three minutes.

Base Station Average differences with known values (m)
Benchmark
s ___Em | Nm | H(m |
PH98 -0.011 -0.001 0.006
06/11/20 PPA Tower
PH99A -0.019 -0.014 0.001

Table 8: Benchmark Position Check Summary

For further details refer to the benchmark position check report provided in Appendix A.

8 PHS-20-009-PPA-R004-Rev O
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G. SURVEY RESULTS

G.1 RTK Positioning of Reference Marks

A GNSS Rover was used to observe a five-minute averaged RTK position of the PPU antenna reference marks.
The results are provided below in MGA2020, Zone 50.

RTK Reference Marks — MGA2020 Zone 50

Reference Mark mm Ellipsoidal Height (m)

HED 29 PPU 665082.551 7753255.085 2.124

HED 21 PPU 665082.616 | 7753254.104 2.123
Table 9: RTK Observed Reference Marks - MGA2020 Zone 50

The GDA2020 coordinates have been converted to ITRF2014 UTM Zone 50S (epoch 2020.85) as follows.

RTK Reference Marks — ITRF2014 UTM Zone 50S Epoch 2020.85
Reference Mark mm Ellipsoidal Height (m)
HED 29 PPU 665082.584 | 7753255.134 2.124

HED 21 PPU 665082.649 7753254.153 2.123
Table 10: RTK Observed Reference Marks — Converted to ITRF2014 UTM Zone 50S

G.2 PPU DGPS Positioning Results Before Base Adjustment (5 Minute Logging Interval)

After the reference marks were positioned using RTK, two PPU antennas were mounted at these locations prior
to the DGPS base station adjustment, and the DGPS data was logged and averaged for five minutes. The results
are presented below.

HED 29 PPU DGPS Positioning Results — ITRF2014 UTM Zone 50S

HED 29 PPU DGPS 665082.449 7753253.908

Standard Deviation 0.304 0.056

Difference from RTK
Observed Position
Table 11: HED 29 PPU - DGPS Results Before Base Adjustment (5 mins)

HED 21 PPU DGPS Positioning Results — ITRF2014 UTM Zone 50S

HED 21 PPU DGPS 665082.195 7753252.618

Standard Deviation 0.148 0.074 -
Difference from RTK
Observed Position
Table 12: HED 21 PPU - DGPS Results Before Base Adjustment (5 mins)

-0.135 -1.226 1.234

-0.454 -1.535 1.600

A large horizontal difference of 1.2-1.6m was observed in the DGPS positioning data in comparison to the RTK
observed position. This is consistent with differences observed in previous phases of this project.

PHS-20-009-PPA-R004-Rev O 9



Pilbara Ports Authority

Repositioning of the AMSA Karratha DGPS Base Station
I ' Survey Report
e November 2020

PrecisionHydrographicServices

G.3  PPU DGPS Positioning Results After Base Adjustment (5 Minute Logging Interval)

After the Karratha DGPS Base Station was adjusted by AMSA, DGPS positioning data for the two PPUs was logged
and averaged for five minutes. The results are presented below.

HED 29 PPU DGPS Positioning Results — ITRF2014 UTM Zone 508

HED 29 PPU DGPS 665082.500 7753255.053
Standard Deviation 0.028 0.021 -

Difference from RTK
Observed Position
Table 13: HED 29 PPU - DGPS Results After Base Adjustment (5 mins)

HED 21 PPU DGPS Positioning Results — ITRF2014 UTM Zone 508

HED 21 PPU DGPS 665082.652 7753254.006

Standard Deviation 0.029 0.031 -
Difference from RTK
Observed Position

Table 14: HED 21 PPU - DGPS Results After Base Adjustment (5 mins)

-0.084 -0.081 0.117

0.003 -0.147 0.147

After the base adjustment, a large improvement was observed in the accuracy of the DGPS positioning data from
1.234-1.600m, down to 0.117-0.147m. This is further illustrated in Figure 2 and Figure 3.

HED 29 PPU - AMSA DGPS Positioning Results

775325540
® Hed29 Before DGPS Base Adjustment

Hed29 After DGPS Base Adjustment

7753255.20 ® RTK-ITRF2014

7753255.00

7753254.80

7753254.60

Northing (m)

775325440
7753254.20
7753254.00
.
.
.
.
.
7753253.80 .
.
- .

7753253.60
665081.80 665082.00 665082.20 665082 40 665082.60 665082.80 665083.00 665083.20 665083.40

Easting (m)

Figure 2: HED 29 PPU - Scatter Plot Before and After DGPS Base Adjustment (5 mins)
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7753254.40
® Hed21 Before DGPS Base Adjustment

Hed21 After DGPS Base Adjustment

7753254.20

® RTK-ITRF2014

7753254.00

7753253.80

7753253.60

7753253.40

7753253.20

Northing (m)

7753253.00
7753252.80

7753252.60

T

7753252.40

775325220

665082.00 665082.30 665082.40

Easting (m)

665082.10 665082.20

HED 21 PPU AMSA DGPS Positioning Results

0 % 20000000004 s000 0 e bt LT T YT,
%00 000s, LI o

665082.50

665082.60 665082.70 665082.80

Figure 3: HED 21 PPU - Scatter Plot Before and After DGPS Base Adjustment (5mins)

G.4  Positioning Results After Base Adjustment (1 hour Logging Interval)

After the initial 5-minute logging period, a one hour logging session was conducted in order to have a larger

dataset for comparison. The results are presented below.

HED 29 PPU DGPS Positioning Results — ITRF2014 UTM Zone 50S

HED 29 PPU DGPS 665082.426 7753255.429
Standard Deviation 0.234 0.444
Difference from RTK -0.158 0.295

Observed Position

0.334

Table 15: HED 29 PPU - DGPS Positioning Results After Base Adjustment (1 hour)

7753256.60

7753256.40

7753256.20

7753256.00

7753255.80 .

m)

7753255.60

Northing (i

7753255.40

7753255.20

7753255.00

7753254.80

7753254.60
665081.50

665082.50

665082.00 665083.00

Easting (m)

HED 29 PPU - AMSA DGPS Positioning Results - 1 hour of Positioning Data

® RTK-ITRF2014

® Hed 29 After DGPS Base Adjustment- 1 hour of data

665083 50 665084.00 665084.50

Figure 4: HED 29 PPU - Scatter Plot After DGPS Base Adjustment (1 hour)
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HED 21 PPU DGPS Positioning Results — ITRF2014 UTM Zone 50S

HED 21 PPU DGPS 665082.388 7753254.142
Standard Deviation 0.138 0.328 -

Difference from RTK
Observed Position
Table 16: HED 21 PPU - DGPS Positioning Results Before Base Adjustment (1 hour)

-0.261 -0.011 0.261

HED 21 PPU - AMSA DGPS Positioning Results - 1 hour of Positioning Data

7753255.00
® RTK-ITRF2014

® Hed 21 After DGPS Base Adjustment - 1 hour of data

7753254.80

7753254.60

7753254.40

7753254.20

Northing (m)

7753254.00

7753253.80

7753253.60

7753253.40
665082.10 66508220 665082.30 665082.40 665082 50 665082 60 665082.70 665082.80

Easting (m)

Figure 5: HED 21 PPU - Scatter Plot After DGPS Base Adjustment (1 hour)

While the longer one hour dataset is less precise (larger standard deviation) and less accurate (larger difference
from the RTK position) than the 5-minute dataset, this provides a better representation of the accuracies and
precision that will be achieved by the PPUs.

The standard deviations ranged from 0.234-0.444m, and the horizontal differences from the RTK reference marks
were 0.261-0.334m. This is within the expected accuracy tolerances stated in the Navicom HPL manual (<0.5m
for DGPS at 95%)
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BENCHMARK POSITION CHECK

-
A

TO BE PERFORMED PRIOR TO THE START OF SURVEYING OPERATIONS AND ON A REGULAR BASIS

DATE: 06/11/2020 CONTRACT NUMBER: PHS-20-009-PPA CLIENT: Pilbara Ports Authority
PROJECT NAME: Repositioning of the AMSA Karratha DGPS Base Station
SURVEY PERSONNEL: Jennifer Brindle CPHS1 LOCATION: Port Hedland
BA ATIO ORMATIO
Base Station ID Location Datum Latitude Longitude Height Antenna Type Corrections Frequency NTRIP IP address:port
PHE_TWR Port Hedland Tower | GDA2020 | 20°18'52.21394"S | 118°34'34.58621"E | 48.916m Zephyr 2 Geodetic CMRx N/A 49.255.1.187:10001
Base Station position last checked/updated on: 6/11/2020 Note: Permanent base station managed by PPA. GDA2020 position established 07/05/20

DATUM TRANSFORMATION PARAMETERS (if applicable)

From WGS84 7 Parameters Transformation Dx (m)|N/A Rx (")[N/A Scale Factor (ppm) N/A
To N/A Dy (m)[N/A Ry (")[N/A
Epoch N/A Source: Geoscience Australia Dz (m)[N/A Rz (")[N/A
POSITION CHECK ON SURVEY BENCHMARKS
Rover Observations Averaging: 3 min Antenna Height: 2.0 metres Geoid Model used: N/A Corrections Rx: NTRIP
MGA2020 Zone 50 Ellipsoid | Position Uncertainty (95%)
SSM ID PH98 . : . . . :
Latitude Longitude Elevation Eastings Northings Height X Y Z
Benchmark data Source: |Landgate 667305.154 7753534.805 7.072
Observed data Rover: Trimble R8 667305.165 7753534.806 7.066 0.005 0.005 0.016
Difference -0.011 -0.001 0.006
MGA2020 Zone 50 Ellipsoid | Position Uncertainty (95%)
SSMID PHI99A Latitude Longitude Elevation Eastings Northings Height X Y Z
Benchmark data Source: |Landgate 665816.177 7753500.008 13.657
Observed data Rover: Trimble R8 665816.196 7753500.022 13.656 0.012 0.005 0.022
Difference -0.019 -0.014 0.001
SSM ID MGA2020 Zone 50 AHD Position Uncertainty (95%)
Latitude Longitude Elevation Eastings Northings Height X Y VA
Benchmark data Source:
Observed data Rover:
Difference
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PHS BENCHMARK POSITION CHECK

® Trimble R8 # Landgate @ Trimble R8 & Landgate [ I 2
7753534.814 7753500.035 1.200
Eastings / Northings® Eastings / Northings Eastings / Northings
7753534.812 e
*0 7753500.030 1.000
7753534.810 ® o o0
® 06000 ¢ 7753500.025 0.800
7753534.808 00000000 ©
00000000
7753534.806 e00000 o 7753500.020 0.600
< ssccocssee
7753534.804 0000000000
0000000000 7753500.015 0.400
7753534.802 eoo0® o
¢ 6600 7753500.010 0.200
7753534.800 e o 'S
7753534.798 7753500.005 0.000
667305.660305.663305.660305.663305.680305.175 665816.556816.586816.686316.566816.210 0.000 0.200 0.400 0.600 0.800 1.000 1.200
7.100 . 13.690 ' 1.000 _
090 AHD Height 13.680 AHD Height AHD Height
0.800
2 030 13.670
13.660
7.070 0.600
13.650
7.060
13.640 0.400
7.050 13.630
0.200
7.040 13.620
7.030 13.610 0.000
COMMENTS:

The RTK benchmark checks compare very well against the established position, confirming the correct operation of the GNSS rover and the correct base station setup.

PHS rep: Jennifer Brindle Client rep: Frans Schlack

Signature: 4@/
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