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AUSPOS and CORSnet-NSW:
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This paper outlines how AUSPOS and CORSnet-NSW are used to support datum modernisation in
New South Wales (NSW), Australia, and investigates the performance of AUSPOS across the State
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AUSPOS is Geoscience Australia’s
free online Global Positioning
System (GPS) processing service

(Jia et al., 2014; GA, 2020a). It has
successfully processed more than 1
million jobs worldwide over the last 10
years and was ranked highest in a global
comparison of free online post-processing
tools (Gakstatter and Silver, 2013).

CORSnet-NSW is Australia’s largest
state-owned and operated Continuously
Operating Reference Station (CORS)
network (Janssen et al., 2016; NSW
Spatial Services, 2020). It is built, owned
and operated by Spatial Services, a unit
of the NSW Department of Customer
Service (DCS). CORSnet-NSW currently
consists of 202 stations, providing
fundamental positioning infrastructure
that is authoritative, accurate, reliable
and easy-to-use for a wide range of
applications. Since May 2019, it delivers
all-in-view, all-signals, multi-constellation
Global Navigation Satellite System
(GNSS) data, making it the nation’s first
CORS network to reach this milestone.

This paper outlines how AUSPOS

and CORSnet-NSW are used together
to support datum modernisation and
improve state survey infrastructure
across New South Wales (NSW). We
quantify AUSPOS performance across
NSW, demonstrating that it routinely
delivers Positional Uncertainty (PU)

at the 0.02-0.03 m level for horizontal
position and 0.05-0.06 m for ellipsoidal
height. We also show that AUSPOS
provides a much better connection to
the Australian Height Datum (AHD, see
Roelse et al., 1971) than reported. These
results reveal that AUSPOS is a very

suitable, efficient and reliable option
to establish, propagate and strengthen
the NSW Survey Control Network.

AUSPOS

AUSPOS accepts static, 30-second
Receiver Independent Exchange
(RINEX) data of at least 1 hour duration
(recommended minimum 2 hours,
maximum 7 consecutive days). The
user’s antenna type is selected from

a drop-down menu, and the height of
instrument (measured vertically to the
Antenna Reference Point, ARP) is
entered. The best available International
GNSS Service (IGS) station data and
products (IGS, 2020) and the Bernese
software version 5.2 (Dach et al., 2015)
are employed to compute precise 3D
coordinates, using GPS data only. Up

to 15 surrounding IGS and Asia-Pacific
Reference Frame (APREF, see GA,
2020Db) stations are selected as reference
stations, generally the 7 closest IGS
sites and the 8§ closest APREF sites.

Usually after a few minutes, a processing
report (pdf) is emailed to the user. This
includes coordinates in the two most
recent Australian datums (GDA2020 and
GDAY%4, see ICSM, 2020a) and the global
ITRF2014 (Altamimi et al., 2016), as well
as a physical (normal-orthometric) AHD
height for Australian data. The report

also provides the computed coordinate
uncertainties, ambiguity resolution
statistics, and an overview of the GPS
processing strategy applied. For advanced
users, Solution Independent Exchange
(SINEX) files containing more detailed
information are available for download.
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AUSPOS and CORSnet-NSW

All CORSnet-NSW stations are

part of APREF and contribute to the
AUSPOS service, including 13 concrete-
pillared NSW sites incorporated into
the IGS network (Figure 1). This
provides a relatively dense network

in NSW for generating a reliable
regional ionospheric delay model

and tropospheric delay corrections

to support ambiguity resolution. A
precise solution is then computed using
double-differencing techniques.

During AUSPOS processing, IGS
station coordinates are constrained with
uncertainties of 1 mm for horizontal
position and 2 mm for ellipsoidal
height. Lower-tier CORS coordinates
are constrained with uncertainties of

3 mm for horizontal position and 6

mm for the vertical, due to the shorter
CORS operation time span, lower data
quality or lower-grade monumentation.
The GPS data is processed in the

IGS realisation of ITRF2014 and

then transformed to GDA2020 via

the Australian Plate Motion Model.
Derived AHD heights are computed

by applying a gravimetric-geometric
quasigeoid model (AUSGe0id2020,

see Brown et al., 2018; Janssen and
Watson, 2018; Featherstone et al., 2019)

to the GDA2020 ellipsoidal heights.
Legacy GDA94 coordinates are obtained
from GDA2020 by transformation.

Positional Uncertainty (PU) is defined

as the uncertainty of the horizontal and/
or vertical coordinates of a point, at the
95% confidence level, with respect to the
defined reference frame (datum) (ICSM,
2014). A description of the practical
implementation of PU on public record
in NSW can be found in Janssen et al.
(2019). The coordinate uncertainties

of East, North and ellipsoidal height
reported by AUSPOS are scaled using
an empirically derived model, which is

a function of duration, data quality and
geographical location, and expressed at the
95% confidence level (Jia et al., 2016).

Supporting datum
modernisation

Datum modernisation and further
improvement of survey infrastructure is
required to accommodate the increasing
accuracy and improved spatial and
temporal resolution available from
modern positioning technologies to an
ever-broadening user base. NSW Spatial
Services employs AUSPOS as one of
several suitable methods to maintain
and extend the State’s Survey Control
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Figure 1: CORSnet-NSW network map (NSW Spatial Services, 2020).
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Network. To this end, AUSPOS data of at
least 6 hours duration is used to propagate
the datum in NSW, while AUSPOS data
of less than 6 hours duration strengthens
the datum. This distinction is made

based on the higher quality of AUSPOS
solutions exceeding 6 hours duration

and their eligibility for inclusion in the
National GNSS Campaign Archive
(NGCA) hosted by Geoscience Australia.

NSW Spatial Services is currently
building an updated ‘passive’ Survey
Control Network (in the Eastern and
Central Divisions) with a minimum of
one fundamental survey mark observed
by 6+ hour AUSPOS every 10 km. Its
vision is to ensure that any future user
is no further than 5 km (and often much
less) from such a fundamental mark
providing direct connection to datum.
Similarly, levelled AHD marks are
observed by 6+ hour AUSPOS every
10 km, often at a far greater density.
This will allow users to achieve NSW
Spatial Services’ vision of a PU of 20
mm in the horizontal and 50 mm in the
vertical (ellipsoidal height) component
anywhere in the State and easily apply
transformation tools to move between
current, future and various historical
datums and local working surfaces.

The use of AUSPOS campaigns has
developed into a capable and reliable
alternative to conducting traditional
static GNSS baseline surveys,
simplifying logistics by removing the
requirement of field crews having to
occupy particular survey marks at a set
time. As a consequence, processing,
adjustment and report writing efforts
have been significantly reduced or
removed. AUSPOS also forms a new
and fundamental component of vertical
datum modernisation and the propagation
of the Australian Vertical Working
Surface (AVWS, see ICSM, 2020b).

At present, the GDA2020 state adjustment
incorporates approximately 31,000 survey
control marks across NSW, i.e. 12% of

the 250,000 marks on public record.
Consequently, 88% of the marks have been
transformed from GDA94 to GDA2020.



Uncertainties of these transformed GDA2020 coordinates are
given null values until these are calculated via inclusion in

the state adjustment. As shown in this paper, AUSPOS is a
suitable method to accelerate the process of including additional
survey marks into the state adjustment in order to improve

user access to GDA2020 coordinates and uncertainties.

Duration
© 2-6hrs
© 6-48hrs

Figure 2: Location of the 2,464 successful AUSPOS solutions
analysed across NSW, colour-coded to indicate observation length.
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Figure 3: Positional Uncertainty (PU) vs. duration for
(a) 2-6 hour data, and (b) 6-24 hour data.

Data and methodology

We used 2,618 GNSS datasets observed by NSW Spatial
Services over the last 5 years (November 2014 to August

2019). Data was collected under typical conditions generally
encountered in the field, with observation session lengths ranging
from 2 to 48 hours. Each dataset was processed individually

with AUSPOS version 2.3, using final IGS products.

Some AUSPOS solutions were rejected for this analysis

due to warnings in the AUSPOS report, referring to poor
ambiguity resolution and/or large uncertainties. Overall, 154
sessions (5.9%) were rejected, including 121 (10.1%) of the
2-6 hour sessions and 33 (2.3%) of the 6-48 hour sessions.
Upon investigation of site photos and other metadata, this was
generally attributed to ambitious attempts to observe survey
marks in locations with substantial tree cover, resulting in
poor sky view conditions. As expected, shorter observation
sessions were more prone to be negatively affected by these
unfavourable conditions. For all 2,464 successful AUSPOS
solutions (Figure 2), descriptive statistics were used to evaluate
the uncertainties of the resulting GDA2020 coordinates.

We performed three tests:

1. Analysing Horizontal PU (HPU) and Vertical PU (VPU) of
the AUSPOS solutions for GDA2020 horizontal coordinates
and GDA2020 ellipsoidal heights, respectively.

2. Analysing the repeatability of AUSPOS solutions
for reoccupations on the same mark.

3. Analysing AHD results by comparing the AUSPOS-derived
AHD height to levelled AHD heights on public record
and investigating the AHD-PU reported by AUSPOS.

The results of two further tests can be immediately summarised:
*  Whilst AUSPOS PU values are known to be

affected (scaled) by latitude, the variation is

negligible for user results within NSW.
e Whilst IGS products have continuously improved

and CORS density has increased, AUSPOS version

2.3 performance has remained stable, predictable,

repeatable and of high quality within NSW.

PU of AUSPOS solutions

First, we investigated the AUSPOS-derived HPU and VPU
values. Descriptive statistics (i.e. minimum, maximum, range,
median, mean and standard deviation) were examined for the
entire dataset of 2,464 successful AUSPOS solutions (2-48 hour
duration). To allow examination of the effect the observation
session length has on the resulting uncertainties, we also
investigated these descriptive statistics for the 2-6 hour and 6-24
hour subsets (Janssen and McElroy, 2020). Figure 3 presents a
graphical visualisation of the results, showing PU as a function of
observation session length for the 2-6 hour and 6-24 hour datasets.
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As expected, a longer observation

span generally improves PU. This is
demonstrated by mean values of 0.023
m =+ 0.006 m (1 sigma) for HPU and
0.069 m £ 0.022 m (1 sigma) for VPU
when using 2-6 hour data, compared to
values 0of 0.015 m £ 0.003 m (1 sigma) for
HPU and 0.033 m + 0.016 m (1 sigma)
for VPU when using 6-24 hour data.
Most of the improvement is gained by
increasing the observation length from
2 hours to about 4-5 hours, with minor
but not insignificant improvement when
it is increased to 24 hours and beyond.

Observation sessions exceeding 12 hours
provide AUSPOS solutions of substantially
higher quality in the vertical component.
An investigation of site photos and other
metadata attributed the larger VPU values
evident for solutions greater than 15 hours
duration to poor sky view conditions
caused by substantial tree cover. As an
example, Figure 4 illustrates the conditions
encountered at the sites producing the
three largest VPU values. In spite of

these poor conditions, AUSPOS solutions
generally achieve acceptable HPU and
heights with a VPU of better than 0.1 m.

Cumulative distribution

The cumulative distribution allows us

to quantify the percentage of AUSPOS
solutions meeting a particular PU
threshold. Figure 5 visualises the
cumulative distribution in regards to

HPU and VPU for the 2-6 hour and 6-24
hour datasets, indicating the relationship
between uncertainty and reliability
achievable with AUSPOS. The reader can
use these graphs as a simple ‘look-up’ tool
to determine the likelihood of achieving
any specified HPU or VPU threshold with
2-6 hour and 6+ hour observation sessions.

Across the entire dataset (2-48 hrs), 70.6%
of AUSPOS solutions have HPU values
of 0.02 m or better, i.e. these solutions
have an absolute reported horizontal
accuracy slightly larger than the size of an

Australian 50c piece (radius of 16 mm)
with respect to the national datum. This
includes 38.6% of the 2-6 hour AUSPOS
solutions and 95.2% of the 6-24 hour
solutions with HPU values at this level.
Similarly, 95.7% of all solutions have
HPU values of 0.03 m or better, including
90.8% of the 2-6 hour solutions and
99.5% of the 6-24 hour solutions.

Regarding ellipsoidal height, 61.0% of
the AUSPOS solutions have VPU values
of 0.05 m or better across the entire
dataset. This includes 23.3% of the 2-6
hour AUSPOS solutions and 89.7% of
the 6-24 hour solutions with VPU values
at this level. Similarly, 71.8% of all
solutions have VPU values of 0.06 m or
better, including 42.7% of the 2-6 hour
solutions and 94.3% of the 6-24 hour
solutions. These results are impressive,
remembering that the uncertainties are
stated at the 95% confidence level. As
expected, a longer observation span
improves PU, particularly in the vertical
component. The findings illustrate

(@

Figure 4: Pushing the boundaries of reasonable sky view conditions in the field: (a) TS4

86, (b) SS4115, and (c) MM3634.
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why Geoscience Australia stipulates, and NSW supports,

a minimum observation span of 6 hours for AUSPOS data

to propagate the Survey Control Network in Australia.

Repeatability

Repeatability was investigated by comparing independent

reoccupations on the same mark. Where possible, independent

pairs of sessions on the same mark were selected for three

scenarios: two short sessions (2-6 hrs), one short (2-6 hrs)

and one long session (6+ hrs), and two long sessions (6+

hrs). In each scenario, each session was only paired once.

Since it is necessary to consider coordinate differences of

Coordinate Differences (145 Pairs: Short Sessions)
0.08
0.06
= 00 - ;
o2,° Sl . ot
= 002 Sy hat e P I S
[ [ S 0 3 .: °® o N -
N o DN CTAL RN R
I~ g f e * o° U
£-002 = S0 s —
O 004 [T et .
-0.06 .
Gi08 ° . ° * Hz|Dist * EHGT Diff
2.0 2.5 3.0 35 4.0 45 5.0 5.5 6.0
(a) Duration of Shorter Session (hrs)
Coordinate Differences (75 Pairs: Short-Long Session)
0.08 |
0.06
008 | . .
g ‘ ..0 o © ° o f ... ° . ° o
= 002 e o - -
RO TG AT S T T
s M e . . DO B ]
g _002 L] - ‘. " 3 0. . L]
= .
S .04 . " 3 .
-0.06
0.08 \ ° Hz|Dist  EHGT Diff
2.0 2.5 3.0 35 4.0 45 5.0 5.5 6.0
(b) Duration of Shorter Session (hrs)
Coordinate Differences (94 Pairs: Long Sessions)
0.08 .
0.06
= 0.04 |- . .
.
T 002 G e, ..,‘ s
g 000 PR 00 1005 gy Phoslindn t, .
[ " K ° . ‘.. ° oo, % °
& 0.02 v s © el e
= . * . .
O 004 5 .
.
-0.06 0
008 | * HzDist * EHGT Diff
6 8 10 12 14 16 18 20 22 24
(© Duration of Shorter Session (hrs)

Figure 6: Difference in horizontal and vertical
coordinates vs. duration for (a) short-session pairs, (b)
short-long-session pairs, and (c) long-session pairs.

opposite signs, the Root Mean Square (RMS) is appropriate to
quantify the average agreement in the vertical component.

Figure 6 visualises the results, referring to the horizontal distance
between the two AUSPOS solutions, as well as the difference

in ellipsoidal height (shorter minus longer session). Again,

it is evident that AUSPOS produces high-quality positioning
results with good repeatability. While longer observation
sessions improve the precision (repeatability) and reduce

the risk of outliers (range), shorter sessions provide suitable
results for strengthening the NSW Survey Control Network.

In July/August 2019, trigonometrical station TS3663
PANORAMA (located in Bathurst, close to NSW Spatial
Services) was occupied 38(!) times, providing an opportunity
to investigate the repeatability of AUSPOS solutions on this
high-quality, concrete-pillared mark with excellent sky view.
The longest observation session (48 hours) was assumed ground
truth, with the AUSPOS results of the shorter sessions being
compared against it (Figure 7). The average agreement is 0.006
m + 0.003 m (1 sigma) in the horizontal component, and the
RMS in ellipsoidal height is 0.010 m (1 sigma). This shows that
observation sessions of less than 6 hours in length have high
reliability and repeatability under good sky view conditions.
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A bullseye plot of the difference in horizontal position from

the 48-hour solution is shown in Figure 8, providing a spatial

perspective and illustrating the high precision of these results.

AHD connection

For a subset of marks, we compared the derived AHD
height determined by AUSPOS (using AUSGe0id2020)

NSW Spatial Services, on behalf
the NSW Surveyor-General, has

of

d

legislative, regulative responsibility to

maintain and extend the Survey Control
Network in NSW. CORSnet-NSW sites

comprise a fundamental, high-density

and long-term component of AUSPOS

infrastructure within the State
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to levelled AHD heights of sufficient quality on public
record, ensuring full independence from the data used to
produce AUSGeo0id2020. Figure 9 visualises the results
for the 2-6 hour and 6-24 hour data, referring to the
difference between the AUSPOS-derived AHD height and
the levelled AHD height on public record. The AUSPOS
solutions are consistent across all marks and observation
durations, delivering AHD heights with an RMS of about
0.040 m (1 sigma) or 0.078 m (95% confidence level)
and a range of about 0.35 m (-0.20 m to +0.15 m).

The derived AHD-PU reported by AUSPOS appears to be
overly conservative for the data investigated, providing a
mean AHD-PU of 0.182 m, which is more than double the
RMS for the difference to the levelled AHD height at the 95%
confidence level (i.e. about 0.078 m). This can be explained
by the conservative AUSGeo0id2020 uncertainty grid

values applied, with the best-case official AUSGeoid2020
uncertainty in NSW being about 0.14 m at the 95%
confidence level. It is pleasing to see that AUSPOS provides
a much better connection to AHD across NSW than reported.

Conclusion

NSW Spatial Services, on behalf of the NSW Surveyor-
General, has a legislative, regulative responsibility to
maintain and extend the Survey Control Network in NSW.
CORSnet-NSW sites comprise a fundamental, high-density
and long-term component of AUSPOS infrastructure
within the State. AUSPOS and CORSnet-NSW have
proven to be an ideal match to establish, propagate

and strengthen the NSW Survey Control Network.

In NSW, AUSPOS routinely delivers PU values of 0.02-0.03
m (horizontal) and 0.05-0.06 m (vertical). PU is substantially
improved by increasing the observation length from 2 hours
to 4-5 hours, and observation sessions exceeding 12 hours
provide much higher quality in ellipsoidal height. AUSPOS
results have a high degree of predictability and repeatability
throughout the State at sites with good sky view, over at least
the last 5 years. At sites with tree cover, acceptable HPU and
ellipsoidal heights with a VPU of better than 0.1 m can be
achieved. The derived AHD-PU values reported by AUSPOS
appear to be overly conservative for the data investigated (0.18
m reported vs. 0.08 m presented here), due to the conservative
AUSGeo0id2020 uncertainty grid values applied by AUSPOS.
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Virtual edition of ESA
Space App Camp 2020

For the first time, the ESA Space App
Camp is offering a virtual workspace to
20 dedicated developers: a comprehensive
preparation phase and an 11-day online
Space App Camp, supported by Earth
Observation, Artificial Intelligence and
business experts. The winners will be
rewarded with cash prizes, a unique
Earth Observation support package to
facilitate the continuation of the work on
their winning App idea, exclusive work
opportunities and insights at ESA.

The aim of the ESA Space App Camp

is to make Earth Observation data and
services accessible to a wide range

of citizens. The camp participants get
introduced to Copernicus and learn about
the many ways in which big data from
space can enrich mobile apps using a
dedicated API for EO data. Those who
attend will be tasked with devising
innovative apps and feasible business
models in one of five subject areas: Smart
Green Cities; Food Security; Health;
Tourism and Coastal monitoring. This
year, an additional topic on Agriculture
in honour of former ESA employee

Luigi Fusco can also be addressed.

ESA invites 20 developers, artificial
intelligence and machine learning
specialists from across Europe to
exchange new ideas with fellow
developers and tackle some of the
world’s greatest challenges from 11-21
September 2020. www.azo-space.com.

Remote sensing and remote data
control technology by 3D at Depth

3D at Depth Inc., survey support services,
and 3D data solutions recently launched
a remote sensing and remoted data
control solution to help operators provide
a safe, more efficient environment to
their operations while increasing their
near real-time 3D data intelligence. The
remote sensing and remote data control
technology is built around expanded
capabilities originally embedded in 3D at
Depth’s proven subsea LiDAR technology
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