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Introduction

Under the Crown Lands Act the State of NSW is separated into 2 divisions - the Central
and Eastern Division and the Western Division. In the Central and Eastern Division
each parcel of land is serviced by a legal network of roads creating legal access.
However, in the Western Division, this practice was only partly followed.

The current status is that there is a large network of roads throughout the Western
Division servicing towns and properties. Very few of these roads have any legal status.
Local authorities have extended the road network through properties with no action to
formalise the roads as a legal entity. When a portion of a road is washed away or is
irreparably damaged the authority may consult the lessee and then divert the road to suit
the circumstance.

Access to the leases has always been guaranteed through a clause in the leases stating
that the lessee is “not to obstruct or interfere with any reserves, roads or tracks, or the
use thereof by any person”. The interpretation of this clause has served to give people
free access to any network of roads or tracks that they required.

Up until now, this has not proved a problem as the majority of users have been
landholders or occupants of the leases. However, with the development of the main road
network and the proliferation of 4 wheel drive vehicles, outback tourism is a boom
business as people discover the isolation and joys of the desert. Under the current
interpretation of the terms of the lease, tourists are free to travel over the leases without
trespassing as long as they confine their movements to defined tracks.

There was some doubt regarding the traditional interpretation of this clause and on 21
June 1994, the Cabinet, in recognising the public right of way to access the road network
in the Western Division, approved amendments to the Western Lands Act 1901. The
intention of the proposed amendments was to confirm the rights of the public to travel
on tracks or unofficial roads in the Western Division. This amendment, to be subject
to a six year sunset clause, was to enable completion of a longer term strategy for
formalising tracks, roads and private rights of way. The sunset clause was to provide
that at the end of a six year period the public was to lose its right to use any track or
road which is not been formally dedicated as a road under the Act.

In reality, every parcel within the Western Division would need to be surveyed to
establish a right of way access to each lease, public roads would need to be identified
and formally reserved. To achieve this task within the six year time frame and using
traditional methods would require a huge injection of funds and manpower - a veritable
pot of gold at the end of the rainbow.

Clearly, this was not an option.

A second option which involved the generation of a coordinated cadastre was proposed.
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The current situation in the Western Division:
. available mapping at 1:100000 scale,

. field revision of current mapping was done mostly from aircraft and in some
cases is up to 20 years old,

o many tracks have fallen into disuse,

. many roads have been diverted.

Some realities in the Western Division:

. land values are very low,

. when fences are repewed they are usually relocated 5-10m offset from the
original location. In this way, boundaries “oscillate” from time to time. This
concept of floating boundaries is often difficult for the uninitiated to understand.

. Roads are relocated but notification of the changes for mapping purposes does
not occur. This is probably due to the unavailability of technology to achieve
this end.

Harcombe and Williamson (1997) argue the benefits of a “multi purpose cadastre” and
the need for cadastral reform in the impoverished lands of the Western Division. They
suggest an approach of a low accuracy coordinated cadastre for lands where there exists
a disproportionate high cost of cadastral surveys in relation to the low land values. They
suggest that an accuracy of 3-5m achievable with modern photogrammetry would be
sufficient for the purpose.

The method involves mapping at 1:50000, then classifying roads as
° public road,

. legal access,

. farm track networks

Once a road is classified as public or legal access, then the road centre line can be
coordinated photogrammetrically at the required accuracy. Updates of this information
could be achieved using GPS and a mobile mapping package, by point positions or from
optical traverse data.

The method was agreed in principle by the Land Titles Office. There would be some
problems where the “coordinated cadastre” met the traditional cadastre and these
problems would be addressed on a needs basis.

Control Requirements

The Land Information Centre (the Centre) was requested to provide the required
mapping. A program of mapping using GPS controlled photography was established.
This program promised a 1:50000 scale mapping covering 42% of the state of NSW to
be staged over a three year period. The mapping was to cover some twenty 1:250,000
maps giving rise to around 480 maps at 1:50,000 scale.
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The photography was to be GPS
controlled (Dickson) which gave rise
to huge savings in the ground survey
requirements. Ground control points
were required at each 1:250,000 map
sheet intersection. These points had
to be within 4km of the map corner
and located on the diagonal through 0

— O

1:250,000 Map Boundary

the corner as indicated in Figure 1. ‘\\

The stability of the photogrammetry | §| ~Photo Control Points Placed
was dependant on the separation of g I
the two points. (See Dickson, 1996). 8 '
In addition, three check or test points 8

were required in each 1:250,000 map é !

sheet. These points were best located
near the edges of the sheet as they
were to be used to test the rotations
of the photogrammetric models.

Figure 1

The ground control for 1:50,000 mapping in traditionally controlled photography would
be around 200 points per 1:250,000 map sheet. Noting that there would be some
economies with adjoining sheets, this equates to a savings in required control points is
in the region of 50x.

The ground survey accuracy requirements were to provide photo control “accurate to
+0.5m” in both horizontal and vertical. The survey branch at the Centre has
traditionally interpreted this statement to mean “the accuracy relative to the local
geodetic control at the 95% confidence interval.” This equates to a standard deviation
of 0.20m in horizontal and 0.25m in vertical (Kinlyside and Bannister). To achieve this,
GPS survey techniques were considered the most appropriate option.

Control Networks

In the early days of the 1:100,000 scale mapping, control in the Western Division was
provided by the then Division of National Mapping (now AUSLIG) by using Doppler
equipment. This satellite positioning technique gave an accuracy of +2.5m. This was
well outside the requirements of our survey. However we did utilise the substantial
marking carried out by this earlier survey.

The only horizontal control in the Western Division is the triangulation chains through
the middle of the state to Broken Hill and then into South Australia, from Broken Hill
following the Barrier Ranges north into Queensland and traverses from Broken Hill
south through Wentworth into Victoria, and from Bourke north through Barringun into
Queensland. See Attachment A.

In the early 1990's, the Centre carried out a survey of horizontal geodetic densification
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known as the High Precision Network. This was a network with a spacing between
stations of around 100km across the state of NSW. It provided connection across the
borders for similar networks in South Australia, Victoria and Queensland. It was
particularly important in the arid lands of the Western Division where there was little
or no adequate control.

Vertical control in Australia is sourced from the geodetic levelling networks observed
for the Australian Height Datum (AHD) determination of 1971. In the Western Division
these networks were realised by third order traverses comprising state survey marks
placed generally every 1-2 miles. (See Attachment B). In the past 30 years, diligent
grader drivers, shifting sand dunes and other roadworks have combined to reduce the
numbers of these marks but, thankfully, not dramatically in most areas.

The Centre determined that a 50km network would need to be established in order to
provide control at the required accuracy. This control network had a dual purpose with
additional points being established to form a well constrained network across the entire
Western Division. The existing marked control was used wherever possible with State
Survey Marks (SSM’s) and Permanent Marks (PM’s) providing a platform of height
control. The position of these marks along the road network system provided easy access
for future use. In addition to these marks, several of the Doppler stations that had been
observed as control for the original 1:100,000 scale mapping were used. These points
were located near 1:100,000 map sheet corners, substantially marked and, in some cases,
levelled (third order), thus forming an existing 50km network.

Field Procedures

In order to provide photo control, coordinated points are required at pre-determined
locations. These points must be visible on aerial photos. As for marking of these points
there are two options:

* to lay large plastic targets in a cross formation over accurately surveyed ground
marks (PM’s, GI Pipes etc). These targets are secured to the ground by long nails
or placing rocks, tree branches, car tyres - anything that can be found. The plastic
will deteriorate in time but can be damaged in the short term by stock, wind and
shifting sands. Plastic targets can also be subject to a process called halation
whereby sunlight reflected from the target appears as a flash on the photograph thus
rendering the target useless. Most of these problems can be overcome if the targets
can be laid and inspected close to the time of the photography. This is the most
accurate and reliable method of marking, however, the remoteness of the points and
the program of photography made this logistically unviable.

* The other option is to select photo points. These are easily identifiable natural
features at an appropriate scale e.g. small trees, fence intersections, cattle grids etc.
These points are coordinated and accurate identification sketches prepared. If recent
photography has been taken, then the point is identified and marked on the photo.
The disadvantage of this approach is that there is a risk that the point cannot be
identified on the new photography. This was considered the only option for this
project.
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To overcome the risk of misidentification 3-4 photo points were coordinated at each site.
The coordination of each point was done by a combination of very old and very new
technologies. Figure 2 shows diagrammatically the observations for a typical corner.

Firstly, a control point was selected near the map intersection to be part of the 50km
petwork. This was then permanently marked and the necessary baselines observed with
dual frequency GPS. The second site, diagonally opposite (see figure 2) was then
selected and a less substantial mark placed (e.g. GI pipe). A static dual frequency GPS
baseline (of around 8km) was observed between these two control points. The second
site was fixed by this radiation and required some form of checking against gross error.
This was provided by using Wide Area Differential GPS (WADS) observations. This
technique will be discussed later in more detail.

Photo points  were T
selected at each of the ?H

control points and offset I

by 2-5m in a northerly URS 3A PP1
direction. This was done
to allow the use of GPS
to coordinate the offset
point. The offset point
was determined using
steel tape and compass
bearing - true north and
whole metres for the
offset distance were used URS 38 PP1
as our standard. The
corner code and the
offset was incorporated
into the code for each
photo point; To WOHILS 6.
eg URS3AIN3 (about 50 km)

“URS3" was the south-
west corper of the
URISINO map,

“A” indicated  the

northern of the two \L N
photo point clusters at URS 38PP2
that corner,
“IN3" indicated that it Figure 2
was photo point 1 and

offset true north by 3m.

URS 3A PP3

WADS
Observation

*URS 3A
Gl PIPE

4
To PM 79823
(about 50 km)

These offset photo points were then linked to the relevant control point by means of a
kinematic GPS survey.
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The field work for the photo control and the 50km network was completed over a 20
month period from March 1995 to December 1996. It involved 6 field campaigns
covering 81 field days (including mobilisation).

Initially there were 4 two man parties operating 6 Trimble geodetic receivers, this was
reduced to 3 parties following the first field campaign. The equipment used between the
parties is as follows:

* 4 Trimble 4000SSE dual frequency receivers

* 2 Trimble 4000SE single frequency receivers

e 3 Magellan 5000 code (hand held) receivers

* 3 HF radios

e  compass, tapes etc

Two parties were tasked with the selection and occupying of the major photo control.
These parties each had one dual frequency and one single frequency receiver. This
combination allowed the parties to observe the longer static sessions with the dual
frequency and the shorter lines and kinematic with the single frequency. The remaining
party used the two remaining dual frequency receivers for occupying the 50km control
network and test points as required. The third party was responsible for the daily
logistics planning and the processing of the raw GPS data. Processing was done “on the
run” during observation sessions using a 486 75mhz notebook computer with 12 volt
capability.

Reconnaissance of the sights to be occupied was a luxury we could not afford. This
went against all our previous experience. For the 50km network, each party was given
a general area where the control was required and all the appropriate locality sketches.
General location of the height control was determined from sketch maps provided as part
of the contract levelling - (these were up to 30 years old). This locality was found and
an extensive search for a suitable marks carried out. The locality sketches in the
Western Division are often devoid of current features and this made finding the marks
difficult. For example, a sketch may show the location of the mark as being near a
telegraph line - the line has now been removed and the original road shifted. (With
experience, we became very good at “sniffing out” the position of these marks - it
became common place to be wandering around the scrub and to virtually trip over these
old marks!) However, we did not have unlimited time. We would set ourselves a time
limit in which to find an appropriate mark (say 1 hour) and after that we would place
a PM in the best available position.

Communications were at the heart of the success of this survey. To this end, our Codan
High Frequency (HF) radios were our lifeline. In a standard GPS survey, each party is
given a plan showing the marks that they should occupy and a strict time schedule. This
was not possible on our campaigns out west. A daily plan was drawn up with
approximate travelling times and the duration of the proposed sessions - usually two
occupations per day. Travel between occupations could be up to 200km on roads where
the road conditions could vary considerably, thus predicting travel times was difficult.
Combine this with varying static session lengths and daily logistics became a very
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difficult task. On arrival at the required site, the party would make contact on the radio,
and start and finish times confirmed. Without this communication the campaign would
have failed.

Navigation in the Western Division is a completely different experience. The country
at times lacks obvious landmarks with visibility cut to a kilometre or two due to the
3-4 metre high scrub. Water courses and gutters are numerous but dry with steep banks
that make traversing of the trackless sections by vehicle difficult. Property owners are
difficult to locate. The back gate of a property may be 80-90kms from the main
homestead. Neighbours may live 60 or 70km apart. In this country you are very much
on your own and this can be a daunting experience for many people. Mobile phones
don’t work and even on the main roads you may only see one or two other vehicles in
a day. Navigation to the survey points was done with the aid of a hand held GPS
receiver. It is essential not to disengage the brain when using this technology. A false
reading can send you miles off course, but if used with a map and common sense, then
it becomes a valuable tool in the featureless desert country.

We found early in the project that a good supply of spare tyres was essential - especially
in the rocky country around Tilpa and Cobar. Extensive tracts of cypress pine can be
found in these areas and this provides a perfect implement for puncturing tyres. In one
3 week period we managed to punctured 28 tyres between 3 vehicles with 5 of these
being total write-offs! Once we left the rocky country, the number of repairs dropped
dramatically.

Wide Area Differential System (WADS)

There are several Wide Area Differential Systems (WADS) in use around the world and
in Australia we are served by 3. These systems are designed to minimise the effect of
Selective Availability(S A). S A degrades the position given by a GPS receiver
(operating in point position mode) by some unknown and variable amount. These
variations are stated as within 100m 95% of the time. S A can be minimised by applying
a correction which can be calculated from data at a known point and applied to the data
from a remote receiver (Kinlyside and Bannister). WADS utilise the corrections from
more than one base station by broadcasting the corrections via a satellite communication
link and computing and applying a weighted mean correction to the position computed
at the remote site. This is done in near “real time”. In actual fact, there is a delay of
around 4-10 seconds between the control receiver receiving the GPS data and the remote
receiver displaying the corrected position

The OmniSTARplus System from FUGRO comprises a GPS receiver and a 486
computer housed in a box measuring 270mmx145mmx75mm. Attached to this is a small
GPS antenna, and a small micro-strip antenna to receiver signals from the OPTUS B
communications satellite. It requires a 12 volt power supply and is usually plugged into
the cigarette lighter socket in the vehicle. Data is collected at 9 sites spread around
Australia, corrections to the position are then calculated and sent via the telephone
network to the control station in Perth, West Australia. The corrections are then
uploaded to the OPTUS B satellite and broadcast to the Australian continent.
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Kinlyside and Bannister describe in detail the advantages of a wide area system over a
single base station approach especially when operating a more than 100kms from the
base. They showed that the resultant position would reach the horizontal accuracy
criteria for the Western Lands Project. However, it would not deliver the required
height accuracy. We decided to use WADS as a quality control measure for radiated
control (see Figure 2) and as horizontal control for test points where we could occupy
a known bench mark thus eliminating the need for accurate height.

The observations were taken using the geodetic receivers and averaging a position for
around 15 minutes. This technique, although not as accurate, saved many hours of static
GPS observations.

Where WADS was used as quality control, I have taken comparisons between the
adjusted positions of the points and the WADS derived coordinate - see table 1 in
Attachment D. In summary, this table shows that comparisons around the 0.3m level
were achieved in the easting with a larger value of 0.4m-0.7m in northing. Larger
differences of up to 1.2m in height were observed. Although the difference in northing
is larger than expected, this accuracy was considered sufficient for test points.

This comparison has its flaws. The WADS solution is based on corrections at base
stations using the Australian National Network (ANN) sites. The coordinates are in
terms of WGS 84. The adjusted values of my control points were in terms of AGD 66.
These values were then transformed using the LIC 93 parameters to WGS 84. The LIC
93 parameters are based on the WGS 84 position of TIDBINBILLA geodetic station.
This coordinate was propagated throughout NSW and transformation parameters
computed using 30 stations with AGD 66 values. These parameters deliver an absolute
accuracy of 2m. Considering the local distortions in AGD 66 which are known to be
up to 1m in 100km in NSW, these results are quite acceptable.

At the time of writing, the ANN values for relevant sites in NSW were unavailable. A
future comparison using a minimally constrained adjustment based on the ANN sites will
give rise to a more relevant comparison.

Results
The adjustment of the observations was carried out in two phases:

1. Two geodetic block adjustments roughly dividing the Western Division in two.
This generated coordinates for all control in the 50km network.

2. Generation of the photo point coordinates. This adjustment incorporated the
radiations from the 50km network and the kinematic and static baselines used to
coordinate the offset photo points.

The 50km network produced 176 coordinated marks in the Western Division. The
survey has been assigned Order 1, Class 2A as per Specifications for Control Surveys
-SP1.
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The survey occupied 12 sites previously coordinated by Doppler observations. Table
2 (below) shows the comparisons between the GPS and Doppler derived coordinates.
In summary, this table displays a mean difference of 1.623m in easting and 1.996m in
northing. The old techniques generally came in within the specifications and can be
relied upon at the 2.5m level. I suspect that the transformation of the Doppler
coordinates to AGD 66 suffered from similar problems as the comparison in Table 1 in
that the larger differences could be due to local distortions in the AGD 66 network.

STATION AMG DOPPLER GPS GPS - DOPPLER

NAME ZONE| EASTING | NORTHING EASTING | NORTHING AE | AN

NM B 271 54 | 694782425 | 6790363.658 | 694783.811| 6790366.077| 1.386 | 2418
NM B 272 54 | 790038.059 | 6788363.487 | 790041.015| 6788368.711| 2.956 5.224
NM C 031 55 218354.909 | 6456213.380 2183563.042] 6456210.371| -1.867 | -3.009
NM C 034 54 | 687748.366 | 6346359.618 | 687746.551 6346361.039| -1.815 | 1.421
NM C 038 55 224922 753 | 6235231.577 224919.846! 6235234.625| -2.907 3.048
NM C 088 54 | 691374.436 | 6677414.326 | 691373.708| 6677418.087| -0.728 | 3.761
NM C 089 55 213441.535 | 6676094.292 213441.381) 6676095.890| -0.154 " 1.598
NM C 164 54 645142.372 | 6680672.607 645145.379] 6680673.370| 3.007 0.763
NM C 166 54 | 641875665 | 6568680.920 | 641876.922| 6568680.295| 1.257 | -0.634
NM C 168 54 | 650800.463 | 6790883.073 | 650800.340| 6790883.838 -0.123 @ 0.765
QGS 2419 55 | 374318.745 | 6791389.340 | 374317.256| 6791389.227| -1.489 | -0.113
WANAARING 55 | 224090.252 | 6710579.131 | 224088.465 6710577.938 -1.788 | -1.194
MEAN = 1.623 | 1.99

Note: mean is the absoiute value of the difierence I |

| ’ | |

| l l \
Table 2

Conclusions

The ground survey component for this project has been supplied on schedule. The
resulting 50km control network should serve all needs in the Western Division for the
next ten years. The aerial photography is proceeding although behind schedule.

One of the major outcomes from this project will be the creation of a digital terrain
model at 1:50000 scale for 42% of NSW. This will be of use when manipulating
environmental data for such problems as woody weed infestation and the improved
management of our water ways.

In addition, existing physical properties boundaries can be coordinated
photogrammetrically thus generating a low accuracy coordinated cadastre.

By way of a post script, the process of creating a legal network of roads in the Western
Division has met with a political and legal snag. The recent “Wik” decision regarding
native title has cast a shadow over the future of the project. We await the outcome.
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ATTACHMENT D
TABLE 1
STATION WADS (GDA) GPS (WGS) GPS - WADS
NAME CO-ORDS [ AT ANT [MRK HT CO-ORDS AET] AN [AH

E 3012.965 ] E 3014.081]
YANTBTNZ™ N 5364232 [N 5384.638]

H 192900 1583 191.32] H 186.810]

E 5260237 e==] T 52604360
URS4B N 8194.707 N 8195.162| |

H 107.200 H 106.330

E 2561.974 E 2562.237
URS4A N 3405.392| N 3405.369

A 104.400| H 103.400

E 676.282| 1 E " 676.561
URSTA N 5326.998| N 5327.792

H 112.200 H 111.840

E 8259.189 E 8259.249] .
URS3A N 9275.832 N 9276.448|

H 172.200 H 172.190

E 1907.628[ E 1907.495]
IBOOTBTN3* N 6659.599] N 6659.861

H 95.380 H 94.859

E 3706.154 E 3706.258],
NMCTT1* N 8280.867 N 8281.004] -

H 108.400 A 108.775

€ 3706421 - = 3706.258|
NMCTTT* N 8281.171| N 8281.004

H 109.140 A 108775

E E 1844.940] =
[PV 3676 N N 5070.402]

H H 66.072

E E 6709.557]
CINTB1NG* N N 9256.116]°

H H 41.998

E E 4726.402
NOWTBTN3® N N 6657.373|

H H 55.921

E i E 397.689| —
PARTATNS*® N 5322.932}; N 5322.230| .

R 72.190 H 70.739

£ 1494.539] 1% E 1494.588
[POCZATNS® N 409282 N 409.859].

H 90.710 H 89.738

E 4405629 E 4405.380
DOGTATNG® N 4023356 N 4028.044] |

H 68.180 H 67.438

E 3317.865] E 3318.163.
ANATBIN3" N 7310.422 N 7309.897

H 96.580 H 94.569

E 947511 = 947.298
ICOB31N5G* N 8094.767|- N 8004.078|

A 243.100 H 247.839|

E 3683.231] E 3683.204
SSMB497* N 2975638 N 3075654

H 114.600 H 113410

| | ||

[~ COORDINATES DERIVED BY OLDER WADS METHODS ;
" DATA'PROBABLY AFFECTED BY LOOSE INTERNAL CONNECTION ONO




