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1.1
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1.1.2

Executive Summary

Many organizations use Digital Cadastral Maps to maintain ownership
information, and many have also located their utility and zoning layers against
these cadastral maps. The increasing availability of GPS has highlighted the
spatial inaccuracies of these themes, and this inaccuracy in the Cadastral Layer
effectively prevents GPS located features from be used directly in large-scale
maps.

The GIS and Surveying communities must either downgrade their GPS
coordinates to fit the digitised themes, or improve the spatial accuracy of these
cadastral and spatially dependent themes. The problem is that if the cadastral
theme isimproved the utility (and other) themes are then in the wrong location
relative to the cadastral theme. To fix this, all themes must be moved to fit the
new cadastral theme, but this is difficult logistically as many of these themes
are maintained by separate organizations.

In theory these digitised themes will eventually become spatially accurate
through maintenance cycles. This has not eventuated due to lack of suitable
toolsto cost effectively carry out this processes.

This demand has created the need for software solutions that provide efficient
and easy-to-use property parcel maintenance tools.

The Spatial Adjustment Engine offers the GIS community the first real tool to
manage the ongoing upgrade of spatial data.

This paper examines the two versions of the Spatial Adjustment Engine to
address the main task of upgrading the Cadastre, then of moving spatialy
dependant themes such as Utility, Zoning and Annotation to match the spatially
improved Cadastre.

Two Spatial Adjustment Engine (SAE) versions

The Spatial Adjustment Engine comes in two versions, being Cadastral and
Utility Upgrades, and each is optimised for the processit addresses.

Cadastral Upgrades

The SAE combines State Survey Marks (SSMs), GPS Coordinates, Title and/or
Survey Dimensions and the Cadastral Layer to allow for the rigorous upgrade
of the Cadastral Layer, as well as the output of the Dimensions in a variety of
Spatial and Relational formats. This version is mainly used interactively as the
major process is data entry, data validation, and statistical reports and anaysis.

Utility Upgrades

The SAE has been well proven at managing the shifting of Utility and Zoning
Themes, and Annotation Layers as the Cadastre is upgraded. This version is
totally automated via scripts, taking the user’s data in a predefined agreed
format and automates the entire upgrade process from loading the area’s data
through the upgrade process to producing the upgraded theme.
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2 Introduction

The Spatia Adjustment Engine features an easy-to-use point-and-click
Graphical User Interface and a simple and comprehensive scripting language.
All commands are available in the scripting language and in the standard
Windows interface. The SAE provides all the necessary tools to import data
from a variety of spatial formats, and a comprehensive set of tools is available
for data entry, data validation, adjustment, statistical analysis and final export.

This paper describes many of the major highlights of the Spatial Adjustment
Engine, and provides many screen examples to help the reader understand the
scope and purpose of this application.

The Spatial Adjustment Engineisa ‘Vendor Free’ application, meaning that it
only uses freely available components from other vendors. All the data held for
the spatial upgrade is held in a Microsoft Access database, which means that
data can easily be transferred to corporate systems and used as required by
other systems. For example, during the Cadastral upgrade significant vector
data is collected from the Survey Plans, which could be maintained in a
database serving the Survey Profession.

The two Upgrade Methodologies are briefly elaborated on as follows:

2.1 Cadastral Layer Upgrade Methodology Explained

The Cadastral Layer has been digitised from paper maps, and there is much
knowledge in the industry about the inaccuracies inherent in this important
dataset.

The process of upgrading the Cadastral Layer is one mgor problem in itself,
the size and scope of the task is very large, and the mathematics needed is
complex. The only way the cadastre can be upgraded is area by area, but to
maintain a current cadastre the upgraded cadastre must be inserted back into
the master layer. This means that a buffered area of perhaps several hundred
metres must be adjusted to accommodate a transition from the original cadastre
to the repositioned upgraded cadastre. The problem of adjusting the multitude
of Survey Plans, tracking down data entry errors and erroneous plan
dimensions, and sorting out what lines to adopt from Survey Plans with
different dimensions is another difficult logistical and mathematical problem.

The SAE deals with all of these problems in the following manner:

First, the Cadastral Layer is loaded into the SAE, and the polyline structure of
the Cadastral Layer is translated into a Point-Node structure, which means that
every unigue coordinate is given a unique point number, and the lines between
each joined pair of points is also given a unique number. The State Survey
Marks and GPS points are loaded into a different layer, which enables them to
be held fixed in the adjustments that occur later.

Next, the many dimensions (both the bearings and the distances) are entered
against their Survey Plan Numbers. Each dimension is located against the
Cadastral Layer by a simple mouse-down-up action that triggers a form that
enables the bearing and distance to be entered. Much effort has been put into
reducing the data entry and validation times.
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Figure 1 shows the SAE’s Survey Dimension Summary form:
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Figure1l- Survey Dimension Form

A variety of tasks can be started from here, including zooming to the Plan in
the spatial viewer, editing any survey dimension, modifying how the current
Plan istreated in the adjustment run, its display, etc

The form in Figure 2 is used for entering and editing the Title Dimensions, i.e.
the Bearing and Distances on the Survey Plans.

. Title Dimension Entry for DP100504Rotation ~ 7D x|

Thisform provides Individual lines have
Title Distance 41.888 .
[ Show Last Distance various ﬂ ags,

. . Title Bearing
al of the Dimension I Show Last Beaiing

hiti SACDE Beai °45'10" SACDB . . . i i

Entry gnd |n|t|§l (4130 Dogrons 150748 10" QSACOR {41, 8om, 137 430 including operator

validation routines. codes, radius, and
Current DF# |100504 [ Set Radius ~ Lse this line in whether thelineis

A wide variety of — e fekstnent valid and can be used

formats and units pereer ] siehtneie | St | Ensendl || the agjustment,

can be u%d to Speed Delete this Line | Cancel THIS Line | Accept THIS Line I

data entry, and the ~ S ame Line in Other DP* The two points at the

SAE k%ps trmk Of [DPNo_ [Surveyor  |Date [Beaing  [Distance [Radius [Op [0k ends Of the | | nes can

048932 Unknown | t07:23 PM| 151°62'28"  41.833| NA LE |T

dimensions that have be flashed, which can
been entered be very helpful in

H H i~ Manage 'possible’ matches to Lines in Other DF's - MUST be IN the view : 3
prev' Oug y agal nst Show Possibles | Bearing Diff I Distance Diff | Adopt Last line 'clicked" | Compl exs tuaII ons
ancther Plan. with many short

lines.
»

Figure 2 - Title Dimension Form

The validation tools are then used to search for errors. There are several tools,
each with a greater degree of refinement and each with different mechanismsto
find the different types of errors.
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2.2

Using only observations built from the Survey Plan dimensions, the Survey
Plan data is then adjusted. Problematic areas in the Survey Plans can be found
using the SAE’s statistics tools, which are then fixed with various editing tools.
Typically several iterations of this process are required.

When al the Survey Plan Data has been fixed the job of upgrading the
Cadastral Layer can be commenced.

This requires a few different settings in the SAE, and another adjustment run.
These settings tell the SAE to hold all the adjusted Survey Plan coordinates as
control, and to build the observations from the Cadastral Layer coordinates and
topology.

As an example, one project comprising 3757 parcels and 11053 points in the
Cadastral Layer, 884 Survey Plans with 16,517 dimensions, and just 54
SSM/GPS points resulted in an adjustment with a standard deviation of just
0.031 metres in Survey Plan Distances, fitted to 10 GPS check points within
0.2m. This dataset had local shifts ranging from near —3m to +33 metres,
meaning that the Cadastral Layer was out by up to 33 metres in some places.
The SAE is capable of adjusting larger datasets, but this is about optimum from
a project management perspective.

Utility Upgrade Methodology Explained

The Utility Layers, together with other layers such as annotation layers, have
been digitised against a cadastral layer in order to produce consistent maps.
There is little value showing the water supply for a particular parcel
terminating in a neighbouring parcel, so these layers are deliberatey
downgraded to fit the Cadastral Layer.

With upgrade to the Cadastral Layer, the utilities need to be upgraded to
maintain their local positioning (spatial relativity) with the Cadastral Layer.

The Spatial Adjustment Engine has sophisticated point-matching routines
that match points in the original Cadastral Layer with points in the new
‘upgraded’” Cadastral Layer. These shifts are then used to manage the upgrade
of the utility (and other) layersto fit the new Cadastral Layer.

Figure 3 shows the new Cadastral Layer in Green, the original Cadastral Layer
in black, the joins between the two Cadastral Layers in blue, and the utility
layersin other colours.
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Figure 3 - Utility Adjustment showing Equivalent Points

Figure 4 shows the same view after a successful adjustment by the Spatia
Adjustment Engine.

have been moved to
best maintain
“Spatial Relativity”.

+  Maximum PntEquiv Distance in this extent is at Point : 1391, EI 5'
Fle Psuedolayers Coordinates Observations Actions After the Upgrade the
T Black Cadastral
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over the destination
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) . upgrade of the Utility
: and Annotation
- . Layers has been
. completely
: ’ successful.
1

Figure 4 - Utility Adjustment showing Adjusted Themes

O @V FIP=E @

Comparing the two images will show differing sized shifts in different
directions. Also note that the utilities have maintained their location relative to
the new ‘upgraded’ cadastre.

It should be pointed out that the Utility Upgrade functionality assumes the
SAE has not been used for the Cadastral upgrade, however better results
should be expected quicker if it is.
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Legend Editor

The SAE’s Legend Editor (shown below) provides the usual tools to set
colours and line thicknesses for each theme of spatial data, but also provides

settings for each theme for adjustment purposes.

i% Spatial Adjustment Engine - Copyrights Roger = |EII5|
: o Survey Suvey Plah
Adjustrment Statiztics General Raster b Tl
: —Step through available Layers —
[F_DEDE_MGA_001 Jein o Ol Layer | | eto o v |
v adjust this Layer [ Control Layer v Plot Layer Fieset Control Layer Conrds |
Pen Colour I Diraw Mode | 13 Ciraw Style I i Drrawiadidth | 1
— Link this Laper to other Layers————— — Simplify this Layer
[~ Snap this Layer onta all the previous ™ Use Simplified Yersion of this Layer
Layers Fhamn_ve Paints where the Square
Shap thiz layer's points to previously Off Distanee [mm) of the middle I oo
lnaded point where the distance [m] point is less than
to the nearest iz less than : y
I 0.000 | Link this Laver to other Layers -
i 20
— Hold to E stimated Co-ordinates v Build Ilnferred qunlog_l,ll ;
. . Enter the 'Search Distance’ from all points
I™ Forrn Pasition Equatiors if1 this Layer to those in all adiusting Layers
Standard D.e_\-'ie_lliu:un [rn] of thiz I no ‘Weighting Factor  for Lines lezs than [m:
Layers Pozitioning m“' IT
[ Use Estimated Coords for Position Equ's
|DDE Conversation A5CI File Projection = AMGSEE | Mo DDE Messages za far...

[ e e ey 7443176313 Button No Foint

Figure5 - The Legend Editor for Spatial Layers

By far the most important concepts are “Inferred Topology”, “Vertica
Topology”, and “Implied Vertical Topology”. These concepts can be

researched through URLs mentioned later in this document.
A great deal of time has gone into developing methodologies an

d code that

allow the widely varying spatial Topologies to be stable and representative in

the observation tables that are produced in the adjustment process.

This form caters for the varying adjustment scenarios, which exist in both
Cadastral and Utility adjustments. Some themes are fixed and not open for

adjustment, such as State Survey Mark themes.

Other themes are best treated with Position Equations, such as GPS Themes.
Cadastral Themes need little of no Inferred Topology but themes for Utilities,
Zoning and Annotation Layers are totally reliant on Inferred Topol ogy

www.SpatialWeb.com.au

Page 6 of 18



Spatial Adjustment Engine

White Paper

4

Map Data Display
The SAE’s Map Display can vary considerably depending on the information
being displayed and the intended purpose.

Figure 6 shows the Cadastral Layer during the adjustment phase, small black
circles are drawn over each vertex as the matrix goes through its Cholesky run:

Infarmation

i Bearing &
| Distance

: Bearing
OMLY

Distance
onily

Parallel Line |

[Inclined Angle

. Evjuivalent
Poirit

[ Zoomto Full
Extents

" Wiew On-Line |

Help

configuration of the Spatial Adjustment Engine.

The following diagram explains the Map View tools for the Cadastral Upgrade

eV HFEE®

+ Registration Details: Morthern Territory Governmer_lt,—.i_z'lf

File Psuedolayers Coordinates Observations Actions

b

x|

")

" Pan Maorth
Wigst

e | [ERIS et

Pan Marth

Pan South

Pan South
st
?I Previous

| Extert | Menxt Extent

The provision of tools on the Map View has proved convenient and very
effective for the operator.

EZElo =S

* Pan South

East

%

Figure 6 - A Utility Adjustment doing the Cholesky process

" Pan North

East

Zoom In

Toom Cut

Pan (in any
Direction) |

Search for a
Feature

* Wiew Hat

Linked DP |

The provision of Panning and other tools on the Map View makes working
with the Spatial Adjustment Engine very easy at large scales. Instead of having
to select another tool to pan alittle and reselect the tool you were using, all you
have to do is click on the Panning tool for the direction you want to pan then
carry on with the existing tool.

In the Cadastral Adjustment process, accurate surveying data is collected from
Survey Plans (officia records of subdivison and consolidation) and
connectionsto State Survey Marks or GPS Coordinates are entered.

www.SpatialWeb.com.au
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+ Mearest Point is 563, at 340° for 5.2m, Layer Option_3 001 { 41RP - |EI|5|

File Psuedo Lavers Coordinates Observations  Actions

Qe [V-FEFE@

Figure 7 shows the ‘active’ Survey Plan highlighted in yellow, the original
position of the Cadastre, and joins from Control points (Red Dots). The
Camera and Information button can also be used to display the relevant raster
‘Survey Plan’ image for any parcel in the cadastre. These images can be
displayed on the same PC or on a nearby PC via a network connection.

i <4l ! on

- niics
Show DPs In View |

AN A1RD .

ol =€ 0] 2%

2001168

5201168

31657234 V201168

7 auE

Figure 7 - A Cadastre with Survey Plans prior to Upgrade

Note that there is survey joins from the two red dots stretching to the South
East for about 40 metres.

Apart from the joins to Control Points, all Survey Plans are entered against the
Cadastral Layer. This greatly improves data entry speed as points in the
Cadastral Layer are used to identify common points between Survey Plans,
thus integrating the Survey Plan data. Further, it connects the Cadastral Layer
to the Survey Plans, which means the cadastre can be moved to its optimal
position after the Survey Plans have been adjusted.
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+ Nearest Point is 1516, at 273° for 59.66m, Layer Option_3_SCDE

File P

SeVHFERE@

Figure 8 shows the upgraded Cadastre and Survey Plan Layers after an
adjustment involving SSM’s, GPS Coordinates and Survey Plan Dimensions.
Note that the cadastre has moved to the control points, and that the dimensions
in the cadastral layer now significantly approach the Title and/or Surveyed
dimensions. Further, the unsurveyed boundaries have moved to fit the
upgraded cadastre yet significantly maintained their original shape.

Note that the Cadastral Layer has been moved to fit over the GPS Coordinates,
which were collected to fix those cadastral corners.

]

suedo Lavers  Coordinates  Observations  Ackions

- -

Show DPs in View -|

20.1165
&

_ ennee.

alp- 43 KPS MY

20.1155 an11ee

3.657234 1 Z'II].1 168

b

o’

Q&R

Figure 8 - A Cadastre with Survey Plans after Upgrade

The overall statistics of this adjustment were:

The Standard Deviation of all valid surveyltitle distances was 0.031m, but
there were some cases where large errors had to be kept to improve areas with
only very old plans showing general locations

The Standard deviation of the GPS coordinates was 0.1m

The fit to unused GPS Coordinates was generally 0.2m, but al the larger
miscloses were in areas where there were known problematic plans

Based on 52 State Survey marks, 857 Survey Plans comprising 16,517
dimensions, 3757 cadastral Parcels, an estimated one hour per Survey Plan
is needed to complete al the processes, being data loading, data entry, data
validation and correction, adjustment and export.

www.SpatialWeb.com.au
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5 Survey Plan Entry and Editing

There are two forms for managing Survey Plans and Survey Dimensions. The
firgt, the “Survey Dimensions” form, manages data at the Survey Plan level
whilst the second form; the “Title Dimension Editor” manages data at the
dimension level.

5.1 The Survey Dimension Summary Form

This form shows data about the Survey Plan and how the individua Survey
Plan will be treated in the adjustment processing.

Any Survey Plan can be found easily by spatial searches in the Map View,
typing the Survey Plan number into the “Plan # or selecting from the
neighbouring List Control.

The Survey Dimension Form (Figure 9) also shows the ‘Calculated minus
Observed’ values for each dimension. The 7°59°02” rotation is indicative of
the azimuth difference between title dimensions and geographic bearings for
the adjusted coordinates in this geographic area. The ‘DiffDist’ values of zero
indicated that this Survey Plan has adjusted to its true shape. Other tests exist
to measure how well it has converged to its true location, i.e. against State
Survey Marks or GPS Coordinates.

i% Spatial Adjustment Engine - Copyrights Roger - 1978 o =] |

i e ] Survey I Suwey Flan |
Adjuztment Layer Statiztics General R aster ] Dimen'ns Tl

— Surven Plan by Unknown [27/171 /2002 7:07:23 PM]

Plan #: |855470 E: |855455 ‘l AEd;:ap:i:sFQ:Stcrfl F Clear )l |
¥ Dizplay Thiz Plan 9 o Setall
v aadjust This DP DISDLEI OF Colouts.
Fotation PPM  RLim] Wldlh olours: ——

"B Comtrol]— active: [
I? 22 ID ID Mot Adiustable: [T

— Survey Line Details
BegPrt|EndPrt |DPEmg  |DPDist  |GmdBear |GindDist |DifBear |DifiDist  |F. o« |

1670 167 122°25'0" 19.835130°4316" 19.84 -872416" A0 M,
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1673 1674 7313301 3076 g7 ag4e" 208 -B2516" A0 M,

1674 1675 10974230 3076 1187721 a0z 872451 00N

Unhook by DF Digtz | HeHook ta Fixed DPSI m BuildiFasition Equations orr
UrHook by Fis'd DF | SERNESYE | Ohig © Adjused 1 m

[DDE Corrversation | ASCI File Projection = AMGSE | MNoDDE Messages so far...
|— Cursor Co-ordinates

267921.796 7441513945 Buttor 1280 L S0bs262° |

Figure 9 - Working with Survey Dimensions

Any Survey Dimension can be edited either by double clicking a dimension on
the above form or selecting it on the Map View. In either case, the Title
Dimension form will be displayed.
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52 The Title Dimension Form

The Title Dimension form (Figure 10) alows for the entry of individual
dimensions from the Survey Plans, or of reduced Directions and Distances
from field Surveys.

i, Title Dimension Entry

The Operator 1d and

itle Bearing 17.872 Current DP# number
Show Last Bearing Show Lazt Digtance are remembered for
SACDE Bearing [f7°12' 258 SACDB |17 .87n. 58 64f :
(++~180 Degreas) Distance |55 .9 Links ;‘fgseesdgon Ofdt:te

, reducing data
entry times.

: is entered another
cornt | | 13 Cepayed to

el s Lie Cancel THIS Line | | Accept THIS Line capture various data

— about the DP.
Same Line in Other DP's If the “Set Radius” is
DP Mo [Suveyor | Date |Beaing | Distance |Radius [Op [0k
864565 Unknown | mO07T:23PM 5874825 17872 Na D/ | T Checked then more
controls are shown to
allow the entry of the
Manage 'possible’ matches to Lines in Other DP's - MUST be [N the view. radi :JS Of.the ArC. h
ShowPossblss | BearingDiff | Distance Diff | Adopt Last ins 'dlicked | Toolsexist to searc
for similar

Dimensions that may
match this one.
3

Figure 10 - Working with the Title Dimension Form

The top line shows the values from the Survey Plan, and both values support a
variety of data formats to accommodate various versions of bearings and
distances, including links and feet and inches.

The second line shows the derived values from the Cadastre’s coordinates. The
cadastre can be displayed with either the origina coordinates or the adjusted
coordinates. These values are based on the current display coordinates.

Each Survey Dimension is tied to a Survey Plan, and can be individually
excluded from the adjustment if the user feelsthe line isincorrect.

In this particular case, the same Survey Dimension has also been recorded on
another Survey Plan, number 864565. If there are variations between two
plans, the adjustment process will do its best to accommodate both but may
allocate most of the error to one of the dimensions depending on the other
dimensions, GPS coordinates and so on. These differences are typically best
looked at in the statistical reports.

If during data entry of the Survey Plan’s metadata the “Year of Survey” is
entered the Spatial Adjustment Engine will weight the Survey Plan’s
observations according to the accuracy of surveying equipment available at that
time.
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6 The Core of the Spatial Adjustment Engine

The core of the Spatial Adjustment Engine is a Parametric Variation of
Coordinates routine based on theory developed by Gauss and Cholesky over 40
years ago. This technique has been used around the world since then to adjust
Traverse Networks.

This technique handles the complex problem of obtaining the optimal
coordinates for complex traverse networks using observed values for angles
and distances. The SAE Hypothesis is easy, if angles and distances are
preserved whilst fitting exactly to key points, then the shape of the spatial
feature has been preserved as best as possible.

The Spatial Adjustment Engine uses this technique for both Cadastra and
Utility Upgrades, and the impressive results are proof of the viability of this
technique for Spatial upgrades.

In Cadastral Upgrades, the angles and distances are taken from the Bearings
and Distances that make up the Title Dimensions on the Survey Plans. This
approach means that the best fit of all the Survey Plans is achieved, that
erroneous data on individual plans can be identified via the validation and
statistical routines provided and turned off, and that expected accuracies can be
achieved.

In Utility Upgrades, the angles and distances are derived from the cadastral and
utility topology, and are supplemented by further angles and distances between
the themes to maintain relative topology.

The Spatial Adjustment Engine has a very powerful and effective adjustment
tool, capable of handling thousands of Survey Plans, tens of thousands of
parcels, and any amount of utility data in the parcel area. The upper limit of the
Spatial Adjustment Engine is much greater than practicadl work place
procedures, meaning that it is better to limit the size of individua jobs for the
sake of human and computing resources.

For further information on this Least Squares Adjustment method, please refer
to:

Practical Least Squares and Statistics for Surveyors, Monograph 13, School of
Geomatic Engineering. The University of New South Wales, Kensington,
Australia, 2052, 319pp. Harvey B.R., (1995).

Analysis and Adjustment of Survey Measurements, Mikhail, E.M. and Gracie,
G. (1981).

Observations and Least -Squares, Mikhail, E.M. (1976).

Adjustment Computations: Statistics and Least Squares in Surveying and GIS,
Wolf, P. R. and Ghilani, C. D. (1997).
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7.1

Statistical Analysis in the SAE

The SAE provides various tools to help debug the data. Data validation exists
at data entry to detect gross errors, but after the data has been entered a variety

of tools are needed to scan for errors’

The Statisticsform (Figure 11) is where these reports can be run.

4% Spatial Adjustment Engine - Copyrights Roger M FFILE 18 o =] |
] 5 Suvey Plan |
Adjuztment General R azter Dimlg:im] u\_fl_euyulxan
— Teshing the Onginal Co-ordinates Againzt the Adjusted — Check DF Clozes
— Find ‘Worst Directions Bracing Factar |3
W #toFind % Unweighted _Fi o Fepart Misclose » |_2
I adiuz = ;
10 " \Weighted Tidth=1 | Report File Mame:
|DPMizclose SAE Rpt
~ Find ‘worst Distances —
: & Unweighted * . Dalt1 I Daltz I
¥ #toFind I'ID— = : Radius =3
weighted  _Width=2 | | DP Dists Vs Adj Coords
~ Find Wiorst Co-ord S hifts Report Delta = |_2
: f+ Urnweighted _ Repart File Name:
v #toFind |1|j_ : Fladiuz =5
" Weighted itk = 2 |DPCidDelta SAERpt
v Display These Results in MotePad Do It | Do [t I
— Taper and Snap
T aper Distance Ig_m B Radius=4]| Shaw | S B
Shap Distance |D.I:I‘l [0 Radius=4| Dalt | HE o firpoit
[DDE Corrversation | ASCI File Projection = AMGSE | MNoDDE Messages so far...
E CUs La oS oy 7443176.313 Button Mo Paint |

Figure 11 - Satistical Analysisin the Spatial Adjustment Engine

The “Survey Plan (C-O) Stats’

" Report

The “Survey Plan (C-O) Stats” report isin the following format:
909054 has a total of 6 survey dimensions, and a Survey Plan Rotation of: 7°47'11"

BegPnt EndPnt| SPBrng SPDist| GrndBear GrndDist |DiffBear DiffDist RadiusOp Ok
| 7462 7463 89°47'10" 67.620 97°26'30"| 67.616-7°39'20"| .004 NA|SL| T
| 7462 7467/179°42'30" 76.660, 7°21'44"| 76.639-7°39'14"| .021 NA|SL| T
| 7463 7464| 163°540" 22.477/171°3315"| 22.474-7°39'15"| .003] NA|SL| T
| 7464 7465 20°54'20"/18.720 28°3359"| 18.717-7°39'39"| .003] NA|/SL T
| 7465 7466 57°55'10" 74.764| 65°35'11"| 74.761) -7°401"| .003] NA|SL T
| 7466 7467 118°490" 3.914126°25'58"|  3.905-7°36'58"| .009) NA(SL| T

(etc)

Sum Absolute(DiffDist) = 233.769
Standard Dev DiffDist = 0.031

This report shows every Survey Dimension where the distance from the
Adjusted Coordinates differs to the title distance by more than atolerance. The
total of all these C-O’s are summed and the standard deviation produced.

www.SpatialWeb.com.au
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7.2

7.3

. Nearest Point is 8770, at 99° for 6.11m, Layer A_DCDB_MGA_00; =1o] x|
, . ; ; = The two dark brown
File Psuedolayers Coordinates Obserwvations Actions _ ||nes | nd| cate Where a
‘@‘@‘ﬂ é misclose was found.
Show DPs In View | @ Each misclose found
— indicates the parcel
% that has the misclose,
W thus narrowing the
| == | field of candidates.
ﬁ This process cannot
locate the individual

This summarises an Adjustment with 16,517 dimensions, meaning that the
whole mix of surveys carried out over the last 200 years by many surveyors
with instrumentation of varying accuracy has a standard deviation of just 31
millimetres.

The Topology Report

The Topology Report looks for miscloses in and between Survey Plans, and is
in the following format:

' DP1 | DP2 | FromPoint| ToPoint| Misclose(m)
| 607959 607959 7174 L 7175 | 3
| 607959 607959 7173 | 7174 | 3
| 603550, 600801 7354 | 7363 | .2
| 602047| 603550 7310 L7311 | 7

This report summarises the interactive Topology Reporting Tool on the Map
View, which is explained next.

The Interactive Topology Report

Miscloses can be detected by using an interactive facility on the Map View.
Using the “Info Tool” with the “Topology Testing” option the user can click on
a Survey Point and the SAE will loop through nearby dimensions and show
any miscloses over a selected tolerance. The following shows such a search:

OB FIEFE

error in either a
Survey Plan’s Title
Bearing or aTitle
Distance, but if no
misclose is reported
then thereislittle
likelihood of an error
being present.

Note that thisisalso
reported in atext

@@@ ’g form.

Figure 12 - Interactive Topology Testing

Red and blue circles are drawn on each line in the ‘Active Survey Plan’ with a
C-0 of greater than 0.1m, with the radius increasing with the misclose. This
helps visualising where the errors are. This Survey Plan was chosen for this
example, asitisavery old plan in rugged territory, hence the large miscloses.
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8 Survey Plan Adjustment Management Tools

Orchestrating the Survey Plan adjustment requires management tools to set up
the various parameters for the adjustment.

These tools are provided by the Survey Plan Tools form, which is shown

below:
44 Spatial Adjustment Engine - Copyrights Roger = IEllil
L'
Adiustrment Layer Statiztics General Fazter [;Si;r;r?is Suv.ﬁ-':ull::an

— Mizcellaneous Toals to help with DCDE Adjustments:

Yrite the Adjusted DPs out

Set @djust Thiz DF' Flag to 'T' for all DPs totally in the View I ko & Shape File

Set ‘Adjuzst This DF' Flag to 'F' far all DPs tatally in the Yiew I

— DP Adjustment Bur:

Set ‘idjust This DP' Flag to 'T' for all DPz in the DB | Base Topo Mame:[4 DCDE MGA
Set 'Adjust This DP' Flag ta 'F' for all DPs in the DB | [V Use Parallel Lines -
¥ | Inclined Lines

Set 'Position Equ' Flag to 'T' for all DPs in the DB | IV Derive Long Lines in this theme

Set 'Position Equ’ Flag to 'F' for all DPs in the DB | Std Dieviat'n of DF Data (m):[ 00z
SR F DPS' Std Deviat'n of DCDE [m): 1.0

Adiust all ‘Adjust Thiz DP' totally in
the Viewing area [+DCDE if On)

[ Estimate UnConveged Coords
Make 'DPAdiSetésControl Script for ALLDPs | | ¥ Post Process Straight/Parallel...

Make 'DPAdiSetdzCaontrol' Script for Adjustable
DPs with 2 or more Control Points

|DDE Corrversation ASCI File Projection = AMGEE | Mo DDE Meszages so far...
|— Cursor Co-ordinates

261505.708 7438834.039 Buttor Mo Point |

Figure 13 - Survey Plan Tools

This form provides tools to set states for al the Survey Plans entered, and
include tools:

e for incremental adjustment of Survey Plans
e 1o set bracing observations for straight, inclined and parallel lines
e 1o set accuracies and run the adjustment

e 10 set post processing options

Individual Survey Plan parameters are set on the “Survey Dimension” Tab, and
these can be used to handle odd situations like Survey Islands, which are
clusters of Survey Plans that have inadequate direct or indirect connection to
State Survey Marks or GPS Coordinates.
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9 Cadastral and Utility Layer Adjustment

Management Tools

Orchedtrating the adjustment of cadastral and utility themes requires
management tools to set up the various parameters for the adjustment, which
the following form provides:

[~ Beport Each Ikeration
[+ Handle Bad Geometry

44 Spatial Adjustment Engine - Copyrights Roger = |EI|5|
------------------------------ e Survey Suvey Plan
Statistics General Raster Diftaraie Tl
— Confirm Adjustment Switches—— — Set Adjustment Parameters
¥ [Fe] Calculate Observations |M awimurn Nurmber of lterations | 10
[+ Usze GPS # Survey Contral - -
e F e iTartiol IE!wt when kMax Shift [m] < I 0.05
¥ Plat Each Interation |Digiti$ing Errar in'wharst Theme I 100

|Ma:-:Shiftflteration[NDrmaI,Arc] | [ | R

[ Adjust Big Movers DMLY |E:<|:uec:ted Shift [m] for next lteration I 10
ITreat BiEnpRablisE I U000 ITrigger Distance for Bad Geometry I 1

— Co-ordinates to Start with Birihe
I UseExt Obs ‘(" Original & Adjusted © Best Guess | Adinstment

[Min Matrix Cell Size| 0.0

— Importance of keeping Right Anaglez at 30 Degrees -
] e I 10 Degrees

‘— Weighting of Anglez # Distances —
1

— Importance of Keeping Straight Linez Straight ———
e e | 10 Dearees

ID DE Conwersation

ASCI File Projection = AMGEE

| Mo DDE Meszages o far..

|— Cursor Co-ordinates E4112.87

743176 513

Button Mo FPoint |

Figure 14 - The Adjustment formfor Spatial Themes

This form is not usually shown for a Utility Adjustment scenario as al the
parameters are scripted, and the Spatial Adjustment Engine runs unattended.

In the Cadastral Adjustment Scenario, after the Survey Plans have been
successfully adjusted, they are turned to Control, meaning that their adjusted
coordinates are locked down and are used as control points for the adjustment
of the Cadastral Layer.

Figure 14 provides all the higher-level adjustment parameters to adjust
Cadastral and Utility Layers, but layer specific adjustment parameters are held
on the Layer Tab. (See the Figure 9 in this document)

www.SpatialWeb.com.au Page 16 of 18




Spatial Adjustment Engine

White Paper

10

Compatible Data Formats

The Spatial Adjustment Engine has native support for ESRI Shape Files and
uncompressed ASCII Export Files, Maplnfo Mif/Mid Files, Genamap Export
files, and with FME Objects has support for MicroStation DGN files and the

facility to use nearly all common spatial data formats.

=

—Step 1/ Select the Source Theme Typpe: ———
= ESRI Shape File ;
= ESRI Uncompressed EOO

{~ Genarnap Export EE File

" MicroStation DGM Files via FME Objects

—Step 2/ Locate the Source File:

Locate |

Location: |

IInique |d FieldM arme: I

—Step 3/ Select Source Theme Projection; ——

LCancel || Load the Theme into the SAE I

Figure 15 - Loading Spatial Themesinto the SAE

The above screen is used to load all the themes into the SAE in the Cadastral
Layer Adjustment scenario, whilst this is scripted in the Utility Adjustment

scenario.

FME Objects has been used to access .DGN files, and will likely to be used to
manage data from Small World and many other formats supported by Safe

Software (http://www.safe.com).
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11  Conclusion

The Spatial Adjustment Engine is the most advanced up-and-running product
of itskind in the world. Mgjor features include:

Utilizes the most appropriate adjustment technique

Provides extensive spatial upgrade functionality and reporting facilities

SAE Basic to automate repetitive tasks

An open database enabling valuable data to be extracted for other

purposes

e Over 20 years of refinement of the Survey Traverse Adjustment process
to further accommodate spatial data

e Supports multiple Spatial Data formats

The Spatial Adjustment Engine will assist Cadastral Custodians improve the
spatial accuracy of their Cadastral Layers, bringing them into line with GPS
Accuracies and making the Cadastral Layers ready for a greater array of uses.
As a by-product, it will pave the way for other layers to be upgraded to GPS
accuracies.

The Spatial Adjustment Engine will greatly assist those with Zoning,
Annotation, Utility and other spatially dependent Layers maintain the spatial
relativity of their layers as the cadastre moves (whether or not the Spatial
Adjustment Engine is used for the Cadastral Upgrade).

Thisis arefined data management tool that can be used to realise large savings
through the use of more accurate and reliable spatial data.

For further information on Cadastral (DCDB) Adjustments, please refer to:
http://www.spati alweb.com.au/papers/Aurisa2000/DCDB2000.htm

http://www.spati alweb.com.au/papers/| SSDQ HongK ong/Cadastral Upgrades.htm
http://www.spati alweb.com.au/papers/cronul la/cronulla.htm

For more information on the Utility Adjustment Scenario, please refer to:

http://www.spati alweb.com.au/papers/| SSDQ HongKong/UtilityUpgrades.htm
http://www.spati alweb.com.au/papers/apas99/A PA S99Paper.htm
http://www.spati alweb.com.au/papers/ozri 97/0ZRI 11 Paper.html

Demonstrations can be arranged by emailing Roger Merritt at
Roger @Spatial\Web.com.au, or phoning on 0419 409 347.

Pilotsand Trial Versions can be arranged for both Cadastral and Utility Upgrade
scenarios by mutual agreement.
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