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SUMMARY

A Digital Cadastral Data Base (DCDB) is a big invesnt for a jurisdiction tasked with the
administration of land boundaries. In the past,dbeelopment of such a database produced
no real pay-back on investment until many yeard,railions of dollars had been committed.
The Land Administration Domain Model (LADM) (ISO-PQ1 2012) provides a model of a
schema in which a progressive creation and impreveérof a DCDB is possible, to allow
benefits to be obtained even in the early stagdahisfeffort. It also includes the necessary
structure to ensure that a useful historical reaafrdhe cadastre can be kept. This paper
explores issues to be faced in the developmentoftivare based on the LADM, which
retains the history of the cadastre, and allowspfogressive improvement of the data. The
examples of the Netherlands Kadaster and the QlamehAustralia) Department of Natural
Resources and Mines are used to evaluate the apititig of the approach.
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Progressive Development of a Digital Cadastral Dat8ase

Rodney James THOMPSON, Australia

1. INTRODUCTION

Typically, a DCDB is repository where is storedamhation extracted from the survey
process in a form that allows an overview of thiatrenship between spatial units. The
problem has been that the database structuresbemresuch that only “valid” data can be
stored, therefore much manual cleaning and congobf the data is necessary. This is
exacerbated by the fact that a DCDB is of limitedfulness until it is complete.

In the past, it was seen as important that all tatiae included in any database should be
absolutely clean and correct, with validation fidteto prevent “bad” data from being
accepted. For example, parcel boundaries shous cleithout undershoots or overshoots. A
series of validation requirements have been sgeliiind the database management systems
have been built around this concept of rejectindg Bata. Unfortunately, this puts a giant
hurdle in front of any organisation. If the datacat be entered without being correct, it
cannot be made visible to a wider audience, angliyeback can be obtained. Correcting data
on input is a difficult (and therefore expensivedgess, and the only eyes on the data are
those of the data capture operators.

By contrast, cadastral data which is not necegsédapologically clean” can be correct and
very useful. That is to say, there are many pralaotl services that can be extracted from a
cadastral data repository which still contains detiach may have impurities. It is important
to remember that no spatial data can ever be “ctyr@nd invariably has an intrinsic limit to
its accuracy. As an example, although data comg@igaps, overshoots and undershoots of
very small size may be rejected by the softwardrenments, it would be quite useable for
many purposes, provided the relationship betweepgsties is quite clear. For example,
various mapping functions, including Web Map SersiqWMS), Web Feature Services
(WFS) and ad-hoc cadastral maps, searches etchengyite adequately provided by such a
product.

Ideally, a progressive capture and “cleaning” psscehould be adopted. The LADM (ISO-
TC211 2012) allows for this progressive developnindefining 5 levels of encoding:
“Text-Based” Spatial Unit

“Point-Based” Spatial Unit

“Line-Based” Spatial Unit

“Polygon-Based” Spatial Unit

“Topology-Based” Spatial Unit

(With “Sketch-Based” as a sub category of Text-Base

arwnE

As a DCDB matures, it can be expected that itsityue improved, both in terms of its
accuracy, and in terms of its topological purithiSrmay also involve changes in the level of
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encoding. For example, a jurisdiction with polydeased encoding may convert to a
topology based form. In addition, the LADM providies the inclusion of 3D spatial units,
which may be intermixed freely with earlier 2D palsc

It is an important part of any Cadastral datab#ssugh sometimes overlooked) that a history
of the use of land be maintained. In the days oéllanaps printed on linen, and working
maps marked up manually with updates and chanigese tvas a form of historic record of
the cadastre. This should not be lost in the movdigital”.

In providing this functionality the Queensland Goweent, like the Netherlands Kadaster,
adopted forms of what is now known as the “Verstb@bject” pattern. The LADM also
uses this pattern, permitting a permanent butiefficstorage of cadastral history within the
database itself. In a progressively developed @atalwith history, it must be recognised that
older historic data will usually be at a lower staf accuracy and topological purity than has
been achieved later. It is however commonly acceftat history of “the cadastre as we
knew it” is a valuable resource. In the Queenslzase, a view of the DCDB from the 1990’s
is likely to contain mismatched boundaries, whielvdnbeen corrected progressively over the
years. Thus levels of encoding, topology and aasuraay be non-homogeneous in space
and in time. One important issue with history iattlh must not be necessary to jettison many
years of history if the level of encoding is chamger to partition the database into
incompatible layers to allow progressive improvemen

Rather than each cadastral jurisdiction develojism@wn database structure based on basic
geometric primitives, there is a case to be madémdevelopment of a “Cadastral Toolkit”,
based on the LADM, which can support all levels emicoding, variable accuracy and
topological purity, while maintaining a full historIt would have to allow data quality to
vary by geographic and temporal location. This wlouted to be configurable to allow for
country profiles as permitted under 1SO19152, tlpesmitting local terminology and
language to be retained. Many jurisdictions areirfgpextreme difficulties in successfully
developing database software, so an open soureeofygievelopment may be indicated.

The paper is structured as follows: Section 2 dises errors and validation in a spatial
database, Section 3 adds the context of the LADRLi&e 4 discusses history within the
model, Section 5 proposes a data model, and Se@tismmmarises and suggests further
work.

2. ERRORS IN SPATIAL DATA

In building any database, it is clearly desirallekéep the data as correct as possible. This
applies to non-spatial as well as spatial databasekin all database, there are various types
of errors that can be:

Corrected automatically. E.g. “sURNAME” can be cected to “Surname”

Detected and rejected, allowing for manual correctiE.g. “100” as a number.

Passed undetected. E.g “Smith” instead of “Jones”.
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In addition to the desire for correct data, most tbé mainstream spatial Database
Management Systems (DBMS) define validation chébks are applied to incoming data to
ensure removal of data that will cause malfunctigrof application software. For example,
if software is relying on areas of parcels, thggaecel which does not form a valid cycle may
cause a crash, or even worse, an incorrect result.

2.1Validation failures

There are many types of problem in incoming data ttan prevent acceptance into a
mainstream spatial DBMS. This is not an exhausdistebut is intended to indicate classes of
issues. Undershoots, overshoots, knots and otharsesf small magnitude are discussed in
section 6.2.2.6 of ISO19107 (ISO-TC211 2003), wlaakegorises such data as “spaghetti”.
Some of these errors can be taken out automatidally not all. Certainly, the simple
“snapping” of near points has not proven satisiggtioecause such an action can cause a loss
of information (for example, see Appendix I). ASO89107 says: “The real problem with
‘spaghetti’ comes in that the heuristics (eithernoa or automated) used to correct the
problems often result in additional, but differéattual errors. This can be a severe quality
issue for geometry.” (ISO-TC211 2003, page 27).
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undersho@

Figure 1. Typical validation errors, gaps, overshots and overshoots

Some of these errors originate in older manualidigg processes, some in edge-matching of
original source documents (

Figure 1) and some (such as knots — see Figure 2) duegtwithimic correction of other

errors. As a general rule, only very small err@s be successfully corrected algorithmically,
and the problem of determining tolerance valuesukshmot be under-estimated. In 3D
cadastre, there are even more restrictions on attomrror correction (Thompson and van

Oosterom 2012).
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Figure 2. Knots: left — digitising error, right — end loop

2.2Non-Validation errors

There is a large class of errors that are not tedeloy validation. For example, the simple
misplacement of a vertex, not causing any changdentopology of the parcel fabric, or
small “kinks” in lines which do not create a knot.

7>

Figure 3. A: a knot which raises an exception, B: &ink which does not, C: A line-joining artefact which
raises an exception, D: one which does not

It has been observed that whenever data is traedférom one software environment to
another, the receiving environment will find erréiat the other has not found. This has been
characterised as superiority of the receiving systgSystem B is better than A because it
finds errors A has missed”). This is a misreadirigth® situation, and should really be
characterised as a fault in both system. Spedyicaldatabase cannot rely on incoming data
which has been validated by software from a differeanufacturer. It must re-validate it to
its own requirements.

2.3Incorrect encoding

Other more serious errors include the mislabelbhgolygons (e.g. 22 instead of 2), miss-
attributing geometric objects, etc.; which may betdetectable by validation, or may only be
caught by “reasonability checks”.

2.4Reasonability checking

Various more or less sophisticated forms of reasidihachecking are possible, but can be

difficult to maintain. All of the checks describbdlow may accidently reject valid data:
Incorrect Positioning of Vertices: May produce ahvious error which does not
cause validation failure.
Knots: Very small lines that do not show at magesoaay indicate knots or kinks.
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Gaps and Overlaps: Close parallel or near paralleles may indicate gaps or
overlaps.

Incorrect Encoding: In Queensland, a lot may consi§ multiple spatial units.
Miscoding of attributes can result in a lot compdsof spatial units kilometres apart.

3. THE LAND ADMINISTRATION DOMAIN MODEL

It might be thought that the levels of encodingired in the LADM were intended to be
separate, and not mixed in the one database, isutvttuld an unnecessary restriction. There
may be major advantages in creating a databasenamdenance structure that will allow a
Cadastral jurisdiction to progress up through Iewelmaturity at a pace they can afford. As
has been recognised by in the “Social Tenure Doutmidel” (SDTM) (Lemmen 2010), it is
apparent that there can be great value in a datsitery which is of varying levels of
accuracy and of quite basic encoding level. It indIsuggested here that this principle applies
to cadastral databases in general.

3.1Encodings
The Land Administration Domain Model (LADM) (ISO-RPT1 2012) defines 5 levels of
encoding of the geometry, based on the level otintgt

Text Based Encoding

In this encoding, there is no stored geometric ,datel the spatial unit is defined with
descriptive text, perhaps accompanied by varioagrdms and images. This approach can
rigorously define the cadastre, but very little gatational analysis is possible.

Point Based Encoding

o BF

5 8102310250y
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i

Figure 4. Point-based encoding against a geo-referged image (mock-up)

Line Based Encoding

It is relatively cheap to scan and vectorise oldlastéral maps, but significantly more

expensive and time-consuming to convert the resultame-work and attributes to a
366

Rodney James Thompson
Progressive Development of a Digital Cadastral [Batse

5" Land Administration Domain Model Workshop
24-25 September 2013, Kuala Lumpur, Malaysia



topologically correct encoding. The line-based apph allows a map consisting of labels
(property identifiers) and lines to be made avadalior example via a Web Map Service).
For example, irFigure 5 although there are clearly gaps and overlapsi®fsort that would
result from very basic scanning, the result wowddjhite useful for certain purposes.
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Figure 5. Hypothetical cadastre scanned from exisig paper maps

Polygon Based Encoding

This is the path of development adopted by the Qslaad Government (Australia). Capture
started by digitizing existing paper cadastral vimgkmaps, which were then corrected and
the identification added. The software availablethat time (early 1980’s) was limited in
capacity, and good topological consistency coulalyg guaranteed within a limited extent.
Therefore the data was divided into “segments” Whionsisted of up to 300 land parcels.
Within individual segments correct joining of pdscevas assured, but between segments,
very small gaps and/or overlaps of boundaries wenemon. In building a complete DCDB,
the parcels were stored as individual simple pabggowith no attempt to prevent
mismatching of boundaries, but the update softwaas written to ensure that no new
mismatches could be introduced. As a result (coetbinith warning reports), over a period
until about 2003, a complete non-overlapping coyenaas obtained.

At this level of encoding, all the products avaiéako a line-based encoding are possible,
along with the ability to calculate areas, perimgtetc. Once a continuous partition is
achieved, all the products of a topology-based@gur are also available.

Topology Based Encoding

This is the highest level defined, and provides tiectionality of all the lower level
encodings. Adjacency is directly encoded n thelmatae. This is the path chosen by the
Netherlands Kadaster.

Topological breakdown

All levels of encoding 3 or more can exhibit breakth of the topology. At level 3, this can
be the omission of line(s) causing adjacent spatidk to be combined, leading to more than
one centroid in a parcel; or an extra line creasrgpurious parcel. At level 4, the boundaries
of adjacent spatial units may mismatch, leadingaps or overlaps of neighbouring parcels.
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At level 5, the encoding of the left or right pd(sgon a line may be omitted — leading to an
unclosed boundary on a spatial unit — particularhon-base parcel.

3.23D Spatial Units

All the levels of encoding within the LADM are alable to be used with 3D cadastre. It
might be unusual to consider the lower-level enegsli (such as line-based), but it should be
noted that the commonly used “building unit” fori3® spatial unit is in effect a text based
spatial unit. In this form of spatial unit, the ert is defined by the walls of the building, and
often (as in Queensland), are only defined in enfeuch as “Building Unit Lot 45 on Lot 23
of SP12345". Note that lot 23 is defined geomeliycdut the individual building unit is not.
There is also a fairly common combined approachhere the floor plan of the unit is
defined geometrically, but the only elevation imfation is textural — such as “on floor 5”.
The LADM can represent all of these variants andlmoations — see Section 5.2.

Three dimensional parcels occur commonly in ardasigh property values, and in these
areas, the accuracy of survey likewise tends tbigleer. Further, it is easier to justify the
costs of careful data encoding in these regions.dasy to envisage a cadastre consisting of a
mixture of 2D and 3D parcels using a high leveéon€oding in the city areas, combined with
low-level encoding of lower accuracy informationiéss dense regions.

3.3Non-Base Parcels

While the aim of a cadastre is to account for resthte property in a jurisdiction, and

commonly this defines a complete and non-overlappoverage of the area of interest; there
are several types of property rights, restricti@ml responsibility that are defined as
secondary interests to the base coverage. Thesbec@onsidered to be non-base spatial
units. Where the DCDB is being progressively imgayun accuracy, the positions of the

cadastral points “move” — that is they are redefjngithout any change in the topology of

the spatial units. Some of the defined constragians should move with them and maintain
the topological connectivity, while some may nobr example, easements generally are
defined in relation to the base cadastre, and filwerenove with it. Others such as drainage
areas are defined in terms of the relief, and sp n@. Difficulties arise where a secondary
interest is defined partially in terms of cadastraundaries, and partially independently,
effectively preventing any fully automatic solution

Universal secondary interests (applying to all sglatinits)
These do not need to be recorded in the cadasttabalse except possibly as a reference to
the appropriate legislation. (For example rightsxplore for minerals).

Secondary interest as a collection of spatial units

Jurisdictions will group property units for admimngtive purposes (semgure §. Note that

there are several variants on the simple hierarchy:
Cadastral Section and Cadastral Municipality idéetis are embedded in the spatial
unit identifier, meaning that any reference to atsgd unit carries this information.
The other hierarchies are implemented by encodim@@ministrative area code Iin
the spatial unit record.
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Complex is a partial hierarchy — it only groups sphunits which record apartment
rights.

Parish and County are now largely obsolete, onlyntpecarried for historical
purposes, but do form a complete coverage.

Province

| Local County
. Government
Municipality
Locality Parish
Cadastral
Municipality
Cadastral Complex
Section Spatial UniE|
Spatial Unif]

Figure 6. Left: the Netherlands hierarchy of adminstrative areas, right: the administrative areas in
Queensland

There may be many more hierarchical groupings ofgia that are generated by attributes of
those parcels: e.g. census districts and areas¢qoes state, country etc. Although The
Netherlands and Queensland both use encodingdeethierarchies, they could alternatively
be defined as geographical regions.

Geographical region defining a secondary interest

Many regions in the jurisdiction impact on the pedy interests. For example, drainage
basins, declared weed infestation areas, histatadation regions. These may follow the
base spatial unit boundaries, or may not. In soases; part of the boundary of a region may
be associated with cadastral boundaries, whilerstfdlow non-cadastral natural features.
(For example, a weed infestation area may be balibge ridge line and by a road). These
regions have traditionally been viewed as 2D objebtit some 3D secondary interests do
exist, for example the restrictions implied by thght path gradients of an airport.

Secondary interest applied to a single parcel

This is probably the most common form of secondatgrest, where multiple parties have
interests in the same base spatial unit.

Secondary interest applied to a subset of a baagadqunit

An example would be a defined easement in a baggabkpinit, where the geographical
extents of the easement are surveyed and regisigaadst the spatial unit definition. There
are some subtleties with this kind of interest, &.the base spatial unit is subdivided, should
the subset also be subdivided? In Queenslandsthist the practice. For exampleRigure 7
easement E over parcel 1, on subdivision of thatgbabecomes the same easement over
parcels 11 and 12.

369
Rodney James Thompson
Progressive Development of a Digital Cadastral [Batse

5" Land Administration Domain Model Workshop
24-25 September 2013, Kuala Lumpur, Malaysia



Non-base spatial units may be defined as 3D objéd¢tdée that some conventional 2D
restrictions may be considered as 3D objects definea text-based encoding, for example,
restrictions “to the depth of” on a base spatial.un

—E

Figure 7. Left: an easement over a single base stunit, right: one easement over the two subdividd
spatial units

Notifications on a base spatial unit

Various secondary interests are recorded whiclatiaehed to a single cadastral parcel, but
with no detail of the exact location of the inteérér example: 1) An oil pipeline crossing a
spatial unit may be shown as affecting a spatiat. Un the Netherlands, a significant
proportion of constraints on parcels (more than PQ%n der Meer 2010) are not directly
related to the parcel boundaries. 2) In Queensltra concept of “road reservation area”,
where a landowner may have to relinquish a cedesa of land for construction of a public
road through the property at some unspecified logand at some unspecified future date.
Many legal restrictions that come into force hanehe past been “pencilled in” on paper
working maps to warn potential interested parfidss concept of “Notings” has been simply
moved to a digital storage and discovery mechanidms type of secondary interest is not
without problems, because when spatial are splinerged it is not clear which parts are
affected. And after some time the data gets 'padiuby accidental dropping of interests or
allocating them to wrong units (van Oosterom, Maes al, 2002).

Network spatial units

In The Netherlands, for pipelines and cables, #gall spaces have become first class
cadastral objects of equal level with parcel, aparit rights etc., with their own geometry;
raising the important issue of the intersectiorB3bDf spatial units with the base 2D spatial
units. (Doner, Thompson et al, 2010). In the Nd#mels, a significant proportion of
constraints on parcels (more than 90%) (van derrN6&0) are not directly related to the
parcel boundaries.
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4. HISTORY IN A DEVELOPING DCDB

It is an important part of any Cadastral datab#dsaugh sometimes overlooked) to maintain a
history of the use of land. In the days of mapslioen, and working maps marked up
manually, there was a form of historic record &f dadastre. In moving to a digital cadastre,
the Queensland Government, like the Netherlandsagtael, adopted a form of what is now
known as the “Versioned Object” pattern. The LADMaauses this pattern, which permits a
permanent but efficient storage of cadastral hystaithin the database itself. As a sideline:
the other approach - the apparently simple metli@dabiving off a copy regularly (say once
a year) has proved to be extremely difficult. Thehaved copy will be in the format of the
day, and usually in a structure that requires spesoftware to read it (Sweetkind-Singer,
Larsgaard et al. 2006, Janée, Mathena et al. 28083arva, Morris and Janée recommend to
consider “keeping archival data in live accessesyst(McGarva, Morris et al, 2009).

In a progressively developing and improving databas which records history, it must be recognised thait is

expensive and hard to cost-justify the correction fohistoric information. However, it is commonly acepted that
history of “The cadastre as we knew it” is still avaluable resource. Thus historic records of the caabstre may be of a
lower standard than current data. For example, in he Queensland case, a view of the DCDB from the 189 is likely

to contain adjacent spatial units with mismatched bundaries. Thus the levels of encoding and accuracyay be non-
homogeneous in space and time. As an example,

Figure 8andFigure 9illustrate the differences between corrections e data. Note that the
historic data is shown in outline only, to alloweslay of the two.

Figure 8 Left: Queensland Cadastre in 2001, rightQueensland Cadastre now

As can be seen irFigure 9, there is a combination of additional parcels (A)a change in the definition of the river
boundary (B and C), and an adjustment of parcel bondaries (D). The parcels in darker shading on

Figure 8andFigure 9are strata parcels and volumetric parcels whichria been captured in
2001.
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Figure 9. Detail of 2001 superimposed over 2013. Mothe change in definition of the river boundary

5. APOSSIBLE DATA MODEL

The above considerations argue for a data modethwban accommodate all levels of
encoding, and full 3D parcels. This model shouldhsed on the LADM, and be capable of
delivering data in LADM form (perhaps XML encodedhd of accepting such data.

The internal structure of the database may diffesome respects from the LADM model,
but this should be kept within control. Some pdss#reas of difference could be:

1. Additional tables and attributes as per the locafile.

2. Additional linkages and possible redundancies &fggmance reasons.

5.1 Encoding
The database must clearly be able to accommodatevels of encoding. It must also have
an easily accessible metadata repository whichnaatioally records and displays the level of
encoding and the accuracy (and currency) of thasteel in any area and any era of interest.
It must be able to query and display the cadastesalevel of encoding up to the limit set
by the data in any area and era of interest. (Eaguser wants line-based encoding where the
data is polygon based, the conversion should cagtomatically)
Figure 10shows a possible database schema, based on prpjlett attempted in Queensland.
Notes orFigure 10
1. All relationships are temporal — that is to say treate/destroy time stamps must be
respected in following any relationship links.
2. All identifiers are persistent — that is to say,enta new representation of an object is
created in the process of an update, the ident#i®ains the same.
3. The classes “Boundary”, “Boundary3D” and “Corneré associations, to resolve the
many-to-many links in the LADM definition.
4. There is nothing to prevent a LA_SpatialUnit fromirg bounded by a combination of
LA_BoundaryFaceString(s) and LA_BoundaryFace(s).
5. Following the Queensland conventions, a LA_Pointassidered to be a 2D point. A
Corner is a 3D point along the vertical line defif®y the LA_Point. It is identified by
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an alphabetic suffix, and an elevation. (e.g. c@r&a and 2b are vertically one above
the other at the location given by LA _Point 2).

RRR details and LA_BAUnit information has not béeciuded in the model at present.
LA_Point has only been shown in simplified form.

No

Versioned iyect
LA_Spatial Unit

seulp |+ sulD :0id +sulD

Versionsa Olject + referencePoint :GM_Point
S 1 1 +sull | Versiored Oiyect
oundar; =

Y T~ EoundanaD

bieiD Qid +sulD —
sulb :0id w2 LIS e +bilD

sequenceNumber :int [+bisID + sull :Oid

. + direction :char [= ;
offset :double E +bfsll Versioned Oiect +bilD Versioned Olyect
frontage :double LA_BoundaryFace

i 7| LA BoundaryFacestring )

+ o+ttt o+

bAID :0id
style cchar

a :double

+ bfelD :Oid
+ linestyle :char
+ locationByText wvarchar

boundaryType = "F"
order by ringMr,

b :double
o cdouble

+boundarylD,
+houndandD N1 SEQUENCE “'1-
< d :double
7T =N +bwD >
Versiomed Olyect
Eompipos 75" Corner +bAiD

finghr=10 . Versiamed Oiect
order by sequence

boundandl :Oid LA_Foint
boundanType :char |+pID +pll -
ringMr :int N 1|+ eipooid

saquenca cint + estimatadAcouracy -Numbar
pID :0id +  point :GM_Point

suffix :CharacterString
elevation ‘double

R

Figure 10. Suggested data model, based on proofafncept database piloted using the Queensland DCDB
data

In the following text, abbreviated forms of the sdas will be used where there is no
likelihood of confusion — spatial-unit, face-strjrigce and point.

There is a case to be made for an open-sourceapeneht of a LADM-based cadastral
database, and the software to drive it. This cputd/ide a cheap entry to cadastral databases
for a large number of jurisdictions, with a positipiof growing into highly sophisticated
databases. The cost of building a DCDB is very higkspecially in the later stages, but the
principal costs are in the manual correcting am@duming of the data. This would allow most
of those costs to be delayed until some resultdeaseen from the data captured so far. This
software should allow import of data in any of thee encoding levels. There should be the
provision to prevent degradation of the data (frarnigher level to a lower level), but this
should not be a hard and fast rule. If high levathds wrong, it may be better to replace it
with correct, low-level encoded data.

Text-Based Encoding

Each spatial unit is connected via boundary rectodsne or more face-strings which carry
the text description. Ideally these would be in-aldckwise order around the spatial-unit.
Point-Based Encoding

The referencePoint in the spatial-unit recorddalation of the spatial unit’s labeling point.
Line-Based Encoding

The cadastre is represented by a collection of $triiegs defining the linework, spatial units
defining the text labels. Boundary objects arepresent. The face-strings are connected via
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corner records to points. As in the point-baseddimg, the labeling points of each spatial

unit are indicated by referencePoint.
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Figure 11. Line based encoding
In Figure 11 different face strings are given different linenfs. There is no connection

between the linework and the text. There is alsguarantee that edges do not lie over one
another and there may be cases of multiple pointseasame physical location. There are
well-known parceling routines that can detect andect gaps, overlaps and mismatches.
While it is easy for a person to recognize an easerfE” as a non-base parcel, it may be
difficult for a parceling routine to do so, espdigian the case of multiple overlapping

easements.
Polygon-Based Encoding
Here, each spatial unit connected by boundary dsc@ach of which is marked as being in a

forward direction) to the same number of face-gtrecords.
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Figure 12. Polygon based encoding
In Figure 12 for example, lot 171 would be represented asfage-stringsa, andbce The

separation into two face-strings rather than alsialgceis to allow for the different attribute
(lineStyle) of the road boundary. Note that lingreentf in boundary of lot 16 does not need

to be broken to match segmebtandh. Note also the sliver betweerandg. This is not to
say that constraints cannot be built into the dedalsoftware to detect and even correct these
issues, but that the database does not preclude gtracturally. In this case an easement is

simply a polygon “over the top” of the base pagalgon.
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Note that where there is no requirement for angbaition of linework (no linestyle), the
face-strings can be closed to make “face ring®€ading to a truly polygon based encoding.
Topology-Based Encoding
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Figure 13. Overlaying easements

Here the face-strings are stored once only, arkedirto the spatial-unit(s) on the left, and the
spatial-unit(s) on the right. Irigure 13 a face-stringehd (in that direction) will be linked to
easement E via a Boundary record with directiomsplor “L” if preferred).a will have lot
15 on the left, and lot 16 and easement E on tite.riWVhere easements or other secondary
interests overlay, various encoding strategies mssible (seeFigure 13: the most
parsimonious of these in terms of data storagegbein

Linei has lot 15 on left; easement E and lot 16 on rigbtinkage to easement F).

Line h has easement E on left; nothing on right (no lgekeo lot 16 or easement F).

5.2 Generic encoding

171

RP12562 h 181

RP12562 183

1
RP12562 |/ 16
f g RP12562

1
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RP12562 182

RP12562 184

RP12562

Figure 14. Generic encoding — note that in contrastith earlier figures, the lower case letters are sed to
label face-strings rather than individual line segrents. For examplea refers to the outer (road) boundary
starting and ending at the top left corner.

This data model also allows a more generic forrammioding which can be mapped from any
of the above encodings, and can be mapped to atmgf for which the data is of the correct
quality. This is in effect, a line-based encodinighvadditional topological linkages. In this
approach, lot 16 would be linked (via boundary rdspto face-stringb, a, e, anda a second
time. Easement E would be linked to face stribga, d, a, ¢, and lot 171 by, f, h anda.
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(whereé is face stringe with a direction of “minus”). The boundary attries “offset” and
“frontage” indicate the part of the face-stringtthsakes up the boundary of the spatial unit.

Table 1. Allowable conversions of encoding levels

In | Text based Point based Line based Polygon based oldgpbased
Out
Text Y Y* Y* Y* Y*
Point N Y Y Y Y
Line N N Y Y Y
Polygon N N \% Y \%
Topology N N \% \Y Y

Table 1 indicates the possibility of supplying data particular encoding level from a source
of different level:

“Y” indicates that the conversion can be readilgaunplished,

“N” that it cannot,

“V” means that validation is needed.

“Y*” means that conversion is probably possiblef bame research is needed. Clearly,
given a topological encoding and a simple spatm such as lot 171 imigure 14 we
could generate text such as: “Bounded to the rioytMain St., to the east by lot 181,
to the south by lot 182, and to the west by lot, it it would be interesting to see if
useful descriptions could be generated in more ¢exmeal-world cases.

5.3Encoding in 3D
In a progressively developed 3D database, mixtofescoding will co-exist in the database.
This data model can accommodate many combinati@rsexample:

1. The ground plan of an apartment defined by polygiecoding, and the z-component as
a text encoding (e.g. “On Level 57).

2. In Queensland, building unit lots are defined b§t encoding (within a base parcel).

3. Horizontal subdivision of a building might be defthby a topological encoding of face
strings to define the x/y extents. Horizontal faes/ be used to define the z extent, and
be defined by elevation only.

In Table 2, various combinations of encoding arewsh Clearly where a fully general 3D
object is being represented, the x/y encoding hadztencoding must be the same. However,
there are many cases in the cadastral domain wheréorm of the objects is restricted. A
combination of encodings is only acceptable if atomatic conversion to a homogeneous
form is possible. (e.g. “below).
“Y” indicates that the encodings are compatible,
“N” that they are not,
“Y " takes the form of a definition of the floor plar the spatial unit, with a point to
indicate the approximate elevation, without speciythe vertical extent.
“Y 2" line encoding in 3D means that space is dividgd lrombination of face strings and
faces, with no attempt to connect them with theiapanit labelling points.
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“Y * This is means that 2D space is broken up by &idegs, but that certain spatial units
have an upper or lower limit imposed on them byZumtal or nearly horizontal faces.
“Y* Here, the ground plan is defined as polygons, thathorizontal dividing faces are

shared.
Table 2 - Mixed x/y encoding vs. z encoding

2D Text based Point based Line based | Polygon based Topology
3D xly xly xly xly based x/y
Textz Y Y Y Y Y
Point z N Y Y Y! Y!
Line z N N ¥ N N
Polygon z N N Y Y Y
Topology z N N Y Y* Y

6. CONCLUSION

A database built on the model of generic encodasgilescribed above would require a large
array of conversion routines. These could be uad#lert in an open-source development
project, and while some of them are non-trivialn@oequire any novel techniques.

The cases chosen in this paper (Queensland ant\dtherlands) reflect the background of
the author, and a review of this approach witheesfo a wider range of jurisdictions would

be appropriate. However it is difficult to imagiaay cadastral jurisdiction that could not be
accommodated by such a model, at least in terrtfeeajeometric layer.

The data model suggested here is relatively sintpie,may require additional fields and
relations to ensure a fast response. In particthlare may need to be some redundancy
introduced. Part of the development process woaltbliry various alternative strategies. An
example of the sort of additional data that cowdaldded is a minimum bounding rectangle
stored in the spatial unit object, surroundinggbents that are in the definition of that unit.
This paper has considered the question of the gpbgral representation of spatial units
within a DCDB, and has indicated that the LADM iswitable model on which to base the
building of such a database. There is scope tcstigage a similar question in relation to the
other packages of the LADM. That is to say, do Awministrative and Party packages
provide the basis for a general purpose systenupgpast the ownership functions of a land
administration package? Can the Surveying and Reptation subpackage provide the
model for a survey record keeping database?
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APPENDIX | - SMALL PARCELS

In Queensland there are special lots known as “esctémiting Lots”, which are intended to
prevent the construction of an access from a miymbperty to a road (for example to a
freeway). There are typically 100mm wide (groundlsg Although not now being created,
there are several thousand of these still currbldre recently, small details have been
included in plans — including the definition of aries of extremely narrow triangular
easements — see Figure 15.
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Figure 15. Detail from a survey plan showing an easnent which is 15mm wide at its widest point

These set a limit on the “snapping distance” treat be used in any automatic correction
scheme, but a snapping distance of 2mm at grouald éas used in the Queensland DCDB)
allows small errors such as shown in Figure 1, waild be invisible at a typical map scale
(e.g. 1:2500), not to be corrected.
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