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Developing an LADM Compliant Dissemination and Visualization System
for 3D Spatial Units

Rod THOMPSON, Australia, Peter van OOSTEROM, Barbara CEMELLINI and
Marian de VRIES, the Netherlands
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SUMMARY

This paper describes research into the visualizaifanixed 2D and 3D Cadastre. A schema
has been developed to accommodate this data, watkispn for a time component. This
paper describes the schema, the visualization negents, and the provision of LADM-
compatible views of the data for the purpose ofeligping these tools, and for the further
research into the schema itself. A significant woduof 2D+t Cadastral data, which also
contained 2D+t representations of 3D parcels, igeatly incorporated in the Cadastral
Database of Queensland. A moderate number of 3Mibgiunits, and a smaller number of
volumetric parcels have been hand-encoded usingokessoftware, and added to this
database. The mixture has been displayed in KMaudiin Google Earth. Examples of the
database schemas, the encoding practices, LADM-atibhg views, and the encoded 2 and 3
dimensional spatial units are included.
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Developing an LADM Compliant Dissemination and Visualization system
for 3D Spatial Units

Rod THOMPSON, Australia, Peter van OOSTEROM, Barbara CEMELLINI and
Marian de VRIES, the Netherlands

1. INTRODUCTION

The state of Queensland, Australia has maintainégh@ administration system, based on
Torrens System of registration (Queensland Govenmir2@09). As modern practices in land
use have developed, the administrative system kaslaped with them, accommodating
different definitions of property. Thus, the ea@adastre was a register of simple areas of
land, this has been augmented with 3D unit rigtseshare, and volumes of space defined
by metes and bounds. The state maintains a datakasen as the Digital Cadastral
Database (DCDB), which contains a record of altigpanits, but this is reduced in scope to
carrying only 2D representations.

In Queensland many thousands of 3D parcels, battitg unit format (more than 200 000)
and volumetric format (3 000), have been submitteer the past decades (Thompson, Van
Oosterom et al, 2015). The footprints of these d@Atal Units have been extracted from the
survey plans and included in the DCDB. Despite tthiker long history and experience, there
are a number of remaining challenges. In this paperfocus on the dissemination and
visualization of the 3D Cadastral parcels. In otheisdictions several other (prototype)
systems have been developed and presented (Pokliot, et al, 2018), however great
challenges remain with respect to interaction arslalization of large numbers of 3D
parcels, relating these to the existing 2D pardéls,earth surface, and 3D reference objects
(physical building, bridges, tunnels, infrastruetuetc.). The existing data model of the
Queensland DCDB is not described using the concapts terminology of ISO’s Land
Administration Domain Model (ISO-TC211 2012). Fwththe model does not support 3D
parcels and reference objects (earth surface, tapb@ objects). We are therefore
developing an extension of the DCDB to support 3cels as used in the Queensland
legislations, regulations and existing systems (IMNED13, DNRM 2016), incl. the DCDB
and collection of submitted survey plans. Next, #oselected study area with all relevant
types of 3D Cadastral parcels occurring, both Imgidormat and volumetric format parcel
(above and below the earth surface, and coverirth bend and water areas), we are
converting the information of the survey plan doemts (pdf or tiff) into 3D geometry as
collections of polyhedron faces. These activitiessist of a mix of manual interpretation of
the survey plans and using a dedicated (Java) qamogs support to generate the correct faces
of the polyhedron. Currently only planar faces supported, but curved surfaces do occur
(e.g. cylinder patches) and they need to be suppa@iso in the near future (most likely via
approximations). The case study area is in ceBtiabane on Kangaroo Point and is adjacent
to the Story Bridge over the Brisbane River (FiglyeThe polyhedron faces are loaded in a
prototype version of the extended DCDB (storedastgre SQL/PostGIS) and combined with
other 2D and 3D spatial data. This now makes isies to ensure that a collection of 3D
parcels is not overlapping. So far, this is stilet'internal side’ of the 3D Cadastre in

104

Rod Thompson, Peter van Oosterom, Barbara Cemellini andde Vries
Developing an LADM Compliant Dissemination and Visualizatgystem for 3D Spatial Units

7" International FIG Workshop on the Land Administration Danidbdel
11-13 April 2018, Zagreb, Croatia



Queensland. The next step is dissemination andahzsug the 3D parcels. When
disseminating data, it is important to use standamchinology and concepts. Therefore, the
ISO 19152 (LADM) standard was used. Persons notililamwith the Queensland
terminology can thus understand the content.

Note — this paper will preferentially use the laage of the Land Administration Domain
Model (LADM) (ISO-TC211 2012), but the terminologged within the DNRM (Department
of Natural Resources and Mines) will occasionadiyneeded. thus:

— A spatial unit (LA_SpatialUnit) is internally refed to as a “parcel”;

— A basic administrative unit (LA_BAUnit) as a “lot”.

In representing the Cadastre digitally, the cur2@DB is as follows:

— 2D spatial units are recorded as polygons with 8hdes. A subset of them (known as
“base parcels”) are constrained to form a complete;overlapping coverage;

— 2D secondary interests (e.g. easements) are ret@slepolygons which overlap base
parcels;

— Spatial units defined by the building walls areamled as attributes (unit number, and
floor area only) within the base parcel (i.e. nagrical representation is present). The
building footprint is recorded as a polygon withire base parcel;

— Volumetric spatial units are “flattened” into a 2@blygon, which overlaps the base
parcel(s).

But, note that the “2D” DCDB has a time componarging a variant of the “Versioned
Object” pattern, and maintains a history (sinceuald®90). Thus, it can be better described as
2D+t.

Following this introduction (Section 1), a summasf the requirements of a successful
visualization system is given (Section 2). Thisoléowed by a description of the data capture
undertaken (Section 3), and the schema as implemigi@ection 4). The progress so far
(Section 0), conclusions and future research (&e@j) follow.

2. IDENTIFIED REQUIREMENTS

These requirements are identified in, and moreilded@ae available in an associated paper
(Cemellini, Thompson et al, 2018). Two types ofuiegments are identified: 3D cadastral
data visualization requirements (functional/platioindependent in Subsection 2.1) and
requirements for the web viewer (as this is thgeadissemination platform; see Subsection
2.2).

2.1 Requirementsfor 3D visualization of cadastral data

In order to define what is the best way to visuaBD cadastral data it is important to analyze
the existing literature and define a list of requments. Both the issues related to 3D
visualization and 3D cadastre will be taken intocamt. In this subsection, the requirements
regarding 3D visualization of cadastre are listed:

— Navigation tools and view controls;

— Integrating topography and reference objects;
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— Transparency;

— Object selection;

— Object search;

— Wireframe display;

— Explode view;

— Sliding;

— Cross-section view;

— Visualization cues;

— 3D measurement tools;
— 3D buffer;

— Display partly unbounded objects and ‘complex’ getmas.

2.2 Requirementsfor the web viewer

In addition to the functionalities related to 3Dswalization, the web viewer requirements
must be considered too. One of the main aims cdistagl is to make information available to
everybody and the web is a powerful tool which ocaake this happen. Consequently, the
choice of the most appropriate web platform is iu¢iaving a good 3D visualization would
be useless if the platform in which the data isuaized is not suitable for that purpose.
Choosing the proper web based platform for theedimssation of 3D cadastre is not an easy
task. Most of the following functionalities should present:

— Platform and browser independence;

— Handling massive data and caching/tiling betweeweseand client;

— Layers control;

— Database support;

— Support different models (vector/polyhedral, rastexel, point clouds);

— Support of basic 3D topographic visualization;

— Support for geo-referencing;

— Ensure spatial validity (3D vector topology);

— Underground View.;Open source platform;

— Possibility for the platform to be extended;

— 2D overview map (orientation).

3. DATA CAPTURE

In order to further investigate the disseminatiod aisualization of 3D Cadastral parcels, it
was decided that this needs to be in the conteatroixed 2D/3D DCDB. It is not considered
acceptable that a different (and separately maieti DCDB should exist for the 3D spatial
units. For research purposes, a significant sulifseétte current DCDB (which is stored in an
Ingres database), has been loaded into Postgre8QGFS (more than 3 000 000 parcels).
For the prototype database, the basic tables ofctineent DCDB (in Ingres), have been
converted to PostGIS, with no change in logicaldtire. The spatial primitives of PostGIS
have been used in preference to the locally deeelapethods used in DNRM (developed in
the mid 1990’s), but the semantics are unchangkd.rfiain addition for the prototype is a
table of faces, used to represent the boundari¢iseo8D spatial units (parcels). In order to
give a good selection of 3D spatial units, a nundfgparcels in suburb the Kangaroo Point
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have been manually encoded. This area as showigumeFl was chosen, because, while not
in the most dense part of the city, it has a gaggrasentation of different classes of 3D
object:

— Building format units (See Section 3.1);

— A major underground road tunnel, registered viaunadtric format survey plans (in part
running under building format units) (See Sectid?);3

Other volumetric format parcels (not defined byidinigs) (Section 3.2);

Watercourse and land spatial units;

3D parcels which have changed within the DCDB hysperiod (Section 3.3).
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Figure 1. Bounding box of the Kangar oo Point, Brisbane ar ea chosen

3.1 Encoding building format spatial units

These are defined by the building itself, typicddiythe walls (to the middle, or to the outside
etc. of the wall). This means that the use of dd#uy Information Model (BIM), or an as-
constructed building maintenance plan is a goodlideurce for data (Aien, Rajabifard et al,
2011, Atazadeh, Kalantari et al, 2017), but onlyerehsuch a model is available. Ideally, the
data would be submitted electronically as a compboé the plan of survey that is used in
Queensland to register the properties (Khoo 201&kiK Thompson et al, 2013, Gulliver,
Haanen et al, 2017, Thompson, van Oosterom e0a&l)2 Given that the 3D properties in the
area in question were registered at different tinmeshe past, when survey plans were
submitted on paper, or later in pdf or tiff form#ie only option available for this R & D
project was manual capture.
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LEVEL K

Figure 2. Extract from a building format plan

As can be seen in Figure 2 above, many building&bplans show a diagram of the units (to
scale), but no dimensions or connection to refexgruints. This is suitable for registration of
the plan and the units in question because thé tedeition of the property is given by the
physical walls. It does not make the capture easy,it has been necessary to develop some
bespoke software for the purpose. Capture in tris fdigitising from images) sets a limit on
the accuracy of the data, but this is acceptabla fa land administration perspective because
it is not the legal boundary that is being captume@rely an indicator of the approximate
position of the walls that do define the boundatging the bespoke software, it takes %2 to an
hour per floor plan to encode a high-rise buildiignoderate complexity.

3.2 Encoding volumetric spatial units

In contrast to the above, the volumetric plans mre@tioe metes and bounds of the spatial units
in the same form as the 2D survey plans. That gajg bearing and distance measurements
are supplied, sufficient to determine the X/Y legatof all points that define the volumes.
The Z values of points are supplied in later tabRsferring to Figure 3 Diagram A below,
the position and location of the points (numberadd29) are defined relative to one another
in 2D. 3D points along the “poles” defines in dam A are defined by assigning them Z
values (e.g. 22a is assigned Z = 8.344, 22c igreagiZ = 9.737) Finally, the boundary faces
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are defined in an isometric view (Diagram B). Tippmach taken here is to encode these
measurements, and connect at least two of thespimirgxisting DCDB vertices.
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Figure 3. Excerptsfrom a volumetric plan

Again, bespoke software has been written to adbépencoding, which also takes advantage
of the fact that a large majority of 3D spatialtariiave a simple "polygonal slice” or "single-
valued stepped slice” form (Thompson, van Oosteebral, 2015). That is to say, in most
cases of volumetric parcels in Queensland, all Sagee planar, and either vertical or
horizontal. In the case of Figure 3 Diagram Bsibnly necessary to encode the 2D footprint,
the Z value of the bottom face, and the two tog$adhe workload to encode a volumetric
spatial unit is highly variable, as the complexigyries.

As previously mentioned, the 3D survey plans ofBhiebane DCDB are stored in plain PDF
or TIFF files according to the Queensland reguteiODNRM, 2013) (DNRM, 2016). For
this reason, an encoding process is needed to kaimeinformation from paper to digital

format. The paper format of the 3D survey planhisven in Figure 4, Figure 5 and Figure 6
below.

Next, the data needs to be input by hand in a oustade Excel file extracted from the 2D

representation of the parcel in the DCDB, as showhigure 7 below. Note that the corner

numbers in the Excel sheet need to be encodedrtespond to the corners of the 3D parcel
(i.,e. 91, 9, 8, 7, 93, 92) as marked on the plame Tetter appended to a corner number
indicates whether the corner is on the top ('b’)oottom ('a’) of the parcel. The upper and

lower footprints of the parcels are respectivelyrder clockwise and clockwise. This parcel

has vertical walls, but the top and bottom arehaoizontal.
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Figure 4. Example of 3D survey plan - Lot 822 (page 1 of 3)
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Figure 5. Example of 3D survey plan - Lot 822 (page 2 of 3)
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Figure 6. Example of 3D survey plan - Lot 822 (page 3 of 3)
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DCDB Parcel 822/5P192737 25155/233 [Lon Lat Pid Cnr Nr X Y BandD Elevations

55w 153.0354519| -27.466975 -1 91 103 0

SEE 153.0355025| -27.466974 -1 ) 601 12
153.0354952( -27.466781 -1 8 530 2156

N NE 153.0354911| -27.466598 -1 i 485 4181

NW W 153.0354415| -27.456599 -1 93 o] 4170
153.0354445| -27.456708 -1 92 30 2561

e additional edges if needed

i additional elevations if needed

933 -48.264 b-31.264
91a-46.731b-29.731
Sa-46.731 b-29.731
8a-47.456 b -30.456
7a-48.265 b -31.265
T parcels
Parcels Lot 822 25159/233
Footprint
AS3a7aBatafla
B93b91b 9 8b 7

hae Textural data

Date 06/12/2007

Figure 7. Example of Excel file- Lot 822 (manual data entry highlighted)

Finally, a Java program reads the Excel file arati$othe 3D parcel into the database. It is
important to keep in mind that, even though theodmy of the parcels is performed
automatically by a computer program, the passage fihe PDF/TIFF survey plan to the
Excel format has to be done manually. Thereforas ia non-trivial and time-consuming
operation.

3.3 History of spatial units

In the process of encoding 3D parcels of both kitdsecame clear that the DCDB has not
been static since these parcels were first recorldggroved necessary to allow to back-

capture the history, and for historic details todmeommodated in the prototype database.
Back capture of history has not been attemptedayetit from a single case, but provision has
been made in the schema and capture software.

4. STORAGE SCHEMA

The data for research described here does noteaempr cover the entire requirements of a
cadastral database, notably excluding the party &RR (Rights, Restrictions and
Responsibilities) data, however the schema is dedidflexibly, to accommodate:

— Parcel data in 2D (from the Queensland Government);

— Elevation data (courtesy of Fugro);

— Information form plans of survey (from the Queensl&overnment);

— Building/topographic (references objects) 2D/3D;

— Rights (or RRRs more general);

— Parties.

An early decision was made to keep the databaseform equivalent to that used in the
current Queensland DCDB, but to expose views df dasa in a form which is compatible
with the LADM. This achieves four purposes: 1.llbas simpler loading of future data from
the Queensland DCDB. 2. It allows modification loé tprototype database structure without
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invalidating work being done on the visualizati@n.lt provides the possiblitiy of defining a
LADM derived protocol for delivery of mixed 2D/3D+fadastral data. 4. It indicates that a
database which is not defined with LADM in mind csditl support such a protocol.

The database used in this research is also platinéé used for research on appropriate
storage for mixed 2D+t and 3D+t Cadastre, and ab aiill be quite volatile in structure. To
avoid the different strands of research interferingvas decided that the data would always
be made available for viewing/manipulation in and&rd, but quite basic form. Thus 3D
spatial units will be made visible (in the formdtlL&\_SpatialUnit objects), with the extents
defined by plane faces (LA_BoundaryFace).

QC VersionedObject
OcC_BAUnit

QC VersionedObject + nama:Characterstring
OC_SpatialUnit + type: Characterstring

*|+ ulD: CharacterString

extAddressID: int[0.. 7]
area: double 1
dimension: int

label: Characterstring
referencePoint: POINT
sully: long
surfaceRelation: char
volume: double

1 1
i -
QC_VersionedOhbject
QC_BoundaryFaceString

o AR I RKS R T B

Qc VersionedOhject
QC_BoundaryFace

bfil¥: long

geometry: POLYGON
locationByText: CharacterString
linestyle: char

seometry: LINESTRING
locationByText: CharacterString
linestyle: char

= o ok

bfsID: long ‘

Figure 8. Spatial unit structure based on LADM

There is no attempt made to share faces betweemandj spatial units, and all faces observe
anti-clockwise sense (viewed from the outside) (Tifdahe convention of the normal vector
pointing outwards is used). 2D spatial units wél imade visible as LA_SpatialUnit objects,
with the choice of a single LA_BoundaryFaceStringking a closed polygon (anti-clockwise
when viewed from above), or a number of face s&if@ach attributed with a “line style”)
which may be joined in order to make a closed patygrhe polygon may be complex (with
holes), but not multiple. The lot details will beade visible in the format of LA BAUnit
objects. The term “made visible” in the precediagntended to indicate that there may be
views of database tables created that have theoppgie appearance and behavior, or
redundant tables (materialized views) may be cdedt¢he views cannot be implemented
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efficiently. As research on the database structtire, decision view/redundant table may
change without having a major effect on front-eededopment.

The objects described in Figure 8 above representlata as seen by a front-end process.
Note the close relationship between these objauistlze LADM defined objects, the prefix
QC (for Queensland Cadastre) has been used tongligh them from the LADM
equivalents. The actual database structure iséat linitially) as shown in Figure 9 below.
The mapping between the object attributes arelbmv® (Table 1, Table 3, Table 5 and Table
6). An indication of the SQL necessary to definesth views can be found in Table 2 and
Table 4. These will probably not be the final vers of the views, but the data content will
remain constant (or equivalent) during the research

Table 1. Mapping between QC_SpatialUnit (based on LA_SpatialUnit) and Par cel

QC_SpatialUnit Par cel

sulD Segment_Nx 1000 + Parcel_Nr

area Calc_Area

volume Calc_Volume

dimensiol 3 if any Polyhedron_Face objects present, otherw

label

<empty string>

referencePoint

Point (Centroid_Lon, Centroid_Lat, Centi)d_

extAddressld

Primary_Name_|Id

surfaceRelation

Coverage_Id

Table 2. SQL to create QC_SpatialUnit view

create or replace view QC_SpatialUnit as

select

segment_Nr * 1000 + parcel_nr as sulD,

case when plan_nr =" then "

when unit_nr <> " then plan_nr]||'/'|[lot_nr|
else plan_nr||/||lot_Nr end as ulD,
calc_area as area, calc_Volume as volume,
case when centroid_z = 'NaN' then 2 else 3 end as

" as label,

case when centroid_z = 'NaN'

then st_setSRID(st_makepoint(centroid_lon, ce
else st_setSRID(st_makepoint(centroid_lon, ce

|'/'[|unit_nr

dimension,

ntroid_lat),4283)
ntroid_|at,

centroid_Z),4283) end as referencePoint,
primary_name_id as extAddress,
coverage_id as surfaceRelation,
creating_lock_nr, destroying_lock_nr
from parcel;

Table 3. Mapping between QC_BAUnit (based on LA_BAUnit) and Lot or Unit

QC_BAUnit Lot or Unit

ulD Plan_nr/ Lot _nr or Plan_nr/ Lot _nr/ Unit
name <empty string:

type Tenure_Status_Id (e.g. freehold, leasehold ...)
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Table4. SQL to create QC _BAUnit view

create or replace view QC_BAUnit as

select
case when plan_nr =" then "
when unit_nr <> " then plan_nr || '/ || lot _nr || '/ ]| unit_nr
else plan_nr || '/ || lot_Nr end as ulD,
" as name,

tenure_status_id as type,
creating_lock_nr, destroying_lock_nr
from lot;

Table 5. Mapping between QC_BoundaryFace (based on LA_BoundaryFace) and Polyhedron_Face

QC BoundaryFace Polyhedron Face

bflD (Segment_NK 1000 + Parcel Nr) * 10000 + Face Nr
geometry P_Shape

locationByText “B” for building format units, nufitherwise

linestyle Linestyle (indicates road boundaries etc)

Table 6. Mapping between QC_BoundaryFaceString (based on LA _BoundaryFaceString) and Parcel

QC _BoundaryFaceString Par cel

bflD (Segment_Ni 1000 + Parcel_Nr) * 10000 + corner number
geometry P_Shape split into individual linestrings

locationByText “N” for natural boundaries, null etlwise

linestyle Linestyle (indicates road boundaries etc)

In the case of a LA_BoundaryFaceStrirg Parcel, the Parcel.Linestyles text is unpacked,
and the values are associated to the line segnoéritse P_Shape polygon — that is, the
polygon is divided into individual linestrings aeh change of linestyle. The view described
in Table 6 requires this unpacking of the polygdmeot and text string. To date, it has been
implemented in procedural language, but may nofpbssible in a simple SQL view. A
simplified version of the view, which omits the dstyle is sufficient for the present. When
selecting data via the views, the users will se®MAterminology only (for tables, attributes,
relations, code lists, etc.).

Using a web based solution makes a lot of sensdigsemination, as web browsers offer a
relatively hardware/ software independent platforeaching many possible users without
great efforts at the user side. Therefore, at ¢éinees side, a web data service is established on
top of the LADM views in the database, exposing2Beand 3D cadastral information to the
outside world. At the client side a 3D geo-inforioataware WebGL based solution is
applied to visualize the 3D parcels (and referestgects) and interact with the information.
Important is that the client uses a limited amoohinformation as all information in the
DCBD would be far too much; only looking at the pBrcels this is already too much (more
than 3 million parcels, with many attributes). S®relient caching techniques are used to
manage the communication between server and client.
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QcC_\VersionedObiect
amodel view?

__________..-1 OC_SpatialSource

Plan

umodel view?
QcC_SpatialUnit

+ Plan_Nr:char{12)
+ Source: bytes
+ Source Type: warchar
+ Plan_lmage: bytea
Flan_lmage Type: varchar
+ Segment_Mrint

0.1
. + Locality_|D: short Parcel

Qc_VersionedObject 1 + Segment_Nr:int
Lot + Parcel_Nr:short
+ Locality_|D: short

&
+ Plan_Nr:char(12) T_-_-_'_'_'_'_'_'_‘—'———-—-_._.___— Farish_ID: short

umodel view?
ac_BAURit

QcC_VersionegdQhbfject
Segment

QcC_VersionedObject

+ Lot Nr;char(5) ) #| + Accuracy _|D:zhort
+ Reserve Nrint emodel view? | + Parcel_Type_ID:char
+ Tenure Status_ID:char{2) QC_BmmdawFarel + Cowverage |B:charg

+ Surveyed_ FG:char + Parcel_Indicator_|D: short

1
+ Lot Area_AM: double + Plan_Nr:char[12}
- + Lot Nr:charf5)

+ Excluded_Area_AM: double
+ Lot Volume! double Polyhedron_Face +  Unit_Nr:char(5)
+ Parcel_Count: short - + Primary_Name_ID: int
+ Segment_Nriint +  Centroid_Lat: double
£ 1 + Parcel_Nr:short + Centroid_Lon: double
. + Face Nr:int + Centroid_Z:double
Face_Mame:varchar + Calc_Perimeter: double
Building_Unit_Lot + Centroid_Lat: double + Calc_Area:doubla
7 + Centroid_Lon:double + Calc Volume: double
#  Unit_Nr:char{s) + Centroid_Z: double = Linestyles:text
+ AN double + P_Shape: Polygon
+ B_V:double
=<1+ €. \:double
O W: double
Aw,B vetc,arathe A B, C D + Calc_Perimeter; double :
parameters of the planar face. + ©Calc Areatdotble ST
A+B+Ci =1 and the faceis + F_Sh_EpE: Polygon B Honit g i
defined as: Ax+By+CzeD=0. + Footprint_FG: char
+ Linestyle: char

Figure 9.The database schema, with linksto the LADM objects shown in blue

5. PROGRESS

As mentioned earlier, a large selection of 2D plarbave been loaded from the Queensland

DCDB. This will ensure that there are enough datamike the system loads realistic.

Capturing the 3D parcels has been more difficult,dgrogress is being made. A prototype for

the visualization and dissemination of 3D cadassrecurrently under development. In

particular, it combines different types of datagiwe context to the 3D cadastral parcels

(2018). Among the data to be included in the pyqetwe can find:

— 3D survey plans (from Queensland Cadastre), eiteébuilding format units’ and in
'volumetric parcels’, which will be described iretihhext subsections

— 2D cadastral parcels (from Queensland Cadastre);

— Registration of rights, restrictions and resporisie (if available);

117
Rod Thompson, Peter van Oosterom, Barbara Cemellini andde Vries
Developing an LADM Compliant Dissemination and Visualizatgystem for 3D Spatial Units

7" International FIG Workshop on the Land Administration Danidbdel
11-13 April 2018, Zagreb, Croatia



— Elevation data (DTM or DEM, depending on the avaligy) in order to make the
visualization more complete and meaningful;
— Reference data such as topographic objects, éitt&y or 3D.

5.1 Building format units

To date, three non-trivial plans have been condeaited entered, consisting of five buildings
(two of the plans are for complexes of two buildireach), and 349 individual units (but note
that in some cases, balconies and car parks ardezbas separate units, so the true number
of units would be closer to 200). These can be seéngure 10, which also shows the 2D
parcels from the DCDB. The building in the foregnduof Figure 10 has been modified in
terms of the subdivision into units, and if viewasl at an earlier date looks a bit different.
This is an issue to be investigated in the nearéytto allow visualization of variations in the
Cadastre — perhaps with a “time slider”.

Figure 10. Three plans of building format units

5.2 Volumetric parcels

A section of the “Clem 7” road tunnel has been gagat and is visible in Figure 10 above and

Figure 11 below. It should be noted that the tumodlime is fragmented at the boundaries of

the surface parcels, so that the section is congpofsmany individual parcels. The large grey

“monolith” is a parcel which runs from the tunnel a height of 200m. There is clearly no

construction within the space, which has probalglgrbreserved to prevent building above a
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tunnel access point. In Figure 11, although ites viewed over Google Earth, all parcels
(2D and 3D) have been pushed up by 50m. This allmelsw ground parcels to be seen by
making the 2D parcel representations partiallydpanent.

| The parcel
encoded in

Volumetric Parce |
below Building
Format parcels

| Clem 7 tunnel
| (below ground)

Figure 11. A mixture of 2D par cels, building format and volumetric par cels

6. CONCLUSIONSAND FUTURE RESEARCH

A schema has been developed to accommodate a r2Deahd 3D Cadastre, with a time
component. This schema provides sufficient funetiby to provide LADM-compatible
views of the data for the purpose of developinguaization tools, and for the further
development of the schema itself. A significantwoé of 2D+t Cadastral data has been
loaded, which also contained 2D+t representatidriéDoparcels. A moderate number of 3D
building units, and a smaller number of volumeparcels have been hand-encoded using
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bespoke software, and added to this database. Tkieren has been displayed in KML

through Google Earth.

This research is very much a “work in progress’t #me following are planned for the near

future:

— Temporal Dimension: The Cadastral data from the Queensland Cadasaieeady in the
form of 2D+t parcels. In addition, the 2D repres¢ion of the many thousands of 3D
parcels in the state have a time component. Thevad is capable of capturing historic
3D parcels, and in the case of one building forptan, this has been done. The aim is that
the visualization software should be capable of inmithe historic changes clear to the
user (perhaps using a “time slider” approach);

— Client-Server Protocol: Whatever form the final interaction between thertl process and
the database server takes, the protocol will beuienited and made public. This will
make it possible to mix-and-match different clignobls with different DBMS’s and
database schemas;

— Tuning and Performance issues. This part of the research is in relatively eargges.
Initial indications are positive, but there havestvano tuning/compromise decisions made
yet;

— Topological Database Schema: All 3D parcels that are added to the databasebairg
validated using the axioms described by Thompsahvam Oosterom (2012), but this is
on an individual parcel basis only at presents ihtended to apply multi-parcel validation
(to ensure adjacent parcels are non-overlappingDirand time) as a later phase of the
research. An earlier paper argued that the protdool the transport of cadastral
information in the form of plans of survey shoulkskeua topological protocol (Thompson,
van Oosterom et al, 2017). It is natural to extémd topology to the database schema
itself. The current Queensland Cadastre in 2D+sdue use topologicdbrm, but has the
necessary linkages to make this change relatiady.e8D+t topology is still in the process
of investigation.
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