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SUMMARY

In the research concerning 3D cadastre (Stoter et al., 2002) a prototype has been built that
improves insight in the vertical dimension of rights registered in the cadastral registration
system. This is important when different properties are located above each other (tunnels,
pipelines, building complexes). In the prototype, parcel boundaries need to be located in 3D
space as they have to be combined with 3D objects such as tunnels and pipelines. To extend
the spatial model of parcel boundaries into 3D, simply assigning one z-coordinate to each
parcel is not sufficient. Providing a z-coordinate to the vertices describing parcel boundaries
does also not meet the requirements for a 3D cadastre. In this paper we elaborate on how
parcel boundaries can be integrated with point heights to meet the requirements for a 3D
cadastre, i.e. obtaining a height surface for parcels. A height surface of parcels is the digital
terrain model (DTM) on the locations of parcels. Therefore a parcel surface changes when the
terrain surface changes. We will describe and evaluate several possibilitiesto obtain a height
surface for parcels based on a DBMS approach.
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Height in the Cadastre
| ntegrating Point Heights and Par cel Boundaries

Jantien STOTER and Ben GORTE, the Netherlands

1. INTRODUCTION

According to FIG (1995) a cadastre is "a parcel-based, and up-to-date land information
system containing records of interests in land (rights, restrictions and responsibilities)”.
Cadastral systems maintain rights and limited rights as attribute data on parcels that are
described geometrically. In those systems parcel boundaries are maintained in 2D.

In the research concerning 3D cadastre (Stoter and Ploeger, 2002) a prototype has been built
in which 3D physical objects are modelled in a DBMS. In the prototype rights established for
3D physical objects are also defined in 3D.

An important question was how the z-coordinates of these 3D objects should be defined: with
absolute values (in the national coordinate frame) or relatively, with respect to the surface
(e.g. 6 meter below the surface). Absolute z-coordinates are not influenced by surface
changes, furthermore the definition of the surface level (the reference level used for values
with respect to the surface) is sometimes not clear, finally when using z-coordinates with
respect to the surface it is complicated to define the actual geometry of 3D objects. Therefore
the most sustainable solution isto define 3D objects with absolute z-coordinates, especially in
rural areas. In some urban areas it seems sufficient to define z-coordinates with respect to the
surface because surface levels are flat and because DTM's based on laserscan data are easier
to generate in rural areas than in urban areas (seefigure 1).

Figure 1: The heights of the buildings in these figures are defined with respect to the surface. Since
surface level in urban areas is reatively ‘flat', this is sometimes sufficient for representing the 3D
situation.

In the prototype two case studies were carried out in rural area: 1) two pipelines and 2) a
railway tunnel (Stoter and Ploeger, 2003). These 3D objects are known in absolute z-
coordinates (in the Netherlands National Ordnance Datum: NAP). Those 3D descriptions do
not reveal where the 3D objects are located with respect to the surface and with respect to the
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parcels on the surface: are the 3D objects situated above or under the ground, what is the
depth of the tunnel and pipelines?

To know the vertical position of 3D objects, the surface of the parcels is also needed.
Obtaining the height surface of parcels by the integration of parcel boundaries and point
heights is the topic of this paper. Lenk (2001) already performed a study on the integration of
2D GIS data and height information.

Using one z-coordinate for each parcel is not sufficient. Assigning height to the nodes
describing parcel boundariesis also not sufficient, because with this only the height is known
on the location of the parcel boundary and not within the parcel itself. In this research we
look for a solution where the surface covering a parcel is modelled in 2.5D.

First we use an example to illustrate why parcel surfaces are needed in the 3D cadastre,
followed by a description of the datasets used. Then the TIN's (Triangular Irregular Network)
generated in this research are described: an unconstrained and a constrained TIN, together
with the data ructures. The actual integration of height information and parcel boundaries is
explained by describing how a parcel surface can be extracted from the DBMS. We end with
conclusions.

2. INTEGRATING HEIGHT DATA AND PARCEL BOUNDARIES

For a 3D cadastre we are interested in the combination of parcel boundaries and height data
in order to obtain a parcel surface that can be combined with 3D objects (such as tunnel,
cables, pipelines). This indicates where the 3D object is located with respect to the surface
level.

To illustrate this, a pipeline is examined that was used as case study in the 3D cadastre
research. In this case study the NAM (Nederlandse Aardolie Maatschappij: company owning
an important part of the network of natural gas in the Netherlands) provided us with 3D
information on a pipeline located in the study area (see figure 2).

Figure 2 is a combination of 2D parcel boundaries and a 3D pipeline (defined with absolute
z-coordinates). It does not show where the pipeline is positioned with respect to the surface:
in this specific case the 3D pipeline (which has absolute z-coordinates between 5 and 10
meter) appears above the surface (the 2D parcel boundaries are positioned in the z=0 plane).
In figure 2, on the right the dashed lined shows the projection of the 3D pipeline on the plane
where the z-coordinates equal zero (the plane where the 2D parcel boundaries are positioned),
which shows that the 3D pipeline is located (5 to 10 meter) above the parcel boundaries. this
Is not correct since it is an underground pipeline.
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Figure 2: A pipeline defined in 3D combined with 2D parcels; the dashed line in the figure on the
right is the projection of the pipeline on the plane where the z-coordinate equals zero (which is the
plane wherethe 2D parce boundaries are positioned)

We described the parcel boundaries in 3D, by assigning z-coordinates to the nodes of the
parcel boundaries. A DTM (Digital Terrain Model) represented by an unconstrained TIN of
laser altimetry points was used for the extraction of the z-coordinates (see further). The 3D
parcel boundaries are drawn with dashed linesin figure 3.

On the locations of the parcel boundaries it is now possible to determine what the depth (or
height) is of the pipeline. However, within the surface of one parcel this still is not clear.
Therefore the parcel surface needs to be obtained. When the height surface of a parcel is
known, this information can also be used to find the actual surface of the parcel (instead of
the projected surface which is currently registered in the cadastral system).

Figure 3: Parcel boundaries defined in 3D (dashed lines) give insight in where the pipeline is
positioned with respect to the surface. Sticks indicate the distance between the pipeline and the
surface.
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3. DESCRIPTION OF DATASETSAND THEIR DATA STRUCTURE

For the integration of height data and cadastral data, two types of registration are used: the
cadastral data maintained by the Netherlands' Kadaster and height data maintained by
Rijkswaterstaat (Dutch Ministry of Transport and Public Works). In this research we combine
these registrations by using a DBM S approach.

3.1 Terrain model

For the terrain model we use a dataset representing the DTM of the Netherlands, i.e. AHN
(Actueel Hoogtebestand Nederland) (Van Heerd et al., 2000). The AHN is a dataset of points
with heights obtained with laser altimetry with a density of one point per 25 square meters
(with a validation accuracy of 5 cm). The dataset used is a selection of the AHN covering an
area of 5 km by 6 km, consisting of 1198029 data points.

3.2 Parcel boundaries

The used parcel boundaries are a selection of the cadastral database of the Netherlands. This
selection contains 2225 parcels (the whole country consists of 6.4 million parcels). In the
cadastral DBMS parcel boundaries are organised in the geometrical model and parcels are
topologically stored according to the rules of the wing-edged data structure (Oosterom and
Lemmen, 2001). Every parcel contains a reference to the first edge. The realisation of the
polygons can also be performed in the DBMS (Oosterom et al., 2002).

4. GENERATING TIN FOR THE INTEGRATION OF POINT HEIGHTS AND
PARCEL BOUNDARIES

An initial requirement is that all data is maintained in a DBMS. The main reason for this is
that the cadastre maintains huge amounts of data, both geometrical data (consisting of
17,642,437 parcels and 45,868,700 boundaries for which history is also maintained) and
attribute data (rights, redtrictions, subjects). In this research we use therefore a DBMS: Oracle
Spatial 9i (Oracle, 2001) to store the datasets. Also the extraction of the parcel surfaces is
performed in the DBMS.

4.1 Unconstrained TIN

To be able to combine parcel boundaries with the point heights, first a TIN (Triangular
Irregular Network) was generated using only the point data, by means of triangulation
software called Triangle (Shewchuk, 1996). The TIN is generated with Delauny
triangulation (Worboys, 1995) and consists of 2393676 triangles and 1198029 nodes. The
triangulation was performed outside the DBMS. The resulting TIN (containing X-,y-,z-
coordinates on point data and the TIN defined with references to those points) was inserted in
the DBMS in atopological model. The UML model of the TIN is shown in figure 4.
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TIN_triangle
ID: int
PNTZ1_id: int
PNT2_id: int
PNT3_id: int

Return_geom(id)

1>

3 <<ordered>>

TIN_vertex

ID: int

X: double
Y: double
Z : double

Figure 4: UML class diagram of TIN storage

In the topological model two tables are stored: one table contains references to the ids of the
points for every triangle (three references for every triangle):

SQ.> describe tin

Nane Nul | ? Type

I D NUMBER( 8)
PNT1_I D NUMBER( 8)
PNT2_I D NUMBER( 8)
PNT3_I D NUMBER( 8)

In the second table the coordinates of the points are stored together with their ids:

SQL> describe tin_vertex

Nane Nul | ? Type

| D NUMBER( 8)

X NUMBER( 12, 3)
Y NUMBER( 12, 3)
Z

NUMBER( 12, 3)

In thisway, every point is stored only once. A function has been written to generate (‘realise’)
the geometry of the triangles (3D polygons) based on the topological tables. The function
returns a 3D polygon of type mdsys.sdo_geometry (the spatial data type of Oracle). The
geometry is stored as a view on the topological model by means of the following function:

create view tin_geomas select id, return_geom(id)shape fromtin_c;
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An advantage of having the geometries is that geometries are recognized by CAD/GIS
software that can make a connection to the DBMS. In this way it is possible to visualise the
data stored in the DBMS as is done in the figures in this paper.

4.2 Constrained TIN

In order to integrate the AHN with the parcel boundaries a constrained TIN was also
generated, using the parcel boundaries as constraints. Again the Triangle software was used
(outside the DBMYS). In Triangle you can choose whether the edges that are constraints
should be divided to make more optimal triangles or not, which means that the original parcel
boundaries may exist as edges in the TIN. At first we did not divide the parcel boundariesin
order to preserve the original boundaries in the TIN. To make optimal triangles the
boundaries used for the constrained TIN can be divided based on criteria, e.g. avoid angles
smaller than a threshold value, avoid areas larger than a threshold value. The created triangles
near parcel boundaries did not give a good result (see figure 5, on the right), therefore in
future research we will experiment with dividing the parcel boundaries in the triangulation
process.

We assigned z-coordinates to the nodes of parcel boundaries by projecting them in the
unconstrained TIN. Height values for the nodes were then calculated by interpolating the z-
coordinates.

The constrained TIN contains 1500074 triangles and 783415 nodes and is again stored a
topological model, with a geometrical view on top of it.

4.3 Optimal data structure

The ideal case is just storing the point heights and the parcel boundaries in the DBMS and to
generate the TIN of the area of interest on user's request in the DBMS, without storing the
TIN inthe DBMS. Thisis more efficient because no data transfer (and conversion) is needed
from DBMSto TIN software and back. Thiswill be topic for future research.

5. EXTRACTING PARCEL SURFACE FROM THE DBM S

To obtain a parcel surface all triangles that are covered by one parcel need to be selected.
This can be done by either the unconstrained or the constrained TIN (see figure 5).

In the unconstrained TIN (figure 5, left) the selection represents an area larger than the parcel
itself since triangles cross parcel boundaries. In the constrained TIN (figure 5, right) each
triangle belongs to exactly one parcel and therefore the selection of triangles exactly equals
the area of a parcel, which offers better results

To compute the actual areain 3D space of aparcel, the constrained TIN is also a better option
as can be concluded from figure 5. The actual area of a parcel in 3D can be computed by
adding up all areas of the triangles covering one parcel.

Since the constrained TIN offers better possibilities, the query to extract a parcel surface from
the DBMS is performed on the constrained TIN.
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Figure 5: A parcel surface extracted form the DBMS on an unconstrained TIN (left) and based on a
constrained TIN on the right. Note that triangles do not match parcel boundaries in the case of the

unconstrained TIN.

Having the surface we now also can compute the position of the pipeline with respect to the
surface (table 1). The values of "surface" were generated by projecting the pipeline in the
TIN. The values for "with respect to the surface" could then be computed by subtracting the
“z” value of the pipeline from the “surface” value.

X

wrt _surface
242847.
242847.
242847.
242845.
242844.
242843.
242841.
242840.
242840.
242839.
242835.
242821.
242820.
242811.

22

512941.
512941.
512941.
512942.
512943.
512944.
512945.
512946.
512946.
512947.
512950.
512962.
512962.
512969.

[ N ENENENENENENE."

N

00 O W WWOWWWWWWOWWOWOOO

. 17208

. 172072
. 171944
. 165616
. 163164
. 165188
. 170208
. 170436
. 17049

. 170586
. 197065
. 140288
. 119136
. 96213

surface

1.
1.
1.
1.
1

-0.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-2.

16792

207928
208056
214384
066836
275188
590208
750436
84049

850586
967065
970288
959136
03213

Table 1: Pipeline combined with height surface results in z-coordinates at the surface level and z-
coordinates with respect to the surface level. Note that the first part of the pipeline is located above

the surface.
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5.1 Querying

The query to obtain the triangles covering one parcel, is first the realisation of the geometries
of triangles and then selecting the triangles that are located within a parcel. The selected
realised geometries are the triangles of interest. To simplify the query, the realised polygons
of parcels are stored explicitly in the parcel table.

To speed up the query a function-based index was built on the TIN table. A function-based
gpatial index facilitates queries that use locational information (of type sdo_geometry)
returned by a function. The spatial index is created based on the precomputed values returned
by the function:

insert into user_sdo_geom et adat a val ues(

"TIN.C, 'stoter.return_geon(id)', ndsys.sdo_di marray
(

nmdsys. sdo_dimelenent (' X, 0, 254330, .5),
nmdsys.sdo_dimelenment ('Y , 0, 503929, .5)), NULL

);

create index tin_idx on tin_c(RETURN geom(ID)) indextype is
ndsys. spati al _i ndex;

The spatial query to find all points or triangles that are located within one parcel can be
performed in two ways (in Oracle Spatial terms) with the spatial operator (sdo_relate) and the
gpatial function (sdo_geom.relate). The spatial operator requires and utilises a spatial index
and is therefore faster than the spatial function which does not use an index.

Unfortunately, in the current version of Oracle operators only work if the dimension of the
operands is equal to each other. To illustrate the difference between the spatial operator and
the spatial function, we stored the triangles of the TIN in 2D and queried which 2D triangles
are inside one particular parcel (number 461, municipality: GBGOO, section L):

/* query to obtain triangles covering one parcel

/* operator

select id, return_geon(id) shape fromtin_c, parcels par where
parcel =" 461' and

muni ci p=' GBBA0' and

section=" L' and

sdo_rel ate(return_geon(id), par. geom ' mask=COVEREDBY+I| NSI DE,
querytype=JO N ) ="'TRUE ;

/* function

select id, return_geon(id) shape fromtin, parcels par
wher e

parcel =" 461" and

muni ci p=' GBBA0' and

section=" L' and

sdo_geom rel at e( par. geom

" COVEREDBY+I NSI DE' , return_geon(id), 1) =" TRUE ;
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In both cases the result is 1855 triangles.

In the constrained TIN the maximum number of triangles in a parcel is 31193, the minimum
number is 15 and the average number is 817. For the unconstrained TIN these numbers are:
15121, 1 and 348.

The sdo_relate operator and the sdo_geom.relate function are the implementation of the 9-
intersection model of Egenhofer (Egenhofer, 1992) in Oracle for finding binary topological
relations between points, lines, and polygons. Each spatial object has an interior, a boundary,
and an exterior. The boundary consists of points or lines that separate the interior from the
exterior. The boundary of a line consists of its end points. The boundary of a polygon is the
line that describes its perimeter. The interior consists of points that are in the object but not
on its boundary, and the exterior consists of those points that are not in the object. Some of
the topological relationships of the 9-intersection model have names associated with them.
The following names are used in the examples above:

- INSIDE: returns INSIDE if the first object is entirely within the second object and the
object boundaries do not touch; otherwise, returns FALSE;

- COVEREDBY: returns COVEREDBY if the first object is entirely within the second
object and the object boundaries touch at one or more points; otherwise, returns FALSE.

6. CONCLUSION

In order to position 3D objects (tunnels, pipelines)defined with absolute z-coordinates with
respect to the surface, the surface of parcels is needed. In this research two registrations are
used: the parcel boundary registration by the Netherlands' Kadaster and the height
registration by the Meetkundige Dienst of Rijskwaterstaat. The optimal way of the integration
of height in the cadastre is when both registrations (parcel boundaries and point heights) are
maintained inaDBMS.

The best process of the combination of the two registrations is obtaining all height points that
are located in one parcel and then generate a constrained TIN (with the parcel boundaries as
constraints). In the constrained TIN, triangles only belong to one parcel and the area of all
triangles located within one parcel can be summed up to get the area of the parcel in 3D
Space.

In this research we used a study area to study the possibilities of the integration. Both
registrations were inserted in the DBMS. The TIN, in this research generated outside the
DBMS, is stored in the DBMS in a topological model with a geometrical view on top of it.
The integration of the height data and the parcel boundaries makes it possible to position 3D
objects with respect to the surface (what is the depth/height of a 3D object at this location?).
In the future the TIN computation should be performed inside the DBMS.

One of the disadvantages of using a dense laser altimetry dataset is the resulting data volume
and with that the poor performance of the queries. It is therefore relevant to look how the
number of TIN nodes can be reduced by removing nodes that are not significant for the TIN
taking the constraints of the parcel boundaries into account: remove nodes based on
parameters such as maximum angle between two points and the difference between the
original point and the reduced TIN. In our department a study has been carried out on
iterative data reduction in an unconstrained TIN by detecting the characteristic point heights
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(Penninga, 2002). Data reduction of the constrained TIN, while maintaining the quality, will
improve the efficiency of the TIN considerably and will therefore be topic of future research.
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