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Abstract. In this paper we illustrate an approach for managing 3d ob-
jects based on the semantics attached to the objects. Built over a fast
indexing mechanism for storing 3d data, a semantic framework for adding
and sharing conceptual knowledge about spatial objects is presented.

1 Introduction

The amount of three–dimensional data has drastically increased over the last
couple of years. The reasons for this increase are manifold: the availability and
the easy use of laser scanners, the improved quality of software for creating 3d
data from 2d images, etc. Meanwhile, the development of web technologies led
to new possibilities in sharing information. In addition to the traditional type
of data these technologies can also be applied to 3d data. Although the need
for semantic management of 3d data has been acknowledged for quite a while,
there is still a huge deficit of adequate tools. In this paper we will give a short
description of an approach and the corresponding tools helping a user to manage,
analyse and share information and knowledge about a spatial environment.

From a technical point of view, our system is based on two major components:
an efficient storage module for multi–dimensional data and a concept–based rep-
resentation module for the objects identified in the data. These two components
are linked through a query modeling and transformation processing layer. At
the basis of the storage module we built a fast indexing structure for storing
3d points. Here we limited ourselves to 3d data, however it can be extended
to multidimensional data. The overall system allows 3d queries based on con-
cepts defined in a spatial ontology. Even if some basic concepts are defined in
a static reference ontology, the system’s knowledge base can be extended by
adding the user’s own concepts. The points returned by the queries are related
to the concepts defined by the user and therefore extended by the new semantics
defined in the ontology. Our illustration is build on architectural data. Archi-
tectural structures are often based on very complicated models as they have to
take into consideration technical as well as aesthetic aspects and therefore ask
for semantic integration. To test our approach we propose an ontological model
combined with a real set of 3d data of the Pantheon in Rome made available by
the Karman Project1.
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As a first step, we selected an appropriate indexing method to guarantee a
very good performance. From the multitude of possible techniques (kd–trees [1],
grid files [2], buddy–trees [3], etc. ), we finally opted for an adapted version of
the X–Tree approach [4], as it satisfies best the needs of the semantic part of our
system (see [5]). Based on B–Trees, both the X–Tree and R–Tree [6] structures
use the same indexing methods, but the major problem with R–tree–based in-
dexes is that the overlap in the directory is increasing very rapidly with growing
dimensionality of the data. In the X–Tree approach, the supernodes are created
during insertion only if there is no other possibility to avoid overlap, which will
increase the speed of the queries made in the spatial database system. After
the storage, we defined the base ontology, the main criteria being clarity and
coherence. The basis of the system is a simple geometric ontology. We consider
this geometric ontology as a reference system and therefore it should not be
modified by the user. In our universe of discourse this is the minimal ontological
commitment. It is of course possible to extend the definitions from this ontology.
Different user–ontologies could be developed due to the different perceptions of
the domain based on cultural background, education, ideology. Finally, we de-
veloped the system in such a way that it becomes possible to extend the queries,
allowing the user to interact with our system and to introduce the kind of con-
cepts he needs to analyse the spatial data. These different steps are presented
in the reminder of the paper.

2 The Reference Ontologies

The system’s knowledge base is mainly comprised of two groups of ontologies: the
upper (reference) group and the lower (user) group. This difference between the
used ontologies has been shown already in [7]. Without losing in generalisation,
the user can describe a spatial object in a specific environment by actually
constructing the 3d object from elementary shapes. Each elementary shape is
described mainly by a transformation (scaling, translation, rotation), one or
more positions and one or more dimensions. Since each transformation can be
expressed in different ways or is shape–dependent, the upper ontologies comprise
the description of different systems and mathematical models that might be used.

2.1 The Coordinate Systems Ontology

The coordinate systems ontology defines a few systems for describing a posi-
tion in space: cartesian, spherical and cylindrical — the ontology being eas-
ily extensible with other systems. Each coordinate system has properties that
maps its specific characteristics (the coordinates and/or the angles necessary to
uniquely identify a point in the space). Thus, in the example shown in Fig. 1 ,
the CartesianSystem has three length–based properties (corresponding to the
x– , y– and z– coordinates), while the CylindricalSystem has two metric–like
properties and a degree–like property that correspond to the radial, vertical and
azimuth values, respectively.



Fig. 1. Excerpt from the Coordinate Systems and Transformation Systems Ontologies

2.2 The Transformation Systems Ontology

The same approach has been used for the transformations ontology. As an il-
lustration, each instantiable rotation system has predefined attributes (e.g. roll
angle, vector, etc. ) that match their corresponding mathematical elements. For
example, the EulerAxisRotation defines properties for rotation vector and angle,
while the TaitBryanRotation has a degree–like property for each dimension, as
can be seen in Fig. 1 .

Both coordinate systems and transformation systems ontologies have been
designed bottom–up [8], the superclasses being constructed as the union of their
subclasses. By this approach, we force the notion of abstract classes (we can not
have instances of CoordinateSystem , it has to be an instance of CartesianSystem

or SphericSystem ) without losing the typeof relation and the inheritance mech-
anism between concepts. Furthermore, the cardinality constraints defined on the
properties (such as radial, coordinates, etc.) make those properties mandatory.

2.3 The Geometrical Shapes Ontology

Inspired by [9], the shapes ontology is the most complex one and it formalises
the fundamental geometrical shapes such as cuboids, sphere, etc. The central
concept of this ontology is the SpatialObjet , all basic shapes as well as any user–
defined spatial object being subclasses or instances of the SpatialObjet concept.
In the spatial ontology, each shape is described mainly by a transformation
(e.g. rotatedBy ), a position (hasPosition ) which actually is seen as the central
position of the geometrical form and by its dimensions (hasDimensions ) or it
can be identified by one or more points of reference (definedBy ). As can be seen
in Fig. 2 , the geometrical shapes are described as Basic3DShape which are of
type SpatialObject , meaning we could easily extend the ontology to other multi–
dimensional objects. Its dependency with the previously described ontologies
gives it more flexibility in the positioning and transformation of the spatial



shapes. The topological and compositional properties defined on SpatialObjet s
let the user to construct iteratively more complex SpatialObjet s, as described in
the next section.

Fig. 2. Excerpt from the Geometrical Shapes Ontology

For all of the upper ontologies, the system considers that two parameters are
implicit: the distance unit expressed in meters and the degree unit in radians.
For more flexibility, the system could easily be extended by other ontologies that
describe the distance and the degree systems.

3 Evolving the User Ontology

When the user starts working with the initial system he will find all con-
cepts described in the reference ontologies. This means he can essentially use
Basic3dShape and its associated basic operations to define his queries, that cor-
respond to his basic objects. By composing these simple Basic3dShape objects,
the user can describe new, more complicated shapes.

These new spatial objects have to be defined in the ontology, more precisely
in the part reserved for user definitions. To do this he can use the Ontology Web
Language2 (OWL) or the tools provided by the system. A user can define new
3d objects or redefine existing objects (e.g. by changing the coordinate system).
We will illustrate now an example of how a user might proceed to define his own
objects and make them available as an ontological definition.

Let’s imagine for this example that we would like to find Corinthian columns
in the Pantheon data. More precisely we want to analyse those present in the
entrance of the Pantheon that we can see in Fig. 3 .

By looking at the image of the entrance a user may try to retrieve the points
defining a column using the basic definition of a box, another user may prefer to

2 OWLReference –W3CRecommendation (http://www.w3.org/TR/owl–ref/)



Fig. 3. The entrance of the Pantheon in Rome

retrieve the same points using a cylinder, whereas a third user may realise that a
combination of the two previous approaches might be more appropriate. Let’s say
he would use a box for the base element, then a cylinder for the middle part of the
column, and another box for the top of the column, all of them being combined
to define a Corinthian column. For these types of complex shapes, a new concept
can be added to the ontology, named CorinthianColumn . Furthermore, another
concept CorinthianEntrance can be defined as composed of CorinthianColumn s.
The Basic3dShape s used to define the new concepts have precise coordinates and
ontological descriptions (see Fig. 4 ).

Fig. 4. A user–defined ontological description of a complex spatial object representing
a Corinthian column

Based on the extended ontology another user could add his own concepts and
make them dependent on the newly introduced concepts of the CorinthianColumn .
As known from the history of architecture, Corinthian columns might consist of
identical base and middle element, but they could differ in their top element. The



ontological definitions should also allow this refinement of the basic definitions
of a CorinthianColumn .

4 Conclusion

In this paper we have presented an overview of a system combining the latest
technologies in 3d data management with the newest developments in semantic
data management. The main contribution consists in adding a dynamically cre-
ated semantic layer to a cloud of points, starting from a reference ontology that
describes the basics of the spatial aspects. Each ontology concept is linked with
the spatial database system (SDS) through a set of standard queries. The result
of the queries are groups of 3d objects delimited in spatial environnement which
describe simple or complex ontology concepts. Driven by human interpretation
we are able to create a representation of some parts of the pantheon architec-
tural concepts. This idea offers a new way to add dynamic knowledge to a spatial
database system and opens the door to semantic–based spatial data mining.
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