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Abstract

While the number of virtual environments available on the net is
constantly increasing, most of them are composed by a wide num-
ber of low-level geometric objects that lack any semantic descrip-
tion. Such situation prevents advanced uses of the data contained
inside the environments, such as selection and extraction of seman-
tic objects or advanced queries that refer to high-level properties of
the environment. Recently some attempts have been performed in
order to annotate 3D environments using the descriptive capabilities
of MPEG-7 standard. While the solutions proposed are interesting,
there are still a number of issues to be solved, including the defini-
tion of scene-independent ontologies that can be useful in different
situations (e.g., 3D world validation, semantic search through a set
of worlds, etc.).

This work proposes an alternate approach for associating seman-
tic information to 3D worlds based on the integration of two web
standards: the X3D language and the semantic web. The approach
is characterized also by the definition of scene-independent ontolo-
gies and by the definition of semantic zones that complement the
role of semantic objects for giving a complete description of the
environment.

In order to show the potentialities of such approach the paper will
illustrate an application scenario characterized by the extraction of
the semantic information from an X3D document and the associated
ontology for generating a high-level and multilevel textual descrip-
tion of a tour through the 3D environment described by them.
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1 Introduction

The authoring of most 3D environments is characterized by the
modelling and composition of low-level geometric elements like
polygonal meshes or, in the most advanced environments, by ob-
jects belonging to the family of NURBS surfaces; in both cases

*e-mail:pitt @unive.it
e-mail:adefaver @dsi.unive.it

Copyright © 2006 by the Association for Computing Machinery, Inc.

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for commercial advantage and that copies bear this notice and the full citation on the
first page. Copyrights for components of this work owned by others than ACM must be
honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on
servers, or to redistribute to lists, requires prior specific permission and/or a fee.
Request permissions from Permissions Dept, ACM Inc., fax +1 (212) 869-0481 or e-mail
permissions@acm.org.

Web3D 2006, Columbia, Maryland, 18-21 April 2006.

© 2006 ACM 1-59593-336-0/06/0004 $5.00

85

Alessandro De Faveri'
Universita Ca’ Foscari di Venezia
Dipartimento di Informatica

such elements represent the building blocks used by expert model-
ers for assembling more sophisticated objects to which the authors
themselves associate implicitly a semantics that is shared with the
visitors of the 3D world (of course a successful association of a se-
mantics to the 3D shapes depends on different factors like the skill
of the modeler, a common cultural background for the modeler and
the visitors, etc.).

Unfortunately, while the final users recognize such associations ex-
amining the visual properties of the 3D objects, often there is no
way to deduct a high-level description of them from the examina-
tion of the file where the 3D information is stored. The modelling
tools themselves, mostly conceived for obtaining simply a sequence
of rendered views from the models, provide limited means to give
a structure to the 3D objects in relation to their semantics. Besides,
current modelling practices don’t encourage the semantic connota-
tion of 3D objects; some specific yet limited notation opportunities
such as the layer metaphor (derived from the traditional technical
drawing and used for partitioning the 3D world in different groups
of objects) or the object labelling are not consistently used for stor-
ing in a standard way the high-level structure and communicate it
to other people as an additional result of the modelling work.

The lack of any standard high-level description of the elements
of such environments represents a fundamental drawback for ad-
vanced uses of the 3D world description that require the knowledge
of the objects’ semantics. A range of possible uses for such knowl-
edge includes:

e web search engines processing requests formulated in natural
language referring to high-level features: (e.g., find the build-
ings containing an inner court surrounded by columns);

e extraction of semantic objects from huge files for easier ex-
amination and automatic creation of high-level libraries that
can be used for creating different 3D environments;

e high-level textual descriptions of paths to a given location,
generated on the basis of static or dynamically generated
paths.

Of course, an advantageous use of a high-level description is not
limited to 3D virtual environments, but includes all the realm of
the so-called mixed reality [Milgram and Kishino 1994] (e.g., a
high-level description of a virtual model mapping a real environ-
ment can be useful for helping navigation in the real scene or in the
augmented environment resulting from the sum of real and virtual
components).

In this work we’ll analyze the existing solutions for the semantic
description of multimedia, with a particular reference to 3D scene
description. We’ll consider their points of strength and drawbacks
and we’ll compare them with our proposal that is characterized by
the following features:

e integration of two web standards: the X3D language [Web3D
Consortium 2004] for the description of 3D environments and
the semantic web [W3C 2001];

e the definition of scene-independent ontologies that are used



for defining classes of objects and their relations;

e the definition of semantic zones as a means to enhance the
high-level description of the environment (the notion of Inter-
action Locus [Pittarello 2003], defined by one of the authors,
will be exploited in this work);

e amultilevel description of the environment, allowing to query
the scene at different levels of semantic granularity.

The rest of the work is organized as follows: Section 2 will con-
sider related works, with a particular reference to the high-level de-
scription of 3D environments; Section 3 will present our proposal
for the semantic description of 3D environments, focusing on the
definition of the semantic information to be included in the X3D
files and in the associated ontology; an introductory example will
be given to illustrate how complementary semantic information is
distributed across such formats; Section 4 will focus on a complex
application scenario: the high-level and multi-level description of
a path through a virtual environment starting from a semantic de-
scription of the 3D environment itself and from the low-level defin-
ition of the path (e.g., a manually or automatically generated poly-
line); the description of the associated implementation architecture
will conclude the section; in Section 5 the scenario considered in
the previous section will be exemplified by a case study related to
an urban environment with a VoiceXML compliant presentation of
the guided tour through an ancient Venetian palace; Section 6 will
conclude the paper, giving some hints of future development.

2 Related Work

Research related to the semantic description of multimedia doc-
uments has become increasingly important in the last few years.
Most of the work done so far is related to two distinct areas: the
semantic annotation of audio-video information and the semantic
annotation of resources available on the web; attempts to describe
semantically 3D worlds (including this work) refer to such research
areas.

Concerning audio-video information, the Moving Picture Experts
Group (MPEG) [MPG ] has done the most relevant work, defin-
ing a set of standards for coding and describing such data. The
most interesting standards in relation to this work are MPEG-4
[Pereira and Ebrahimi 2002] and MPEG-7 [Nack and Lindsay
1999a] [Nack and Lindsay 1999b]: the first specification considers
a multimedia document as the summa of different objects the user
can interact with; a recent addition to MPEG-4 standard (XMT-A)
defines an XML based format containing also a subset of the X3D
nodes; the latter specification allows to describe multimedia content
specified using other standards (e.g., MPEG-4, SVG, etc.); such de-
scription is archived independently of the content data file itself.

Some interesting proposals for describing the semantics of a 3D
scene take advantage of the MPEG-7 standards ( [Bilasco et al.
2005], [Halabala 2003], [Mansouri 2005]). Halabala uses MPEG-
7 to store semantic graphs related to a 3D scene. A prototype appli-
cation developed by Halabala allows the user to select a high-level
description of a specific object on an semantic hierarchy of objects
obtained from an MPEG-7 description; the selection process high-
lights on a VRML browser the associated low-level geometry (de-
scribed using VRML language); on the other side, the user is en-
abled to select a piece of the 3D geometry on the VRML browser
in order to obtain the associated semantic objects (a hierarchy of
semantic objects exists, so the user is given the chance to select
the appropriate level; e.g., the click on a polygon associated to a
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wall enables the user to select the semantic objects wall, room or
building).

An interesting problem considered by this work is that of the shared
objects such as the wall shared between different rooms; the author
states that the VRML/X3D hierarchy used for describing the geom-
etry is not well suited to the description of the semantics, being
conceived for modelling virtual reality rather than for a high-level
description of the scene. That is the reason why the author proposes
to use MPEG-7 for overcoming such deficiency and obtaining a sat-
isfactory result.

While the work described above represents an interesting proposal,
complemented with a number of application scenarios, a signifi-
cant drawback is that the semantic description of the 3D world is
related to the specific scene; in other words is not available a scene-
independent ontology defining which are the valid relations for the
objects belonging to a certain domain.

Another interesting work [Mansouri 2005] uses MPEG-7 for de-
scribing the semantics of virtual worlds, enhancing both querying
and navigation inside of them (e.g., the system can return virtual
words after semantic queries such as I am looking for a tall tree).
The author of this work considers the issue of enhancing the de-
scription of existing 3D worlds with domain-oriented annotation,
using a modified version of OntoWorld [Ont ], a tool designed for
generating virtual environments from the semantic description of
the environments themselves; the modified tool generates MPEG-7
compliant documents where semantic information added to existing
3D files is saved.

Again, while the Mansouri work is important for considering the ef-
fects of the application of a semantic descriptive layer on the query
and navigation phases of virtual worlds and for the proposal of an
annotation system for existing 3D scenes, it still lacks in general-
ity. While the solution described minimizes the impact on required
modifications to existing VRML/X3D files, the associated MPEG-7
description is not scene-independent and therefore can’t be reused
as a guide for generating or validating virtual worlds, nor as a de-
scription that can be profitably used by search-engines capable of
performing semantic searches across a set of virtual worlds.

Concerning annotation of resources available on the web, the World
Wide Web Consortium promotes the definition of a set of lan-
guages, rules and tools allowing a high-level description of such
information: the semantic web. The semantic web is composed by
different layers, where the lower one is occupied by the data them-
selves (expressed in XML) and the higher ones describe the seman-
tic properties of such data. While the highest level layers focusing
on logic properties and trust are not completely defined, the second
and the third layers are available for use:

e the RDF (Resource Description Framework) [RDF 2004] for
creating a set of semantic rules to create a description and
the RDF Schema for combining such descriptions to create a
vocabulary;

e the OWL (Web Ontology Language) [OWL 2004] for sup-
plying ontologies.

Such layers will be used in the context of this work for contributing
to the creation of a semantic description for the 3D environments.

Most of the research related to the semantic notation of 3D environ-
ments has focused on the high-level description of objects available
on the scene and/or the description of higher-level semantic objects
given by the composition of existing objects (e.g., the higher level
semantic object room is described as the sum of a number of walls
that are lower-grade semantic objects).

































