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ABSTRACT

This paper proposes a new multimedia ontology based
scheme for semantic multimedia data processing on the web.
The ontology language ”Multimedia Web Ontology Lan-
guage” (MOWL), is designed as an extension of OWL, the
W3C recommended ontology language for the web. MOWL
supports creation of and reasoning with perceptual modeling
of concepts, and probabilistic evidential reasoning.

Index Terms— Multimedia systems, Ontology, Semantic
Web, Bayesian network, Evidential reasoning

1. INTRODUCTION

The vision of semantic web proposes an environment where
the data and services on the web can be semantically inter-
preted and processed by machines to facilitate human con-
sumption. In today’s cyberspace, audio-visual artifacts com-
pete with traditional text and data in their information content.
Machine interpretation of multimedia data is therefore essen-
tial for realization of the semantic web vision. While textual
documents are effectively processed by semantic web tech-
nology, application of the technology for multimedia data is
still at its infancy. In this context, we propose a new ontol-
ogy based approach for contextual semantic interpretationof
multimedia data.

Semantic web technology relies on ontology as a tool for
modeling an abstract view of the real world and contextual se-
mantic analysis of documents. Ontology languages like Web
Ontology Language (OWL)[1] uses linguistic constructs for
modeling the real-world and can be conveniently used for in-
terpreting textual documents. An attempt to use ontology for
interpreting multimedia contents is hindered by thesemantic
gap that exists between media features appearing in the doc-
uments and the linguistic structures representing the concepts
in the ontology. To cope up with this deficiency, there have
been some attempts to extend ontology with addition of me-
dia examples for multimedia data processing [2]. However,
such extensions do not meet the specific demands for reason-
ing with media data. Semantic retrieval in multimedia repos-
itory is generally carried out by intelligent concept recogni-
tion tasks that are specific to the media types and repository

architectures. Multimedia libraries, pertaining to a common
theme, can be built by several independent organizations in
different ways and call for different retrieval strategies. In-
tegration of such heterogeneous collection under a common
thematic umbrella is a challenge with current semantic web
technology.

In this context, we propose to extend Multimedia Web
Ontology Language (MOWL) [3] as an extension to OWL,
with additional capability of creating media-based perceptual
models of real-life concepts and events and to reason with
them. In contrast to crisp Description Logics (DL) based rea-
soning in OWL, we propose probabilistic evidential reasoning
to cope up with the uncertainties that are inherent to multime-
dia data processing. Further, it is possible to create unique
repository specific search strategies in response to a semantic
query by reasoning with the perceptual model and the reposi-
tory capabilities.

The rest of the paper is organized as follows. Section 2
provides an overview of the perceptual reasoning model and
justifies proposal of MOWL. The new laguage constructs for
MOWL are introduced in section 3. Section 4 explains the
evidential reasoning scheme with MOWL. Finally, section 5
concludes the paper.

2. PERCEPTUAL REASONING AND MOWL

Ontology is a formal description of the abstraction of a do-
main. Human beings use natural languages to communicate
an abstract view of the world. Natural language constructs are
symbolic representations of human experience and is close to
the conceptual model that Semantic Web technologies deal
with. Thus, it seems quitenatural to use natural language
constructs to represent the ontology elements. As a result,it
becomes convenient to apply semantic web technologies in
the domain of textual information. In contrast, media arti-
facts are perceptual recording of human experience. An at-
tempt to use the conceptual model to interpret these percep-
tual records gets severely impaired by the semantic gap that
exists between the perceptual media features and the concep-
tual world. However, the concepts have their roots in percep-
tual experience of human beings and the apparent disconnect



between the conceptual and the perceptual worlds is rather ar-
tificial. The key to semantic processing of media data lays in
harmonizing the seemingly isolated conceptual and the per-
ceptual worlds.

Concepts are formed in human minds through a complex
refinement process of personal experiences. Observations of
the real world objects amounts to reception of large volumes
of perceptual data through our sensory organs. The raw data
go through a process of refinement to result in mental models.
The models are further abstracted over a large number of ob-
servations, to give rise toconcepts, which are labeled with lin-
guistic constructs to facilitate communication. The fact that
concepts are abstractions of perceptual observations has an in-
teresting consequence. A concept gives rise to the expectation
of some perceptible media properties on its embodiment in a
multimedia artifact. Observation of those media properties
forms the basis of concept recognition in a multimedia docu-
ment. Figure 1 depicts the formation of the conceptMedieval
Indian Monumentand the abstracted visual patterns that are
expected on an embodiment of the concept in a multimedia
artifact. Note that the different instances of the concept have
significant variations and the perceptual model comprises an
abstraction of their common visual properties.

Fig. 1. Perceptual Model

Multimedia Web Ontology Language (MOWL) has been
proposed to encode the domain knowledge pertaining to the
expected perceptual properties of concepts and to reason with
them, over and above the semantic properties that are encoded
and reasoned with in OWL. Figure 2 depicts a small section
of an ontology encoding media based description of concepts.
The individual media patterns are often connected by some
spatial or temporal relationships with each other, in context
of a concept or an event. For example the dome of a medieval
monument should occur above its other components, such as
the minarets or the facade. moreover, the expected perceptual
properties of concepts can beinheritedby other concepts in

the domain, depending on their relationship. For example, a
specific instance of a monument, theTaj Mahal , is made of
a specific class of stones,marble, and therefore expected to
”inherit” its color and texture properties. This form of media
property inheritance is quite distinct from classicalproperty
inheritancerules that is supported by classical ontology mod-
els and requires distinct form of reasoning. This is required
for creating a complete Observation Model of a concept using
media properties of that concept and other related concepts.

Fig. 2. Multimedia Ontology

Once anObservation Modelfor a concept is created, the
presence of the expected media patterns and their spatio-
temporal relationships can be verified in a multimedia artifact
to detect the presence of the concept. However, there can
be significant intrinsic differences between the instancesof
the concepts as well as the instances of the media artifacts
depicting a specific instance of the concept. The latter can be
attributed to variation in viewpoints, change in perspectives,
occlusions and lighting conditions. This leads to a require-
ment of uncertain reasoning for semantic multimedia data
processing. We have proposed a Bayesian Network based
evidential reasoning scheme with MOWL.

3. MOWL LANGUAGE CONSTRUCTS

MOWL is designed as an extension of OWL to ensure com-
patibility with the W3C standards. It uses OWL constructs
to define classes, individuals and properties. In addition,it
proposes some language extensions for encoding media prop-
erties, property propagation rules and specification of condi-
tional probabilities that characterizes uncertainty in associa-
tion between concepts and their media properties.

The abstract classmowl:MediaObjectin MOWL signifies
media properties. In general, the expected media properties of
concepts can either be specified as property constraints, e.g.
color = WhiteColor, or be cited as media examples. Accord-
ingly, MOWL defines two subclasses ofmowl:MediaObject
(see figure 3(a)):

1. Media property classmowl:MediaFeaturecan define a



Fig. 3. MOWL Constructs

constraint on a media feature. For example color is
WhiteColor.

2. Media example classmowl:MediaExamplecan define
a media example. For example, photograph of a monu-
ment.

We propose that the media feature specifications follow
MPEG-7 [4] schema.

The OWL classowl:ObjectPropertycan be instantiated to
give individual properties with a defined range and a domain.
Media features are associated with concepts. Hence the do-
main and the range of an instantiated property are set as a
mowl:MediaFeatureand the concept respectively. For exam-
ple, we associate the media featurecolor=WhiteColorwith a
conceptmarble using an instantiated propertyhasMediaFea-
ture. Similarly, we can associate an example image with the
conceptTajMahal using an instantiated propertyhasMedi-
aExample(see figure 3(b)).

Media properties and examples can propagate across
connected concepts in an ontology depending on the se-
mantics of the relation in a specific domain. MOWL de-
fines the propertiesmowl:FeaturePropagationPropertyand
mowl:ExamplePropagationPropertyto indicate the two types
of propagation. A media feature or an example will prp-
agate from one concept to another if and only if the rela-
tion connecting the concepts has the corresponding property
(See figure 3(c)). For example, if the relationbuiltWith has

mowl:FeaturePropagationPropertyand connects the con-
ceptsTajMahal and marble, the properties of marble will
flow into TajMahal.

The different media properties may be connected with
different spatio-temporal relations. MOWL defines con-
structs for specifying such spatio-temporal properties (see
figure 3(d)). Rather than restricting the relations to a few pre-
specified values, such asleft, right, before, after, etc., MOWL
provides for defining such relations. One way to define such
relations has been proposed in [5].

The probabilistic reasoning model of MOWL is based on
Bayesian Network. Accordingly, MOWL treats the nodes
(concepts) in the ontology as random variables and de-
fines constructs for specifying Conditional Probability Tables
(CPT) for the connected nodes. The approach is similar to [6]
that proposes a probabilistic extension of OWL.

4. REASONING WITH MOWL

In our approach, concept recognition in multimedia artifacts
is based on observation of some expected media patterns in
the artifact. We model concept recognition as an evidential
reasoning problem. If a conceptc cusesa set of media pat-
ternsM to appear in a multimedia artifact, observation of a
specific patternm ∈ M provides some evidence towards the
concept. A concept is recognized when there is sufficient cu-



mulative evidence for the concept as a result of observationof
several media features,m1, m2, . . . mk ∈ M . There are three
distinct stages of reasoning with MOWL for semantic query
processing.

The first stage involves derivation of an Observation
Model for a semantic query. A semantic query is mapped to
one or more MOWL concept nodes based on some similarity
measure between the query and the attributes of the node
attributes. An Observation Model for each of these nodes is
created from the media properties associated with that node
and other nodes which are connected to it with a relation
bearingpropagateproperty. The CPT’s for the connected
nodes are derived from the corresponding nodes in the on-
tology. Finally, the Observation Models for all the nodes are
merged. The resultant Observation Model is thus organized
as a Bayesian Tree. The root node in the tree represents the
concept and the leaf nodes represent its expected media prop-
erties. Figure 4 depicts a typical Observation Model for the
conceptTajMahal .

Fig. 4. Observation Model

The Observation Model is neutral to any specific media
type or repository architecture and, in general, contains are-
dundant set of patterns for different types. It may not be pos-
sible or may be extremely computationally expensive to eval-
uate all of these media patterns at a given multimedia repos-
itory. For example, an audio pattern cannot be detected in
a library of still images. However, the evidential reasoning
scheme deployed with MOWL can produce robust results de-
spite limited input data. This property is exploited to realize
concept recognition with a subset of media patterns that is
specified in an Observation Model. Identification of an opti-
mal subset of the media patterns to formulate a search strategy
for a multimedia artifact collection is described in [7].

A retrieval strategy which is a subgraph of an Observation
Model, is also organized as a Bayesian Tree with the con-
cept at the root and the expected media patterns in the leaf
nodes. Anobservationwith a leaf node in a retrieval strategy
involves actuation of some feature detection mechanism to

discover the corresponding media feature in a multimedia ar-
tifact. In general, an observation results in a similarity score,
which is normalized in the range[0, 1]. We interpret this sim-
ilarity score as a virtual evidence for the leaf node. The as-
signment of the virtual evidences to the different leaf nodes
result in belief propagation in the Bayesian Network. The
posterior probability of the root node as a result of such belief
propagation represents the degree of belief in the concept.

5. CONCLUSION

In this paper, we have proposed a new ontology representa-
tion suitable for processing multimedia data repositoriesdis-
tributed on the web. The ontology representation MOWL is
a syntactic extension of OWL, the current standard of ontol-
ogy language for the web proposed by W3C. It supports per-
ceptual modeling of concepts and a probabilistic evidential
reasoning scheme that is necessary for multimedia data pro-
cessing.
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