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Abstract 
We propose an approach to knowledge acquisition, which uses multimedia ontologies for fused extraction of semantics from 
multimedia content, and uses the extracted information to evolve the ontologies. We present the basic components of the proposed 
approach, describe an application scenario we currently examine, and discuss the open research issues focusing on knowledge 
representation and extraction techniques that will enable the development of scalable and precise knowledge acquisition technology. 
 
 

1. Introduction 
The objective of multimedia content analysis is the 

automated knowledge acquisition from various modalities, 
e.g., text, images, video etc. The high complexity that 
characterizes the multimedia content, along with the 
currently prevailing dearth of precise modeling for 
multimedia concepts, makes automatic semantics 
extraction a very challenging task.  

Although latest advances in content analysis have 
improved capabilities for effective searching and filtering, 
a gap still remains between the low-level feature 
descriptions, and high-level semantic descriptions of 
concepts. A suitable approach to fill this gap is to use a 
semantic model in the extraction process. Moreover, the 
analysis of single modalities, in particular of visual 
content alone, is inadequate in all but a small number of 
restricted cases. 

The proposed approach, which is envisaged in the 
framework of the IST project BOEMIE, is unique in that it 
links multimedia extraction with ontology evolution. This 
approach will be used to enrich digital maps with 
multimedia content related to city events. The content is 
collected from various proprietary or open sources and it 
becomes automatically semantically annotated. Driven by 
domain-specific multimedia ontologies, the information 
extraction systems implementing the proposed approach 
will be able to identify high-level semantic features in 
image, video, audio and text and fuse them for optimal 
extraction. The ontologies will be continuously populated 
and enriched using the extracted semantic content. This is 
a bootstrapping process since the enriched ontologies will 
in turn be used to drive the multimedia information 
extraction system. 

This work provides the key ideas involved in the 
whole system and then focuses on the semantics 
extraction. Section 2 highlights the related research. 
Section 3 presents the main aspects of the proposed 
approach, the architecture and its basic components. 
Section 4 provides an application scenario we are 
currently examining for the evaluation of the proposed 
approach. Section 5 discusses some of the issues that arise 
under this bootstrapping framework. The paper concludes 
presenting our next steps for the implementation of the 
proposed approach. 

2. State of the art 
The involved technologies include the semantics 

extraction from multimedia content, the multimedia 
ontologies and techniques that exploit their synergy. 

Semantics extraction from multimedia content is the 
process of assigning conceptual labels to either complete 
multimedia documents or entities identified therein. In 
general, extraction can be performed at the levels of 
layout (structure), content and semantics (intended 
meaning of the author).  

In the case where content is available in multiple 
related modalities, these can be combined for the 
extraction of semantics. The combination of modalities 
may serve as a verification method, a method 
compensating for inaccuracies, or as an additional 
information source (Snoek and Worring 2005). The 
processing cycle of combination methods may be iterated 
allowing for incremental use of context. The major open 
issues in the combination approaches concern the efficient 
utilization of prior knowledge, the specification of open 
architecture for the integration of information from 
multiple sources and the use of inference tools for 
efficient retrieval. 

Most of the extraction approaches encountered in the 
literature are based on learning methods, e.g., naive Bayes 
classifiers, decision tree induction, k-Nearest neighbour, 
Hidden Markov model (Manning and Schutze 1999, 
Rabiner 1989). However, with the advent of promising 
methodologies in multimedia ontology engineering, 
knowledge-based approaches are expected to gain in 
popularity and be combined with the machine learning 
methods. This is also the case we will study in the 
proposed approach. 

Ontologies can play a major role in multimedia content 
interpretation because they can provide high-level 
semantic information that helps disambiguating the labels 
assigned to multimedia objects. Indicative approaches for 
constructing multimedia ontologies are the ones presented 
in Hunter 2001, Mezaris et al 2004, and Troncy 2003. The 
major open issues here concern the automatic mapping 
between low level audio-visual features and high level 
domain concepts, the automated population from 
unconstrained content and when there are no metadata 
attached to the content. In cases of complex domains, 
multiple ontologies may be present and ontology 



coordination techniques have to be employed (e.g., 
Castano 2004, Kotis and Vouros 2004, Gomez 2002). 

The interaction between information extraction and 
ontology learning has also been modelled at a 
methodological level as a bootstrapping process that aims 
to improve both the conceptual model and the extraction 
system through iterative refinement. In Maedche and 
Staab 2000, the bootstrapping process starts with an 
information extraction system that uses a domain 
ontology. The system is used to extract information from 
text. This information is examined by an expert, who may 
decide to modify the ontology accordingly. The new 
ontology is used for further information extraction and 
ontology enrichment. Brewster et al. 2002 propose a 
slightly different approach to the bootstrapping process. 
Starting with a seed ontology, usually small, a number of 
concept instances are identified in the text. An expert 
separates these as examples and counter-examples which 
are then used to learn extraction patterns. These patterns 
are used to extract new concept instances and the expert is 
asked to re-assess these. When no new instances can be 
identified, the expert examines the extracted information 
and may decide to update the ontology and restart the 
process. 

3. Methodology and architecture 
We advocate an ontology-driven multimedia content 

analysis (semantics extraction from images, video, text, 
audio/speech) through a novel synergistic method that 
combines multimedia extraction and ontology evolution in 
a bootstrapping fashion (see Figure 1). In the following 
sub-sections we describe the proposed components. 

3.1. Semantics Extraction from Multimedia 
Content 

A suitable approach to bridge the semantic gap is to 
use a semantic model in the extraction process. Moreover, 
the analysis of single modalities, in particular of visual 
content alone, is inadequate in all but a small number of 
restricted cases. The effort required to provide problem-
specific extraction tools makes single-media solutions 
non-scalable, while their precision is also rarely adequate. 
In the proposed approach, on the level of individual 
modalities, particular emphasis will be given to visual 
content, from images and video, due to the richness of this 
source and corresponding difficulty of extracting useful 
information. Non-visual content, audio/speech and text, 
will provide supportive evidence, in order to improve 
extraction precision. Since no single modality is powerful 
enough to encompass all aspects of the content and 
identify concepts precisely, fusing information from 
multiple media sources is needed. 

3.2. Multimedia Ontologies  
In our approach, we propose the development of a 

unifying representation for multimedia ontologies and 
related knowledge. This “multimedia semantic model” 
will serve as an integrated model for the different 
ontologies that are necessary to support the semantics 
extraction process:  
• Multimedia content ontology: It represents the 

structure of the content of the multimedia 
documents. The top level hierarchy of a multimedia 
document is classified into: Image, Video, Audio, 
Audiovisual and Multimedia. Each of these types 

Figure 1: Architecture of the integrated system 
 



has its own segment subclasses. These subclasses 
describe the specific types of multimedia segments, 
such as video segments, moving regions, still 
regions and mosaics. 

• Multimedia descriptor ontologies: This ontology 
models concepts and properties that describe visual 
characteristics of objects in terms of low-level 
features and media structure descriptions. Sub-
concepts will include MPEG-7 standard features 
like colour, shape, texture, motion, localization and 
basic descriptors. Separate descriptor ontologies 
apply to different modalities. Along with the 
multimedia descriptor ontologies is used the 
hierarchical “fusion model”, where the significance 
(weight) of each modality is defined for each 
concept. 

• Domain-specific ontologies: These ontologies 
contain concepts and properties related to the 
knowledge of the domain of interest. In these 
concepts we assign instances, which are used to 
recognize semantic objects using the results of the 
content analysis process. These ontologies also 
contain detailed descriptions of objects using 
spatiotemporal and partonomic relations defined in 
the multimedia semantic model. 

3.3. Evolution of Multimedia Ontologies 
According to Stojanovic 2004 ontology evolution is 

“the timely adaptation of an ontology to the arisen 
changes and the consistent propagation of these changes 
to dependent artefacts”. Thus, ontology evolution is a 
complex process, involving the following sub-processes: 
ontology population and enrichment, i.e., addition and 
deletion of concepts, relations, properties and instances, 
coordination of homogeneous ontologies, e.g. when more 
than one ontologies for the same domain are available, 
and heterogeneous ontologies, e.g., updating the links 
between a modified domain ontology and a multimedia 
descriptor ontology, maintenance of semantic consistency, 
since any of the above changes may generate 
inconsistencies in other parts of the same ontology, in the 
linked ontologies or in the annotated content base. 

Our approach for ontology population and enrichment 
will be based on machine learning techniques using the 
information from the semantics extraction process. More 
specifically, the extraction process will populate the 
ontologies with instances of the various concepts, together 
with their properties and will also provide unclassified 
entities extracted from the multimedia content which may 
lead to suggestions for the enrichment of the ontologies 
with new concepts and relations, through novelty 
detection. This novelty detection is based on information 
from all different types of media being processed.  

Ontology coordination approaches will be devised to 
interlink ontologies with different levels of heterogeneity. 
Ontology coordination involves the use of matching 
techniques and tools for mapping, alignment and merging.  

During ontology evolution, any of the changes may 
generate inconsistencies in other parts of the same 
ontology, in the linked ontologies or in the annotated 
resources. At the current state of the art, description logic 

reasoning systems (e.g., RACER1) are not tailored to these 
“incremental changes”. We will investigate how such 
changes can be much more efficiently supported. The aim 
is the development of models, techniques, and tools for 
semantic consistency checking of ontology content 
throughout the evolution process.  

4. Application scenario 
The application we are currently examining for the 

evaluation of the proposed bootstrapping approach 
concerns the enrichment of digital maps with semantic 
information. In other words, the results of the semantics 
extraction process will be displayed to the end-user, 
through an interactive digital map.  

The user is interested to find “what” happens “where” 
in the city. The possible queries can be, events of a 
particular type in a specific time frame, events in a venue 
– location, persons related to event (e.g., actors, players 
etc), events at specific dates, events similar to a given one, 
events at nearby venues. It is assumed that we have 
discrete locations in the map, where all possible events are 
allowed to take place. As a concrete example of the 
application scenario, we propose the domain of sports 
where the user asks to know about a specific sport event 
(e.g., football game) in the city. He receives a list of 
games and is able to browse multimedia content related to 
game type, league, previous games, comments-gossip-
interviews on the game to be played, concerning team 
history or the football ground.  

4.1. Initialization 
We will start by collecting, extending and merging 

existing ontologies for sub-domains referring. These 
ontologies will also be linked to the appropriate 
multimedia descriptor ontologies. This process will be 
accomplished using the ontology initialization and content 
annotation tool and will result to the initial multimedia 
semantic model for the domain. 

4.2. Training 
The various semantics extraction and ontology 

evolution tools are trainable to the domain. Therefore, a 
training dataset needs to be collected and used to 
customise the system. This training set should contain 
representative and annotated multimedia content, as 
expected to be encountered by the system at run time. 

4.3. Information gathering 
Having customised the system, the first step of its run-

time use is to collect content from various Web and 
proprietary sources. In the case of sports events, such 
sources may include TV and news programmes, on-line 
magazines, sports-related sites, specialized discussion fora 
and Weblogs, as well as generic content sources.  

4.4. Semantics extraction 
The trained semantics extraction tools will be applied 

at regular intervals to the incoming stream of multimedia 
content, performing extraction of the relevant information 
from each piece of content.  

                                                      
1 http://www.sts.tu-harburg.de/~r.f.moeller/racer/index.html 



We define some city-specific concepts in the 
multimedia ontologies. For each concept we should have 
already defined features (in the multimedia descriptor 
ontology) and some classification parameters that enable a 
decision about the content with a certain probability or 
certainty factor or fuzzy membership (hard rules are 
inappropriate due to uncertainties in processing). This 
applies to all available modalities (text, images, video, 
audio), which means that individual modality – specific 
features (and classifiers) are available and decoupled from 
other modalities.   

There is a “fusion model” with a hierarchical structure, 
which receives a decision input from the individual 
modalities (see Figure 2). For each node it holds the 
information about the weight of the decision taken by each 
modality. Its role is to combine the decisions taken by 
each modality-specific processing by applying the 
respective weights.   

For the sports scenario we assume that the multimedia 
ontology defines the following city-specific classes-
concepts (from general to more specific): Indoor-outdoor. 
The outdoor may decompose to concert, sports, theater. 
Each of the above categories may decompose to relevant 
subcategories. For example, the sport decomposes to 
football, swimming in the initial ontology. More football-
like sports may be identified progressively through the 
evolution of the initial ontology.   

In the example scenario the system  
(i) receives the input, which happens to be a video 

scene of football.  
(ii) The multimodal information is separated and 

processed separately to the visual part, and the 
audio part.  

(iii) The information is processed hierarchically 
assuming no prior knowledge.  

(iv) Using the visual features we classify the content 
with respect to the highest concept in the 
hierarchy, i.e., the indoor – outdoor. The 
appropriate feature for this task is the color. We 
find that the percentage of “green” is high in the 
average image histogram so the classifier gives a 
probability of 0.7 for outdoor and 0.3 for indoor 
(P(outdoor)=0.7, P(indoor)=0.3). Other 
uncertainty representations instead of 
probabilities could be applicable too. 

(v) Using the audio ontology we find that there are 
no sounds that are typical for outdoor 
environment, e.g., sounds of birds, waves, wind 
etc, so the classifier gives P(outdoor)=0.45 and 
P(indoor)=0.55.  

(vi) The text processing (after OCR) does not provide 
any relevant info so the probability is shared 
between the two classes ( P(outdoor)=0.50 and 
P(indoor)=0.50 ).  

(vii) The “fusion model” has predefined through 
training that the weights for the visual, audio and 
text modalities (Wv, Wa, Wt, given in Figure 2) 
and based on them it decides that 
P(outdoor)=0.565. So we proceed to the next 
layer examining the “child” of the outdoor 
concept. 

Similarly we examine the three modalities to classify 
to event categories.  

(i) The visual modality finds very high motion and 
gives P(sport)=0.7, P(concert)=0.2, 
P(theatre)=0.1.  

(ii) The audio detects speech and crowd sounds and 
gives P(sport)=0.5, P(theatre)=0.4, 
P(concert)=0.1.  

(iii) The text does not find relevant features so the 
probability is shared to the three concepts. 

(iv) The “fusion model” decides using the related 
weights that P(sport)=0.589. 

The next level has to do with classification into 
football and swimming.  

(i) The visual ontology defines human motion 
features, color histogram and we calculate 
P(football)=0.9.  

(ii) The audio ontology identifies patterns related to 
football such as “goal”, “corner”, “foul” and 
therefore gives probability P(football)=0.85.  

(iii) The text identified gives the score, the team 
names and thus P(footbal)=0.7. 

(iv) The “fusion model” decides that 
P(football)=0.86. So the shot is classified as 
“football”. 

Additional information that could be used include 
team names, team order in the score board, player names 
etc, which are associated with a certain football stadium. 
We assume that the number of football stadiums is limited 
in a city. The information is localized in the map based on 
the known locations of the football stadiums and the teams 
that are associated with them.  
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Figure 2: The fusion model for the described scenario, 
which defines the concept hierarchy and the modality 

weights per concept and the related multimedia features 
used. 

4.5. Ontology evolution 
The former, extraction task will populate the 

ontologies with instances of the various concepts, together 
with their properties. This process will also be 
accompanied by the appropriate annotation of content in 
the server, in order to provide semantic access to the 
content by the end-user. The latter, concept modelling 
task, performed by the extraction methods, will lead to 
suggestions for the enrichment of the ontologies, through 
novelty detection. The evolution can be performed 
through clustering with respect to specific features. As 



new sport events may emerge (e.g., football on beaches) 
the knowledge representation has to evolve accordingly.  

5. Discussion 
In terms of semantics extraction from multimedia 

content, we propose the integration of an ontology-based 
approach with a probabilistic inference scheme. We need 
to examine carefully the role of the ontology in fusing 
information extracted from multiple media. We also have 
to examine new ways to fuse features derived from 
multimedia content.  

Ontologies must be sufficiently expressive to describe 
the construction space for possible interpretations in 
general and for specific interpretation results in terms of a 
particular piece of media. Multimedia applications have 
highlighted the need to extend representation languages 
with capabilities which allow for the treatment of the 
inherent imprecision in multimedia object representation, 
matching, detection and retrieval. Existing standard web 
languages do not provide such capabilities. Therefore, 
considerable research effort needs to be directed towards 
representation and management of uncertainty, 
imprecision and vague knowledge in real life applications. 

In terms of ontology population and enrichment, we 
will exploit the multimedia semantic model as well as 
current research on learning and inference techniques 
aiming to develop a generic framework for ontology 
learning and inference from multimedia content, due to 
the complexities introduced by the multimedia context. 
Addition of instances in the multimedia descriptor 
ontology may also require updating the corresponding link 
with the domain-specific ontology. The semantics 
extraction process will provide unclassified entities 
extracted from the multimedia content which may lead to 
the enrichment of the ontologies with new concepts and 
relations based on information from all different types of 
media being processed. Concerning inference techniques 
for ontology population and enrichment, we need to 
optimize and enhance description logic inference 
technology to support learning and retrieval requirements.  

We also propose the use of machine learning 
techniques to assist ontology coordination in this context 
and we need to investigate the appropriate methods. This 
depends very much on the type of training data that is 
available. Supervised learning of complex representations 
requires data that may not be possible to acquire 
manually. Unsupervised or partially supervised methods 
may prove more useful in these cases.  

Concerning semantic consistency checking in ontology 
evolution, there are two main problems. The first occurs at 
the instance level and requires techniques for efficiently 
handling incremental additions of instances, while 
checking integrity constraints. A second one occurs at the 
concept level and requires techniques for checking the 
consistency of new concepts against the current ontology, 
to choose a valid and consistent enrichment solution 
among a set of possible alternatives. 

6. Concluding remarks 
We propose a new approach towards automation of 

knowledge acquisition from multimedia content, by 
introducing the notion of evolving multimedia ontologies 
which will be used for the extraction of information from 
multimedia content. We have outlined the approach 

through a sports scenario. This is a synergistic approach 
since it combines multimedia extraction and ontology 
evolution in a bootstrapping process involving, on the one 
hand, the continuous extraction of semantic information 
from multimedia content in order to populate and enrich 
the ontologies and, on the other hand, the deployment of 
these ontologies to enhance the extraction robustness.  

The main measurable objective of this initiative is to 
improve significantly the performance of existing single-
modality approaches in terms of scalability and precision. 
Towards that goal, our aim is to develop a new 
methodology for extraction and evolution, using a rich 
multimedia semantic model, and realize it as an open 
architecture. The architecture will be coupled with the 
appropriate set of tools.  
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