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Preface

This book is an extended collection of contributions that were originally submit-
ted to the 1st International Workshop on Adaptive Multimedia Retrieval (AMR
2003), which was organized as part of the 26th German Conference on Artificial
Intelligence (KI 2003), and held during September 15-18, 2003 at the University
of Hamburg, Germany. Motivated by the overall success of the workshop — as
revealed by the stimulating atmosphere during the workshop and the number of
very interested and active participants — we finally decided to edit a book based
on revised papers that were initially submitted to the workshop. Furthermore,
we invited some more introductory contributions in order to be able to provide
a conclusive book on current topics in the area of adaptive multimedia retrieval
systems. We hope that we were able to put together a stimulating collection of
articles for the interested reader.

We like to thank the organization committee of the 26th German Conference
on Artificial Intelligence (KI 2003) for providing the setting and the adminis-
trative support in realizing this workshop as part of their program. Especially,
we like to thank Christopher Habel for promoting the workshop as part of the
conference program and Andreas Giinther for his kind support throughout the
organization process. Last but not least we like to thank all members of the
program committee for providing their support in reviewing the submitted con-
tributions, the workshop participants for their willingness to revise and extend
their papers for this book, and Alfred Hofmann from Springer-Verlag for his
support in publishing this book.

December 2003 Andreas Niirnberger
Marcin Detyniecki
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Adaptive Systems
for Multimedia Information Retrieval

Gareth J.F. Jones

School of Computing, Dublin City University
Dublin 9, Ireland
Gareth.JonesQcomputing.dcu.ie

Abstract. Multimedia information retrieval poses both technical and
design challenges beyond those of established text retrieval. These issues
extend both to the entry of search requests, system interation and the
browsing of retrieved content, and the methodologies and techniques for
content indexing. Prototype multimedia information retrieval systems
are currently being developed which enable the exploration of both the
user interaction and technical issues. The suitability of the solutions de-
veloped within these systems is currently being explored in the annual
TRECVID evaluation workshops which enable researchers to test their
indexing and retrieval algorithms and complete systems on common tasks
and datasets.

1 Introduction

The rapid expansion in the availability of online multimedia content has led to
a similarly rapid growth in research into technologies for automated retrieval of
multimedia information. The potential for exciting new multimedia applications
targeted at operational environments ranges from entertainment and education
to academic research and intelligence services. The possibilities of what these
systems might achieve is to a significant extent limited only by the imagination
of system developers. Systems for multimedia information retrieval are by their
nature complex typically requiring the integration and adaptation of a number
of existing technologies as well as the development of novel algorithms and tech-
niques. The success of realizing these visions of what might be is limited both by
the availability of the required technologies, but also to a considerable degree by
the quality of the analysis of user and system requirements and the consequent
design of the retrieval application.

The diversity of multimedia content types and the variety of environments for
which multimedia information retrieval systems might be developed means that
there is no single ideal solution. It is thus vital when exploring the development
of a new multimedia information retrieval application to properly understand the
user and their need for the application (whether or not this is an existing need
or an application created one), the capabilities of the hardware environment in
which the application must operate, and the available retrieval and information
management technologies.

A. Niirnberger and M. Detyniecki (Eds.): AMR 2003, LNCS 3094, pp. 1-18, 2004.
© Springer-Verlag Berlin Heidelberg 2004



2 Gareth J.F. Jones

In order to better understand the importance of all these components of a
multimedia information retrieval system this paper first explores the possible
definitions of multimedia information retrieval and the importance of adaption
in these systems, then briefly examines some important issues relating to both
multimedia systems and user tasks, considers issues relating to retrieval and
content indexing, then goes on to demonstrate the application of some of these
features within the Fischlar system being developed in the Centre for Digital
Video Processing (CDVP) at Dublin Clty University, the next section then out-
lines the international TRECVID task for evaluating and understanding current
video retrieval technologies, the paper ends with some concluding thoughts on
future research directions.

2 What Is a Multimedia Information Retrieval System?

One important question is, what constitutes a multimedia information retrieval
system? It is often assumed that it must involve retrieval of full motion video,
but it is sometimes referred to in the context of the retrieval of spoken documents
without reference to associated video content or the retrieval of static images.
In relation to video and image retrieval, multimedia retrieval process itself often
involves only the analysis of linguistic material associated with the visual content,
in the case of video the spoken soundtrack and the use of textual labels for
images. Where visual data is present, it is natural to think in terms of analysis
of this content and its use in the retrieval process. However, as we will see later
this is much less straightforward than might at first be assumed.

Another significant issue in respect of the definition of multimedia retrieval
is to consider what the system must actually be capable of doing. Established
text information retrieval systems, as exemplified by web search engines, use a
user search request to compute a ranked list of potentially relevant documents
which is returned to the user with a short piece of text from each document
that hopefully reliable indicates the main reason why this document has been
adjudged to be potentially relevant. The user then selects the document that they
feel is most likey to satisfy their information need, and downloads the document
to read it and extract the necessary information from it. It may seem obvious,
but in the context of extending this paradigm to multimedia data is important to
appreciate that, the user currently addresses their information need by reading
the whole text document, with perhaps a small amount of keyword searching
if it is a long document. One possibility for a multimedia information retrieval
system is merely to replicate this text searching environment requiring the user to
audition retrieved documents to find the relevant information. However, several
features of multimedia data mean that these systems must be both more complex
and include the user in a much more integrated way.

Firstly, in the case of temporal media such as video and spoken data, browsing
large amounts of material is very time consuming since the user must listen
to it. Playback can be faster than real-time, but even doubling the speed of
delivery does not begin to address this problem. Second, when considering visual
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media there is the fundamental question of how the user should express their
information need. In the case of linguistic data it is natural to assume that a
written search request is an appropriate form of expression, although this may
not always be the case, for example if the user is uncertain about domain specific
terminology. Browsing of temporal multimedia documents is addressed in most
video and audio retrieval systems by the development of a graphical browsing
application which aims to direct users to potentially relevant sections of the
document without having to play back the document in its entirety from the
beginning. These browsers typically show time on a horizontal graphical bar
representing a complete retrieval unit, e.g. a document, with potential points of
interest marked along the bar [1] [2]. Further indication of the content can be
given in the case of video content by the use of a series of keyframes taken from
the video which are shown in a single screen. Typically clicking any selected point
on the document bar will begin play back from that position in the document.

How though should the user express a need for information contained in
non-linguistic form for visual content searching? Perhaps they can express their
request in text which is then matched against automatically generated labels
of the visual content. Or perhaps they can sketch what they are looking for
and an image search performed. Or if they happen to have an existing image
example this could be used in a “query by example” framework to find similar
images. These approaches make various assumptions about the sophistication of
automatic content indexing, the user’s ability to express what they are looking
for or the availability of existing exemplars of what they are looking for. As we
will see later feature extraction is one of the most significant challenges facing
visual based multimedia information retrieval, and probably one of the reasons
that many such systems make heavy reliance on the use of linguistic content.
One of the weaknesses of this dependence on linguistic content is that spoken
soundtracks and textual image labels will in general only express a very limited
interpretation of the visual content, and in some cases will bear no relationship
to the visual content at all. Thus there is a very real need for the development
of visual indexing technologies.

The difficulty in expressing information needs for visual content and the
limitations in visual indexing mean that the searching process will often need
to be much more interactive with the user involved in multiple cycles of query
refinement to actually find what they are looking for. For image retrieval this will
typically involve a combination of searching on textual labels and then refinement
by selecting images that are related to the desired image using query by example
feedback cycles. For video retrieval a similar process will be carried out using
content from the spoken soundtrack and feedback using keyframes from the video
and potentially complete scenes. The limitation and unreliablity of video feature
extraction and the usual importance of any associated linguistic content means
that retrieval decisions should generally be based on a combination of matching
scores derived from multiple media streams.

The complexity of the retrieval and browsing phases of multimedia informa-
tion retrieval makes it attractive to make use of any additional information that
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might be available. Thus the system should make use of explicit user feedback
from the current search: e.g. “this document is relevant”, “this person may be
important in relevant documents”; implicit feedback, e.g. playback of an entire
document often suggests that it is relevant or at least partially relevant; or the
user’s previous searching history. Feedback methods are considered further in
Section 5.1.

3 Multimedia Systems

The broadest definition of a multimedia system usually involves the potential
to deliver visual and audio content to a user as required. This may mean de-
livery from a local source such as a DVD or CD-ROM, or playback across a
network which may itself only be a local area network or a much larger wide
area network. The fidelity of the content that can be delivered will depend on
both the computational resources available at each point in the network and also
the bandwidth of the network itself.

Until fairly recently a multimedia system would involve a high-power com-
puter connected to a hard-wired network. However, this situation is rapidly
evolving to include broadband wireless networks and the capability of multi-
media processing on handheld computing devices such as PDAs and mobile
telephones. The various networking technologies involved in connecting these
devices to the network have different bandwidths and latency specifications, the
computing devices themselves have varying resources for data processing and
differing physical resources for information delivery, and importantly the users
of these different platforms are working in a variety of different environments.

All these issues taken together mean that multimedia information retrieval
applications must be appropriate to the network, the hardware being used and
the user’s physical environment. Thus the applications should adapt to the multi-
media system being used. For example, the fidelity of the content delivery should
not exceed the capacity of the network or the computing device, and the user
interface to the system should take into account the physical dimensions of the
computing device enabling the user to view the output easily on small devices
while not restricting the possibility for complex interaction and visualization on
desktop systems.

4 User Tasks

The specifications of the multimedia platforms and networks, and the available
indexing and retrieval technologies only provides the potential to develop effec-
tive multimedia information retrieval applications. It is vital in attempting to
specify useful applications that developers analyze the needs and potential needs
of the users of these applications.

It is often argued in respect of user interface design for computing applica-
tions that these should be based on a careful analysis of the tasks that users will
really wish to carry out, and that this should include concepts and vocabulary
with which the target user group are already familiar. This is often referred to
as adopting a strategy of user centered design.
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While this is certainly true of multimedia information retrieval systems, since
users will often not be familiar with applications of the type that we are trying
to develop, it seems inevitable that new concepts will be introduced that users
will not be familiar with. In this case it is important that these novel concepts
are ones which build on those with which the user is already familiar. It is
often tempting to develop applications for developers, and not those targeted
at real users. I suspect that this is particularly true of multimedia information
retrieval applications and I would caution developers to always bear this point
in mind. For example, while it may seem attractive to develop interfaces which
adapt automatically using machine learning techniques based on input from user
behaviour, these modified interfaces are unlikely to find favour with users if they
cannot work out how to perform operations because basic interface consistency
principles are being broken in the adaptation process. Much guidance on these
issues is available on the user interface design literature [3].

5 Information Retrieval

A full description of information retrieval methods is beyond the scope of this
paper, this section highlights some relevant features from text retrieval methods
that can be applicable for multimedia applications.

Text retrieval systems are usually based on computing a matching score be-
tween some form of textual search request and each available document in an
archive. A list of documents ranked by matching score is then returned to the
user. There are a number of elaborations on this approach are available to im-
prove performance or adapt the method to different tasks. These include rele-
vance feedback methods, personalization, and recommender systems and collab-
orative filtering.

5.1 Relevance Feedback

Relevance feedback methods provide a number of possible techniques to adapt
user search requests. The input to the relevance feedback process is the existing
search request, the set of documents returned in response to this query, and
the user’s judgements of the relevance of these retrieved documents. The output
is typically a ranked set of possible expansion terms that may be added to
the existing request and information to modify some of the parameters of the
search system to enhance the ranking of documents similar to those marked
relevant in the current search. It is hoped that adding the proposed additional
terms to the request will make it a better expression of the user information
need, and that modifying the search parameters will promote the rank of further
relevant documents. The basic underlying assumption being that further relevant
documents will in some way resemble those already identified.

The search request can be expanded automatically to include the highest
ranked of the proposed terms or the terms can be offered to the user for them to
select the terms which they feel best reflect concepts related to their information
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need [4]. The expanded query statement is then applied to the search archive
and a new ranked list retrieved. The dominant effect in relevance feedback usu-
ally relates to query expansion, but its effectiveness is usually enhanced by its
combination with modification of search term weights to favour terms associated
with relevant documents.

An alternative to interactive relevance feedback to pseudo relevance feedback
where a number of the top ranked documents in the initial retrieval pass are as-
sumed to be relevant, the expansion terms and revised search term weights are
computed as before but assuming the relevant document set, and then perform-
ing another retrieval pass with this revised topic statement before presenting the
revised ranked list to the user. Of course, some of the documents assumed to
be relevant will not in fact be relevant, this can lead to selection of some poor
expansion terms which can actually reduce performance for the second retrieval
pass. On average the effect is generally observed to be beneficial to retrieval
accuracy, but it can be disastrous for individual queries particularly if none of
the assumed documents are in fact relevant. True relevance feedback based on
users’ relevance judgements will in general be better.

5.2 Personalization

Relevance feedback usually refers only to the adaptation of retrieval systems
parameters and the request for a single ad hoc request. A more elaborate use
of feedback information is to provide a personalization of the retrieval system
to the individual user. Where this is done the retrieval system will adapt to the
behaviour of individual users possibly over a single searching session or over an
extended period of time, or a combination of both, and its response to a search
request will be different for each user.

The basic process of personalization is to use previous relevance judgements
to develop one or more profiles associated with each user that represents their on-
going interests, e.g. particular sports teams or news topics. Profiles are typically
a set of keywords which may be weighted based on their perceived importance in
expressing the user’s interests. A variety of methods are possible to form these
profiles and utilize them in searching.

Personalization Agents. One approach to personalization of retrieval systems
is to make use of agents to model user interests. One example of such a system
is Amalthaea developed at the MIT Media Laboratory [5]. This system is based
on an ecosystem of evolving agents which represent user interests. Agents are
rewarded for delivering relevant documents to the user and the best agents re-
produce by using the genetic methods of mutation and crossover. The lowest
scoring agents are purged from the system with the aim of maintaining a gene
pool of consistent size which best models the user’s current interests. Experi-
mental studies show that Amalthaea is able to rapidly adapt to changes in the
user’s interests.
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5.3 Recommender Systems and Collaborative Filtering

Personalization based on the behaviour of individual users relies on the limited
amount of information that can be gathered based on their actions. An alter-
native is to gather information from a number of equivalent users and combine
this information to represent their shared interests. These group profiles are thus
based on a broad based set of user experiences and in general more relevance
data. This data can be used to recommend potentially relevant material and also
within interactive retrieval [6].

Individual and group profiles can be combined to give personal adaptive
profiles with contribution from group experiences.

6 Multimedia Information Retrieval

The previous section introduced some adaptation methods used in text retrieval
systems. While these methods are all currently used in many prototype systems,
they remain the subject of active research interest. This section looks at existing
multimedia information retrieval and considers how adaptation techniques have
been applied to date and how they might be further extended.

6.1 Spoken Document Retrieval

The most mature area of multimedia information retrieval relates to spoken
documents. If the contents of spoken documents are fully manually transcribed,
the retrieval stage would be a standard text retrieval problem. However, man-
ual transcription of more than a trivial amount of spoken content is generally
prohibitively expensive (domains such as mass media broadcast TV or film are
a notable exception) and spoken document retrieval systems thus usually rely
on transcriptions generated by automatic speech recognition systems. Various
approaches to speech recognition for indexing spoken documents for retrieval
have been explored, but comparative experiments have demonstrated that for-
mation of a full transcription using large vocabulary recognition gives the best
output for retrieval purposes [7], at least in the domain explored of TV news.
It is not clear whether this is the optimal indexing solution for less structured
data with a vocabulary less well matched to the document domain. As with all
speech recognition systems, transcription systems make errors in their output.
The number of errors is related to the quality and content of the audio signal
and typically varies from around 5% to over 80% with an average using current
systems of around 20%. It has been found in experiments that this level of errors
in the transcription has only a very small impact on retrieval accuracy (7).

For some data sources, such as TV broadcasts, textual closed captions or
subtitles of the audio are broadcast with the audio-video material. While often
not a perfect transcription of the audio material, the quality is usually better
than that generated automatically using speech recognition. The closed-captions
can be decoded into standard text and used as the search index data. The closed
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captioning is usually not closely aligned to the actual audio data. However, a
forced alignment speech recognition phase can be used align the audio content
to the closed captions enabling fine granularity searching.

Where the number of indexing errors is sufficiently high to impact retrieval
performance, it is generally found that pseudo relevance feedback methods are
particularly effective for improving the spoken document retrieval [8].

6.2 Image and Video Retrieval

Retrieving multimedia content using information extracted from visual media is
much more challenging technically in terms of feature extraction, but also from
the perspective of user interaction. Images frequently have many interpretations,
some of these can be measured directly from visual features, but often the in-
tended interpretation will depend on the context in which the image is being
viewed. For example, an object may be identified as a building, as a cathedral,
as a specific named cathedral, as being of a particular style and period of ar-
chitecture, or by the religious denomination to which it belongs. Some of these
interpretations can be made directly from analysis of the image using suitable
templates, others would require additional information sources to be consulted.
Even to carry out the image only interpretation requires the image to be indexed
using appropriate features.

In principle if a standard set of features could be agreed, and it is not at
all clear that this could be possible, then all video content could be manually
annotated. However, the cost of doing this would be uneconomic for all but the
most important data. Thus automated feature indexing is likely to be even more
important than for spoken content indexing.

Automatic feature extraction for image and video data is currently the focus
of a large research effort, but so far the achievements remain very limited. For
image retrieval indexing is often based on extraction of colour histograms with a
limited amount of spatial information included. Much research is also exploring
specific feature extraction tools, often relating to specific domains, for example
identification of named people or people in general, cars, sky, etc. Video analysis
often includes structural indexing such as the detection of shot boundaries, and
attempting to identify keyframes from within identified shots. The same colour
histogram and feature extraction techniques are typically applied to individual
frames. Ideally features should be derived automatically, robust, accurate and
above all useful for retrieval. It would be nice to build feature detectors for each
query as it is entered, but this is not practical and retrieval must make use of
the feature analysis carried out when the data was initially indexed. Systems
are typically configured to only attempt to recognise the presence of a very
limited number of features. The limited number of features and the difficulty
in defining features that are in generic means that image analysis systems are
domain specific. This may be a very tightly specified domain, e.g. recognising
the presence of a moving care in a video, or broader (but nevertheless limited to
a specific task), e.g. retrieving images from a collection of disjoint photographs
using matching of colour regions.



