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Data and Knowledge Management
in Multimedia Systems
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1 INTRODUCTION

MERGING multimedia technologies will allow users to

store, refrieve, share, and manipulate complex infor-
mation in order to build exciting multimedia applications.
This will require substantial changes in our approach to the
design of conventional database and storage systems.

Multimedia database management systems are neces-
sary for a wide variety of commercial, governmental, and
personal applications. These include telemedicine, distance
learning, video surveillance, law enforcement, traffic man-
agement, GIS, video-on-demand, digital libraries, etc. Most
of these applications require the use of large multimedia
data repositories.

The stored nature of the information poses a number of
challenges in the management of multimedia information,
including data and knowledge representation, indexing
and retrieval, integration, intelligent searching techniques,
information browsing, and query processing.

Several technical challenges are faced by the research
community that need to be tackled in order to provide vi-
able solutions for the development of multimedia database
systems. For example, digital libraries of the future will
have massive amounts of documents. Intelligent techniques
are needed to allow efficient and automatic generation of
indices and cataloging of multimedia documents based on
user-specified object and content descriptions. Emerging
telemedicine technology is aimed at automating the storage
and retrieval of patient records consisting of different types
of multimedia data, including medical records, radiological
* data, physician’s briefs, etc.

In a distributed collaborative manufacturing enter-
prise, sharing and retrieval of pertinent multimedia data
related to different aspects of industrial manufacturing
and product maintenance is critical to the productivity
and growth of the enterprises. For all such applications,
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multimedia database systems must exhibit high degrees
of robustness, efficiency, and reliability for deployment in
real-world environments.

Key challenges in the development of multimedia data-
base systems include the following:
content analysis of images and video data to extract
features for recognition of salient objects and faces;
knowledge-based representation of multimedia data;
semantic modeling of events of interest and manage-
ment of spatio-temporal metadata;
facilities to retrieve multimedia data containing con-
tents of interest to users, including query interface to
enable users to formulate semantic queries in an in-
tuitive manner; and
design and development of high-performance multi-
media database servers for networked environments.

Automation of content-based retrieval in images and
video databases requires detailed identification of ob-
jects and events in the data. Traditionally, research in image
and video database systems has focused on the develop-
ment of robust image processing and object recognition
techniques.

Image contents are generally classifiable at several levels
of granularity, ranging from fine grained, which focus on
minute details, to coarse grained, which deal with larger
perspectives of image semantics. Management and retrieval
of images at different levels of detail entails several chal-
lenges, including design of robust image processing tech-
niques for feature extraction, development of efficient data
models for content-based indexing and retrieval, knowl-
edge-based representations of objects, and domain-specific
semantic modeling of events of interest. General ap-
proaches to address these issues are mainly focused on de-
veloping multilevel abstraction mechanisms. Advanced
multifeature models are necessary to overcome the hurdles
in robust and accurate human face and object recognition.

The handling of imprecision in the representation of
knowledge and data related to images is another open
challenge. Imprecision in query formulation compounds
the problem of accurate retrieval of images. Intelligent
query formulation mechanisms are needed, which allow

1041-4347/98/$10.00 © 1998 IEEE



BERRA AND GHAFOOR: GUEST EDITORS’ INTRODUCTION TO THE SPECIAL SECTION 869

the posing of fuzzy queries and ensure a high degree of
accuracy in image retrieval.

In the context of video databases, the problem of index-
ing and retrieval is even more difficult. Semantics and
events in video data can be expressed by describing the
interplay among physical objects over time, along with
spatial relationships between these objects. An impor-
tant open problem is the unambiguous modeling of such
interplay. Several knowledge-based techniques, such as
spatio-temporal logic, semantic network models, etc., can
be utilized for conceptualizing video events. Event identi-
fication and indexing of spatio-temporal semantics re-
quires processing of a sequence of video frames to extract
motion information. In essence, powerful mechanisms are
needed for modeling object motions and their relation-
ships in time and space. These mechanisms can subse-
quently lead to suitable indexing structures used in query
processing.

Another critical issue is how to deal with the heteroge-
neity that may exist among semantics of multimedia data
due to difference in the preconceived interpretation or
intended use of the information given in an image or in
a sequence of video frames by different users. Semantic
heterogeneity is a difficult problem even for conventional
databases, with little or no consensus on the way to tackle
it in practice.

The emergence of multimedia applications focusing on
large archives of electronic documents is generating inter-
esting challenges in the design of high-performance multi-
media document servers. With the rapid proliferation of the
World Wide Web and continuous advances in broadband
networking technology, there is a growing trend toward
large-scale multimedia document production and archive
systems. The fundamental technical issue in managing such
archives is the synchronization of several different media
types together in order to present information to the end
user in an integrated form. Synchronization of multimedia
data requires the enforcement of spatio-temporal con-
straints among various media. Models are required for
specification of such synchronization. These models are
generally integrated within the database as part of me-
taschema. Synchronization problem of multimedia data
becomes even more challenging when data is transported
over various networks with varying characteristics, which
is also true for the Web.

Storage management of multimedia data archives, in
particular video data, is an important technological chal-
lenge in the development of viable large-scale multimedia
servers. Multimedia storage servers form a core technology
in providing access to multimedia data. These servers must
allow real-time storage and retrieval requirements despite
the large storage space and data transfer rates of digital
audio, images, and video. The multimedia research com-
munity has been grappling with these problems by devel-
oping architectures and algorithms for efficient high-
performance digital multimedia servers.

Another area of research being pursued by the multime-
dia research community is the provision of intuitive and
flexible user interfaces for high-level query formulation for
audio and video data. The operations include querying and
retrieval of data based on user-supplied attributes. It also
includes facilities to abstract, modify, or reprocess archived
multimedia data. Facilities for imprecise matching will al-
low the trade-off between computational complexity and
precision in video information retrieval.

2 THE FEATURED PAPERS

We received 61 papers, of which 12 were selected for publi-
cation in this special section. These include 10 regular and
two concise papers. The regular papers have been organ-
ized into four broad categories:

1) image retrieval,

2) video data modeling,

3) multimedia synchronization, and
4) multimedia storage management.

 Due to page constraints, the current section (Part I) con-

tains six regular papers and both concise papers from
the first two categories. Papers from the third and fourth
categories will appear in Part II in the May/June 1999
issue of TKDE.

The four categories of the selected papers depict the
wide variety of directions in which research is moving
in the multimedia systems area and provide a broad
coverage of the issues and challenges discussed above. This
special section focuses on several of the open research
issues in these areas. Many of the research results presented
in this section are supported by significant experimental
evaluations. The results reported by the research commu-
nity hold great potential for solving the above-mentioned
technical challenges. These technologies can be further
developed to produce viable solutions for these chal-
lenges and build mature systems capable of deployment in
the real-world.

In “Knowledge-Based Image Retrieval with Spatial and
Temporal Constructs,” Chu et al. propose a multilayered
knowledge-based semantic image model consisting of four
layers: the raw data layer, the feature and content layer, the
schema layer, and the knowledge layer. Based on this
model, they present a system capable of handling certain
types of spatial, evolutionary, and temporal queries. In ad-
dition, approximate matching of feature and content, con-
ceptual terms, and temporal logic predicates are also sup-
ported. Image retrieval based on features and content and
associated user-interface techniques presented in this paper,
though focused on medical systems in this case, promise to
have wide-ranging applicability in other domains.

Korn et al.’s paper entitled “Fast and Effective Retrieval
of Medical Tumor Shapes” investigates the problem of re-
trieving similar shapes from a large database, with an
emphasis on medical tumor shapes. They use a natural
similarity function, search space pruning techniques, and
spatial access methods for indexing and search. Their
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techniques lead to fast, efficient, and correct database op-
erations, including range queries and nearest-neighbor que-
ries. Such algorithms and strategies will prove to be crucial
in the development of future multimedia systems with ex-
tremely large search spaces.

Ortega et al’s paper, “Supporting Rariked Boolean
Similarity Queries in MARS,” concentrates on the retrieval
subsystem of an image database system and its support for
content-based queries. This paper describes how these
techniques can be adapted for ranked retrieval over image
databases utilizing the Boolean retrieval model. Results of
accompanying experiments demonstrate the effectiveness
of their model for image-retrieval applications.

In “Data Resource Selection in Distributed Visual Infor-
mation Systems” by Chang et al., the challenge of how the
information can be summarized to enable intelligent visual
queries is discussed. They propose an approach of summa-
rizing database information and then selecting databases
based on summarized information. Content-based indexing
of images is used to record a summary of the visual content,

including similarity distributions of the images. The re-

trieval technique is based on a ranking algorithm using
query similarity and features associated with the an object
template. Such abstraction techniques are expected to form
an important dimension in content-based retrieval of mul-
timedia data.

Content-based retrieval techniques for video data are es-
sential for developing useful multimedia information data-
base systems. Jiang et al.’s paper entitled “WVTDB—A Se-
mantic Content-Based Video Database System on the World
Wide Web” describes the design and implementation of a
Web-based video database system. A video data model is
presented that allows dynamic and incremental video an-
notation and indexing, multiuser view sharing, and video
data reuse. Users can query, retrieve, and browse video
data based on their semantic content descriptions and
specified temporal constraints. Several techniques are pro-
posed for efficient network bandwidth utilization for this
kind of Web-based system. Enhancements proposed in the
paper may be extended for effective video summarization
as well as implementing knowledge-based and spatio-
temporal queries on multimedia data.

Ahanger and Little’s paper “Automatic Composition
Techniques for Video Production” focuses on automat-
ing the processes involved in video composition. This pro-
cess can be automated if appropriate domain-specific
metadata are associated with video segments and com-
position techniques are established. The authors present
techniques to achieve dynamic, real-time, and cohesive
video composition and customization. They also iden-
tify metrics for evaluation of their techniques with respect
to existing manually produced video-based news. These
technologies may be ultimately incorporated in the
design of highly personalized or domain-specific video
applications.

A system for video content analysis suitable for man-
agement of a home video library is described by Dimitrova
et al. in their concise paper, “Video Content Management in
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Consumer Devices.” The system presents the user with a
visual table of contents which provides an overview of the
video content and direct access to particular points in the
stored video. The system utilizes a computationally inex-
pensive, simple, and powerful mechanism for cut detection
and key frame filtering. The approach outlined in this paper
can lead to the development of viable content-based mul-
timedia consumer devices of the future.

Ankerst et al.’s concise paper “A Multistep Approach for
Shape Similarity Search in Image Databases” employs
neighborhood influence weights to adapt the similarity
distance functions to user-specified requirements. The
authors” similarity model is based on quadratic forms for
which they present a multistep query processing architec-
ture suitable for image databases. They demonstrate an
optimal filter selectivity by using an algorithm to reduce
the dimensionality of quadratic form-based similarity
query results. Experiments on an image database exhibit
good scalability. The techniques show promise in efficient
processing of very high resolution images.

We hope that the research contributions in this section
provide a stimulant to readers to grapple more effectively
with pragmatic problems in the development of efficient
and powerful multimedia management systems. Such sys-
tems are expected to be the basis of tomorrow’s knowledge-
based society at all levels.
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