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FOREWORD

This special issue is dedicated to spatial database systems. Explicit support for
various notions of spatial data is mandatory in applying database technology to the
development of Land Information Systems (LIS), more generally of Geographic In-
formation Systems (GIS), and more globally of Environmental Information Systems
(EIS), which integrate LIS, GIS, and more conventional information system tech-
nologies. These needs form the background to many activities within the database
research community, and justify the creation of a special issue in this particularly
application-oriented database field.

Professor Ralf Hartmut Glting, an expert in this area for many years, took over
responsibility for this issue. He not only handled all twenty submissions as Editor,
but he also wrote an excellent survey of the field. |1 would like to thank Hartmut for
his great efforts and outstanding work in this respect.

Hans-J. Schek
Coordinating Editor-in-Chief



PREFACE TO THE SPECIAL ISSUE ON
SPATIAL DATABASE SYSTEMS

The purpose of a spatial database system is to manage data about some space
in two or more dimensions. Spaces of interest may be the physical world around
us, as in geography, urban planning, meteorology, astronomy, parts of the human
body (e.g., the brain, for medical applications), or they may be man-made, as in
VLSI design, or a model space, as for a 3-D molecular structure. Actually, empty
space is not very interesting, so one really has to deal with collections of objects
arranged in space. On the one hand, a spatial database may record information
about objects with a clear identity, position, and extent within the space. On the
other hand, for some physical spaces it is possible to produce 2-D or 3-D raster
images of the space (e.g., by remote sensing or computer tomography), and a
database system may be able to manage the images as such; image analysis or
feature extraction techniques can be used to move from a database of the second
kind to one of the first kind. Since the requirements and techniques for dealing with
the two kinds of information are rather different, it makes sense to distinguish two
classes of systems called spatial database systems and image database systems,
respectively. Nevertheless, the title of the special issue uses the term in the broader
sense, and the issue contains contributions about both kinds of systems.

Spatial data management imposes a number of requirements on database
systems. A basic requirement is that adequate concepts are needed to describe
the shape and position of objects in space as well as relationships between them.
This can be fulfilled by introducing spatial data types or spatial algebras, which pro-
vide types such as paint, line, or region in the 2-D case. Data modeling must also
provide concepts for the representation of spatially related collections of objects,
for example, a partition of a country into districts, or a highway network. It must
be possible to access efficiently objects lying in a particular region of the space,
which leads to a need for specialized spatial access methods or index structures.
It also must be possible to follow spatial relationships between objects efficiently,
which results in a need for specialized spatial join methods. Spatial data call for
a graphical representation of query results at the user interface; additionally, the
user interface must support the combination (overlaying) of the results of several
queries, since the purpose of querying is often to build a tailored picture of the
space of interest. Image data management leads to additional requirements, such
as efficient access to parts of large multidimensional arrays, image manipulation
operations, interfacing to image analysis packages, the extraction of indexing in-
formation for image retrieval by content, and so forth.



To accommodate these requirements within a system, extensions at all lev-
els of the system architecture are needed. For example, one must add atomic
data type representations and implementations of operations, specialized storage
structures for object classes or secondary indexes, new join algorithms, strategies
in query optimization, cost functions, and extensions of the query language. Data-
base research into extensible systems was aimed at making such extensions at
all levels possible. Hence, there is a close relationship between spatial and ex-
tensible database systems; spatial DBMSs are probably the most important client
of extensible DBMS technology and have provided much of the requirements and
motivation for this line of research.

The special issue consists of a survey by the invited editor and four other arti-
cles. The survey covers spatial database systems in the restricted sense described
above, and presents the technology developed so far in the areas of data mod-
eling, querying, data structures and algorithms for system implementation, and
system architecture.

The first contributed article, “Management of Multidimensional Discrete Data”
by Peter Baumann, addresses the image database side, presenting a general con-
cept for the support of multidimensional arrays in database systems. D-dimensional
arrays over arbitrary base data types and of arbitrary (fixed or varying) size can be
defined; hence, all kinds of raster images over pixels, voxels, etc., can be repre-
sented. A set of query algebra operations with formally defined semantics on such
arrays (images) is provided, and a specialized storage system supports efficient
execution of queries on the often very large arrays. This article also reviews pre-
vious research on image databases and so augments the survey in this special
issue.

The second article, "A Semantic Modeling Approach for Image Retrieval by
Content” by Wesley W. Chu, lon T. leong, and Ricky K. Taira, illustrates the rela-
tionship between the management of images and the modeling and management
of spatial objects contained in the image space; the steps to recognize objects
from images are also discussed. The article introduces a data model suitable for
representing the contents of sequences of 2-D images in medical applications;
a sequence can represent a volume, for example, a magnetic resonance brain
scan, or a time series of, for example, X-ray images. The medical domain imposes
interesting requirements on data modeling; one needs concepts not only for spa-
tial relationships, but also for temporal and “evolutionary” relationships between
objects (e.g., to represent a growing tumor). The proposed modeling constructs
are integrated into a “spatial evolutionary” query language, SEQL. An impressive
prototype system has been implemented on top of Gemstone.



The third article, “Qualitative Representation of Spatial Knowledge in 2-D
Space” by Dimitris Papadias and Timos Sellis, investigates the construction and
use of abstract representations of an arrangement of objects in 2-D space. The
abstraction omits information about the precise location or shape of the objects
and about some spatial relationships, but maintains a specific set of relationships
of interest. As a particular abstract representation, symbolic spatial indexes are
proposed, which are 2-D arrays containing one or two symbols (representative
points) for each object of the scene. It is shown how direction and topological
relationships are maintained in this symbolic (coordinate-free) representation. A
QBE-like query language permits retrieval based on symbolic spatial indexes.

The fourth article, “The TV Tree: An Index Structure for High-Dimensional
Data” by King-lp Lin, H.V. Jagadish, and Christos Faloutsos, introduces a new
spatial index structure, the TV-tree, designed to support similarity search in high-
dimensional feature spaces (e.g., of dimension 10 or 100). Similarity search has
applications in many areas, for example, in image, medical, multimedia, or DNA
databases. Traditional index structures for low-dimensional spaces do not work
very well in so many dimensions. The basic idea is to use varying-length feature
vectors, and to increase the number of features only where it is necessary in the
data structure. An experimental comparison with the R*-tree is included. This ar-
ticle illustrates well the techniques used in the design and analysis of spatial data
structures, which has made up a substantial part of the research in spatial data-
base systems.

It is a great pleasure for me to present this special issue which, in my opinion,
contains a number of significant contributions to the fields of spatial and image
database systems and gives a good impression of the current state of the art in
these areas. This is the result of a lot of work, in particular by the authors and the
referees. Twenty articles were submitted, out of which only four could be selected.
I wish to thank the more than 60 referees (listed at the end of this issue) who worked
under rather tight time constraints, yet provided high-quality reviews. Thanks to
the authors for their smooth cooperation in revising the articles. | would also like
to thank Bernd Meyer for handling much of the administrative work of the review
process, and Martin Erwig, Markus Schneider, and Bernd Meyer for reading and
checking manuscripts designated for this special issue. Last, but not least, | am
grateful to Hans-Jorg Schek for inviting me to this very interesting task, and for his
advice at all stages of the process.

Ralf Hartmut Gting
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