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Foreword

How can you represent a hurricane in a database? How can you represent an ocean’s
waves and currents? How can you represent a fleet of ships operating in that envi-
ronment? If you have a representation, can it answer the interesting and difficult
questions, such as what is the average current and windspeed experienced by these
ships? These are challenging spatial database problems—but they are static. Now
consider the more realistic problem when the hurricane, currents, and ships are
moving. How would you structure and index the database and what kind of query
language would you provide to answer questions such as: How long will it take each
rescue ship and helicopter to arrive at the scene of the emergency?

With the advent of wireless and mobile computing, RFIDs, and sensor networks,
it seems that every problem we encounter forces us to deal with objects moving in
the 4D universe of space and time. Manufacturing, environmental monitoring,
transportation and distribution, emergency services, and telecommunications all
have challenging problems in representing and querying databases describing mov-
ing objects.

These data representation and data query problems were intractable 15 years
ago—each had to be handled manually or approximated. But there has been huge
progress in spatial databases, temporal databases, database indexing, and data que-
rying over the last decade. We have learned how to represent 3D objects in compact
ways, and have learned how to represent and reason about time and dynamics. The
last five years have seen a synthesis of these spatial and temporal ideas into spatio-
temporal data types and methods.

This book represents a milestone in that synthesis of temporal and spatial data-
base concepts and techniques. It unifies and organizes the existing research into a
coherent whole; and it also presents substantial new results and approaches in
many areas. In each case it begins with what is known, then it introduces the new
concepts in an abstract and general model, and then it translates the ideas into a
pragmatic representation of data structures or SQL-like query language extensions.
As such, the book makes both an excellent text and an excellent reference. It also
takes you to the frontiers of our understanding, so it is a great point of departure
for a new researcher who wants to advance this field.

XV
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Foreword

Ralf Giiting and Markus Schneider have been leaders in the unification of spa-
tio-temporal databases. I have been working in an area peripheral to spatio-tempo-
ral databases and so was aware of some of the advances. But, in reading the pre-
print, I found myself saying “Aha!” more than once as each chapter progressed. As
Alan Kay observed, “Perspective is worth 100 points of IQ”—meaning that if you
look at a problem in the right way, it is easy to understand the problem and the
solution. This book has lots of “perspective.” I am now eager to apply this perspec-
tive to my problems.

Jim Gray
Microsoft Research



Preface

This book is about moving objects databases, a relatively new research area that has
received a lot of interest in recent years. The general goal of this research is to allow
one to represent moving entities in databases and to ask queries about such move-
ments. Moving entities could be cars, trucks, aircraft, ships, mobile phone users,
terrorists, or polar bears. For these examples, usually only the time-dependent posi-
tion in space is relevant, not the extent; hence, we can characterize them as moving
points. However, there are also moving entities with an extent—for example, hurri-
canes, forest fires, oil spills, armies, epidemic diseases, and so forth. These we would
characterize as moving regions.

Moving objects are essentially time-dependent geometries, and database support
for them is a specific flavor of spatio-temporal databases. The term moving objects
emphasizes the fact that geometries can now change continuously, in contrast to
most of the earlier work on spatio-temporal databases that supported only discrete
changes. Note that discrete changes are a special case of continuous developments,
and moving objects databases support both.

Some of the interest in this field is spurred by current trends in consumer elec-
tronics. Wireless network—enabled and position-aware (i.e., GPS equipped)
devices, such as personal digital assistants, on-board units in vehicles, or even
mobile phones, have become relatively cheap and are predicted to be in widespread
use in the near future. This will lead to many kinds of new applications, such as
location-based services. Similarly, big retail companies are moving toward tracking
their products by indoor location devices (e.g. using RFID tags). Both trends mean
that a huge volume of movement information (sometimes called trajectories) will
become available and will need to be managed and analyzed in database systems.

The focus of the book is on the underlying database technology to support such
applications. Extending database technology to deal with moving objects means—
as for many other nonstandard database applications—to provide facilities in a
DBMS data model for describing such entities and to extend the query language by
constructs for analyzing them (e.g., for formulating predicates about them). Sec-
ond, it means that the implementation of a DBMS must be extended. The two
major strategies for this are: to build a layer on top of an existing DBMS and so to

xvii
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map moving object representations and predicates to existing facilities of the
DBMS or to actually extend the DBMS by providing data structures for moving
objects, methods for evaluating operations, specialized indexes and join algorithms,
and so forth.

There are two major ways of looking at moving objects in databases: to be inter-
ested in maintaining continuously information about the current position and pre-
dict near future positions; and to consider whole histories of movements to be
stored in the database and to ask queries for any time in the past or possibly the
future (if we allow “histories” to include the future). This book treats both perspec-
tives in depth.

Purpose and Audience

This book has three major purposes:

It is intended as a textbook for teaching graduate students or advanced under-
graduates.

By providing a clear and concise presentation of the major concepts and results
in the new field of moving objects databases, it should be interesting to research-
ers who want to get access to the area.

Domain experts from industry, such as spatial data analysts, GIS experts, and
software developers can obtain an introduction into state-of-the-art research on
moving objects databases.

Structure and Organization

Chapter 1 gives an introduction to the theme of the book and briefly describes the
essential features of database management systems, spatial database systems, and
temporal database systems. It then shows that traditional database technology is
unable to model and implement moving objects and that new concepts and tech-
niques are needed. A number of applications are listed that demonstrate the neces-
sity of concepts for moving objects.

Chapter 2 gives an overview of two precursors of today’s spatio-temporal mod-
els. The first approach is based on a temporal extension of simplicial complexes.
The second approach is event-based.

Chapter 3 deals with location management, which is related to current and near-
future movements. The most prominent model is the MOST model, whose compo-
nents and main concepts are described in detail. Additional topics are the query
language FTL, based on temporal logic; the problem of balancing update cost and
imprecision; and the uncertainty of the trajectory of a moving object.



Preface xix

Chapter 4 describes the authors” approach for modeling and querying histories
of movement or evolutions of spatial objects over time. This concept is based on
abstract data types that can be embedded as attribute types in database schemas. At
two different abstraction levels, we present an abstract model with spatio-temporal
data types and operations as well as a discrete model providing finite representa-
tions for the types of the abstract model. Additionally, the abstract model is
enhanced by a concept of spatio-temporal predicates that can be employed for the
formulation of spatio-temporal selections and joins.

Chapter 5 presents data structures and algorithms for the data types and opera-
tions of the abstract model. Data structures are designed in the context of, and
according to, the needs of database systems. Algorithms are designed for operations
on temporal data types and for lifted operations. Lifted operations on moving
objects are operations that are derived from static operations on corresponding
spatial objects in a certain systematic way.

Chapter 6 deals with the constraint approach for moving objects. As an abstract
model for geometric entities in a k-dimensional space, the constraint approach uses
infinite relations. A corresponding discrete model is based on constraint relations.
Finally, an implementation of the discrete model is described.

Chapter 7 focuses on spatio-temporal indexing. Starting with some needed geo-
metric preliminaries, which make this book independent from other textbooks,
requirements for indexing moving objects are introduced. Then, index structures
are presented for current and near-future movements as well as for histories of
movement.

Chapter 8 provides a brief overview of further research areas in moving objects
databases that are beyond the scope of this book.

The text of this book has been used as course material at Fernuniversitat Hagen
and is designed for self-study. Each chapter provides exercises within the text. The
reader is encouraged to work on these exercises when they occur. Solutions can be
found at the end of the book. Further exercises are provided at the end of each chap-
ter; these can be used for homework assignments. Each chapter also provides biblio-
graphic notes explaining the sources for the presented material and related work.

Prerequisites and Possible Courses

This book should be accessible to anyone with a general background on the concepts

of database systems. A deeper knowledge on the implementation of database systems

is helpful but not required. A background on spatial and temporal database systems is

useful but not needed; brief introductions to these fields are provided in Chapter 1.
At Fernuniversitit Hagen, the material of the book is used in two ways:

The complete text is used for a one-semester graduate course, covering modeling
and implementation issues.
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- A short course, focusing only on the modeling aspects, consists of Chapters 1
through 4.

At the University of Florida, the text of the book is currently used for a one-
semester, graduate research class in seminar form. After a broad introduction into
the field by the instructor, graduate students are assigned chapters for extensive
individual study. The bibliographic notes at the end of the chapters lead them to
further material. Students have to give a detailed presentation about their assigned
topic and write a report. In addition, the class performs a prototypical implementa-
tion project together.

Other selections of subsets for short courses are possible:

A short course on modeling might consist of Chapters 1 through 4, but replace
Section 4.4 with Sections 6.1 and 6.2, to include the constraint model.

The approaches of Chapters 3, 4, and 6 are alternative—hence, can be read in
any order or be omitted. To get a balanced view we recommend including at least
Chapters 1 and 3 and Sections 4.1 through 4.3.

Chapter 5 describes the implementation for the model of Chapter 4 (Sections 4.1
through 4.3).

Section 7.3 describes indexing for current and near-future movement—hence, is
related to the model in Chapter 3. Section 7.4 covers indexing of trajectories or
histories of movement and is related to the model in Chapter 4. Nevertheless, one
can study the indexing problems without detailed knowledge of these chapters.
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