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Preface

The widespread use of mobile positioning tools like GPS and smart mobile phones
nowadays has aroused great interests in location-based services (LBS) that have
to store and manage continuously changing positions of moving objects. This
book gives a comprehensive and complete view of a moving objects database and
introduces how it is used in LBS and transportation applications. It aims at moving
objects management, from the location management perspective to analyze how
the continually changing locations affect the traditional database and data mining
technology. Specifically, the book describes the cutting edge technologies related to
topics like moving objects modeling and location tracking, indexing and querying,
trajectory prediction, location uncertainty, traffic flow analysis, objects clustering,
traffic aware navigation and privacy issues as well as their application to intelligent
transportation systems.

Previous studies mostly focused on moving objects database in free space.
They assumed that the movement of the objects is unconstrained and based on
Euclidean spaces. However, in the real world, objects usually move within spatially
constrained networks, e.g., vehicles move on road networks. Overlooking this reality
often leads to unrealistic data modeling and inaccurate query results. The content in
this book focuses mainly on the moving objects within spatial networks, which is
more practical. By exploiting the network feature of spatial networks, this book
introduces models, techniques, and applications of moving objects management in
a spatial network.

This book is intended to help readers understand the main technologies in
moving object management and apply them to LBS and transportation applications.
Compared with the first edition, this book particularly focuses on the constrained
network environments, and it has made substantial changes to each chapter so that
the cutting edge techniques in this field are included. With its accessible style
and emphasis on practicality, the book presents new concepts and techniques for
managing continuously moving objects. Database management systems developers,
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mobile applications developers, and applied R&D researchers will find the study
an essential companion for new concepts, development strategies, and application
models associated with this kind of changing location data. The book:

* Presents a comprehensive architecture of moving object management, which
includes not only basic theories and new concepts but also practical technologies
and applications

» Describes a set of new database techniques in modeling, tracking, indexing,
querying of moving objects, traffic flow analysis, as well as data mining
techniques in clustering analysis of moving objects

* Introduces some new research issues in location privacy and uncertainty man-
agement of moving objects, which are topics of major interest in this field

* Provides typical applications of moving objects management in intelligent
transportation systems

Organization of the Book

This book contains 12 chapters, which describe the problems, models, techniques,
and applications of moving objects management. It is organized as follows:

In Chap. 1, we introduce some background of moving objects management,
including its concept and applications. Finally we present the main content: key
technologies of moving objects databases and our focus in this book.

In Chap.2, we introduce some underlying modeling methods and present two
moving object models that can reflect real-time traffic conditions of the road net-
work. The first one is the DTNMOM, which considers the dynamics of underlying
road network. And for the second model called ARS-DTNMOM, we introduce
the concept of atomic route section and define its corresponding data types and
operations in database.

In Chap. 3, we introduce a few underlying methods on moving object track-
ing. Then, we describe three representative network-constrained location update
strategies (Net-LUM, ANLUM, and EuNetMOD), which can achieve better per-
formances in terms of communication costs and location tracking accuracy.

In Chap.4, we first introduce a few of the underlying spatial index structures
including the R-tree, TPR-tree, spatio-temporal R-tree, trajectory-bundle tree, and
MONT-tree. Then, we propose two new index methods that are used for indexing
frequently updated trajectories of network constrained moving objects and indexing
the whole trajectories with historical, current, and near future positions, respectively.

In Chap.5, we classify the basic querying types for moving objects according
to spatial predicates, temporal predicates, and moving spaces. Then, we introduce
how to process a range query and a kNN query in a spatial network, based on the
Euclidean restriction and network expansion frameworks.
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In Chap. 6, we introduce advanced querying for moving objects including similar
trajectory queries and density queries for moving objects in a spatial network. We
first present how to process the snapshot density queries. Then, we introduce some
efficient methods based on the safe interval to continuously monitor dense regions
for moving objects.

In Chap. 7, we first review some linear prediction methods and analyze their lim-
itations in handling moving objects in spatial networks, then present the simulation-
based prediction methods: fast-slow bounds prediction and time-segment prediction,
and finally present an uncertain path prediction method which can predict future
trajectories based on the uncertain historic trajectories of moving objects in spatial
networks.

In Chap. 8, we study the uncertainty management problem for moving objects
databases with a few uncertainty models. Then we introduce a novel framework
that can manage uncertainty trajectory effectively and answer queries about them
accurately; particularly, we focus on the key technical issues like uncertain trajectory
modeling, database operations, and query processing of uncertainty management.

In Chap.9, we study the underlying researches and inherent problems in traffic
behavior analysis based on moving object trajectories. Then we firstly propose a new
model for objects moving on dynamic transportation networks (MODTN), based
on which we introduce a real-time traffic flow statistical analysis method (NMOD-
TFSA).

In Chap. 10, we introduce the clustering analysis of moving objects in spatial
networks. After that, we introduce two new static clustering algorithms, which
use the information of nodes and edges in the network to improve the clustering
efficiency and accuracy. Then, we introduce the notion of cluster block (CB)
as the underlying clustering unit and propose a unified framework of clustering
moving objects in spatial network (CMON), which improves the dynamic clustering
performance of moving objects and supports different clustering criteria. Finally, we
introduce two trajectory clustering algorithms which use the partition-and-group
framework for clustering trajectories and a filter-refinement framework for hot
region discovery, respectively.

In Chap. 11, we present another application, traffic aware route navigation, with
a new traffic aware route planning model based on incremental planning method
introduced. By selecting intermediate destinations, a partial path rather than whole
path is planned each time for long distance queries. In this way, route planning is
more efficient because it is carried out in a much smaller region, and unnecessary
re-calculations caused by the dynamic road conditions can be avoided.

In Chap. 12, we introduce location privacy, and analyze the challenges of
preserving location. Then, we provide an analysis of the current studies including
the system architecture, location anonymity, and query processing.

As shown in Fig. 1, the contents of the whole book construct a comprehensive
moving object management and application system. Figure 1 also shows the
relationship of each component in the system.
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