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ABSTRACT

The pervasiveness of mobile computing devices and wide-availability of wireless networking
infrastructure have empowered users with applications that provides location-based services
as well as the ability to pose queries to remote servers. This necessitates the need for adaptive,
robust, and efficient techniques for processing the queries. In this chapter, we identify the
issues and challenges of processing spatial data on the move. Next, we present insights on
state-of-art spatial query processing techniques used in these dynamic, mobile environments.
We conclude with several potential open research problems in this exciting area.

INTRODUCTION

The pervasiveness of wireless networks (e.g.,
Wi-Fi and 3G) has empowered users with
wirelessmobility. Coupled withthewide-avail-
ability of mobile devices, such aslaptops, per-
sonal digital assistants (PDAS), and 3G mobile
phones, it enables usersto access data anytime

and anywhere. Applications that are built to
support such data access often need to formu-
late queries (often spatial in nature) and send
the queriesto aremote server in order to either
retrieve the results or retrieve the data, which
isthen processed locally by the mobile device.
Due to the mobility of the users and limited
resources available on the devices used, it
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compels the need for efficient and scalable
guery processing techniques that can address
the challenges on handling spatial data on the
move.

Mobile devices (e.g., PDAS, laptops) con-
nect to the servers viawireless networks (e.g.,
WiFi, 3G, CDMA2000), and have limited re-
sources (power, CPU, memory). Hence, it is
necessary to optimize the resources usage.
Existing wireless technology suffers from the
problem of low-bandwidth (compared with the
wired networks) and the range. The maximum
bandwidth for WiFiMax, WiFi, and 3G are
75Mbps, 54Mbpsand 2M bpsrespectively. Also,
as the network is susceptible to interference
(fromother wirel essdevices, obstructions, etc.),
theachievablebandwidthisusually muchlower.
To reduce unnecessary communication
overheads between the server and the clients,
itisimportant totransfer only therequired data
items. In addition, the query processing tech-
niqueswould need to adapt to theunpredictable
nature of the underlying networks, and yet
ensurethat dataisdelivered continuously tothe
clients.

As the users carrying the mobile devices
move, the queries pose might move based on
the users' current location. Query processing
algorithms need to tackle these mobility chal-
lenges. For example, a mobile device might
issue the following k-nearest neighbor (kNN)
qguery: Retrieve the five nearest fast food
restaurants. However, as the user who is
carrying themobiledevicesmove, theresultsof
the KNN query changes. Thus, many existing
algorithms designed for static environment,
which assumes that the query is static cannot
be used directly. In addition, many existing
indices are optimized for static datasets, and
cannot be directly used for indexing moving
data, due to the overheads from updates, and
deletions due to expiration of queries or data
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items. This compels the need for new indices,
designed to handle issues introduced due to
mobility.

Notably, long-running continuous spatial
gueriesarerelatively morecommoninamobile
environment compared to ad hoc queries and
pre-canned queries. For example, users might
beinterested in monitoring specific regionsfor
activities over an extended period of time, or
predict the number of objectsat aregioninthe
future. The distinction between queries and
dataobjectsisthusrelatively blurred. Another
observation is that the number of queries is
usually relatively smaller than the number of
dataobjectsespecially over an extended period
of time. Thus, to process queries efficiently, it
might be more efficient to index the query
instead of the data objects.

Inthischapter, we present acomprehensive
survey on the state-of -art techniques that have
been proposed for handling these queriesin a
wireless mobile environment. We focus on the
spatial access method and query processing
techniquesthat have been devel oped for spatio-
temporal and location-aware environment do-
main.

Chapter Organization

Thenext few sectionsareorganized asfollows:
Background, Querying Spatial Data, Data
Dissemination, and Conclusion. We first
present a framework for understanding the
various query processing techniques. Next, we
present the state-of-art query processing tech-
niques for handling the following type of que-
ries: point and range queries (welook at access
methods and data structures), nearest neighbor
gueries, spatial joins, aggregation, and predic-
tive queries. Then, we look at data dissemina-
tion methods used in the mobile environment.
We conclude in the last section.
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