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Abstract

Query processing has been studied extensively in traditional database systems. However, few existing methods can be
directly applied to wireless sensor database systems (WSDSs) due to their characteristics, such as decentralized nature, lim-
ited computational power, imperfect information recorded, and energy scarcity in individual sensor nodes. This paper pro-
poses a quality-guaranteed and energy-efficient (QGEE) algorithm. QGEE utilizes in-network query processing method to
task WSDSs through declarative queries, and confidence interval strategy to determine the accuracy of query answers. In
QGEE, the correlation between a query and a node is calculated by vector space model (VSM), and a query correlation
indicator (QCI) is designed to quantify the priority of becoming active for individual nodes. Given a query, the QGEE
algorithm will adaptively form an optimal query plan in terms of energy efficiency and quality awareness. This approach
can reduce disturbance from measurements with extreme error and minimize energy consumption, while providing satis-
fying service for various applications. Simulation results demonstrate that QGEE can reduce resource usage by about 50%
and frame loss rate by about 20%. Moreover, the confidence of query answers is always higher than, or equal to, the users’
pre-specified precision.
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1. Introduction

Recent developments in integrated circuit technology have allowed the construction of low-cost sensor
nodes that are generally equipped with sensing capability, wireless communication, as well as limited power
supply and memory. Embedded those devices into environment, an emerging new type of network is created:
wireless sensor network (WSN) [34]. Moreover, most of high-level tasks of WSNs, such as monitoring specific
events, collecting and processing information, are accomplished by cooperation of multiple sensor nodes.
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WSNs are being intended for a broad range of environmental sensing applications from weather data collec-
tion to vehicle tracking to habitat monitoring [44,8].

In WSNs, the widespread deployment of sensor nodes is transforming the physical world into a computing
platform. Sensor nodes not only respond to physical signals for producing data, but also are equipped with
computing and communicating capabilities. They are thus able to store, process locally, and transfer data pro-
duced. From data storage and process point of view, a WSN can be regarded as a kind of database – distrib-
uted wireless sensor database system (WSDS). Compared with traditional database systems, WSDSs store
data within system and allow queries to be injected anywhere through query processing operators.

In a WSDS, the query execution usually starts from front-end nodes that issue queries into the system. Sen-
sor nodes are viewed as data sources that provide relevant information for query processing operators. Gen-
erally, queries in a WSDS can be classified into three categories depending on the type of data (past, present,
or future) requested:

• Historical queries
This type of query is mainly used for the analysis of historical data stored at front-end nodes. For example,
‘‘what was the temperature two hours ago in the northwest quadrant?’’

• One-time queries
This type of query gives a snapshot view of a system. For example, ‘‘what is the temperature in the north-
west quadrant?’’

• Persistent queries
This type of query is mainly used to monitor a system over a time interval with respect to some parameters.
For example, ‘‘report the temperature in the northwest quadrant for next two hours’’.

Warehousing and on-demand approaches are two conventional ways of handling queries [25]. In the ware-
housing approach, base stations collect and store data, periodically, depending on a set of predefined parameters.
There are two specific limitations for this approach: users can only query base stations, and query processing is
very expensive as it utilizes valuable resources like channel bandwidth and energy. In the on-demand way, data is
collected based on users’ requests. However the drawbacks are that the delay for queries is unacceptable for time
critical data, and the flooding of the entire system might be wasteful for one-time queries.

Lessons learned from developing network protocols for WSNs in the last couple of years show that using
traditional layered networking approach has several drawbacks in system performance and efficiency. Quite
often, significant improvements are possible for network protocols, but they require a great amount of infor-
mation to be passed along the layers of system. Although this approach, in principle, allows independence
among various protocols, it incurs significant overhead in parameter transfer. Moreover, improvements per-
formed in a specific layer can cause impairments, or even be counterproductive for other layers. Therefore,
optimization can be more effective when taking into account overall system and using all available knowledge.
In other words, cross-layer design approach is a viable approach for WSNs’ energy and quality problems.

The goal of monitoring through sensor nodes is to infer information about objects from measurements
made from remote locations. Moreover, inference processes are always less than perfect. Consequently, the
problem of uncertainty, which stands for the quality of query answer, is central to monitoring applications.
Hence, to build useful information systems, it is necessary to learn how to represent and reason with imperfect
information [43]. As a result, Motro [28] is interested in how imperfect information may be represented in a
database system. In [42] and [31], they proposed methods of dealing with the uncertainty of moving objective
databases. In [41], they presented a unified fuzzy-probabilistic framework for modelling processes of medical
diagnosis. In their work, the belief computation is related to diagnostic inference. The final conclusion of infer-
ence is the diagnosis with the greatest belief value. It is also shown how their membership functions and basic
probability assignments are estimated on the basis of experimental data.

In general, imperfect information is typically handled by attaching a number to it, which represents a sub-
jective measure of the certainty according to the observer. The way, in which the number is manipulated,
depends upon the theory that underlies the number. There are possibilistic databases [35] and probabilistic
databases [7,32,33]. Probabilistic approach has begun to be used by WSDSs to process query with limited
information [2]. In [38], they discussed how to handle aggregate operations in probabilistic databases. They
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