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Abstract— A Sensor Web is a network of spatially distrib-
uted sensor platforms, which is especially well suited for en-
vironmental monitoring. Although sensor nodes of a Sen-
sor Web are critical devices that perform the monitoring
work, the low-cost implementation of sensor nodes poses that
they are subject to failures and permanent damage. A life-
condition monitoring mechanism for sensor nodes is there-
fore required to ensure the function of a Sensor Web. This
paper studies this sensor-node monitoring problem in the
domain where in-network sensor nodes are self-monitoring,
i.e., the status of each sensor node is monitored by another
node. To be energy-efficient, a mechanism for implement-
ing self-monitoring Sensor Webs should minimize the energy
required. We propose a formal formulation of this problem
and show that it can be solved by finding a minimum span-
ning tree of the graph constructed by in-network nodes. We
provide some distributed algorithms in solving this problem.
Simulations are conducted to study the performance of these
algorithms.
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1. INTRODUCTION

In recent years, in-situ sensing with small wireless-equipped
sensor devices has became a promising technique with the
advances in Micro Electro-Mechanical Systems (MEMS) and
wireless communication technologies [1][2]. A Sensor Web
is a network of such spatially-distributed sensor platforms
[31[4]. In sensor webs, sensor nodes perform in-situ sens-
ing task on some physical phenomena of interest and they

1-4244-0525-4/07/$20.00/ ©2007 18R
IEEEAC paper # 1629

1

communicate with wireless interface. The data on the physi-
cal phenomena can thus be conveyed to data collecting nodes
(the base stations) in a multi-hop manner.

The low-cost implementation and unattended operational
manner make Sensor Webs especially well suited for envi-
ronmental monitoring. Today, a variety of Sensor Webs have
been field-deployed and field-tested in many environments.
Examples include that in The Botanical Gardens at The Hunt-
ington Library [5] for monitoring botanical conditions [6],
that in Antarctica to monitor microclimate conditions for ex-
treme life detection [7], and that for in-situ exploration of
gaseous biosignatures [8]. In-situ sensing with Sensor Webs
is also a promising technique in aerospace applications. We
can imagine that in future applications Sensor Webs will be
deployed in outer space or on other planets to collect phys-
ical data that cannot easily be captured by remote sensing
techniques. For example, a Sensor Web can be constructed
on the Mars to collect some seismic data in order to analyze
the geological features of the planet.

Although sensor nodes in a Sensor Web are critical devices
to perform monitoring work, their low-cost implementation
suggests that they are subject to failures and permanent dam-
ages. Moreover, sensor nodes are battery-powered devices.
They cease to function when their batteries drain out. A Sen-
sor Web is usually working in an unattended manner (e.g.,
in future aerospace applications where Sensor Webs are de-
ployed in outer space), an automatic life-condition monitor-
ing mechanism for sensor nodes is therefore required to lo-
cate the failure nodes, which can help reorganize the network
or facilitate manual repair of the failure nodes. Such a life-
condition monitoring mechanism is important to ensure the
function of a Sensor Web.

An example network in shown in Figure 1 where the black
solid circles denote the sensor nodes. The network is em-
ployed to detect forrest fires. In case that anode fails (e.g., the
node with a cross in the figure), it cannot sense temperature of
the circular area. Then, if without a sensor node life-condition
monitoring mechanism, the network cannot be notified about
the node failure and perform consequent repair actions. As a
result, the network is not aware of a fire taking place in that
area, which may cause a great disaster.
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