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I. ABSTRACT

Wireless Sensor Network (WSN) deployments require the
maintenance of hundreds of battery run sensor motes which
may be placed in hard to reach locations. As replacing or
charging sensor batteries post deployment is both difficult
and expensive, maintaining a WSN poses challenging issues.
Power saving mechanisms aim to increase the life time of
a WSN. This is achieved through the use of power saving
techniques that aim to balance the overall usage within a
network. A common approach to power saving is to cluster
the network and schedule the working duty cycle between the
different clusters [1].

Many solutions in this area are specialized techniques that
perform well for specific scenarios [1]. While such techniques
offer great advantages they do not generalize well, meaning
a custom solution is required for each use case. For example,
LEACH is a power saving solution that performs well in
scenarios without location information but fails to work for
time-asynchronous systems. PECAS however, does not rely
on time synchronization but is only designed for uniform
placement networks. It is also identified that none of the
existing solutions can work for mobile networks.

With the emergence of middleware solutions that aim to
support diverse scenarios, there is a need to facilitate a wide
range of power saving techniques. As a result, there is a need
for a generalized power saving mechanism that will support
diverse scenarios while meeting the needs of specific use cases.
Middleware requires a generalized power saving mechanism
that is designed to be both lightweight and adaptive, supporting
the specific needs of many sensor driven systems.

We propose a self-adaptive unifying mechanism for au-
tonomous energy management of WSNs with an aim to its
incorporation as a power saving component in the SIXTH mid-
dleware [2]. This mechanism aims to provide an easy to use,
flexible and self-adaptive clustering and sleeping scheduling
technique that produces custom power saving algorithms for
diverse systems. The mechanisms comprises:

1) A framework: Light-weight, scalable, adaptive and
autonomous framework that includes:

• Voronoi-like clustering: A Voronoi diagram is a basic
geometric data structure often used in WSNs. Traditional
Voronoi tessellation requires geographical coordinates for
the grouping of discrete points in an Euclidean space into
Voronoi cells. The motes that comprise a WSN however,
not always have the ability to detect their geographic
location. We propose a variation of Voronoi tessellation
that uses Round Trip Time (RTT) to measure the relative
distance between sensors in an Euclidean space.

• Round robin scheduling: During each round only one
sensor per cluster is active and monitoring the target. All
other sensors remain in different levels of low energy
sleep mode. When a new round begins the active nodes
switch to sleep mode and a new active node is selected
in each cluster.

2) Extensions: Features from clustering algorithms are
abstracted and treated as individual extensions. This novel de-
coupled approach will allow extensions to run independently,
each managing problems such as mobility, radio adaptation,
probability activation, etc. Extensions can supplement or re-
place existing extensions in the mechanism to satisfy use case
requirements. For example, the mechanism may choose to
change the basic scheduling scheme to an optimized version.

While these contributions will form the basis for a mid-
dleware based power saving solution, future research should
extend these ideas and provide a robust platform for energy
management. For example, an evaluation component will
monitor the performance of a generated algorithm allowing
the system to either justify or reselect extensions in the
algorithm, ensuring improved performance in real time. Also,
autonomous selection of suitable extensions based on monitor-
ing of current conditions and use case requirements will form
the basis for a self adaptive custom power saving solution.
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