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The Energy Hole Problem Based on Small World in Wireless Sensor Networks
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Abstract  Sensor nodes closer to the sink need to relay more traffic compared to other nodes in
outer sub-regions, thus they suffer much faster energy consumption rates and have much shorter
expected lifetime. This phenomenon of uneven energy consumption is called the “energy holes”
problem. In this paper, we propose a new method to solve the “energy holes” problem. The
method is based on the concept of small worlds where the addition of a small number of long-
range links to Sink results in significant reduction in traffic of nodes closer to the Sink. This
method balances the energy expenditure among sensors and alleviates the energy holes problem,
thus prolongs the lifetime of the sensor network. We analyze the optimal location and quantity of
long-range links theoretically. Moreover we further explore their influence on energy expenditure
and network lifetime. On this basis, we present a practicable method to realize the small world

network. Simulation experiments verify the results of theoretical analysis.
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Background

Wireless sensor networks have attracted unprecedented
attention in recent years. A wireless sensor network consists
of a set of micro sensors deployed within a fixed area. The
sensors sense a specific phenomenon in the environment and
route the sensed data to a relatively small number of central
processing nodes. called sinks. In a many-to-one sensor net-
work, all sensor nodes generate data and send them to a sin-
gle sink via multihop transmissions. Nodes nearer the sink
have to take heavier traffic load. Therefore, nodes around
the sink would deplete their energy faster, leading to what is
called an energy hole around the sink. If this happens, no

more data can be transmitted to the sink. As a result, the
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network lifetime ends and much energy of the nodes would be
wasted. How to design network structure is a important
research topic in order to use unused energy to achieve the
energy holes and prolong the lifetime of the sensor network.

In this paper, we propose a new method to solve the
“energy holes”. Our method not only significantly prolongs
the lifetime of the sensor network, but also is easy to realize.
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