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Abstract: Coverage is one of the main essential tasks in the design, analysis, and implementation of wireless sensor networks
(WSNs). Various sensing applications may have different coverage requirements. However, regardless of the requested
coverage, in order to maximize the network lifetime, it is necessary to minimize the total number of sensors to successfully
accomplish the mission for which a sensing application is built. We noticed that the coverage problem in a two-dimensional
(2D) space has similarity with the tiling problem in the same space. Indeed, the main question related to tiling in a 2D space can
be stated as follows: How can a 2D space be tiled by replicas of a set (or tiles)? This is an instance of the second part of
Hilbert’s eighteenth problem: Is there a polyhedron that tiles a three-dimensional Euclidean space? In this talk, we focus on the
problem of k-coverage in 2D WSNs, where each point in a 2D field of interest is covered by at least &k sensors, with a degree of
coverage, k> 1. In our study, we found that it is helpful to identify a 2D convex tile that best approximates the sensors’ sensing
range. First, using a hexagonal tiling-based approach, we propose a few sensor placement strategies based on the degree of
coverage k required by a sensing application. Then, we suggest a more general one using a specific shape of irregular hexagon,
which we discover and denote by IRH(r/n), where r stands for the radius of the sensors’ sensing range, and » > 2 is a natural
number. We prove by mathematical induction that /RH(»/n) is capable of tiling a 2D space. Second, we compute the sensor
density corresponding to each of the above sensor placement strategies. Also, we derive the minimum sensor density of the
above-mentioned general sensor placement strategy. Third, we compute the relationship between the sensing range » and
communication range R of the sensors for each of those sensor placement strategies.
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