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Short Abstract

Directional sensor networks (DSNs) consist of directional sensor nodes which can switch to several directions to extend their sensing ability to cover
the interested area. One important problem in these networks is providing adequate coverage to fulfill the issued sensing tasks. This paper addresses the
problem of selection and orientation of directional sensors for providing full area coverage in directional sensor networks. Using the notion of homology
in Algebraic topology, we model the coverage of DSNs by simplicial complexes and formulate the problem of selection and orientation of directional
sensors as a binary linear programming. Then, an algorithm based on irregular cellular learning automata for orientation of sensors is proposed to solve
the problem in a reasonable time. The proposed algorithm works based on the size of the existing holes in the covered area. The proposed algorithm
has adopted a homological approach to find holes in the sensor network. The simulation results show about 2% increase in the amount of coverage and
also a significant decrease in the number of conditions and variables of the proposed optimization problem.
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1-  Short Introduction

Directional Sensor Networks (DSNs) have been adopted in different contexts to provide required information supporting the development of different
innovative applications. In practice, due to random deployment of sensor nodes or energy run out, coverage holes could be created which can affect the
quality of service. So, hole detection and healing is one of the important issue in the context of wireless sensor networks. In this paper, we design a
topological method for hole detection and also selecting the appropriate working directions of sensor nodes to heal the holes in order to provide full
area coverage.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

The proposed method works based on the homological properties of the simplcial complex of the network. We model the problem of working direction
selection as a binary linear programming. The simulations are done in MATLAB. In comparison with the other BIP model, our model contains less
variables and conditions. In addition, we propose a distributed method to select the appropriate working direction of sensor nodes to cover the whole
area, and in comparison with heuristic algorithm, the proposed algorithm provide better coverage.

3-  Conclusion

In this paper, we proposed algorithms for hole localization and selecting the working direction of directional sensors for providing full area coverage.
We have drawn on the notion of homology of the simplicial complex of the network to capture the topological properties of the network. We formulated
this problem as a BIP problem and proposed an algorithm based on cellular learning automata to solve it in a distributed mannet. Simulation results
demonstrate the better performance of proposed algorithm in compare to greedy algorithm. It is shown by simulations that modeling the network by
simplicial complexes is an appropriate way for full area coverage problems.
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