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Abstract:  
Wireless Sensor Networks (WSN) are the collection of distributed low-cost sensing nodes with autonomous 

network. There are several deviation can occur in wireless sensor networks that may form various coverage 

holes. These types of holes may disturb the existing connectivity and coverage, and impair desired functionalities 

of networks. So it is essential to use for recovery and detect coverage holes in order to ensure the full operability 

of a WSN. In this paper, we propose a coordinate-free, decentralized, node-based coverage hole detection 

algorithm. This type of algorithm is based on boundary critical points, and can be run on a single node with 

verifying boundary critical points from neighbors. The hole patching algorithm is based on the concept of 

perpendicular bisector and our detection algorithm. The patching sensor nodes are setup on hole boundary 

bisectors. Simulation technique determine that our algorithm can recover coverage hole and detection, and 

guarantee full coverage in hostile environments with an effective manner. 

Index terms:  coverage problem, detecting holes, wireless sensor network, patching holes 

 

Introduction: 

Wireless Sensor Network (WSN) is one type of  autonomous distributed network, which has spread rapidly into 

various potential applications such as military security[1,2], environmental protect[3,4], industrial process 

monitoring[5,6] , agriculture and farming [7], passive localization or tracking[11] structural health monitoring[8-10] 

, and so on. These types of applications require a reliable coverage and connectivity that can be guaranteed only if 

the target field monitored by a WSN contains no coverage holes. There are many reasons due to coverage holes are 

formed, such as environmental factor, intrusion, explosion, software bugs and energy depletions [12, 13].These 

holes result in no uniform sensor formation and impair their functionality, or shorten the lifetime[14].Consequently, 

it is essential to detect and recovery coverage holes in order to ensure the full operability of a WSN. There is very 

broad literature about the coverage hole problems in WSNs. S. Ganeriwal, A. Kansal, et al. [15] propose the self-

aware actuation for coverage maintenance in sensor networks, and present Coverage Fidelity maintenance algorithm 

(CO-Fi). They apply the mobility of nodes to repair the coverage loss of the area. Dead nodes are used to update the 

network topology, sensing neighbors of the dead node responds to request message only if it can move without 

losing coverage, then the dying node decides which optimization node to move. Authors of [16] Wang et al. 

presented a protocol that provides the flexibility in configuration of sensor network that is Coverage Configuration 

Protocol (CCP). Heo et al. [17] suggested there are two different schemes to remove the problem of addressing 

single coverage. First scheme is known as Distributed Self-Spreading Algorithm (DSSA) that is inspired by 
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minimizing molecular electronic energy and inter-nuclear repulsion in equilibrium of molecules. And other scheme 

is known as Intelligent Deployment and Clustering Algorithm (IDCA) that apply the low energy consumption 

characteristics of local clustering. W. Guiling, et al. [18] proposed the diagram that is known as Voronoi diagrams to 

discover the coverage holes, movement-assisted sensor to eliminate or reduce the size of hole. There are different 

type of  protocols that  are VEC (VECtorbased),VOR (VORonoi-based), and Minimax, which based on the principle 

of moving sensors from densely deployed areas to sparsely deployed areas Fang et al.[19]  proposed to determine 

the hole boundaries by a distributed algorithm to perform  the formation of new routes. This type of technique is 

useful for route formation, but does not offer a solution for mitigating the hole problem. Li and David K. Hunter 

[20] presented   protocol that is used for the full sensing coverage area known as Triangular Mesh Self-organizing 

self-Healing protocol (3MeSH) , which conserve energy by electing as few active nodes as possible. 

Robert et al.[21] proposed the  means of homology for detecting the  holes in coverage and provide two types of 

objects first is Cech complex, Rips complex from simplified complexes based on its communication graph. The 

Cech complex is a very important characteristics that can provide the fully characterizes coverage properties of a 

WSN, but is very difficult to compute. The Rips complex is very easy to determine and construct by simple 

algebraic calculations or manipulation, but does not in itself yield coverage data, and is at the expense of accuracy. 

Feng Yan et al.[22] determine the problem of triangular holes and give the solution. They determine and manipulate 

the  accuracy for triangular holes, under different ratios between communication radius and sensing radius of each 

sensor. Jinko Kanno et al.[23] provide the solution and simplification homology and counting holes, then take to 

locate holes by a divide-andconquer strategy. J Yao, G Zhang et al.[24] proposed the sensor network that is cover 

the whole area  for  hole detection and patching using modeling by simplified complexes. The hole-patching 

algorithm (HPA) is based upon the on perpendicular bisector technique, and is dependent on previous hole detection 

methods. This algorithm is very able to determine the holes in the network  and useful even if only partial sensor 

node coordinate information is available. But, it might add redundant nodes in the network, and is not optimal in 

terms of the number of patching nodes. Prasan Kumar Sahoo et al.[25] simplified and designed the  distributed 

coverage hole recovery algorithms that use the vector methods decide the magnitude and direction of a mobile node 

and definitely the coverage of  node is not increased. But in this technique the mobility of node is limited within 

only one hop; it still exist fragment of holes. As suggest above there are some researchers have proposed coverage 

and connectivity maintenance algorithms, but a majority of them using a complicated network model, or only 

providing partial coverage for patching. But there are some present algorithms are centralized that will become 

extremely time consuming, as the number of sensor nodes becomes significantly large. In this paper we 

implemented the model of   distributed coverage Hole detection and recovery algorithms, and guarantee full 

coverage in hostile environments with an effective manner. The main addition  of our work that  can be summarized 

as following first we apply and introduce a concept of boundary critical points (BCPs), not maximal simplified 

complex or Voronoi Diagram for detecting and second we bring forward a decentralized, coordinate free, node-

based coverage hole detection algorithm without knowing exact locations of nodes and third our proposed patching 

algorithm is based on the concept of perpendicular bisector and BCPs that is  provide full coverage but not 

proportion. The remainder of this  paper is formulated as follows.  
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Simulation and Result: To detect and cover the complete area of network we have used the MATLAB 2013 to 

implement this type of network that is based upon the distributed coverage hole detection (HDBCP) and patching 

technique for the wireless sensor network. There are following two types of result determine that are to coverage 

holes in the network and recovery of those holes in the giving area. After the simulated  we have got the following 

result as number of patch nodes are 22 and elapsed time is taken 126.225957 seconds. 

 

 
Fig.1 Coverage Holes 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Recovery of coverage holes 
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Conclusion:  

The paper provide  solution for the distributed coverage hole detection and patching in coordinate-free wireless 

sensor networks, which based on perpendicular bisector and boundary critical points. Simulation results show 

successful hole detection and patching in case of both grid-type networks and randomly deployed networks. This 

type of evaluation only shows the algorithms single coverage based, but also can run in highest coverage (k-

coverage). The algorithm is effective and useful even if only partial sensor nodes are used to coordinate information. 

Further simulation and research will use our proposed algorithms in reality, and also focus on an optimal process to 

reduce the complexity of the algorithm. 
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