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ABSTRACT: 

 

A Wireless Sensor Network (WSN) is typically consists of a large number of sensor nodes 

distributed over a large area. The sensor nodes are very small in size, low battery power, limited 

storage and processing capacity. Each node is usually equipped with a wireless radio transceiver, 

a small micro-controller, a power source and multi-type sensors such as temperature, light, 

pressure, sound, vibration etc.These nodes form a network by communicating with each other 

either directly or through other nodes. The prime objective of WSN is to collect data from sensor 

nodes. As the data in the network passes through one or multiple sensor nodes, the energy 

consumption of one node differs from the other node. So, nodes with excessive load would 

quickly lose their battery power and may stop functioning. Suppose this situation happens with a 

group of adjacent nodes and they fall into premature death, results energy-hole in the network. 

One energy-hole affects others nodes in the network because the load shared by the nodes in the 

energy-hole, is now a burden for other nodes in the network. As a result, the lifetime of the 

network ends soon.Our research work aims maximizing the area coverage by increasing the 

sensing range of the remaining sensor nodes when a node falls into premature death, to avoid the 

formation of energy-holes in wireless sensor network. 

 

 

 

Key words: Coverage, Dynamic Bonding, Energy Holes, Sensing Range 

 

 

 

1. INTRODUCTION 

We formally define here various types of holes that can occur in a wireless sensor network and 

discuss their distinguishing characteristics. 
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  1.1Coverage Holes 

Although the coverage problem has been interpreted in a variety of ways in the existing 

literature, a set of sensors and a target area, no coverage hole exists in the target area, if every 

point in that target area is covered by at least k sensors, where k is the required degree of 

coverage for a particular application (see Fig. 1). It is pertinent to mention that the coverage 

hole problem defined is dependent on application requirements. Some applications may require 

a higher degree of coverage of a given target area for fault tolerance/redundancy or for accurate 

tar-get localization using triangulation-based positioning protocols or trilateration based 

localization [3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: (i). Coverage hole with unit disk sensing model 

Fig.1: (ii). Sensor with dark gray sensing circle is necessary if degree of coverage required is 2 

The sensing coverage of a sensor node is usually as-summed uniform in all directions and is 

represented by unit disc model (Fig. 1). However, this idealized model is based on unrealistic 

assumption: perfect and same coverage in a circular disc for all the sensors[4]. Moreover, the 

coverage not only depends on the sensing capability of the sensor but also on the event 

characteristics e.g. target detection of military tanks as compared to detection of movement of 

soldiers depends on the nature and characteristics of event as well as the sensitivity of the sensors 

involved. 

A sensor network should be connected at all times so that nodes are able to communicate with 

each other. As with the multiple coverage requirements discussed earlier, multiple connectivity is 

also desirable to guard against single link or node failure partitioning the net-work. For the single 

coverage requirement, Wang et al. proved that protocols which work on the assumption that the 

communication range of sensors is at least twice the sensing range, only need to guarantee 

coverage and it will satisfy the connectivity constraint as well.  

 

1.2 Routing Holes 

 A routing hole consist of a region in the sensor net-work[3] where either nodes are not 

available or the avail-able nodes cannot participate in the actual routing of the data due to various 

possible reasons. These holes can be formed either due to voids in sensor deployment or because 

of failure of sensor nodes due to various reasons such as malfunctioning, battery depletion or an 

external event such as re or structure collapse physically destroying the nodes. 

Routing holes can also exist due to local minimum phenomenon often faced in geographic 

Fig.1(i) Fig.1(ii) 
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greedy forwarding. Forwarding here is based on destination location. In Fig. 2, a node tries to 

forward the traffic to one of its 1-hop neighbor that is geographically closer to the destination 

than the node itself. This forwarding process stop when x 21cannot find any 1- hop closer to the  

destination than itself and the only route to the destination requires the packet moves temporarily 

farther from the destination to b or y. This special case is referred to as a local minimum 

phenomenon  and  is more likely to occur whenever a routing hole is en-countered. 

 

   

Fig. 2: Local minimum phenomenon in greedy forwarding 

 

1.3 Jamming Holes 

An interesting scenario can occur in tracking applications when the object to be tracked is 

equipped with jammers capable of jamming the radio frequency being used for communication 

among the sensor nodes [5] . When this happens, nodes will still be able to detect the presence of 

the object in the area but unable to communicate the occurrence back to the sink because of the 

communication jamming. This zone of influence centered at the jammer is referred to as 

jamming hole in this paper. 

 

1.4 Sink Holes/Black Holes/Worm Holes 

That can either drop it, selectively forward it based on some malicious littering 

mechanism or change the content of the messages before relaying it. This malicious node has 

thus formed a sink hole with itself at the center. 

The sink hole is characterized by intense resource contention among neighboring nodes 

of the malicious node for the limited bandwidth and channel access[6] . These results in 

congestion and can accelerate the energy consumption of the nodes involved, leading to the 

formation of routing holes due to nodes failure. With sink holes forming in a sensor network, 

several other types of denial of service attacks are then possible. 

Worm hole is another kind of denial of service attack[7]. Here the malicious nodes, 

located in different part of the sensor network, create a tunnel among themselves. They start 

forwarding packets received at one part of the sensor network to the other end of the tunnel using 

a separate communication radio channel. The receiving malicious node then replays the message 

in other part of the network. This causes nodes located in different parts of networks to believe 

that they are neighbors, resulting in incorrect routing convergence. Section VI details some of the 

counter measures against this denial of service attacks. 
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2. PROPOSED ALGORITHMS TO MINIMIZE COVERAGE HOLES 

 

After study of different type of holes , we concentrate only on coverage holes. The aim of 

our research is to minimize the coverage holes in Wireless Sensor Network. In order to minimize 

area coverage we have taken the sensing range of the sensor nodes as major parameter to cover 

the entire area in a WSN by changing the sensing range of the sensor nodes in periodic time 

intervals. 

Network lifetime increases in variable sensing range in comparison to a fixed sensing range 

[8].As life time increases it helps to minimize the coverage energy holes. We have given four 

algorithms to minimize the coverage hole by increasing the sensing range of the sensor nodes. 

Here we have considered the time of increasing the sensing range in different algorithms. We 

partitioned the total coverage area into small logical area and the sensors fall in logical 

areashould cover by the sensing range by adjusting their sensing ranges .The algorithms are as 

follows: 

i) Covering logical area in fixed time interval 

ii) Dynamic bonding with Neighbor node 

iii) Dynamic bonding with sink node 

iv) Touching the dynamic target point  

The brief descriptions of the algorithms are as follows 

2.1 Covering Logical Area in Fixed Time Interval 

In this section we partitioned the total area into N number of logical areas. The logical area is 

partitioned in such a way that the sensor nodes are uniformly distributed in each logical area.In a 

time interval T , the area covered by the sensors in a logical area is examined and the   sensing 

range of sensors are increased to next range to cover the logical area .If any node is getting dead, 

the remaining nodes will increase the sensing range to cover the logical area. If all the nodes in a 

logical area is dead,the logical area partition will be redefined taking remaining active sensor 

nodes in every time interval T.   

 
Fig-3 Sensor nodes having initial sensing range point in logical partitioned area. 
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             Fig-4 Sensor nodes having increased sensing range point in logical partitioned area. 

2.2 Dynamic Bonding with Neighbor Node 

Here whole area is portioned into small logical area. All the nodes in a logical area is bounded in 

relationship. That means a bonding is established among the nodes dynamically. If any node is 

getting dead then bonding is reestablished among the remaining nodes with increased sensing 

range to cover logical area. Sensing range will be increased at time of bonding when a node is 

dead. There is no time interval to increase the sensing range as well as rearranging logical area. 

Logical area redefinition and increasing sensing range is done at the time of bonding among the 

remaining nodes when a node is getting dead. 

 
Fig-5 Sensor nodes having initial sensing range and dynamic bonding point in logical partitioned 

area. 
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Fig-6 Sensor nodes having increased sensing range and dynamic bonding point in logical 

partitioned area. 

2.3 Dynamic Bonding with Sink Node 

Here logical area is partitioned according to the sink node. Sink node has a relation or bonding 

with other nodes .If any node is dead then relationship is reestablished with the neighbor node in 

the path to the sink node. The neighbor nodes will increase their sensing range to cover the 

logical partition area.  

 
Fig-7 Sensor nodes having initial sensing range and dynamic bonding with the sink node point in 

logical partitioned area. 

 
Fig-8 Sensor nodes having increases sensing range and dynamic bonding with the sink node 

point in logical partitioned area. 
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2.4 Touching the Dynamic Target Point 

Target point is a coordinate point in the logical partition area which is created dynamically 

according to coverage hole. The neighbor sensor nodes should touch the target point with their 

sensing range. If any sensor node is dead then target point will be changed in order to cover the 

hole in that logical area. When target point is changed the neighbor nodes to the targetpoint will 

increase their sensing range to touch the target point. 

 
 Fig-9 Sensor nodes having initial sensing range and touch the dynamic target point in logical 

partitioned area. 

 

3. Conclusions 

We proposed four techniques to minimize the coverage holes in wireless sensor network by 

increasing the sensing range of the sensor nodes in four different ways. Here we have considered 

the time of increasing the sensing range when a sensor node is getting damaged creating a 

coverage hole in wireless sensor network. 
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