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Abstract 
Wireless sensor network is an emerging technology that has potential usage in various application fields. 
Heterogeneous networks takes plays a major role in sensing different types of signals in a single network.  The main 
key requirements that needed to be fulfill for the development of wireless sensor networks are effective connectivity 
and coverage, energy efficiency, scalability. The aim of the paper is to improve coverage and connectivity with 
minimum number of nodes. In deploying the sensors in network, Branch and Bound approach is applied to the problem 
of reducing the number of nodes.  Problems considered for optimization are finding the maximum number of connected 
covers and reducing the number of nodes required for communication. This can be solved by various optimization 
techniques. In solving the problem of identifying maximum number of connected covers, Ant Colony Optimization 
(ACO) algorithm is used. It provides effective solution for this problem when comparing to other techniques such as 
greedy method. In the proposed method, the connected cover solution is applied in the minimum size network. This 
provides the efficient coverage and connectivity with minimum numbers of nodes. 
Keywords: Wireless sensor networks, Coverage problem, Ant Colony algorithm, Steiner tree concepts. 

1. Introduction 

The Wireless Sensor Network (WSN) was made as a feasible platform because of its advancement in low 
power micro-electronic circuits, wireless communications and operating system. Earlier WSN were 
dominated and funded by the military applications such as monitoring activity in battle field [10]. Now it is 
being used in many civilian applications, habitat and environmental monitoring. So, the wireless sensor 
network has turned to be the astonishing area in the field of research. Wireless sensor networks are made of 
connected sensors and each sensor has the capability to collect, process, and store the environmental 
information and communicate with others through inter-sensor wireless communication. The Coverage 
problem is addressed here since sensors had limited sensing ranges [8]. Any sensor network is supposed to 
achieve its coverage level, in order to ensure its quality of the service offered by the network field. 

1.1 Coverage and Connectivity 

This section introduces the notion of the degree of coverage. In the simplest term, the degree of coverage at 
a particular point in the sensing field can be related to the number of sensors whose sensing range covers 
that point. It has been observed and postulated that different applications would require different degrees of 
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coverage in the sensing field. For instance, a military surveillance application would need a high degree of 
coverage, because it would want a region to be monitored by multiple nodes simultaneously, such that even 
if some nodes cease to function, the security of the region will not be compromised, as other nodes will still 
continue to function, whereas some of the environmental monitoring applications, such as animal habitat 
monitoring or temperature monitoring inside a building, might require a low degree of coverage.   On the 
other hand, some specific applications might need a framework, where the degree of coverage in a network 
can be dynamically configured. An example of this kind of application is intruder detection, where 
restricted regions are usually monitored with a moderate degree of coverage until the threat or act of 
intrusion is realized or takes place. At this point, the network will need to self-configure and increase the 
degree of coverage at possible threat locations. A network that has a high degree of coverage will clearly be 
more resilient to node failures. Thus, the coverage requirements vary across applications and considered 
while developing new deployment strategies. 
 
Along with coverage, the notion of connectivity is equally important in wireless sensor networks. If a 
sensor network is modeled as a graph with sensor nodes as vertices and the communication link, if it exists, 
between any two nodes as an edge, then, by a connected network it means that the underlying graph is 
connected, that is, between any two nodes there exists a single-hop or multi-hop communication path 
consisting of consecutive edges in the graph. Similar to the notion of degree of coverage, the notion of 
degree of network connectivity also can be defined. A sensor network is said to have k connectivity or be 
k-node connected if removal of any (k-1) nodes does not render the underlying communication graph 
disconnected. It provides formal definitions of k connectivity and k coverage from graph theory 
perspectives. Like single degree of coverage, single-node connectivity is not sufficient for many sensor 
network applications because the failure of a single node would render the network disconnected. 
 
It should be noted that robustness and throughput of a sensor network are directly related to connectivity. 
Therefore, the goal of an optimal sensor deployment strategy is to have a globally connected network while 
optimizing coverage at the same time. By optimizing coverage, the deployment strategy would guarantee 
that optimum area in the sensing field is covered by sensors, as required by the underlying application. By 
ensuring that the network is connected, it is also ensured that the sensed information is transmitted to other 
nodes and possibly to a centralized base station that can make valuable decisions for the application. 

2. Proposed System 

A fundamental criterion for evaluating a WSN is the network lifetime, which is defined as the period that 
the network satisfies the application requirements. Since most devices of WSNs are powered by 
nonrenewable batteries, studies of prolonging the network lifetime have become one of the most significant 
and challenging issues in WSNs.  
 
With the objective of maximizing the network lifetime, problem of finding the maximum number of 
connected covers in a heterogeneous WSN is considered. An ACO-based approach, termed ACO-MNCC, 
is used to solve the problem [1]. The approach searches for the optimal solution by always pursuing one 
more connected cover than the best-so-far solution. This way, the approach not only avoids building 
excessive subsets but also improves the search efficiency by setting an explicit goal for the ants.  
Pheromone and heuristic information are also designed to accelerate the search process. Use of the above 
technique, in a construction of minimum number of nodes by branch and bound along with the Steiner tree 
concepts improves both connectivity and coverage [5]. In many conventional methods for minimum usage 
of sensors for a very big area is achieved by selecting k-nodes out of n-nodes through spanning tree 
concepts. The proposed method is better for having full coverage of the entire target sensing area by using 
only minimum number of sensors and also maintains connectivity by the means of maximum number of 
connected covers. The results are promising that this method could minimize the sensor network nodes 
with efficient connectivity.  

2.1  Constraints Considerations  

1) The coverage constraint, which requires the sensors to fully cover a target area T.  
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2)  The collection constraint, which requires the sinks to collect all the monitoring results obtained by 
the sensors in the same subset. Assume that the sensors cannot relay data. 

3)  The routing constraint, which requires the sinks to form a connected network for transmitting the 
collected monitoring results to the destination.  

 
Deployment of the minimum sensors on grid points to construct a connected wireless sensor network able 
to fully cover critical square grids, termed Critical-Square-Grid Coverage. The first step in deploying the 
wireless sensor networks is to determine with respect to application specific performance criteria. If the 
sensors are static, where to deploy and activate them or if the sensors are mobile, how to plan trajectory for 
mobile sensors. Subset of active sensors, instead of all the sensors, can carry out a task while the rest of the 
redundant sensors can go to the sleep mode for energy conservation. The coverage problems intend to seek 
such a method in order to maximize network lifetime while satisfying the coverage requirements. 

2.2 Ant Colony Algorithm 

An ACO algorithm can be imagined as the interplay of three procedures: 
1) Construct Ants Solutions, 
2) Update Pheromones, 
3) Daemon Actions (Optional).  

In Figure.1 the ACO metaheuristic is described in pseudo-code [4]. The main procedure of the ACO 
metaheuristic manages the scheduling of ACO algorithms via the Schedule Activities construct: 

(1) Management of the ants activity, 
(2) Pheromone updating.  

 

Fig. 1 The ACO metaheuristic in pseudo-code. 
 

Probabilistic Transition Function: In Construction of solution, pheromone value between every state 
is updated from the initial value. This is based on the set of best-so-far solution. In next iterations the 
solution is chosen based on the probability value. Probability of choosing the solution set is given in Eq.(1).  
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Procedure  ACO Metaheuristic 

Schedule Activities 

 Construct Ants 

Solutions 

 Update Pheromones 

          end-Schedule  Activities 

end-procedure 

(1) 
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Pheromone Updating Rule: After construction of best-so-far solution, the value of pheromone value is 
updated based on evaporation rate and previous pheromone value. 

 

( ) τ0),(τ1),(τ ⋅+⋅−← ρρ srsr  

 
In the Eq.(2), the pheromone level )( τ  between the states ‘r’ and ‘s’. It is updated with evaporation rate 

(ρ) along with initial pheromone value )0(τ , at every iteration. The flow chart for the problem of 

finding connected covers is as shown in Figure.2. 

 
Fig. 2 Flow Chart 

   

 

(2) 
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3. Experimental Results and Discussions 

In construction of sensor network, Steiner tree concepts achieve full coverage of entire target sensing area 
using minimum number of sensors. The proposed approach has been simulated in MATLAB with creation 
of graph model for the solution obtained in Steiner tree concepts. Figure.4 shows the terminal nodes and its 
edge weight [3] of a network taken for deployment for the grid model shown in Figure.3. 
In the network graph model with minimum number of nodes, connected covers were found using Ant 
Colony Optimization technique. Different set of networks analyzed for connected cover solution with 
shortest distance. The optimal solution obtained for each iteration among every ants solution. For smaller 
size network, the optimal solution is found at very earlier iterations. Pheromone level at successive 
iterations at every edge is as shown below. 

 
Fig. 3 Grid model 

 
 

 
Fig. 4 Input Network Model 
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Fig.5 Graph model with reduced number of nodes.                Fig.6 Pheromone level at Initial stage. 
 

 
The initial pheromone level between every node is initiated with value ‘1’.  This is figured out in network 
graph model as shown in Figure.6.  Similarly, at every iteration the pheromone level update between nodes 
at first, fifth, fourteenth iteration is shown in Figure.7, Figure.8, Figure.9, respectively.  
 
 

      
Fig.7 Pheromone level after first iteration  Fig.8 Pheromone level at 5th iteration 
 
 

 

 
Fig.9 Pheromone level at 14th iteration 

 
In the larger degree of iteration the higher value of pheromone level indicates the connected cover in the 
network with shorter distance. For larger networks, the optimal tour value is obtained at later iterations. In 
Figure.10 the network with forty nodes, the solution is obtained at thirtieth iteration.  
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Fig.10 Optimal Tours Vs Iterations 

 
4. Conclusion 

Deployment of the minimum sensors on grid points to construct a connected wireless sensor network has 
ability to fully cover critical square grids while using Steiner Tree concepts. It provides optimal coverage. 
Particle Swarm Optimization based techniques provides optimal solution with updating rules. In ACO, with 
Best-so-far solution, the value of pheromone value has been updated based on evaporation rate and 
previous pheromone value. With Ant colony approach, as the number of connected covers of a network 
increases, the life time of the network extends with better connectivity.  
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