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Abstract: Sensors in most of the Wireless Sensor Networks (WSN) rely on batteries as the source of energy. The 

power backup is one of the major constraints. It is impractical to recharge or reinstate sensor nodes as they are 

deployed or located in the areas which are not easily accessible by humans. So Efficient-Energy Coverage 

(EEC) has become challenge issue for WSN. So the lifetime of a network can be prolonged and energy 

consumption be minimized by scheduling the actions of these nodes. The present paper deals with an Ant Colony 

Based Scheduling Algorithm (ACB-SA) to resolve the EEC issue. We apply ACB-SA to a heterogeneous sensor 

set by the execution of PSD model. The simulation results are carried out by using MATLAB. 
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I. Introduction 
A Wireless Sensor Network (WSN) is composed of vast amount of minute wireless sensor nodes that 

are densely structured. A sensor network consists of large number of diminutive and less expensive devices 

having sensing, transmitting and processing potentials.   Each and Every sensor network node has generally 

quite a few components such as: a radio transceiver with an inner antenna or a connection to an outer antenna, a 

microcontroller, an electronic circuit to interface the sensors and energy resource, usually a battery or an 

implanted form of energy harvesting.  Wireless and Tele-communication technology has seen a booming 

augmentation in this decade. Due to this terrific advancements and user specific requirements, a variety of 

classes of communication networks have come forward such as Ad hoc Networks, Cellular networks and Sensor 

Networks. The Cellular Networks depends upon the infrastructure of a network. Ad hoc networks work on multi 

hop radio relaying because the nodes are energetically and haphazardly located. Ad hoc networks are those 

which are independent of network’s infrastructure [1-3].  In case of sensor networks, nodes compute the 

circumstances in the atmosphere surrounding them. These measurements are then converted into signals that can 

be processed to get information regarding the characteristics about the event. The congregated information is 

then sent to a unique node, called sink node or Base Station (BS). Subsequently, the sink node then passes the 

data to the user by means of satellite, internet or via gateway. By uniting the advantages of wireless networks 

with some computational abilities, WSNs have an endless set of potential applications in military and civilian 

functions together with robotic and land-mine detection. Some of the other applications like goal tracking, 

battlefield observation, ecological supervising, disaster monitoring, wildfire exposure, industry, safety, 

cultivation and to monitor natural phenomena etc. [1] Energy efficiency and sensing exposure are important 

metrics to extend the lifetime and to lessen the consumption of energy by wireless sensor networks. Many 

protocols have been developed to deal with these concerns amongst which the clustering is considered to be a 

reasonable method to minimize the consumed energy [4]. A handful of clustering protocols is engaged in the 

sensing treatment metric. This work suggests a universal configuration that concentrates on both metrics for 

clustering algorithms in WSN. The energy constraint in WSNs is a major confront to the growth of several 

potential applications. Numerous research projects inspected such constraints. Hierarchal routing and its 

protocols are considered one of the most significant routing protocols that are intended to diminish the energy 

utilization in WSNs [5-7]. Nonetheless, most of such protocols focused on dropping the energy expenditure with 

no regard to the sensing coverage attain by the network. The main goal of the method is to observe a region to 

accumulate and pass the information to a sink node or set of sink nodes called as BS [1, 3].     In Direct hop 

communication, each and energy node sends the data to BS directly without the making of connections with 

other nodes. On the other hand, nodes need to be in contact with neighbor nodes in order to transfer the 

messages, data or information to BS. WSNs also send the information on the basis of periodicity of data 
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transmission which is categorized as:  

a) Time-Driven Network                  b) Event-Driven Network                c) Query-Driven Network     In Time-

driven network, every node transmits messages at standard periods, whereas in an Event-driven mode, node 

sends message only when it sense a phenomenon [9]. The third class is the Query-driven approach in which the 

sensors send data only when it receives an enquiry from the BS. There are also hybrid networks that fuse 

together the preceding three models.   

 

II. Energy Efficient Coverage Issue 
The major difficulty in WSNs is the EEC which occurs primarily in unstructured WSN. For the 

accomplishment of WSNs, it becomes an important issue to eliminate this problem. As, sensors in the majority 

of WSNs work with batteries, it is generally not possible to recharge or restore the batteries when they get 

exhausted. Many methods have been suggested to crack the EEC problem to save energy and extend a network 

lifetime. Along with these techniques, the device’s movement scheduling processes, which depends on the 

compilation of set of a smallest lively sensor nodes to be wide aware to maintain the coverage of noticeable 

region, has been revealed to be helpful. Various scheduling algorithms like Greedy Algorithm, Particle Swarm 

Optimization Algorithm (PSO) and conventional Ant Colony Optimization Algorithms (ACO) have been put 

forwarded to solve the EEC issue of WSNs. The EEC issue has been transformed into a binary integer 

programming in greedy algorithm. A basic substitute of PSO algorithm works by having inhabitants called a 

swarm of contender explanations called particles where the actions of the particles are directed by their own best 

place in the inspected space as well as the entire swarm’s most outstanding accepted site [10]. 

The conventional ACO is completely based on the swarm intelligence, which states that the complete 

joint measures come into view from the behaviors of a variety of agents, like ants. The performance of the ACO 

algorithms is determined by its procedure of initialization of pheromone field. On the other hand, in ACB-SA, a 

superior method named as Probability Sensor Detection (PSD) model is put forward rather than Boolean Sensor 

Detection model (BSD) which was used in conventional ACO. BSD is insufficient to find out the accurate 

results regarding an event because it only depicts the results as success or failure. Therefore, in order to sustain 

more accuracy, PSD model is being used [10]. The advantage of PSD is that it can easily get used with 

heterogeneous sensor sets which ensure strong network connectivity than homogeneous sensors.  Contrasting 

convention ACO algorithms, the ACB-SA has also applied to a heterogeneous sensor set which is more sensible 

and proficient than that of homogeneous sensor set because of their capability to carry out variety of tasks due to 

diverse set of sensors i.e. heat, light, temperature and humidity sensors etc. The heterogeneous sensor set is also 

more connection oriented in between WSN and a regional system as discussed above. In addition to this, the two 

user parameters α and β have been removed and there is no need to reflect on the values of these parameters 

[10]. 

 

III. Low Energy Adaptive Clustering Hierarchy 
Low Energy Adaptive Clustering Hierarchy (LEACH) is a Medium Access Control (MAC) protocol 

which works on the concept of the formation of CHs within a cluster [11]. Each node in LEACH protocol 

communicates with another node by the use of unique Code Division Multiple Access (CDMA) technique. This 

helps in reducing the interference among the nodes belonging to the same cluster. The transmission of data by 

various nodes is based on the theory of Time Division Multiple Access (TDMA) technique, where each node is 

assigned with a different schedule [11, 12].  

LEACH comes under the implementation of hierarchical routing in which Cluster Heads (CHs) are 

formed within a cluster in order to transfer the data to another CH. Hierarchical or cluster-based routing, was 

originally proposed in wire line networks having various advantages associated to scalability and affectivity in 

the communication. Also, the concept of hierarchical routing also helps to enhance the energy-efficient routing 

in WSNs [11]. The routing in this technique is based on the formation of two tiers of nodes. The nodes with 

higher energy are implanted to process and send the information whereas the nodes having lower energy are 

used to achieve the proximity of the target. Hierarchical routing is an effective way to lower down the energy 

consumption inside a cluster. The collected data after sensing is then fused to compressed data in order to 

decrease the quantity of messages to be transmitted to BS. Hierarchical routing is principally works upon two-

layer routing, where one layer is used for the selection of CHs and the other one is for routing [13-15]. LEACH 

appoints a few numbers of nodes as CHs and put their role in rotation for the even distribution of energy load 

among the other sensors in the network. The purpose of CHs is to receive the data from the respective nodes 

within a cluster and before the transference of this data; the CHs compress this data for the formation of 

aggregated form [16]. After compression, the compressed data in the form of aggregated packet is then sent to 

the BS. By doing this, the load on CHs is reduces which reduces the consumption of energy [17, 18].  The 

function of LEACH is composed of two phases, the setup phase and the other is steady state phase. In setup 

phase, the clusters are formed and selection of CHs takes place. In steady state phase, the nodes start the sensing 
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and transference of actual data to BS. The interval of steady state phase is set longer to minimize overhead 

formation [11, 20]. 

 

IV. Proposed Methodology 
Energy Efficiency is one of the most considerable concerns in WSNs on which the lifetime of a 

network can be determined. WSNs are integrated with a small or restricted battery source which is very hard of 

impossible to recharge after the drainage. Hence, many energy efficient techniques are proposed to deal with 

this vital issue. Many energy efficient routing protocols and algorithms have been put forward to minimize this 

issue. But, there are some of the drawbacks faced in all the methods applied. LEACH protocol is one of an 

efficient protocol used to control this issue but because of the deployment of homogeneous nodes, the protocol 

is not as efficient as required. Hence, in this paper an improved variant of LEACH protocol is proposed which 

works on the concept of heterogeneity of nodes so that all the nodes can carry out diverse set of tasks. This 

variant of LEACH protocol is taken as Improved LEACH. The proposed heterogeneity lies in the term of energy 

allocated to the nodes. The node with higher energy among other nodes in the cluster becomes the CH in the 

proposed variant of LEACH protocol. By this reason, the CH node can cover or make contact with the far away 

nodes in order to transfer the data to the larger distances. The overhead also get minimized by the homogeneity 

in the energy level of the nodes. The comparative analysis of both of the protocols is discussed in the section of 

results and discussion. The flow of work is discussed in seven stages which are discussed as follows. 

 

 
Figure1. Flowchart of Proposed Work 

 

V. Simulation Results And Discussion 
In this section, simulated results have been carried out which ensures the better performance of ACB-

SA rather than ACO by using MATLAB 7.11. All simulations have been taken out on a system having Intel 

Core i3-2330M CPU operation at 2.20GHz and 4GB of RAM. The three scenarios are put into practice with the 

total number of sensors varying from 100 to 200 and having a difference of 50 from Scenario 1 to Scenario 3. 

The Point of Interests (PoIs) has also been assigned to every scenario also. The three scenarios and PoIs have 

been shown in Table 1. 

 

Table-1.Scenarios and PoIs 
Scenario No. of Sensors POIs 

Scenario 1 50 10 

Scenario 2 100 10 
Scenario 3 150 10 

 

The two simulations have been taken out to confirm the better performance of the ACB-SA as compare 

to conventional ACO. In the first simulation, the network lifetime and performance is being calculated. The 

second simulation has been run by means of the ACB-SA in real number space with a heterogeneous sensor set. 

The position values of the sensors and the PoIs were arbitrarily chosen as real numbers within the range of the 

monitored region. The network lifetime comparison of two algorithms ACO and ACB-SA is shown in the 

Table-2. 
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Table-2.Network Lifetime Comparison 
Scenario ACO ACB-SA 

Scenario 1 41.2000 48.2000 
Scenario 2 49.1000 54.1000 

Scenario 3 92.2300 103.3000 

 

The Table-2 shows that ACB-SA has better results when it get modeled with probabilistic sensor 

detection and when it get applied to solve the EEC problem in WSNs. In this case, the major benefit of the 

system is that it can utilize information collected from real devices without converting them to integers. All 

sensors in the WSN follow the probabilistic sensor detection model mechanism.  

 
Figure 2. Average Network Lifetime 

 

VI. Conclusion 

In this paper, we have proposed an algorithm which is optimized to solve the EEC issue. The ACB-SA 

shows innovative uniqueness and has better affectivity than conventional ACO algorithms. The traditional 

scheduling algorithms which use the ACO algorithm are not optimized to solve the EEC issue. Though, the 

performance of the ACO algorithm is resolute from its skill to initialize the pheromone field and construction 

graph which reveal the characteristics of the problem. Additionally, the ACB-SA, distinctly conventional ACO 

algorithms, does not reflect on what values are advantageous for the user parameters α and β. The result of the 

first simulation validates the usefulness of the ACB-SA over other algorithms. The EEC problem is solved by 

using the ACB-SA via more realistic approach. To accomplish this, a heterogeneous sensor set is used in the 

WSN, which was prepared by the arbitrary selection of parameters for the probabilistic sensor detection model. 

We also put forward a solution to EEC problem beneath real number space. The results of the simulations reveal 

that the ACB-SA can solve the EEC issue through a more practical style.  
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