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Abstract— Network lifetime plays an integral role in setting up 

an efficient wireless sensor network. The objective of this paper is 

twofold. The first one is to deploy sensor nodes at optimal 

locations such that the theoretically computed network lifetime is 

maximum. The second is to schedule these sensor nodes such that 
the network attains the maximum lifetime. 

 Index Terms— Wireless sensor networks, target coverage, 

sensor deployment, k-coverage, Q-coverage. 

I. INTRODUCTION  

Wireless Sensor Networks (WSNs) are important for many 
applications such as military sensing, physical security, air 
traffic control, traffic surveillance, video surveil-lance, 
industrial and manufacturing automation, environment 
monitoring, and building and structural monitoring Page. 
Energy usage should be curbed to achieve enhanced lifetime. 
This is because sensor nodes are battery powered and cannot 
be easily recharged or replaced. 

II. RELATED WORK 

Most of the existing works on sensor deployment problem 

focus on area coverage. Environments with obstacles are also 

considered for sensor deployment. Many sensor node 

scheduling algorithms are proposed to solve area coverage 

problem. The aim is to save energy by minimizing the sensing 

range requirement for the sensors. 

Sensor coverage is important while evaluating the 

effectiveness of a wireless sensor network. Both sensor 

deployment and scheduling are important to ensure prolonged 

network lifetime. Traditionally, the problems of sensor 
placement and scheduling have been considered separately 

from each other.  

III. PROBLEM DEFINITION 

      Given a set of n targets T = {T1, T2,..., Tn} located in u × 

v region and m sensor nodes S = {S1, S2,..., Sm the nodes 
such that all targets are covered as per the coverage 

requirement.The objective is 

      1) To deploy the sensor nodes such that the network 
lifetime is maximum and 

      2) To schedule the sensor nodes so as to achieve the 

optimal network lifetime. 

A. Upper Bound of Network Lifetime 

       Assume m sensor nodes {S1, S2,..., Sm} randomly 

deployed to cover the region R with n targets {T1, T2,..., Tn}. 

Each sensor node has an initial energy E0 and a sensing 

radius, sr. A sensor node Si , 1 ≤ i ≤ m, is said to cover a target 

Tj , 1 ≤ j ≤ n, if the distance between Si and Tj is less than sr. 
The coverage matrix is defined as,  

Mij = 1 if Si monitors Tj 0  

 where i = 1, 2,..., m and j = 1, 2,..., n. 

 We define bi = bi ei to denote the lifetime of battery (in 

terms of time), 

 where bi is the initial battery power and ei is the energy 

consumption rate of Si .  

The upper bound is the maximum achievable network 

lifetime for a particular configuration  

The upper bound is calculated as, U = min j  i Mij ∗ bi q j   

For k-coverage, q j = k, j = 1, 2,..., n.  
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B. Sensor Deployment  

 

1) Sensor Deployment to Achieve 1-Coverage: Given a set 

of n targets T = {T1, T2,..., Tn} located in u×v region and m 

sensor nodes S = {S1, S2,..., Sm}, place the nodes such that 

each target is monitored by at least one sensor node and the 

network lifetime is maximum. The objective is to maximize U 

such that each target is monitored by at least one sensor node. 

 2) Sensor Deployment to Achieve k-Coverage: Given a set 

of n targets T = {T1, T2,..., Tn} located in u × v region and m 
sensor nodes S = {S1, S2,..., Sm}, place the nodes such that 

each target is monitored by at least k-sensor nodes and to 

maximize U. 

 3) Sensor Deployment to Achieve Q-Coverage: Given a set 

of n targets T = {T1, T2,..., Tn} located in u×v region and m 

sensor nodes S = {S1, S2,..., Sm}, place the nodes such that 

each target Tj , 1 ≤ j ≤ n, is covered by at least q j sensor nodes 

and to maximize U. 

C. Sensor Scheduling 

 1) 1-Coverage Scheduling: 

 Given m sensor nodes S = {S1, S2,..., Sm} with battery 
power B = {b1, b2,..., bm}, energy consumption rate ei for Si 

and n targets T = {T1, T2,..., Tn}, find a schedule {C1,...,Cy } 

for time tick {t1,...,ty } such that for all ticks, 

 1. each target is covered by at least one sensor node 

2. network lifetime �y p=1 tp is maximized. 

2) k-Coverage Scheduling: 

 Given a set of sensor nodes S = {S1, S2,..., Sm} with 

battery power B = {b1, b2,..., bm}, energy consumption rate ei 

for Si and a target set T = {T1, T2,..., Tn}, generate a schedule 

{C1,...,Cy }, for {t1,...,ty}, such that for all ticks, 1. each 

target is covered by at least k sensor nodes, 1≤k ≤m 2. 

network lifetime �y p=1 tp is maximized. 
 3) Q-Coverage Scheduling:  

Given a set of sensor nodes S = {S1, S2,..., Sm} with 

battery power B = {b1, b2,..., bm}, energy consumption rate ei 

for Si and a target set T = {T1, T2,..., Tn}, generate a schedule 

{C1,...,Cy }, for {t1,...,ty}, such that for all ticks, 1. T = {T1, 

T2,..., Tn} is covered by at least Q = {q1, q2,..., qn} sensor 

nodes, where each target Tj , 1 ≤ j ≤ n, is covered by at least q 

j sensor nodes 2. network lifetime �y p=1 tp is maximized. 

 

IV. PROPOSED METHOD 

 
Since the sensor nodes can be deterministically deployed, the 

optimal deployment locations and the schedule are decided at 

the base station, prior to actual deployment. The proposed 

method has two phases: sensor deployment and sensor 

scheduling. The nodes are initially deployed randomly. Based 

on the theoretical upper bound of network lifetime, we 

compute the optimal deployment locations using ABC 

algorithm. A heuristic is then used to schedule the sensor 

nodes such that the network lifetime is maximum. Algorithm 1 

describes the proposed method.  

Algorithm 1 Proposed Approach 

 1: Input: S, T 

 2: Output: Optimal location of S and sensor schedule 

 3: Deploy S randomly 
 4: Compute upper bound of network lifetime  

 5: Recompute sensor node positions using ABC algorithm 

such that the upper bound of network lifetime is maximum 

 6: Design sensor schedule using the proposed heuristic for 

sensor scheduling such that the network lifetime upper bound 

is achieved. 

A)Sensor Deployment  

Since the upper bound of network lifetime can be 

computed, we have to find the deployment locations such that 

the network lifetime is maximum. First we use a heuristic to 

compute the deployment locations and then we use ABC and 
PSO algorithms to compute the locations. 

1) A Heuristic for Sensor Deployment: Here we propose a 

heuristic for sensor deployment. Initially, place the sensor 

nodes randomly. If any sensor node is idle (without 

monitoring any target), the node is moved to the least 

monitored targets’ location. This is to ensure that all sensor 

nodes play their part in monitoring the targets. The sensor 

nodes are then sorted based on the number of targets it cover. 

The sensor node is placed at the middle of all the targets it 

cover. The next nearest target is identified and the sensor node 

is placed at the middle of all these targets. If it can cover this 

new target along with targets it was already monitoring, allow 
this move, else discard the move. This is done till the sensor 

node cannot cover any new target. At the end, upper bound is 

computed. The drawback of this approach is that it depends on 

the initial position of the sensor nodes. Though it may perform 

well for dense deployments, consistency cannot always be 

guaranteed. 

2) ABC Based Sensor Deployment: 

 Artificial Bee Colony (ABC) Algorithm  is an optimization 

algorithm based on the intelligent behavior of honey bee 

swarm. The colony of bees contains three groups: employed 

bees, onlookers and scouts.The employed bee takes a load of 
nectar from the source and returns to the hive and unloads the 

nectar to a food store. After unloading the food, the bee 
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performs a special form of dance called waggle dance  which 

contains information about the direction in which the food will  

 

be found, its distance from the hive and its quality rating. 

Since information about all the current rich sources is 

available to an onlooker on the dance floor, an onlooker bee 

probably could watch numerous dances and choose to employ 

itself at the most qualitative source. There is a greater 

probability of onlookers choosing more qualitative sources 

since more information is circulating about the more 

qualitative sources. Employed foragers share their information 
with a probability, which is proportional to the quality of the 

food source. Hence, the recruitment is proportional to quality 

of a food source. Exploitation is carried out by employed bees 

and onlookers, while exploration is carried out by scouts. 

3) PSO Based Sensor Deployment: 

 Particle Swarm Optimization (PSO) consists of a swarm of 

particles moving in a search space of possible solutions for a 

problem. Every particle has a position vector representing a 

candidate solution to the problem and a velocity vector. 

Moreover, each particle contains a small memory that stores 

its own best position seen so far and a global best position 
obtained through communication with its neighbor particles. 

4) ANT colony optimization: 

 The proposed system includes all the existing system 

approach. In addition, ANT colony optimization technique is 

used to make the system more adaptable. This increases the 

network node lifetime to a greater extent. This makes the 

dynamic criteria changing environment system such that 

different charge level in different nodes. 

 The objectives of this ANT Colony techniques are,  

1) To improve the sensor coverage effectiveness in 

wireless sensor network. 

2) To increase the network node lifetime to a greater 
extent. 

3) To make different charge level in different nodes. 

4) To support both homogenous and heterogeneous 

nodes environment. 

5) Other Observations: 

  a) Varying number of nodes: The number of sensor nodes to 

be deployed in the region is varied from 100 to 250. The 

network lifetime increases when more number of nodes are to 

be deployed. 

 b) Varying coverage requirement: An increase in network 

lifetime is observed but it is evident that the network lifetime 
does not increase in proportion to the increase in k. The same 

is observed for Q-coverage requirement. 

 

V. RESULTS AND DISCUSSION 

 

A. Sensor Deployment  

     Random Deployment: In random deployment, there is 

more chance of targets being not detected or targets not being 

covered with the required level of coverage. However, this 

may not hold true with dense deployment of nodes. But there 

is another possibility of some targets being monitored by 

many sensor nodes, and some by a few sensor nodes. This 

difference in the number of sensor nodes monitoring each 

target will affect the network lifetime. The sensor nodes may 
be positioned in a better way so as to avoid this variation. This 

will yield better lifetime. Though random deployment has 

these drawbacks, there are applications where random 

deployment is the only feasible strategy. 

B. Sensor Scheduling  

Since the optimal deployment locations are known, now the 

sensor nodes have to be scheduled such that each sensor node 

need not be awake all the time. Theoretical upper bound helps 

to analyze how far the proposed heuristic is successful. With 

battery power as the priority deciding factor, though most 

instances could obtain network lifetime equal to upper bound, 
there are few instances where the network lifetime does not 

match the computed upper bound. For these instances, the 

second weight deciding factor is considered. An inverse of this 

helps to achieve theoretical upper bound. Thus we observe 

that there are few cases where if the sensors monitoring more 

number of targets are kept in reserve for later use, theoretical 

and experimental network lifetime matches. 

The proposed approach could achieve the theoretical upper 

bound in all the instances. The network lifetime obtained 

using proposed approach matches the theoretical upper bound 

for all these requirements as well. When all targets are 

covered, the new set cover is formed. Our proposed method 
could achieve better network lifetime for simple coverage (k = 

1) and higher values of k a. 

Computing positions using ABC algorithm outperformed 

random deployment, heuristic and PSO. The heuristic 

proposed to schedule the sensor nodes could meet the 

theoretical upper bound in all experimented cases. 

The advantages of this ANT Colony Techniques  are, 

 The proposed system is capable to optimize the 

solution even if the criteria are dynamically added. 

 Works even in heterogeneous nodes environment. 
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VI. CONCLUSION 

        In this paper, we compute deployment locations for 

sensor nodes using artificial bee colony algorithm such that 

the network lifetime is maximum. Artificial bee colony 

algorithm performs better than PSO algorithm for this 

problem. In order to avoid the battery drain of all nodes at a 

time, sensor node scheduling can be done so that only 

minimum number of sensor nodes required for satisfying 

coverage requirement needs to be turned on. The other nodes 

can be reserved for later use. This method helps to prolong the 

network lifetime. We use a heuristic which is powerful enough 
to schedule the sensor nodes in such a way that the network 

lifetime matches the theoretical upper bound of network 

lifetime. Network lifetime is extended by using this method of 

deploying at optimal locations such that it achieves maximum 

theoretical upper bound and then scheduling them so as to 

achieve the theoretical upper bound. For future work, we plan 

to extend this method of deployment and scheduling for 

probabilistic coverage in wireless sensor networks. 
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