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Abstract—In mobile wireless sensor network, coverage and 

energy conservation are two prime issues. Sensor movement is 

required to achieve high coverage. But sensor movement is one of 

the main factors of energy consumption in mobile wireless sensor 

network. Therefore, coverage and energy conservation are 

correlated issues and quite difficult to achieve at the same time. 

In this paper, these conflicting issues are considered, using one of 

the latest Bio- inspired algorithms, known as Glowworm Swarm 

Optimization algorithm. Considering the limited energy of 

sensors, this paper presents an Energy Efficient Multi-Parameter 

Reverse Glowworm Swarm Optimization (EEMRGSO) 

algorithm, to move the sensors in an energy efficient manner. 

Our proposed algorithm reduces redundant coverage area by 

moving the sensors from densely deployed areas to some 

predefined grid points. In this proposed algorithm, energy 

consumption is reduced by decreasing the number of moving 

sensors as well as the total distance traversed. Simulation results 

show that, our proposed EEMRGSO algorithm reduces total 

energy consumption utmost 60% compared to the existing 

approach based on Glowworm Swarm Optimization algorithm. 

At the same time, our proposed algorithm reduces the number of 

overlapped sensors significantly and achieves an effective 

coverage of 80–89% approximately. 

Keywords—Degree of overlapping, Energy consumption, 

Glowworm swarm optimization, Sensor movement, Wireless sensor 

network 

I.  INTRODUCTION 

In the past few years, wireless sensor network (WSN) is 
applied in diverse application areas including business,     
transportation, health-care, environmental monitoring and 
industrial automation. A large number of sensors are deployed 
in the area to be monitored. Mobile sensors are more efficient 
to cover the region than static sensors. Since mobile sensors 
are deployed arbitrarily at the time of initialization, energy 
efficiency is one of the main concerns in this scenario. The 
movement of sensors towards each other should be in an 
energy efficient manner. From past few years swarm 
intelligence has been used in diverse fields [1–15] including 
WSN intended for coverage optimization, network lifetime 
optimization, energy efficient routing and efficient 

deployment of sensor nodes.Glowworm Swarm Optimization 
(GSO) algorithm is one of the most recent Bio-inspired 
heuristics for optimization problems. In this paper, based on 
reverse GSO approach, an energy efficient algorithm, 
EEMRGSO is proposed for the movement of mobile sensors, 
where every sensor node is considered as an individual 
glowworm. Due to random sensor deployment, two nodes can 
have the same coverage area. It results in the redundancy of 
network coverage, which is wastage of the precious sensor 
resources. Therefore, efficient sensor movement is needed for 
effective coverage. In this view, mobile WSN is better than 
static WSN for network coverage. However, the movement of 
sensor nodes consumes a considerable amount of energy for 
which the sensor network exhausts early. In our proposed 
EEMRGSO algorithm, an energy efficient sensor movement 
approach is proposed to optimize the energy consumption by 
reducing the number of sensor movements as well as the total 
distance traversed. Our proposed algorithm also reduces the 
number of sensors overlapped to minimize the redundancy of 
coverage area. 

II. MOTIVATION OF OUR WORK 

Several optimization algorithms exist for mobile WSN [1–
15]. Though particle swarm optimization (PSO) is very useful 
optimization algorithm for dynamic topology [7–8, 10], in 
PSO the dynamic neighborhood is achieved by evaluating the 
first k neighbors. Such a neighborhood topology is limited to 
computational models only and is not applicable in a realistic 
scenario, which is required in our proposed approach. Table 1 
shows the features for which GSO algorithm is chosen as a 
suitable optimization algorithm for our proposed mobile 
WSN. GSO algorithm is based on the behavior of glowworms. 
Glowworms have luminescent quality called luciferin with 
them for which we can see cold light [1]. According to the 
nature of glowworms, they always move towards their 
neighbors having brighter luciferin than its own. But in our 
approach, a sensor node is attracted towards its neighbor 
which has lowest battery power to maximize the coverage, 
which is reverse of the characteristics of the glowworm. One 
more difference with GSO algorithm is, in our approach it is 
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considered that each sensor will have some 
memory element in it.In [4] authors have presented a GSO 
based sensor deployment approach for better coverage in 
WSN. Sensors in the search space have been considered as 
glowworm which maximizes the coverage of sensing field by 
moving the sensor nodes towards its neighbor. But in this 
paper, they are only concerned about the coverage,butnot 
aboutthe energy consumption of the  

network. No consideration is there to minimize the number of 
sensor movement. Firefly algorithm is used in “multiple-
carrier coverage repair”to direct robots to replace damaged 
sensors periodically in already deployed WSN [5].  

(iii) Bio-Inspired Optimization for Sensor Network 
Lifetime (BiO4Sel) approach has developed a swarm 
optimization based algorithm for self-organization and 
lifetime optimization by means of routing in WSN [6].  

(iv)  In [7], authors consider two well known optimization 
problems in WSN which are Energy efficient clustering and 
routing for extending network lifetime. Authors present 
Linear/Nonlinear Programming (LP/NLP) formulations of 
these problems followed by two proposed algorithms which 
are based on PSO.  

(v) In [8], an improved co-evolutionary particle swarm 
optimization is proposed, which provides effective coverage in 
mobile WSN. However, no consideration is there to minimize 
energy consumption of the network.  

(vi)  In [9], authors consider the issue of sensor 
deployment and propose ACO algorithm based deployment 
strategy to prolong the network lifetime, while ensuring the 
complete coverage of the monitoring region. They model the 
sensor deployment problem as the multiple knapsack problems 
(MKP).Through simulation it is shown that, the network 
lifetime can be enhanced by increasing the energy and density 
of the sensor nodes which are closer to the sink.  

In WSN higher the coverage rate, higher is the quality of 
service. Christo Ananth et al. [10] discussed about a 
system,the effective incentive scheme is proposed to stimulate 
the forwarding cooperation of nodes in VANETs. In a 
coalitional game model, every relevant node cooperates in 
forwarding messages as required by the routing protocol. This 
scheme is extended with constrained storage space. A 
lightweight approach is also proposed to stimulate the 
cooperation. So motivation of our work is to1) Reduce energy 
consumption due to sensor movement by decreasing the 
number of moving sensor nodes. 2) Reduce energy 
consumption by minimizing the distance of moving sensor 
from the target sensor as much as possible. 3) Reduce the 
number of overlapped sensors, therefore minimizing the 
redundancy of the coverage area. 

III. AUTHORS CONTRIBUTION 

According to the basic GSO algorithm [1,4] every 
glowworm calculates a probabilistic value to select its 
neighboring glowworm which has a higher intensity of 
luciferin than its own. The glowworm decides to move 
towards the selected glowworm on the basis of this probability 
value. For each glowworm i, the probability of movement 
towards a neighbor k is as follows, 

 p���t�  =   
���	�
���	�∑ �
�	�
���	�
������

 (1) 

Where����� represents the luciferin level associated with 
glowworm i at time t. G��t� is the set of neighbors of 

glowworm i at time t and is denoted as, G��t�= {k:d��(t) <���  
(t);f��t�<f��t�} and k ∈		G��t�. Euclidian distance between 

glowworms i and k is represented as d��(t)at time t and ���  (t) 
signifies the variable neighborhood range associated with 
glowworm i at time t. 

But in basic GSO algorithm, apart from luciferin value it 
does not consider any other parameters for glowworm     
movement. As a result, a huge amount of energy consumption 
happens due to sensor movement. Here every sensor node is 
treated as glowworm in the area under observation. Also some 
of the sensors will move unnecessarily though the target 
sensor has sufficient amount of residual energy. This happens 
as it does not check the threshold energy before moving. In 
our proposed approach, we have minimized those limitations. 
In this approach, reverse characteristics of glowworm is 
adopted for movement of sensors in the search space. Here the 
distance between neighboring nodes and the number of 
overlapped sensors are considered as parameters in time of 
selecting target sensor for movement. The sensor node which 
has the lowest battery life in the sensing region is known as 
the target sensor node. The contributions of our proposed 
approach are as follows: 

A. Reduce energy consumption 

1) By reducing the number of sensor movement:According 
to our algorithm, two types of sensor movement can take place 
for the following two purposes:  

a) To cover the lower battery target node:The sensor node 
i moves towards a neighbor node k which has lowest battery 
power, known as target sensor node. The movement will take 
place only if the target sensor’s residual energy is less than a 
threshold value, for which target sensor becomes unable to 
cover the desired sensing region.  

b) To reduce the number of overlapped sensor:The 
situation when no target node is there to cover, the node from 
densely deployed area moves towards the nearest grid points. 
Through this movement, it reduces the number of overlapped 
sensors. In our proposed algorithm, the first priority is to cover 
the lower battery target node in an energy efficient manner. If 
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no target node is there to cover, the sensor 
movement happens for reducing overlapped region. Therefore, 
our algorithm approaches one of these problems at a time and 
reduces the number of sensor movement. 

 2) By reducing the distance of moving sensor from the 
target sensor:In our proposed approach, the distance of 
moving sensor from the target sensor is minimized. 
Consequently energy consumption due to sensor movement is 
reduced as much as possible. In support of that, the node 
which has to traverse larger distance will have lower 
movement score to get selected for movement. Also to reduce 
the number of overlapped sensor, the highest degree of 
overlapping node moves towards the nearest grid point. 
Therefore the distance of moving is reduced. 

 

 

B. Reduce redundant coverage area 

 Overlapping of sensors occurred due to random 
deployment. By decreasing the number of overlapped sensors, 
redundancy of the coverage area can be reduced as much as 
possible. Our proposed algorithm reduces the overlapped 
region in two ways:  

1) The node which has higher degree of overlapping will have 
higher chance to get selected for movement to cover the target 
sensor node. Degree of overlapping of a particular node is the 
number of nodes to which that particular node is overlapped 

having Euclidian distance less than √3�where r is the radius 
of the sensor node. 

 2) The algorithm also reduces the number of overlapped 
sensors by moving the sensors from densely deployed areas to 
some predefined grid points, when no target sensor node is 
there to cover. As a result, it extends effective coverage of the 
network. 

C. Efficient sensor movement 

For efficient sensor movement, the movement score of 

node i for moving towards a neighbor node k , consider not 

only the battery power of sensors but also the distance from 

neighborhood sensor and degree of overlapping. The       

movement score value of sensor i to move towards the target 

sensor kis calculated by, 

			���   =
� �!�
�"�!�

∑ � �!�
�"�!� #$"�%� & 	 '(1 * � "
�+,-%./0%1 2 	 �34 

5 6 (2) 

 Here b��t�and b��t� are the battery power of the sensor 
node i and k at time t, where node i belongs to the 

neighborhood range of node k at time t i.e. i ∈G��t�.Here deg�isthe degree of overlappingof i th node, nis the total 
number of sensors, d��	is the Euclidian distance between node 

i and node k, and :;<=!>3?!is thedistance of farthest node from 
node k. Larger the value ofd��, lesser the contribution of the 

part   (1 - 
@��

�+,-%./0%) in the movement scorevalue, resulting into 

lower movement score to get selected for movement.  

 The node which has higher degree of overlapping deg�will 
have higher chance to get selected for movement. Sensornode 
which has the lowest battery power in the sensing region 
isknown as target sensor. Sensor with the highest movement 
score value moves towards the target sensor. 

IV. PROPOSED METHOD 

A. Assumptions  

For our proposed approach, we have made the following 

assumptions:  

• Every sensor is considered as a glowworm and every 

sensor is associated with a battery. 

• Sensor nodes are initialized with battery power within 

the range of 1 J –5 J. 

 

 

• Base station has the responsibility to identify the 

sensor which has lowest battery life in the sensing 

region. 

• In the beginning base station informs the sensor nodes 

about the grid points. 

• Battery life is reduced with time due to data 

transmission, reception and movement of sensors.  

• Degree of overlapping of a particular node is the 

number of nodes to which that particular node is 

overlapped having Euclidian distance less than √3r, 

where r is the radius of the sensor node.  
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Figure 1.Directed graph of glowworm movement of reverse 

GSO based proposed approach. 

B. System model  

In our proposed approach, the communication range �Aact 
as one of the important parameters. Neighborhood range is 

bounded by 2�A(0 <�� ≤2�A). A glowworm i consider 

glowworm k as its neighbor if k is within the neighborhood 
range of i. In our proposed approach, a glowworm i is 
attracted towards glowworm k if luciferin of k is lower than 
glowworm i. The movements of glowworms are shown in 
Figure 1.Suppose f��t	�represents the luciferin levels of 
glowworm i at time t. In figure 1 five glowworms and their 
direction of movements are depicted. Each glowworm has 
certain sensing range, depicted as dashed circles bounding 
each glowworm. Each glowworm will attempt to move 
towards its neighbor comprised with lower intensity of 
luciferin. The figure shows that glowworm b will try to move 
towards glowworm d and c, which are the neighbor of b. The 
reason is both of the glowworms d and c has lower luciferin 
value f@�t�= 5 and fB�t� = 4 compare to the luciferin value of 
glowworm b which is fC�t�= 8. The direction of movement of 
every glowworm is shown by directed lines. 

C.  Degree of overlapping  

According to our assumption, degree of overlapping of a 

particular node is the number of nodes to which that particular 

node is overlapped having Euclidian distance less than √3r 

where r is the radius of the sensor node. Since the optimal 

distance between two neighboring sensor is √3rfor maximum 

coverage [4] , it is considered that if the Euclidian distance 

between two neighboring sensor nodes is less than √3r, then 

both of the overlapped sensor nodes have degrees of over- 

lapping 1. 

D.Grid based sensor redeployment 

Grid based sensor deployment is an efficient approach to 

provide quality coverage in WSN [15]. In this paper, grid 

structure is followed, where the whole sensing region is 

divided into square sized grids as shown in figure 2. 

 

 
Figure 2.Grid based sensor deployment in WSN. 

 

The smallest grid cell has the size of 10 ×10 m 2 . According 

to our algorithm, when no target sensor node is there to cover, 

the sensor having highest degree of overlapping, moves 

towards the nearest grid points to take its position. Here the 

grid points act as pulling forces, which prevent the sensors 

from gathering together about a particular point in the sensing 

region. As the number of iteration progresses, sensor from 

densely deployed area moves towards the predefined grid 

points. As a result the overlapped area is reduced. There are 

121 grid points in 100 ×100 m 2 sensing region. 

 
E.  Range update phase 

In our proposed algorithm, the first priority is to cover the 
lower battery target node as mentioned in Section 5.5. (a). If 
no target node is there to cover, the movement of sensor node 
takes place to reduce the number of overlapped sensor as 
mentioned in Section 5.5.(b). Therefore, according to our 
algorithm, range update occurs due to the following two 
purposes, where purpose (a) is satisfied before (b):  

1)To cover the lower battery target node:For every sensor, 

i ∈G��t�, the movement score value is calculated by Eq. (2). 
The i th sensor with highest movement score value is selected 
to move towards the target node k. The position of the sensor i 
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is modified after its movement to the new location. 
The position of the sensor will be changed through Eq. (3). 

z��t 2 1�  =  z��t� + Ed�� * √3rE ( G��	�
G��	�
|G��	�
G��	�|1         (3) 

Wherez��t� and z��t� are the locations of k th and i th 
sensors at time t, r is the sensing range of a sensor. In this 
equation sensor i is moved towards the sensor k and its 

position is changed up to √3rdistance from the sensor k. 
Range covered by the sensor with its new location is updated 
here. 

2) To reduce the number of overlapped sensor:In our 
approach, when no target sensor node is there to cover, the 
node which has highest degree of overlapping moves towards 
the nearest predefined grid point. It reduces the number of 
overlapped nodes, therefore extending effective coverage 
gradually. Here the movement will take place if the sensor 
node is overlapped and it is not the already covered target 
node. The position of the sensor node i will be changed as 
follows, 

I�( t + 1 ) =I�  (t ) + (G( id ) − I� (t))                               (4) 

WhereG (id) is the location of nearest grid point from 
the sensor node i at time t. 

F.  Energy calculation 

 In our proposed approach, sensor nodes are deployed 
randomly. Each sensor node contains information about their 
position and battery power. In this approach, base station plays 
an important role. Base station knows about the physical 
location and battery power of each and every sensor node. It 
has the responsibility to identify the lowest battery sensor 
node in the sensing region after each round. Then it transmits 
this information to the sensor nodes. 

 Sensor nodes communicate to the base station about their 
current position and updated battery power after each round. 
For power consumption analysis, radio energy dissipation 
model is used as in [14]. 

											J��  =
K
L (M�N�L)                                                            (5) 

Here M� is the mass and N�Lis the velocity of sensor i. 

Algorithm 1: EEMRGSO Algorithm. 

Input:  

z  i (t) = location of glowworm i at time t  

Initialize maximum iteration number = maxgeneration 
Initialize range of search space as [0, 100, 0, 100]  

Initialize the number of sensors = n  

Initialize battery values of each sensor node b i (t) ranging 
from 1 to 5 J 

Initialize flag variable for movement towards target node for 
each sensor node as FL_tmove = False  

Initialize flag variable for movement towards grid points for 
each sensor node as FL_gmove = False 

Initialize flag variable for target node coverage preservation 
for each sensor node as FL_tcover = False  

Initialize threshold energy of sensor node as 
threshold_EngValue = 0.2 J  

deg i = Degree of overlapping of i th node.  

GD () = Location of predefined grid points. 

Procedure: 

For t = 1 to maxgeneration 

Identify the target sensor node k having lowest battery life in 

the wholesensing region 

If b ( k) <threshold_EngValuethen 

For i = 1 to n 

Calculate the movement score of sensor i to move towards the 

sensor k as 

p��  =   
C��	�
C��	�

∑ C��	�
C��	�������� & 	 '(1 * @��
@OPQ�RST�1 2 	 @UV�

W 6 

End For 

Move sensor i with highest movement score towards target 

sensor node k 

FL_tmove(i) = True 

FL_tcover (k) = True 

Call sensor_battery_update (FL_tmove, FL_gmove) function 

Calculate the next position of the sensor i at time (t+1) 

asz��t 2 1�  =  z��t� + Ed�� * √3rE ( G��	�
G��	�
|G��	�
G��	�|1 

Find the degree of overlapping degi of node i  

ifdegi X0 then 

There exists at least one node to cover the region of node i 

No further movement is required for covering the place of 

node i 

Else 

Identify the node j having highest degree of overlapping 

N ode j will move towards the position of i 
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FL_tmove(j) = True 

Call sensor_battery_update (FL_tmove, FL_gmove) function 

Calculate the next position of the moved sensor at time (t+1) 

End If 

Else 

No node movement is needed to cover the region of target 

sensor k, as it hasmore than the threshold energy 

Identify the node j having highest degree of overlapping 

If ((FL_tcover (j)Y1)&&(deg (j) > 0)) then 

Node j will move towards the nearest grid point position G(id) 

FL_gmove (j) = True 

Call sensor _battery_update (FL_tmove, FL_gmove) function 

Calculate the next position of the moved sensor j at time (t+1) 

as 

IZ(t + 1) =IZ (t) + (G (id) − IZ (t)) 

Else 

No node movement occurs 

Call sensor_battery_update (FL_tmove, FL_gmove) function 

for each node 

End If 

End If 

End For 

V. RESULT ANALYSIS 

 

A.  Energy consumption  

 
  A significant amount of totalenergy consumption is 

reduced in EEMRGSO approach by where number of sensor 

nodes travel in an energy efficient manner.The total energy 

consumption of the proposed EEMRGSO approach after 

100
th

iteration is shown in figure 3. 

 

 
 

Figure 3. Total energy consumption. 

Overall energy is consumed by decreasing the number of 

moving sensors towards target sensor in the sensing region 

with respect to movement score values.Figure 3 shows energy 

consumption for 35 sensor nodes in the sensing region. Hence 

only limited amount of energy is consumed in this proposed 

approach which also improves the network lifetime and 

throughput of mobile WSN. 

 

Table 1 shows the total energy consumption of 

different sensor nodes for iterations. Energy consumption 

increases as number of sensor nodes increases. Overall energy 

consumption is reduced here by decreasing the number of 

moving sensors towards target sensor node. 

 

Table 1. Energy consumption 

Number 

of sensors 

Energy consumption per 

iteration (Joule) 

1 50 100 

 

35 

 

0.0544 

 

2.8003 

 

5.9070 

 

60 

 

0.1066 

 

4.8461 

 

9.6516 

 

100 

 

0.1537 

 

8.0174 

 

19.1155 
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2)Distance per iteration   

 

For every iteration, the distance moved by sensor node is 

calculated based on Euclidean distance between two sensors. 

From figure 4, it has been concluded that the moving 

distance per iteration with respect to total number of iteration 

in the sensing region is very less. 

 

 
 

Figure 4. Moving distance of sensor 

Hence it is obvious that,as the number of iteration increases, 

the number of moving sensor decreases due to decreased 

amount of energy.In this case, for 35 sensor nodes randomly 

distributed in sensing region theperformance is measured 

through simulation with respect to moving distance per 

iteration and total distance traversed by the nodes for each 

iteration.Once the movement of node occurs towards the target 

sensor node, distance is calculated based on its new 

updatedposition and old location of sensor in the sensing 

region. 

 

Table 2depicts the total distance traversed by 

different sensor nodes in the sensing region. 

 

Table 2. Distance traversed by sensor nodes 

 

Number of 

sensors 

Distance 

traversed 

by sensors 

(metre) 

 

35 

 

30.2556 

 

60 

 

33.6454 

 

100 

 

38.2093 

 

3)  Effective coverage area 

The number of overlapped sensor nodes decreases as the 

iteration of sensor nodes increases. Figure 5 shows the number 

of sensor nodes having different degrees of overlapping in 

different number of iterations. 

 

 

Figure 5. Overlapped sensor nodes 

Degreeof overlapping of a particular node is the number of 

nodes to which that particular node is overlapped. Here 

redundancy in coverage area is decreased by reducing the 

overlapped sensor nodes for each iteration which ensures the 

quality coverage area in the sensing region.Finally, by using 

this proposed EEMRGSO algorithm, redundancy of the 

coverage area is reduced insufficient measure. 

 

VI. CONCLUSION 

In recent days Bio-inspired algorithms are being used 

in diverse fields including wireless sensor network. 

Glowworm Swarm Optimization algorithm is one of the latest 

Bio-inspired heuristics for optimization problems. In this 

paper, an energy efficient sensor movement approach based on 

reverse Glowworm Swarm Optimization algorithm is 

presented, where every sensor node is considered as an 

individual glowworm. The lifetime of WSN depends on the 

energy consumption by the sensor nodes which are mainly due 
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to data transmission and reception. But in mobile 

WSN, the energy consumption for sensor movement also has 

an effect on network lifetime. Due to random sensor 

deployment, two nodes can have the same coverage area. It 

results in the redundancy of network coverage, which is in fact 

wastage of the precious sensor resources. Our proposed 

algorithm reduces energy consumption for sensor movement 

as well as reduces redundant coverage area as much as 

possible. Simulation results show that our proposed approach 

is utmost 60% energy efficient than the Liao’s approach. This 

algorithm also succeeds in maximizing the effective coverage 

approximately 80–89%. To the best of our knowledge, for the 

first time, using reverse Glowworm Swarm Optimization 

approach, our proposed algorithm attempts to optimize both 

the energy and coverage at a time. 
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