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Abstract
Monitoring of pipelines carrying oil, gas and water is necessary to avoid the wastage of 
these natural resources. Linear Wireless Sensor Network (LWSN) is one of the best ways 
to monitor these pipelines efficiently. In LWSN, the positioning of nodes and the routing 
scheme can be used to avoid the losses occur during transportation of these resources to 
their corresponding destinations. This paper modifies the Lion Optimization Algorithm 
by using the lightning procedure of cloud for defining the position of sensor nodes while 
for routing jump and redirect routing scheme is used. In this algorithm, the lions travel 
from one location to the other as the light moves from cloud towards the ground. The algo-
rithm proves its significance by showing significant improvement while comparing its per-
formance with four existing algorithms including Lion Optimization Algorithm, Genetic 
Algorithm, Ant Colony Optimization and without optimization. The performance param-
eters considered during simulation are delay, throughput and lifetime.

Keywords  LWSN · LOA · Cloud · Lightning · Node placement

1  Introduction

In modern era, the low cost, of sensors has given lots of opportunities where the Wire-
less Sensor Network (WSN) can be used for monitoring the real time events. Low cost 
makes WSNs suitable for home automation, office automation, healthcare system, various 
military applications, environmental application, vehicle monitoring [1]. WSNs are used 
for monitoring the events and transmission of the same sensed data to desired destination 
[2]. Oil/gas/water pipelines, river monitoring, border monitoring is some of the examples 
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where nature of the sensor network is linear. Therefore, for these kinds of application a 
special type of sensor network i.e. LWSN is required. Due to, special topology of LWSN, 
the methods proposed so far for traditional WSN systems may not be feasible in case of 
LWSN.

One of the most challenging tasks while setting up the sensor network is to place the 
sensor nodes at most appropriate position. Since with the positioning of sensor nodes many 
other things are correlated like lifetime of sensor network, throughput, delay and maximum 
coverage area. After deploying the sensor network, changing the power source frequently 
is not a feasible solution, which directly affect the lifetime of sensor network. Similarly, 
an efficient routing algorithm is an important component to save the energy of the sensor 
nodes which has direct relation with the lifetime of the network.

Therefore, in this paper, an attempt has been made to modify the Lion Optimization 
Algorithm for efficient node placement strategy in LWSN. A Jump and Redirect routing 
protocol has been used for data transfer between placed nodes. The presented approach has 
been compared for lifetime, end to end delay and throughput with four other techniques 
namely Lion Optimization Algorithm (LOA), Genetic Algorithm (GA), Ant Colony Opti-
mization (ACO) and no optimization.

2 � Related Work

In [2, 3] the classification of LWSN and major research challenges in LWSN have been dis-
cussed. The node placement and network lifetime optimization are an important research 
problem in the field of LWSN [4–8]. A large number of schemes have been proposed by 
the researchers for sensor node deployment and data transfer to increase the lifetime of 
LWSN [9–19].

The greedy approach has attracted researchers because of its simplicity and has been 
extensively used to solve various optimization problems [20]. The greedy approach pre-
sented in [20], showed the optimal sensor placement scheme (simple equidistance node 
deployment) in a pipeline, the primary intention was to enhance the lifetime of the network.

In [21] an exhaustive survey has been presented for road and pipeline monitoring 
using linear sensor network. Another comparative study has shown in [22] for the key fac-
tors which are involved in the monitoring the pipelines using Robots and WSN. In [23], 
a hybrid mechanism for the monitoring of water pipeline has been proposed, which uses 
real-time transient modelling and wave propagation to locate the position of leak. Another 
survey [24] has been presented for the pipeline monitoring using WSN.

Recently, meta-heuristic techniques have attracted the researchers to be used for node 
placement in WSNs. Meta heuristic techniques are primarily classified into two categories: 
a. single solution-based population based meta heuristics [25]. Following features makes 
the use of Meta-heuristic optimization methods increasing day by day for designing vari-
ous applications [25] 

	 (i)	 Depend on basic ideas and are easy to execute.
	 (ii)	 Can sidestep neighbourhood optima.
	 (iii)	 These can be used in an extensive variety of issues covering diverse controls.

A particle swarm optimization (PSO) based clustering algorithm for mobile sink in WSN 
has been proposed, in which the virtual clustering techniques is performed during routing 
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process. The primary parameters considered are residual energy and position of the nodes 
[26]. Another improved algorithm using ACO has been proposed for mobile sink in WSN 
which is used to calculate the cluster head distance [27].

One of the major sub class of meta heuristic approaches is Nature-inspired technique which 
is a population-based approach. In recent years, a new nature inspired meta heuristic technique 
named as Lion Optimization Algorithm (LOA) has been proposed in [28]. Recently a new 
meta-heuristic optimization method known as Lightning Attachment Procedure Optimization 
(LAPO) has been proposed by Foroughi [29], which is based on the lightning procedure of 
cloud in zigzag direction.

Now-a-days nature inspired techniques are very common as the solution in various applica-
tions. Recently [30, 31] have implemented some meta heuristic (nature inspired) techniques 
for node deployment, data transfer and maximize the lifetime for LWSN to monitoring of 
oil/gas/water pipelines. In [30], GA and ACO has been implemented and compared with No 
Optimization (Greedy Approach) technique and shows that ACO works better than other two 
approaches. In [31], a LAO algorithm has been implemented and compared with CAO, GA, 
No Optimization. Results shows that the proposed approach works better than the other three. 
LOA is inspired with the hunting nature of lion.

In the present exposition, LOA has been modified with the use of Lightning Attachment 
Procedure Optimization (LAPO) [29] to solve the node/base station placement and network 
lifetime optimization of an LWSN. The objectives of the optimization problem are to max-
imize the coverage, connectivity and prolonged network lifetime. The extensive simulation 
experiments comparing the proposed approach with the closest work [30, 31] have also been 
presented in the paper which show the effectiveness of the proposed schemes.

3 � Problem Statement

Given a straight pipeline segment carrying oil/gas/water as shown in Fig. 1. These straight 
pipelines are placed in crisscross manner such that they are making a structure as described 
in Fig. 2. The length of pipeline varies from few meters to several kilometres. For security of 
the pipeline and to save the resources (oil/gas/water) a sensor network needs to setup. Primary 
objective of setting up the sensor network is to deploy the sensors along the pipeline in a way 
so that the lifetime of network can be maximized, sense the parameters and send the sensed 
data to nearest base station at earliest without delay. So Hence, the scenario is that a pipeline 
having length L ended with base station at each end. Sensor Nodes S (S1, S2, S3, …. Sn) are 
being deployed on the pipelines. As sensor nodes have some restrictions in terms of limited 
battery power, limited range, so the objective is to place these nodes in such a way that lifetime 
and throughput can be maximized, and delay can be reduced.

There can be two cases:

1.	 Set up the sensor network for a new pipeline.

Fig. 1   Single straight pipeline
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2.	 Set up the sensor network for existing pipeline.

This paper discussed the setup of a sensor network for new pipeline such that minimum 
numbers of sensor nodes are required (as per their range), still maximum area can be cov-
ered so that lifetime can be maximized. Also, the data can be transferred to the Base station 
with minimum delay.

4 � Proposed Solution

Evolutionary approaches are well known for solving the various real-life problems among 
researchers. [20, 25] used Genetic Algorithm (GA), Ant Colony Optimization (ACO) 
and Lion Optimization Algorithm (LOA) for sensor deployment problem in LWSN and 
claimed that algorithms are efficient and effective on various parameters. In the proposed 
solution the hunting nature of lion has been modified with the help of lighting procedure in 
cloud. The advantage of using LAPO with LOA is that, in LOA sensors are being placed 
in a straight line. But after combining the two approaches, the sensors can be place straight 
as well as in zigzag manner [30], which will cover more area as compared to only LOA.
For sending the data from sensor nodes to BS,Jump and redirect routing [16] mechanism 
is used.

4.1 � Lion Optimization Algorithm (LOA)

Lion Optimization Algorithm is a populace based meta-heuristic approach proposed by 
M. Yazdani and F. Jolai [19]. The idea of this approach has been taken from the social and 

Fig. 2   Pipelines placed in criss-
cross manner
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hunting behavior of lions. Lions are socially divided into two sets namely wanderers and pride 
(having both male and female lions). Wanderers are generally move and hunt either single 
or in pair while pride always move and hunt in groups. Here, set of lions are represented by 
[

s1, s2, s3,… sn
]

 . Initially, sensor nodes are deployed randomly in the hunting space, where 
sensors are being divided into two parts i.e. wanderers and prides. Every pride (cluster) is fur-
ther divided into males and females [28]. Equation 1 is used to get the position of the quarry, 
which uses the position of falconers. Here, sensor nodes represent the number of lions (falcon-
ers) which consist of both categories i.e. pride and wanderers. The base station represents the 
quarry which is to be approached.

Here Pfalconers and pquarry are the position of falconers and quarry respectively. Initially the 
falconers are chosen arbitrarily and after that Eqs. (2), (3) and (4) are used to update the 
position (right, left and center)of quarry and falconers.

Here random numbers are generated between 0 and 1 is using random function(rand).
The size of pride is changed in every iteration with the help of tournament process by using 

Eq. (5).

where inoli is defined as the number of lions in ith pride who improved fitness in previous 
iteration can be calculated using Eq. (6).

Here the sucess(j, iter,N) calculates the success of jth lion in group N at iteration iter, 
denoted by Eq. (7)

To avoid local optima, wanderers moves arbitrarily in search of new space (explorative 
search). The movement of the ith wanderers in the jth group is represented by Eq. (8)

Here, the probability generated for ith nomad represented as pri can be given by Eq. (9)

(1)Pquarry =
∑

pfalconers
(

s1, s2, s3,… , snv
)

/

number of falconers

(2)p�
quarry

= pquarry + rand ∗ precentagei ∗
(

pquarry − Pfalconer

)

(3)

P�
falconer

=

{

rand ∗
(
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)
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)
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)

if
(
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)
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(4)P�
falconer

=

{
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p
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(
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(

inoli
/

2

))
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n
∑
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(7)sucess(j, iter,N) =

{

1 bestiter
j,n

< bestiter−1
j,n

0 bestiter
j,n

= bestiter−1
j,n

(8)nomad
lion;

ij
=

{

nomadlion
ij

if rand > pri
rand else



2480	 S. Varshney et al.

1 3

where bestnomad and nomadi are the cost of current position of best nomad and ith nomad 
respectively.

Lions change their roles among themselves i.e. male lion of any pride or wanderer may 
beat the lion of other pride and can take their place in that pride. Some female lions also 
relocate themselves from one pride to another. Because of this movement of lions, the 
quantity of lions may vary time to time specifically in case of pride.

This concept of life exchanging among lions is used for optimal node placement in 
LWSNs.

4.2 � Lightning Attachment Procedure Optimization (LAPO)

This optimization technique depicts the lightning nature of the clouds. The overall pro-
cedure is breakdown into four phases namely breakdown of air on surface, movement of 
lightning downwards, upward inception of leader and final jump. Figure 3 shows the start-
ing point i.e. breakdown of air. Figure 4 shows the formation of upward leader and propa-
gation through downward leader. The process of the algorithm initiates with the test points 
which are available on the cloud as well as on the ground. Any test point within the given 
search space can be defined by the Eq. (10)

Here Cmax and Cmin are the upper and lower limit of the search space respectively. rand is 
the random function to generate the random value between 0 and 1. The fitness function is 
used to compute the electric field for the given test point by using Eq. (11)

This charge points can be of small positive charge which is placed on lower portion 
of the cloud. It can be high positive value placed at upper portion of the cloud or high 
negative value placed at lower part of cloud. The movement of charge is described by using 
Eq. (12)

(9)pri = 0.1 +min

(

0.5,
nomadi − bestnomad

bestnomad

)

i = 1, 2, 3… number of nomads

(10)Ctp = Cmin + rand × (Cmax − Cmin)

(11)F(Ctp) = fitness(Ctp)

Fig. 3   Different starting point of 
lightning in cloud [29]
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This leads to the movement of charge towards the ground from the cloud in efficient 
manner. Figure 5 shows the movement of light used in the proposed work. The pseudo 
code of LAPO is given as: 

(12)C�
new

= Cleader + rand ∗
(

Cavg − Ccurrent

)

Fig. 4   The upward leader formation and propagation through the downward leader [29]

Fig. 5   Jumping of light in zig-
zag manner
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4.3 � Node Deployment in LWSN Using Lightning‑Based LOA

Figure 6 shows the final arrangement of nodes placed on pipelines after combining LAPO 
with LOA. A fitness function and node deployment algorithm for the network of pipelines 
using lightning-based LOA has been proposed in the following section.

4.3.1 � Fitness Function Used for Node Deployment

Let L is the length of pipeline section and the minimum number of nodes ( minNo_nodes , having 
communication range R) to be deploy on this pipeline section can be calculated as

As per Eq. (13), the nodes will be deployed at a distance of 2*R. However, the optimization 
of sensor nodes is needed such that in case of any node failure the network remains connected. 
So, for this reason backup nodes are being used at a distance of 2*R. So,

(13)minNo_nodes =
L

2 ∗ R

(14)Nonodes =
L

2 ∗ R
+

L

2 ∗ R
=

L

R

Fig. 6   Pipelines placed in crisscross manner using lightning-based LOA
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If the nodes are being place at a distance of 2*R then in case of any node failure the 
communication will be break so, L

2∗R
 are the additional sensor nodes used to backing 

up the communication, so that in case of any node failure network is still connected. 
Nodes which are nearest to the base station (Leader node) has the liability of sending 
its information and the information collected by other nodes to the base station. So, 
the node nearer to the base station plays an important role in communication as they 
will receive all the packets from other nodes and in case of any leader node failure can 
affect the network lifetime. So, as compare to the other nodes, the nodes near to the 
base station consumes large amount of energy. That’s why volunteer nodes are being 
placed nearer to the nodes closest to the base station. In between, the nodes which are 
sending the packets can experience the overflow of packets because of small size of 
buffer, due to which messages could be dropped.

This pipeline is optimized using the hybridization of LAPO with LOA. The corre-
sponding fitness function F’ to get the optimized position of the sensor node based on 
the cost of processing in LWSN is as follow:

Such that

The three parameters considered for fitness functions are:

(a)	 dist is distance between two adjacent nodes.
(b)	 delay is the delay between two ends.
(c)	 drop_ratio is relation of the total packetslost/total packets sent.

The purpose of this fitness function is to place the node at utmost distance having 
minimum drop_ratio and delay. The optimization function can be executed in two situ-
ations; one normal and another if the nearest node of the current node is ignored.

The average of the two functions in of both the scenarios is used as the decision fac-
tor. Here, �1 = 0.3, �2 = 0.3, �3 = 0.4 taken based on simulations done.

Here distance dist has to be maximized to cover the maximum distance on the pipe-
line while the delay and drop_ratio has to be minimized to reduce the delay and the 
packet drop during transmission respectively. As much as distance is covered, maxi-
mum will be the connectivity and coverage. If the number of drop packets are less 
means, there will be less retransmission and there will be less load on the nodes for 
retransmission and the frequency of the dyeing node will be less and the network’s 
lifetime is directly depending on the life of the nodes. Lifetime is the total time, a 
network survived with given parameters and Normalized lifetime can be calculated as:

where lifetime is the lifetime of ith scenario while max(lifetime) and min(lifetime) gives 
the maximum and minimum lifetime among different scenarios.

The algorithm used for node deployment is given below:

(15)f
� = �1∕dist + �2 ∗ delay + �3 ∗ dropratio

�1 + �2 + �3 = 1

nlei =
lifetimei −min(lifetime)

max(lifetime) −min(lifetime)
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4.3.2 � Algorithm Used for Node Deployment

Setup of pipeline comprises below mentioned fields:

(a)	 Position of BS (Base Station).
(b)	 Transmitting Range R.
(c)	 Initial and Final co-ordinate of the medium in X plane/axis.
(d)	 Initial and Final co-ordinate of the medium in Y plane/axis.

Pipeline setup ( bs, r, xstart, xend, ystart, yend).
The algorithm proposed in this section is used for the setup a new pipeline with n num-

ber of nodes deployed on it with communication range as R and a base station BS on each 
end. Position of Base Station and sensor nodes will be decided by the proposed algorithm. 
This area for setting up the pipelines is (xEnd-xStart)*(yEnd-yStart).
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Algorithm is shown as follows: 
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Table 1   Parameters for 
simulation

Parameters Value

Area considered 500…3500 * 500…3500 m2

Type of channel Wireless channel
Model used for radio propagation Two Ray Ground
Energy at each node initially 1 J
Length of the pipeline 500, 1000, 1500, 2500, 3500 m
Length of in queue 50 (packets)
Communication range of nodes 25, 50 m

Table 2   Parameters used for 
simulation

Input values Values

GA ACO LOA Proposed

Initial vector value – 1 – –
Cross over probability 0.2 – – –
Mutation probability – 0.2 – –
Radian (θ) – – − �∕6 to �∕6 − �∕6 to �∕6
Division (U) − 1 or 1 − 1 or 1

Table 3   Delay (range 25 m) Pipeline’s 
length (in 
m)

End-to-end delay (in ms)

No optimization ACO GA LOA Proposed

500 1.5913 1.4554 1.4548 1.4318 1.4101
1000 1.6039 1.4560 1.4554 1.4378 1.4234
1500 1.6140 1.4570 1.4563 1.4386 1.4122
2500 1.6261 1.4586 1.4572 1.4398 1.4237
3500 1.6334 1.4610 1.4597 1.4413 1.4367

5 � Performance Evaluation and Result Analysis

The algorithm described earlier has been implemented using MATLAB and analyzed over 
the different scenarios varying in terms of pipeline length and compared with different 
existing closest techniques i.e. no optimization, ACO, GA and LOA on various param-
eters namely end to end delay, throughput and the normalized lifetime. Table 1 shows the 
parameters used for simulation. Each sensor node has been allocated initial energy as 1 J, 
which is consumed during processing of data. Communication range of sensor nodes has 
been taken as 25 and 50 m. Maximum packets in a queue will be 50. Table 2 shows the 
other parameters taken for simulation as input variables like initial vector value, crosso-
ver probability, mutation probability etc. Tables 3, 4, 5, 6, 7 and 8 show the comparison 
of delay, throughput and lifetime among No optimization, ACO, GA, LOA and proposed 
technique, same has been shown graphically in Figs. 7, 8, 9, 10, 11 and 12.
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The results of simulation experiments shown in Tables 3,4, 5, 6, 7 and 8 and Figs. 7, 
8, 9, 10, 11 and 12 show that the proposed approach (Lion Optimization with light-
ening) performs better in comparison to all the other approaches under consideration 

Table 4   Delay (range 50 m)

Pipeline’s length 
(in m)

End-to-end delay (in ms)

No optimization ACO GA LOA Proposed

500 0.995835 0.956497 0.953487 0.936497 0.925897
1000 1.04849 0.955523 0.953412 0.933323 0.912323
1500 1.04322 0.953575 0.952514 0.931575 0.911589
2500 1.11316 0.95708 0.94897 0.93108 0.92187
3500 1.04988 0.955553 0.953412 0.933323 0.92330

Table 5   Throughput (range 
25 m)

Pipeline’s 
length (in 
m)

Throughput (in KBps)

No optimization ACO GA LOA Proposed

500 6.33 38.70 39.32 39.77 40.01
1000 6.85 40.00 41.68 41.90 42.22
1500 7.51 40.73 41.97 42.54 43.00
2500 7.59 40.78 42.12 42.99 43.22
3500 7.66 41.81 42.68 43.71 44.10

Table 6   Throughput (range 
50 m)

Pipeline’s 
length (in 
m)

Throughput (in KBps)

No optimization ACO GA LOA Proposed

500 7.63 48.99 49.77 50.34 51.22
1000 8.24 50.63 52.76 52.78 53.41
1500 8.99 51.56 52.87 53.06 53.87
2500 9.61 51.12 51.34 52.77 53.98
3500 9.33 50.39 51.12 52.80 54.01

Table 7   Normalized lifetime 
(range 25 m)

Length of 
pipeline (in 
m)

Normalized lifetime

No optimization ACO GA LOA Proposed

500 0.6727 0.6946 0.6949 0.7067 0.7129
1000 0.7000 0.7302 0.7377 0.7406 0.7533
1500 0.7055 0.7453 0.7604 0.7805 0.7985
2500 0.7248 0.7516 0.7782 0.7929 0.8010
3500 0.7409 0.7781 0.7825 0.8084 0.8090
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namely no optimization, ACO, GA and Lion optimization without lightening for all the 
parameters under consideration i.e., normalized life time, end to end delay and through-
put. The improvement in performance is for all pipeline lengths.

The GA and ACO poses a great possibility of falling into local optimal, consequently 
might lead to an inconsistent outcome thus required more iteration to get the optimal 

Table 8   Normalized lifetime 
(range 50 m)

Pipeline’s 
length (in 
m)

Normalized lifetime

No optimization ACO GA LOA Proposed

500 0.8405 0.8368 0.8369 0.8514 0.8761
1000 0.8317 0.8422 0.8379 0.8559 0.8771
1500 0.7500 0.7380 0.7261 0.9404 0.9504
2500 0.9817 0.9817 0.9817 0.9890 0.9903
3500 0.9167 0.9375 0.9428 0.9740 0.9812

Fig. 7   End-to-end delay (range 25 m)

Fig. 8   End-to-end delay (range 50 m)
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Fig. 9   Throughput (range 25 m)

Fig. 10   Throughput (range 50 m)

Fig. 11   Normalized lifetime (range 25 m)
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solution. While the proposed approach uses the local as well as global optima and thus 
gives the optimal solution with minimum cost (fitness function) and takes less iteration. 
The LOA while combined with LAPO cover more area, as compare to the only LOA 
thus gives better results in terms of all the parameters. In case of proposed approach, the 
nodes can communicate in zig-zag manner also, due to this, there will be more area cov-
ered and less load on the nodes, because of this throughput will be more and lifetime will 
be increase. So, the proposed approach gives the better results than with the compared 
approaches.

6 � Conclusion and Future Work

In this paper a pipeline monitoring system that uses LWSN for data exchange and effec-
tive communication for the protection of entire system has been proposed. The highlighted 
challenges in these pipelines such as node deployment and communication of data from 
source to destination have been is addressed with the help of an optimization scheme com-
bining LOA and LAPO. With the help of extensive simulation experiments, the approach 
by the combination of LOA and LAPO has been shown to provide greater normalized life-
time, less delay and better throughput in comparison to other optimization techniques such 
as ACO, GA and LOA. As a future work, the combination of LOA and LAPO technique 
may be used to optimize node deployment on a network of existing pipelines in which the 
position of base station is fixed and only the position of nodes may be changed.
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