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Abstract

Network Lifetime of a Wireless Sensor Network is a vital and considered it as a prime parameter. This is also
one of the performance metrics to measure the performances of WSNs. In other words, the recently proposed
existing Hierarchical Routing Protocols suffering from the premature death of overloaded sensor Nodes which
affect the Network’s Lifetime. This research work implemented the existing two popular routing techniques
namely, Particle Swarm Optimization (PSO) based Low-Energy First Electoral Multipath Alternating Multihop
(LEMH) and Grey Wolf Optimizer (GWO). The experimental results of the above mentioned routing protocols
were studied thoroughly in terms of Network Life Time, Residual Energy, Throughput, and Average End-to-End
Delay. From the experimental results and analysis, this work noticed that the Particle Swarm Optimization (PSO)
based Low-Energy First Electoral Multipath Alternating Multihop (LEMH) is performing well in terms of
Network Life Time, Residual Energy, Throughput, Average and No. of Surviving Nodes whereas the Grey Wolf
Optimizer (GWO) is performing well in term of End-to-End Delay. It was observed that no one Routing
techniques were much suitable to improve Network Performances. To address this identified issue, an efficient
Energy-Cost, Energy-Aware Multihop Routing Protocol (ECEA-MH) is proposed. The proposed Routing
Scheme is developed to avoid overloading the Nodes, and it adaptively changes the contention radius of the
Cluster with the topology. This Model combines the remaining energy to vote for those participating in the cluster
heads election process. Then, the running Nodes decide the final Cluster Head. This proposed Energy-Cost,
Energy-Aware Multihop Routing Protocol (ECEA-MH) is implemented and studied thoroughly. The
experimental results of the proposed ECEA-MH is studied in terms of Network Life Time, Residual Energy,
Throughput, and Average End-to-End Delay and noticed that it is outperforming as compared with the that of
LEMH and GWO.

Keywords: Wireless Sensor Networks, Performance, Multihop Routing, Multipath Routing, Energy Aware
Routing

1. INTRODUCTION

Currently, various fields like Agriculture, Environmental Monitoring, Management, Medicine,
National Defense, Urban Construction etc is widely adopting the recently developed new
generation technologies namely Big Data, Cloud Computing, Cyber-Physical Systems (CPS)
and Internet of Things (IoT)[1,2,3].

As far as the various applications concerned, the Wireless Sensor Networks (WSNs) is playing
a crucial role in the above mentioned information technologies integration process. The
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Wireless Sensor Networks (WSNs) comprise autonomous wireless nodes which can be
randomly distributed and deployed in the network domain. This is employed for collecting
various sensory data, such as humidity, light intensity, noise, temperature, and it will forward
all the collected information to sink nodes [1, 2, 6, 7].

As far as WSNs concerned, the Energy consumption which mainly occurs in the functions
namely sensing the data, processing them, and trans-receive them by considering energy
consumption which is performed by the sensor nodes[1,9,10].

Although many Routing Techniques proposed for WSNs have been widely used [1, 11, 15, 19],
these techniques fail to address a few issues like short board effect,

There were a few routing techniques proposed and this work analyzed those recently proposed
techniques and discussed in the sectioned Literature Survey. Name fo the techniques discussed
in the following sections are Hierarchical Routing Protocols, Particle Swam Optimization and
Low-Energy First Electoral Multipath Alternating Multihop (LEMH).

The remainder of this paper is structured as follows.

Section II analyzes the previous research results on WSN routing protocols, while Section 111
defines and elaborates on the proposed Routing Technique, called an efficient Energy-Cost,
Energy-Aware Multihop Routing Protocol (ECEA-MH). Section IV presents the experimental
setup and the corresponding results. Finally, Section V concludes this work and suggests future
research directions.

2. LITERATURE REVIEW

One of the challenges for Wireless Sensor Networks WSNs with the constrained energy is to
maximize the network lifetime to perform better and to maximize WSNs performances to
improve Quality of Services. This section analyzes the recently proposed clustering and routing
protocols namely Hierarchical Routing Protocols, Particle Swam Optimization and Low-
Energy First Electoral Multipath Alternating Multihop (LEMH).

2.1 Hierarchical Routing Protocols

The Low-Energy Adaptive Clustering Hierarchy (LEACH) [13] is one of the hierarchical
routing protocol, which is designed as to periodically selects the best Sensor Node as a cluster
heads by analyzing certain values and levels of parameters. The primary purpose of this is used
to achieve Node balancing which will address energy consumption and maximize the network’s
lifetime too. Therefore, Younis et al. [19] focused to address the uneven distribution of LEACH
cluster heads by introducing Hybrid Energy-Efficient Distributed clustering (HEED). How
our, it was noticed that it unable to address competition radius which is leading to consume
more energy as more cluster neighbor nodes though it is supporting uniform distribution. It is
also noticed that this is the protocol designed for single hop communication and it is unable to
support for large WSNs. [1, 3, 11, 13, 15, 19]
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Fig 1: Single vs Multihop Topology

The authors Liu et al. [5, 10] proposed the energy-efficient non-uniform cluster formation
algorithm (EEUC), which was regulating the competition radius of Nodes. This is relatively
supporting and equalize the CH energy consumption for both the intra-cluster and inter-cluster.
However, it fails to address residual energy of nodes. In [12, 13], the authors have focused
energy balancing idea to balance intra- and inter-cluster load which hence reduced the
excessive energy consumption. This work also employed gradient-by-gradient strategy to
minimize the multihop transmission.

2.2 Particle Swam Optimization

Particle Swarm Optimization (PSO) is considered one of the bio-inspired algorithms and it was
a simple method for searching an optimal solution. It was different model from that of other
optimization approaches. In other words, it is independent from gradient form of objective and
it needs objective function alone. This PSO also has a few hyperparameters. From the study, it
was understand that this is a meta-heuristic technique proposed by Eberhart and Kennedy [3]).
As discussed by the author in his article, sociobiologists believe a school of fish or a flock of
birds and was moving in a group “can profit from the experience of all other members”. That
is when a bird flying and searching randomly for food, it is expected that all birds in the flock
can share their discovery and help the entire flock to get the best food. This is the best used to
find the maximum or minimum of a function defined on a multidimensional vector space. Let
us assume that we have a function f(X) that produces a real value from a vector parameter X.
The PSO algorithm will return the parameter X, it found that produces the minimum {(X).

b 0

Fig 2: Positions of Participles after 1, 3 and 5 Iterations
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2.3 LEMH Protocol

The Low-Energy First Electoral Multipath Alternating Multihop (LEMH) routing protocol is
discussed in this section. It is used to protect the low-energy nodes, which processes the sensor
nodes effectively and suitably to cover and maximize the network’s lifetime. It is capable of
adaptively adjusts the conditions of node cluster in accordance with the conditions of the
Wireless Sensor Network conditions. This initiative helps to balance the node energy to
prevent the premature death of low-energy nodes. Fig. 3 illustrates the LEMH routing
technique and its architecture. As shown in the flow chard, all the Sensor Nodes are initialized,
and during this phase, the ith node si determines its neighbor nodes and hierarchy hsi. Once all
nodes are initialized, they will update their competition radius and competition parameters. At
the end, all the nodes run for the finding the cluster head. When the election for finding cluster
head is completed, it will execute PSO phase. Each round in this protocol is divided into three
phases: cluster head election, cluster formation, and data exchange. Also, the cluster heads are
rotated continuously through the election to balance the nodes’ energy consumption. The
LEMH algorithm considers low-energy nodes. Therefore, we adopt a voting strategy to give
more weight to low-energy nodes to select cluster heads that are more affine for most low-
energy, aiming to extend the lifetime of low energy nodes. Let si be any one of the participating
nodes. si calculates its competitive radius rcsi based on its hierarchy h. Nodes choose their
voting nodes based on the competition parameters of the surviving nodes in their competition
radius. To prevent nodes with too low energy from having too many votes by weakening the
influence of the other low-energy nodes, we specify that a node has a maximum of Max Vote.
Each node receives the corresponding number of votes according to its remaining energy Er.
The specific vote calculation formula is:

E.
Vote S; = min (—l MaxVote)
E,

For updating Normalized Average Neighbor available Energy (NE) with the best competitive
radius cluster as shown here.
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2.3.1 Algorithm of LEMH

Input: Assign Sensor Nodes S1, S2..Sn
Campaign Node Cn
Output: Destination Node Nd
Cluster Head Hc
Initialization
if GNi > 1 then
Broadcasr from Si
while (VoteMsg == 1)
if Bsi = Bhj
Add Sito Sj
else if dij < max(rcsj, csi)
Add Sito Sj.EC
Voting Process
Sn is highest HC
Si vote for Sn
Add voteSi 2 Sn
else
Add voteSi =2 Si
Selected Nd
if Votes.Si > Votes.Sn
Si € Candidate Node
else
Sn € Candidate Node

Cluster Head Election

If ResponseTime.Sj > T.Time
Remove Sj(Si.EC)

If Si.EC == Null
Si € Hc

Else
For all Si.EC, Hci > Hcj

3. PROPOSED ENERGY-AWARE MULTIHOP ROUTING PROTOCOL

As we discussed in the previous sections, it was noticed that the Particle Swarm Optimization
(PSO) based Low-Energy First Electoral Multipath Alternating Multihop (LEMH) is
performing well in terms of Network Life Time, Residual Energy, Throughput, Average and
No. of Surviving Nodes. It is also observed that the Grey Wolf Optimizer (GWO) is performing
well in term of End-to-End Delay. This research work witnessed that no one Routing
techniques are much suitable to improve the Network Performances. To address this identified
issue, this research work proposed an efficient Energy-Cost, Energy-Aware Multihop Routing
Protocol (ECEA-MH). The proposed Routing Scheme is developed to avoid overloading the
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nodes, and it adaptively changes the contention radius of the Cluster with the topology. This
Model combines the remaining energy to vote for those participating in the cluster heads
election process. Then, the running nodes decide the final Cluster Head. In other words,
nominating Cluster Head without overloading by adjusting Cluster radius is an effective
approach to maximize the lifetime of the Sensor Networks. This will lead better throughput
with relatively less End-to-End Delay.
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Fig 4: Routing Approach of the proposed ECEA-MH

The metrics focused in this proposed model were residual energy, energy backup, distance
between Cluster Head and Base Station, Sensors connection density, overlapping coverage,
coverage rate, radius and ranks for Cluster Head to be nominated.

3.1 Routing Techniques of the proposed ECEA-MH

The routing technique of the proposed Energy-Cost, Energy-Aware Multihop Routing Protocol
(ECEA-MH) is shown in the figure Fig. 4.

@ 539|V18.107



Seybeld

REPORT

ISSN 1533-9211

3.1.1 Algorithm of the proposed ECEA-CH

Input: Assign Sensor Nodes S1, S2..5n
Campaign Node Cn with Rank
Output: Destination Node Nd
Cluster Head Hc
Initialization
if GNi > 1 then
Broadcasr from Si
while (VoteMsg == 1)
if Bsi = Bhj
Add Sito Sj
else if dij < max(rcsj, csi)
Add Si to Sj.EC
while (VoteEMsg == 1)
if Bsi = Bhj
Add Sito Sj
else if dij < max(rcsj, csi)
Add Sito Sj.EC.E
Voting Process
Sn is highest Energy
Si vote for Sn
Add voteSi = Sn
else
Add voteSi = Si

Sn is highest HC
Si vote for Sn
Add voteSi 2 Sn
else
Add voteSi =2 Si
Selected Nd
if Votes.Rank.Si > Votes.Rank.Sn
Si € Candidate Node
else
Sn € Candidate Node
if Votes.E.Si > Votes.E.Sn
Si € Candidate Node
else
Sn € Candidate Node

DOI 10.17605/OSF.I0/7VGF9

540 |V 18.107



Seybeld

REPORT

B3N:A533-9200 DOI 10.17605/0SF.I0/7VGF9

Cluster Head Election
If Rank.Si > Rank.Sj
Remove Sj(Si.EC)
and
If ResponseTime.Sj > T.Time
Remove Sj(Si.EC)
If Si.EC == Null
Si € Hc
Else
For all Si.EC, Hci > Hcj

4. RESULTS AND FINDINGS

This Research Work has created experimental set-up and conducted Simulations for evaluating
the performance of the proposed Energy-Cost, Energy-Aware Multihop Routing Protocol
(ECEA-MH) and the existing Routing Protocol Particle Swarm Optimization (PSO) based
Low-Energy First Electoral Multipath Alternating Multihop (LEMH) and Grey Wolf Optimizer
(GWO). The experiments were repeated to thoroughly study the efficiency of the proposed
model. As shown in the Fig. 5, the Simulation Model was constructed with max of 33 nodes
in the each Switch/Router Network and Nodes ‘6’, ‘20’ and ‘12’ are defined as the properties
of the multicontroller for adaptive routing.

The Simulation is setup to create different Traffic Rates during simulation Periods and the
Maximum Traffic is assigned as 120000 MBs. These Bandwidth was shared by all Functions
and for each function, around 1200 MBs is reserved or functions during executions, it may
avail maximum of 1200 MBs for its various operations and communications. The simulation
has created a Testbed that consists of 10 Hosts with 8 GB RAM and 64 Bit OS.

27
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14

Fig 5: Simulation view of ECEA-MH

This setup can be edited to evaluate the efficiency of the proposed model.
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The proposed Energy-Cost, Energy-Aware Multihop Routing Protocol (ECEA-MH) is
implemented, and simulated with QualNet 5.0 with the above mentioned properties and studied
thoroughly in terms of Network Life Time, Residual Energy, Throughput, Average End-to-End
Delay

The experimental results were shown in the Figures Fig. 6 to Fig. 9.

As shown in the Fig.6, the proposed Model maintain relatively more Nodes with adequate
energy to making communication. That is, this proposed model maximizes surviving Nodes
and Network life time too.

As far as residual energy is concerned, the proposed model save energy and maximizes residual
Energy as shown in the figure Fig. 7. As shown in the Fig.8, the proposed Model improves
Throughput. As it has focusing best shortest path and cost, the Throughput is maximum and it
achieves better End-t-End Delay, which is shown in the Fig. 9

Performance Analysis (Network LifeTime)
I

—+— ECEAMH
—6— P-LEMH
—&— GWO

8

No. of Surviving Nodes

Fig 6: Performance Analysis of the Proposed ECEA-MH: Surviving Nodes
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Fig 7: Performance Analysis of the Proposed ECEA-MH: Residual Energy
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5. CONCLUSION

The recently proposed existing two popular routing techniques namely, Particle Swarm
Optimization (PSO) based Low-Energy First Electoral Multipath Alternating Multihop
(LEMH) and Grey Wolf Optimizer (GWO) were implemented and studied thoroughly. From
the analysis, we noticed that the Particle Swarm Optimization (PSO) based Low-Energy First
Electoral Multipath Alternating Multihop (LEMH) is performing well in terms of Network Life
Time, Residual Energy, Throughput, Average and No. of Surviving Nodes, whereas the Grey
Wolf Optimizer (GWO) is performing well in term of End-to-End Delay. To address this
identified issue, an efficient Energy-Cost, Energy-Aware Multihop Routing Protocol (ECEA-
MH) is proposed and implemented and studied thoroughly. The experimental results of the
proposed ECEA-MH is studied in terms of Network Life Time, Residual Energy, Throughput,
and Average End-to-End Delay and noticed that it outperforms better than LEMH and GWO.

@ 543|V18.107



Seybeld

REPORT

B3N:A533-9200 DOI 10.17605/0SF.I0/7VGF9

References

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Zhendong Wang, Member, Liwei Shao, Shuxin Yang, and Junling Wang, “LEMH: Low-Energy-First
Electoral Multipath Alternating Multihop Routing Algorithm for Wireless Sensor Networks,” IEEE Sensors
Journal, Vol. 22, No. 16, (2022)

P. Goswami et al., “Al based energy efficient routing protocol for intelligent transportation system,” IEEE
Transactions on Intelligent Transportation Systems. Col. 23, No. 2, Pp. 1670-1679, (2022).

F. F. Jurado-Lasso, K. Clarke, A. N. Cadavid, and A. Nirmalathas, “Energy-aware routing for software-
defined multihop wireless sensor networks,” IEEE Sensors Journal, Vol. 21, no. 8, pp. 10174-10182, (2021).

P. Maratha, K. Gupta, and P. Kuila, “Energy balanced, delay aware multi-path routing using particle swarm
optimisation in wireless sensor networks,” International Journal of Sensor Networks., Vol. 35, No. 1, pp.
10-22, (2021).

P. Liu, J. Fang, and H. Huang, “A multi-objective optimized node deployment algorithm for wireless sensor
networks based on the improved ABC,” Journal of Physics, Vol. 1848, No. 1, (2021)

K. SureshKumar and P. Vimala, “Energy efficient routing protocol using exponentially-ant lion whale
optimization algorithm in wireless sensor networks,” Computer Networks, Vol. 197, (2021).

Robby Rizky, Mustafid and Teddy Mantoro, “Improved Performance on Wireless Sensors Network Using
Multi-Channel Clustering Hierarchy,” Journal of Sensor and Actuator Networks, Pp. 1-19, (2022)

Santhameena, S.; Manikandan, J., “Group acknowledgement mechanism for beacon-enabled wireless sensor
networks,” Computer Communication Vol. 187, Pp. 93-102. (2022)

Havashemi Rezaeipour, K.; Barati, H., “A hierarchical key management method for wireless sensor
networks,” Microprocess. Microsyst. Vol. 90, (2022).

Xiong, C.W.; Tang, M.;Wang, X.H.; Liu, Y.; Shi, J., “Evolution model of high quality of service for spatial

heterogeneous wireless sensor networks,” Physica A: Statistical Mechanics and its Applications. Vol. 596,
(2022).

Lavanya, G.; Rani, C.; Ganeshkumar, P. “An automated low cost IoT based Fertilizer Intimation System for
smart agriculture Sustain,”Computer Information Systems. (2019)

Mabhesh, N.; Vijayachitra, S., “Hierarchical autoregressive bidirectional least-mean-square algorithm for data
aggregation in WSN based IoT network,” Advances in Engineering Software, Vol. 173, (2022).

Cinar, H.; Cibuk, M.; Erturk, I. “HMCA WSN: A hybrid multi-channel allocation method for erratic delay
constraint WSN applications,” Computational Standard. Interfaces Vol. 65, Pp. 92-102, (2019)

Moorthi; Thiagarajan, R. Energy consumption and network connectivity based on Novel-LEACH-POS
protocol networks. Computer Communication. Vol 149, Pp. 90-98, (2020).

Jacob, 1.J.; Darney, P.E. Artificial Bee Colony Optimization Algorithm for Enhancing Routing in Wireless
Networks. Journal of Artificial Intelligence and Capsule Networks. Vol. 3, Pp. 62—71. (2021)

Sabale, K.; Mini, S. Path planning mechanism for mobile anchor-assisted localization in wireless sensor
networks. Journal of Parallel and Distributed Computing. (2022).

Singh, O.; Rishiwal, V.; Chaudhry, R.; Yadav, M. Multi-Objective Optimization in WSN: Opportunities and
Challenges. Wireless Personal Communications. Vol. 121, Pp. 127-152, (2021).

N. K. Sakthivel and Chandirika, B. "Performance Analysis of Clustering-Based Routing Protocols for
Wireless Sensor Networks." Advances in Big Data and Cloud Computing. Advances in Intelligent Systems
and Computing, Springer Nature Singapore Pte Ltd. Singapore, Pp. 269-276, (2018).

@ 544V 18.107



Seybeld

19)

20)

21)

22)

23)

REPORT

B3N:A533-9200 DOI 10.17605/0SF.I0/7VGF9

O. Younis and S. Fahmy, “HEED: A hybrid, energy-efficient, distributed clustering approach for ad hoc
sensor networks,” IEEE Trans. Mobile Comput., vol. 3, no. 4, pp. 366—379, Oct./Dec. (2004)

N. K. Sakthivel and Chandirika, B., “An Energy Efficient K-Means Clustering based Trust Model for
Wireless Sensor Networks” , International Journal of Advanced Trends in Computer Science and
Engineering, Vol.8, No.2, Pp. 144-153, (2019).

N. K. Sakthivel, Ms. T. Radha, S. Subasree, “Hybrid Energy Efficient Multi-Path Routing Technique for
Wireless Sensor Networks”, International Journal of Computer Networks and Wireless Communications
(NJCNWC), Vol.8, No.4, (2018).

N. K. Sakthivel, S. Subasree and Ms. Radha, “Double Cluster based Multi-Path Routing Technique for
Wireless Sensor Networks,” International Journal of Pure and Applied Mathematics, (2017).

N. K. Sakthivel and Chandirika, B. “RR-HBA: Ring Routing Protocol and Hole Bypassing Algorithm for
Wireless Sensor Networks” International Journal of Pure and Applied Mathematics, Vol. 117, No. 9, Pp.
151-156, (2017).

@ 545V 18.107



