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EXTENDED ABSTRACT

Introduction

Today, there have been changes in the concept of the Internet where a series of objects
around us such as TVs, lamps, and vehicles, are connected to the Internet. Much research
has been conducted in the field of introducing communication methods between different
objects. The concept of Internet of Things including heterogeneous equipment that
communicates through the Internet has been expressed. Internet of Things network
consists of many devices with various characteristics and constraints. One of the major
properties of 10T is that it has heterogeneous nodes and communication protocols. Hence,
itis a required routing method that decreases the energy consumption of the network. The
present research proposed a cluster head selection method using improved grey wolf
optimization. The goal of the proposed algorithm is to improve load balancing and decrease
power consumption.

Methodology

In this method, the process of cluster head selection uses many metrics to improve load
balancing and energy consumption. This method has more convergence than traditional
grey wolf optimization. First, the main node selects the number of cluster heads. In this step,
the cluster head is selected based on the distance from the main node and the initial energy
value. Then, in the second stage, the initial population of wolves is created as a vector equal
to the total number of network nodes. After initial population initialization and generation,
the gray wolf optimization algorithm starts to select suitable cluster heads.

To improve the speed of convergence in the gray wolf algorithm, changes were made in
the stage of updating the position of the wolves. Here, the idea of the solitary hunting
behavior of gray wolves is used. This method, called dimensional learning-based hunting
(DLH), is added as a step after the wolves' new position step in the original gray wolf
algorithm. In learning-based hunting, wolves learn a new position based on the position of
neighboring wolves. Here, to update the position of the wolves, each dimension of the new
position is calculated by neighboring wolves and a random wolf from the population of
wolves. Then, next to the new position by the traditional method, a new position is
generated by the DLH method. When all the neighbors of the wolf are identified, according
to a formula, each of the dimensions of the new position is calculated by the hunting method
based on learning, and the candidate position is obtained. After calculations, two new
positions are created for each wolf (one position by the primary gray wolf algorithm, and
one position by the DLH method). Finally, based on the fitting function calculated for both
new positions, the best result is selected as the new position of the wolf. After determining
the cluster heads based on the improved gray wolf algorithm described in the previous
section, each cluster head uses the following routing method to select the next node in the
path of sending information to the main node. Each cluster head that calculates its distance
from the main node informs other neighboring cluster heads. Notification by the cluster
heads is done from the nearest main node to the farthest cluster heads. Each cluster head
maintains a list of the distance of its surrounding cluster heads to the main node. At the time
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of sending data by each cluster head, the next step for sending information is selected using
the roulette wheel method, and the probability of choosing each neighboring cluster head is
calculated. To measure the quality of the solution, a new fitting function is used that is based
on load balance and optimal energy consumption. In this fitting function, the traffic load of
the cluster head is distributed based on the distance between the cluster head and the main
node. Therefore, the cluster heads closer to the main node have fewer member nodes, and
the more distant cluster heads have more members because the cluster heads closer to the
main node must transfer the data of the remote cluster heads to the main node.

Results and discussion

The algorithm presented in this article was implemented by MATLAB 2019a and was
run on a computer that has an Intel i5 processor with a working frequency of 3.5 GHz, 8 GB
of RAM and a Windows 10 operating system. Three scenarios with the number of nodes
150,300, and 450 were considered, in which approximately 15% of the nodes were selected
as cluster heads for each mode. The algorithm presented in this method (IGWO-CH) was
compared with particle swarm optimization (PSO), gray wolf optimization (GWO),
improved artificial bee method (IABC), and glowworm swarm optimization (GSO).

Figure 1 shows energy consumption in simulation results. The results of network energy
consumption were calculated after 1000 repetitions of each algorithm, and based on that,
the presented algorithm consumed less energy than other algorithms. The reason for this is
the use of the distance and traffic load of the nodes in the fitting function. After the energy
of a cluster head runs out, the network connected to it will connect to other cluster heads,
but that node will no longer be able to connect. In Figure 2, the number of repetitions of the
algorithm when the first cluster head is shut down is considered as the network lifetime (the
first shutdown of the cluster head). The presented algorithm achieved better performance
than other methods in the network lifetime criterion.
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Figure 1. Energy Consumption for 150, 300, and 450 Nodes.
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Conclusion

The presented algorithm achieved a lower delay than other methods. The reason that
the delay is less is due to the way the algorithm is performed and the cluster selection is
based on load distribution, which reduces traffic congestion in some cluster heads. For
this reason, the sent packages arrive at their destination with the least delay. The results
of simulations show that the proposed method improved end-to-end delay, convergence,

and energy consumption parameters. It can be concluded that load balancing on IoT
networks improved.
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