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Abstract: Energy efficiency remains a major challenge in Internet of Things (I0T) sensor networks due to the limited
battery capacity of sensor nodes. Inefficient routing strategies often lead to unbalanced energy consumption and early
node failure. This paper proposes an energy-efficient routing framework based on the Squirrel Optimization Algorithm
(SOA).

In the proposed approach, SOA is employed to simultaneously optimize cluster head selection and routing path formation
using a multi-objective fitness function considering residual energy, transmission distance, and network coverage. The
algorithm balances exploration and exploitation to achieve optimal routing decisions while preventing premature energy
depletion of critical nodes.

Simulation results demonstrate that the proposed SOA-based routing method significantly improves network lifetime,
residual energy distribution, and convergence speed compared with the Genetic Algorithm (GA). The results confirm
that SOA provides an effective and scalable solution for energy-aware routing in 10T sensor networks.

Keywords: 10T Sensor Networks, Energy-Efficient Routing, Squirrel Optimization Algorithm, Metaheuristic
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l. INTRODUCTION

The Internet of Things (IoT) has enabled the large-scale deployment of sensor networks in applications such as
environmental monitoring, smart healthcare, intelligent transportation, and industrial automation. These networks consist
of resource-constrained sensor nodes that operate with limited battery power, making energy efficiency a critical design
concern. Since battery replacement or recharging is often impractical, extending network lifetime remains a fundamental
challenge in 10T sensor networks [1].

Among various factors influencing energy consumption, routing plays a decisive role in determining network longevity
and reliability. Inefficient routing strategies may lead to unbalanced energy usage, rapid depletion of critical nodes, and
reduced network coverage. Therefore, energy-aware routing mechanisms that distribute communication load evenly
among nodes are essential for improving overall network performance [2].

Clustering-based routing approaches have been widely adopted to reduce communication overhead and enhance
scalability. In such methods, sensor nodes are grouped into clusters, and selected cluster heads are responsible for data
aggregation and transmission to the base station. Although clustering can significantly reduce energy consumption,
improper selection of cluster heads or routing paths may still result in premature node failures.

To address these challenges, metaheuristic optimization algorithms have been increasingly applied to routing and
clustering problems in 10T sensor networks. These algorithms are capable of solving complex and non-linear optimization
problems by efficiently exploring large search spaces. Popular approaches such as Genetic Algorithm (GA), Particle
Swarm Optimization (PSO), and Ant Colony Optimization (ACO) have demonstrated promising results; however, issues
such as slow convergence and premature stagnation may limit their effectiveness [3].
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The Squirrel Optimization Algorithm (SOA) is a relatively recent metaheuristic inspired by the dynamic foraging
behavior of squirrels. Due to its balanced exploration—exploitation mechanism, SOA has shown improved convergence
characteristics compared to traditional optimization algorithms. Despite its potential, the application of SOA to energy-
efficient routing in 10T sensor networks has not been extensively investigated [4].

In this paper, an energy-aware routing framework based on the Squirrel Optimization Algorithm is proposed for loT
sensor networks. The proposed approach employs a multi-objective fitness function that jointly considers energy
consumption and network coverage to achieve balanced energy utilization. Simulation results demonstrate that the
proposed SOA-based routing approach outperforms conventional optimization algorithms in terms of network lifetime,
energy efficiency, and convergence behavior[5].

Unlike traditional routing approaches, this study employs the Squirrel Optimization Algorithm (SOA) as the core
optimization engine for both clustering and routing decisions. The proposed framework integrates cluster formation,
cluster head selection, and routing optimization into a unified SOA-based process, ensuring algorithmic consistency
throughout the network operation.

The main contributions of this paper are summarized as follows:

e A novel energy-aware routing framework based on the Squirrel Optimization Algorithm (SOA) is proposed for
0T sensor networks.

e A multi-objective fitness function is designed by jointly considering energy consumption and network coverage
to achieve balanced energy utilization.

e The proposed routing strategy integrates clustering and optimized path selection to reduce communication
overhead and prolong network lifetime.

e Extensive simulation results demonstrate that the proposed approach outperforms the Genetic Algorithm in
terms of network lifetime, residual energy distribution, and convergence speed.

1. RELATED WORKS

Energy-efficient routing in 10T and wireless sensor networks has attracted significant research attention in recent years.
Traditional clustering-based protocols such as LEACH aim to reduce energy consumption by rotating cluster head roles;
however, random cluster head selection may lead to premature energy depletion of low-energy nodes[6].
To address these limitations, several studies have incorporated residual energy, distance, and communication cost into
clustering decisions. Although these methods improve energy balance, their heuristic nature limits adaptability in large-
scale and dynamic networks[7].

Metaheuristic optimization algorithms such as Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Ant Colony
Optimization (ACO), and Whale Optimization Algorithm (WOA) have been widely applied to routing and clustering
problems. While these approaches demonstrate improved performance, issues such as slow convergence and premature
stagnation remain challenging.

The Squirrel Optimization Algorithm (SOA) is a recent metaheuristic inspired by the foraging behavior of squirrels and
offers an effective balance between exploration and exploitation. Despite its successful application in various
optimization problems, its use in energy-aware routing for 10T sensor networks has been limited.
Unlike existing approaches, this study proposes an SOA-based routing framework that explicitly integrates energy
consumption and network coverage within a unified optimization process, resulting in improved energy balance and
extended network lifetime.

which are reported in a classified form in Table (1) [8].
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Table 1: Important factors for the development of 10T sensor networks and protocols

Factor Explanation

Network connection rate Nodes share their information with each other and the central unit through loT
communication. When a node fails, it causes the network topology to change or
part of the information to be destroyed.

coverage area The area where the sensor nodes have the capability of mining and collecting data.

Node deployment How to place the nodes in the network in such a way that the desired goals are met.

fault tolerance The ability of sensor nodes when encountering errors and stopping transmission
caused by factors such as lack of energy, environment and physical damage.

Routing A process in which the route of sending data from an origin to a destination is
determined.

Network changes Change in network topology due to movement of sensors.

Table (2) shows the characteristics, advantages and disadvantages of structure-independent protocols [9].

Table 2: characteristics, advantages and disadvantages of structure-independent protocols

Structure Protocol Characteristics Advantages Disadvantages

Clustering-based LEACH[15] It randomly selects | 1) Each node has an | 1) It has a high chance
the cluster head nodes | equal chance to | for a node with low
and tries to balance | become a cluster | energy to become the

the energy by rotating | head. cluster head
the network 2) Using TDMA to | 2) Some nodes do not
avoid collisions have a cluster head in
the coverage domain
Chain-based PEGASIS[16] 1) Nodes are | 1) Energy distribution | 1) It is necessary to
organized as a linear | is uniform have global
chain. 2) Reducing the | information about the
2) A greedy approach | energy overhead by | coordinates of the
is used. using the dynamic | nodes
network structure 2) Reducing the
number of sending
nodes
Tree-based EADAT[17] The nodes with the 1) Nodes with more 1) The network
most remaining residual energy have | density is considered
energy and the a higher priority to in the central unit.
shortest path to the become an 2) Load imbalance in
sink node are selected | intermediate node the network

2) The average
residual energy of
each node rarely
decreases.
Grid-based GRIDI[18] A set of aggregatorsis | Ability to adapt to | Nodes located in the
assigned to each grid. | changes and change | same grid cannot
the coordinates of | communicate with
nodes each other.

A few similar researches have been done regarding energy-aware routing in 10T networks using meta-heuristic
algorithms. In [10], a research has been done to design a multi-objective routing in 10T networks using genetic algorithm.
In this routing, the two criteria of energy and time delay are the constraints considered for routing. The proposed method
provides a real-time routing. In [11], an energy-aware routing in 10T networks using particle swarm algorithm is
proposed. In this research, by using a multi-stage particle swarm algorithm, constraints such as connectivity and all-
diffusion are considered. In [12], another method using neural networks is presented. This research tries to increase the
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lifetime of the network by using clustering of sensor nodes. In [13], multi-objective routing in multimedia loT networks
with the ultimate goal of increasing network lifetime and using genetic algorithm is proposed. Also, in [14], a clustering-
based routing method in 10T sensor networks using a hybrid algorithm of genetics and ant community is presented, in
order to balance energy consumption in the entire network.

In all these researches, by using a meta-heuristic algorithm and by defining a suitable fitness function, it has been tried
to realize the desired goals in routing such as increasing the network lifetime, reducing energy consumption, reducing
time delay and other cases [15].

An overview of the genetic algorithm:
Nowadays, one of the prominent methods to solve a group of optimization problems is the use of methods known as
optimization methods based on collective intelligence[16].

Evolutionary clustering algorithms, using evolutionary algorithms such as genetic algorithm, particle swarm
optimization, ant colony optimization, etc., try to find the best possible solution for cluster construction. So that the
resulting cluster has the minimum amount of energy consumption, the maximum amount of data sent to the well, etc.
Algorithms are examples of popular algorithms in the field of 10T sensor network clustering based on evolutionary
algorithms [17].

Genetic algorithm [18] is a special type of evolutionary algorithm that uses biological methods such as inheritance and
mutation. In the genetic algorithm, a chromosome is a set of indicators that defines a proposed solution for the problem
that the genetic algorithm is trying to solve. The genetic algorithm starts by generating a random initial population. After
the initial population is generated, a percentage of chromosomes are randomly selected as squirrels from the current
population[19].

Squirrel chromosomes combine and exchange information between each other to create two child chromosomes. Also,
in order to create more optimal children, the mutation method can also be used. After this step, the new generation is
evaluated using the fitness function. A new generation is produced from the population of the best children and the
population of the old generation [20].

1. ARCHITECTURE

Proposed SOA Routing Algorithm

In the proposed model, each squirrel represents a candidate routing configuration. The position vector of a squirrel
encodes selected cluster heads and routing paths.

The optimization objective is defined through a multi-objective fitness function:

* Residual Energy of Nodes
» Communication Distance
* Network Coverage

SOA iteratively updates squirrel positions using adaptive coefficient vectors to balance global exploration and local
exploitation. During each iteration:

1. Candidate routing solutions are evaluated.
2. Best squirrels guide the population toward optimal routing paths.
3. Poor solutions are replaced to maintain diversity.

The algorithm terminates when convergence criteria or maximum iterations are reached.

V. PROPOSED METHOD

Suggested algorithm:

First, we state the assumptions of the network:

1) The size of the sensors is all the same and they have limited energy and are distributed in a square area.
2) The mobile stations are periodically monitoring the field and move randomly in a non-repetitive path.
3) Mobile stations have unlimited energy.

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 270


https://iarjset.com/

IA R\] SET ISSN (O) 2393-8021. ISSN (P) 2394-1588

%7 International Advanced Research Journal in Science, Engineering and Technology
Impact Factor 8.311 :: Peer-reviewed & Refereed journal :: Vol. 13, Issue 2, February 2026
DOI: 10.17148/IARJSET.2026.13235

4) The location and ID of the sensor nodes are known and fixed.
5) Sensors can adjust their transmission power to the desired station distance.
6) In each period, after changing the location of the stations and temporary stop, it is executed, processed and published.

Fitness Function Design

The fitness function combines energy efficiency and coverage performance:

Fitness = C1 x Coverage + C2 x (1 / Energy Consumption)

where C1 and C2 are weighting coefficients controlling optimization priorities.

To enhance routing efficiency in 10T sensor networks, a multi-objective fitness function is employed in the proposed
SOA-based routing framework. The fitness function considers both residual energy of sensor nodes and network coverage
to ensure balanced energy consumption and reliable data transmission. By integrating these objectives into a unified
optimization process, the proposed approach effectively avoids early energy depletion of critical nodes and improves
overall network stability. This formulation enables SOA to achieve a better trade-off between exploration and exploitation
during the routing optimization process.

The proposed method includes two phases of identifying the coverage sensors of each station and determining the most
appropriate mobile station.

The first phase is to identify the coverage sensors of each mobile station.

Wireless sensor networks consist of a number of sensor nodes that are spread across the sensor field and are responsible
for collecting location information, which has different functions depending on the type of environment. These control
sensors, which have a specific coverage range and limited energy, sense the data from the environment, and the mobile
stations that periodically and randomly move between these sensors receive the data from them and send it to the control
center. They transmit or broadcast the desired commands or messages among them.

After the network is established and the sensors are placed, the mobile stations that enter the environment must identify
themselves to the network sensors. The way the mobile station works to identify itself in the network is as follows:

First uses a message to identify its location. The identification includes the number of the mobile station and the location
information, they all broadcast between the sensors within a few paces, so that the sensors that are within a few paces of
that station receive their message (Figure 3).
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Figure 3: The first phase of sending an identification message through maobile stations
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Then the sensors that receive the message, by examining the received messages, return a response message -that includes
sensor number, location and cost- to the nearest sending station, and identify and introduce themselves as one of the
sensors under control. then if each of this sensors receive a message from another station, it discards it.

In this way, the stations broadcast their location notification in the field and monitor the sensors that are adjacent or
within a few steps of them. After sending the identification message and receiving the response message from the adjacent
sensors, the mobile stations create an internal information table for themselves and according to the amount of data of
each of their covering sensors, which indicates whether the sensory action is active or inactive. that is, it will record a
value for it: it will take the value of zero for the inactive sensor and the value of one for the sensor that is active and
sending data. Therefore, there will be a table for each of the mobile stations, which has a parameter of 0 or 1 for each
sensor (Figure 4).
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Figure 4: Creating a table with the identification of active and inactive sensors for each mobile station
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s it can be seen, by creating such a table, a binary code will be considered for each of the stations, and with the calculation
that is done with the objective function, the stations that have more active sensors in a certain period, as the most
appropriate broadcasting station will be considered and the sensors that are not covering sensors of this station will be
turned off at that stage and will help to save energy and increase their life span and the network.

This operation will be done in each period and in each period, the stations keep their path in each step so that they do not
pass through it repeatedly in the next step. Other stations also do not cross at the desired places considering their crossing
location. Otherwise, due to the operations repetition, the algorithm in question will not need to be optimized. And the
energy consumed by the nodes to respond to sending messages from other stations will be reduced, which will lead to a
reduction in the total lifetime of the network.

Phase two, determining the most appropriate mobile station in the routing algorithm:

Due to the dynamics of mobile stations and their number in the network, an optimal mechanism should be considered to
manage the selection of mobile stations and information dissemination. The squirrel algorithm is one of the meta-
innovative algorithms that are inspired by the way squirrels are hunted. In the wild, squirrels can find the coordinates of
prey and then circle around it. Inspired by this behavior, this algorithm seeks to find the global optimal answer in the
problem search space. Also, in this algorithm, each squirrel can be considered as an independent agent that seeks to find
the right answer for the problem in the environment. Using this pattern in nature provides a framework based on collective
intelligence.

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 272


https://iarjset.com/

IA R\] SET ISSN (O) 2393-8021. ISSN (P) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology

m\iszv’

Impact Factor 8.311 :: Peer-reviewed & Refereed journal :: Vol. 13, Issue 2, February 2026
DOI: 10.17148/IARJSET.2026.13235

The chipmunk algorithm starts its processing with a random initial population of possible answers. Each of these answers
is considered as a squirrel. Each squirrel contains two features, coordinates and coding. We assume that each squirrel
contains a vector of size n (n is the number of clusters in the network). Figure 5 shows the structure of each chip in the
proposed algorithm.

Cy G B, Cot C.

N N> B Ney [\

Figure 5: The structure of each squirrel in the algorithm

Each house of the vector (Ci) represents the number of the cluster and Ni represents the number of the mobile station. A
mobile station is randomly assigned to each cluster. The random population should be such a number that all possible
situations are examined. The required number of population is equal to the permutations without repetition of the number
of mobile stations. After completing the initial population creation stage, each of the squirrels is evaluated. In the
proposed routing algorithm, two objective functions that measure the amount of energy consumption and coverage have
been used. It is worth mentioning that the node that is selected as a mobile station should have a higher energy level than
the usual sensor network nodes. The objective function related to energy consumption is defined in relation (1):

Erx (k,d) = Er (K)+ E; (k,d) @)

In this regard, d is the distance to be sent and Kk is the number of bits sent or received. This relationship can be rewritten
as follow:

X —map

kE (k,d)+ke d° ifd<d

elec crossover

E (k,d)= @
KE (kd)+ke —d°  else

two - ray -amp

In this regard, the amount of energy consumption for receiving or sending when the distance in the threshold area
(derossover) is OF the second order d, but if the distance is greater than the threshold value, then the amount of energy
consumption has a relationship of the fourth order with the distance. Eeec is the amount of energy used for
receiving/transmitting, eiss is the amplification factor and ewo_ray_ap IS @nother amplification factor.

The second objective function is related to the evaluation of the network coverage by the mobile station. Equation (3)
calculates how to calculate this objective function:

COV; = Zien ((Pji +a+e)- mi) * ¥ij

In relation (3), yij is a binary value that is extracted from the mobile station table. If the i-th sensor is active in station j,
the value of this variable will be one, otherwise it will be zero. Ei is the amount of energy consumed by the i-th sensor,
pij is the cost of the path of the i-th sensor to the j-th satellite station, a is the energy required to turn on a sensor, and mi
is the remaining energy of the i-th sensor. In this objective function, the greater the number of active sensors in the desired
station, the greater its fitness function will be and hence it will have a greater chance of being selected.

In the proposed algorithm, it is an optimal answer that can achieve a compromise of both objective functions. In multi-
objective optimization problems, the final evaluation relationship should be defined in such a way that the effects of each
function are considered. The relation (3-4) expresses the final goal function of the research:

@)

fj = Cy * COVj + Cp+ — ()

] TX

In the above relationship, the lower the amount of energy consumed, the higher the value of the evaluation function
(reverse relationship), but the function of the amount of coverage has a direct relationship with the final evaluation
function. The higher the value of this function, the higher the value of the evaluation function. The values of C; and C,
are the influence coefficients that are calculated experimentally. For example, if we want to give more importance to the
amount of energy consumption, then C,> C;. If we don't want to make a difference between the two objective functions,
then C, = C;.
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The evaluation stage of the squirrels is done for t generations and for each answer. After this step is completed, the
coordinates of the squirrels are updated. Equation (3-5) shows how to calculate the coordinates of squirrels:

D= CX,()- X(D)] )
X(t+1)=X,(t)-4.D

In this relationship, t is the number of repetitions (generation), X, is the coordinates and X is the coordinates of the
squirrels. The values of A and C are coefficient vectors that are calculated as follows:

A=2di—a

= i (6)
C =15

The value of a is in the range [0 to 2] and r; and r, are randomly assigned. The proposed algorithm has an iterative

structure; the number of repetitions depends on the number of generations or the value of the convergence threshold.

When similar answers are found for different generations, the algorithm is no longer able to find another optimal answer.
For this reason, it is better to stop the algorithm and report the result.

simulation:

All optimization procedures in clustering and routing stages are exclusively performed using the Squirrel Optimization
Algorithm (SOA) to maintain methodological consistency.

Using the Matlab programming language, the proposed algorithm for customizing the squirrel algorithm for routing in
0T networks was tested and investigated in order to properly distribute energy consumption in networks with different
numbers of nodes.

The main implementation parameters are listed in the table 3.

Table 3: Algorithm Code Simulation’s Main Parameters:

Parameter Value
Size of each Squirrel 4
Number of Squirrels population 1000
Number of iterations 5000
Packet Length 4

Mutation rate in the nodes population 1%
Random Value generation function | Uniform
Matlab Version 2020

In the initial part of the program code, the main parameters are initialized. Then the coordinates of the network nodes are
stored in two lists x and y. The population of squirrels is stored in a two-dimensional matrix. In each iteration of the
algorithm, one percent of the population of answers (as weak answers) is removed and mutated answers replace them.
Figure (6) shows the way of mutation in the proposed algorithm. In this figure, each antibody consists of four nodes,
where node number one and four are the source and destination nodes, respectively. The other two nodes are intermediate
nodes. In the bit replacement method, one of the nodes is randomly selected and its value is replaced with a random value.
In Figure 6, the value 1 is replaced by 3.

| : | - l 2 | 4 |

| 1 | > I = | 4 |

Figure 6: Mutation in the proposed Routing Algorithm
The aim of presenting the proposed algorithm is to optimize energy consumption in IoT sensor networks. Optimum

energy consumption also increases the lifespan of the network. The proposed research algorithm has been compared with
the routing method based on the genetic algorithm [21].
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In this simulation, we consider the number of independent routings, considering the origin randomly and sending an
information packet that contains 4000 bits, and the lifetime of the network before the first node is destroyed. The result
of these comparisons is shown in table (4).

Table 4: Comparison of Squirrel Algorithm implementation in the first and second cases

Network Lifetime First Case 1386

Second Case 1914

Mean of energy consumption after 1386 round First Case 0.0952
routing (joule) Second Case 0.1069

Standard Deviation of energy remaining of all First Case 0.089
sensor nodes after 1386 round routing Second Case 0.080

To compare the mentioned two modes, three measures of network lifetime, average energy consumption and standard
deviation of the remaining energy of all sensor nodes, after the death of the first node that occurs in each of the modes,
have been considered. The better the distribution of energy consumption between network nodes, the lower the standard
deviation of the remaining energy of network nodes. As can be seen, in the second case, with the reduction of the standard
deviation, the average energy consumption has increased, so in this case, by establishing a proper balance between the
two criteria of energy consumption and the proper distribution of energy consumption, the lifetime of the network has
been increased. In the second case, although the average energy consumption has increased, but considering the energy
of nodes participating in routing, nodes with more energy have actually been used for routing. This issue increases the
lifespan of the network. To compare the speed of convergence of two algorithms, squirrel and genetics, to find the optimal
solution, we have considered the average execution time of 100 independent executions of these algorithms on the sample
graph. All test conditions are the same for the two methods, such as graph specifications, fitness function, and other items.
The only difference between the two methods is the type of meta-heuristic algorithm, which in one method is the squirrel
algorithm and in the other method, the genetic algorithm.

By the time of finding the optimal path and the average number of generations for two algorithms, it is shown in table

).

Table 5: Comparison of Convergence Speed of Squirrel Algorithm and Genetic Algorithm on the Sample Graph

Algorithm Average of Convergence Average of Number of
Time(second) Generation producing
Squirrel 0.82 856.29
Genetic 1.43 141351

Squirrel algorithm finds the optimal solution faster than the genetic algorithm and with a lower average generation
number.

Table (6) shows the execution result and Figure (7) shows the distribution of energy consumption after each round of
routing for two algorithms.

Table 6: Comparison of Squirrel and Genetic Algorithms on a Sample Graph

Network Lifetime Squirrel 1914

Genetic 1752

Mean of energy consumption after 1752 round Squirrel 0.115
routing (joule) Genetic 0.109

Standard Deviation of energy remaining of all lIoT Squirrel 0.097
Network nodes after 1752 round routing Genetic 0.099
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Figure 7: How energy consumption is distributed after each round of routing

Table (6) and Figure (7) show the fact that the distribution of energy consumption in the squirrel algorithm is better than
the genetic algorithm. By spending more energy, the squirrel algorithm tries to distribute energy properly, which
ultimately leads to an increase in lifespan. However, the squirrel algorithm tries to delay the death of the first node and
increase its lifetime by sacrificing more energy. This causes the death of other nodes to happen more rapidly with the
continuation of the network's life and assuming that the dead nodes are not replaced. Figure (8) shows the life cycle of
the entire network

20

_'Irn e
& \'-.__
=0
Genetic Algorithm
40 -
0 - —
20 - ™,
Squirrel Search Algorithm
A
10 1
\
o T T T | T T
o 2000 4000 aooon E000 1oooo 12000 14000

Mumber of routing rounds

Figure 8: Life cycle of the entire network
Performance Analysis

The simulation results indicate that the proposed SOA-based routing approach consistently achieves superior
performance compared to the benchmark Genetic Algorithm. Specifically, SOA demonstrates a slower rate of energy
depletion and a more balanced residual energy distribution among sensor nodes. This behavior confirms that routing
decisions are effectively distributed toward nodes with higher remaining energy, thereby preventing early exhaustion of
critical nodes.

Moreover, the faster convergence of SOA highlights its ability to identify near-optimal routing paths with reduced
computational overhead. As a result, the proposed approach significantly enhances network lifetime and improves overall
energy utilization efficiency in 10T sensor networks.

V. CONCLUSION AND FUTURE WORKS

The proposed unified SOA-based framework successfully integrates clustering and routing optimization within a single
metaheuristic model, leading to improved energy balance and extended network lifetime.

This paper presented an energy-efficient routing approach for 0T sensor networks based on the Squirrel Optimization
Algorithm. By employing a multi-objective fitness function that considers both energy consumption and network
coverage, the proposed method achieves balanced energy utilization and extends network lifetime. Simulation results
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demonstrate that the proposed SOA-based routing framework outperforms conventional Genetic Algorithm-based
routing in terms of energy efficiency, residual energy balance, and convergence speed.

Future work will focus on incorporating additional performance metrics such as end-to-end delay and security constraints,
as well as validating the proposed approach in large-scale and highly dynamic IoT environments

[1].

2.
[31
[4].
[5].
[6].
[71
[8].
[al.

[10].

[11].
[12].
[13].

[14].

[15].

[16].
[17].
[18].
[19].

[20].

[21].

REFERENCES

Tan, Nguyen Duy, and Nguyen Dinh Viet. (2015). "SSTBC: Sleep scheduled and tree-based clustering routing
protocol for energy-efficient in wireless sensor networks".The 2015 IEEE RIVF International Conference on
Computing & Communication Technologies-Research, Innovation,and Vision for Future (RIVF). IEEE.

M. Ordouei, A. Nourbakhsh, and A. S. Jebur, “Enhancing PV inverter performance using ANN-based control
technique,” Int. J. Adv. Res. Comput. Commun. Eng. (IJARCCE), 2025, doi: 10.17148/IJARCCE.2025.141029.
Kennedy, J. (2011). " Particle swarm optimization. In Encyclopedia of machine learning . (pp. 760-766). Springer
us.

M. Ordouei, A. Nourbakhsh, S. Salektootoonchi, and H. S. Sultan, “A protocol for tracking variable targets with
sensor networks,” IJIREEICE, Dec. 18, 2025.

Singh, S., Chand, S., & Kumar, B. (2016). " Energy efficient clustering protocol using fuzzy logic for
heterogeneous WSNs. Wireless Personal Communications, 86(2), 451-475.

A Nourbakhsh, M Ordouei, B Jalali, Proposing a New Framework for Optimizing Energy Consumption in Sensor
Nodes Used in the Internet of Things, Power System Technology, Vol. 48 No. 1 (2024).

M. Ordouei and M. Moeini, Identification of female infertility in people with thalassemia using neural network,
Int. J. Mechatron. Electeric. Comput. Technol. 13 (2023), no. 48, 5371-5374.

Vijayanand, R. and Devaraj, D., 2020. A novel feature selection method using whale optimization algorithm and
genetic operators for intrusion detection system in wireless mesh network. IEEE Access, 8, pp.56847-56854.

M Ordouei, A. Tolouee, Comparative Analysis of Evolutionary Algorithms for Optimizing Vehicle Routing in
Smart Cities, Power System Technology, Vol. 48 No. 1 (2024).

Davabhli, A., Shamsi, M. and Abaei, G., 2020. Hybridizing genetic algorithm and grey wolf optimizer to advance
an intelligent and lightweight intrusion detection system for loT wireless networks. Journal of Ambient
Intelligence and Humanized Computing, 11(11), pp.5581-5609

M. Ordouei and A. Tolouee, “Enhancing Diabetes Diagnosis A Comparative Analysis of Machine Learning
Algorithms and Evaluation Metrics,” Journal of Ballistics, vol. 36, no. 1, 2024.

M Ordouei, B Jalali, A. Tolouee, Enhancing Diabetes Diagnosis: A Comparative Analysis of Machine Learning
Algorithms and Evalution Metrics, Dandao Xuebao/Journal of Ballistics, VVol. 36 No. 1(2024).

M. Ordouei, A. Broumandnia, T. Banirostam and A. Gilani, Optimization of energy consumption in mart city
using reinforcement learning algorithm, Int. J. Nonlinear Anal. Appl. In Press, (2022) 1-15.

M. Ordouei and T. BaniRostam, Integrating data mining and knowledge management to improve customer
relationship management in banking industry (Case study of Caspian Credit Institution), Int. J. Comput. Sci. 3
(2018), 208-214.

M Ordouei, A Broumandnia, T Banirostam, A Gilani, Providing A Novel Distributed Method For Energy
Management In Wireless Sensor Networks Based On The Node Importance Criteria, Journal of Namibian Studies:
History Politics Culture, 2023.

A Moradi, M Ordouei, SMR Hashemi, Multi-period generation-transmission expansion planning with an
allocation of phase shifter transformers, Int. J. Nonlinear Anal. Appl. In Press, (2023) 1-12.

M. Ordouei and I. Namdar, “Web Robot Detection Based On Fuzzy System and PSO Algorithm,” Int. J. Comput.
Sci. Network, vol. 7, no. 4, pp. 272-278, 2018. https://doi.org/10.5281/zenodo.7724147

M. Ordouei, A. Shams and M. Moeini, “Artificial intelligence routing algorithms in inter-vehicle mobile
networks,” Int. J. Recent Adv. Multidiscip. Res., vol. 10, no. 08, pp. 8751-8757, 2023.

M Ordouei, A Broumandnia, T Banirostam, A Gilani, Efficient energy management in a smart city based on multi-
agent systems over the Internet of Things platformint. J. Nonlinear Anal. Appl. In Press, 1-8.

M. Ordouei and B. Jalali, “New design and clustering of sensors to optimize energy in the Internet of Things
network,” Int. Adv. Res. J. Sci. Eng. Technol, vol. 10, no. 11, pp. 76-82, Nov. 2023, doi:
10.17148/1ARJSET.2023.101111.

M. Ordouei and M. Moeini, “Identification of hepatitis disease by combining decision tree algorithm and Harris
Hawks Optimization (HHO),” Int. J. Adv. Res. Comput. Comm. Eng., vol. 12, no. 7, pp. 1-6, 2023, doi:
10.17148/1JARCCE.2023.12701.

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 277


https://iarjset.com/
https://powertechjournal.com/index.php/journal/issue/view/25
https://powertechjournal.com/index.php/journal/issue/view/25
https://ijnaa.semnan.ac.ir/article_7787.html
https://ijnaa.semnan.ac.ir/article_7787.html

