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ABSTRACT:

Wireless Sensor Networks (WSNs) offer viable options for obtaining data from the environment due to their easy
configuration and no need for expensive equipment. These networks make it easy to explore the environment by sensing
data related to events in the area under consideration and transferring it to the access point. The energy of sensor nodes
in wireless sensor networks is limited, which is a major challenge due to the lack of a fixed charge source. Since most
of the energy of the sensors is consumed throughout data transmission, the sensors transmitting the most data or
transmitting data packets over considerable distances have faster energy than the rest is over. When the energy of a
sensor in the network runs out, the operation of the network may be disrupted and critical data in the network with the
desired quality may not reach the sink and eventually the main station. Therefore, considering the dynamic topology
and distributed nature of wireless sensor networks, designing energy-efficient routing protocols is one of the main
challenges. In this paper, an optimal routing protocol using a multi-objective cultural algorithm (ORPMCA) is presented.
The proposed protocol uses the fitness function of the cultural algorithm to adopt the optimal cluster head based on the
goals of QoS including residual energy, connection quality, delivery rate, and end-to-end delay. Based on the simulation

findings, the proposed protocol increases network lifetime by 15% compared to other protocols.
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1. INTRODUCTION

Since there are not such infrastructure as router in the
WSNs, sensors are used as routers to transmit data
packets, which receive data from the environment [1].
The sensor receives the required energy for sensing data
from the environment and transmitting and receiving
them from a connected battery that cannot be recharged.
The sensor life is determined by duration of network use
and the limited energy of the charging source and,
therefore, the available energy should be used semi-
optimally [2].

The lifespan of a WSN is mainly specified by an
average amount of the energy used by wireless sensors
in the network. Network lifetime is the period during
which a network is available for performance. WSNs
must be able to control the overall network lifetime for
ensuring data transmission according to the quality of
the service standards. The service quality refers to the
management of delay, packet loss, and energy
consumption in the network and seeks to provide
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appropriate routing methods to achieve optimal results
for these criteria [3]. It can be stated that the use of
energy in the WSNs has the greatest role in determining
the criteria of quality of service and overall network
performance. Due to the fact that the power required for
receiving data and measuring data packets is a constant
amount in sensors, so the main energy consumed is the
force required to send data between sensors, which
routing protocols that are aware of energy can manage
average energy consumption and network lifetime [3].
Providing optimal routing protocol in the WSNs in
such a way that it can improve the existing constraints is
as difficult and complicated as NP-Hard optimization
problems. Thus, definitive and traditional search
algorithms do not have the ability to provide near-
optimal solutions at the right time for routing wireless
sensor networks. Recently, the ability of the meta-
heuristic algorithms has been demonstrated to provide
near-optimal solutions for the WSNs with regard to
optimizing the constraints that target network quality of
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service criteria [4].

Therefore, an optimal routing protocol is presented
for WSNs using a cultural algorithm in the present
article. According to our protocol, individuals are
considered as the central sensors of the cluster, fitness
function of which has the highest value based on quality-
of-service goals including residual energy, connection
quality, end-to-end delay, and data delivery rate for that
sensor. In fact, in each cluster of sensors formed in the
areas under consideration, we select the sensor with the
highest value of the fitness function as the central sensor
of the cluster and is responsible for transmitting data
packets. The connection quality is described as the
energy consumed to transfer packets from the source
node to the current node in addition to the estimated cost
of transferring packets from the next node to the
destination. The mentioned protocol employs multi-step
routing in which the next sensor is dynamically selected
in each step. In order to select the next sensor in the
network, in addition to the value of the fitness function,
a distance from the sensors to the distance to the sink is
also considered. It is expected that the proposed protocol
will provide optimal global routing for selecting the
optimal local sensor in each step considering making a
balance in the goals of quality-of-service criteria.

2. LITERATURE REVIEW

Despite the problems and constraints of wireless
sensor networks, compared to conventional supervision
systems, great advantages of these networks have
increased tendency toward their usage. Non-stop
handling and non-use of manpower have increased the
tendency to use these networks. Advantages of these
networks include low cost, ease and speed of
implementation, automatic tuning, and scalability. In
recent years, numerous research works have addressed
the problem of routing in WSNSs.

A routing protocol using clustering according to a
multi-objective particle swarm optimization algorithm is
proposed in reference [5]. In the offered approach, the
fitness function of the particle swarm optimization
algorithm for selecting the optimal cluster head based on
quality-of-service goals including residual energy, link
quality, end-to-end delay and delivery rate. The
proposed approach has less energy consuming and
extends network lifetime due to balancing the goals of
quality-of-service criteria than other approaches.

Wu et al. [6] used merging two methods for
providing efficient energy management as well as
optimized route selection of the presented algorithm
known as EHGUC-OAPR (Energy harvesting-based
clustering & optimum adaptive performance routing) in
2 steps. According to them, EHGUC selects multiple
groups of the node as the cluster heads on the basis of
distance, the weighted sum of the rate of energy
harvesting, and so on. Their algorithm reduces the size
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of the cluster and the distance with the base station,
thereby minimizing the consumption of intra-cluster
energy, which enables greater storage of energy for
inter-cluster data processing. Put differently, OAPR
applies the energy sustainability of the nodes for
selecting as the next hop that is followed by the
reliability of the packet transmission.

Nabavi et al. [7] proposed a greedy method to seek
out the shortest random path in WSN. The greedy local
search method is quicker than other existing methods
and reaches the optimal solution in solving some
problems. The simulation results show that within the
proposed method, the energy consumption of nodes is
nearly symmetric and therefore the network lifetime is
reduced with a mild slope. Also, the packet transmission
delay within the network increases during a balanced
manner. Additionally, network deadlocks have been
reduced due to local optimizations, and therefore the
data delivery rate has increased by approximately 97%.
It also shows better performance in terms of evaluation
criteria compared to other previous methods.

[8] presented a definition of mobile data collection
protocol in order to monitor traffic on the busy highways
wherein deployment of energy harvesting sensors is
observed. Researchers deployed a mobile sink for
collecting data from the sensors across a pre-defined
path. Because of the equipment of the sensors with the
renewable energy sources, the time to harvest was
variable, too. Therefore, researchers developed the
maximization problem of data collection for tackling the
multi-rate transmission as well as the transmission slot
scheduling between the sensor nodes. According to the
authors, the problem has been considered to be NP-hard
and thus they provided a solution with an offline
algorithm, assuming that the sensors profile has global
popularity. Moreover, one of the other online-distributed
solutions was presented without any universal
information of the sensor profile that is more realistic.
Ultimately, [8] addressed the measurement of the
algorithms' function for showing efficiency.

In addition, fabrication of the energy map [9] for a
sensor network was presented in [10] with regard to the
prediction of the behavior of the use of energy for all
nodes. Sending the periodical energy update information
is avoided by the energy-dissipation model through a
single message consisting of energy and other
information. According to the performed experiments,
in the case of stable dissipation of energy from the
sensors, the prediction approach shows higher
efficiency. Furthermore, performance is degraded by
greater randomness of the events observed in the
network, thereby curbing the map accuracy.
Consequently, this map must re-transmit the model
parameters as well as the energy profile to the base
station. Therefore, due to the lack of an in-network data
aggregation mechanism, energy prediction is improved



Majlesi Journal of Telecommunication Devices

for nullifying the added cost of retransmission.

In another study, [11] proposed one of the adaptive
opportunistic routing (AOR) protocols for achieving
higher throughput with a re-gioning scheme. This
regioning scheme creates a forwarding region into k-
partitions for each sender. In case of receiving the nodes
in a certain area by the packet, the nodes forward that in
another time-slot if the nodes have adequate energy and
the packet cannot experience a successful delivery
downstream. key concern on this protocol is the
selection of the best possible forwarding alternatives
amongst the partitions and maintenance of the
coordination overhead and redundant transmission.

In [12], the researchers proposed one of the novel ad-
hoc on-demand distance vector routing (AODV)
mechanisms with regard to the maximization hop count,
which adds a real-time intelligent estimation function to
the original AODV protocol for getting information of
the max hop of the networks. Therefore, the value of the
max-hop of the networks is calculated by the dynamic-
adjusting AODV (DA-AODV) on the basis of the max-
hop count and dynamically and intelligently sets the
parameters with regard to the value of the max hop for
enhancing the function of the network. Researchers in
[13] addressed delay analysis, as well as the probability
of the packet drop, and [14] presented several routing
algorithms for wireless networks. The researchers
proposed a relatively interconnected mesh-network
topology and a routing scheme for the network on chip
topology [15]. In addition, [15] showed one of the
effective multi-hop MCROB protocols for highway
VANET, and [16] adopted the concept of opportunistic
routing.

Researchers have also presented one of the LEACH-
based cooperative clustering protocols for enhancing the
energy harvesting-based wireless sensor network [17].
Therefore, as one of the functions of the energy
harvesting ability, duty cycle is used to alternate the
function of the cluster head between the nodes in the
protocol. Then, these nodes take a data-transmission
duty cycle but have no action as a cluster head.
Moreover, the nodes employ excessive energy for
relaying other packets of the nodes. Finally, an
innovative cross-layer cooperative TDMA system is
used for optimizing the relaying function.

Nassirpour et al. [18] presented an appreciate
clustering method through memetic algorithm. Proposed
method includes two stable clustering and data
transmission stages. In clustering stage, clusters are
organized and in data transmission stage based on
schedule, gathered data would be transferred by sensor
nodes to cluster head. within the paper, operation of
determining cluster heads is assumed to be taken place
in base station or sink. Base station or sink as a strong
central processing unit with unlimited amount of energy
is skilled of categorize information related to energy and
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position of network nodes in clusters being similar in
terms of energy consumption and total amount of work
done, based on memetic algorithm.

3. PROPOSED METHOD

Clustering sensor nodes in the WSNs have been
proposed as one of the most efficient solutions for
declining consumed energy and distribution of data
transfer through higher-energy sensor nodes. As a
pioneer clustering protocol for wireless sensor networks,
the LEACH method [19] in which random selection of
cluster heads cannot guarantee the actual position of the
cluster head. In other words, the unbalanced distribution
of the cluster head prevents the selection of high-energy
and optimal sensor nodes for data transfer. Cluster heads
may also not be placed in the right position relative to
other sensor nodes relating to the cluster, and with a
large distance, more energy is lost from the cluster head,
which will affect the lifetime of the network. Thus, the
first step that can be taken for improving the use of
energy in the WSNs is the accurate selection of the
location of the optimal sensor nodes and the cluster
heads for the task of data transfer between clusters to the
sink.

3.1. Cluster distance

The cluster head in the wireless sensor network
requires to receive information from the cluster member
node. Surrounding the cluster head by the cluster
member node in each cluster leads to the nearest distance
between the cluster member node and cluster head and
the minimum transmission distance. Therefore, the
energy consumption of the cluster member node is
minimum. Equation 1 expresses the cluster distance
model [20].

Dype = min(Z%q(Zﬁﬂ dnciuster)) 1)

where, M refers to the number of cluster heads, N
refers to the number of cluster member nodes of each
cluster and d,.,ster denotes the Euclidean distance
from cluster member node to cluster head.

3.2. Sink distance

Based on the LEACH approach, data fusion is
conducted and sent to the sink by the cluster member
node on the collected information. The energy
consumption reduced by decreasing the transmission
distance. Model the distance expressed in equation 2
[20].

D;s = min Z%:l dcsink )

where, d s Shows Euclidean distance from cluster
node to the sink.
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3.3. Overall energy consumption of the network
Energyl

The overall energy consumption of the network in
the clustering stage is expressed in equation 3 [20].

As the cluster head, a message is transmitted by the
cluster member node, and a TDMA schedule is
transmitted. The cluster member node receives the table,
and the data amount is t bit. The energy consumption of
cluster head sends information is E., (t, d,).

t(Eelec + degn)' dcn < dc

E.,(t, d.) =
Cn( Cn) {t(Eelec + degn ’ dcn = dc

®3)

In the equation, E.,.. denotes the energy
consumption by the node to transmit 1 bit of data, 7,
and 7, are the energy consumption of the signal
amplifier broadcasting 1 data bit per unit distance in the
multipath fading and free space models, respectively.
The Euclidean distance from current cluster member to

cluster head is represented by d.,,. Threshold d, = Z—f

for conversion between communication channel models.

The TDMA table, as well as the t bit information
from the cluster head are accepted by the cluster member
node, and the t bit data is transmitted to the cluster head
supported the TDMA table. The energy consumption by
the cluster member node Ej,p5—cn (t, dcr) 1S €Xpressed in
equation 4 [20].

Epon-cn(t,dcy) =
{t(Eelec + degn) +tX Eelec' dcn < dc

4 (4)
t(Eelec + decn) +tX Eelec' dcn 2 dc
Finally, the energy consumption of the process for
the cluster head accepts the cluster member node sends
the information E,, (¢, d.,).

Ecn(t,den) = tEgpec X (% - 1) Q)

The summarization of total energy consumption of
the network Energyl in the clustering stage is
represented by Eq. (3)-(5).

Energyl =

min (tEmc x (M2 1)+ 1pdd, x (3 - 1)),dcn <d,

N+2 N (6)
min (tEe,ec (P2 1) + 1l x (5 — 1)),dcn >d,
3.4. Network  energy  consumption  balance
Energy?2

The network energy consumption balance consists of
two components D,, and D,,. The variance of the
number of cluster member node in each cluster D,,, is
expressed in equation 7. The number of nodes in each
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cluster moves to the mean number by reducing the value,
suggesting the proper balance between the loads per
cluster head [20].

Yiz i (wi—w)?
Dyo = # (7

Where, v; is the number of cluster member node in
the i — th cluster, u is that the average number of cluster
member node of every cluster in the network.

The variance of the energy consumption of clustered
member modes in every cluster is D,,. The energy
consumption in the clusters becomes more average by
reducing the value. The relation is [20]:

— Z?:ll(Ei_ue)z

m

Den ®)
Where, E; is the total energy consumption in the i —
th cluster and u, is the average of the energy
consumption of every cluster.
The network energy consumption balance is
expressed in equation 9 [20].

Energy2 = min(D,,, + D,,) 9)

3.5. Cultural algorithm (CA)

Cultural algorithm [21] has been presented by Robert
Reynolds as one of the evolutionary algorithms (1994)
for simulating the human community. The simulation
process is based on low- and high-level evolution, which
has higher accuracy in comparison to the conventional
evolutionary algorithms in particularly reflecting the
intelligent evolution of the species. Moreover, the
algorithm provides results closer to the optimal solution
in solving some problems compared to traditional
evolutionary algorithms. Hence, an optimal routing
protocol is introduced using the cultural algorithm for
the WSNs for increasing the lifetime of the network. Fig.
1 indicates the general structure of this algorithm.

Adjust beliefs

~ ~
L \J
Accept Influence population
S
T~ — \\\1/‘\
\/\\\k )/// ~_/
: T Fitness evaluation
Selection [ )
S -

Variate population

Fig. 1. Cultural algorithm.
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Since the objectives available in the network may be
contradictory and improving one objective may reduce
optimality of other objectives, conventional criteria for
wireless sensor networks are inadequate. Thus, multi-
objective criteria are considered for achieving the
appropriate route from the source node to the sink. In
this proposed protocol it is attempted to make a balance
among objectives of the network that might be
contradictory so that optimality of all objective is taken
into account. Therefore, the mentioned parameters are
considered for multi-objective performance in order to
discover the most optimum route from the source node
to the sink. Finally, the evaluation function is presented
in equation 10.

F = Min $P XKD, = D; + (tEerec, +

trdZ,, ) + ((ee * g+ d3) + (K + D)) (10)
kiD= a
iwaDi s B

According to equation 10, in each upgrade round of
the cultural algorithm proposed in the route selection
step, the node that minimizes the value of the F function
in the cluster is chosen as the cluster head that assumes
the data transfer process from the sensor nodes relating
to the cluster to the sink. During several steps of the
upgrade, the value of the fitness function may be
minimal for a node and the cluster head may not change
over several steps. However, as time passes and packets
are transferred, the cluster head energy decreases and
must be replaced. Fig. 2 indicates the flowchart of the
protocol proposed in this paper.

4. RESULTS AND DISCUSSION

ORPMCA  shows  considerable  significant
advancement in the selection of the most optimal route
for the message regarding the transmitted bits and
longevity (with the selection of the nodes with the
maximum energy at each step, the prolonged life of the
path is observed). This study simulates ORPMCA with
the first-order energy model on 10 static topologies.
With regard to the simulation outputs, ORPMCA
enhances the lifetime of the network via balancing the
use of energy.

We use MATLAB for simulating ORPMCA.
Therefore, the simulation environment is thoroughly
illustrated in this experiment. Then, simulation is
applied on a 500mx500m area with 4 distinct node
settings (80/100/120/150). All of the sensor nodes are
initialized with the energy value of 0.5 J and the
threshold value is set to be 0.2 J that is controlled prior
to transmitting data. In case of falling a node’s residual
energy under the short threshold value, we consider the
communication link to be broken. The simulation
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parameter employed in the present research is
summarized in Table 1.

1 Start |

Wireless Sensor Network
Configuration

Initialization of Wireless Sensors
and Randomly Initial Formation
of Clusters and Cluster Heads

‘e » o

I

Adjusting the Initial Population
Based on Selected Cluster Heads

e

Calculating the Fitness Function
to Find the Dominant Individuals

~ » Update

l Belief

Space

Were Dominated
Individuals Found to be
Optimal Cluster Heads?

Determining the Optimal Path
Between Cluster Heads

Store and Transfer Data via the
Optimal Route

Finish

Fig. 2. Flowchart of proposed method.
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Table 1. Some factors employed for simulating.

Simulation Parameters Values
Area 500x500 m?
Number of the nodes 80, 100, 120, 150
Number of Gateways 45, 60, 75,90
Transmission range 150 m
Initial energy 051
Threshold energy 0.2J
Message length 100 bytes
Number of iterations 30

Thus, in the present paper, since it is attempted to
reduce consumed energy, decrease latency, and increase
network lifetime, these criteria are considered. Fig. 3
indicates residual energy in sensor nodes of the network.
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Fig. 3. Remained energy of sensor nodes.

Another criterion employed for evaluating the
proposed protocol is network throughput. Fig. 4 displays
the throughput rate in the network.
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Fig. 4. Network throughput rate.

As observed in Fig. 4, network throughput rate is
high in network and it is in average as 99.89%.

The last criterion used for the evaluation of the
proposed protocol is the end-to-end delay of the sensor
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nodes in the network. Considering the fact that the
transmission coefficient of a packet is constant for the
sensors, the main reason for the delay in the end-to-end
transmission is the distance between the sensor nodes.
Since in our protocol, a transfer occurs between the
sensor nodes and the cluster heads, a shorter distance
from the cluster heads to other sensor nodes means an
accurate clustering and shorter average inter-cluster
distances. The end-to-end delay diagram of 100 sensor
nodes is shown in Fig. 5.

1

09

0 10 20 30 40 50 60 70 80 90 100
Itration

Fig. 5. End-to-end delay of sensor nodes.

As observed in Fig. 5, an average delay of 1ms per
cycle is observed for 100 sensor nodes in the proposed
protocol. This small value denotes the small distance
from the cluster heads to the sensor nodes belonging to
the cluster.

Moreover, GA-based algorithm [22] and another
three algorithms PSO [23], GLBCA [24], and LDC are
implemented to be compared [25].

Firstly, algorithms are run to compare the network
lifetime via changing the sensor nodes.

Fig. 6 compares our algorithm with PSO, GA, LDC
as well as GLBCA with regard to the life of the
network.
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Fig. 6. Comparison in terms of the lifetime of network.
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Higher lifetime of the network can be observed from
Fig. 6 in comparison to PSO, LDC, GA and GLBCA-
based algorithms.

Fig. 7 depicts a comparison between the use of the
network energy. Despite the same amount of energy is
used by our algorithm, PSO, the GA and GLBCA-based
algorithms, we assume outperformance of this new
algorithm because of the use of greater energy by the
increased number of the active sensor nodes in the
network in comparison to the other nodes. In addition,
we observed lower consumption of energy by LDC
because of the respective sensor assignment approach.
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Fig. 7. Comparison between the use of energy.

With regard to Fig. 8, the number of the data packets
obtained via the base station in LDC decreased in
comparison to our new algorithm and other algorithms.
Therefore, this new algorithm has been shown to be
superior to other algorithms.
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Fig. 8. Comparison between the total data packets
collected by the base station.

5. CONCLUSION

In the present study, an optimal routing protocol is
proposed for WSNs with the utilization of the multi-
objective cultural algorithm. Within the proposed

Vol. 10, No. 2, June 2021

protocol, individuals are considered as the central
sensors of the cluster, fitness function of which has the
best value based on quality-of-service objectives for that
sensor. In fact, in each cluster of sensors formed in the
areas under consideration, the node with the highest
value of the fitness function is chosen as the cluster head
and is liable for transmitting data packets. Results of
simulation indicate that the protocol supported in the
present paper has a lower average consumed energy and
longer lifetime compared to other previous protocols.
The lower use of energy and prolonged lifetime of the
proposed protocol suggests the balance of consumed
energy in this protocol ad later death of sensor nodes,
which ends up from accurate clustering and observation
of main network factors. The proposed protocol could
achieve optimal outcomes through developing balance
among several objectives in the network routing, which
shows considerable improvement compared to the
previous protocols in this area.
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