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Due to the widespread use of communication networks and the ease of transmitting and gathering information through these
networks, wireless sensor networks (WSN) have become increasingly popular. Usability in any environment without the need
for environmental monitoring and engineering of these networks has led to their increasing usage in various fields. Routing
information from the sensor node to sink, so that node energy is consumed uniformly and network life is not reduced, is one of
the most important challenges in wireless sensor networks. Most wireless networks have no infrastructure, and embedded
sensor nodes have limited power. Thus, the early termination of the wireless node’s energy based on the transmission of
messages over the network can disrupt the entire network process. In this paper, the object is designed to find the optimal path
in WSN based on the multiobjective greedy approach to the near optimal path. The proposed model is presented in this method
to transfer sensed data of the sensor network to the base station for the desired applications. In this method, the sensor nodes
are identified as adjacent nodes based on their distance. The energy of all nodes initially is approximately equal, which decreases
with the transfer of information between the nodes. In this way, when a node senses a message, it checks several factors for
transmitting information to its adjacent nodes and selects the node with the largest amount of factors as the next hop. The
simulation results show that the energy consumption in the network grids is almost symmetrically presented, and the network
lifetime is reduced with a gentle slope that provides optimum energy consumption in the networks. Also, the packet
transmission delay in the network reaches 450 milliseconds for the transmission of information between 15 nodes and 650
connections. Besides, network throughput increases by approximately 97%. It also shows better performance compared to other
previous methods in terms of evaluation criteria.

1. Introduction

Due to the widespread use of communication networks as
well as the ease of communication over wireless networks,
these types of networks have received much attention.
Usability in any environment without the need for infra-
structure and physical communications and the need for
environmental monitoring and engineering are unique fea-
tures of these networks and have led to the increasing use
of wireless networks in various fields. Wireless sensor
networks (WSN) is a subset of wireless networks created to
collect information from the environment [1].

Sensor-based systems cover a wide range of potential
applications, including military and civil engineering (such
as environmental monitoring, health care, and disaster fore-
casting). As such, the increasing use of WSNs has led to chal-

lenges in sending and receiving information, and one of the
most important challenges is routing of these types of net-
works. Routing in WSN is very complex due to the promi-
nent features that distinguish these types of networks from
many contemporary wireless networks. Many ad hoc routing
protocols have been introduced in the publications, but none
of them can be directly implemented with limited resources
and sensor networks. WSNs have been characterized by their
unsupervised behavior and the nature of all data dissemina-
tion, and the often topology changes in the network are mak-
ing it very complex to design routing protocols for WSNs.
Therefore, due to the changing topology and interference in
communications, paths may be easily stopped and dead-
locked. Sensors with limited resources are often unable to
cope with such disruptions and barriers. In addition, inter-
connections may have limited bandwidth and may not utilize
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the power required at a specific time. Since sensors face such
resource constraints, routing protocols must be such that the
complexity of communication and power consumption are
not imposed on the network [2].

Given this application, routing protocols should utilize
high congestion and more WSN nodes to increase net-
work capacity by multiple paths. In fact, multiple routing
is considered as a viable alternative to single route rout-
ing, as this enables WSN to accumulate network band-
width. However, the nature of all broadcasting hampers
these goals in the context of high-speed programs. Simul-
taneous use of adjacent routes at high rates results in
severe interspatial interference, which increases the likeli-
hood of closed collisions on active routes. In the publica-
tions, this is known as the problem of route connectivity
and seriously affects the capacity of wireless sensor net-
works. This problem gets worse as the size of the net-
work becomes larger [3].

On the other hand, due to the limitation of sensor
energies in the network, sending and receiving informa-
tion between sensor networks have the highest energy
consumption. By unnecessarily energy consuming of the
sensors, their energy will end and will reduce the overall
network life and will disrupt the collection of information
from the environment. In addition, due to the use of
wireless sensor networks, delays in these types of net-
works may not be acceptable. Therefore, finding the
shortest path in the network will in addition to reducing
the transmission time of information will also increase
the lifetime of the network [4].

In this paper, the object is designed to find the opti-
mal path in WSN based on the multiobjective greedy
approach to near optimal path. Due to the widespread
and dynamic nature of the wireless sensor network, this
paper used the multiobjective greedy approach to opti-
mize these parameters. The contribution of this paper is
stated as follows:

(1) Finding the closest nodes to the source node as local
neighbors in each hop of data transmission

(2) Defining a multiobjective fitness function based on
the fusion of destination node distance estimation,
residual energy, and link quality

(3) Choosing the best neighbor node according to the
evaluation of the proposed fitness function in a
greedy manner

(4) Evaluate the route in terms of energy consumption,
network life, data delivery rate, throughput, and
end-to-end delay

(5) Comparison with previous methods in order to
evaluate criteria

The structure of the article is as follows. In the second
part, we will discuss theWSN routing tasks. The third section
will detail the proposed method. The fourth section will be
stated the results of the experiments. Finally, in Section 5,
we will discuss and conclude the article.

2. Related Work

Due to the importance of routing methods in data transmis-
sion and WSN lifetime, many approaches have been pro-
posed. Lu et al. have proposed that a location-based
multiobjective optimization routing protocol (LMOR) based
on residual energy estimation, the rate of upgrade, and the
quality of each hop link is in the form of a multiobjective
optimization function, and packet routing is based on the
maximum value of this function [4]. Liu et al. have deter-
mined the capability of data transfer from greedy routing to
the ratio of successful data transfer from the sensors to the
base station and guaranteed packet delivery based on the
ratio of successful data delivery that is not less than the η
threshold and examines the relationship between transmis-
sion power of sensors and the likelihood of achieving guaran-
teed delivery [5]. Benserbaj et al. represented position-based
routing based on two greedy routing strategies by advanced
parameters in the sink node via symmetric links that have
the least path loss (PSPL) and maximum transmission dis-
tance [6]. Sun et al. have presented a location-based routing
plan for WSN that will vigorously attempt to find a solution
for data transmission in theWSN. This method not only puts
the current nodes and the mobile nodes in a single scheme
but also considers the full energy consumption in evaluating
the next hop potential [7]. Kulkarani et al. developed a multi-
objective hybrid routing algorithm (Q-MOHRA) for hetero-
geneous WSN that considers optimal path selection, link
characteristics (energy, hop count, link quality index, etc.),
and path metrics [8].

Atia et al. have analyzed the routing problem from the
perspective of game theory and modeled the problem of
route selection in a wireless sensor network as an evolution-
ary adaptation path. In this study, they have obtained a stable
evolutionary strategy of the game and have proved that the
derivative strategy cannot be implemented with a greedy
strategy, i.e., a mutated strategy [9]. Rahat et al. have intro-
duced a multifunctional evolutionary algorithm to find opti-
mal paths that have an approximate balance between
network lifetime and robustness. In this research, a new cri-
terion of network strength, fragility, is introduced, according
to which the distribution of traffic between paths in a multi-
path path optimize lifetime or fragility and can be found by
solving an appropriate linear program [3]. Doggy et al. have
developed a path satisfaction model based on the frog jump
algorithm that takes into account the predicted tendency,
residual energy, and minimum hop number. The algorithm
updated individually in the local optimization process and
introduced a variable learning factor [10].

Sun et al. have proposed a Secure Routing Protocol based
onMultiobjective Ant-colony-optimization forWSN by con-
sidering the residual energy and path confidence, which has
used multipheromone information and the multiheuristic
information to optimize two objective functions [11]. Vijaya-
lakshmi et al. have proposed a near-optimal routing protocol
based on the combination of particle swarm optimization
and tabu search algorithm to optimize a number of cluster
percentage of nodes alive, average packet loss rate, and aver-
age end-to-end delay [12]. Raychaudhuri et al. have used
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bioinspired algorithms like particle swarm optimization
(PSO) and ant colony optimization (ACO) to solve the issues
of WSN. [13] Singh et al. have presented multiobjective tour-
nament harmony search-based coverage aware load balanced
clustering algorithm. This method has considered coverage
rate, dead gateways, dead sensors, energy consumption, and
network lifetime as objective functions [14]. Tingqing et al.
have proposed a multiobjective energy-aware routing opti-
mization scheme. This method has used priority of path by
pruning founded paths to avoid the searching space explo-
sion problem caused by the increase of nodes. It also has used
a new crossover and mutation method in a genetic algorithm
based on the gene fragments connected by the adjacent node
or the same node to maximize the effectiveness of the evolu-
tion result [15].

Guruprakash et al. have proposed a method based on
energy efficient and delay aware routing using multiobjective
clustering and asleep schedule scheme for WSN. In this
method, firstly, a multiobjective wolf optimization algorithm
for clustering has presented. Then, in order to reduce energy
consumption, this method has used a sleep scheduling
scheme. Also, this method has used a selective track search
algorithm to collect data in an optimal manner to improve
lifetime and other quality of service factors in WSN [16].
Malakar et al. have proposed an intelligent method for CH
selection in WSN using teaching-learning-based optimiza-
tion (TLBO) that has tried to optimize several conflicting
objectives of the network by selecting CH efficiently and
dynamically in each iteration of the network [17].

Wang et al. introduce a new algorithm for covering con-
trol based on particle swarm optimization (PSO). In the first
step, the sensor nodes are randomly placed and remain fixed
until the end of the simulation. Then, all area in the network
are divided into subnetworks, and the coverage and energy
consumption of each subnetwork have been calculated.
Finally, the measurement radius of each sensor node in each
subnetwork is considered related according to the coverage
and energy consumption [18].

Wang et al. introduce the common big data service con-
struction and the technical treating context, which covered
data gathering and storing. They, also argue big data treating
and analysis due to diverse service supplies, which can pro-
vide valuable information for service clients. They introduce
the complete cloud computing facility scheme based on big
data, which present high utilization solutions for extensive
data storage, processing, and examination. Finally, they have
conducted some big data usage scenarios into different
contexts [19].

Wang et al. have presented an Enhanced Power Efficient
Gathering in Sensor Information Systems (EPEGASIS) algo-
rithm to improve the hot spots issue from multisubject.
Firstly, near-optimal connection distance is determined to
decrease the energy ingestion during communication. Then,
the edge value is set to support the vanishing nodes, and
moveable sink equipment is utilized to balance the energy
consumption amongst nodes. Next, the node can set its con-
nection range due to its distance to the sink node [20].

Wang et al. have introduced a new route planning
approach based on the coverage rate for several mobile sinks,

especially for extensive networks. An enhanced PSO joined
with a mutation operator is presented to search the stopping
place with a near-optimal coverage rate. Then, the genetic
algorithm (GA) has assumed to plan the moving route for
several moveable sinks [21].

Wang et al. have presented an affinity propagation-based
self-adaptive (APSA) clustering method. The benefit of K
-medoids, which is a basic machine learning algorithm, is
joined with the similarity broadcast scheme to reach more
realistic clustering utilization. This approach is used to set
the number of cluster heads and to find the primary cluster
centers forK-medoids. Then, the improved K-medoids are
used to configure the network in an international manner.
This approach solves the weakness of the basic K-medoids
in terms of the uniform clustering and convergence rate [22].

3. Methodology

3.1. Definition of Network Parameters. In this study, we con-
sider a multihop WSN with a sink node and N wireless sen-
sor. The sink node collects information from the sensor and
sends the processing results to the external server. Sensor
nodes act as information sources and relays that are used to
send data packets. In the proposed method of energy calcula-
tion algorithm, packet transmission powers are selected con-
sistently to ensure packet transport at different distances that
require different energy consumptions. Hence, the weight
(Wd) represents the constant energy consumption when a
node transmits a packet at distance l. The energy of the sen-
sor nodes is mainly done for two tasks: sensing and transmit-
ting the information. The second (communication) involves
the energy consumed in receiving and transmitting the mes-
sage. Since the power consumption for sending and receiving
packets is constant in all nodes of the system, it focuses only
on the consumed energy for sending packets. Therefore, the
total energy consumption of n nodes can be expressed as C
=∑N

n=1∑
D
d=1wdCn, where n ∈ f1, 2, Ng and Cn = ðmR

n,d +
mS

n,dÞ denote the energy consumption of n, mR
n,d is the num-

ber of packets sent by n (as relay node) in the interval d,
and mS

n,d is the number of packets transmitted from the
source of n (as source node).

Since the quality of wireless links is usually rapidly
changing in WSN, sending data at a constant transmission
power over different distances may result in energy savings,
but it reduces reliability. Therefore, the power of the sensor
nodes should be adjusted according to the link quality of
the sensor nodes. Sensor nodes can also transfer data to a
high power level in sink node with a single-hop or multihop
path to meet QoS requirements. However, the energy of
involved sensor nodes in routing can be quickly depleted. It
is reasonable to increase the traffic load balance of sensor
nodes to improve network lifetime. Therefore, in this study,
we consider not only the power consumption of the entire
network but also the energy consumption of each of the sen-
sor nodes.

This research is based on a greedy approach that has
received widespread attention in wireless network routing.
The main idea is to greedily select the best node at each step
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based on evaluation factors. Each node in its vicinity has sev-
eral neighboring nodes that reach the root node through a
number of paths. So, creating one or more multiple paths,
each of which leads to the sink, are optimal to transfer infor-
mation toWSN. Sensor nodes in a path use the save and send
approach with the maximum number of allowed M
removals. Each node sends not only its own data but also
sends information about other nodes.

For the following reasons, the greedy approach is chosen
as the basic design in the proposed method. First, the greedy
approach is a dynamic approach that is compatible with any
environment due to its simple topology in WSN. Therefore,
this approach provides good flexibility in different physical
environments and optimizes the performance of dynamic
functions. Second, this approach assumes optimal values
for the parameters at each step in order to transfer data.
Therefore, parameter values are optimized for the whole
network by the combination of several parameters.

In the greedy method, a criterion called ETX (expected
transfer) is used to indicate the quality of the link between
two nodes. For a source node, the ETX path is the sum of
the ETX path from the previous node and the ETX link
between its next nodes to the sink. ETX of the route is calcu-
lated based on the success rate of the route in sending mes-
sages and data packets. Since in WSN routing, the energy of
the relay nodes is crucial; in this paper, we will also use the
energy parameter in the ETX calculation. Hence, in the pro-
posed method, according to relation (1), the channel quality
for each node will be equal to the ratio of the number of suc-
cessful send packets from source node to n and multiplied by
the ratio of route energy consumption from destination to
the current node versus ratio of packets from n + 1 node to
multiplied sink in the ratio of the required energy to send
packets according to hop distance. This parameter, called
eETX (Energy-aware ETX), used to measure transmission
quality and will be considered as transmission cost.

eEtx = 1/hð Þ p ∗ Et − E/w,nð Þ
1/bð Þ p ∗ ETX/wn+1,Dð Þ , ð1Þ

ETX = Cn + αpdβ, ð2Þ
where h is the number of steps from the source node to the
current node, p is the number of sent packets, Et is the initial
energy of the nodes that assumed to be constant, b the num-
ber of routing responses (beacons) to the sink, α is the power
consumption coefficient per pocket, and β is the energy loss
coefficient per unit distance. The larger the eETX link, the
better the transmission quality of the next node message to
the sink than the source to the current node.

3.2. Proposed Method. The present research is based on a
greedy approach in which the node carrying the packets
examines the routing parameters at each step, and accord-
ingly it selects the node that has the best value of the param-
eters as the next hop. Routing parameters in this study
include transmission channel quality between sensor nodes
in the network, node power consumption, and residual
energy, number of packets sent by node as a relay, number

of packets sent by node as the source node, the distance
between the two nodes, and the distance of the next node
to the sink, which is calculated as the direct distance between
the node to the sink. In fact, in the present study, routing
wireless sensor networks in addition to the energy level and
quality of the communication channel between two sensor
nodes are also evaluated the distance between two nodes
and sending packets to the sink.

In this study, when the sensor node senses a message in
the network and needs to send that message to the sink node,
it sends the message to the optimal neighbor node based on
the mentioned parameters. The optimal neighbor node is
selected based on the highest channel quality, the minimum
distance to the current node and the sink, and the maximum
energy. In other words, the node is selected to transmit the
released information on the greedy multichannel path of
the network, which is the nearest path; it consumes less
power and has higher link quality.

In WSN, cluster member nodes must send information
to the cluster head node. When cluster member nodes in
each cluster surround the cluster head, this means that
the distance between the cluster member nodes and the
cluster head node is the closest, and the packet transmis-
sion distance is the shortest. In fact, when cluster head
nodes are almost in the middle of the other nodes of the
cluster, their distance from all nodes will be almost the
same size and minimum distance. Thus, the transmission
of data in the shortest distance requires the least amount
of energy. The intracluster distance model is expressed in
equation (3).

D ni, nj

� �
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

xi − xj
� �2 + yi − yj

� �2
r

, ð3Þ

dncluster = min 〠
M

m=1
〠
N

n=1
D ni, nj

� �
 ! !

, ð4Þ

where xi and xj are the coordinates of the wireless sensor
nodes and the sink, respectively, and dncluster is the
intracluster distance.

In clustering-based protocols, the cluster head node com-
bines the information on the received information and sends
it to the sink. In fact, in the cluster head node, a processing
step is performed on the data to eliminate incomplete and
duplicate information. The remaining information is then
sent to the sink as useful information. In the initial protocols,
packets were sent from the cluster head node to the sink in a
single hop. Such a strategy would waste too much energy on
the cluster head node. Therefore, using multihop data trans-
fer is a solution to eliminate this problem, which is used in
the proposed method. Cluster nodes use a multihop
approach to transmit information. In this paper, the shorter
the distance between the cluster node and the sink, the
shorter the transmission and consequently the lower energy
consumption. The distance model between the threaded
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node and the sink is expressed in Equation (5).

Dcs =min 〠
M

m=1
dCsink, ð5Þ

where d Csink is the direct distance between cluster head node
and sink. Since the transmission quality reflects the link qual-
ity and energy consumption in the proposed method, eETX
denotes the link quality between node n and its neighbor n
+ 1, E is the node current energy, and d (n, n + 1) is the dis-
tance between two nodes. We present the current and next
node, and d (n + 1, D) is the distance between the next node
and the sink. Hence, as an evaluation function in the pro-
posed method, we solve the opposite optimization relation.

Min Z = 〠
N

i=1
〠
N

j=1
D ni, nj

� �
+ d nj, nD
� �

− eEtxij − Ej,

Subject to

D n + 1,Dð Þ< =D S,Dð Þ,
E< = Et ,

n > 0,

ð6Þ

where Z is the evaluation function. In this respect, since the
quality of the link, the power consumption for transmitting
packets from source node to current node, and the intervals
between nodes have different values, so these values cannot
be aggregated. Therefore, these values need to be normalized
to convert them to values of the interval [0, 1]. By normaliz-
ing the values in the mentioned interval, the effect ratio of
each parameter is shown on the next node selection. In fact,
a node that has the lowest energy consumption from the
source node to the current node and its link quality is better
than other nodes, and the distance to the sink is less than the
other node and generates a higher relative valuation. It will
indicate the optimality to choose as the next node.

Normalization of data results in mapping values to zero
and one and eliminates the negative impact of values with
different scales. The well-known normalization relationships
in the journals include the Gaussian normalization (Z-score)
and the min-max normalization, and in this study, it used the
min-max normalization. The min-max normalization rela-
tionship is as follows:

min −max normalization =
xi,j − xmin
� �

xmax − xminð Þ , ð7Þ

where xi and j are the values of each attribute for each sam-
ple, and xmin is the smallest value for attribute, and xmax is
the largest value for the attribute. The flowchart of the pro-
posed method is shown in Figure 1.

4. Implementation of the Proposed Method

In this section, in order to implement the proposed approach,
we first simulate the data transfer scenario in the wireless

sensor network in order to record the information related
to the signals by NS-2 simulator and location data, and we
extract the number of send and received packets by network
providers, the energy of nodes, the time of sending and
receiving data packets, confirmation messages, and other
useful information from the network. The proposed scenario
is implemented according to the mentioned parameters in
Table 1. The output implementation of the proposed script
is written in two separate files with the extensions ∗ .nam
and ∗ .tr. The .nam file is a mobile case for visualizing the
network to understand better what is happening on the net-
work. The .tr file is simulated to capture the events step by
step and in accordance with the scenario process.

In Figure 2, there is an overview of the initial configura-
tion of the wireless sensor network in the nam file for simu-
lation of the D scenario. Initial configuration of the network
is done to obtain location information of nodes. The scenario
consists of 15 grids, including one sink and one access point.
The information table is formed by receiving local informa-
tion about the primary energy and energy of each node. In
the next step, the stored information of nodes is used to
determine the routing parameters for each node that are in
relation to the other nodes. Table 2 shows the data about first
location of nodes in the proposed network.

As shown in Table 2, the values of the initial location of
the grids are presented in the network, and we will use these
values to obtain link quality and distances. Primary energy in
the network is assumed to be equal to 10 joules. In the pro-
posed wireless sensor network, the transmitted of informa-
tion is carried out to determine the amount of consumed
energy per network, constant consumption of energy in data
transmission, cost of transmitting information between
neighbors, set of neighbors on the network, relocations on
the network, and others information needed to calculate link
quality. Figure 3 shows an overview of the information trans-
mission across the network.

As shown in Figure 3, data transmission over the wireless
sensor network occurs during a random data transmission
scenario to collect the required information in the network.
This information is needed to calculate the value of the eval-
uation function in the proposed greedy method for each
node. According to relation (3), we must calculate the dis-
tances of nodes from each other and from the destination
defined in this scenario as the sink. Then, we calculate the
link quality parameter between the current and neighbor
links and finally, we calculate the remained energy in the
nodes. By calculating the values of the above calculated
parameters, we calculate the value of the evaluation function.
The maximum value of the evaluation function for each of
the nodes in each step is the best choice in the greedy method
to send packets of information.

Spatial coordinates of nodes can be used to calculate the
distance between each node with each other and the distance
to the destination node. The distance between the two nodes
is calculated by Euclidean relation, and it calculates the direct
distance between two nodes. In order to calculate the dis-
tance between a node and a target node, we also calculate
the direct distance by this relation, which can be said to be
an estimate of the actual distance between the other nodes
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and the target node. Table 3, therefore, shows the distance
between the nodes and the embedded sink in the grid.

As shown in Table 3, the distances between each node
and sink node in the grid is calculated based on the location
coordinates and their motion in the simulation.

In order to calculate the service quality parameter, we
first need to calculate the energy consumption cost per trans-
mission. The cost of energy consumption is actually the aver-
age amount of energy consumed per unit based on the

number of send messages and the power of packets in send-
ing. The power to send packets in the simulation is assigned
in the randomweights of nodes. Also, the parameter α, which
is considered as the packet transfer constant, is 8 in this
study. The parameter α is determined according to the stan-
dard of other publications, which is a random number in the
interval [1, 10]. Therefore, to calculate the cost of energy con-
sumption, it is sufficient to determine the weight and con-
stant amount of sent packets by multiplying the number of
sent packets as the source and the number of packets that a
packet plays in the relay. Table 4 shows the cost of packet
transfer per node.

As shown in Table 4, each packet must consume a certain
amount of energy, which is called the transfer cost, in order
to transfer a packet, depending on the packet transmitting
power, the packet transfer constant, and the number of trans-
mitters as the source and as the relay. In order to send data
packets to neighbor nodes, each node must consume some
energy depending on the number of packets transmitted,
the fixed power consumption per packet, and the length of
the transmission path. Table 4 shows that the amount of
energy has calculated that is required to forward packets
from defined nodes in the network to the nearest next hop.

Wireless sensor network 
simulation

Initial the location and 
the energy of the nodes

Determine distances 
between nodes

Calculate eETX for 
neighbor nodes

Was the 
maximum values 

found for 
neighbor nodes? 

Transmit the messages to 
the nodes that has most 

value of parameters

Update value of 
parameters to next 

transmission

Has the parameter 
value been updated 

for the next 
transmission?

Find the next node with the 
most parameters up to the 

sink

Find the optimal path 
through proposed routing 

method

Yes

Yes

No

No

Start

End

Figure 1: Flowchart of the proposed method.

Table 1: Network-related parameters.

Value Parameter

Wireless Channel type

Mac/802_11 Standard channel protocol

50 packet Maximum size of queue

1020 bytes Maximum size of packet

10 nodes The number of nodes

AODV, UDP Transmission protocol

500 × 500 Dimensions of the simulation environment

50 seconds Simulation time
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Therefore, the values obtained in Table 4 can be used to cal-
culate the residual energy in each step and the link quality.

After calculating the cost of energy consumption, one can
now calculate the link quality for each node, to calculate the
link quality of each node in relation to the other node of
the network calculated the parameters: the number of hops
traversed from the source to the current node, the number
of expected hops left to the destination, the distance between
a current node to the source, the distance between next node
to sink, residual energy for current and neighbor node, con-

stant energy consumption coefficient for each data transfer,
number of packets sent from current node (as the relay
node), and the number of packets sent from the current node
source. Table 5 shows the amount of link quality for each
node compared to the other nodes.

As shown in Table 5, the quality function of the links for
each node is calculated in relation to the other nodes. The
link quality in the proposed method indicates the estimated
cost of transferring packets from the next node to the sink.
Given that the highest cost in WSN is related to energy con-
sumption, so in fact, it can be said that the link quality esti-
mates the amount of energy needed to transmit packets
along the path through other nodes in the network. Obvi-
ously, the node with the lowest link quality will consume
the least energy with the least number of hops to sink; so,
with a greedy look at the issue, such a node is the best option
to choose as the next hop, but the remaining node energy
issue is also influential.

Now, in order to calculate the evaluation function of the
proposed method, we need the residual energy in each node.
As mentioned, the initial energy of each node is assumed to
be 10 joules, which is recorded as residual energies after sim-
ulating the network. The residual energy in each node after
simulating the proposed network is shown in Table 6.

As shown in Table 6, the amount of residual energy for
each node at each step of the packet transmission is calcu-
lated. Calculating the residual energy of the nodes in the
wireless sensor network allows us to ensure the balance of
energy consumption in the network. Having the amount of
residual energy in the nodes prevents forwarding packets to
nodes that have less residual energy. In this way, the balance
of energy consumption in the network will be observed.

Now, after calculating the mentioned parameters, we can
calculate the value of the proposed method evaluation func-
tion based on relation (3). This value indicates the rate of
improvement in each step. These values are updated for each
transfer, and the best node for sending information packets
has the highest evaluation function at each step. Table 7
shows the value of the evaluation function for each node that
sends to other nodes in the same step.

As shown in Table 7, the value of the evaluation function
for each node is shown to send packets to the other nodes.
The value of the evaluation function is selected as a criterion
for selecting the next hop node in each step according to the
fusion of the parameters distance, link quality, and residual
energy. In other words, if the current node is node i in the
transmission path between the source node and the sink,
the next node to transfer packets will be the node with the
highest value of the evaluation function in the related row
in Table 7. In other words, in rows i of Table 7, each node that
has the highest value will be the next node in transferring
information from node i. As an example, Table 8 shows the
routing of the best packets forwarding from the node 7 to
the sink node.

As shown in Table 8, the best nodes are selected to send
packets at each step according to the greedy method. As
shown in Table 8, some nodes can be seen to have loops,
which indicate that there is a deadlock in the route and back
to routing. One of the problems of greedy methods is to get

Figure 2: Initial configuration of the proposed wireless sensor
network.

Table 2: Information about node primary position in wireless
sensor networks.

#node Position #node Position #node Position

1 (258, 216) 6 (650, 450) 11 (215, 30)

2 (325, 423) 7 (730, 320) 12 (300, 300)

3 (56, 283) 8 (635, 625) 13 (735, 130)

4 (480, 239) 9 (462, 532) 14 (140, 430)

5 (550, 175) 10 (320, 730) 15 (250, 400)

Figure 3: Overview of the information transmission in the
proposed network.
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caught up in local optimizations, which is also inevitable in
the proposed method. As shown in Table 8, in such a case,
the proposed method takes a step back and chooses an alter-
native path, and the same process continues into the sink.

4.1. Evaluation of the Recommended Method. The proposed
evaluation is designed to provide improvement based on
the proposed approach based on the initial problem. In order
to evaluate the proposed recommendations, this research
measured the metrics of energy consumption and residual
energy, network lifetime, message transmission latency,
delivery rate, and performance. Figures 4–7 illustrate the fig-
ures for these criteria.

As shown in Figure 5, the energy consumption in the grid
nodes is approximately symmetric. Therefore, the energy of
some nodes will not expire sooner than others, and the
energy consumption will be the same in all nodes. Therefore,
the energy consumption of all nodes in the grid is attenuated
slowly, indicating the longevity of the grid. Figure 6 illustrates
the process of reducing network lifetime.

As shown in Figure 6, the lifetime of the network is
reduced by a gentle slope, which represents the optimal
energy consumption of the network. In the proposed
method, the data delivery rate has been calculated that is ini-
tially low, which increases by increasing communication and
tends to have a constant value of about 80%. Also, the net-
work throughput has been considered that is reduced in parts

of the scenario due to local optimizations but again con-
tinues to rise and increased to approximately 97%. Local
optimality is a trap that captures the proposed method
in it, but since the evaluation function is composed of sev-
eral parameters, the local optimal discovered quickly and
prevented complete deadlock. Eventually, the delay of data
transmission in the proposed method has obtained the
summation of end to end delay of nodes in transmission
hops. Figure 7 illustrates the packet transmission delay in
the network.

As shown in Figure 7, the packet transmission delay in
the network is increasing to a certain threshold with a gentle
slope, and then it is increasing as the local optimality
increases and finally, the time for information transmission
between 15 nodes reaches 450 milliseconds by 650 connec-
tions. In the next subsection of this paper, the proposed
method will be compared with other existing methods.
Figures 8 and 9 show that the proposed methodology is com-
parable in terms of evaluation criteria to other methods.

4.2. Comparison of the Suggested Method with Previous Ones.
Since routing in WSN is one of the new research topics in the
field of wireless networks, researchers have shown great
interest in researchers in this area. It should be noted that
most of these studies attempt to maximize data delivery rate
and network lifetime and minimize packet delivery delays
and energy consumption in network energies. Therefore, in
this study, we compared the predictions of some previous
patterns such as ZAODV, ZAG [12], Standard ZigBee, and
NAR [13] in terms of network latency, delivered packages,
and delivery rates on the network. To this end, we increase
the number of proposals in the network to 50 in order to
compare, in equal terms, the proposals with previous ones.
Figures 8–10 represent the comparison of the previous proce-
dure with the proposed one.

As shown in Figures 8–10, the proposed method works
better in terms of message transmission delay, the number

Table 3: The distance between nodes.

Node 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Sink

1 Inf 218 213 223 295 457 483 556 376 518 191 94 485 244 184 825

2 218 Inf 303 241 335 326 418 370 175 307 408 126 504 185 78 662

3 213 303 Inf 426 506 617 675 672 476 519 299 245 696 169 227 719

4 223 241 426 Inf 95 271 263 416 294 516 337 190 277 390 281 900

5 295 335 506 95 Inf 293 231 458 368 601 365 280 190 483 375 992

6 457 326 617 271 293 Inf 153 176 205 433 605 381 331 510 403 851

7 483 418 675 263 231 153 Inf 319 342 580 591 430 190 600 487 998

8 556 370 672 416 458 176 319 Inf 196 332 728 467 505 532 446 737

9 376 175 476 294 368 205 342 196 Inf 244 559 283 486 338 250 658

10 518 307 519 516 601 433 580 332 244 Inf 708 430 730 350 337 419

11 191 408 299 337 365 605 591 728 559 708 Inf 283 530 407 372 994

12 94 126 245 190 280 381 430 467 283 430 283 Inf 467 206 112 762

13 485 504 696 277 190 331 190 505 486 730 530 467 Inf 666 555 1139

14 244 185 169 390 483 510 600 532 338 350 407 206 666 Inf 114 587

15 184 78 227 281 375 403 487 446 250 337 372 112 555 114 Inf 650

Table 4: Package transfer cost.

#node Cost (j) #node Cost (j) #node Cost (j)

1 0.0699 6 0.0336 11 0.0945

2 0.1320 7 0.1079 12 0.6345

3 0.0228 8 0.2280 13 0.6673

4 0.1905 9 0.4715 14 0.3614

5 0.1797 10 0.5317 15 0.6338
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of sent messages, and rate of data delivery in the network
than previous procedures.

5. Discussion

As noted in this study, a routing approach is presented based
on finding the shortest random path by greedy routing in
wireless sensor networks. The greedy approach tries to find
the best way to send data by sending packets from source
to destination according to the nature of local search at every

step. In order to implement this approach in the network, the
proposed approach is achieved to optimize results by com-
bining the essential parameters of information transmission.
The only disadvantage of this is the local maximum stuck
where due to the greedy property, selected node in one step
may have locally maximized parameters, and with the prog-
ress of this path, the value of the parameters will not maxi-
mize or the route will end in deadlock. In that case, there is
a need to go back and run away from the local maximum.
This problem can only cause delays in sending information
and, by back-propagation, guaranteed to find the optimal
global route.

According to the results chart, it can be seen that the con-
sumed energy in the network is almost identical in terms of
finding the shortest path to send a packet of information. Bal-
anced use of energy in nodes causes all energy to remain at
the same level and prevents interruption when one or more
energy is lost before the rest. This increases the lifetime of
the network, and given the energy conservation of the

Table 5: Link quality between nodes.

Node 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0 1.6 0.4 2.4 1.2 1.2 0.4 2 2 2 1.6 2 2 2.4 0.801

2 1.15 0 1.15 0.766 1.91 1.53 0.383 1.15 1.53 1.53 0.766 1.91 0.383 2.3 0.766

3 0.332 1.66 0 1.33 1.33 1.33 1.33 0.33 1.66 0.33 0.99 1.33 1.99 1.33 1.99

4 0.455 0.303 0.91 0 0.15 0.15 0.15 0.45 0.60 0.30 0.30 0.75 0.30 0.30 0.91

5 1.12 1.87 2.24 0.373 0 0.74 0.74 0.37 1.49 0.37 2.24 2.24 1.12 1.49 2.24

6 1.16 1.94 1.55 0.387 0.77 0 0.77 1.94 0.38 1.94 0.77 1.55 1.16 1.16 1.55

7 0.306 1.22 1.53 0.306 0.61 0.61 0 1.84 1.84 0.61 0.61 1.84 0.91 0.61 1.53

8 0.521 0.34 0.69 1.04 0.17 0.86 1.04 0 0.17 0.17 0.17 0.52 1.04 0.52 0.17

9 2.17 2.61 0.86 1.74 1.74 0.43 2.61 0.43 0 0.86 0.86 1.30 0.43 2.17 1.30

10 1.84 2.21 1.84 0.73 0.36 2.21 0.73 0.36 0.73 0 0.73 1.47 0.36 2.21 0.73

11 1.87 1.56 1.25 1.87 1.56 1.87 0.93 0.31 0.62 0.62 0 1.87 1.56 1.25 0.31

12 1.94 1.30 1.62 1.94 0.64 0.64 1.30 0.64 0.97 1.94 0.64 0 0.64 1.30 1.30

13 1.83 0.91 0.30 0.30 1.22 1.22 0.91 1.83 0.30 0.30 1.83 0.30 0 0.91 0.30

14 1.14 1.71 0.85 1.43 0.57 1.43 0.28 0.85 1.43 0.57 0.28 1.43 1.14 0 1.71

15 1.47 0.29 1.76 0.29 1.47 0.58 1.76 0.29 0.881 1.47 0.58 0.29 1.17 1.47 0

Table 6: Residual energy of nodes.

#node
Remained
energy (j)

#node
Remained
energy (j)

#node
Remained
energy (j)

1 9.098467 6 9.658467 11 9.669576

2 9.698467 7 9.238467 12 9.769746

3 8.998467 8 9.154979 13 9.598467

4 8.298467 9 9.509746 14 9.718467

5 8.698467 10 9.728467 15 9.508467

Table 7: Value of the evaluation function.

Node 1 2 3 4 5 6 7 8 9 10

1 2 9 9 7 7 8 10 8 9 7

2 10 3 7 7 8 10 8 10 2 10

3 3 4 3 4 5 3 5 5 2 4

4 7 9 8 1 3 7 10 8 9 7

5 6 5 5 4 1 8 7 8 5 6

6 5 2 3 3 5 2 4 1 3 2

7 6 5 4 5 4 1 1 1 3 3

8 5 5 7 5 4 4 3 1 5 4

9 6 3 9 6 6 6 8 8 3 2

10 6 4 8 9 6 9 9 7 3 4

Table 8: Routing best nodes in sending packages from number 7 to
sink node.

The best node to send data in step 1 is node 7
The best node to send data in step 2 is node 1
The best node to send data in step 3 is node 5
The best node to send data in step 4 is node 7
The best node to send data in step 5 is node 6
The best node to send data in step 6 is node 1
The best node to send data in step 7 is node 1
The best node to send data in step 8 is node 3
The best node to send data in step 9 is node 3
The best node to send data in step 10 is node 4
The best node to send data in step 11 is node 3
The best node to send data in step 12 is node 7
The best node to send data in step 13 is node 15
The best node to send data in step 14 is node 6
The best node to send data in step 15 is node 3
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network, information transmission will take a long time
according to the proposed approach.

Another result of the proposed method is the data trans-
mission rate over the network, which can be seen with respect
to the delivery rate diagram. This parameter initially has a
small amount which increases with time and increases with
the number of transfers in the network. The network will
expand to a fixed amount of about 80%. This graph indicates
that, at first, the data may not be sent correctly to the destina-
tion due to the complete lack of knowledge of the network

but due to the metaheuristic nature of the suggestions, and
the transfer of this recognition is enhanced. And transferring
information to the sink would be more accurate.

On the other hand, the delay parameter in the grid is
increased to a certain threshold with a gentle slope according
to the delay graph. After reaching the threshold due to
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overwhelming transmission on the network and due to the
local optimum available on the route, it will increase with
more slopes. The overwhelming delay in sending informa-
tion packets of the network can be cited as the main weakness
of the proposed method. On the other hand, according to the
comparison chart in the proposed method, it can be seen
that, with the increase of delay in local maxima, the proposed
method has still less delay than other available methods in
this field.

Another parameter that can be argued in this context is
the permutation parameter of the network. This parameter
is set as messages sent to the destination network. According
to the diagrams, we can see that in two parts of the diagram,
due to the local optimizations in the path, the slope of dia-
grams are increasing and then decreasing. As noted, this dia-
gram terminates in the deadlock path based on local
optimizations and again attempts to return to the optimal
path, which reduces the permutation at points of the
diagram.

6. Conclusions

With the expansion of communication networks, WSN is
expanding rapidly due to its scalability and use in many cases
and environments. The extend of WSN and the size of this
network have raised challenges, and finding the shortest path
is one of the most fundamental challenges. WSN energy con-
straints can cause packet routing problems that affect overall
network performance. Therefore, it is necessary to provide
optimal solutions to find the shortest path in the network

for data transmission. This problem cannot solve by deter-
ministic search methods. Recently, evolutionary and meta-
heuristic algorithms are able to find real-time optimal or
near-optimal solutions. This article introduces a greedy
method to find the shortest random path in WSN. The
greedy local search method is faster than other existing
methods and reaches the optimal solution in solving some
problems. The simulation results show that in the proposed
method, the energy consumption of nodes is almost symmet-
ric, and the network lifetime is reduced with a gentle slope.
Also, the packet transmission delay in the network increases
in a balanced manner, and finally, the data transfer time
between 15 nodes with 650 connections reaches 450 millisec-
onds. In addition, network deadlocks have been reduced due
to local optimizations, and the data delivery rate has
increased by approximately 97%. It also shows better perfor-
mance in terms of evaluation criteria compared to other pre-
vious methods.

The dynamic and widespread nature of wireless networks
has revealed the need for routing adaptation changes in these
types of networks. Traditional routing routines and finds the
shortest route through static routing but cannot supply users’
needs due to the enormous amount of nodes in the network
and the dynamic topology of these types of networks. There-
fore, other metaheuristic techniques such as cuckoo optimi-
zation algorithm, wall optimization algorithm, and other
optimization algorithms can be used to overcome these chal-
lenges that represent as a recommendation for future work to
optimize the results of this study.
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