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The existing routing protocols for wireless sensor networks were not reasonable in design, which limited their application. Most of
the existing studies did not take into account the energy consumption of the network and the balanced use of the energy of sensor
nodes, which led to the unsatisfactory application effect of wireless sensor networks in some fields. Therefore, from the perspective
of energy balance in wireless sensor networks, this paper proposed a construction method of an energy balance routing protocol in
wireless sensor networks based on a fuzzy control strategy. Firstly, based on the analysis of the basic composition of wireless
sensor networks and the structure of sensor nodes, this paper expounded the basic process of wireless data transmission and
summarized the classification and characteristics of routing protocols in wireless sensor networks from different angles.
Secondly, according to the node data transmission characteristics of wireless sensor networks, the energy balance use model of
sensor nodes was established, and the design method of the energy balance routing protocol based on fuzzy control strategy
was proposed, and the data transmission link was optimized. Finally, through experimental comparative analysis, the results
showed that the energy balanced routing protocol proposed in this paper can effectively realize the energy balanced use of the
network data transmission process. Compared with other common routing protocols, the wireless sensor network routing
protocol proposed in this paper can not only improve the data transmission efficiency and reduce the data redundancy but
also save energy consumption and prolong the network running time. The design method of routing protocol proposed in this
paper will be conducive to the optimization and application of routing protocol in wireless sensor networks and provide a
theoretical basis for the related research of wireless sensor networks.

1. Introduction

In recent years, Internet of Things technology has been
widely used in related fields, among which the wireless sen-
sor network (WSN) plays a vital role. As a new generation of
sensor networks, wireless sensor networks provide impor-
tant support for effective data acquisition, monitoring, and
remote control. The wireless sensor network is a compre-
hensive application of distributed computing, sensors, com-
puter network, communication, embedded, and other
methods and technologies [1]. WSN adopts multiple sensor
nodes and collects data from various monitoring objects
through adaptive network, which provides a bridge for the
dialogue between human and the physical world. With the
rapid development of wireless communication and elec-

tronic technology, sensor nodes are connected to the Inter-
net by wireless communication and can be effectively
applied to environmental monitoring, industrial control,
and other fields. Compared with traditional networks such
as mobile communication, WSN has obvious differences in
node distribution, reliability, and storage performance,
which brings new challenges to the wide application of
WSN in various fields. Relevant scholars at home and
abroad have carried out a lot of research work on the design
and application of WSN and achieved some results.

WSN mainly enables users to obtain the required infor-
mation by collecting and transmitting monitoring data.
The information transmission process of WSN depends on
the communication link, and the link performance depends
not only on the network topology but also on several sensor
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nodes distributed on the link. For example, with the energy
consumption of sensor nodes in the process of data trans-
mission, some nodes affect the forwarding of data due to
insufficient energy, which can not ensure the normal com-
munication quality [2]. At the same time, if the energy dis-
tribution of the wireless sensor network is uneven or the
energy consumption is unbalanced, the energy consumption
of some nodes may be too large, which will affect the com-
munication process of the whole network. According to
the existing research, the uneven energy consumption of
wireless sensor networks is mainly due to the distribution
of sensor nodes or the design of the routing protocol. Due
to the uneven energy consumption, the data transmission
in the communication process is not smooth enough, and
the workload of some nodes varies greatly, which may make
the energy consumption of nodes unbalanced. In addition,
because sensors are generally limited by energy, they are
usually unable to supply energy by themselves. Therefore,
nodes cannot ensure the monitoring and transmission of
data information due to insufficient energy.

Because the nodes in wireless sensor networks are lim-
ited by energy and the number of sensor nodes is large, in
order to ensure the normal transmission of data, how to bal-
ance the energy consumption of network nodes through rea-
sonable energy-saving methods, so as to effectively prolong
the running time of wireless sensor networks, which is also
a common concern of relevant scholars at home and abroad
[3]. Researchers at home and abroad have made some prog-
ress in the energy consumption design of wireless sensor
networks, but there are still many problems to be solved in
the balanced utilization of network energy, the design of
wireless routing protocol and network operation efficiency.
Therefore, starting from the energy balance of wireless sen-
sor networks, this paper used a fuzzy control strategy to
study the design of the routing protocol. Based on the rele-
vant theories of wireless sensor networks, the network
energy balance processing model was established, and the
energy balance routing protocol optimization algorithm
based on the fuzzy control strategy was proposed, which
provided a theoretical reference for the energy consumption
design and routing protocol research of wireless sensor
networks.

2. Related Works

According to the existing research, the energy consumption
of WSN sensor nodes in the working state mainly includes
the energy consumed by their own circuit operation and
the energy consumed in the communication process. The
energy required for data communication increases with the
increase of transmission distance. Therefore, the energy con-
sumption for data transmission is the largest. At present,
most wireless sensor networks use wireless transmission free
space model to realize data communication, but the energy
consumption is relatively large. In order to reduce the energy
required for data transmission, some scholars propose to
adopt multihop transmission path in the WSN plane routing
protocol or cluster routing protocol to reduce the direct data
transmission between cluster head and sink node in the net-

work [4]. Some people have studied how to optimize the
selection of sensor nodes in wireless sensor networks and
effectively communicate with sink nodes. On this basis, the
establishment of routing protocol can reduce the energy
consumption of sensor nodes affected by transmission dis-
tance to a certain extent.

In order to reduce the impact of transmission process on
node energy consumption, some scholars optimize data
communication links by constructing corresponding routing
protocols. Some scholars adopt the multihop method to
transmit the information collected by different nodes in
WSN to the sink node, so that the nodes can send a large
amount of data without consuming too much transmission
energy [5]. At the same time, these nodes also play the role
of data transmission as a part of routing. In addition, when
designing the routing protocol of WSN, some scholars
reduce the energy consumption of nodes by reducing the
data forwarding tasks of some nodes, which can not only
increase the survival time of sensor nodes in the network
but also make the energy consumption of different nodes
evenly distributed. WSN contains several sensor nodes.
The data received by different nodes usually have a certain
correlation. The information fusion method can be used to
process the sensor node data before transmission, so as to
reduce the redundant data in the process of network trans-
mission, so as to reduce the workload of data transmission
and save energy consumption to a certain extent.

Due to the different applications of wireless sensor net-
works, there are also some differences in the routing pro-
tocols or algorithms used. Therefore, some researchers
start from the application requirements of wireless sensor
networks and realize energy balance by designing or per-
fecting routing protocols. Some people combine ant colony
algorithm with wireless mobile network and propose on-
demand multipath routing algorithm. The data communi-
cation link mainly depends on the continuous movement
of forward ants and backward ants [6]. Later, someone
applied the gradient calculation method to the routing
protocol, using the node energy and other information
collected by the forward ant to update the communication
link. When the intermediate node receives the information
from the backward ant, it needs to update the path
according to the gradient value in the information packet,
so as to continuously optimize the data transmission path.
Considering the network energy consumption in the pro-
cess of data transmission, some researchers use the tradi-
tional energy-efficient ant-based routing (EEABR)
algorithm to propose a routing optimization protocol for
wireless sensor networks based on ant colony algorithm
[7, 8]. The routing protocol stipulates that during network
data transmission, any sensor node should send a link sig-
nal to the sink node and then select an optimal transmis-
sion path to complete the data transmission according to
the information fed back to the ant.

In order to enable network nodes to make balanced
use of energy, some scholars have proposed a low-energy
adaptive clustering hierarchy (LEACH), which randomly
selects the cluster head nodes in the network in a circular
way and balances the energy load to the sensor nodes,
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which can not only reduce the network energy consump-
tion but also improve the running time of wireless sensor
networks [9, 10]. At present, most researchers design rout-
ing protocols from the perspective of establishing multi-
path communication links, and most of them do not
consider the energy consumption of wireless sensor net-
works and the energy efficiency of nodes. For example,
although the traditional ant colony algorithm can find an
optimal communication link, it will cause the data sent
from different nodes to be transmitted through this path.
Because the nodes of wireless sensor networks are not
controlled, the path constructed by these methods will
shorten the running time of sensor nodes. Therefore, the
routing protocols constructed by these methods are usually
difficult to apply to the application fields of wireless sensor
networks with high energy consumption requirements. In
addition, although some routing protocols consider the
energy consumption on different paths, they lack the bal-
ance of the energy consumed by each node and different
paths, resulting in the limited running time of the whole
network.

3. Basic Theory and Routing Classification of
Wireless Sensor Networks

3.1. Wireless Sensor Network System Structure. It is known
from the existing research that although the definition of
wireless sensor network (WSN) is not unified, the architec-
ture and basic functions of WSN are similar. In terms of
structure, it is mainly composed of one or several aggrega-
tion nodes, gateways, and sensor nodes, which generally
include the functions of data perception and processing, data
transmission, and information feedback. Generally, WSN is
deployed around the node manually. Then, the nodes are
organized into a wireless network in an adaptive way, and
the information can be collected, analyzed, and processed
at any time [11]. All nodes on the network transmit infor-
mation to the sink node through routing, extract and process
the node data, and then output it to the remote control cen-
ter for processing through the transmission link. As shown
in Figure 1, a wireless sensor network structure with one
receiver node is described.

In wireless sensor networks, each node is usually dis-
tributed around the observation object. Each node routes
the collected data to the gateway or sink node and finally
to the user. The data contained in each node passes
through the gateway and is output to the user in a multi-
hop manner. The gateway can communicate with the
management server and end users through wireless net-
work or Internet.

WSN contains several sensor nodes, which are usually
composed of sensor components, data processing center,
wireless communication system, and power supply, as
shown in Figure 2. Sensors are mainly used to realize
object perception and information monitoring. The data
processing center is used to allocate the work of each node
and store and process the data from each node. It is the
main component of the node [12]. A wireless communica-
tion system is mainly used to forward wireless signals and

ensure normal communication between nodes. The main
power supply for each sensor node.

Different from the traditional computer network or
wired network, the architecture of the wireless sensor net-
work is mainly composed of several network layers and var-
ious network protocols, including each layered network
communication protocol, network monitoring and manage-
ment center, and network support system. Similar to the tra-
ditional Internet protocol architecture, the communication
protocol structure of the wireless sensor network also
includes different protocol layers such as the network layer,
link layer, and application layer. The data stored in each
source node of the sensor needs to be transmitted to the sink
node through the network layer of WSN. Therefore, the net-
work layer mainly provides routing for data transmission.

Generally, the data in the source node can be transmit-
ted not only through the single hop wireless communica-
tion network but also through the multihop wireless
communication network. Compared with the single-hop
wireless communication, the distance of data transmission
using multihop wireless communication is shorter. There-
fore, it can not only reduce the energy consumption of
sensor nodes but also reduce the intensity of signal prop-
agation in the network. Generally speaking, wireless sensor
network nodes are densely distributed and the distance
between nodes is close. In order to effectively transmit
data, the source node mainly uses multihop path to trans-
mit data to the sink node.

In addition, the data transmitted from the monitoring
object node to the sink node mainly adopts the many-to-
one transmission mode. Since the data from different
nodes enter the sink node, the use of multihop wireless
communication will often increase the data transmission
load of the intermediate node, which may lead to the data
blocking and loss of each packet and the rapid consump-
tion of node energy. Therefore, when designing the net-
work layer routing protocol, we need to give priority to
the energy use conditions of sensor nodes in order to
ensure the stable transmission of data and efficient utiliza-
tion of energy.

3.2. Key Technologies of Wireless Sensor Networks. Starting
from the working characteristics and different application
requirements of wireless sensor networks, due to the lim-
ited conditions of sensor nodes in energy consumption,
data processing, and storage space, the design of network
protocol can not be too complex. The scale of wireless
sensor networks generally changes with the distribution
of sensor nodes deployed by the monitoring object. When
a large number of network nodes need to be deployed in a
monitoring area, large-scale networking should be
adopted. Considering that the sensor nodes may be ran-
domly distributed in the monitoring object, the wireless
sensor network can be networked in an adaptive way,
and the network configuration and management can be
completed automatically. Due to different application
backgrounds, wireless sensor networks usually have differ-
ent functional and performance requirements. The soft-
ware, hardware, and network protocol of sensor network
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nodes should be designed according to the application
requirements.

Due to the frequent data transmission between different
network nodes, in order to ensure that the data transmission
and reception of wireless sensor network can be completed
normally, it is necessary to determine the wireless data trans-
mission and reception model. From the practical applica-
tion, the nodes of wireless sensor networks can generally
carry out all-round communication [13]. As shown in
Figure 3, it is advisable to represent the communication area
of the node as a two-dimensional plane and set the commu-
nication frequency of all sensor nodes to be the same. At this
time, there may be interference in the wireless communica-
tion channel, and only one node can be allowed to complete
the transmission or reception of data at any time.

When the distance between node P and node Q is less
than or equal to r, node Q can receive transmission data
from node P. If node Q is receiving the data sent by P
and node T overlaps with Q in the communication area,
node T is not allowed to send the data to node Q. Other-
wise, node Q will fail the data transmission due to the
communication channel conflict. In order to meet the
needs of practical applications, generally, when the com-
munication areas overlap, any sensor node can only
receive or send data at the same time. Meanwhile, any
sensor node is only allowed to receive the data of one
node at the same time.

The bandwidth of wireless sensor networks can be
expressed as the number of bits transmitted per unit time,
or as the time required to send a data packet. If the time is

divided into several time slots of equal size, the data trans-
mission scheduling of network nodes can serialize the time
slots. It can be seen from Figure 3 that node T is within
the communication area of node P. When node P is sending
data to node Q in a certain time slot, node T is not allowed
to send data before node P sends data due to the interference
of communication channel. At the same time, since the dis-
tance from node S to node Q is R, which is greater than r and
there is no transmission communication overlap, node S can
perform the data transmission task at this time.

3.3. Routing Classification in Wireless Sensor Networks.
Because the routing protocols of wireless sensor networks
are related to the network environment and application
background, the routing protocols can be classified accord-
ing to the different network configuration and application
requirements. From the aspects of network topology,
transmission path, and routing composition, the routing
protocols of wireless sensor networks are divided into
plane routing and cluster routing. The nodes included in
plane routing are the same in structure and function,
and the routing protocol is relatively simple, which is suit-
able for small-scale network construction [14]. Different
from plane routing, cluster routing is generally used for
large-scale networking. As shown in Figure 4, it is the
basic structure diagram of clustering network routing. In
the cluster routing mode, the status of each network node
is no longer equal, and the network is divided into several
relatively concentrated clusters. In each cluster, one node
is responsible for the communication control within the
cluster. This node belongs to the central node, also known
as the cluster head node. The data of all nodes in the clus-
ter is sent to the cluster head, and then, the cluster head
transmits the data to the sink node by multihop or
single-hop communication.

From the perspective of transmission path, routing pro-
tocols can be divided into single-path routing and multipath
routing. Although single-path routing consumes less
resources, it is easy to lose data. Multipath routing can better
adapt to data packet transmission and has good reliability,
but it has high energy consumption and is more suitable
for applications with high reliability requirements. Multi-
path routing is mainly to establish multiple transmission
paths between data transmitting nodes and receiving nodes

Sink node
Monitoring area

Sensor nodes

Communication network

Management
terminal

Figure 1: Schematic diagram of basic model of wireless sensor networks.

Sensor module Data processing
center

Communication
module

Mobile system Positioning
system

Power supply module

Figure 2: Schematic diagram of sensor node structure.
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to realize data communication, which not only avoids the
poor communication caused by the failure of public nodes
but also enhances the fault tolerance and independence of
wireless sensor networks.

In order to avoid the loss of data on the transmission
path, some spare paths can be added to the constructed main
path, so as to provide reliable path guarantee for data trans-
mission [15]. As shown in Figure 5, the path between the
data transmitting node and the sink node is the main path
for realizing data transmission, and each local path distrib-
uted along the main path is the standby path for preventing
data transmission failure.

In addition, routing protocols can be divided into active
routing and on-demand routing according to different rout-
ing methods. Active routing needs to transmit data accord-
ing to the established path, which has fast response ability,
but the energy consumption is large. On-demand routing
is to temporarily construct the transmission path when data
is sent. Although the energy consumption is small, the corre-
sponding capacity is poor.

Because the routing of wireless sensor networks is related
to specific applications, routing protocols can also be classi-
fied according to different communication modes, state
maintenance, delivery methods, and so on [16]. As shown
in Figure 6, it describes the classification of routing protocols
according to different strategies, in which the same routing
protocol may be divided into different types according to
the nature of classification.

4. Design of Energy Balanced Routing
Protocol for Wireless Sensor Networks Based
on Fuzzy Control

4.1. Energy Balance of Wireless Sensor Networks. According
to the distribution and application characteristics of wireless
sensor networks, the network coverage can be equivalent to
a circular area with R as the radius. It is assumed that N sen-
sor nodes are evenly distributed in the network area and the
sink node is located in the center. Each sensor node in the
network has a unique ID, and the distribution position of
each node remains unchanged. Except that the energy of
the sink node is not limited, the energy of other ordinary
nodes is limited.

According to the existing node data transmission energy
consumption model [8, 9], the energy consumed by sensor
nodes when sending data can be expressed by the following

model:

Fsend s, kð Þ = sMe + sλ1k
2, k < k0,

sMe + sλ2k
4, k ≥ k0,

(
ð1Þ

where s is the data size, Me shows the power consump-
tion value of the data transceiver circuit, k denotes the data
transmission distance, and k0 represents the dividing point
between the free transmission model and the multipath
transmission model. When k < k0, the free transmission
model is adopted, and the power consumption coefficient
of the data transceiver circuit is λ1; when k ≥ k0, the multi-
path transmission model is adopted, and the power con-
sumption coefficient of the data transceiver circuit is λ2.

The energy consumed by sensor nodes when receiving
data can be represented by the following model:

Freceive s, kð Þ = sMe: ð2Þ

The energy consumed by sensor nodes in data fusion
processing can be expressed by the following model:

Fdatafusion = sFdf , ð3Þ

where Fdf represents the energy consumed by fusing
unit bit data.

The fixed energy consumption of sensor nodes can be
expressed by the following model:

FnodeID =Me: ð4Þ

Most nodes in wireless sensor networks adopt adaptive
multihop communication when transmitting data. Limited
by the energy resources of sensor nodes, energy control is
very important to ensure the normal operation of wireless
sensor networks. The key to effective control of energy is
how to make balanced use of energy among nodes [12].
Energy consumption is usually related to the communica-
tion link. Therefore, a path with the lowest energy con-
sumption of data transmission can be found between the
data transmitting node and the receiving node, so as to
complete more data transmission tasks under the same
energy consumption conditions, and improve energy
efficiency.

According to the existing research on energy control of
wireless sensor networks, the topology of wireless sensor
networks can be optimized by adjusting the energy of sensor
nodes in the network layer. In the data link layer, the data
transmission power and data reception power of each node
can be determined according to the size of data packets
and the distance between adjacent nodes. At the same time,
the energy consumption of nodes can be controlled and
optimized, which can not only prolong the running time of
wireless sensor network but also improve the data process-
ing capacity of the network.

The energy control method mainly adopts relevant
algorithms and reduces the energy consumption of nodes
under the condition of ensuring the normal transmission

P

Q
S

T

r

r

R >r

Figure 3: Schematic diagram of wireless data transmission model.
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of data and then increases the running time of the net-
work through the energy balance consumption of wireless
sensor network. The method based on node energy con-
sumption reduction does not consider the energy balance
consumption of the whole network, resulting in data
transmission being too concentrated on the path with the
lowest energy consumption. However, when the node on

the path has a large task of data processing and transmis-
sion, the data transmission link may be blocked or inter-
rupted due to the excessive energy consumption of the
node.

In recent years, some scholars have proposed to use
the energy on-demand routing method based on load bal-
ancing in wireless sensor networks. The algorithm

Sink node

Monitoring area

Cluster head

Cluster

Cluster members

Figure 4: Basic structure diagram of clustering network.

Sink node

Data sending node

Figure 5: Schematic diagram of data transmission process based on multipath routing.

Routing usage characteristics

Routing topology

Routing implementation

Energy perception

Query service

Task balance

Hierarchical routing

Plane routing

Based on hierarchy

Data center based

Location based information

Wireless sensor network
routing protocol type

Figure 6: Common types of routing protocols for wireless sensor networks.
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optimizes the data transmission route according to the
energy and load status of sensor nodes and gives priority
to providing transmission links for nodes with small work-
load and more energy. Through the routing control, the
data transmission process will not be concentrated on a
communication link, so that the energy of network nodes
can be balanced and the overall operation performance
of the network can be effectively improved. However,
because the data transmission of different nodes in the
network may have a certain delay, this method is generally
not suitable for the situation with high real-time
requirements.

At present, most of the energy balancing methods
choose different routing transmission modes according to
the information of adjacent nodes in the network.
Although it can realize the balanced utilization of local
energy, the communication path from the data sending
node to the sink node may not be the best. Therefore,
the energy balanced routing of wireless sensor networks
can be realized by taking into account the energy balanced
utilization of adjacent nodes and the optimal path selec-
tion [17]. When the node needs to send data, the node
energy balance processing method can be used to make a
data transmission request to the network system, and
select the node with higher energy to send data. When
the node energy consumption may cause the communica-
tion link to fail to work normally, you can select the
standby node and adjust its transmission energy and then
use the formed weak ring network topology to ensure the
normal communication of data, as shown in Figure 7. This
method can not only balance the energy consumption of
the whole network but also increase the operation cycle
and reliability of the whole network.

4.2. Fuzzy Control Strategy Based on Energy Balance. As a
nonlinear control method, fuzzy control does not need to
provide the actual model of the observation object but trans-
forms human knowledge or experience into certain control
rules, which are expressed in computer language and realize
the control of the target by imitating human thinking. Fuzzy
control is mainly based on knowledge expression and fuzzy
reasoning and uses certain fuzzy logic rules to implement
specific decisions [18, 19]. Common fuzzy control systems
generally include data input and output modules, fuzzy con-
trol center, execution unit and measurement mechanism.
The fuzzy control center is the main component of the con-
trol system, as shown in Figure 8.

The fuzzy control center is mainly composed of fuzzy
module, data rule base, fuzzy reasoning module, and fuzzy
decision module. Firstly, we collect the relevant informa-
tion of the monitoring object, compare it with the system
reference value, and input the difference between the mon-
itoring value and the reference value into the fuzzy mod-
ule as the fuzzy quantity. Secondly, the fuzzy control
center uses the data rule base to reason and make deci-
sions on the fuzzy input, and generates the corresponding
fuzzy output. Finally, a value that can accurately reflect the
result of fuzzy reasoning is selected from the fuzzy output,
and it is used as the parameter of driving the actuator to

realize the fuzzy control of the controlled object through
the actuator.

From the perspective of fuzzy control strategy, the rout-
ing process of wireless sensor networks can be abstracted as
a problem of continuous optimization of several parameters,
and a multiparameter energy balance model can be estab-
lished. According to the routing mechanism based on energy
balance, the remaining energy and current load of network
nodes can be used as the standard to measure the perfor-
mance of sensor nodes.

In addition, during the process of data transmission in
wireless sensor networks, it is necessary to select a node as
the cluster head and forward the data to the sink node
through it. Due to the randomness of choosing cluster
heads in the traditional rotation mode, the cluster heads
may not be evenly distributed in the communication area,
so it is easy to form hot spots or holes in wireless sensor
networks [20, 21]. In order to avoid the randomness of
cluster head selection in wireless sensor networks, this
paper uses fuzzy control strategy to select all cluster heads
used for communication in wireless sensor networks. As
shown in Figure 9, the working process of selecting cluster
heads using fuzzy control center is described. We select
any node in the wireless sensor network and take its posi-
tion information and residual energy as the input value of
the fuzzy control center. After the fuzzy processing of the
data and relevant fuzzy reasoning, the probability of the
node as the cluster head can be obtained.

4.3. Design of Energy Balanced Routing Protocol for Wireless
Sensor Networks Based on Fuzzy Control. In order to main-
tain the energy balance of each node of wireless sensor net-
work, according to the different structural characteristics
and application requirements of WSN, the routing protocol
of WSN usually needs to meet the following conditions: high
energy utilization efficiency, balanced use of energy con-
sumption, high reliability of data transmission, low delay
of data transmission, minimizing redundant information,
and improving the security of the system. How to solve the
energy limitation of nodes is the prerequisite for designing
WSN routing protocol. Therefore, we should try to reduce
the complexity of routing algorithm and optimize the net-
work energy utilization efficiency by improving the data
transmission efficiency.

Sink node

Intermediate node

Data acquisition node

Figure 7: Topology diagram of ring wireless sensor networks.
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In order to prevent the excessive workload of network
nodes from affecting the network performance, when
designing the routing protocol, we should not only consider
the principle of balanced utilization of energy consumption
but also consider the problem of network operation effi-
ciency. The routing optimization algorithm based on energy
balance needs to reasonably allocate data transmission tasks
according to the data processing capacity of sensor nodes, so
as to prevent some nodes from affecting data communica-
tion due to energy consumption exhaustion, so as to effec-
tively prolong the operation cycle of WSN.

In order to avoid the data transmission error or loss
caused by the communication path failure of WSN, the
designed routing protocol should increase the adaptive pro-
cessing ability and fault-tolerant mechanism, so as to ensure
that WSN can adopt the corresponding automatic process-
ing method according to the changes of network environ-
ment in the communication process, so as to make the
data transmission not only have certain adaptability but also
improve the reliability of network operation.

In order to use WSN nodes to monitor and process rel-
evant information in time, and then feedback the data pro-
cessing results to users in time, the time limit in the
process of data transmission should be fully considered in
the design of routing protocol, and the delay should be min-
imized. In addition, in order to improve the efficiency of
data transmission, the redundancy of data should be mini-
mized when designing the routing protocol, which can not
only reduce the error rate of data transmission but also
reduce the energy consumption of the network. In order to
meet the application requirements of WSN in different

fields, the designed routing protocol should also ensure cer-
tain security.

This paper adopts the routing optimization algorithm
based on energy balance mechanism and uses the broadcast
routing request module to select the appropriate sensor node
to send data through the routing request. Using the routing
reply module, a suitable communication link is selected
through the link selection function to transmit data. Using
the routing maintenance module, when the data transmis-
sion link fails, it depends on the intermediate node to estab-
lish a new network communication topology, and the data
can continue to be transmitted forward through the new
communication link, which also ensures the data transmis-
sion reliability of the wireless sensor network. As shown in
Figure 10, the flow chart of routing optimization algorithm
based on energy balance mechanism is described.

After selecting the data transmission node through
energy balance, due to the limited energy of the sensor node,
the remaining energy, hops, and load of each node on the
communication link can be taken as the main parameters
for selecting the data transmission path, and then, a network
performance function can be determined as the basis for
selecting the route [9].

If the number of hops from the data transmitting node
to the receiving node is n, the remaining energy of node i
on the data transmission link is Fi and the workload is Ui;
the performance Yi of the node can be expressed as follows:

Yi =
Fi

Ui
: ð5Þ

Fuzzification Fuzzy inference Fuzzy decision

Execution unit

Rule database

Fuzzy control center

Measurement
system

Input value

Output value

Figure 8: Basic structure diagram of fuzzy control system.

Fuzzification Fuzzy inference Fuzzy decision

Rule database

Residual energy
of nodes

Location information
of nodes

Probability of nodes
becoming cluster heads

Figure 9: Basic structure diagram of fuzzy control center.
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The calculation of residual energy variance can be
expressed as

σ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
m
〠
m

i=1
Fi − Fi

� �2s
: ð6Þ

The performance of the data transmission link can be
expressed as

H Yð Þ = ∑n
i=20Fi/FMAX
n × σ

, ð7Þ

where FMAX is the maximum value of node perfor-
mance on the data transmission link. The network perfor-
mance of the node is directly proportional to the residual
energy Fi and inversely proportional to the workload Ui
of the node.

Simultaneous interpreting data from different transmis-
sion links is performed by data receiving nodes, and the best
transmission link is selected on the basis of comparing dif-
ferent link performance. Data transmission nodes transmit
the transmission link as routing data.

5. Experiment and Analysis

When verifying the performance of the energy balance
routing protocol for wireless sensor networks based on
fuzzy control strategy, this paper compares it with the
common EEABR protocol and LEACH protocol. In order
to facilitate the analysis of the results, the number of paths
using multipath routing in the experiment is 3. In the
routing protocol proposed in this paper, the cluster head
of wireless sensor network divides the data packets to be
sent into 6 subpackets, in which each packet has the same
size. Then, all data packets are recoded to generate four
coded packets and sent to the transmission chain in turn,
regardless of the energy consumption during coding. Dur-
ing the experiment, it is necessary to record the running
time of the network, that is, all the data from the first
round until the first node in the network cannot work,
and analyze the data transmission success rate, data
redundancy, energy consumption, and running time of
the network. In order to observe the performance of the

wireless sensor network in normal working state, the
experiment mainly extracts relevant information from var-
ious data generated during network operation for process-
ing and analysis.

During the experiment, the success rate of data transmit-
ted by each data transmitting node in each round is calcu-
lated, and the average value is taken as the data success
rate of the whole network. When the same network param-
eters are adopted, the change of network transmission data
success rate with bit error rate after running different rout-
ing protocols in turn, as shown in Figure 11.

According to the change results of each group’s data suc-
cess rate with bit error rate under different routing protocols,
the data success rate gradually decreases with the increase of
bit error rate. When the bit error rate is small, compared
with other methods, the data success rate of the routing pro-
tocol proposed in this paper decreases the slowest, which
shows that the routing protocol in this paper has good reli-
ability and is not easy to be affected by the bit error rate. It
can still transmit data effectively even in the case of poor
channel conditions.

In order to observe the influence of different routing
protocols on data redundancy in wireless sensor networks,
the data redundancy of sensor nodes in each round of data
transmission is counted until there are stopped nodes in
the network. Then, the data redundancy obtained during
each round of network operation is averaged and taken as
the data redundancy of the whole network. As shown in
Figure 12, it reflects the result that the data redundancy
obtained by using different routing protocols varies with
the bit error rate under the same conditions.

According to the experimental comparison results in
Figure 12, although the data redundancy increases with the
increase of bit error rate under different routing protocols,
the data redundancy generated by using the routing protocol
proposed in this paper is the lowest, and the increase is small
with the increase of bit error rate, which has obvious advan-
tages. It can be seen that the routing protocol proposed in
this paper increases the fuzzy control process, but it is signif-
icantly higher than the other two protocols in the effective-
ness of data transmission.

In order to explore the impact of different routing pro-
tocols on the energy consumption in wireless sensor net-
works, the energy consumption of sensor nodes in each
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routing request
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Routing request

Routing reply

Link performance
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Routing feedback
Optimal link

selection

Establish link
connection

Establish route

Data transmission

Link failure

Loop topology
construction

Route maintenance

Resume
communication

Figure 10: Flow chart of routing algorithm based on energy balance.
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round of data transmission is counted until a node in the
network stops running. Then, the energy consumption of
each round during the operation of the network is aver-
aged as the energy consumption of the whole network.
As shown in Figure 13, according to the experimental
results obtained by using different routing protocols under
the same conditions, the energy consumption varies with
the bit error rate.

According to the experimental comparison results
reflected in Figure 13, with the increase of bit error rate,
the energy consumption of different routing protocols
increases to a certain extent, but the energy consumption
generated by using the routing protocol proposed in this
paper is the lowest, which has significant advantages.
Although the routing protocol proposed in this paper
increases some energy consumption due to the use of fuzzy
control strategy, because the data transmission success rate

and effectiveness are better than other protocols, the corre-
sponding energy consumption is lower, indicating that the
energy efficiency is higher.

In order to test the impact of the routing protocol pro-
posed in this paper on the network running time, data statis-
tics are made on the relationship between the number of
effective nodes and the number of running rounds under
different routing protocols, as shown in Figure 14.

From the comparison results, compared with other
methods, using the routing protocol proposed in this paper
can ensure that more surviving nodes can complete the data
transmission task during the operation of the network. At
the same time, it also shows that although the routing proto-
col proposed in this paper is better in energy efficiency, the
increased fuzzy control processing needs to consume more
energy, which pays a certain price for improving the effec-
tiveness of data transmission and network reliability.
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Figure 11: Variation of transmission data success rate with bit error rate under different routing protocols.

1

10

100

1000

10000

100000

1000000

10000000

100000000

0 0.0002 0.0004 0.0006 0.0008 0.001
Bit error rate

D
at

a r
ed

un
da

nc
y

This method
EEABR
LEACH

Figure 12: Variation of data redundancy with bit error rate under different routing protocols.
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6. Conclusion

Wireless sensor networks had some limitations in routing
protocol design, which led to large energy consumption of
sensor nodes and short network running time. Therefore,
based on the analysis of the working principle of wireless sen-
sor networks, this paper summarized the wireless data trans-
mission model and its characteristics and expounded the key
technologies and application characteristics of wireless sen-
sor networks. By establishing the energy balance model of
sensor nodes, the construction method of energy balance
routing protocol based on fuzzy control strategy was pro-
posed, and the data transmission path was optimized based
on the energy balance theory. Through experimental verifica-
tion and comparative analysis, the results showed that the
energy balanced routing algorithm proposed in this paper

can realize the balanced utilization of energy in the process
of network operation. Compared with other routing proto-
cols, the wireless sensor network routing protocol proposed
in this paper had significant advantages in data transmission
efficiency, data redundancy, energy consumption, and net-
work running time. The method proposed in this paper can
not only provide theoretical reference for the in-depth study
of routing protocols and applications of wireless sensor net-
works but also provide technical support for promoting the
application of wireless sensor networks in related fields.

Data Availability

The labeled data set used to support the findings of this
study is available from the corresponding author upon
request.
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Figure 13: Variation of energy consumption with bit error rate under different routing protocols.
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