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Wireless sensor network technology is widely used in various modern scenarios, and various industries have higher and higher
requirements for the performance indicators of wireless sensor networks. A reasonable and effective layout of wireless sensor
networks is conducive to the monitoring of environmental quality, various transactions, and status and transmits a large
number of sensing data to the data aggregation center for processing and analysis. However, the operation and development of
traditional wireless sensor networks are extremely dependent on the energy supply of the network. When the corresponding
supply energy is limited, the operation life of the corresponding wireless sensor network will be greatly reduced. Based on the
above situation, this paper proposes a nonuniform clustering routing protocol optimization algorithm from the energy loss of
cluster head and clustering form algorithm in wireless sensor networks. At the level of cluster head calculation in wireless
sensor networks, firstly, based on the adaptive estimation clustering algorithm, the core density is used as the estimation
element to calculate the cluster head radius of wireless sensor networks. At the same time, this paper creatively proposes a
fuzzy logic algorithm to further solve the uncertainty of cluster head selection, integrate the residual energy of cluster head
nodes, and finally complete the reasonable distribution of cluster heads and realize the balance of node energy consumption. In
order to further reduce the algorithm overhead of transmission between cluster heads and realize energy optimization, an
intercluster routing optimization algorithm based on the ant colony algorithm is proposed. The pheromone is updated and
disturbed by introducing chaotic mapping to ensure the optimal solution of the algorithm, and the optimal path is selected
from the perspective of energy dispersion coefficient and distance coefficient, so as to optimize the energy consumption
between cluster heads. The experimental results show that compared with the traditional algorithm, the proposed nonuniform
clustering routing protocol optimization algorithm prolongs the corresponding life cycle by 75% and reduces the total network
energy consumption by about 20%. Therefore, the algorithm achieves the purpose of optimizing network energy consumption
and prolonging network life to a certain extent and has certain practical value.

1. Introduction

A wireless sensor network is formed by a large number of
wireless sensors through reasonable layout. It is widely used
in national defense, military, industrial production, and
other activities. The traditional wireless sensor network
communication protocol mainly includes an application
layer, transmission layer, network layer, data link layer,
physical layer, energy management layer, mobile manage-
ment layer, and task management layer. In the correspond-
ing energy management layer, the wireless sensor network
realizes the management of system energy and prolongs

the service life of the system as much as possible. A wireless
sensor is a small unit constituting wireless sensor network,
which is mainly used for specific data acquisition, data pro-
cessing, data storage, and transmission of the monitored
environment. Its corresponding structure is usually small,
so its corresponding power supply part often uses small bat-
tery for power supply [1–3]. When the corresponding wire-
less sensor network is arranged in a harsh environment, the
timeliness of the corresponding battery replacement is weak,
resulting in the downtime of the wireless sensor network
once the battery energy in the environment is exhausted,
so the wireless sensor will not be able to collect, compress,
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and transmit data in a specific area; therefore, it will seri-
ously affect the whole wireless sensor network [4, 5]. There-
fore, based on the above analysis, the energy balance of
wireless sensor networks, the optimization of energy nodes,
and the maximization of network life cycle are important
problems that need to be solved urgently in wireless sensor
networks for the Internet of things [6]. How to optimize
the energy consumption of each node from the whole wire-
less sensor network, so as to optimize the energy consump-
tion of the whole network, realize the balance of energy
consumption of wireless sensor network, and avoid the
problem of excessive energy consumption of individual
nodes, so as to prolong the service life of the network, is very
important and meaningful.

From the routing protocol algorithm level of wireless
sensor networks, its main research contents focus on two
levels: hierarchical routing protocol and planar routing pro-
tocol [7]. The corresponding plane routing protocol mainly
takes the data as the center and continuously sends the cor-
responding data to the corresponding adjacent data nodes in
the form of broadcasting. Generally speaking, the plane
routing protocol is relatively simple, and its corresponding
application scenarios are mostly concentrated in the case of
a small number of nodes. It has no advantages in network
scalability, network delay, and energy consumption balance
[8, 9]. The corresponding hierarchical routing protocol is
mainly based on the idea of clustering. It divides the nodes
into cluster head nodes and conventional nodes. The corre-
sponding conventional nodes are mainly used to collect
sensing data and send it to the corresponding cluster head
nodes. The cluster head nodes are responsible for transmit-
ting the corresponding merged data to the base station for
processing [10]. Based on this conventional hierarchical
routing protocol, the corresponding data transmission
modes are divided into two modes: intracluster transmission
and intercluster transmission. On the problem of corre-
sponding cluster formation, the current main strategies
include clustering algorithm, uniform clustering algorithm,
and nonuniform clustering algorithm. The main purpose
of the corresponding clustering algorithm and uniform clus-
tering algorithm is to effectively balance the corresponding
load among clusters, so as to balance the energy consump-
tion of each cluster head. The corresponding nonuniform
clustering algorithm is mainly used to deal with the uneven
location distribution and energy distribution of network
nodes. Its classical nonuniform clustering algorithm includes
distributed competitive nonuniform clustering algorithm
and fuzzy logic nonuniform algorithm [11, 12]. However,
the above traditional wireless sensor network routing
protocol algorithms have more or less the randomness of
cluster head selection, the subjectivity of cluster head size
selection, and the corresponding routes between cluster
heads fall into the dilemma of local optimization rather than
global optimization. Therefore, the routing protocol algo-
rithm of wireless sensor networks with excellent perfor-
mance is very meaningful.

Based on the above analysis, the current wireless sensor
networks still have unreasonable energy consumption allo-
cation at the level of energy management. At the same time,

the traditional nonuniform clustering routing protocol algo-
rithm can not solve the current problem of reasonable
energy consumption allocation. Based on this, this paper will
start with the cluster head energy consumption and cluster-
ing algorithm of wireless sensor networks and propose a
nonuniform clustering routing protocol optimization algo-
rithm. Firstly, based on the adaptive estimation clustering
algorithm, the core density is used as the estimation element
to calculate the cluster head radius of wireless sensor net-
works. At the same time, a fuzzy logic algorithm is innova-
tively proposed to further solve the uncertain problem of
cluster head selection and integrate the residual energy of
cluster head nodes, The comprehensive factors such as node
density and corresponding node energy consumption finally
complete the reasonable allocation of cluster heads and real-
ize the balance of node energy consumption. In order to fur-
ther reduce the algorithm overhead of transmission between
cluster heads and realize energy optimization, this paper
proposes an intercluster routing optimization algorithm
based on the ant colony algorithm, which updates and per-
turbs the pheromone by introducing chaotic mapping, so
as to ensure the optimal solution of the algorithm, and
selects the optimal path from the perspective of energy
dispersion coefficient and distance coefficient, so as to
optimize the energy consumption between cluster heads.
The experimental results show that the proposed nonuni-
form clustering routing protocol optimization algorithm
for wireless sensor networks extends its corresponding life
cycle by 75% compared with the traditional algorithm, and
its corresponding total network energy consumption speed
is improved. Therefore, the algorithm achieves the purpose
of optimizing network energy consumption and prolong-
ing network life to a certain extent and has certain
practical value.

The chapters of this paper are arranged as follows:
Section 2 mainly analyzes the current research status of
clustering routing protocol algorithm for wireless sensor
networks for the Internet of things and points out the exist-
ing problems. In Section 3, the cluster head allocation prob-
lem will be analyzed and studied based on adaptive
estimation clustering algorithm and fuzzy logic algorithm.
At the same time, the intercluster head routing optimization
algorithm will be optimized based on the ant colony algo-
rithm, so as to optimize the energy consumption between
cluster heads, and finally realize the optimization of nonuni-
form clustering routing protocol algorithm in wireless sen-
sor networks. Section 4 will verify the algorithm and
analyze the experimental results. Finally, a summary of this
paper is made.

2. Related Research Work: Analysis of the
Research Status of Clustering Routing
Protocol Algorithm for Wireless Sensor
Networks for the Internet of Things

In order to solve the energy consumption problem of tradi-
tional wireless sensor networks, the current mainstream
energy management algorithms include random clustering

2 Journal of Sensors



routing protocol algorithm, uniform clustering routing pro-
tocol algorithm, and nonuniform clustering routing protocol
algorithm [13–15]. Based on the above three algorithms, a
large number of research institutions and researchers have
studied and analyzed them. This paper only discusses
uniform clustering algorithm and nonuniform clustering
algorithm. For the uniform clustering algorithm, relevant
Japanese scientists first proposed a hybrid energy-efficient
clustering protocol, which fully considers not only the resid-
ual energy but also the average value of the minimum
achievable energy consumption. The cluster heads with large
energy will compete to select clusters. The cluster heads
corresponding to the algorithm are evenly distributed and
support scalable data fusion, thus effectively prolonging the
data life cycle [16]. Relevant European researchers have pro-
posed a hybrid energy efficient clustering protocol with
fuzzy energy consumption characteristics based on the
hybrid energy-efficient clustering protocol. The correspond-
ing fuzzy energy consumption depends on the node density
and node centripetality. The cluster head can be determined
by comparing the corresponding fuzzy energy consumption.
The corresponding clustering speed of the algorithm is fast,
and the corresponding clustering is relatively uniform,
Therefore, the corresponding energy consumption is also
relatively uniform [17]. However, the uniform clustering
routing protocol algorithm has the phenomenon of large
energy consumption of nodes near the base station and pre-
mature downtime of nodes. Therefore, relevant researchers
proposed a nonuniform clustering routing protocol algo-
rithm to prolong the life cycle of wireless sensor networks
in the form of nonuniform clustering [18]. Relevant Asian
researchers have proposed an improved nonuniform
clustering routing protocol algorithm based on the tradi-
tional nonuniform clustering routing protocol algorithm.
The algorithm randomly selects candidate shots, competes
for the final cluster head within its own cluster radius by
comparing the residual energy, and carries out adaptive cal-
culation based on the calculation formula of nonuniform
clustering radius; the algorithm avoids the energy waste
caused by long-distance data transmission and further
improves the hot spot problem caused by excessive forward-
ing energy consumption of cluster heads [19]. Based on the
above analysis, the above algorithms have more or less prob-
lems, such as unreasonable selection of cluster heads and
excessive energy consumption during transmission between
cluster heads.

3. Analysis of Nonuniform Clustering Routing
Protocol Optimization Algorithm in Wireless
Sensor Networks

This section mainly starts with the cluster head energy
consumption and clustering algorithm of wireless sensor
networks and proposes a nonuniform clustering routing
protocol optimization algorithm. At the level of clustering
algorithm, it is mainly based on the adaptive estimation clus-
tering algorithm and takes the kernel density as the estima-
tion element to calculate the cluster head radius of wireless

sensor networks. At the same time, it further solves the
uncertain problem of cluster head selection based on fuzzy
logic algorithm and integrates the residual energy of cluster
head nodes; the comprehensive factors such as node density
and corresponding node energy consumption finally com-
plete the reasonable allocation of cluster heads and realize
the balance of node energy consumption. In order to further
reduce the algorithm overhead of transmission between
cluster heads and realize energy optimization, this section
proposes an intercluster routing optimization algorithm
based on ant colony algorithm, which updates and perturbs
the pheromone by introducing chaotic mapping, so as to
ensure the optimal solution of the algorithm, and selects
the optimal path from the perspective of energy dispersion
coefficient and distance coefficient, so as to optimize the
energy consumption between cluster heads. The principle
block diagram corresponding to the nonuniform clustering
routing protocol optimization algorithm of wireless sensor
networks analyzed in this section is shown in Figure 1:

3.1. Cluster Head Selection Optimization Algorithm Analysis.
Before the algorithm runs, three models of the algorithm are
established, which correspond to the network model, data
aggregation model, and node energy consumption model.
The corresponding network model is mainly the assumption
of wireless sensor network algorithm. The corresponding
data model is mainly to reduce the corresponding node data
redundancy. The corresponding model is an Iamodel mech-
anism. The length of the data packet after the aggregation of
the corresponding model is shown in Formula (1), where the
corresponding D represents the length of the data packet
after the data aggregation and the corresponding Lr repre-
sents the packet length received by the corresponding node.

LDATA = Lr1 + Lr2+⋯+Lr3 + Lrið Þ ∗ ε + LD: ð1Þ

At the level of corresponding energy consumption
model, the model used by this algorithm is the first-order
wireless communication model, and the corresponding
model principle block diagram is shown in Figure 2. From
the principle block diagram, it can be seen that the
corresponding node energy consumption includes transmis-
sion energy consumption and reception energy consump-
tion, the corresponding transmission energy consumption
includes a transmission circuit and transmission amplifier,
and the corresponding reception energy consumption
includes a signal receiving circuit. The corresponding math-
ematical calculation output energy consumption and receiv-
ing energy consumption is shown

Power L, dð Þ = L ∗ Powerelec + L ∗ d ∗ d, d < d0,

Power L, dð Þ = L ∗ Powerelec + L ∗ d4, d ≥ d0,
ð2Þ

L ∗ Powerelec = PR L,Dð Þ ð3Þ

Based on this calculation formula, the energy consump-
tion distribution formula corresponding to the cluster head

3Journal of Sensors



node can be further obtained. The calculation formula is
shown in

Powerall = PowerR + PowerT + Powerroute + PowerDATA:

ð4Þ

When calculating the cluster head radius of the system
network, it is mainly estimated based on the kernel density.
The corresponding cluster head size mainly depends on the
density of node distribution, the dispersion of node distribu-
tion, and the relative residual energy of nodes. At the node
distribution density level, when the corresponding nodes

are densely distributed, the corresponding load of the cluster
head can be reduced by reducing the cluster head radius, so
as to avoid the rapid failure of the system cluster head. On
the contrary, for the local area with sparse node distribution,
the corresponding cluster head radius can be appropriately
increased; the dispersion of the corresponding cluster head
node will affect the radius of the cluster head node. When
the corresponding wireless sensor network system transmits
data to the cluster head node, the corresponding energy loss
is positively correlated with the distance to the cluster head
node. When the distribution of the corresponding cluster
head nodes is relatively discrete, the wireless sensor network
needs to consume a lot of energy to transmit to the cluster
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head node, at this time, the cluster head radius can be
appropriately reduced to realize the energy consumption of
data transmission in the cluster head. The amount of
residual energy of the corresponding cluster head node is
related to the cluster head radius. The larger the correspond-
ing residual energy is, the larger the corresponding cluster
head radius is. However, with the continuous consumption
of energy of wireless sensor network nodes, the correspond-
ing cluster head radius is decreasing. Therefore, based on the
analysis of the above influencing factors, the corresponding
node adaptive cluster head radius algorithm steps are
as follows:

Step1: the kernel density estimation is calculated based
on the above influencing factors. The corresponding estima-
tion function is shown in formula (5), where the corre-
sponding Li represents I data nodes in the wireless sensor
network and the corresponding k represents the normal ker-
nel function, which reflects the dispersion of the distribution
of data nodes.

Dispersion L/Power,Dð Þ = 1
M

� �
∗

ND 1ð Þ
DS 1ð Þ ∗ Power 1ð Þð Þð

� �
∗ k L − L1ð Þ

� �
,

⋯⋯⋯

Dispersion L/Power,Dð Þ = 1
M

� �
∗

ND 1ð Þ
DS Nð Þ ∗ Power Nð Þð Þð

� �
∗ k L − LNð Þ

� �
:

ð5Þ

Step 2: estimate the local bandwidth of the wireless sen-
sor network. The local bandwidth is still estimated by using
the relevant factors analyzed above. Adaptive bandwidth
estimation is performed after local bandwidth estimation.
The corresponding calculation formula of adaptive band-
width estimation is shown in formula (6), where the corre-
sponding y represents the sensitive factor factor. The larger
the corresponding sensitive factor, the more sensitive the
function estimated based on kernel density is.

Hi = Dispersion
L

Power
,D

� �� �−y

∗ py: ð6Þ

Step3: fit and estimate the cluster head radius based on
the adaptive bandwidth. At this time, the calculation for-
mula of the corresponding cluster head radius is shown in
formula (7). Control the corresponding cluster head radius
between the minimum cluster head radius and the maxi-
mum cluster head radius. It can be seen from the function
that the cluster head radius is inversely correlated with the
kernel density estimation function.

Radius 1ð Þ =H1 ∗ bandwidth,

⋯

Radius ið Þ =Hi ∗ bandwidth:

ð7Þ

Based on the above determination of cluster head radius,
this paper reconfirms the uncertain cluster head based on
fuzzy algorithm. The core algorithm is as follows: firstly,
we calculate the distance between each node of the sensor

network and the base station. The closer the corresponding
node is to the base station, the greater the probability that
it will become an important cluster head node. At the same
time, it is proved that the competitiveness of this cluster
head is strong. Therefore, based on this characteristic, fuzzy
rules are used to further deal with the uncertainty of compe-
tition between cluster heads. The fuzzy inputs used in this
paper correspond to the residual energy of cluster heads
and the distance from nodes to base stations, and the corre-
sponding fuzzy output variables are only limited to the abil-
ity of competing cluster heads. The logic block diagram of
the corresponding cluster head deterministic algorithm
based on fuzzy logic is shown in Figure 3. It can be seen from
the figure that the main two core mechanisms of the fuzzy
logic algorithm are fuzzification processor and defuzzifica-
tion processor, respectively, and the corresponding core
analysis module is fuzzy reasoning module.

Based on the above, we can further determine the cluster
head of wireless sensor network and optimize the selection
of cluster head.

3.2. Analysis of Energy Consumption Optimization Algorithm
among Cluster Heads. In order to further optimize the
energy optimization between cluster heads of wireless sensor
networks, this section optimizes the routing algorithm
between cluster heads of wireless sensor networks based on
ant colony algorithm, so as to reduce the output transmis-
sion energy consumption between cluster heads. This paper
mainly optimizes the transition probability formula in the
traditional ant colony algorithm. In the traditional algo-
rithm, only a single distance index is used as the heuristic
factor, which will essentially lead to the excessive consump-
tion of node energy between cluster heads. Therefore, this
section considers the transfer probability formula of the
ant colony algorithm from the front-end and back-end
levels. At the corresponding front-end level, the pheromone
heuristic factor and distance factor between cluster heads are
mainly considered. At the back-end, the balance degree of
cluster heads between nodes and the tolerance of the balance
degree are mainly considered. Combined with the factors of
the front-end and back-end, the corresponding transfer prob-
ability formula of the improved ant colony algorithm is shown
in formula (8), in which the corresponding B represents the
concentration heuristic factor of information elements, the
corresponding C represents the path heuristic factor of cluster
head transmission, and the corresponding W represents the
importance of the above two heuristic factors.

TP B, C,Wð Þ = w ∗ c ∗ bj 1ð Þ� �
c ∗ bi 1ð Þ 1+djb/∑dð Þ +⋯+

w ∗ c ∗ bj tð Þ
� �

c ∗ bi tð Þ 1+djb/∑dð Þ :

ð8Þ

Based on this, the principle and steps of the intercluster
energy consumption optimization algorithm based on the
improved ant colony algorithm are shown in Figure 4 below.
It can be seen from the figure that the details of the corre-
sponding algorithm are as follows:
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Step 1: initialize the parameters of the wireless sensor sys-
tem. The corresponding initialization information includes
initialization pheromone, node initial energy, heuristic factor,
and other parameters.

Step 2: perform iterative processing based on ant colony
algorithm on the corresponding source cluster head and
update it in time.

Step 3: constantly check whether there is a next hop
node to be selected in the adjacency table. If it does not exist
at this time, continuously expand the search radius and
update the adjacency status in time until it is found.

Step4: select the next hop node of the wireless sensor
network based on the improved transition probability
formula, record the corresponding update node and path
information, and update the local information.

Step 5: judge whether the number of iterations has been
reached. If not, repeat steps 2-4 until the algorithm is
terminated.

4. Experiment and Data Analysis

In order to verify the algorithm proposed in this paper, it is
simulated and verified based on MATLAB. The correspond-
ing verification experiments mainly include two cases: the
base station of wireless sensor network is located in the mid-
dle of the network and the base station of wireless sensor
network is not located in the middle of the network. In order
to further control the variables, the corresponding simula-
tion sensor is set to 200, and the traditional cluster head
selection mechanism is introduced into the cluster head
selection mechanism for comparative experiments. In the
algorithm evaluation index, this paper selects the wireless
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sensor network life and energy consumption efficiency as the
evaluation index.

Experiment 1. The base station of wireless sensor network is
located in the middle of the network.

Based on the comparative experiment between the algo-
rithm proposed in this paper and the traditional algorithm,
the corresponding node survival number experimental
results are shown in Figure 5. It can be seen from the figure
that the corresponding node failure rate of the algorithm
proposed in this paper is low, and the corresponding node
failure rate continues to slow down with the passage of time,
while the traditional algorithm is still relatively steep, so the
overall network life becomes longer.

The corresponding Figure 6 shows the corresponding
network average energy residual curve under the two algo-
rithms. From the figure, it can be seen that the algorithm
proposed in this paper has more residual energy than the
traditional algorithm. At the same time, the gap between
the residual energy is further widened with the passage of

time, which further highlights the advantages of this algo-
rithm at the level of node energy consumption balance.

Experiment 2. The base station of wireless sensor network is
not located in the middle of the network.

Based on the comparison experiment between the
proposed algorithm and the traditional algorithm, the
corresponding node survival number experimental results
are shown in Figure 7. It can be seen from the figure that
in this case, the corresponding node failure rate of the pro-
posed algorithm and the traditional algorithm is not differ-
ent, but on the whole, the failure rate of the proposed
algorithm is still slightly lower, At the same time, its corre-
sponding node failure rate decreases with the passage of
time, so the overall network lifetime still has advantages over
traditional algorithms.

The corresponding Figure 8 shows the corresponding
network average energy residual curve under the two
algorithms. It can be seen from the figure that the algorithm
proposed in this paper still has advantages over the
traditional algorithm in terms of the corresponding node
residual energy. At the same time, the gap between the resid-
ual energy and the traditional algorithm is further widened
with the passage of time. Therefore, it further highlights
the advantages of this algorithm in node energy consump-
tion balance.

In the verification of the corresponding intercluster head
routing algorithm, this paper makes an experimental analy-
sis on the energy efficiency between cluster heads based on
scenario 2. The experimental results also verify that the clus-
tering routing optimization algorithm under this algorithm
consumes less energy than the traditional algorithm in data
transmission between cluster heads, so the corresponding
wireless sensor network has better stability at this time.
According to the above experimental results, it can be fur-
ther analyzed that the corresponding uniform algorithm
and the traditional nonuniform algorithm have the problem
of excessive energy consumption. At the same time, it also
further proves the disadvantages of the uniform algorithm
in the nonuniform scene and the uncertainty problem of
the traditional nonuniform algorithm.
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Based on the above experimental results, it can be seen
that the proposed algorithm has obvious advantages over
the traditional algorithm.

5. Conclusion

This paper mainly analyzes and studies the current research
status of clustering routing protocol algorithms for wireless
sensor networks for the Internet of things, focuses on the
problems existing in nonuniform cluster routing protocol
algorithms, and optimizes and improves the traditional algo-
rithms for the corresponding energy management problems.
This paper uses the adaptive estimation clustering algorithm
and takes the kernel density as the estimation element to
realize the optimal selection of cluster heads and the
establishment of cluster head mechanism in wireless sensor
networks. At the same time, a fuzzy logic algorithm is inno-
vatively proposed to further solve the uncertain problem of
cluster head selection and integrate the residual energy of
cluster head nodes, and the comprehensive factors such as
node density and corresponding node energy consumption

finally complete the reasonable allocation of cluster heads
and realize the balance of node energy consumption. In
order to further reduce the algorithm overhead of transmis-
sion between cluster heads and realize energy optimization,
a routing optimization algorithm between cluster heads is
proposed based on the ant colony algorithm. The phero-
mone is updated and disturbed by introducing chaotic map-
ping, so as to ensure the optimal solution of the algorithm,
and the optimal path is selected from the perspective of
energy dispersion coefficient and distance coefficient; thus,
the energy consumption between cluster heads is minimized.
The experimental results show that compared with the tradi-
tional algorithm, the corresponding life cycle of the pro-
posed nonuniform clustering routing protocol optimization
algorithm for wireless sensor networks is prolonged by
75%, and the total energy consumption speed of the corre-
sponding network is improved. In the follow-up research,
this paper will focus on more factors affecting the selection
of cluster heads, control and deal with their factors, and
study the corresponding processing algorithms to realize
the global optimization of system network parameters, so
as to further reduce the energy consumption of wireless sen-
sor networks and prolong the life cycle of the system.
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