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Abstract—The existing routing protocols such as LEACH and its improve-
ments balance the overall energy consumption of the network by electing cluster
heads looping and randomly. However, it also causes defects such as different
cluster sizes and uneven cluster head distribution, resulting in uneven energy
loss. In response to these shortcomings, this paper proposes a new routing proto-
col called AOCRP based on automatic optimization of clustering. The AOCRP
has an optimized and fixed number of clusters, and the cluster head distribution
is relatively uniform. It can adjust the number of nodes in each cluster automati-
cally during the operation and maintain the number of nodes the same in each
cluster during each round. The AOCRP balances node energy loss and extends
the life cycle of wireless sensor networks. Simulation experiments show that the
performance of this protocol is better than EH-LEACH and DEEC in extending
the network lifecycle and data transmission.

Keywords—wireless sensor network, AOCRP, energy heterogeneity, opti-
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1 Introduction

Routing protocols are important foundation for wireless sensor network (Wireless
Sensor Network, WSN) applications. In wireless sensor network applications, routing
protocols are critical for the monitoring activities of sensor networks. In the environ-
mental monitoring, such as forest fire, geological disaster monitoring and early warn-
ing, the monitoring data of the sensor nodes must be transmitted to the control center[1-
2]. Due to the energy limitation of micro-sensor nodes and the dense deployment of
WSN and unattended application characteristics, it is difficult for nodes to add energy.
These factors determine the primary way to extend the WSN life time is to balance
energy consumption efficiently.[3-5]. Therefore, it is important to study efficient and
low-energy wireless sensor network routing protocols.

Classification from the perspective of network topology, WSN routing protocols can
be divided into planar routing protocols and hierarchical (clustered) routing protocols.
Because the plane routing protocol needs to maintain a large routing table and no data
fusion during operation, the node consumes a large amount of energy and is not suitable
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for use in large-scale networks. The clustering routing protocol adopts data fusion tech-
nologies. Before the data is sent to the base station, the cluster head is used to fuse and
compress the data sent by the common node, which greatly reduces the energy con-
sumption of the node. The LEACH (Low Energy Adaptive Clustering Hierarchy) pro-
tocol is the most representative hierarchical routing protocol. Heinzelman et al. first
proposed a clustering routing protocol, which is a representative of the classical clus-
tering routing protocol [6-7]. Since then, many scholars have improved and optimized
on this basis from different levels. Such as Huang Lixiao, Wang Hui, Yuan Liyong et
al. proposed an LEACH-improved protocol algorithm for WSN based on energy load
balancing [8]. The DEEC protocol was proposed by Qing L, Zhu Q X, Wang M W|[9].
An improved energy heterogeneous clustering routing algorithm was proposed by Li
Anchao and Chen Guifen[10]. Gupta S K, Kuila P, Wei C J, and Wang W have opti-
mized and improved cluster-based routing protocols [11-14].

LEACH and a series of improved clustering routing protocols are all based on the
cyclical random election of cluster heads to balance the overall energy consumption of
the network, However, they also have many defects such as the cluster head distribution
may be uneven, and there may be too many or too few cluster heads, the number of
nodes in each cluster is quite different, and the energy loss is uneven. In response to
these shortcomings, a new routing protocol for wireless sensor network based on auto-
matic cluster optimization (Routing Protocol for Wireless Sensor Network Based on
Automatic Cluster Optimization, AOCRP) is proposed. The protocol has an opti-
mized and fixed number of clusters, can adjust the number of nodes in each cluster
during operation automatically to make the number of nodes of each cluster the same,
balances the node energy loss, and prolongs the life cycle of the WSN.

In this paper, the development and main defects of the clustering routing protocol
are introduced in the first section. The principle of the EH-LEACH (Energy Hetero-
geneous Low Energy Adaptive Clustering Hierarchy, EH-LEACH)  protocol is de-
scribed in Section 2, which is a classic LEACH(Low Energy Adaptive Clustering Hi-
erarchy, LEACH) protocol with different energy levels for sensor nodes. The principle
of the DEEC routing protocol is discussed in Section 3, which is a clustered routing
protocol based on the LEACH routing protocol. The principle and implementation of
the AOCRP routing protocol are proposed in Section 4. Simulation experiments and
comparative analysis of EH-LEACH routing protocol, DEEC routing protocol and
AOCRP routing protocol are expressed in Section 5. Through theoretical analysis and
simulation experiments, it is concluded that the AOCRP routing protocol is better than
the EH-LEACH protocol and the DEEC routing protocol in Section 6.

2 EH-LEACH routing protocol

The Energy Heterogeneous Low Energy Adaptive Clustering Hierarchy (EH-
LEACH) mentioned in this paper is the same as the LEACH protocol except that the
energy of the sensor nodes is different. Each node becomes a cluster head node ran-
domly in a cyclic manner. The data is merged at the cluster head and transmitted to the
sink node. The EH-LEACH protocol has the advantages of hierarchical cluster structure
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and dynamic allocation of cluster head nodes. Especially when dealing with highly cor-
related data, most of the redundant data can be eliminated, therefore, it has better per-
formance in terms of energy consumption. The threshold function for selecting a node
to become the cluster head is set to

— P __ifneG
T() = |o(rmoad) 0
0,otherwise

Where p is the average probability that the node will be elected as a cluster head,
represents the current number of running rounds, G denotes the set of nodes that the
node still fails to serve as the cluster head after 1/p round. r mod 1/p indicates the num-
ber of nodes that have not been elected to the cluster head. The node n; generates a
random number between 0 and 1 as a probability threshold to determine whether to be
elected as a cluster head. In each round of cluster head election process, there may be
too many or too few cluster heads, and the cluster heads are distributed unevenly, which
is likely to be concentrated in a certain area, which will cause the energy consumption
of the cluster head nodes to be larger.

3 DEEC routing protocol

The DEEC (Distributed Energy-Efficient Clustering algorithm, DEEC)[9] routing
protocol is a multi-level clustering routing protocol based on the LEACH routing pro-
tocol. The nodes in each cluster are elected as cluster heads in turn. Since the initial
energy of each node is different, the probability that the nodes become cluster heads is
different. The initial energy and residual energy of the node are considered by the
DEEC routing protocol, which relatively prolongs the life cycle of the network. If the
N sensor nodes are deployed in the test area evenly, the ratio of the number of cluster
heads to the total number of nodes is popt, then the probability for the node to become a
cluster head is

Pi = Dopt )

Where £ @ s the remaining energy of node i in the r-th wheel, E0) s the average
remaining energy of the current network.

The threshold function of the node s; in each round selected as the cluster head in
the DEEC routing protocol is:

bi
1
T(Si) = 1—pi(r modp—i

0,otherwise
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Where G is a set of 1/p; rounds that are not selected as cluster head nodes; P; is the
probability that the node s: is selected as the cluster head, r is the current number of
rounds.
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The DEEC routing protocol is improved on the basis of the LEACH routing protocol.
The main part of the improvement is to consider the residual energy of the node when
selecting the cluster head, but does not consider the influence of the location of the
cluster head node. Compared with the LEACH routing protocol, the energy consump-
tion of the cluster head node of the DEEC protocol is more balanced. However, the
problem of excessive or too few cluster heads and uneven cluster head distribution has
not been solved.

4 AOCRP routing protocol

4.1 Network model

It is assumed that N sensor nodes are randomly distributed in a square area of M*M
or a rectangular area of LxM, and the environment is continuously monitored.

1. The sensor network is a static network, and the sensor nodes and base stations are
no longer moved after deployment and the node locations are known. Each node has
a global unique id identifier.

2. All nodes are energy isomerized, and their energy is limited and cannot be replen-

ished;

. Each node has the same function and has the ability to fuse data;

. The base station is located outside the observation area, and the energy is not limited;

5. The wireless transmit power of the node is controllable, that is, the node can adjust
its transmit power according to the distance of the receiver;

6. The network nodes are all duplex communication and can communicate directly
with the base station. The energy consumed from node i to node j is equivalent to
the energy consumed from node j to node i.

FENS]

4.2  Energy consumption model

The communication model is the same as the first-order radio model in the LEACH
protocol, As shown in Figure 1.
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Fig. 1. Radio communication model

The energy consumption for sending a k-bit packet to a target node of distance d
is[15]:

KE o + kepsd?d < d,

= 4
Erx(l, @) {kEelec + kenpd*d > d, @

Where E7rx is the energy consumption for transmitting data, Eerc represents the en-
ergy consumption of the circuit portion when the sensor node transmits or receives 1
bit of data. When the transmission distance d of the signal is less than a certain threshold
do, the transmission energy is calculated according to the Free Space Model. The energy
consumption value of the transmission power amplifier is proportional to the square of
the transmission distance d; When the transmission distance d of the signal is greater
than the threshold dy, the transmission energy consumption is calculated according to
the Multi Paths Model. The power consumption value of the transmission power am-
plifier is proportional to the fourth power of the transmission distance d. Among them,

€ € . .. .

% and "™ are the energy consumption parameters of the transmission power ampli-
fier under the above two energy consumption models respectively. The critical value
do can be calculated as follows:

dy= |-L (5)

Emp

The energy consumed by the receiving circuit to receive k bit data is calculated as
follows:

Epx(k) = KEgjec (6)
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4.3  Optimal clustering

The number of cluster heads in the clustering routing protocol has a great impact on
the node's energy consumption and network life cycle. According to the literature [16],
the optimal number of cluster heads can be found as:

_ /N-st M
kopt - - ‘2 (7)
V2mEmp  diops

Where €5 and Emp are the energy consumption parameters of the transmission
power amplifier under the two energy consumption models of the free space channel
model and the multipath fading channel model. N is the number of nodes, M is the
length of the area, and duss is the distance from the node to the base station. The optimal
cluster head number ko is related to the coverage area M? of the node, the total number
of nodes N, and the distance from the node to the base station. When N=100, M=100m,
the distance between the base station and the nodes in the network ranges from
75m<diwps<185m. It can be seen that the optimal cluster head number ranges from
1<kopr<6. It is also possible to determine the optimal number of clusters more accurately
through simulation experiments.

4.4  Cluster establishment phase

1. Clustering: After determining the optimal cluster number k of the entire measure-
ment area of the wireless sensor network, the base station divides the measurement
area into k cluster areas evenly. The base station sends the coordinate range of each
cluster area to all nodes. The node determines the cluster according to its coordi-
nates, and sends the cluster number, node energy and coordinates to the base station.

2. Adjust the number of nodes in the cluster area: The base station counts the number
of nodes in each cluster area and adjusts the number of nodes in each cluster area to
be consistent. In addition, calculate the sum of the average initial energy of all nodes
in each cluster area, and the average distance from all nodes in the cluster area to the
base station and send finally it back to all nodes.

3. Cluster head election: In the first round, the base station specifies the energy maxi-
mum node of each cluster area as the cluster head, and thus each cluster area has a
cluster head. At the beginning of the second round, each node transmits the last func-
tion of the next round of the cluster function, and the value of the election function
f(i), which is the next round of the cluster head, is transmitted to the cluster head
together with the observation data and the remaining energy value of the node. The
data is then fused and compressed at the cluster head, and the compressed data along
with the number of nodes of the cluster are transmitted to the base station.

Assume the calculation of the cluster head election function f{i) of node i running in
r round, cluster area j:

F() =a- - 4 (1 — q) - BimaxRitos) (8)

onavr Rjav‘r
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Where: E; is the residual energy of node i in r-round, Egjav is the initial average
energy of all nodes in cluster j, Rjmax is the maximum distance from node to base
station of cluster j, Riws is the distance from node i to base station, Rja» is the average
value of the distance from the node to the base station of the cluster area j, a is the
balance factor of the node energy and the distance, and the value of a is 0.1 to 0.9. The
smaller the value of a, the greater the distance from the node to the base station; the
larger the value of a, the greater the residual energy of the node. It can be seen from the
simulation experiments that the balance factor a has a value of 0.5 to 0.7. Each node
calculates its own f{i) value and sends it to the cluster head. Each current cluster head
selects the node with the maximum value of f{i) in each cluster area as the cluster head
of the next round according to the received election function f{i) value, and broadcasts
to the entire cluster, and proceeds to the next round of data transmission.

4.5  data transmission phase

After the intra-cluster node receives the CDMA(Code Division Multiple Access,
CDMA) coding mode and TDMA(Time Division Multiple Address, TDMA) time
slot allocated by the cluster head, the AOCRP routing protocol enters the stable data
transmission phase. The environmental monitoring data is continuously acquired by the
node, and the task of transmitting data to the cluster head node is completed within a
given TDMA time slot. In order to reduce the energy consumption of the node, after
the data is transmitted, the node turns off the signal transmitter and enters a sleep state.
The data fusion process is performed at the cluster head node and the processed data is
transmitted to the base station.

5 Results

5.1  Simulation parameter settings

The simulation experiments of EH-LEACH routing protocol, DEEC routing proto-
col and AOCRP routing protocol were carried out using MATLAB R2014a simulation
software. The simulation scene is a rectangular area of 120mx80m. The total number
of nodes is N=120, the nodes are randomly distributed, and the base station (or Sink) is
located 80m directly above the area, as shown in Figure 2. The simulation parameters
are shown in Table 1.
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Fig. 2. Schematic diagram of random distribution of sensor nodes

Table 1. Simulation parameters

parameter name parameter value
Network range /m (0,0)~(120,80)
Sink location /m (60, 160)
Number of nodes 120
Initial energy /J 0.5~1
Data pack /bit 2000
Control package /bit 50
p 0.05
Etx /nJ/bit 50
Erx /nJ/bit 50
Eda /nJ/bit 5
Efs /pJ/bit/m2 10
Emp /pJ/bit/m4 0.0013
5.2 Determine the optimal number of clusters

For the AOCRP routing protocol, the optimal number of clusters needs to be deter-
mined first. According to the size of the wireless sensor network measurement area, the
total number of nodes, the distance from the node to the base station and other param-
eters are obtained through theoretical calculation or through simulation experiments to
obtain the optimal number of clusters. The 120mx80m area of the wireless sensor net-
work is divided into 1, 2, 3, 4, 6 and 8 cluster areas respectively, and the experiment is
carried out under the environment with uniform node distribution. The experimental
curves are shown in Fig. 3 and Fig. 4.
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Fig. 3. 30% node death curve of AOCRP algorithm
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Fig. 4. Packet transmission curve of AOCRP algorithm
It can be seen from Fig. 3 and Fig. 4 that, under a given area size and total number
of' nodes, considering 30% of the node dead time and the data throughput of the wireless

sensor network, the three cluster areas are optimal. Figure 5 is a schematic diagram of
division into three cluster regions.
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Fig. 5. Schematic diagram of division into 3 cluster regions

5.3  Analysis of simulation results

The EH-LEACH, DEEC, and AOCRP routing protocols were each tested 100 times.
In each experiment, 120 sensor nodes were randomly generated, as shown in Figure 2.
The initial energy of each node is heterogeneous. When conducting the AOCRP routing
protocol experiment, first determine the optimal cluster number £ (in the experimental
environment given in this paper, find £=3), and the entire region is divided into k iden-
tical cluster areas. The balance factor in the election function f(i) takes a = 0.6. The
node survival number of the 100-pass experiment and the average value of the data
packets sent to the base station were taken as experimental results, and a comparison
curve was drawn. In each experiment, the nodes of the EH-LEACH, DEEC, and
AOCRP routing protocols are identically distributed, and the initial energy of the same
node is the same, that is, the operating environments of the three clustering routing
protocols are exactly the same. In our experiments, the effects of random factors such
as wireless channel interference and signal collisions were ignored.

Network life cycle. The number of surviving nodes in the whole network changes
with the running time of the network to reflect the length of the network life cycle, and
thereby act as an important indicator that reflects the efficiency of the algorithm. The
images of the number of surviving nodes over time by different algorithms can more
intuitively compare the changes of the network life cycle in different algorithms.

The comparison of the number of surviving nodes for three different routing proto-
cols is shown in Figure 6. The first node of the AOCRP routing protocol dies at 3.94
times of the EH-LEACH routing protocol, and the 30% node dies at 2.65 times the EH-
LEACH routing protocol. The 50% node death time is EH-LEACH routing protocol.
2.07 times. The first node of the AOCRP protocol dies 2.05 times of the DEEC routing
protocol, 30% of the nodes die 1.54 times of the DEEC routing protocol, and 50% of
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the nodes die 1.58 times of the DEEC routing protocol. This shows that the AOCRP
protocol distributes the energy loss more evenly among all nodes, avoiding the prema-
ture death of a single node due to excessive energy loss. The death of the network can
be considered when the number of dead nodes in the wireless sensor network occupies
a certain proportion. As can be seen from Figure 6, the AOCRP routing protocol ex-
tends the superior performance of the wireless sensor network life cycle.
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Fig. 6. Comparison of the number of surviving nodes in three different routing protocols

The AOCRP protocol improves the life cycle of the network by improving the clus-
ter head election mechanism, making the cluster heads more evenly distributed, adjust-
ing the number of nodes in each cluster to be the same in each round, and reducing the
premature death of some nodes due to fast energy consumption.

Network throughput. Network throughput refers to the amount of data sent by each
node in the network during communication with the base station.

Figure 7 is a comparison of network throughput of three different routing protocols,
that is, the relationship between data packets received by the base station and time. The
total number of packets sent by the AOCRP protocol is 1.89 times that of EH-LEACH
and 1.48 times that of DEEC. This is because the cluster head election of the EH-
LEACH routing protocol does not consider the energy of the nodes. The cluster heads
of the elections are unevenly distributed. Some cluster heads communicate with the
base station at a long distance, causing their load to be too large and the energy to be
exhausted quickly, resulting in premature death. The number of nodes in the network
is reduced, and the coverage area is reduced. Although the cluster head election of the
DEEC routing protocol considers the node energy, the cluster heads of the election are
not evenly distributed. Some cluster heads are far away from the base station, and the
energy is quickly exhausted and causes premature death. This further illustrates that
AOCRP can save network energy consumption and improve sensor energy utilization.
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Fig. 7. Comparison of network throughput of three different routing protocols

The AOCRP protocol optimizes the clustering and automatically adjusts the number
of nodes in each cluster area to make the cluster heads more evenly distributed, thereby
reducing the communication load of some nodes, and also reducing too much of energy
consumption by some of the nodes, so that the nodes can send more data packets lead-
ing to higher energy utilization of the sensor nodes.

6 Conclusion

The theoretical analysis and simulation results show that the proposed AOCRP rout-
ing protocol is superior to the classical EH-LEACH routing protocol and DEEC routing
protocol in network lifetime and network throughput performance. The AOCRP rout-
ing protocol has an optimized and fixed number of clusters, automatically adjusts the
number of nodes in each cluster, and makes the number of nodes in each cluster the
same, and the cluster head distribution is relatively uniform. The AOCRP routing pro-
tocol overcomes the many shortcomings of the LEACH routing protocol and a series
of improved routing protocols, such as the random generation of cluster heads, incon-
sistent number of nodes in each cluster, and uneven distribution. Since the AOCRP
routing protocol keeps the cluster size the same, the cluster head distribution is rela-
tively more uniform, which equalizes the node energy loss, prolongs the life cycle of
the wireless sensor network, and increases the network throughput.
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