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Abstract. In coal mine, the routing protocol in Wireless Sensor Network
(WSN) based on fog computing can effectively achieve combination the mon-
itoring task with the computing task, and provide the correct data forwarding
path to meet the requirements of the aggregation and transmission of sensed
information. However, the energy efficiency is still taken into account,
especially, the unbalance of energy consumption. 5G is a technical system of
high frequency and low frequency mixing, with characteristics of large capacity,
low energy consumption and low cost. With the formal freeze on 5G NSA
standards, 5G networks are one step closer to our lives. In this paper, a
centralized non-uniform clustering routing protocol based on the residual energy
and communication cost. The protocol considers all nodes as candidate cluster
heads in the clustering stage and defines a weight matrix P. The value of the
matrix elements takes into account the residual energy of nodes and the cost of
communication between nodes and cluster heads, selected as the basis for the
cluster head. When selecting a cluster head, each time a node with the largest
weight is selected from a set of candidate cluster heads, other candidate cluster
heads within the competition range abandon competition, and then updates the
candidate cluster head set. Experimental results show that the protocol
optimized in this paper can effectively extend the network life cycle.

Keywords: Wireless sensor network � Cluster-based routing protocol �
Non-uniform clustering � Multi-cluster-head cluster � 5G

1 Introduction

The deployment of wireless sensor network does not require basic infrastructure, Nodes
can form a network in a self-organized manner instead of using linear circuits. which
gives the wireless sensor network in mine monitoring a broad application space.

Wireless sensor network is a network that deployed by a large number of sensor
nodes deployed in a certain area in an ad-hoc manner. The energy in the sensor node is
provided by the battery. The wireless sensor network is generally deployed in the
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unreachable area, so the sensor node cannot be replenished by replacing the battery.
This makes the energy factor determine the life cycle of the wireless sensor network.

This paper proposes a centralized non-uniform clustering routing protocol based on
the residual energy and communication cost based on the protocol proposed by
Professor Li et al. [1]. This paper defines the weight matrix P, its element P[i, j]
represents the node i as the weight of the cluster head node j. This paper also defines
the weight of the node i is the sum of the row of the matrix P. When the nodes compete
for the final cluster head, the node with the largest weight is selected as the optimal.
The other nodes within the competition radius abandon the competition as ordinary
nodes. This method has improved the life cycle of the network and reduced the residual
energy variance of the nodes in the network.

2 Related Works

A Wireless Sensor Network (WSN) consists of enormous amount of sensor nodes.
These sensor nodes sense the changes in physical parameters from the sensing range
and forward the information to the sink nodes or the base station [2, 3]. Fog computing
(FC) has received a great deal of attention in current period [4, 5]. FC can be viewed as
an extension of cloud computing that services the edges of networks. Current research
trends from areas [6–8], such as from Internet of Things and fog computing use sensors
as the source of data [9–11]. Sharma, Suraj et al. [12] proposed a method which builds
a routing path using each active grid head which leads to the sink. Data packets
generated at any source node are routed directly through the data disseminating grid
head nodes on the routing path to the sink. Li et al. [13] proposed a cooperative-based
model for smart phone tasks. The rewards to each user with a smart sensor are
distributed according to the region density. Lee et al. [14] presented a gateway based
fog computing architecture for WSANs and argue that the key requirements of this
architecture. This architecture mainly consists of master nodes and slave nodes, and
manages virtual gateway functions, flows, and resources. Chakraborty et al. [15]
presented the dynamic Fog, a high level programming model for time-sensitive
applications that are geospatially distributed, large-scale, and latency sensitive. They
analyzed the fog model with healthcare datum, more specifically with heart rate datum
that is one of the most time-sensitive medical data which deals with life and death
situations. Nunes et al. [16] anticipated the future by discussing a new generation of
security and privacy mechanisms targeting specifically.

3 Clustering Routing Protocol

In this paper, the centralized unequal clustering routing protocol based on energy of
node left and communication cost is an improvement of the protocol, which mainly
improves in cluster head competition algorithm. The protocol considered the energy of
node left when selecting the final cluster head, but the selection of the candidate cluster
heads was random. While if candidate cluster heads selected do not contain higher
residual energy, it is impossible to guarantee that the final cluster head has a higher
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residual energy, thus affecting the balance of energy consumption of the network. The
Cluster Head Competition Algorithm proposed in this paper has made two improve-
ments to the algorithm: ① all nodes were treated as candidate cluster heads. ② When
selecting the final cluster head consider energy of node left and communication cost
between member nodes and cluster heads. Multi-hop routing in clusters is the same as
EEUC.

3.1 Cluster Head Competition Algorithm

The algorithm assumes that the node knows its own location. In the initialization phase
after network deployment, all nodes and sink nodes communicate at once, and the
nodes report their location and residual energy to the sink node. Cluster Head Selection
Algorithm is performed by the sink node.

The Cluster Head Selection Algorithm proposed in this paper makes the following
assumptions about wireless sensor networks:

(1) Each sensor node has unique ID, and all nodes are randomly distributed in the test
area;

(2) After the node is deployed, it is location no longer changes and the energy cannot
be replenished again. The location of the sink node has been fixed, with strong
computing power and infinite energy.

(3) All nodes are homogeneous, that is to say, all nodes share the same computing
power and communication capacity, and have the probability to be cluster head
nodes or member nodes.

(4) The node has the ability to perceive position;
(5) Each node in the network collects data periodically and always has to send data;

The paper assumes that each node has data to send in each round, and the length of
each data packet is constant. As a result, if the initial energy of sensor node is known
the residual energy of sensor nodes based on clustering situation can be estimated.

Cluster Header Selection Algorithm is performed by the sink node. In Cluster
Building Phase, sink node send clustering information to all the nodes in the network,
clustering information includes whether the node is cluster head, and should also
include the next-hop routing information of the node if it is, include it’s cluster head
nodes if not.

In Communication Phase, member nodes report the finish of data collection to
cluster head node. The cluster head communicates with the sink node in a multi-hop
method. The selection of the next hop routing node of the cluster head node is the same
as that of propose protocol.

3.2 C-EEUC Protocol

Firstly, the paper analyzes the energy consumption of nodes in the protocol theoreti-
cally. The sensor node consists of four parts: sensor module, processor module,
wireless communication module and energy supply module. Sensor modules and
processor modules consume only a small amount of energy [17, 18]. The paper only
considers the energy consumption of communication modules.
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When the sensor node is sending data, the relation between energy consumption
and communication distance of wireless communication is [19]:

E ¼ kdn ð1Þ

Where, d is the distance between the transmitting node and the receiving node, and the
parameter n is the signal reduction factor, which generally is the real number ranges
from 2 to 4.

Assuming that the model of free-space path consumption is adopted when the
distance between two nodes is less than d0, the model of multi-path fading is adopted
when the distance is greater than d0 [20], and d0 is the distance, which is a constant
variable, d0 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

efs=emp
p

, efs is the energy consumption coefficient of power amplifier
in the model of free-space path consumption, emp is the energy consumption coefficient
of power amplifier in the multi-path fading model.

When the sensor node is receiving data, the energy consumed by receiving data of
k bit is as follows:

E ¼ Eelec� k ð2Þ

Where, Eelec is the energy consumed by accepting one digit of data in the receiver
circuit.

4 Experimental Simulation

4.1 Network Model

In order to compare the EEUC protocol with the protocol proposed in this paper, two
sets of experiments are carried out in this paper. In the first experiment, 100 wireless
sensor nodes are randomly deployed in the region. Suppose the coordinates of the
lower left corner of the region are (0, 0) and the coordinates of the sink node are
(150, 50). In the second experiment, 200 wireless sensor nodes are randomly deployed
in the 200 * 200 region. Suppose the coordinates of the lower left corner of the region
are (0, 0) and the coordinates of the sink node are (250, 100). In reference [1], the
network performance is optimal when T = 0.4, R0

c ¼ 90 and c = 0.5. Therefore, we
initiate the parameters in the same way. The value of p in the LEACH protocol is 0.03.
The influence of R0

c and c on the network performance in C-EEUC protocol is the next
research goal of this topic. In this paper, the experimental parameters are chosen as the
experimental contrast. We use MATLAB as the experiment platform.
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4.2 Simulation Experimental Parameters

The experimental parameters of first group are shown in Table 1.

The experimental parameters of second group are shown in Table 2.

4.3 Experiment Results

In this paper, we compare LEACH protocol, EEUC and C-EEUC from three aspects:
network life cycle, network energy consumption and node residual energy variance.
Experiment results show that the proposed C-EEUC protocol is better than LEACH
and EEUC in these three aspects. Define the time when the first sensor node is dead as
the life time of the network.

Figure 1 shows the LEACH, EEUC and the number of rounds-remaining nodes of
the algorithm proposed in this paper under the condition that 100 nodes are randomly
arranged in the network coverage of 100 m * 100 m.

Table 1. Parameters in the first group experiments

Network parameters Value

Range (0, 0) to (100, 100)
Number of sensor nodes 100
Coordinates of sink node (150, 50)
Node initial energy 0.5 J
Packet length 4000 bit
Eelec 50 nJ/bit
EDA 5 nJ/bit
Efs 10 pJ/(bit * m2)
Emp 0.0013 pJ(bit * m4)

Table 2. Parameters in the second group experiments

Network parameters Value

Range (0, 0) to (200, 200)
Number of sensor nodes 200
Coordinates of sink node (250, 100)
Node initial energy 0.5 J
Packet length 4000 bit
Eelec 50 nJ/bit
EDA 5 nJ/bit
Efs 10 pJ/(bit * m2)
Emp 0.0013 pJ(bit * m4)
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5 Conclusions

In a coal mine monitoring system, a clustering routing protocol could reduce the volume
of data transmitted and the energy consumption in communication that cluster head
nodes in WSN based on fog computing framework coalesce the data from cluster
members before forwarding. However, cluster head nodes have to manage too many
tasks in clustering routing protocols including cluster establishment, communication
control in clusters, data coalescence, exchange data with sink nodes, and so on, which
causes the imbalance of the energy consumption. In addition, if cluster head nodes
communicate with the sink node in a multi-hop routing mechanism, head nodes near the
sink node have to forward the data frequently, whichmakes the energy consumption even
more imbalanced. Therefore, clustering routing protocol reduces the energy consumption
of the network, but also contributes the imbalance to the network energy consumption.
In EEUC protocol, the radius of the cluster close to the sink node is smaller, which
reduces the size and increases the number of the clusters, so that more cluster heads could
join the forwarding. Besides, the reduction of cluster members also reduces the energy
consumption of the cluster heads. The uneven clustering routing protocol proposed in
this paper, takes all nodes as candidate cluster head node. The weight matrix P is defined
to calculate the residual energy of nodes and the communication cost between the nodes
and the cluster head. Experiment results show that the routing protocol is better than
LEACH and EEUC in the performance of prolonging network lifetime, reducing network
energy consumption and balancing energy consumption.
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