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Abstract: Wireless sensor networks (WSNs) are widely used in military, traffic, medical and so on. The design of routing
protocol for WSNs is limited by the single nature of the local topology information. Meanwhile, the power supply of sensor
networks node, communication ability and storage capacity are limited, so how to improve the efficient energy of nodes and
extend the networks life cycle is the focus of current research. This study proposes the improved algorithm for the LEACH (Low
Energy Adaptive Clustering Hierarchy) clustering algorithm, considering the residual energy of the nodes and the factors of the
long distance node, the T(n) is readjusted and the new method is proposed. Then the data fusion rate is introduced to allow the
cluster-heads to fuse data before sending the data, and send the data to the base station. Finally, the free-space model and the
multi-path fading model are adopted to avoid the excessive consumption of energy caused by the node d4. The authors’
simulation results show that the improved algorithm can reduce the energy consumption of the networks and prolongs life cycle.

1 Introduction
In recent years, with the development of mobile internet, embedded
computing and wireless communications technology, a variety of
features of the sensor nodes, which constitute wireless sensor
networks (WSNs), has attracted numerous people's attention [1, 2].
Each sensor node in WSNs, which constitutes the whole networks,
has the function of communication by setting the parameters to
achieve the interaction of the external environment. In general, the
function of single sensor node is limited to detecting the
environment effectively, but when a large number of sensor nodes
are distributed in the environment to form sensor networks, the
performance of excellent system software platform will complete
real-time tracking and environment detection.

WSNs, as one of the leading technologies in twenty-first
century, have brought profound impact on human life. It is a
frontier of science which involves many disciplines, and to a
certain extent, it represents the development direction of future
research about computer science and technology. The first
generation of sensor networks, dating back to 1970s, it used a
hierarchical structure to obtain a single signal, and simple point-to-
point communication between nodes. The second generations of
sensor networks were composed of low power sensor nodes, each
node operating independently, cooperating with each other, and
transforming the information to other nodes to process the data
information. The third generations of sensor networks born in
1990s, it used the sensor controller and bus connection method to
collect a variety of data resources. The fourth generations of sensor
networks are at the stage, and it is characterised by self-
organisation and multiple hop.

WSNs are composed by many sensor nodes in self-organised
and multiple hop way [3, 4]. Its function is to collect and perceive
different environment information through the mutual cooperation
between nodes, and send the data to the users by peer-to-peer
networks and multiple transformations. Sensors, observers and
objects of perception are the three elements of WSNs, which
usually use the wireless communication to establish the
communication link. It is often distributed in the environment of
the poor areas for monitoring and transforming the data, facilitating
the in-depth study of human nature due to the sensor volume is

very small. Since there are number of sensor nodes, the location of
the sensor nodes cannot be determined, and then some sensor
nodes will be embedded in the GPS chip to determine the location
of the sensor node [5]. Moreover, the WSNs have expanded the
ability of human remote interactive data [6], and realised the
effective monitoring of the external planet [7]. With the rapid
development of embedded and wireless sensor technology, the
WSNs becomes more and more important, and the requirements of
its are also getting higher, so it has become a hot research topic at
China even foreign countries [8].

WSNs have different target designs from traditional WSNs. The
former has many sensor nodes existing, in which node energy
consumption and environmental factors may lead to a
communication networks interruption, while the latter focuses on
route optimisation and resource management, as to achieve
maximum bandwidth utilisation, maintaining a certain quality of
service. As the WSNs nodes typically stay at hostile environment
where they can only rely on its own battery to provide energy,
which limits the lifetime of the entire sensor networks. So in
addition to a small number of mobile nodes, there are mostly
stationary nodes, which make the node unable to replenish energy
and replacement. Therefore, reducing the energy consumption of
networks nodes and prolong the lifetime of WSNs research became
the core of the problem.

2 Related works
In WSNs, it is very important to reduce the energy consumption of
nodes and prolong the life cycle of WSNs. To improve the
effectiveness of node energy, using static clustering advantages to
reduce head overhead, send data by multi-hop mode and divide the
whole area into a plurality of areas for saving the energy
consumption of cluster-heads in [9]. However, in [10], the residual
energy of the nodes is considered in the process of cluster-heads
election, and the range of cluster-heads election is enlarged to
improve the energy consumption of nodes in the network. In [11],
considering the energy state of nodes, the cluster-heads are elected
with the highest residual energy, and the energy consumption
between the cluster-heads and the base station is balanced by single
hop and multi-hop mixed communication mode to increase the

IET Netw.
© The Institution of Engineering and Technology 2017

1



energy utilisation. In [12], aiming at the defects of the LEACH
algorithm, using the fixed clustering method to select cluster-heads
based on the remaining energy of nodes, which improve the energy
efficiency. According to the single-hop communication energy
consumption between the cluster-heads node and the base station,
Wang et al. [13] propose the minimum spanning tree Prim
algorithm to construct the tree network routing, and reduce the
communication cost of cluster-heads node to avoid the excessive
energy consumption of cluster-heads and base station. To prolong
the network lifetime, Zhao [14] uses the LEACH algorithm to
derive the minimum energy consumption cluster-heads number,
and select the cluster-heads node to optimise the network lifetime
by using K-means clustering algorithm. While Xiao [15] proposes
new clustering routing algorithm with low power consumption,
which use clustering methods to organise nodes, and the cluster
region is divided and fixed by the base station, according to the
dynamic selection of the node energy value, the cluster-heads can
achieve the purpose of prolonging the life cycle. In [16], the
energy, density and distance parameters are introduced to modify
the cluster-heads to improve its performance, which can reduce
energy consumption and prolong the life cycle.

In [17], in the process of energy loss for the formation of
LEACH cluster-heads, cluster-heads election formula was gave
adjustments, with the introduction of the distance factor and
energy, and proposing new cluster-heads selection method. Zhang
[18] is by increasing the probability of node way to elect the
candidate cluster-heads, using the weights and radii, so that the
weight of a large cluster-heads node can be elected as official one.
Moreover, to reduce the energy consumption, the data is
transformed between clusters with multi-hop routing approach. In
[19], it used K-medoids alternative algorithm to take place the
randomly selected clusters program, to reduce energy consumption
of the whole networks and improve life cycle. In [20], it uses data
fusion technology that depends on the principal ingredient analysis
algorithms, which allows the cluster-heads first and then transfers
the data to reduce power consumption. In [21], based on LEACH
the disadvantage of clustering routing algorithm that each node
energy consumption and cluster-heads are uneven unevenly
distributed, it was advocated to increase the probability of residual
energy node that becomes cluster-heads, and then set the minimum
distance between cluster-heads to reduce networks energy
consumption. In [9], it uses static clustering advantages to reduce
overhead, and the networks are divided into a plurality of regions,
multi-hop routing was used to send data to the base station, saving
networks energy. In [22], it was determined by cluster round
consumption, and irrational consumption cluster would be booted,
in which we can choose the optimum consumption values, to
ensure the networks with minimal energy consumption, reducing
energy consumption and prolong the networks lifetime.

In this paper, considering the cluster-heads election, based on
existing LEACH algorithm characteristics and defects, it suggests
the cluster-heads of LEACH selected algorithm improved. New
clustering method was used to achieve a uniform clustering, and at
the same time data fusion rate was introduced to reduce energy loss
in the process of data transmission.

The remaining of this paper is organised as follows. The
research of LEACH algorithm is described in detail in Section 3.
Then, algorithm overview, data fusion rate and the cluster-heads
establishment stage are introduced in Section 4. Next, in Section 5,
experiments of our method and the compared methods on the four
parameters demonstrate the effectiveness and improved
performance of the improved method. After that, we interpret our
results in this section. Finally, we conclude this paper and discuss
the future work in Section 6.

3 Algorithm introduction
3.1 LEACH routing algorithm

LEACH is called ‘low-power adaptive hierarchical routing
algorithm’, which in English stands for Low Energy Adaptive
Clustering Hierarchy, and the way it works is repeatedly randomly
selected cluster-heads, and then the average energy will be
distributed in the networks to each sensor node, enabling the

networks to reduce energy consumption, and increase the survival
time. In the low-power adaptive hierarchical routing algorithm,
each node exiting in different clusters, are free to organise and
cluster-heads in each cluster, and there is the one and only one. In
addition, all the data, sent by the non-cluster-heads node, is
received by cluster-heads, because of concerns about the
transmission of the same data, so in order to reduce the
transmission of data redundancy, the cluster-heads had to be sent
back to the base station receives data fusion. On the other hand,
each non-cluster-heads node cluster knows the header information,
and smaller routing tables can be maintained by the cluster-heads.
However, each node has to be as cluster-heads, in order to prevent
excessive energy consumption of cluster-heads. Therefore, to
achieve LEACH algorithm is divided into a number of back and
forth, and the back and forth has been divided into various clusters
and cluster formation of a stable process. To generate additional
energy, the cluster is reduced during the formation of clusters much
shorter than the stabilisation process. In the process of cluster
formation, the various sensor nodes are randomly assigned a
random number between 0 and 1, and this number is generated by
the control node. If the random number threshold T(n) is greater
than produced, namely it would be elected as cluster-heads,
calculating T(n) threshold values are as follows:

T(n) =
P

1 − P ∗ r mod 1/P , if n ∈ G

0, otherwise
(1)

Among them: p is the proportion accounted for the cluster-heads
nodes in the networks; r is the currently selected number of rounds;
r mod (1/p) indicates that the number of nodes is elected cluster-
heads in the round robin cycle, G indicates that at the end 1/P node
is not selected as cluster-heads nodes in node set.

Clustering involves establishing and stabilisation phase. The
former is determined after the first cluster, and cluster-heads
immediately released information to the outside broadcast, and
then get message in the node broadcast, and based on the strength
of the signal, the other non-cluster-heads node will determine
which cluster they are going to participate in, and inform the
cluster request signal. When cluster-heads have received the
request message, they will set the routing table, and then set each
node TDMA schedule, and all nodes in the cluster will be
informed. According to the routing table information, the node
collects data, node, after the data fusion these data will be
transmitted to the base station. For a period of time after the
networks it will begin a new round of cluster-heads election [23,
24]. LEACH algorithm illustrates the process.

 
Algorithm 1: LEACH algorithm

1: i←rand(0, 1)
2: if T n > i then
3:  Bi = BroadcastCHM( )
4:  Non_cluster-heads = wait(Bi)
5:  Ri = RequstMessage( )
6:  Cluster-heads = receive(Ri)
7:  STi = BroadcastTST( )
8:  while (Time ≤ STi) do
9:  Cluster-heads = receive(Data)
10:  Endwhile
11: else Bi = BroadcastCHM( )
12:  Non_cluster-heads = wait(Bi)
13:  Nodes = get(STi)
14:  Cluster-heads = receive(Data)
15:  SFD = sendFusedData()
16:  BS = receive(SFD)

where BroadcastCHM() is the message of cluster-heads,
BroadcastTST() is the slot table of TDMA, and sendFusedData() is
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the information of the fused data. When these operations complete
in the number of rounds, it indicates this method is end.

3.2 Energy transfer model based on LEACH algorithm

Different routing protocols have different application environment,
and the energy model also has its own strengths and weaknesses. In
LEACH algorithm, using the simulation model is first-order radio
transmitting energy model [25], as shown in Fig. 1. The model uses
the premise is as follows:

(a) the location of the base station is fixed, and the sensor networks
is far from the sensor networks;
(b) node send and receive information energy consumption in each
transmission direction is equal;
(c) nodes in the networks have the same status;
(d) the communication channel has no deviation, which ensures the
consistency of the energy consumption of both sides;
(e) there is no mobile node in the networks;
(f) nodes communicate with the base station by single hop.

In Fig. 1, the m bit data transmission energy consumption equal
to receive m bit data of energy consumption and the distance d
represents the sending and receiving nodes between the two sides,
β value is constant, it is usually said, 2 or 4, is said magnification.

From the diagram, we can see that energy consumption of (d)
generated by the transmitting circuit is

ETx m, d = ETx − elec(m) + ETx − amp(m, d)

= mEelec + mεampd
β (2)

The energy consumption (m) generated by the receiving circuit is

ERx m = ERx − elec m = mEelec (3)

When different models are used in different networks, the
parameters εamp and β values will be different, and it depends on
the distance d between the transmitting circuit and the receiving
circuit. If d is smaller than the transmission distance d0, the
networks uses a free-space model, and at this time β = 2,
εamp = εfs = 10 pJ/bit/m2. If d is greater than the transmission
distance d0, the networks will use the multipath attenuation model,
at this time, β = 4, εamp = εmp = 0.0013 pJ/bit/m2. So node sends
m bit data which generated energy

ETx m, d = ETx − elec m + ETx − amp m, d

=
mEelec + mεfsd

2, d < d0

mEelec + mεmpd
4, d ≥ d0

(4)

3.3 Improved idea of LEACH algorithm

On the basis of the previous studies, this paper improves the
clustering method of SEP algorithm [26] based on the residual
energy of nodes and the distance between cluster-heads, and it will

take the weighted energy and distance parameters to redefine the
threshold formula for clustering evenly and reducing the energy
loss. In the improved algorithm, the combination of free-space
model and multi-path fading model is adopted [27], according to
the distance and transmission distance compared to the appropriate
choice model, thus avoiding the excessive consumption of energy
caused by d4. In this paper, the LEACH algorithm based on
weighted energy and distance scaling parameters is presented. The
algorithm is divided into two major steps: at first, the cluster
formula is given to make the nodes and cluster-heads distributed
evenly in the networks; and the second step is the introduction of
data fusion rate in data transmission, in order to reduce the energy
consumption of the networks, so as to improve the performance of
the networks.

4 Improved algorithm
4.1 Algorithm overview

In the improved algorithm, it is still used in the ‘round’ concept
about LEACH algorithm, and presses it to run in the improved
algorithm. The improved algorithm is mainly manifested in
selecting cluster-heads with the new cluster-heads formula and
avoiding the randomness of cluster-heads election. At the same
time, the data fusion rate is used to save energy loss in cluster-
heads data acquisition as well as the combination of the free-space
model and the multi-path fading model is to reduce the energy
consumption. After the start of the algorithm, the region node is
divided into high energy nodes and low energy nodes. Then
considering the residual energy and the distance of the nodes, the
new cluster-heads election formula is used to divide the whole
networks into clusters. After that, it will wait for the cluster nodes
to complete data communication, and at this time the cluster-heads
use data fusion formula to complete the data fusion. In the data
transmission phase, the free-space model and the multi-path fading
model are used to compare the distance and the transmission
distance, for reasonably choosing the way of energy transmission.
The improved algorithm illustrates this process.
 
Algorithm 2: The improved algorithm

1: i←rand()
2: if i > Node_HighEnergyNum then
3:  Hi = HighEnergyNodes( )
4: else Li = LowerEnergyNodes()
5: WR = weightedRER()
6: DP = distanceSP()
7: HT = transform(Hi)
8: LT = transform(Li)
9: if (HT & LT < T(n)) then
10:  Bi = BroadcastCHM()
11:  Nodes = receive(Bi)
12: else OrdinaryNodes = wait(Bi)
13:  RMI = receiveMI()
14:  Cluster = ToJoin(RMI)

Fig. 1  First-order radio transmission energy model
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15: Ri = RequstMessage( )
16: Cluster-heads = receive(Ri)
17: STi = BroadcastTST()
18: Nodes = receive(STi)
19: Cluster-heads = receive(Data)
20: MS = MessageDFR()
21: Cluster-heads = receive(MS)
22: SFD = sendFusedData()
23: BS = receive(SFD)

where weightedRER() is the weight of energy radio, distanceSP()
is also the weight of distance scale parameters, receiveMI() is the
information intensity, ToJoin() is the message of joining cluster-
heads, and MessageDFR() is the data fusion rate of message.

4.2 Introduction of data fusion rate

Data fusion plays a very important role in the sensor networks. The
reason is that the data fusion mechanism can make the ability of
node computing and storage capacity to reduce the amount of
transmissions [28] and energy consumption in the networks. In
[29], by introducing the method of data fusion, the fusion
information is calculated by the weighted formula in order to reach
the goal of approaching the true value. In [30], data growth factor
is introduced and data fusion rate is fixed to reduce the delay of
WSNs. So the data fusion in WSNs cannot be replaced.

However, the information of data transmission in WSNs is not
absolutely received by the base station. Due to the environment,
distance, energy factor interference, data are often lost in the
process of transmission. In [31], the assumption of data fusion is
100%, which is an ideal state, but it cannot be achieved in the
actual transmission of data. So in [32], the data fusion rate is used
to improve the energy loss of WSNs. In this paper, we will derive
the formula of data fusion rate, and generate a new formula. The
formula of the data fusion rate is as follows:

δ ji =
w j

∑ j ∈ Ni
w j

(5)

w j =
a j

a1 + a2 + ⋯ + an
(6)

Among them: w j indicates the degree of trust which other sensors
trust the information measured by j sensor, Ni represents a
collection of nodes adjacent to the i node. According to (5) and (6):

∑
j ∈ Ni

w j =
∑ j ∈ Ni

a j

a1 + a2 + ⋯ + an
(7)

Combining (6) and (7), and the data fusion rate is

δ ji =
a j

∑ j ∈ Ni
a j

(8)

Equation (8) to express the meaning of percentage about the
weights of each a j accounts for all of a j which the j belongs to Ni.
Therefore, the data fusion rate of transmission data can be
calculated according to this formula.

4.3 Cluster-heads establishment stage

The less energy consumed, the more energy of the node would
remain energy, which shows that the probability of election cluster-
heads become better. In [33], nodes are divided into ordinary nodes
and advanced nodes. α represents the part that the energy is higher
than the ordinary node. m represents the percentage of advanced
nodes. Padv represents the probability that the advanced node is

elected to the cluster-heads. Pnrm  represents the probability that the
common node is elected to the cluster-heads

Pnrm = P
1 + α ∗ m (9)

Padv = P ∗ (1 + α)
1 + α ∗ m (10)

Taking into account the factors of energy and distance, we make a
change to (1), and give a new formula T(n). The purpose is to avoid
the cluster-heads node death due to too low energy, at the same
time, we use (9) and (10) to improve the distribution of nodes. The
following T(n) formula is as follows:

For ordinary nodes:

T n =

Pbnrm ∗ (u(Ecurrent/Estart) + v(dcurrent/dmax))
1 − Pnrm ∗ (r mod 1/Pnrm ) , n ∈ G

0, otherwise

(11)

For advanced nodes:

T n =

Pbadv ∗ (u(Ecurrent/Estart) + v(dcurrent/dmax))
1 − Padv ∗ (r mod 1/Padv ) , n ∈ G

0, otherwise

(12)

In (11) and (12), where Pbnrm = b ∗ Pnrm is the weight of Pnrm,
Pbadv = b ∗ Padv is the weight of Padv, and b represents a weighted
proportional parameter, depending on the size of the networks to
assign b different values. Its range is (0, 1),
Ecurrent, Estart, dcurrent, and dmax, respectively, represent the residual
energy of nodes and the initial energy of nodes and the distance of
the node from the sink node and the longest distance between the
node from the sink node. u, v represents the proportion coefficient,
its range is 0 < u < 1, 0 < v < 1, and u + v = 1. Equations (11) and
(12) improvements are considering the energy consumption
proportion of small and big proportion of the distance of the node.
Designing a more reasonable clustering method to make the
distribution of nodes and energy uniform in the entire networks.

5 Performance evaluation
5.1 Simulation environment

In this paper, the simulation software platform based on win7
system. Compared with SEP algorithm, according to the setting of
the parameters in [34], the simulation environment is as follows:
the node number of the entire networks is 100, the range is 100 
m*100 m and the initial energy of the nodes is 0.5 J. Moreover, the
energy consumed by the node to send and receive data is
ETX = ERX = 50 nJ/bit, Efs = 10 pJ/bit/m2, Emp = 0.0013 pJ/bit/m4,
and EDA = 5 pJ/bit/signal.

5.2 Comparison of simulation results

Under the environment of simulation software platform, the
residual energy of nodes, number of survived nodes and the overall
survival ratio were selected to compare the performance of the
improved algorithm and SEP algorithm. Apart from the
interference of external factors, when the node energy is zero, the
red dot indicates that the node is in the state of death.

Figs. 2 and 3 present the running result of the SEP algorithm
and the improved algorithm. Solid dot indicates that the node is in
the state of death. ‘Plus sign’ indicates the high energy node. ‘Open
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circle’ represents the ordinary energy node. ‘Asterisk symbol’
represents the cluster-heads. 

From the graph, we can see that the node distribution in the
improved algorithm is more uniformed than the SEP algorithm.
The reason is that, it adopts a new clustering method, which
considers the energy and the distance ratio of nodes, so nodes are
distributed evenly, and the energy consumption is uniform.

Fig. 4 shows the simulation results of the residual energy of the
improved algorithm and the SEP algorithm. The more residual
energy of node, the better of energy consumption, and the residual
energy of the node decreases with the increase of the number of
rounds. Compared with the SEP algorithm, the improved algorithm
node residual energy is better than the SEP algorithm. 

Fig. 5 represents the death rate of the two algorithms in the
whole networks of common nodes and advanced nodes. It is
obvious that the survival rate of the improved algorithm is much
higher than the SEP algorithm in common nodes, and it probably
reduced the death of about 80% of the nodes. In the advanced
nodes, even though the improved algorithm is better than the

mortality of SEP algorithm, it is still reduce the node mortality and
improve the networks energy loss in the whole networks. 

Fig. 6 represents the two algorithms in round number r = 1500
node survival of the contrast. It can be seen that from the figure in
the round number is about 800, the two began to show differences,
and with the increase of the number of rounds, the number of nodes
of the two algorithms are very obvious. When the r = 1500 round,
the SEP algorithm node survival number is about 10, and the
improved algorithm node survival is about 8 times of its SEP
algorithm. So it shows that the improved algorithm is more
effective than the SEP algorithm in terms of reducing energy
consumption. 

Fig. 7 shows a comparison of the percentage of the total number
of survival nodes in the whole networks for the two kinds of
algorithms. It is pretty obvious that the improved algorithm is
superior to the SEP algorithm in terms of node survival, the
survival rate of the nodes is increased by about 75%, which proves
that the improved algorithm has a great improvement in the
survival of the nodes. 

Fig. 8 represents the energy consumption of the two algorithms,
it can be seen that the energy consumption on SEP algorithm is
about 4.4 × 104 J, the energy consumption on the improved
algorithm is about 3.7 × 104 J. Compared with SEP algorithm, the
energy consumption decreases 0.7 × 104 J, its energy utilisation
rate is increased 15.9%. So it shows that the improved algorithm is
more useful. 

6 Conclusion and future work
In this paper, a new cluster-heads is selected to avoid the extinction
of cluster-heads due to distance and energy. The existing cluster-
heads election formula does not take full account of the residual
energy and distance ratio of nodes, so it cannot effectively improve
the energy consumption in the networks and uniform clustering
problem. At this end, this paper proposes the improved algorithm
based on weighted energy and distance ratio, which can protect the
nodes with low energy and long distance for preventing the failure
of the energy to be the cluster-heads. Taking into account the actual
transmission problem, it will introduce the data fusion rate to
improve the transmission efficiency of data transmission.
Simulation results show that the improved algorithm can
effectively reduce the energy loss and improve the survival rate of
the node, which greatly improves the energy consumption in the
networks.

Fig. 2  Results of SEP algorithm
 

Fig. 3  Results of the improved algorithm
 

Fig. 4  Residual energy node
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In this paper, we make an improvement on the cluster-heads,
and introduce the data fusion rate to reduce the energy
consumption of the networks, but there are still some deficiencies.
In future work, the research includes the following aspects:

(a) Considering the security problem of node location and data
collection in wireless sensor networks communication is necessary.
(b) In this paper, the WSNs research is limited to simulation
software. Its effect in reality is not known. So it is imperative to
simulate the real environment to verify the superiority and the
possibility of the improved algorithm.
(c) Node movement leads to the change of networks structure,
which is not considered in the design of routing algorithm.
(d) The selection of the ratio coefficient has a certain randomness,
which may affect the effect of the algorithm.
(e) The improved algorithm and the LEACH algorithm assume that
the initial energy of the node is the same, but when the initial
energy is not at the same time, how to deal with the algorithm will
be the future research work.
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