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Abstract

Wireless Sensor Network (WSN) consists of sensor nodes and base sta-
tion. In WSN, reduction of energy and extension of network lifetime are
important facts. In this paper, LEACH (Low-Energy Adaptive Clustering
Hierarchy) which is a hierarchical routing protocol, is improved. Weight
exponent of network, residual energy of the nodes, SCHs (Supporting
Cluster Head) and also distance to CH (Cluster head) and SCH are con-
sidered in the proposed scheme which is RF-LEACH or refined LEACH.
Based on network lifetime a comparison between LEACH, LEACH-
SCH and RF-LEACH protocol is analyzed. The implementation is done
using MATLAB 2013a. From the simulation results, it can be concluded
that the proposed scheme is better than LEACH and LEACH-SCH.

Keywords: Wireless Sensor Network, LEACH, LEACH-SCH, Network
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1 Introduction

A wireless sensor network (WSN) comprises of a huge number of extremely
energy constraint sensors that track physical and environmental conditions and
pass the data to a base station. In a WSN, the deployment of sensor nodes is
done randomly. They are left unwatched and are expected to perform appropri-
ately. Because of such deployment, WSN has a different node density. Having
a limited amount of energy and power, the nodes die slowly due to varying
degrees of node density and energy constraint. It makes a less condensed net-
work. A WSN is non-centralized and self-arranging system but needs to be
fault-tolerant. When a WSN is deployed in a rough and harsh environment
it makes the nodes faulty. So, if the network is fault-tolerant, maintenance
will be easier. Here nodes can fail, can be added or removed, and also energy
decreases which may cause problems. Instead of replenishing it by filling new
sensor nodes, the implementation of routing protocols using less energy can be
an optimal solution.

In WSN, one of the most renowned hierarchical routing protocols based
on cluster is LEACH. It was introduced by Heinzelman et al [1]. The process
includes the formation of clusters which include cluster heads and sensor nodes
in each round, advertisement of cluster heads, creation of transmitting sched-
ule, data aggregation, and transmission to the base station. But while selecting
cluster heads randomly, there are chances that cluster heads with very low
energy can get selected. Also, in the LEACH protocol, the cluster head has to
bear all the pressure of sending data to the sink. A new idea, LEACH-SCH is
proposed based in [6], on LEACH protocol where the concept of supporting
cluster head is introduced. Here, cluster heads send data to supporting cluster
heads and after that, data is sent to base station through them.

In this work, modifying the algorithm, an improved version of the LEACH
protocol is suggested to solve the problems extending the lifetime of the net-
work. For enhancing the performance, residual energy and weight exponent
of the network are used in the threshold value equation as well as the con-
cept of measuring distances between cluster heads and sensor nodes; and gaps
between sensor nodes and supporting cluster heads are used. Comparing the
distances, information is directed to the base station.

The remainder of the paper is coordinated as follows. The literature review
is discussed in next section. Our contribution is related mostly with LEACH
and LEACH-SCH protocol. Hence, Section 3 and 4 introduces them respec-
tively. In Section 5, our proposed scheme is presented which is followed by
Section 6 showing the evaluation of performance. Finally, Section 7 concludes
the paper.

2 Literature Review

A lot of papers on LEACH protocol and modification of LEACH protocol have
been published so far. These papers have sought the attention of the researchers
and developed more interest among the researchers for the enhancement of
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the LEACH protocol. In [1], the LEACH protocol is described. It has two
phases: one is the set-up phase, another is the steady-state phase. The whole
operation is split into rounds. In the set-up phase, a number between 0 and
1 is chosen by the nodes where the numbers are compared with the threshold
value. The node having a number less than the threshold value becomes the
CH for the present round. The advertisement message is broadcast by CH to
non-CH nodes in order to join its cluster. Then the non-CH nodes let the CH
know about their decision. A TDMA schedule is created by the CH node. After
that, the steady-state phase begins and data transmission occurs in this phase.
The nodes gather data and pass it to CH nodes and the CH nodes send packet
data to the sink. But in this scheme, the number of CHs and distribution of
CHs are uncertain. Even, nodes possessing less energy may be elected as CH.
LEACH cannot be implemented in large WSNs as it uses single-hop mode.

In [2], an improved version of LEACH, VR-LEACH (Variable-Round
LEACH) is presented. The highlighting part is the time of round is changed
when the CHs possess less energy or when there exist lesser number of CHs
and the next round is starts after a certain period of time, determined by the
span of round time. In [3], LEACH-R (LEACH-Residual) is proposed. The use
of residual energy and the reduction of the possibility of becoming CH with
low energy are the main facts in LEACH-R. Relay nodes are chosen from CHs,
residual energy as well as distance to the base station play a vital role. This
approach improves the selection of the CH.

In [4], a new idea is proposed based on the LEACH protocol. The concept
of the supporting cluster head is used in LEACH-SCH. In the setup phase,
another set of a random number is generated and compared with supporting
cluster head threshold value for the selection of SCH and the rest in the phase
is as same as LEACH. The exception in the steady-state phase is that, dur-
ing data transmission towards base station, the CHs don’t send data directly
towards the sink but to SCHs and after that, SCHs send data to the base
station.

In [5], the performance of the LEACH protocol is enhanced by including
residual energy and weight exponent of the network in the threshold value
equation during CH selection.

In [6], the authors have compared number of rounds with respect to ini-
tial energy and have tried to prove on their experiment that their modified
Threshold Sensitive Modified Leach Protocol outperforms [6] the traditional
LEACH but didn’t state much to save energy of the cluster heads for longing
their network lifetime.

In [7], the energy consumed by the CH nodes to transfer the gathered
information to the base station is not considered because this will affect both
the protocols roughly equally for a long run.

Our proposed modified algorithm RF-LEACH based on LEACH has
focused on extending network lifetime by using the SCH concept, weight expo-
nent of the net-work, and residual energy and modifying the data transmission
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process. In the threshold equation for selecting CH, weight exponent and resid-
ual energy are ap-pended. SCHs are used for cooperating CH in transmitting
packet data to the base station. Data transmission is done by either CH or
SCH and this concept helps to reduce fast energy depletion of CH nodes.

3 LEACH Protocol

LEACH is the abbreviation for Low Energy Adaptive Clustering Hierarchy,
introduced by W. Heinzelman. It is a helpful approach to increase the network
lifetime. In LEACH protocol lifetime is divided into intervals which are again
divided into rounds. Small clusters are formed consisting of nodes. A cluster
head node is chosen for each cluster. The nodes forward data to the Cluster
Heads. Collecting data, CHs send it to the base station. The Cluster Heads
lose greater energy than the other nodes as they have to play a greater role. If
a node becomes a CH and remains in such a position for the whole time, all
of its energy will be finished expeditiously. To avoid this problem, the random
rotation of nodes for becoming CH is necessary. Energy consumption can be
reduced by decreasing the cost of the transfer of information between sensors
and CHs and also making the nodes that are not CHs, stay in sleep mode [5].
LEACH works in two phases which are the set-up phase and the steady phase.

Set-up Phase: The nodes opting to become the cluster head generate a
random value n which is between 0 and 1. If that number is less than the
threshold value, the particular node becomes the CH for that round. The
threshold value T(n) is,

T(n) Leach = 0; if n /∈ G
T(n) Leach = P/1 - (mod (r, 1/P) * P); if n ∈ G

where,
P = Probability for becoming cluster head
r = Present round
G = Group of nodes which are not selected as cluster head in the last 1/P
rounds.

Each CH sends an advertisement message to the remaining nodes invit-
ing them for joining the cluster. The decision of the non-cluster head nodes
whether to join the cluster or not depends on how strong the advertisement
signal is. After making a decision, the nodes let the respective CHs know
about their joining the cluster by sending an acknowledgment message. The
Cluster Heads select a CDMA code and create the Time Division Multiple
Access (TDMA) schedule where a time slot is assigned to each node.

Steady Phase: The steady state starts right after the setup phase. The
nodes that are not cluster head collect data and forward it to the CH. When the
CH finishes gathering information from the cluster member nodes, it forwards
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the aggregated data to the base station. After some time, the set-up phase
starts again and new cluster heads are elected.

4 LEACH-SCH Protocol

LEACH-SCH is an improved version of the LEACH protocol. It is a routing
protocol that has multi-clustering functionalities for some unmistakable sensor
networks working as wireless [4]. In this protocol, after the selection of the
cluster head, an-other threshold number for sch that is ‘sch th’ has been used
and compared with a new random number. The concept of LEACH-SCH is
almost similar to the original LEACH protocol except for the fact that in
LEACH-SCH, the cluster head sends packet data to the base station via a
nearby supporting cluster head.

5 Our Work

To improve the lifespan of the LEACH protocol, we have introduced a modified
algorithm based on the LEACH protocol. In this version, the concept of weight
exponent of network and residual energy is involved in the threshold value
equation while selecting CH. Hence, the threshold value equation is,

T(n) Leach = 0; if n /∈ G
T(n) Leach = (W * RE * P)/(1 - (mod (r, 1/P) * P)); if n ∈ G

where,
W = Weightexponentofnetwork
RE = ResidualEnergy
Here, RE = current energy/initial energy

From [5], it can be seen that the inclusion of residual energy helps to
increase the lifetime. Nodes that possess higher energy have better chances of
becoming CH than that of nodes possessing lower energy [5]. If after a definite
number of rounds only residual energy is included, the network gets stuck
whereas still there are nodes available possessing sufficient energy to transfer
information [5]. This problem occurs because of less threshold of CH as the
residual energy of available nodes is low and in order to overcome this, the
weight exponent of the network is included [5]. In RF-LEACH, supporting the
cluster head concept is used where SCH is select-ed following the LEACH-
SCH algorithm. SCHs help to increase lifetime by reducing the load on CHs.
SCHs help in transmitting data to base-station along with CHs. Because of
such contribution, the CH nodes don’t lose energy rapidly.

In RF-LEACH, after gathering data, the nodes calculate the shortest dis-
tance. If the gap between the node and the cluster head is shorter than that
of the node and the SCH, then CH will receive data from the node which will
send data to the base station. Otherwise, SCH will receive data and pass it
to the base station. The modified algorithm of the improved version of the
LEACH protocol is provided in Fig. 2.
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Fig. 1 Algorithm of RF-LEACH.
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Fig. 2 Sensor node and sink position.

6 Simulation Result

The implementation is done using MATLAB R2018a. The performance is ana-
lyzed for 100 nodes with a maximum of 10,000 rounds. The change in the value
of probability and SCH threshold value helped to analyze the result for the
better. In Fig 1, the randomly selected random nodes, advanced nodes and
sink position are depicted.

In Table 1, simulation parameters for developing LEACH, LEACH-SCH,
and RF-LEACH are given where the probability value is 0.5 and the thresh-
old value for SCH is 0.5. Fig. 3(a) shows the simulation result of lifetime
for LEACH, LEACH-SCH, and RF-LEACH. From the simulation, it can be
noticed that the last node in LEACH, LEACH-SCH, and RF-LEACH dies at
400, 900 and 6200 rounds respectively which is illustrated in Table 2. Fig 3(b)
shows the dead nodes and Fig 3(c) represents a bar chart that shows the time
delay of the approaches.

Changing the probability into 0.5 and SCH threshold value into 0.7, it is
visible from the simulation result in Fig. 4(a) that the last node in LEACH,
LEACH-SCH, and the RF-LEACH dies at 400, 950, and 3400 rounds respec-
tively which is illustrated in Table 3. Fig. 4(b) shows the dead nodes and Fig.
4(c) represents a bar chart that shows the time delay of each approach.

Changing the probability into 0.7 and SCH threshold value into 0.2. It can
be ob-served in Fig. 5(a) that the last node in LEACH, LEACH-SCH, and the
RF-LEACH dies at 350, 600, and ¿8000 rounds respectively. Fig. 5(b) shows
the dead nodes for each approach. The time delay for each approach is 4, 3
and around 2.9 minutes respectively shown in Fig. 5(c).
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Table 1 Network Parameters

Parameters Values
Number of Nodes 100
Area (100*100) m2
Type of Distribution Random
Probability of CH 0.5
Initial Energy 0.2 J
Free space Transmitter Amplifier Energy (Efs) 1*10-10 J/bit/m2
Multipath Fading Transmitter Amplifier Energy (Emp) 1.3*10-14 J/bit/m4
Energy consumption of transmitting data (ETX) 5*10-8 J/bit
Energy consumption of receiving data (ERX) 5*10-8 J/bit
Data aggregation energy (EDX) 5*10-9 J
Threshold value for SCH (sch th) 0.5

Table 2 Performance Comparison(when the probability is 0.5 and SCH threshold value is
0.5)

Approach Network lifetime (in rounds)
LEACH 400

LEACH-SCH 900
RF-LEACH 6200

Table 3 Performance Comparison (when the probability is 0.5 and SCH threshold value
is 0.7)

Approach Network lifetime (in rounds)
LEACH 400

LEACH-SCH 950
RF-LEACH 3400

From the given figures, it can be observed that RF-LEACH has shown
more up-graded performance since the lifetime is greater and the time delay
is lesser than the other two approaches.

Table 4 Performance Comparison (when the probability is 0.7 and SCH threshold value
is 0.2)

Approach Network lifetime (in rounds)
LEACH 350

LEACH-SCH 600
RF-LEACH ¿8000
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(a)

(b)

(c)
Fig. 3 (When the probability is 0.5 and SCH threshold value is 0.5)(a) Comparison of
network lifetime among LEACH, LEACH-SCH, and RF-LEACH. (b) Comparison of dead
nodes among LEACH, LEACH-SCH, and RF-LEACH. (c) Time delay for each approach.
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(a)

(b)

(c)
Fig. 4 (When the probability is 0.5 and SCH threshold value is 0.7)(a) Comparison of
network lifetime among LEACH, LEACH-SCH, and RF-LEACH. (b) Comparison of dead
nodes among LEACH, LEACH-SCH, and RF-LEACH. (c) Time delay for each approach.
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(a)

(b)

(c)
Fig. 5 (When the probability is 0.7 and SCH threshold value is 0.2)(a) Comparison of
network lifetime among LEACH, LEACH-SCH, and RF-LEACH. (b) Comparison of dead
nodes among LEACH, LEACH-SCH, and RF-LEACH.(c) Time delay for each approach.
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7 Conclusion

In our paper, an improved idea has been presented on the LEACH protocol
where the threshold equation of CH selection is modified [5] and the concept of
SCH is used [4] and the data transmission mechanism is different. The trans-
mission mechanism is different because while transmitting data, the nodes find
the shortest distance to CH and SCH. The nodes send data to the closer one.
So, sending data to the sink is done by either CH or SCH. The results indicate
that the RF-LEACH provides greater network lifetime. So, it can be concluded
that the proposed modified algorithm RF-LEACH based on LEACH is a suc-
cessful approach for improving network lifetime and balancing dissipation of
energy.
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