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ABSTRACT

In the traditional clustering routing protocol of wireless sensor network, LEACH protocol (Low Energy
Adaptive Clustering Hierarchy) is considered to have many outstanding advantages in the implementation
of the hierarchy according to low energy adaptive cluster to collect and distribute the data to the base
station. The main objective of LEACH is: To prolong life time of the network, reduce the energy
consumption by each node, using the data concentration to reduce bulletins in the network. However, in the
case of large network, the distance from the nodes to the base station is very different. Therefore, the
energy consumption when becoming the host node is very different but LEACH is not based on the
remaining energy to choose the host node, which is based on the number of times to become the host node
in the previous rounds. This makes the nodes far away from the base station lose power sooner.

In this paper, we give a new routing protocol based on the LEACH protocol in order to improve operating
time of sensor network by considering energy issues and distance in selecting the cluster-head (CH), at that
time the nodes with high energy and near the base station (BS) will have a greater probability of becoming
the cluster-head than the those in far and with lower energy.
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1. INTRODUCTION

Wireless sensor networks are used in many fields such as: National Defense, civil, health,
transport, environment and agriculture [1]. Disadvantages of the wireless sensor network are
limited energy, short time of energy supply source (usually battery) for each sensor, limited duty
cycle of each sensor, multiple and changing constantly number of sensor nodes, (when out of the
energy, sensor nodes will be removed from the network , when interrupt radio channel caused by
the obstacle appearing in transmission) makes the structure of the network change [2], [3].

Limiting sensor network energy is due to small available energy in the sensor network, sensors
could hardly load supplement energy (wide dispersion sensors should be hard to recover, some
sensor network located in the dangerous or toxic environments) While it must use energy to
gather news from the surrounding environment and each sensor also needs energy to process,
synthesize and transfer the information constantly to the central node of the network, especially in
volatility of the surrounding environment [4], [5].
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With the special characteristics of the sensor network, especially energy-saving issues and regular
structure change, the recent researches are done at many different levels, from the level of the
element (ability of the sensor node) to level of system (communication efficient and type of
connection) and application level. The most notably issue in the system level is the research
focused on network class in order to design the routing protocols to save energy, extend life of
network [6], [7].

This paper is divided into five parts, part I of introduction, part II presents the related work, part
IIT improvement of traditional clustering protocol, part IV of simulation results and assessment,
part V of conclusion.

2. RELATED WORK

LEACH is the Low Energy Adaptive Clustering Hierarchy, based on the sort algorithm, of which
the nodes can be randomly distributed, and formed clusters (Self configuring cluster formation).
The host node is able to control the cluster nodes in the cluster to send data to a certain cycle. In
the host node, the data will be collected and processed in many different levels, depending on the
application, before sending to the base station [8].
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Figure 1. LEACH protocol.

The common characteristics of the wireless sensor network application are that data of the node
sent, usually, has correlations with each other, end users do not need to request all data (the same
data-Redundant), or just the information that has been processed, described events that appear in
the environment of the sensor node. LEACH routing protocol is very fit to applications with such
characteristics. In LEACH Protocol, due to sensor data sent from the adjacent nodes with a huge
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correlation, all data from the nodes within the cluster will be processed locally at the host node
before sending to the base stations, reduce the excess amount of information circulating on the
network in order to save energy of the node [6].

P ifneG
T(n)= 1—P*(r*mod;) (1)
0 othewise

(1) Formula of thresholds to determine the cluster-head in LEACH.
()
where: P = Percentage of wish to become the host node of the
network
r is the current round.

G is the set of nodes not become the host node in (1/P)
previous round.

One of the basic characteristics of LEACH is self-organized network nodes into cluster, in
which one node will act as the cluster-head (CH). All of the nodes not the host node will have to
transmit its data to the host node, the host node will get data from the members of the cluster,
perform local data processing, and then transmit to the base station. Therefore, the host node
will consume more energy than the common nodes. The sensor node's energy is limited, if the
host node is selected fixedly during the life-time of the network, the host node will run out of
energy very quickly [9].

Setup  Steady state _ Frame Round _

Time
Figure 2. Operation of LEACH.
When the hose node dies, all nodes in the cluster will not be able to exchange information.

Therefore, LEACH makes randomly rotation of the host node role in all network nodes to avoid
energy consumption on a fixed number of nodes [10, 11] Sensors and communications
processes in LEACH protocols are designed appropriately to minimize the energy consumption
for the nodes other than the host node. When the host node knows all the member nodes in the
cluster, it will send a TDMA newsletter to inform each node exactly when to perform the task of
sensors and data transfer to the host node. This mechanism allows the normal nodes to exist in
the Sleep State in most of the time, only when it's time to perform the task of the sensors and
sending data, the node is active. Moreover, using TDMA newsletter for the transmission of data
also helps avoid collision in the cluster [12].
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3. IMPROVEMENT OF TRADITIONAL CLUSTERING PROTOCOL (LEACH)

In order to improving the life-time of the network in the protocol based on clustering algorithm,
selecting the cluster-head, coefficient of considering most is selecting the cluster-head based on
energy of the nodes. New improved protocol is developed protocol based on the LEACH
algorithm in which electing the cluster-head is based on the remaining energy of the node.

The new protocol is improved based on the remaining energy of the node to determine the
improvement threshold T () improvement applied the following formula:

Remaining energy

(n) Improvemert

P E
X

1—P* ( r¥ mod;) EInitial energy 2)

(2) Formula of threshold (T, improvement) t0 determine the cluster-head.
where:

ERemaining enerey : Remaining energy of the nodes
Enitial enerey: 18 the initial energy of the nodes

Selecting the cluster-head based on energy will be more effective, the nodes with high energy
level will have a greater probability of becoming the cluster-head than those with low energy
level, thereby balancing the energy consumption in the whole network.

3.1. Description of Protocol

Similar to LEACH Protocol [13], the Protocol proposes to divide activities of the whole network
into the cycles, each cycle consists of two basic phases: Clustering phase and data transfer phase.

In clustering phase, selecting CH is done based on two factors that are the remaining energy of
the nodes and the distance from the node to the BS. At the beginning of each cycle, the sensor
nodes will generate a random number in the range (0, 1), then this range is compared to the
threshold T (n). Before calculating the threshold T (n) we define:

d(i) =X, = Xps) + (¥, =Y, )’ 3)
(3) The formula determines the distance from the node to the BS.
where: d (i) is the distance from node i to BS.
n is the total number of nodes in the sensor network, (Xi, Yi)
are the coordinates of the i node in the network.

(XBS, YBS) is the coordinates of the BS.
E (i) is the remaining energy of the nodes in the current cycle.

At that time the improved threshold T(n) mprovement Will be calculated according to the expression:
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(4) Formula to determine the improved threshold T(n) mprovement-

where: G is the set of nodes in the cluster head not become the
cluster head in the previous cycle.

p is the percentage of wish to become the cluster head on the
total number of nodes, typically p in the range of 0.05-0.1.
r is the current cycle.

d (i) and E (i) is defined above. If the random value of the
nodes is smaller than value of T (n) threshold, that node will
become the cluster head in the current cycle.

The use of the remaining energy parameters of the nodes will increase the probability of
becoming the cluster head with high energy level, at the same time distance from the cluster head
to nodes will make the node near the base station have a greater probability to become the cluster
head than those far from the base station.

After selecting CH, CH will send its location information to BS, and it will promote the INVITE
messages to the surrounding nodes, this message has the same signal intensity. The common
nodes after receiving the INVITE message if participating in the cluster will send back the
ACCEPT message. If the nodes get many INVITE messages, they will be based on the signal
strength of the INVITE nodes to decide to join the cluster head with the greater INVITE message
signal strength (near the cluster head). If the cluster head does not receive the ACCEPT message,
it will send INVITE messages again, if still don't get the message ACCEPT it will send data
directly to the BS without creating TDMA table.

After the clustering process is the process of data transfer. The process of data transfer includes 2
main steps: Process of transmitting data from the normal nodes to CH and process of transmitting
data from CH to BS. In the process of transmitting data from the nodes to the CH, CH will create
table of TDMA specified data transmission time frame for the nodes in the cluster, it will then
promote this TDMA table to nodes in its cluster. The nodes in the cluster based on this table will
know time to send the data to the CH, in the remaining time the nodes will be in sleep state to
save energy, the method using TDMA allows the nodes to transmit data to the cluster head and
helps avoid collision with other nodes.

3.2. Simulation

In this section, simulation of traditional clustering protocol and new improved protocol use the
same energy model and parameter below.
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Figure 3. Energy model used in the simulation.
Table 1. Data contains the parameters to simulate.
Description Value
Network size 100 m * 500 m
Number of sensor nodes used (n) 100

Percentage of wish to become the cluster-head of total | 0.05
nodes of network (p)

Location of BS (Xps, Yi) (50m, 250m)
Number of bits transmitted (k) 5000
Initial energy of nodes (Ey) 0.5

Coefficient of energy consumption of the transmission and | 50nJ/bit
receipt circuit (Eeje.)

Eup 0.0013 pJ/bit/m4
Ex 10pJ/bit/m2
Energy factor of Amplifying Circuit (Ey, E,) 50nJ/bit
do i
s _ 27m
Emp

Based on the energy model used in Figure 3 we have:

kE,. +kE d*.d <do
kE,, +KE d fd s=do

i

F. =

TX
where:
k is the number of bits transmitted.
Eelec is the energy consumption on the bits to run the transmitting circuit
or receive the data

E.p or Efs depends on the energy model used or d0 threshold.
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To get the k data bits of the energy consumption of the Egx is:

Ep =k*E

elec

4. SIMULATION RESULTS AND ASSESSMENT

To assess the energy efficiency of new improved protocol with LEACH protocol the author based
on of the following criteria: [5].

New improvement protocol elects cluster head on the basis of initial energy, residual energy and
distance of the nodes from base station. Cluster heads further act as routers to base station and
aggregation of the collected data of its members are also performed by them. New improvement
protocol operation is divided into rounds and each round further consists of two phases: setup and
steady-state. In setup phase New improvement protocol does the cluster heads election, cluster
formation and determine the communication schedules for its members. When cluster formation
is completed in setup phase. New improvement protocol switches to steady state phase. In this
phase it completes the data sensing, data transmission to cluster heads and aggregation of the
collected data of its members . Stabilization time is defined as the period of time from the start of
the operation to the time to stop working of the first node.

The network's life-time is counted from the beginning until the whole nodes stop operating,
assessment of efficiency of the routing protocol.

The data sent from the cluster head to BS: the amount of data successfully transmitted from the

cluster head to the BS, the amount of data shows the effectiveness of the Protocol in the data
transmission to the base station.

— With E0 = 0.25j, over 10 times the experimental run we had tables:

Table 2. Survey of the stabilization time of the network.

Number of times performed Time of stability
LEACH Improved Protocol
1 1014 1086
2 1011 1090
3 1034 1095
4 1046 1088
5 1022 1085
6 1037 1080
7 1043 1098
8 1012 1076
9 1026 1089
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Fig. 4. Comparison of stability life-time of the two protocols (EO = 0.25).

— With EO = 0.5j, over 10 times the experimental run we had tables:

Table 3 Survey of life-time of the network.

. Lifetime of the network
Number of times performed LEACH Improved Protocol
1 1700 2100
2 1781 2203
3 1765 2188
4 1803 2098
5 1708 1943
6 1769 2076
7 1722 1983
8 1790 2119
9 1804 2101
10 1791 2089
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Fig. 5. Comparison of stability life-time of the two protocols (EO = 0.5).

5. CONCLUSION:

Through simulation results we can assess as follows:

With the initial energy of 0.5 J, LEACH protocol has improved the time stability of the network
increasing 20%, lifetime of network with increase of 33%.

The use of energy efficient sensor nodes, improving the operating time of the wireless sensor
network is the most important issue in which optimum energy is considered as the most effective
method in extending operation time of the network. In this paper, we have improved a new
routing protocol to enhance the operating time of the sensor network. This Protocol was
developed from the traditional clustering protocol (LEACH) by considering energy issues and
distance in selecting the cluster-head, at that time the nodes with high energy and near BS will
have a greater probability to become the cluster head than those at a further distance and with
lower energy. Simulation results show that improved LEACH Protocol increases the operating
time of the whole network from 33% to 51% in comparison with the traditional clustering
protocol (LEACH).

However, this Protocol is applied only if the base station is located in the region of the sensor. If
the base station is far from the sensor it will make the distance from the node to the base station
larger, then the threshold used in the small improved LEACH protocol will make the nodes hard
to become the cluster-head or small number of cluster heads will lead to to energy imbalance in
the transmission of data to the base station.

In the future, I will improve this Protocol to achieve the energy efficiency and lifetime using
Dijkstra algorithm to find the shortest path from:

v" The nodes to the cluster-head.
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v" The cluster-head to the base station.

In addition, another issue that should be of concern is the possibility of moving the nodes:
Meanwhile, updating location information of the cluster head and sensor nodes as well as
transmitting that information on the network can cause a significant energy consumption of the
nodes. The information needs to be processed about the speed of movement and change of
network configuration in terms of limited energy.
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