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ABSTRACT

LEACH and centralized LEACH has demonstrated the
possibility of achieving good efficient routing path for
wireless sensor network. By taking into consideration the
mixed sensory fields with fixed and mobile nodes in a sensor
field LEACH and LEACH-C are not appropriate to support
mobile sensor nodes. The enclosure of mobility as a new
criterion for the cluster creation and maintenance adds new
challenges for these clustering schemes. The Mobile LEACH
protocol is suitable for mobile wireless sensor networks,
which provides a highly adaptive routing scheme to deal with
clusterhead selection and frequent topology changes. In this
paper the performance of LEACH- Mobile protocol is
evaluated and compared with the LEACH protocol based on
metrics such as energy consumed, number of alive nodes,
packet delivery ratio and packet loss.
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1. INTRODUCTION

The rapid evolution of wireless technologies and the
significant growth of wireless network services have made
wireless communications a ubiquitous means for transporting
information across many different domains. Within the
framework of Wireless Sensor Networks (WSNs), there are
many potential possibilities where a WSN can be deployed to
support numerous applications [1, 2, 3]. They are mainly used
in applications like surveillance, machine failure diagnosis,
nuclear research areas, military environment and
chemical/biological detection. Considering the resource
constrained nature of sensor nodes which depend on un-
replenished battery source, the energy should be managed
properly to ensure maximum lifetime. In order to guarantee
low energy consumption and uniform load distribution over
the network, sensor nodes are organized into clusters [4, 5].
Many routing protocols were developed to ensure the low
energy consumption and prolonged lifetime of the network
based on the clustering concept. Most of current research
assumes wireless sensor networks to be stationary, however,
in some scenarios; wireless sensor networks must be mobile.
For instance, in wildlife applications, sensors are cast in the
field as well as equipped on animals to be monitored. The
self-organized wireless sensor network is mobile as animals
are moving around [6]. In telemedicine applications, sensors
attached to patients also constitute a mobile wireless sensor
network. As expected, the mobile wireless sensor network is
more difficult to deal with than its stationary counterpart. The
mobility in sensor nodes possesses challenges like available
battery power, minimal lifetime, packet loss and energy
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consumption [7, 8]. The mobile wireless communication
consumes a considerable amount of power, so mobile sensor
nodes should spend little energy for receiving and transmitting
the data. When there is a quick mobility change in sensor
nodes, the network topology has to be reconstructed. For
every reconstruction certain amount of energy is consumed.
So the protocols used should be energy efficient.

In the paper Heinzelman et al. [4, 5] proposed a solution
called Low-Energy Adaptive Clustering Hierarchy to self
organizing and limited power problems. Here small numbers
of clusters are created in self organized method. The
clusterheads are rotated among the sensor nodes by the
randomization method. This protocol provided better results
when compared to a direct approach. But LEACH protocol is
not suitable to support mobile sensor nodes. After the setup
phase of each round, the mobility of the node is not
considered in this protocol [6]. Due to this reason the network
suffers serious data loss.

To overcome this problem Kim et al. [6] projected a new
protocol applicable to Wireless mobile sensor networks called
LEACH Mobile. The vital concept in LEACH-Mobile
protocol is to confirm whether a mobile node is capable of
communicating with specific clusterhead within the time slot
allotted in TDMA schedule. The node that does not receive a
request from its clusterhead during two successive TDMA
schedule, can identify that it is out of the cluster. Now moved
sensor node can join the new cluster by broadcasting a cluster
joint request message for which it will receive cluster joint
ack message from the new clusterhead. This can avoid more
packet losses in the network.

In this paper we will review the working of the LEACH
Mobile protocol and their effect on network performance. The
paper is organized as: in section Il LEACH Mobile protocol is
presented, in section Il describes about the simulation
environment and simulation results and Section IV is the
conclusion.

2. LEACH MOBILE PROTOCOL

First order radio model [4, 5] is used for LEACH Mobile
protocol implementation. The equations to determine the
transmission costs and the receiving costs for L-bit message
and distance d are,

Ep(L.d) = Egjge s L+ &gmps L s d* (1)

E(L) = Egpep *L (2

Where, E. ;.. is the energy being dissipated to run the
transmitter and receiver circuitry. The parameter & gmpis the
amount of energy dissipates per bit in the radio frequency
amplifier. Equation (1) represents the amount of energy
required to transmit an L bit message over a distance ‘d’.
Similarly equation (2) represents the amount of energy
required to receive a packet. The detection threshold is
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represented as P,resn. When the received power is lower than
the threshold, the packet is discarded since it cannot be
detected and received successfully. If the received power is
higher than the threshold, the packet detection and reception
will be successful.

For the LEACH Mobile protocols following assumption are
made:

e The sensor network is considered to be
homogenous. The initial energy of the sensors is
same.

e  Every sensor knows its velocity and location.

e The base station is stationary and all sensors are
time synchronized.

e  Each sensor node should be able to estimate the
time it takes to transmit a packet.

2.1 Working principle

The LEACH-Mobile operation is broken up into rounds. Each
round is divided into two phases, namely setup phase and
steady state phase. In setup phase clusters are organized and
in steady state phase data are transferred to the base station.
The vital concept in LEACH-Mobile protocol is to confirm
whether a mobile node is capable of communicating with
specific clusterhead within the time slot allotted in TDMA
schedule. In LEACH algorithm, the clusterhead waits to
gather the sensed data from non clusterhead nodes according
to TDMA scheduling during the steady state phase. There is a
slight modification in steady the state phase of the LEACH
protocol to support mobility of nodes. The clusterhead in
LEACH mobile first sends the req. message for data
transmission to non clusterhead node for gathering the sensed
data at each time slot. When the data sensed are sent by non
clusterhead nodes, the clusterhead will make the time slot list
of nodes from which the data is received according to the
TDMA time slot at all the time when a frame ends. It also
makes note of the nodes from which the data are not received
in the time slot at the end of each frame. If the data is not
received again from same node when the next frame ends,
then it is considered to be removed from the cluster. The time
slot of removed node is assigned to a newly arrived node. The
sensor node which is removed is considered as node gone out
of cluster region due to mobility. Then the TDMA is
rescheduled and transmitted to all cluster members by the
clusterhead. The node which moved away from cluster region
or the node which didn’t get the req. message for data
transmission from the clusterhead for two successive frames
should join the new clusterhead. That node will broadcast
cluster joint req. message. The clusterhead which receives
cluster joint req. message transmits clusterhead advertisement
message to that node as a reply. Depending on the signal
strength of received clusterhead advertisement message, the
node will decide to join the new cluster. After deciding which
cluster to join, the node will inform the corresponding
clusterhead. The new clusterhead will revise the cluster
membership list and TDMA schedule, and then broadcast the
new TDMA schedule to its cluster members. The newly
joined member works according to the new schedule. Figure 1
shows the time line for a round of the LEACH Mobile
Protocol [6]. LEACH Mobile Protocol could be used in
mobility centric wireless sensor network as it organizes the
hierarchical clustering dynamically without GPS information.
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Fig 1: Time line of allocated TDMA time slot for a node

3. SIMULATION ENVIRONMENT

NS-2 simulator version 2.32 from [14] has been used to
analyse the LEACH Mobile protocol. It is a discrete event
simulator and one of the popular simulation tools being used
for networking research recently. The performance of the
LEACH Mobile protocol with is compared with the low
energy adaptive clustering hierarchy routing protocol. The
metrics considered in evaluating the performance of LEACH
Mobile are Average energy consumed, Number of alive
nodes, Packet loss and Packet delivery ratio.

Table 1. Simulation Environment Specifications

Parameters Values
Network area 100*100m?
No. of nodes 25, 50,75,100 and125

Base station

One (not mobile)

Location of Base station (50,50)
Packet size 4000 bits
Eelec 50nJ/bit
€amp 10pJ/bit/m?

39



The LEACH Mobile and LEACH protocols are simulated for
different number of nodes with random topology and
100m*100m network region. In LEACH Mobile except base
station all other nodes are mobile and in LEACH scenarios all
nodes are considered to be motionless. The initial energy of
every node is considered to be 1J and base station has no
energy constrain problems. For data fusion energy consumed
is 5nJ/bit. Table 1 shows the shows the Simulation
Environment Specifications. Figure 2 is the snapshot of the
LEACH Mobile simulation.
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Fig 2: Screenshot of the simulation

3.1 Simulation result and discussion

The performance of the LEACH Mobile protocol is analysed
using parameters such as average energy consumed, alive
nodes, packet loss and packet delivery ratio. Figure 3 shows
the average energy consumed by sensor nodes in each round
in the WSN. Cluster member node wakes up to send the data
packet according to TDMA schedule otherwise they are in
sleep mode. This can reduce the energy consumption. For
LEACH Mobile protocol energy consumed is more when
compared to LEACH protocol for each round. This is due to
the fact that more control request packets are used in the
LEACH Mobile protocol to maintain the network
communication. For transmitting these packets extra energy is
consumed in the LEACH Mobile protocol than the other one.
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Fig 3: Average energy consumed

Figure 4 represents the number of alive nodes at each round of
the network. Since energy consumed by the LEACH Mobile
is high compared to basic LEACH protocol, the life of nodes
reduces quickly in the former for each round.
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Fig 4: Number of alive nodes

Figure 5 shows the packet delivery ratio of the sensor
network. For evaluating this parameter, little mobility is
introduced into the network, which uses basic LEACH
protocol and its performance is compared with LEACH
Mobile protocol. The performance is tested with the mobility
of 1m/s and 2m/s for nodes. The LEACH Mobile protocol out
performs LEACH protocol by increased data transfer. The
packet delivery ratio tends to decrease when the mobility of
the node increases.
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Fig 5: Packet delivery ratio

From figure 6 it can be figured out that packet loss is higher
for LEACH than LEACH Mobile protocol. In the network of
mobile nodes, LEACH protocol leads to more packet loss. For
both the protocols, packet loss increases with the increase of
mobility and number of nodes.
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Fig 6: Packet loss
4. CONCLUSION

As wireless sensor network is used widely nowadays, the
energy conservation of WSN is very important. One of the
crucial challenges in the organization of the WSNs is energy
efficiency and stability because battery capacities of sensor
nodes are limited and replacing them is impractical. In some
environment, mobility of the sensor nodes is very important.
To maintain the lifetime of the network and proper packet
transmission, routing protocol should be aware of packet loss
and energy consumed. This paper we have evaluated two
protocols - LEACH and LEACH Mobile. The LEACH
Mobile protocol outperforms LEACH in the case of reduced
packet loss and increased successful packet transmission. But
the energy consumption is higher in the former due to the
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extra control packets. Future works may concentrate on
reducing the energy consumption for each round in the
LEACH Mobile protocol.
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