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Abstract In this paper, we propose routing protocol for mobile wireless sensor networks with a mobile
sink in cluster configuration. The proposed protocol extends LEACH-ME by introducing a mobile sink. The
mobile sink moves to the cluster head with the highest number of member nodes to collect sensed data
from cluster heads within its vicinity, which results in reducing energy consumption in forwarding packets
to the sink. The simulation results show that the proposed protocol outperform LEACH-ME in terms of
energy efficiency.
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1. Introduction research projects and papers have shown that

) ) ) the cluster based routing protocols are energy
Wireless sensor network (WSN) is a highly

distributed network of small, lightweight

wireless  sensor nodes  which  monitor

efficient[1]. Most of cluster based routing
protocols of WSNs assume that sensor nodes

are stationary, which is not realistic with

environment or system by measuring physical . . .
some applications such as animal tracking.

parameters such as temperature, pressure and . . L.
Inclusion of node mobility as a new criterion

humidity. Thi d dat uted t . .
urdity ¢ sense ataare routed to- a for the cluster creation and maintenance adds

sink either directly or through other sensor .
. . new challenges for cluster based routing

nodes. Mobile wireless sensor network

(MWSN) is a WSN in which sensor nodes

are mobile either by external force or their

protocols. Nowadays, contrary to static sink,
mobile sink approach has attracted much

research interest because of its potential to

own mobility capability. Designing energy .
improve network performance such as energy

efficient  routing  protocols  for - WSN'in efficiency and throughput[2]. A mobile sink

constrained resources is very important. Many
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that moves closer to sensor nodes can help
conserve energy since data is transmitted over
fewer hops thus reducing the quantity of
transmitted packets. It can also handle sparse
and disconnected networks better[2].

In this paper, we propose a routing protocol
for MWSN with a mobile sink for achieving
energy efficiency in cluster configuration. A
mobile sink moves to the cluster head with
the highest number of member nodes to
collect data from cluster heads within its
vicinity, which results in reducing energy
consumption.

The remainder of the paper is organized as
follows. Related works are discussed in
section 2. We describe the system model in
section 3 and the new protocol is proposed in
section 4. In section 5, we evaluate the
performance of our protocol via simulations
and compare the results with LEACH-ME[3].
Finally, Section 6 concludes this paper.

2. Related Works

Many research projects and papers have
WSN  makes

significant improvement in energy efficiency

shown that clustering in
and scalability. Most of cluster based routing
protocols, such as the Low-Energy Adaptive
(LEACH)
stationary. This

Clustering Hierarchy protocoll[4],
assume that nodes are
assumption is not realistic with some
applications having moving nodes such as
animal tracking etc. Inclusion of node mobility
as a new criterion for the cluster creation and
maintenance adds new challenges for the
cluster based routing protocols. In this section,
we briefly outline the related work in LEACH

protocol improvements in terms of mobility.

Low-Energy Adaptive Clustering Hierarchy
(LEACH) is one of the popular energy
efficient cluster based routing protocol for
WSNs, and its thoughts of clustering run
through most of the subsequent cluster based
routing protocols. LEACH utilizes randomized
rotation of cluster heads to evenly distribute
the energy load among the sensors in the
network. Its operation is divided into rounds
and each round consists of two phases. In the
setup phase, cluster heads are elected and
each non-cluster head node chooses the proper
cluster to join according to the signal strength
value from the cluster heads. Once the
clusters are formed, the cluster head create
TDMA schedule and assigns each node a
timeslot when it can transmit. In the steady
state phase, the sensor nodes transmit sensed
data to the cluster heads and the cluster
heads collect them for sending them to the
sink. After a certain time the network goes
back into the setup phase again and enters
another round of electing new cluster heads.
LEACH does not consider the mobility of
nodes during the steady state phase, which
may lead to data loss seriously in mobile
environments. LEACH-M (LEACH-Mobile)[5]
increases successful data transmission rate
from mobile nodes to the sink by confirming
whether a mobile sensor node is able to
communicate with its cluster head within a
time slot assigned in TDMA. For this
purpose, at the beginning of each TDMA slot
the cluster head

requesting data transmission from a member

transmits a message
node. If the member node does not receive the
request message from its cluster head for two
successive TDMA frames it searches for a
new cluster head and joins it. LEACH-ME
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(LEACH-Mobile Enhanced)
LEACH-M by proposing remoteness concept

extends

for cluster head election to cope with the
situation of a cluster head’s going out of
reach due to mobility. The basic idea of
LEACH-ME is that the nodes that are less
mobile relative to its neighbors should be
elected as cluster heads. For this purpose,
each node estimates the distance to all its
neighbors and calculates the mobility factor
based on the “remoteness” of a node from its
neighbors during the setup phase. Node with
least mobility factor is elected as a cluster
head, provided the energy level of that node
is not below a certain threshold. All these
LEACH
consider the mobility of the sink. In this

protocol  improvements do not
paper, Wwe propose an Improvement to
LEACH-ME by introducing a mobile sink for

achieving energy efficiency.

3. SYSTEM MODEL

The model of MWSN we have considered
is as follows: The network consists of
hundreds of sensor nodes and a mobile sink.
The sensor nodes are attached to mobile
objects such as some animals which are
moving within a certain geographic area.
They have limited memory size, limited
processing capability and limited battery
power. On the other hand, the mobile sink is
a resourceful and reliable computing device
carried by a person or a vehicle. The battery
of the mobile sink may be recharged if
necessary. It may be equipped with a cellular
interface and can be connected to Internet via

a cellular network.

3.1 Topology Model

We consider a cluster-based wireless
sensor network topology as shown in Fig. 1.
The sensor nodes form clusters and cluster
heads are elected for each cluster. Each
sensor node chooses the most suitable cluster
head. And then sensor nodes send sensed data
to the cluster heads respectively. The cluster
heads collect the sensed data and then wait
for the mobile sink to come in its vicinity to
send data. The mobile sink moves in the
network and collects the collected data from
the cluster heads in its vicinity. When a
cellular network is available, the mobile sink
will upload the collected data to the server.
When a cellular network is not available, the
mobile sink will store the collected data and
then upload them to the server as soon as a

cellular network becomes available.

3.2 Mobility Model

In our work, the Random Waypoint
Mobility Model[6] is used for the mobility of
sensor nodes. A mobile node picks its
direction at random from (0, 27w] and moves
in that direction from its current position to a
new position for a distance d with a speed v
between [Vmin, Vmax], where d is
exponentially distributed. If the node hits the

boundary, it is reflected at the boundary.

Sensor

/nodes (SNs)y
\

i

Base station
(BS) Cluster heads

L ——  (cHy

Fig. 1. The topology model of MWSN[7]
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Upon reaching the destination, the node
pauses for a period of time, Tpause, based on
random variables and the process repeats
itself. We assume that the mobility of the
mobile sink is controllable and the mobile sink
movements can be designed so as to achieve
specific goals and optimize given performance

parameters.

4. THE PROPOSED PROTOCOL

We propose a cluster based routing protocol
for MWSNs with a mobile sink. It extends
LEACH-ME by introducing a mobile sink.
The proposed protocol is divided into three
main phases: setup, steady state and mobile

data collection phase.

4.1. Setup Phase

In the setup phase, cluster formation takes
place. To cope with the situation of cluster
heads’ going out of reach due to mobility,
cluster heads are elected from the group of
mobile nodes to meet minimum node mobility.

1) Initial setup:
themselves to be initial cluster heads with a

Sensor nodes elect

certain probability. After initial cluster heads
are elected they broadcasts an advertisement
messages to the rest of the sensor nodes in
their network. After receiving advertisement
messages from one or more cluster heads,
each sensor node selects the cluster head
which needs the minimum amount of
transmitted energy for communicating and
sends registration message to the cluster head
and joins the cluster.

2) Cluster formation: FEach cluster head
broadcasts a cluster head election message to

all its member nodes. Upon receiving the

cluster head election message, all member
nodes calculate mobility factor and the node
with minimal mobility factor is elected as a
cluster head, provided its energy level is not
below the threshold. The mobility factor is
calculated using (1), where MFi(t) is the
mobility factor based on the “remoteness” of
node i from member nodes in the cluster
which node i1 belongs to, M is the number of
member nodes of the cluster, dij(t) is the
distance of node i1 from member node j at
time t. dij(t) is calculated based on the
locational

information  acquired from a

localization technique.
1 M=l
MF(t) = 57 > dy(t) (1)

j=0

After a cluster head has been elected, it
broadcasts a cluster head advertisement
message to the rest of the sensor nodes in a
cluster. Each non—cluster head node send a
registration request message to inform the
cluster head. And then, the cluster head
creates a TDMA schedule based on the
number of member nodes and assigns each
node a time slot when it can transmit. This
schedule is broadcasted to all the sensor

nodes in the cluster.

4.2 Steady state phase

In the steady state phase, the sensed data
from sensor nodes are transferred to their
cluster heads according to a TDMA schedule.
To cope with node mobility during this phase,
membership declaration of mobile nodes is
used.

1) Sensor node side: A sensor node wakes
up at the beginning of its timeslot and waits

for data request message sent from the
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cluster head. If the sensor nodes receives data
request message, it will send the data back to
the cluster head. Otherwise it will go back to
sleep mode until the next allocated time slot
in the next frame. If no data request message
is received once again, the sensor node
assumes that it is not a member of the
cluster. And then it sends the join request
message to the nearby cluster heads.

2) Cluster head side: If the cluster head
does not receive data from a sensor node
during two consecutive frames, the cluster
head removes the sensor node from its
scheduling and it may also assign this slot to
the newly joined node in TDMA schedule.
The cluster head assumes that the sensor
node had moved out of the cluster. The
cluster head listening the join request message
allots a time slot in its TDMA schedule and
broadcasts it to all the member nodes
including the new member. After receiving the
sensed data from all the member nodes, the
cluster head collects the data and waits for
the mobile sink to come in its vicinity to send
the collected data to it.

4.3 Mobile data collection phase

In the mobile data collection phase, a
mobile sink moves in the network and collects
the sensed data from the cluster heads in its
vicinity. In each round, the mobile sink
decides the location where it stays based on
the number of member nodes received from
each cluster head.

1) Mobile sink advertisement: When the
mobile sink reaches any new place during its
movement, it needs to inform the nearest
cluster heads about its presence for cluster

heads in its vicinity to be able to send the

collected data to it. For that purpose, the
mobile sink broadcasts a beacon messages to
the cluster heads in its vicinity during the
mobile data collection phase.

2) Cluster head registration: When the
mobile sink enters the valid dissemination
range of some cluster heads, a cluster head
intercepts the beacon message of the mobile
sink and responds to it by sending a
registration request message with the
information of its location and the number of
member nodes. If the mobile sink receives a
registration request message from a cluster
head the

acknowledgement message to that cluster head

mobile sink sends an

and includes the cluster head in the registered
cluster head list. Once all cluster heads have
been registered, the mobile sink assigns the
time slots to all the registered cluster heads
and broadcast the TDMA schedule to them.

3) Data gathering: The mobile sink moves
to the cluster head having the highest number
of member nodes and stay there during a
round. Each cluster head sends the aggregated
data to the mobile sink using single hop

communication in an agreed TDMA time slot.

5. SIMULATION STUDY AND
PERFOMANCE EVALUATION

We maded the simulation codes using C
language to evaluate the performance of the
proposed protocol and compared it with
LEACH-ME in terms of energy consumption.
For that purpose, we use three metrics:
average energy per packet, the time when the
first node exhausts its energy, and the

number of sensors still alive.



410 s2HYLERASMIISSS =2 HeH A5E

5.1 Simulation Setup

The sensing area is 500m x 500m and
sensor nodes are deployed randomly. The
number of sensor nodes is varied from 100 to
500. The percentage of cluster heads is 10%
and each sensor node has a 2000-bit data
packet to send to the sink. Sensor nodes
move by the Random Waypoint Mobility
model with a speed Vv between [0.5m/s,
15m/s] and pause for a period of time,
Tpause between [0, 60s]. The sink is located
at (500, 500) in the simulation of LEACH-ME.

5.2 Simulation Results

Fig. 2 shows the average energy per packet
using our protocol versus using LEACH-ME
as the number of sensor nodes is increased.
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Fig. 2. Average energy per packet

This metric is the measure of energy spent
in forwarding a packet to the sink. In our
protocol, the cluster head with the highest
number of member nodes is nearest to the
sink as the sink moves to the cluster head
with the highest number of member nodes.
This results in reducing average energy

consumption in forwarding packets to the sink.
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Fig. 3. Average energy per packet

Fig. 3 shows the time when the first node
exhausts its energy in our protocol versus in
LEACH-ME as the number of sensor nodes is
increased. The time when the first node
exhausts its energy in our protocol increases
as the number of sensor nodes is increased,
whereas in LEACH-ME the time decreases as
the number of sensor nodes is increased. This
means that our protocol not only prolongs the
network lifetime more but also is more
scalable in terms of the number of sensor
nodes compared to LEACH-ME.

6. CONCLUSION

In this paper, we proposed a cluster based
routing protocol for MWSNs with a mobile
sink. The mobile sink moves to the cluster
head with the highest number of members to
collect the sensed data from cluster heads
within its vicinity, which results in reducing
energy consumption in forwarding packets to
the sink. The simulation results show the
proposed protocol outperforms LEACH-ME in
terms of energy efficiency. And the proposed
protocol is more scalable in terms of the
number of sensor nodes and more suitable for

MWSNs with a large number of sensor nodes
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compared to LEACH-ME. Wireless Ad Hoc Network  Routing
Protocols”, in Proceedings of the 4th
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