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Abstract
Balanced utilization of energy of wireless sensor nodes is a challenge while designing wireless sensor network (WSN). This
energy of sensor node is a limited resource and measure for the lifespan of WSN. Communication process consumes most of the
energy of sensor node hence; energy of sensor node becomes a major design issue for WSN. Clustering is preferred while
designing routing protocols for WSN for its many to one traffic pattern. In our minimum distance based routing protocol for
lifetime improvement in WSN (MDBRP) clusters are formed once in a lifetime and their heads are selected rotationally based on
minimum communication distance between nodes and their next hop. MDBRP considers minimum energy consumption which

aims to increase the overall lifespan of WSN.
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1. INTRODUCTION

Wireless sensor network (WSN) serves in many areas like
military  surveillance, industrial —automation, traffic
management, home automation, etc. Various improvements
in embedded system technology make it possible to provide
low cost, low power, small sized, multifunctional wireless
sensor nodes for such broad application areas. Due to the
improved features of these wireless sensor nodes over
traditional sensors WSN performed very well in various
applications mentioned in [1].

Limited battery power of wireless sensor nodes is critical
issue while designing and maintaining WSNs. Sensor nodes
depletes their energy while establishing routing path for data
transfer and mostly in communicating. Communication is
most energy consuming task for wireless sensor node [2].
The overall life period of WSN called as lifetime of WSN
depends entirely on energy of sensor nodes involved in
network. When the energy of sensor nodes goes down to zero
or below some threshold value set according to requirement
of network then that node is considered as dead. In paper [2]
lifetime is defined in two ways such as the time elapsed from
the start of network operation to the first death of any node
occurred or the time elapsed from the start of network
operation to the death of last node in the network. Due to
dependence of network’s lifetime on energy of sensor nodes
it becomes an important design aspect for researchers while
designing WSN. Now a day routing protocols are designed so
as to balance the energy consumption of sensor nodes to
improve lifetime of WSN. MDBRP protocol uses clustering
technique for routing characterized by static clusters and
dynamic cluster head selection. This protocol insures the
minimum communication distance for any node in the
network so as to minimize its energy consumption and hence
increasing network lifetime.

2. LITERATURE SURVEY

A survey about WSN and its applications is done in [3], [4]
which elaborates the details of WSN and its parts.
Architectural design issues and challenges are explained in
[3], [5], [6] which affects the performance of routing
protocols. WSN comes under the infrastructureless networks
characterized by distributed, low-power and randomly
deployed wireless sensor nodes. While developing routing
protocol for WSN these aspects have to be considered.

An overview of holes occurring in WSNs is described in [7]
stating the causes of creating holes in network. Hole in
WSNs is one of the serious design issues. Holes are created
when nodes get disabled because of any reason and cause
break in the routing path. Hence routing protocol designing
considers this as a challenge to overcome through with.

Hierarchical routing protocol based on clustering minimizes
the energy consumption of sensor node as in case of LEACH
[8]. This protocol operates in terms of round which is
considered as the time elapsed for delivery of data from each
and every node in the network to the final destination place.
Round split into setup phase and steady state phase. During
the set up phase cluster heads (CH) are elected among the
nodes in network according to threshold set previously.
When the heads are elected then remaining nodes decide their
respective nearest heads and forms the cluster. After then in
steady state phase; actual data transferred to the base station
(BS) along with the data fusion at CH.

LEACH-Centralized [9] is derived from LEACH where base
station does not allow less energy node to be elected as CH.
However in large scale network, nodes far away from BS are
unable to send their status to BS.
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3. NETWORK MODEL

The network model for this MDBRP protocol assumes all
nodes to be homogeneous with respect to their initial energy,
sensing capacity and processing ability. All nodes are
considered to be stationary, energy constraint and distributed
randomly in square field having base station at the very
center of field. The BS is assumed stationary with no limited
battery power. Every node in the network always has some
data to be sent. The network assumes complete data fusion at
BS and irrespective of the amount of data received at CH
every node transmits same amount of data. We consider the
time elapsed between the start of network to the death of last
node in the network as the lifetime of WSN.

4. MINIMUM DISTANCE BASED ROUTING
PROTOCOL (MDBRP)

Proposed MDBRP protocol satisfactorily — provides
improvement in network lifetime of WSN. Hierarchical
clustering is applied in this MDBRP protocol where the
clusters remain constant throughout the network operation
called as static clustering. The cluster heads are selected
rotationally based on minimum communication distance
between node and its next hop. Such static clustering assures
no coverage holes in network while dynamic CH selection
ensures balanced energy dissipation among the nodes. The
data fusion is achieved at the CH so as to minimize overhead.

4.1 Formation of Clusters

The first step of MDBRP protocol is to form clusters by
dividing network area after the nodes and BS is deployed
randomly. The squared network area is divided into n number
of concentric squares. This value of n depends on the
distance assumed between two concentric squares (d) which
is selected so as to balance the clusters in terms of their area.
The value of n can be found from the following equation.

¢, ()

d

n =

Where, Cy(x) is x co-ordinate of center point (BS) of network.

Value of n gets increased when network area is expanded.
The coordinates of these squares are obtained with the help
of distance from the base station to the n" square is given by
following equation

d, =nxd

Using this distance d, we obtain the coordinates of squares as
follows:

T.(5) = (6, () + dy ,C, () + dy)
Tl(Sn) = (Cp(x) - dn !Cp(y) + dn)
Bl(Sn) = (Cp(x) - dn !Cp(y) - dn)

Br(Sn) = (Cp(x) + dn !Cp(y) - dn)

Where, S, is n" square, T, is top right corner of square, T,is
top left corner of square, B, is bottom left corner of square, B,
is bottom right corner of square.

In next step the space between two concentric squares is
further divided into equal area quadrilaterals as shown in
figure 1 denoted as R1 through R9. The inner square is very
small in area so kept as a single cluster (R1). Co-ordinates of
all regions as shown in figurel are obtained using equation
below:

Location = (Cp (x) +d,,C,(»)+ dy)
Where Location is any corner of cluster R1 through R9, dy

and dy are distances of corner from base station in X and Y
directions.
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Fig. 1 Formation of clusters

4.2 Cluster Head Selection

To achieve the equal energy dissipation MDBRP protocol
selects CH at every round. CH selection is based on
minimum communication distance for each node from the
reference point of that cluster. The reference point for each
cluster is the center of that cluster which is not the same for
inner region R1 as it has minimum area. Nodes in other
region (R2 through R9) compare their distance from
reference point and the minimum distant node is selected as
CH for the current round. The next minimum distant node is
selected as CH for next round and so on. Nodes in R1 select
BS as their next hop.

4.3 Data Transmission

In each round of protocol operation first CHs are selected
then data transmission takes place. In this MDBRP protocol
communication takes place in two levels of hierarchy. First
level communication takes place for regions R1 through R5.
The nodes in R1 send their data directly to base station. CH
of regions R2 through R5 first aggregate their own data along
with the data collected from their cluster members and then
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send the fused data to BS. In second level of communication
CHs of region R6 through R9 sends their aggregated data to
their respective next-hops which are R2 through R5
respectively.

5. SIMULATION RESULT

We perform MATLAB simulation for minimum distance
based routing protocol and compare our results with that of
LEACH protocol. In our network model 120 homogeneous
wireless sensor nodes are randomly deployed across square
area of 120 m x 120 m having BS at centre. The radio
parameters are taken same as that of LEACH [3], [4]. The
packet size is considered of 2000 bits.

We evaluate MDBRP protocol for network lifetime as
defined in network model, throughput and average residual
energy of network.

Round vs ALIVE NODES

100+

80

60

yiNumber of alive nodes)

40+

20¢

1 1 Il 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500
x(Round)

Fig. 2 Network lifetime

Energy per round
0.6 T T T T T T T T

— LEACH

y(Energy in joules)

_0_1 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500

x(Round)
Fig. 3 Residual energy

In figure 2 our protocol has maximum alive nodes as
compared to LEACH, which means enhanced lifetime of
network also the average residual energy of network can be
seen more as compared to LEACH in figure 3. Throughput of
the network means number of packets send to base station
which are more in case of our MDBRP protocol as in figure 4.
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Fig. 4 Throughput

6. CONCLUSION

In our work we used hierarchical routing, static clustering
and dynamic cluster head selection based on minimum
communication distance which will enhance the lifetime of
wireless sensor network. Static clustering minimizes the
problem of coverage hole by maintaining optimum numbers
of clusters. Energy consumption is directly proportional to
communication distance hence CH selection according to
minimum communication distance effectively utilizes the
limited battery power of sensor nodes. Ultimately this project
work will take a step towards satisfying the need of energy
efficient architectural routing technique so as to maximize
lifetime of wireless sensor network.
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