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Abstract

Nowadays, the sensor network has been advance developed and widely used.
The outstanding limitation of the sensor network is the limited power source of nodes. These
nodes are expected to continually function as long as possible though some nodes may run out of
batteries and cannot perform expected functionalities. So there were a number of Hierarchical
protocols group presented from many researches during the past years to support the large sensor
network which consists of a large number of nodes to function properly. The above information is
an inspiration for this research which its purpose is finding the route by consider the power
consumption. The implementation is done based on Low-Energy Adaptive Clustering Hierarchy
(LEACH) protocol while it is able to function in a large network. The test results indicate the
Packet Delivery Ratio (PDR) is 50% higher than LEACH from simulation of the network size
250x250. The average power consumption by the network is 38.14, 39.5 and 40.31 joule on
100x100, 250250 and 400x400 network size respectively. And the continual function duration is

832 seconds before the first node ran out of battery which is 1.42 times longer than LEACH.

Keywords: wireless sensor network, routing protocol, energy efficiency, LEACH
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Abstracti— In recent vears, several protocols have been
proposed for Wireless Sensor Networks (WSNs) in many
different purposes. Wireless Sensor Networks have the
limitations such as energy source, memory size and processing
power. Therefore, developing an energy-efficient routing
protocol is an interested research work in this field. The
routing protocols in sensor networks are able to classify into
three categories [1] data-centric, hierarchical and location-
based. In a hierarchical model, Low-Energy Adaptive
Clustering Hierarchical (LEACH) was the famous protocol.
However LEACH was designed for small size networks
because every cluster head of LEACH network can only
connect to the base station. In this paper, we propose a
hierarchical routing protocol which is suitable for a medium
size of the network at two hundred nodes.

Keywords-componeni; LEACH;  routing  protocols;
Hievarchical; Wireless Sensor Networks
[ INTRODUCTION

Wireless sensor networks tend to be more popular. It has
also been predicted to provide vast popularity in the future
since it can be deployed in many environments without
attendance of any men. [t consists of a large number of small
sensors with low-power transceivers and connected by radio
wave frequency. Those sensor nodes are designed to collect
data, monitor and control the physical environment
efficiently. Thus, the energy efficient routing protocol on
wireless sensor networks is one of the important challenges.

In wireless sensor networks, sensor nodes have been
limited by energy sources, processing power and memory
size. The simple but energy-efficient protocol must be
adopted to prolong the lifetime of network. All of the above
mentioned, lead to routing algorithms which consider the
limitation of sensor nodes. In [1][2], various kinds of routing
protocols have been proposed. One of well-known protocol
in WSNs is LEACH[3]4]. It is a basically routing protocol
on hierarchical model. Almost of protocols that oceur in the
form of hierarchical model later, developed from the
LEACH protocol, such as Threshold sensitive Energy
Efficient Sensor Network protocol (TEEN) [5], Power-
Energy Gathering in Sensor Information (PEGASIS) [6].

Improvements to LEACH are proposed in [5][6].
Threshold sensitive Energy Efficient Sensor Network
protocol (TEEN) is based on LEACH. TEEN support
responding and detect data change immediately. It has two
threshold values, Hard Threshold (HT) and Soft Threshold
(8T), when the value of the sensed attribute is more than a
HT value, the sensor node sensing this value must report it to
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W. Suntiamorntut

Department of Computer Engineering
Faculty of Engineering, Prince of Songkla University
Hatyai, Songkhla, Thailand 90112
wannarat(g coe.psu.ac.th

sink node. After that, when value of the sensed attribute
change larger than a ST value, it will report the sensed data
again. A node will report data only when the sensed value
exceeds HT or the value’s change 18 larger than ST.

Power-Efficient Gathering in  Sensor Information
Systems (PEGASIS) is a chain-based power eflicient
protocol based on LEACH [6]. PEGASIS used chain form
instead of the cluster form like on LEACH protocol. It
assumes that each node must know location information
about all other nodes at first. It starts construet chain form
from the base station by using a greedy algorithm. The chain
leader aggregates data and forwards it to the base station. In
order to balance the overhead involved in communication
between the chain leader and the base station, each node in
the chain takes turn 1o be the leader.

In this paper, we propose the cluster-based routing
protocol which is modified on LEACH algorithm. The
analysis of the original LEACH is also presented here.
Meanwhile our protocol is discussed for large networks.
Since the energy consumption is varied by the distance, the
different distance between cluster head and sink node is
considered in this work. The rest of this paper is organized as
the following. Section Il explains the original LEACH
protocol. We discuss the limitation of the original LEACH in
section III. Then later, our protocol is proposed in section [V,
The simulation results of our protocol are shown in section V.
Finally, our research work is concluded in section VI.

II. LEACH PROTOCOL

In LEACH, main idea of this protocol 18 form sensor
nodes into cluster and some nodes serving as cluster heads
which are over-loaded with the long range transmissions to
the base station or sink node, process and compress data
from neighbor nodes in their cluster before forward to the
base station. Therefore the nodes that are cluster heads must
to rotate the role of a cluster head randomly and periodically
over all the nodes as proposed in LEACH. The operation of
LEACH is divided into periods and each period consists of a
set-up phase and a steady-state phase. In the setup phase,
nodes communicate with short messages and are organized
into clusters with some nodes selected as cluster heads. Afler
the set-up phase, each cluster head sets up TDMA schedules
for all member nodes in its cluster. Member nodes sense data
and generate to the cluster heads according to the TDMA
schedule. The cluster head aggregates and compresses this
data before passing it to the sink or base station.
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In LEACH, cluster-heads are randomly selected. The
decision of cluster-heads is simply based on the suggested
percentage of them for the network and the number of times
the node has been a cluster-head so far. This decision is
made by each node n choosing a random number between 0
and 1. If the number is less than a threshold T(n), the node
becomes a cluster-head for the current round. The threshold
is set as follows:

P

il IEnESG
TG _p ¢ mod 1) i
where P is the desired cluster-head probability, r is the

number of the current round and G 1s the set of nodes that
have not been cluster-heads in the last |/P rounds.
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Figure 2. Flow chart of cluster formation of LEACH protocol

IIIl.  PROTOCOL DISADVANTAGE

There are several problems in the current LEACH which
makes the LEACH energy inefficient and fail. In LEACH
protocol, a basic assumption is nodes always have data to
send to the base station and all nodes can communicate each
other. While in practical applications, the nodes maybe not
always have data to send, and is not necessary for the end
user to get the data continuously. The closed nodes have
correlated data, so every node sending its data is not
necessary.

a Base Station
@ @ cluster Heads

®  (Cluster Nodes

Figure 3. Cluster Head miss communicate with BS

All of sensors nodes on network can be communicate
with each other. The sensor node sends its data directly to the
base station. If the base station is far away from the nodes,
direct communication will require a large amount of transmit
power [rom each node. Therefore the battery of the nodes
will quickly drain and reduce the system lifetime. However,
in practical not at all nodes in network can send data directly
to base station because sensor nodes have one constraint is
range of transmission [rom itself to destination at about 100
meter. In Error! Reference source not found,, these picture
shows some case which cluster head is out of communicate
range of base station. The clusier node 1 cannot
communicate with base station because cluster node 1 is far
away from base station more than 100 meter.

IV. PROPOSED MODEL

We suppose that there are n nodes in the wireless sensor
networks, Not at all nodes can be cluster head because it has
constraint about range of transmission. So, the nodes which
can become to cluster head must have 3 characteristics.

e Have enough energy for process compress and send
data to base station.

*+  Have distant between itself and base station in range
of transmission.

¢  Have neighbor nodes can communicate with it.

This algorithm is broken up into rounds where each
round consists setup state, steady state, improve cluster head
phase. In sub-sections we discuss each of these phases in
details.
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Figure 4. Flow chart of algorithm on BS side

A, Setup Phase

In Figure 4, shown the algorithm on BS side. In setup
phase start with base station seek neighbor nodes by
advertise itself to all nodes which can hear base station's
advertisement. The transmission range of base station is
about 100 meter. When all nodes receive advertisement from
base station, the nodes will send their status information to
base station. Afier that base station uses synchronze time
protocol to manage time synchronization for all member
nodes. In this paper don’t focus on time synchronization for
nodes. When all nodes synchronized, base station decides
that which node will be cluster head and send data to select
the node that is chosen to be cluster head. The threshold used
in cluster head election is determined by equation 2,

T=[(W,*En}+ (W™ Dj)] @

where W, is weight of residual emergy value, Er; is
residual energy value of node 1, W, is weight of distance
between node 1 and BS and D is distance between node 1 and
BS. Any node which has largest T becomes cluster head.

In the next step, each cluster head of subarea advertise
itself to their cluster, while the subarea id is included. The
nodes send their staws information to their cluster head
which they can hear advertise packet and nearest from them.
In the same way in previous step, uses synchronize time
protocol to synchronize time all of nodes on each clusters.
Then the cluster head records the energy information of the
nodes belongs to this cluster and it will decide that which
node will be cluster head. After that the lower cluster head
will continue like this until it reaches to final level.

B.  Steady phase

In this phase, each cluster head sets up a TDMA (Time
Division Multiple Access) schedule and transmits this
schedule to the member nodes in each cluster. Once the

TDMA schedule is known by all nodes in the cluster. Each
node works out its residual energy.

Why all nodes need to time synchronization, on each
clusters have one cluster head which get data from all
member nodes and forward compress data to base station on
their time slot which assigned from upper cluster head. If
time slot of each cluster heads don’t synchronize, the data
collision may occur.
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i nodes
troen 85
Responso b Bs
aalect ane of feind
o 16 ba CH il
tar lower favel

Send TOMA
schedule 1
cluster nodes

\_.?__

Send and recaive|

Figure 5. Flow chart of algorithm on cluster node side

C. Improve cluster head phase

Al time to rotate the role of cluster head which have
residual energy less than energy threshold, that cluster head
will send request to upper cluster head and send control
packet to lower cluster head for stop sending all data. The
threshold used in change cluster head is determined by
equation 3,

Ew= P * Egurt 3)

where P is desire percentage which want to change
cluster head and E.u 1s energy initial for first round or
energy residual of new cluster head for another round

When cluster head node on upper level received the
request and forward it to BS. Afier that BS decides for a new
cluster head by uses data which included residual energy of
each member nodes. They compare the value to other nodes.
The cluster head selects the largest node to join in, and then
notices it to the new cluster head. The new cluster head
announces to the cluster members.
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V. SIMULATION RESULT

We simulate this algorithm and utilize a network with
100 nodes randomly deployed on network area 400x400 m.
and base station at (200,200). The bandwidth of channel is
set to 250 kb/s, each data message 15 100 bytes long, and
packet header for each type of packet is 25 bytes long. The
initial power of all nodes is considered to be 0.5].

TABLE L SIMULATHON PARAMETERS VALUE
Variables Value
Transmission energy 744 mW
Receive energy 64.8 mW
Idle energy 5.52 uW
Nodes 100
Initial energy 0.51]
Payload size 100 Bytes
Header size 25 Bytes
Network size 400 x 400 m.
Transmission range 100 m.
Base station position (200,200)

In Figure 6, the simulation result of the environment
setting in the simulation parameter on Table | is shown. In
beginning BS decides to select two nodes will be cluster
head and send data to select the node that is chosen to be
cluster head. Finally, Network separated to 13 levels, each
level have one node to be cluster head at least. Network has
19 nodes are cluster heads, the set up phase is complete and
the steady state phase begin. Afier the cluster head are
established and all node send data, residual energy of some
node will empty so that node will send request to base station
for change cluster head of that level.

a0

100

“lfgg g fi B i Bo

Figure 6. Simulation result

PDR at Base-Station

® e H
=] — 100 nodes H
™ 150 nodes
— 200 nodes
0
50
§
R
#
£l
m
0
° =0 100 1500 000 3500 N
ez
Figure 7. Packets Delivery Ratio at hase-station

In Figure 7, shown Packets Delivery Ratio which is
calculated from equation 4,
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The packet delivery ratio (PDR} is the ratio between the
amount of packets sent from source and received at the
destination. In this case, source is nodes in network and
destination is BS.

VI. CoNCLUSION

Cluster-based routing protocol of wireless sensor
network is taking the limited energy and transmission range
of sensor node into account. The most popular protocol
LEACH, have many assumption to conflict with practical
environment so it can’t use in real networks. This paper is
proposing an algorithm to make new cluster base protocol
which can be use in real network and conserve energy to
increase network’s lifetime.

LEACH was designed for small size network because
every cluster head of LEACH network can only connect to
the base station So, when uses LEACH algorithm in network
area size 400 x 400 m. it will be fail if BS locate in outside of
their transmission range.

This algorithm will separate network to multi-level so if
the number of nodes in each level is small, it consumes the
energy quickly. In setup phase base station and cluster head
of each level must to process data from their cluster nodes so
between base station and cluster head or between each
cluster head have more signal overhead and long time in
setup phase.
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