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ABSTRACT

A Wireless Sensor Network (WSN) consists of thousands of
sensor nodes with limited energy, memory and computational
capability. Routing protocol with energy efficiency has been a
challenging issue in the design of Wireless Sensor Networks.
Various routing protocols are designed for transmission in
WSNSs. In this paper a mechanism has been proposed of
designing a routing protocol by considering the initial and
residual energy levels of the sensor nodes. The proposed
routing protocol for wireless Sensor Networks enhances
stability period, network life time and throughput quite
significantly.
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1. INTRODUCTION

Wireless Sensor Networks composed of thousands of sensor
nodes which sense the physical environment in terms of
temperature, light, vibration, sound etc. Wireless Sensor
Networks enable us to use these small sensor nodes for
applications like military applications, area monitoring,
manufacturing etc. Since sensor nodes are power constrained
devices, frequent and long-distance transmissions should be
kept to minimum in order to prolong the network lifetime.
Therefore the direct communication between nodes and the
base station are not encouraged. The effective mechanism is
to divide the network into several clusters, each electing one
node as its cluster head. The elected cluster head collects the
data from sensor nodes in the cluster which will be fused and
then transmitted to the base station. The advantage of this is
that only few nodes are required to transmit data over a long
distance and then remaining nodes need only to do short
distance transmission. As a result of this, more energy is
saved and overall network life time can be prolonged.

On the basis of energy distribution among sensor nodes,
WSNs are classified into homogenous and heterogeneous
networks. Many energy-efficient routing protocols are
designed based on the clustering where cluster-heads are
elected periodically. Even-though the nodes are equipped with
the same energy at the beginning, the networks cannot evolve
equably for each node in expending energy due to the radio
communication characteristics, random events such as short-
term link failure etc. Because of this, WSN are more possibly
heterogeneous networks than homogeneous type. The
algorithms such as Low Energy Adaptive Clustering
Hierarchy (LEACH) [1] and Power-Efficient Gathering in
Sensor Information System (PEGASIS) [2] assume sensor
networks are homogeneous networks and does not perform
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well in heterogeneous networks, whereas, Stable Election
Protocol (SEP) [3] and Distributed Energy- Efficient
Clustering (DEEC) [4] deal with heterogeneous networks.

Distributed Energy Efficient Clustering (DEEC ) is clustering
— based algorithm in which cluster head is selected on the
basis of probability of ratio of residual energy and average
energy of the network. The round number of the routing
epoch for each node is different according to its initial and
residual energy. In this algorithm, the nodes with high initial
and residual energy will have more chances to be the cluster
heads compared to the low-energy nodes. As a result DEEC
can prolong the network lifetime. But this algorithm penalizes
the advanced nodes, when their residual energy deplete and
become in the range of normal nodes. Because of this, the
advanced nodes die quickly than the others.

In this paper, the proposed Modified Distributed Energy
Efficient Clustering (MDEEC) protocol is evaluated by
considering alive nodes for network lifetime, packet
transmission to base station, energy consumption by
comparing with LEACH and DEEC protocols.

2. BACKGROUND

Clustering procedures are engaged in dealing with energy
control, where nodes are organized into cluster that
communicate with a local base station and these local base
stations transmit the data to the global base station, where it is
accessed by the end user. This greatly reduces the distance,
nodes need to transmit their data, as the local base station is
close to all the nodes in the cluster.

2.1 LEACH
LEACH is a self-organizing, adaptive clustering protocol that
uses randomization to distribute the energy load evenly
among the sensors in the network. The sensor nodes organize
themselves into local clusters, with one sensor node acting as
the cluster head (CH).The sensor nodes sense the data,
transmit it to their associated CHs which receive, aggregate
and then convey this data to the sink or to the Base Station
(BS). All sensor nodes deployed in the field are homogeneous
and have limited amount of energy. In order to divide the
burden among the sensor nodes and also to improve network
life time, clusters are formed. Nodes are made to become CHs
on turns. Nodes randomly elect themselves as CHs and it is
done in a way that each node becomes CH once in an epoch
1/p. CHs selection is done on probabilistic basis, each node
generates a random number r inclusive of 0 and 1, if generated
value is less than threshold value given in the formula (i),
then this sensor node becomes CH.

% if n eG’
Tn = 1—p[r.modg] .. (|)

0 otherwise
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Once clusters are formed, each CH broadcasts a TDMA
schedule for sensor nodes associated with it. Nodes sense and
transmit data to associated CHs during time slots assigned to
them. Once each node in a cluster sent data, frame is repeated.
In WSNs, main purpose is to control energy consumption and
hence to increase network life. However, LEACH is not
useful to be used in large areas due to energy constraint. The
drawback of LEACH is that, once attributes are selected, they
cannot be changed.

2.2 DEEC

DEEC is designed to deal with nodes of heterogeneous
WSNs. For CH selection, DEEC uses initial and residual
energy level of sensor nodes. Let n; denote the number of
rounds to be a CH for sensor node s;. poN is the optimum
number of CHs in the network during each round. CH
selection criteria in DEEC is based on energy level of nodes.
As in homogenous network, when nodes have same amount of
energy during each epoch then choosing p; = pop assures that
PoptN CHs during each round. In WSNs, sensor nodes with
high energy are more probable to become CH than sensor
nodes with low energy but the net value of CHs during each
round is equal to p,N. pi is the probability for each node s; to
become CH, so, sensor node with high energy has larger value

of p; as compared to the poy:. E(r) denotes average energy of
network during round r which can be given as in [4]

= 1

E(r) = EZ{L Ei(r) (i)

Probability for CH selection in DEEC is given as in [4 ]
E(n)-E;(r) Ei(r)

Pi = Popt [1 - rE(—r)r = Popt E(:) ... (iii)

In DEEC the average total number of CH during each round is
givenasin [4] :

Ei(r) Ei(r) ;
Zlivzl pi = Z?]:l popt% = Popt Z?]:l o) = NPOW - (Iv)

p; is probability of each sensor node to become CH in a round.
Where G is the set of sensor nodes eligible to become CH at
round r. If sensor node becomes CH in recent rounds then it
belongs to G. During each round each sensor node chooses a
random number between 0 and 1. If number is less than
threshold as defined in equation below, it is eligible to
become a CH else not.

% if S eG
T(s;) = {1-Ppilrmod] o (V)

0 otherwise

As poy is reference value of average probability p;. In
homogenous networks, all sensor nodes have same initial
energy so they use poy to be the reference energy for
probability p;. However in heterogeneous networks, the value
of poy is different according to the initial energy of the sensor
node. In two level heterogeneous network the value of py; is
given by as in [4]:

_ Popt
Padv = (1+am) i
eVt
__ Popt (1+a) ( )
Pnrm = (1+am)

Then use the above p,g and pym instead of oy in equation 3
for two level heterogeneous network as supposed in [4]:

International Journal of Computer Applications (0975 — 8887)

Volume 81 — No 19, November 2013

opt Ei . .
% if s; is the normal node

pi = ... (vii)

Popt (HDE(D) 4 s; is the advanced node
(1+am)E(r)

In DEEC, average energy E(r) of the network for any round r
has been estimated as in [4]:

E() =y Eota(1= ) - (viil)

R denotes total rounds of network lifetime and is estimated as
follows:

R = Ztowal .. (iX)

Eround

Eioa IS total energy of the network where E,q g iS energy
expenditure during each round

3. PROPOSED PROTOCOL

The proposed protocol implements the same concept as in
DEEC in terms of selecting CH which is based on residual
energy level of the sensor nodes with respect to average
energy of the network. In DEEC it can be seen that the sensor
nodes with more residual energy at round r are more probable
to become CH, so, in this way sensor nodes having higher
energy values or advanced nodes will become CH more often
as compared to the sensor nodes with lower energy or normal
nodes. A situation arises in a network where advanced nodes
having same residual energy like normal nodes. After this
point DEEC continues to punish the advanced nodes so this is
not optimal way for energy distribution because by doing so,
advanced nodes are continuously a CH and they die more
quickly than normal nodes.

Setup Phase

The proposed protocol uses same mechanism for CH selection
and average energy estimation as proposed in DEEC. At each
round, sensor nodes decide whether to become a CH or not by
choosing a random number between 0 and 1. If number is less
than threshold T as shown in equation (x) then sensor nodes
decide to become a CH for the given round. In this, threshold
value is adjusted and based upon that value a sensor node
decides whether to become a CH or not by introducing
residual energy and average energy of that round with respect
to optimum number of CHs.

Threshold value is given as

p Residual Energy of a nodexKopt .
T * if s G
T(S) = {1-p(r mod;) Average energy of network
0 otherwise
...(¥)

The cluster head sets up a TDMA schedule and transmits it to
the sensor nodes in the cluster. After the TDMA schedule is
known by all the sensor nodes in the cluster, the setup phase is
completed and the next phase begins.

Steady state phase

Once the clusters are established, the sensor nodes
transmit their data messages towards the cluster-head. In
this phase, before communication, the proposed algorithm
checks whether the sensor node is cluster-head or a cluster
member. This helps the CH in preventing to pass the packet to
itself.  Thus cluster-head communicates with its cluster
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members and BS only. Within the cluster, the communication
uses TDMA, as described in the set up phase. When the
cluster-head receives all the nodes data, it performs its
compression, to form a new message that sent to the
base station.

4. SIMULATION AND RESULTS

In this section, LEACH, DEEC and proposed routing
protocol MDEEC for wireless sensor network are simulated in
MATLAB environment. For simulation, a network consisting
of 100 nodes randomly placed in a field of dimension 100m x
100m and a BS located in the center is considered. For
simplicity, all nodes are considered to be fixed and energy
loss due to signal collision and interference between signals of
different nodes that are due to dynamic random channel
conditions is ignored.

Simulation parameters
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Parameters Values
Network field 100 m,100 m
Number of nodes 100
Eo(initial energy of normal nodes) 0.5J
Message size 4000 bits
Eclec 50nJ/bit
Ess 10nJ/bit/m2
Eamp 0.0013pJ/bit/m4
Epa 5nJ/bit/signal
dy(threshold distance) 70m
Popt 0.1

Figure 1 shows the comparison of protocols LEACH, DEEC
and MDEEC considering dead nodes relative to the number of
rounds. From figure 1, it can be seen that the first node for
LEACH, DEEC and MDEEC dies at 1040, 1454 and 1398
rounds respectively. Tenth node dies at 1080, 1631 and 1580
rounds respectively and all the nodes are dead at 1547, 3443
and 3971 rounds respectively. Therefore, from the simulated
results of these three protocols, it can be concluded that in
terms of stability period, MDEEC performs better.
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Figure 1. Nodes dead during rounds

In figure 2, graph shows that number of alive nodes during
each transmission round for the LEACH, DEEC and MDEEC
routing protocol. From the graph, it can be seen that network
life time is enhanced quite significantly when compared with
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other approaches, that is when compared with LEACH and
DEEC, MDEEC performs better. Nodes alive up to rounds r=
1547 in LEACH, r= 3443 in DEEC and in MDEEC nodes
remain alive up to 3971 rounds. Thus this shows that in the
case of MDEEC the nodes remain alive for longer time than
LEACH and DEEC routing protocols.
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Figure 2. Nodes alive during rounds

Figure 3 shows that total initial energy of the network which
decreases linearly up to 1500 rounds and after that there is a
difference from the round where the first node dies in the case
of LEACH, DEEC and MDEEC. From the graph it can be
clearly seen that the energy remaining per round for MDEEC
is more as compared to LEACH and DEEC.
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Figure 3: Total remaining energy over rounds

In Figure 4, number of data packets to BS is calculated for all
routing protocols that is, for LEACH, DEEC and MDEEC. It
shows that MDEEC is efficient in successful data delivery. In
other words throughput increases quiet remarkably.
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Figure 4: Number of Data Packets sent from CHs to BS

Figure 5 shows the CHs selection of the three routing
protocols that is LEACH, DEEC and MDEEC, and it can be
seen that, MDEEC provides optimal number of CHs for every
round.
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Figure 6: Performance results for all nodes die with
different values of E,

The figure 7 presents for different values of initial energy,
number of packets sent from CHs to base station.. The results
of the figure 7 prove that for different values of initial energy
Eq, MDEEC performs better as the number of packets sent
from CHs to BS is always larger than the LEACH and DEEC
routing protocols
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Figure 5: Cluster heads per round

The figure 6 presents for different values of initial energy, all
nodes died round. The results of the figure 6 prove that for
different values of initial energy E,, MDEEC performs better
as its all nodes died round is always larger than the LEACH
and DEEC ones.
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Figure 7: Performance results for number of packets sent
from CHs to BS with different values of E,

5. CONCLUSION

In this paper, Modified Distributed Energy Efficient
Clustering Routing Protocol (MDEEC), an energy-aware
adaptive clustering protocol used in heterogeneous wireless
sensor networks has been proposed, examined and compared
with LEACH and DEEC routing protocols. The proposed
algorithm shows better performance in terms of energy
saving, alive nodes and packet transmission. Simulation
results shows that MDEEC has better performance as
compared to LEACH and DEEC.
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