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Abstract—The wireless sensor networks (WSN) are
composed by a large number of micro sensors that are
randomly deployed in an area of interest to supervise or
monitor various phenomena (temperature, pressure,
humidity ..). The wireless sensor nodes are typically
powered by non-rechargeable batteries which makes them
constrained in terms of energy. As communication energy
represents the largest part of the energy consumed in sensor
nodes [1], so energy efficient routing is one of the main
issuesto prolong lifetime of wireless sensor s networks.

This paper proposes a hierarchical routing protocol
called MGI-LEACH for homogeneous wireless sensor
networks based upon the framework of LEACH such as
the network is divided into multi groups to prevent the
concentration of cluster head in a particular area of the
network, and the cluster head selection is based on high
residual energy and a short distance from the base station
(BS) in each communication round, which minimizes the
communication energy of wireless sensor nodes, and hence,
increases lifetime of the whole network.

Simulations using MATLAB software show improved
lifetime in different levels of Grouping compared to the
classical algorithm LEACH.

General Terms—Algorithms.

Index Terms—W.ireless Sensor Networks, Network Lifetime,
Sensor Node, grouping .

I INTRODUCTION

A wireless sensor network is composed by a large
number of micro sensors called nodes communicating
with each other through radio links independently and
randomly distributed over an area of interest. Sensors are
powered by batteries, which is impossible to get
recharged after deployment. As a large part of energy is
consumed when communications are established, so it is
imperative to develop an energy efficient routing protocol,
taking into account the constraints by these sensors.
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In flat routing, when the number of nodes increases,
the traffic control dominates real communication. This
increases the latency and overload routing tables. To
overcome these limitations, hierarchical routing protocols
have been introduced. These protocols allow the
reduction of the number of messages transmitted, thus
reducing energy consumption of sensor nodes.
Furthermore, the transmission of data to BS via a single
hop becomes impossible when the size of the network
increases. To remedy this problem, the multi-hop routing
is the mode of communication adopted to transmit data to
the BS.

In this paper, we propose an energy efficient routing
protocol based on the principle of clustering algorithm.
We have modified the LEACH(Low-Energy Adaptive
Clustering Hierarchy protocol as the CH selection is
done by the predictive energy and the smallest path to BS.

The remainder of the paper is structured as follows:
Section 2 describes The Sensor Node. In section 3 We
propose an overview of LEACH protocol’s. Section 4
describes problem statement, section 5 describes The
Proposed Routing Protocol Algorithm. Simulation Setup
and Scenarios and Simulation Results are interpreted in
section 6 and 7. We draw the conclusion in Section 8.

II THE SENSOR NODE

2.1 Sensor Node Architecture

Principally a wireless sensor node consists of four

basic units [2] (See Figure 1):

e  Acquisition Unit: converts a physical signal into an
electrical one.

e Processing Unit: responsible for all arithmetic
operations and storage.

e Communication Unit: consists of a transmitter /
receiver for communication between network nodes
using a radio channel .
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e Power supply unit (battery): it powers the units that
we have mentioned and it is generally not
rechargeable or replaceable.

L L

Fig 1: The components of sensor node
Based on the architecture above, the energy consumed
by a sensor node is mainly due to the communication unit,
it represents the greatest portion of the energy consumed
by a sensor node .

III OVERVIEW OF LEACH PROTOCOL’S

We start by giving an overview of LEACH protocol’s
which partitioned the network into groups (clusters).
Nodes transmit their data to representatives of groups
called cluster heads (CH), which in turn send the data
after processing and aggregation to the desired
destination or base station (See Figure 2).

Fig 2: Clustering nodes in LEACH protocol’s

@ Cluster Head

@ Cluster Member

In LEACH, the nodes self-elect to be CHs. They are
based on the desired percentage of CHs and the number
of rounds during which a node took the role of CH. Thus,
a node n takes a random value between 0 and 1. If this
value is less than the threshold T (n), the node becomes
CH. The CHs inform their neighbors of their election.
Each normal node decides to join the nearest CH[7].

P :
T(n) = {1—P*(r*mod 1/P) si(n € G) (01)
0, sinon
Where :
P : The percentage of the cluster head nodes in all

nodes.

r : The number of rounds.

G : The collections of the nodes that have not yet been
head nodes in the first 1/P round.
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The optimal number of clusters is in general 5%.

3.1 Advantages

. Self-cluster configuration is independent of the
BS (distributed algorithm).

. The data are aggregated to reduce the amount of

information transmitted to the BS.
Energy consumption is shared across all nodes,
thus extending the lifetime of the network.

3.2 Disadvantages

. The further away from the BS, CHs die more
quickly than those that are close to the BS.
. Without justifying their choice, the authors fix

the optimal percentage of CHs for the network
to 5% of the total number of nodes. However,
the topology, the density and the number of
nodes may be different in other networks.

. The use of probabilistic model to select CHs can
generate CHs too close in an area of the network.
. The remaining energy and distance of nodes are

not taken into account when electing CHs, it can
give the CH role to node with discharged battery.

IV PROBLEM STATEMENT

The radio energy dissipation model used in our
protocol (See Figure 3) is called first order radio model
[3]. Each sensor node consists of a transmitter and
receiver electronics. Energy is dissipated when nodes
transmit or receive data.

Transmitter

E_tx(k,d)
k-bit packet

=2 Transmit Electronics =2 Tx Amplifier
E_elec*k E_amp*d**k

Receiver

; E_rx(k)
k-bit packet
46— Receiver Electronics =
E_elec*k

Fig 3: Radio energy dissipation model

The node radio will consume the following E Tx
amount of energy to transmit a k-bits packet over distance
d [4]:

Eejec * Kk + Egg * d? x k
ETX(k’d):{E * K 4+ Egmp * d? * kK
elec amp
(02)

And E_;4 amount of energy to receive this k-bits packet:

if d< d,
if d> d,

E_rx (k)= Eelec * k (03)
Where ,
E_tx (k,d) : energy dissipated per bit at transmitter;
E_rx (k) : energy dissipated per bit at receiver;

Efs, Emp : amplifier parameters of transmission
respectively in free space (with d2 power loss)
and multi-path fading (with d4 power loss)
channel models;
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Edec : Energy dissipation to run the radio ;

k : number of transmitted data bits;

d . distance from a sender node to a receiver
node or BS.

do : is the threshold distance between multi-path

fading model and the free-space model.

Efs
do- /a
Considering a wireless sensor network that is composed
of N nodes randomly deployed over a square

area M * M.
We will calculate the total energy consumed during one

round of LEACH routing protocol :

(04)

Eround = Xi=1(Ecyi) + zyzf(ENCHj) (05)

where Ecy; is the consumed energy when CH of the
cluster labelled i, receives, aggregates, and
transmits data to the base station. Whereas Ency;
is the consumed energy by a non CH labelled j,
and L is the total number of cluster heads.

the Ecp; is defined by:

Ecui= Echtos i +ERecepti +EAggregi (06)
Where,

ECHtoBS i:k~ Eelec +k. Emp«d4toBSi (07)
ERecepti =ISi|.k. Eeec (08)
EAggregi =ISil.k. Epa (09)

With :

. EchioBsi IS the energy required for the cluster

head of the cluster labeled i to transmit its data
to the base station.

. ERecepti 18 the total energy consumed when the
cluster head of the cluster i receives data from its
cluster member.

. Epggregi 18 the total energy needed, by the CH of
the cluster i, to process data.
. |Sijis the cardinal of the set enclosing nodes of

the cluster labeled k.

Hence,

L

Z%:l(ECHi):Zi 1(ECHtoBSi +ERecepti + EAggregi)
=Lk. Egec = Lk Epp d'eps +Nk Eglec
+N.k. Epa (10)

in the same way the Encpj is defined by:

there are N-L nodes non CHs, assume that I number of
the latter work on multi-path fading mode while
the others operate on the free space mode.

N-L
Z]'=1 (ENCHj) =(N-L).k. Egjec +(Z%:1 d4l)k Emp
+HET &)k Eg (11)

where d; <d, and d; > d
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Eroung is minimal if the following term :
L. Emp.dhoss #(Zhey d%). Emp HENLT d%). B )
(13)

is minimal. However, it is known that the amplifier
energy in a multipath fading channel model is
greater than the amplifier one in a free space
model (i.e dj<d<d; and Eg < Epp )

thus, to minimize the formula given in equation (13), all
non CH nodes must operate in a free space
model, it means direct communication between
CHs and Cluster members .

And to minimize the term Lk. Ep, .d%eps, the
communication between cluster heads and the
base station must be in multi-hop routing, thus
multi hops-LEACH protocols is adapted.

V THE PROPOSED ROUTING PROTOCOL ALGORITHM

To overcome the constraints of LEACH protocols, we
propose a new routing protocol called MGI-LEACH
which consists, to partition the network into several equal
areas A=A1+A2+A3....AN.

Deployed nodes are divided into sub groups
(G1+G2+G3....GN ) in which the modified LEACH
protocol is applied. Number of groups mainly depends
upon nodes density. These groups are created by the BS
at the time of deployment.

The CHs selection in each group Gi is based on the
selection of the cluster head with a high residual energy
and a short distance from the base station in each
communication round [5] .

In our protocol MGI-LEACH the threshold T(n) of
LEACH protocol becomes :

£ (cur). [ﬁ +p.h(Dyops)], 1 € Gi

T(n) =
0, né& Gi
(14)
With :
fleur) = 5— (15)
h(Dyops) = —max—P) (16)

Dmax—Dmin
where ,

Eor : the current energy of node.

Eae : the average remaining energy of all nodes in the
current round.

Dmax: Dmin :present the maximum and minimum of the
distance between all nodes and the base station
respectively.

f(cur ) : function which measures the current residual
energy of the node.

h(Dyogs) : function which measures the distance between
elected node and base station.

With this new threshold formula T(n) advantage is given
to nodes that have a large amount of residual
energy and close to the base station to be cluster
head.
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After the cluster head formation, normal nodes should
optimize their choice to join optimal cluster head
based on the cost function, this is done as
follows :

. If the node is closest to the base station, no
optimal cluster-head will be selected and it will

directly send its data packages to the base station.

. Otherwise, the non-cluster head node chooses
the optimal one among the candidate cluster-
heads according to the cost function.

. the cluster head whose cost function is minimal,
will be chosen as the optimal cluster-head.

The cost function of the normal node ni joins in the
cluster with the cluster-head cj. This can be
shown as:

; Ecur@y Dy (17)

dmax Ecu‘r(}) Dave

cost(i,j) =

Where ,

d;j :the distance from the node ni to cluster-head cj.

dmax:the maximum of the distances from ni to the
candidate cluster-heads.

Eeur (1), Ecur( j) : the current residual energy of node ni
and cluster-head cj .

Dyj): the distance from cluster-head cj to the BS.

Dave : the average distance between cluster-heads and the
BS.

VI SIMULATION SETUP AND SCENARIOS

This paper uses Matlab7.14 as a simulation platform to
emulate 200 immobile sensor nodes randomly deployed
in 200m x 200m square area, the BS is fixed and located
at (0,0) position. The coordinates of X and Y are
measured in meters.

6.1 Smulation Parameters

Simulation scenarios in this paper are:

1. Sensor nodes are randomly distributed in a
square region;

2. The energy of nodes which is limited, may be
homogeneous. The nodes location is fixed after
deployment;

3. Nodes communicate with base station via
single-hop or multi-hops.

4. Sensor nodes are equipped with GPS to make

them aware of their location.

TABLE 1.
SIMULATION ENVIRONMENT PARAMETERS

Parameter Quantity
Nodes number 200
Rounds number 600
Node initial energy 2 joules
Packet size (k) 100 byte
Rounds number 200
BS location (0,0)
Eelec 50 nl/bit
Epa 5nJ/bit
Eg 10 nJ/bit/m?
E mp 0.0013pJ/bit/m*
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6.2 Smulation Scenarios

We propose to compare our proposed method MGI-
LEACH to the classical algorithm LEACH with the same
simulation parameters mentioned in Table 1. With which
our method is tested for three levels of grouping (one,
two and three group formation) (See Figure. 4 to 6).

200+ 118

180+ 155

160} 41> g, 11&3

S 250
1 2t
140+ 1§ a7 31 109 64185 405
29921, 479 T T 108
106 ] 79 142
168138 59 53
" 181 467 111751398 . 03
100} u 198 197 56 m@g“ 193 183
11120 % 47 1T
80+ 25 12 128 162 +164 157 489
A 157 18 00 ! 76
B0} 1‘3@3 188 . _
78 147 AR9A0 24107 ffis ;}ﬁ

033 : 7145 186
101 %53?554 uvr;‘tﬂ 4108 . 135 P

Gkl 5
.
150 170 59
0 ‘

20 B0 146 _TIPQ?
174 L L4123 1
0 20 40 GO 80 100 120 140 160 180 200
X Co-ordinate

82
130,102 15
8 33 4z EégZ 26

120+ 97

¥ Co-ordinate

159

Fig4: One group formation

200 80 16
6 12
1172 s B a0 21

180 83
+03 1%, 179 10
LA a7 s s
[ag§72 4126 +1£231§5 -k o o
140F o 154 @ 838 131
#93824& %’jij% 7 115 174 ’}iﬂa JE& 33 11263
w|  he *33”143 183 10178
+ ATAIL (M 102 i
100} 19&925 15 g, -~ 5 A 534409
{5 g S3TET 79
80+ +1:m 2o a5 H%G"?ﬁu 161!
60L ﬂh% 3 RHTES &7 9%1
preay 04180 oy T
4 48
67 125‘| . 1885

ol a0 T
113%319 193

3
2004

&
S

14(] +115

Y Co-ordinate

106 1]
A R 9221
oL 156 48 . , , . . , i
0 20 40 60 80 100 120 140 160 180 200
X Co-ordinate

Fig5: Two groups formation
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Fig 6 : Three groups formation

Using simulation parameters mentioned in Table 1,
using the first order model equation of energy dissipation
in sensor nodes, and applying the criteria to select the
cluster heads and cluster formation to evaluate both MGI-
LEACH and LEACH algorithms for one, two and three
group formation. The cluster head(s) formed aggregates
the data received from normal nodes and transmits them
to the next hop cluster head closer to the BS or to the BS
depending on the cluster formation and the shortest
distance between the cluster head and the BS. At every
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transmission or reception made, energy reduction occurs
for every node, thereby cluster head rotation is utilized to
extend the lifetime of the WSN.

VII SIMULATION RESULTS

It can be proved that the proposed MGI-LEACH
routing technique offers good results when compared to
the classical LEACH. We investigated the advantage of
the proposed technique by comparing the time in which
the first node dies during the 600 rounds of simulation
(network lifetime) to that of LEACH routing technique.

The network lifetime is shown in Figure 7. We
observed that the first node dies faster in LEACH since
all nodes tend to send captured data via their selected
cluster head per round to the BS.

From Figure 7, we observe that the LEACH technique
had an estimated lifetime of 20 rounds, MGI-LEACH for
one group formation had an estimated lifetime of 80
rounds, MGI-LEACH for two group simulation had an
estimated lifetime of 100 rounds and MGI-LEACH for
three group simulation had an estimated lifetime of 150
rounds. The progressive increase of network lifetime
employed by our proposed technique offers efficient
energy usage for each node in the entire network.

The impressive increment in lifetime of the network
from our proposed hierarchical technique is seen as a
result of efficient routing decision and optimization of
energy in cluster head selection of each cluster formed.

Graph llustrating the Network Life Time
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Fig 7: Network lifetime graph (number of alive nodes for a particular
round of simulation) in one, two & three group formation
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VIII CONCLUSION

In this paper we have proposed MGI-LEACH, an
energy efficient routing technique for homogeneous
wireless sensors based on LEACH technique. In which
the network is partitioned into small equal areas to avoid
the concentration of cluster heads in particular parts of
the network. The cluster head selection is based on the
residual energy prediction, for each sensor node and the
shortest distance from sensor node to base station, this is
the role of threshold T (n). Normal nodes choose their
optimal cluster head in terms of energy using cost
function. The simulation part indicates by comparing the
time in which the first node dies, the MGI-LEACH
performance is better than that of the classical LEACH.
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