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ABSTRACT

The Wireless sensor is a micro device that allows measuring a physical quantity from the environment and
transforming it autonomous into a digital value that can be processing. The collection, processing and
transmission of data are the main factors of the dissipation of the energy for the wireless sensors, since these
Battery-powered sensors is limited in energy, and it is usually impossible to recharge or replace it, knowing
that sensors are generally distributed in places which are difficult to reach. Indeed, the lifetime of the network
is one of the major constraints facing in WSN. Therefore, the energy consumption of the sensors plays an
important role in the network lifetime. Among scientific research developed to improve the lifetime of
wireless sensors network is the integration of a new techniques of routing protocols existing. In this paper,
we will solve two major energy problems. The first concerns the equitable distribution of energy on all the
nodes of the network in order to eliminate the energy holes. The second is the minimization of energy
consumption to maximize or extend the life of the network. To achieve these objectives, we propose firstly
the EDE (Equitable Distribution Energy) protocol based on clustering. This guarantees an equitable
distribution of energy across the entire sensor network. In the second phase, we propose a new protocol
named EDEE, which is an improvement of the EDE protocol, to minimize the energy consumption of the
nodes. At the end, the EEDE (Energy and Equitable Distribution Energy) protocol would thus be a complete
and efficient protocol in terms of energy.
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1. INTRODUCTION certain level. There are different definitions for the
lifetime of a network, for example [4]:

The wireless sensor is a micro device that allows
measuring a physical quantity, such as temperature,
light, or the movement from the environment and
transforming it autonomous into a digital value that *The duration until all sensors is depleting their
can be processing, and routing toward base station.  energy, by the time until a proportion of nodes die.
The deployment of several wireless sensors
communicating by wireless radio, form a Wireless
Sensor Network. Several constraints prevent proper
deployment these networks. One of the most *The duration on which each target is covered by
significant challenges for Wireless Sensor Networks  at least one node.
is energy consumption. However the economy of
energy is among the major issues of these networks,
and it is difficult even impossible to replace the
sensors or their battery because of the location of The equitable distribution of energy throughout
deployment that is often inaccessible, especially that  the network is another trouble, especially when the
the purpose of traditional application scenarios is to  station base is not in the middle of the network [5].
deploy nodes in an unattended domain for months or  In this work, we propose an improvement of routing
years [1] [2] [3]. The life of a sensor network is the  protocols (EDE: Equitable Distribution Energy)
period of time that the network can, as appropriate:  based on Leach protocol by reducing the overload of
maintain enough connectivity, cover the entire  cluster-head, in order to well distribute the energy
domain, or keep the rate of information loss below a  overall network; avoid the energy hole (death node).

R ——————
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*The duration can be defined until the first node
dies.

*The duration on which, the network continually
meets the needs of the application.

*The duration during which the area of interest is
covered by at least K nodes.
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This EDE protocol consists on creating a new node
(Transfer-Node) in step up phase, within the cluster
that is only responsible of transferring data into the
base station (BS) in steady up phase. Our network
will be structure as a producer-consumer pattern in
order to organize intra-cluster exchanges. In
addition, the protocol will maintain more or less the
same energy performance in terms of lifetime of the
network. We are going to show the efficiency of our
proposed protocol by comparing it with other well-
chosen protocols especially LEACH (homogeneous
networks) and SEP protocol [6]. Indeed, we have
added the SEP protocol (heterogeneous networks).
The sensors are designed to work for months or even
years. Thus, the energy capacity of the sensors must
be used effectively to maximize the lifetime of the
network. Note that once a sensor node has exhausted
its energy, it is considered faulty. Thus, there is a
high probability of losing network connectivity. In a
sensor node, energy is consumed by performing the
following functions: capture, processing and
communication. Several factors intervene in these
functions, for example the state of the radio module,
the access policy to the transmission channel, the
routing protocol and others factors. Since the EDE
protocol has solved the problem of energy holes and
its results on energy dissipation are not satisfactory,
we proposed an improvement of the EDE protocol
that is the EEDE protocol in order to optimize also
the energy consumption. EEDE protocol modifies
CH election method and eliminates redundant
information.

The rest of the paper is organized as follows. In
Section 2, related works. In section 3, we are
presenting a Hierarchical Routing. In Section 4, we
are going to expose the problem of energy
distribution in WSNs. In section 5, we define our
proposition, protocol EDE. Simulation results and
discussion for EDE protocol are presented in section
6. In section 7, we define and present the EEDE
protocol. Finally, a conclusion is given in the last
section.

2. RELATED WORKS

The energy consumption remains a
challenge for the research community, because of its
paramount importance to ensure good network
performance [7] [8].

Maximizing the life of the network
generally aims to minimize the energy consumption
of the sensors. In addition, we can optimize the life
of a network without necessarily maximize it,

indeed, ensure good management of energy
consumption of the system in full or ensure a fair
distribution of energy throughout the network to
keep a total coverage and a smooth operation of the
system.

Poor management of energy consumption
in the networks can produce so-called energy holes
[9][10]. We have two types of this problem, the first,
near to the base station for multi-hop transmission
topology; the second one is far from the base station
for the direct transmission topology. To solve this
problem of energy holes or black zone, several
approaches are proposed.

Sensors which are located closer to the base
station, especially for multi-hop relays, participate in
more data transfers (more load); sensors situated in
this region should have a higher density. The method
has been proposed to use mobile sensors [11],
allowing sensors to move to meet density
requirements, In order to extend the life of the
network and achieve a balanced energy
consumption. But this approach has also
shortcomings like, the investment will be more
expensive for network deployment and also the
process may take longer to collect all the data, which
is not desirable for real-time monitoring [12].

A pixel-based transmission mechanism is
adopted by [13], to reduce the duplication of the
same messages, in order to obtain equitable energy
consumption per node. The default of this proposal
is that each node must know its location [14].

Among the solutions proposed for this
problem, we have the [15] approach of dividing the
coverage area of the network into systematic cells
and layers. These cells are classified into primary
and secondary cells. The problem with this approach
is the difficulty of deploying network node sensors.

Clustering is one of the techniques created
to maximize life and balance energy in wireless
sensor networks. The Leach protocol [16] is
classified among one of the reference protocols
based on clustering. This protocol has really
succeeded in minimizing energy dissipation in the
network, but it has not achieved the objective of
solving the problem of energy holes or black areas
(details in section 4).

16
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In the rest of this paper, we are focused on
the second type black area for a far to the base
station.

On the other hand, there are several
techniques are proposed to solve the problem of
energy consumption. Such as the data-centric
techniques [17] of reducing the energy consumption
of capture. Also the techniques based on the activity
of the cycle, the latter aims to reduce the duration of
the radioactivity to avoid over-consumption of
energy due to the communication between the nodes.
This technique is usually based on sleep / wakeup
methods and protocols at the Mac level [18] [19]
[20].

The improvement of existing routing
protocols, for example the famous LEACH protocol,
and also among the techniques proposed to minimize
the energy consumption of the network, in particular
the K-LEACH protocol, E-LEACH, MH-LEACH,
LEATCH, etc. [21][22] [23] [24].

3. HIERARCHICAL ROUTING

A wireless sensor network is a network
with certain energy constraints. One of the most
crucial problems in the WSNs is the development of
a more efficient system in terms of energy
consumption. In hierarchical routing protocols, the
network is broken down into clusters [25] [26]. Each
cluster is composed of sensor nodes, one of them
plays the role of Cluster-Head, and it is responsible
for routing from its cluster to other clusters or to the
base station (Figure 1). Typically, data travels from
lower-level to higher-level clusters [27].

[
é Sink
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Node Cluster

Cluster @

Head\
® o
®

Figure 1: Hierarchical routing

3.1 Leach Protocol

Introduced by [16], LEACH (Low Energy
Adaptive Clustering Hierarchy) is a hierarchical
clustering algorithm. This is one of the most popular

hierarchical routing algorithms for WSNs. The
protocol takes rounds; each round consists of two
phases.

e Set-up

o Steady-state

In set-up, the -cluster-head is chosen
randomly among the network nodes. After the
election of cluster-head, it broadcasts an
advertisement messages, based on the received
signal strength, each non cluster-head node transmits
a join request message containing its ID back to its
chosen cluster-head using CSMA.

In steady-state, each cluster-head allocates
its TDMA schedule to its member nodes. Based on
the schedule, each member node transmits the
sensed data to its correspondent cluster-head node.
The cluster-head aggregates and compresses data
received from all nodes and sends it to the base
station [24].

3.2 SEP Protocol

SEP (Stable Election Protocol) is a
heterogeneous routing protocol based on clustering
a two level. SEP protocol consists of two types of
sensor nodes, normal nodes and advanced nodes
(nodes with more energy than normal nodes). In this
protocol the advanced nodes become cluster-head
more frequently than normal nodes to extend the
period of stability of the clustering hierarchy process

[6].

4. PROBLEM OF ENERGY DISTRIBUTION

4.1 Problem Statement

Generally, the cluster-head is the most
active node of the cluster, because it manages all
nodes member in the cluster. In effect, after the
election of the cluster-head, it is in charge of the
creation and the organization of the cluster, and then
the data collection from member nodes, the
treatment and the compression of this information in
digital form, in order to transmit them to the Base
Station [11]. In carrying out all these stains, the
cluster-head loses a lot of energy, consequently it
results a quick death of the cluster head. Therefore,
this leads to have energy holes (dead nodes) in the
network.

On another side, the location of the base
station also creates a problem of energy. Indeed,
cluster-head that are located away from the BS
consume more energy, because the transmission
distance to the BS is significant. As well, the areas
that consist of these sensors die entirely. Therefore,
when we work in a large area especially when we
have a large number of nodes, sensors far from BS

17
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in the network lose a lot of energy [8] compared to
other sensors. In this case, we can say that we do not
have a fair distribution of energy over the entire
network.

Reflecting what goes on the Leach
protocol. Leach is based on the creation of clusters
and the election of cluster-heads. CHs transmit data
collected from member nodes directly to the base
station. We obtain two cases (Figure 2):

1) First case:

There will always be a creation of the CHs
in the far area of the BS to maintain a uniform
distribution of CHs on the entire network. In this
case, the CHs nodes will lose energy quickly.

2) Second case:

After an energy threshold, we will not have
CHs in the far zone of the BS. In this case, the
member nodes will lose energy because of the
transmission of data collected each time to distant
CHs.

In both cases, we will get black areas.

BS

First cas Second cas

Figure 2: (First case) energy dissipation of CH and
(second case) energy dissipation of member nodes

4.2 Energy model

The first step in designing a sensor energy
system is to analyze the power consumption
characteristics of a wireless sensor node. This
systematic analysis of the energy of a sensor node is
extremely important in identifying problems in the
energy system to enable efficient optimization.
Generally, a sensor uses its energy to perform three
main  functions detection, processing and
communication.

We are interested by the energy of the
detection, the energy of the transmission and the
energy of the reception [6] [9]:

e Sensing energy

Es() =p+k (1)

1

e Transmission energy

Ery(k,d) = Egpec * k + Eamp * k * AN ))

e Reception energy

ERx(k: d) = Eelec * k 3

Where k is the message length in bits, E..
is the data rate of each sensor node, and d is the
distance between the node transmitter and receiver.

5. EDE PROTOCOL

5.1 Definition of the EDE Protocol

To reduce the functionalities of the cluster-
head, we propose a new concept of routing (EDE
protocol) based of Leach protocol, which consists in
creating a node that is only responsible of the
transfer of the data. The cluster-head delegates the
task of the transmission of packets to the base station
to another node of the cluster. This node called
Transfer-Node (TN), Figure 3.
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Figure 3: Random distribution of sensors node

The EDE protocol process takes place on
two phases same as the Leach protocol. In step up
phase, we add the selection of NT node. Indeed, in a
defined cluster, the energy capacity of the chosen
Node Transfer must be greater than greater than or
equal to the energy of the cluster-head. Otherwise,
the latter will be TN node. In addition, the difference
in the steady up phase is that the CH transmits the
data to the TN node.

We consider that the advanced EDE
protocol has the same properties as the EDE
protocol, but with normal nodes and advanced nodes
that have more energy (heterogeneous node sensor
network).

18
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5.2 Impact energy
We can expose cluster energy E._.c for a
classic clustering routing protocol as follows:
Moreover, the energy of a cluster for our
proposition as follows:

Ec_cc = Es—au *+ Epciy + Ercry-au + Er(ciy-s (4)

Moreover, the energy of a cluster for our
proposition as follows:

Ec_gpe = Es—au + Epcy + Er(cHy-au + Erarvy—cu +
Ercrwy-s + Erccy-tn 5)

Where Eg_g;; is the sensing energy, Ep(cp) is the
processing energy from cluster-head, Egcpy—au 18
the reception energy consumed by the CH by
receiving data from the member nodes, Er(cpy—ry 18
the transmission energy from CH to the TN node,
E7(cmy-s 1s the transmission energy from CH to the
sink, Ep(rny—cn is the reception energy consumed by
the TN node by receiving data from the member
nodes, and E7(ry)_g is the transmission energy from
TN node to the sink. We consider that,

(6)

Ec_cc = Ec—ppE

And

Ecu—cc = Epcny + Erccry-au + Ercry-s (7)

And
Ech-epe = Epccn) + Ercciy-au + Erccmy-tn +
(8)

Erccm-s
According to the above

Ecu-cc = Ecu-ppe + Erany-cu + Erany-s  (9)
We assume that Ery is the energy consumed by TN
node

(10)

Ern = Erervy—cu + Er(rny-s

(11

Ech_cc = Ecu—gpe + Ern

Finally, we have the energy dissipated by
CH is greater than the energy by TN.

(12)

ECH—CC = ECH—EDE

19

The remaining energy, since we have the
same energetic mass, is shared on the other nodes
that are selected TN nodes.

5.3 Studies

In this study, we will explore a few cases
that reflect the energetic properties above of the
proposed protocol. We consider a small network that
consists of four wireless sensors that communicate
between them. These nodes form a cluster and we
will initial by 20 units energies (figure 4).

Cluster

O——0

ND2

ND 1

Figure 4: Cluster

¢ Concerning the collection, processing of data and
communication intra-cluster, the following
nodes NDO, NDI, ND2, and ND3 lose
respectively 2 units, 3 units, 2 units, 4 units of
energy.

e The cluster-head loses five energy units, during
the processing, aggregation, and the compression
of data.

e The cluster-head and TN node loses five energy
units, during the transmission to the base station.

We will treat three cases; each step is comprised
of two phases:
e The election of the cluster-head until the
compression of the data.
e Transmission of data to the Base Station.

1) First case:

At the level of the proposed method, the
algorithm will designer each time the node that has
less energy such as cluster-head.
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Table 1: Comparison between the classical clustering
protocol and the proposed protocol (1st case).

3) Third case:
In this case, we are going to fix the Cluster-

ND [ ND | ND | ND Head up to the one which energy is exhausted.
0 1 2 3
C}aSSiC, 20 | 20 | 20 | 20 Table 3: Comparison between the classical clustering
Initial Clustering protocol and the proposed protocol (3rd case).
Proposed work 20 20 20 20
Classio ND | ND | ND | ND
Phase | Clustering 1517 | 18 | 16 0| 1] 2| 3
1 Classic
. 20 20 20 20
Step zrlzssized work 15 17 18 16 Initial Clustering
1 Phase | Clustering 10 17 18 16 Proposed work 20 20 20 20
2 | proposedwork | 15 | 17 | 13 | 16 gasm. 15017118 16
e Phase 1 ustering
Phase | Clustering 8 14 13 12 Step Proposed work 15 17 18 16
Step U Tproposedwork | 13 | 14 | 8 | 12 ! ga“lc. 10| 17| 18] 16
2 Classic Phase 2 ——
Phase | Clustering 8 14 8 12 Proposed work 15 17 13 16
2 |proposedwork | 13| 9 | 8 | 12 83“19 s 14| 16| 12
i Phase 1 ustering
Phase Clustering 6 11 5 5 Step Proposed work 10 14 11 12
Step ! Proposed work 6 11 5 8 2 giasiic_ 0 14 | 16 | 12
3 Classic Phase 2 ustering
Phase | Clustering 6 1 0 8 Proposed work 10 9 11 12
2 Proposed work 6 6 5 8
In the first and third case, the nodes ND2
2) Second case: and NDO die in the classical clustering protocol
Concerning the method of Classic contrary to the proposed protocol. In the second,

clustering, the algorithm is going to designate in
each round the node that contains more energy as
Cluster-Head.

Table 2: Comparison between the classical clustering
protocol and the proposed protocol (2nd case).

ND | ND | ND | ND
0 1 2 3
C}aSS‘C. 20 | 20 | 20 | 20
Initial C ustermg
Proposed work 20 20 20 20
Classic
Phase | Clustering 15 17 18 16
Step 1 Proposed work 15 17 18 16
1 Classic
Phase | Clustering 10 17 18 16
2 Proposed work 15 17 13 16
Classic
Phase | Clustering 8 14 13 12
Step ! Proposed work 13 14 8 12
2 Classic
Phase | Clustering 8 14 8 12
2 Proposed work 13 9 8 12
Classic
Phlase Clustering 11 4 6 8
Step Proposed work 6 4 6 8
3 Classic
Phase | Clustering 4 1 4 3
2 Proposed work 4 1 4 3

case the two protocols in the same results. Energy
side notes that the sums of the energies of the two
protocols in the last rounds are equal.

It can be deduced that the proposed
protocol can assure us more node alive for more
round, although the energy of the whole cluster
remains approximately the same.

5.4 Network model

Now, our cluster has three main actors: the
member nodes, the cluster-head and the transfer
node. Therefore, we propose the producer-consumer
pattern [28], in order to organize and manage our
cluster.

A cluster schematize as a producer-
consumer pattern. The member nodes are the
producers, the cluster-head is the buffer whose data
processes, aggregate and compress, and then the
consumer is the transfer node. The latter that will
pick up the data from the cluster - head to transfer
them to the base station.

6. SIMULATION
DISCUSSION

RESULTS AND

6.1 Simulation environment

We chose to compare with the Leach
protocol, since our proposed protocol is an
improvement of the Leach protocol. In order to

20
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obtain a diversity of topology on the networks, we 100 T s = =
chose to compare with the SEP protocol because itis @ » = =R ° 1
based on heterogeneous sensor networks [6]. In gl ' ., . B b Q|
SEP, protocol m is the fraction of advanced nodes ® . .o, o &=
and o is the additional energy factor between 7] . “: . ™ 1
advanced and normal nodes. sof * 2 : ‘Black Area” o 1
The wireless sensors deployed on an area of b ; LB . @
100m*100m with a base of station located at the R i
point (50, 100). We use Matlab environment to run ~ *°[ = = —t = =
simulation. 0 i * /
20 " .- *s
Table 4: Parameters Table. i . ‘ . ’
Parameter value . ) ) ) ) ) ) ' 2 .. 61
Initial energy of nodes 0.25 joule 0 1 2 3 40 N B A0 @ D W
Transmitter and receiver energy SOnj/bit Figure 5: Blue nodes represent the member nodes, the
black nodes represent the cluster heads and the red dots
Aggregation energy 5nj/bit represent the dead nodes.
Data packet length 4000 bit
amplifier energy Ey, 10pj/bit/m2 Figure 6 illustrates, treated by EDE in
amplifier energy Eqmp 0.0003pj/bit/m4 which we show the death of the nodes well

6.2 Simulation results

In this simulation, we compare our protocol
EDE with Leach protocol the distribution (position)
of dead nodes in the surface of the network. We
consider that all nodes have an equal initial energies
and each death node excluded from the next round.

1) First simulation (Energy distribution)

In Figure 5, where treated by the classical
Leach protocol, shows clearly, that the lower part of
the network represents a black area of which all
sensors are dead. Thus, we may not have the
information of this area that is not covered. Shows
clearly, that the lower part of the network represents
a black area of which all sensors are dead. Thus, we
may not get the information of this area that is not
covered.

21

distributed across the network. Consequently, we
can have a data collection on the whole area of the
network.

e © e ; ; . -
% 1 2 % © = ® W @ %
Figure 6: Blue nodes represent the member nodes, the
red nodes represent the cluster head, the green nodes
represent the transfer nodes and the red dots represent

the dead nodes.

In Figure 7 we compare our EDE protocol
with the SEP protocol with a=0 .2 and m=1.
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Figure 7: Blue nodes represent the member nodes, the
black nodes represent the cluster heads, the red dots
represent the dead nodes, and nodes in the form of the
"plus sign" represent the advanced nodes.

I ) I 1 SR

% 0 2 ™ 0 0 8 70 8@ 90 o

Figure 8: Blue nodes represent the member nodes, the

red nodes represent the cluster head, the green nodes

represent the transfer nodes, the red dots represent the

dead nodes, and nodes in the form of the "plus sign"
represent the advanced nodes.

Note also that, for SEP, the distribution of
energy is not fair on the network (Figure 7), contrary
to our proposition (Figure 8) which we have no
energy holes. In addition, for the SEP protocol, the
normal nodes died first, while for the proposed
protocol, as shown in Figure 9, there remain the two
categories of nodes, normal and advanced. This
implies that we do not have an overload on some
nodes.

From the simulations above, it is concluded
that the EDE protocol has guaranteed a fair

distribution of energy better than the Leach and SEP
protocol.

2) Second simulation (Energy Consumption)

In this simulation, we compare energy
conservation efficiency between EDE and leach
protocol, also EDE and SEP protocol. We consider
that all nodes have an equal initial energy.

In Figure 9, we have focused on the case of
network that consists of 100 nodes. We are
comparing the number of round with the dead node.

—+— LEACH e —
r > -- EDE

@ /

g

00 400 £00 600 700 800 200
Number of rounds

Dead nodes

?{U 1E::D iIED 1200

Figure 9: Number of rounds in relation with dead nodes

Although, EDE protocol starts to lose its
own nodes, from round number 200, but the Leach
protocol begins to lose its nodes from round number
402, as shown in Figure 9. In round 648 the Leach
protocol loses energy faster than the EDE protocol.
The total number of rounds of the EDE protocol is
slightly higher than the number of rounds of the
Leach protocol.

Next, we are comparing the energy
conservation between the SEP protocol and the EDE
protocol with 100 nodes. We consider that we have
100 nodes distributed in normal and advanced with
0=0.2 and m=1.

100
- - SEP m=1, a=02
%0 EDE m=1; a=02 2 1
ok / i
70t 4
w 60 &
£ = / 4
S o} ® g
20| ; 1
20} JI 1
10} 1
o0 ‘-"'-' i i i i i i
i 200 400 600 800 1000 1200 1400

Number of rounds

Figure 10: Number of rounds in relation with dead nodes
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The Figure 10 also shows that the rounds
number of the EDE protocol that equal 1311 is
slightly higher than the number of rounds of the SEP
protocol that equals 1189.

According to the Figure 10 and Figure 11,
we can conclude that the EDE protocol retains
performance in maximizing network lifetime of the
network as compared to the Leach and SEP protocol.

7. EEDE PROTOCOL

In this section, we propose an improvement
of the EDE protocol in order to minimize energy
consumption, as well as the establishment of a
sustainable network.

7.1 Definition of EEDE Protocol

The election of cluster-heads in EDE
protocol, like LEACH protocol, is done with a
random rotation within the entire network. However,
at each rotation, the energy is more consumed
because, with each election of CH, a frequency and
message-broadcasting phase CSMA and TDMA is
needed to make the new CH known and to organize
the cluster. In addition, the member nodes transmit
the collected data to the CH, and sometimes, they
transmit the same data in several rounds, which
overloads the bandwidth and cause an over
consumption of energy by useless and redundant
data.

The idea to avoid these problems, we must
first consider that the sensors play this role in two
successive rounds r and r + 1, which means that the
clusters remain the same in two successive rounds.
On the other hand, we consider that the member
nodes compare their collected data at round r + 1
with those of the previous round r. Therefore, if they
are different, they transmit them to the CH, if they
are not, they do not transmit them. This operation
repeated with each new role rotation of CH (Figure
11).

N1 N
! !
Nz_;? —> N Ng—p?——bm:
Round r Round r+1

Figure 11: Two successive rounds in the EEDE protocol

7.2 Impact energy

We can expose cluster energy Eq_gpp for
EDE routing protocol with n member node as
follows:

Ec—gpe = Estmy + Epccry + Erciy-n + Er(rvy—cu +
Ermy—cu + Errny-s (13)
Moreover, cluster energy Eq_ggpg for

EEDE routing protocol with n’ member node as
follows:

Ec—gepe = Esqy + Epccny + Ercciy-n’ + Er(rny—cu +

ET(n’)—CH + ET(TN)—S (14)

Where Egqy and Eg,y are the sensing
energy, Epcyy is the processing energy for cluster-
head, Ep(cyy-n and Epcpy-n’ are the reception
energy consumed by CH by receiving data from the
member nodes, Eg(ry)—cy is the reception energy by
CH from the TN node, E7(n)-cy and Er(yry_cy are
the transmission energy from member node to CH,
E7(rn)-s is the transmission energy consumed by the
TN node by transmit data to the sink. We suppose
that n = n’ and we have,

Esny = Es(n') (15)
n
ET(n)—CH = Z ET(m)—CH (16)
m
n
ER(CH)—n = Z ER(CH)—m 7)
m

ET(n’)—CH = Z ET(m’)—CH (18)

r

n
ER(CH)—n' = Z ER(CH)—m’ (19)
ml

With m and m’ are respectively the node
member numbers of the EDE and EEDE protocol
that transmit collected data to the cluster head.

According to the definition of the EEDE
protocol, we have m = m'.

From where:
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’

n n
Eramy-cn = Z Eremy-cn ZZ ET(m’)—CH = ET(n’)—CH (20)
m m’

And,

’

n n
ER(CH)—n = Z ER(CH)—m 2 Z ER(CH)—m’ :ER(CH)—n’ (21)
m m’

Then,

Ec_gpe 2 Ec—gepE (22)

Equation (22) shows that the energy
dissipated by the EDE protocol is greater than the
energy dissipated by the EEDE protocol.

On the other hand, EEDE minimizes the
energy consumed by the TDMA and CSMA
protocols, since the election of the cluster-head and
the creation of the cluster is done one time out of two
compared to the EDE protocol.

7.3 Simulation and results

In the MATLAB simulator, we considered
a network of 100 sensor nodes distributed randomly
over 100 m * 100 m. We use Matlab environment to
run simulation. We chose to compare with the EDE
protocol.

Table 5: Parameters Table.

Parameter value
Initial energy of nodes 0.2 joule
Transmitter and receiver energy 50nj/bit
Aggregation energy Snj/bit
Data packet length 4000 bit
amplifier energy Eg 10pj/bit/m2
amplifier energy Eqmp 0.0003pj/bit/m4
100
EDE Protocol
= = =« EEDE Protocol
B0 1
s 60 ) .
s /
(= if
‘g i
S 40} : |
20} 4
O 200 400 600 800 1000 1200 1800 1600

Number of rounds

Figure 12: Number of rounds in relation with dead nodes

At the beginning of the simulation, we note
on the graph provided in Figure 12 that, on the one
hand, the two protocols are more or less equal in
terms of the number of dead nodes. But from round
419, it is clear that the network treated by the EDE
protocol begins to lose many nodes. Whereas the
network managed by the EEDE protocol does not
begin to really lose the nodes until round 678.

On the other hand the number of rounds of
the proposed protocol, 1508 rounds is higher than the
EDE protocol, which does not exceed 900 rounds,
which lets us say that the energy conservation
improvement of the EEDE protocol is better than
that of the LEACH protocol.

8. CONCLUSION

Unlike traditional networks, which are
concerned with ensuring good quality of service,
sensor networks must, in addition, give importance
to energy conservation. They must incorporate
mechanisms that allow users to extend the lifetime
of the entire network, as each node is powered by a
limited and generally irreplaceable power source.
Scientific research in the energy field is focused,
generally on maximizing the life of wireless sensors.
However, it must be remembered that the good
distribution of energy throughout the network has an
impact on the lifetime of the entire network,
sometimes knowing that the loss of a part of the
network makes the whole network defective network
and that causes the problem of energy holes or black
area. The integration of the transfer node (Transfer-
Node) and the producer-consumer model into a
hierarchical protocol has given birth to a
contribution that is the EDE (Equitable Distribution
Energy) protocol. The latter has shown an efficiency
that makes it possible to obtain a fair and equitable
distribution of energy on the entire network, which
solved the problem of energy holes. Indeed, the
results of the simulation verify the effectiveness of
ours analyzes and proposed solutions.

In order to complete the performances of
the EDE protocol, we propose the EEDE (Energy
and Equitable Distribution Energy) protocol that
optimizes the energy consumption obtained by the
EDE protocol. Thus, the simulations show the
extension of lifetime of the network.
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