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ABSTRACT

The major challenge for wireless sensor networkseigrgy consumption minimization. Wireless
transmission consumes much more of energy. In ltheteced network, a few nodes become cluster heads
which causes the energetic heterogeneity. Therdfarebehavior of the sensor network becomes very
unstable. Hence, the need to apply the balancingrargy consumption across all nodes of the
heterogeneous network is very important to prevleatdeath of those nodes and thereafter increase th
lifetime of the network. DEEC (Distributed EnergyffiEient Clustering) is one of routing protocols
designed to extend the stability time of the nefwoy reducing energy consumption. A disadvantage of
DEEC, which doesn’t takes into account the clusize and the density of nodes in this cluster ¢otethe
cluster heads. When multiple cluster heads areorahdselected within a small area, a big extra gyer
loss occurs. The amount of lost energy is approtélyaroportional to the number of cluster headthia
area. In this paper, we propose to improve DEE@ byodified energy efficient algorithm for choosing
cluster heads that exclude a number of low enexgglé nodes due to their distribution density arelrt
dimensions area. We show by simulation in MATLABR(ttithe proposed approach increases the number of
received messages and prolong the lifetime of #tevark compared to DEEC. We conclude by studying
the parameters of heterogeneity that proposed igabprovides a longer stability period which irases

by increasing the number of nodes which are exclddsn the cluster head selection.

Keywords: Wireless Sensor Networks, Clustering Algorithm, Multi-Level Heterogeneous Networks,
Energy-Efficiency, DEEC Protocol, Network Lifetime.

1. INTRODUCTION messages. However, as sensors are usually small in
size, they have many physical limitations such as
Wireless sensor networks are an emergingattery, computational power and memory. The
technology that has a wide range of potentiamportant part of energy is consumed in the
applications including environment monitoring,communication circuit which must be minimized.
smart spaces, medical systems and robotiRecause of those limitations, energy-efficient
exploration... Such a network normally consista of techniques are main research challenges in wireless
large number of distributed nodes that organizeensor networks. A number of techniques have been
themselves into a multi-hop wireless network [1]proposed to solve these problems. The major
However, the sensor nodes are usually powered bigallenge is the energy consumption, In order to
batteries and thus have very limited lifetime if ncsupport data aggregation through efficient network
power management is performed. The sensor nodeganization, nodes can be partitioned into a
contains four basic building blocks of componentsijumber of small groups called clusters. Each dluste
those are sensing unit, processing unit, radio, unlias a cluster head, and a number of member nodes
and power unit [2]. These sensors are able {€]. So, designing energy-efficient protocols
communicate with each other to collaborativelfbecomes a serious parameter for increasing the
detect objects, collect information and transmilifetime of nodes [3], the famous techniques
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adopted by the most clustering algorithms ar2. RELATED WORK
selecting cluster-heads with more residual energy There exist two types of distributed clustering

and rotating cluster-heads periodically to balance chniaues used to reduce eneray consumption: the
the energy consumption of the sensor nodes ovgr 9 gy ption-

.~ iomogeneous and heterogeneous clustering
the network. There are two type of routmgaI orithms. It is verv difficult to  desian
protocols for extending the lifetime of the network 9 ) y 9

centralized and distributed algorithms. It is reedi heteroggneous clustering schemes due 1o their
. : complexity on the contrary of homogeneous

that centralized algorithms are less scalable an )
rotocols. Currently, WSN are more possibly

robust than distributed algorithms [14]. Amongﬁetero eneous networks than homogeneous ones
distributed approaches developed to reduce energy 9 9 '

consumption and to guarantee well balanced Actually, clustered routing protocol has gained
distribution of the energy load between nodes ef thincreasing attention from researchers becauses of it
network [4]. Most clustering solutions arepotential of extending WSN lifetime. Heizelman

proposed: LEACH protocol using cluster headand Kopa [5] designed and implemented the first
dynamically elected based on an optimal probabilitglistributed and clustered routing protocol with low
model, HEED which selects the cluster-headsnergy consumption [4].

stochastically. The election probability of eacld@o :
is correlative to the residual energy. All thos% LEACH [16], performs well, but its performance

come badly in the heterogeneous network as
protocols assume that the sensor networks aé . .
homogeneous [15]. SEP scheme is proposed for tRaoWn byf[‘t]'E%gLPEGA%IS [17.|]| 'L'S an |mpr0\ée:1
two-level heterogeneous wireless sensor networlﬁ\éers'on ﬁ . hi has n% es wi tedobrgan|z<he (()j
which is composed of two types of nodes accordin rma chain, which can be computed by each node

to the initial energy. SEP prolongs the stabilitﬁr by the base station. However, excessive delay is

period of the network [4].furthermore DEECmtroduced for distant nodes, especially for large

(Design of a distributed energy-efficient clusterin networks. SEP performs poorly in mqu-Iev_eI .
algorithm) [15], is used in heterogeneous Wireleggeterogeneous networks and when heterogeneity is

sensor networks. This protocol is based on t%result of operation of the sensor network [45'][]?
election of cluster heaorl) by the balance of ﬂ:l{: HEED [18] a stochastic algorithm used to define

probabilities of the remaining energy for each nOd[é%eé’fchduns(:gre-hsvﬁshbéi?ssegor(?glaptir\(/):at%”it%/heelerzt;(i);uglf
it use the average energy of the network as t hergy. Q. Li, Z. Qingxin and W. Mingwen are

reference energy, the cluster-heads are elected b S . .

probability based on the ratio between the residu roposed Distributed Ene_rgy Ef'flc_lent Clusterlr_lg

energy of each node and the average energy of éotocol (DEEC) [15]. This clustering protocol is
ased on multi level and two level energy

network.
heterogeneous schemes. The cluster heads are

In this paper, we present a new energy efficierselected using the probability utilizing the ratio
approach that improves DEEC by extending in thbetween residual energy of each node and the
maximum the network lifetime. This algorithm isaverage energy of the network. The epochs of being
based on the threshold selection to choose tletuster-heads for nodes are different according to
optimal nodes as cluster heads by excluding their initial and residual energy. A particular
number of low energy levels nodes due to theailgorithm is used to estimate the network lifetime,
distribution density and their dimensions area. Wghus avoiding the need of assistance by routing
assume that all the nodes of the sensor network getocol [15].
equipped with different amount of energy, which is
a source of heterogeneity. This is a kind of dopin%

Since the network nodes are deployed randomly
a monitoring zone, the aim problem of DEEC
at it doesn’t takes into account the cluster aizé
ensity of nodes in the clusters to elect theirdkea

which can energize the sensor networks in order
prolong the lifetime of the network Thus, the node

with high initial and residual energy will have reor :
chances to be the cluster-heads with the neWhen multiple cluster heads are randomly selected

threshold election. We show by simulation thaYVIthin a small area, a large additional loss ofrgpe

proposed approach provides a longer stabilit ccurs because the election of cluster heads is
period and increase the number of effectiv erformed periodically where the density of nodes

messages compared to other classical clusteri high gnd therefore the distance between these
algorithms (LEACH and DEEC). nodes will be very small. The amount of lost energy

is approximately proportional to the number of
cluster heads in this area. In the face of this
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scenario, it is necessary to minimize the number of E

aro, | I 1 (r)
candidate’s nodes to be cluster heads because it is N =—=Ny—7y (5)
unnecessary to elect a large number of heads in a P & (r)
condensed and narrow cluster. When the networks are heterogeneous, the

reference value of each node should be different

3. PROPOSED APPROACH according to the initial energy. In the model of

In this section, we describe the heterogeneousulti-level heterogeneous networks, the weighted
wireless sensor network model which includegrobability shown as:

cluster formation and maintaining optimum number poptN(1+a1')E (r) .
of clusters. (s)= NN if §OG ©)
3.1 Heterogeneous network model (N+§ajE(r)

In our model, we assume that there are N SensPfus we can estimate the average enéi(gy of th
nodes, which are evenly scattered within &NV 5,nd as follow:

square region and organized into clusters hierarchy o 1 r

for aggregate data by cluster heads to base station E(r) =—E,, (1—) (7)

which is located at the center of this region. Node N R

have low mobility or stationary as assumed at [15Where R denote the total rounds of the network
[16]. In the two-level heterogeneous networkdifetime. Let Equnq denote the energy consumed by
advanced nodes fraction m with a times morthe network in each round. R can be approximated
energy than the others which have an initial energs follow:

Eo. The total energy is assumed as follow: —
0 ay E(r) = EEtotaI (8)
Eea = N(1-m) E; + NmE, (1+a) (1) round
-N The total energy dissipated in the network during a
= NE, (1+am) . _
| tidevel het twork h round is equal to:
n  multi-leve eterogeneous networks, e E  =L(2NE. +NE
clustering algorithm should consider the round 4( Eue , DA ©)
discrepancy of initial energy g is expressed by: +k£rmdtoBS +Neé ey
M M
N N Ops =——=—=, ey =0.765— 10
fu =Y Ea)=E[NeEa ] @ s = e Goon T0T655 - (10)
i=1 i=1

Where k is the number of clusters;Hs the data

) ) aggregation cost expended in the cluster-heads.
3.2 DEEC Cluster-head selection algorithm

n; denotes the number of rounds to be a cluster-ned® Proposed Cluster-head selection algorithm .
for the node ;s and we refer to it as the rotating\We assume the same assumptions that proposed in

epoch In DEEC protocol, we chooselifferent DEEC, to improve this protocol we add the
following assumptions:

1 .
n=— based on the residual energy ¢ffnode Two or even more cluster heads are very closely

Pon located and the distance between them becomes
s atroundr. negligible.

If nodes have different amounts of energyofthe . cjyster heads are randomly selected within a

nodes with more energy should be larger thgh P small area.

Let E(r) denotes the average energy at round r Qg jjiystrated in Figurel, CH1, CH2 and CH3 are

the network, which can be obtained by: three very closely located cluster heads with their
cluster members.

— 1 N
E(r) :NZE (r) (3) According to data communication model, the
i= energy that a cluster head consumes is the sum of
To calculatei(r) we have: that consumed in receiving data and that in sending
E (r) data, as follow:
D= P E ) Eor =By Nran +1 6 ces (11)
HEp, (N +1) +1Eqq

Where G is the set of nodes that are eligible to be
cluster-heads at round r, is chosen based on the
residual energy &) at round r of node;sas
follow :
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100

+3 (Eyee + £,d")

70 From equation (18) we can conclude that when:
(g +£0pd") >
lEeIec (Nmaml + Nmem2 + Nmem3)
+IEDA(Nmem1 + Nmem2 + Nmem3+3)

60F

(18)

The total energy consumption when there are three
cluster heads is approximately thrice of that when
& /4 |\ there is only one cluster head. It can be seen late
e e e e :;K_, o that when multiple cluster heads are chosen based
on the residual energy, as shown in equation (7),
within a small region in the monitoring zone, a

Npmemis the number of members in a clustegzgis significant portion of energy is lost during the

the distance between the cluster head and the Sifi€twork evolving. The lost energy is proportional
| is the length of data. to the number of cluster heads noted by s in this

area. Thus the probability threshold (5), whichheac
node s uses to determine a cluster-head in each
CH2 and CH3 consume during data transfer is: ~ round, becomes in our proposed approach as

Figure 1: Multiple cluster headsin a small area

The amount of energy that cluster heads CH1,

follow:
ECHl = lEeIecNmem1+|£rmdéH 1toBS (12) p
+IEDA(Nmeml+1)+|Eelec T( )_ 1—p[rmod(l— a jj 506 19
ECHZ = IEelecNmemZ +I€rrpdéH 210BS (13) S I pi N x p' ( )
+IEDA(NmemZ +1) +IE, 0 Otherwise
E.is :IEdecNm3+I£mdéH 2085 (14) Wherea is the number of nodes that are excluded
+IEDA(Nrnem3+1)+IEdec from the cluster head threshold selection due to

their location and distribution density reason,hwit
Where Noemg Nimemz and Noems are the number of an initial value of 0. When s increases, JI(s
members in clusters CH1. CH2 and cCHs3increases as well, therefore the chances of nodes
respectively, Buioss Oonzoss aNd Ghzss are the that are (_allglbl_e to be_ cluster heads decreases.
distances between the three cluster heads and fRg€ed, with this algorithm we can save the lost
Sink, Therefore, the total energy consumed by tHeN€rgy caused by the election of these clustershead

three clusters is: excluded and extend the lifetime of the network.
— The analytical method to calculate the numberss is
+ + =
Eonn * Bana * Eans perspective of this work.
IEeiec (Nn‘eml + Nmemz + Nmem3)
+IEDA(Nm+Nm2+Nm3+3) (15) 4. SIMULATIONRESULTS
+I(£mp(dg‘HJIOBS +d3 soss + A, 3053) The proposed approach has been implemented in
+3E MATLAB and the performance has been evaluated
o by simulation, the lifetime of the network is
When CH1, CH2 and CH3 are very close, we measurgd in terms of roynd; when the _f|rst sensor
node dies. The base station is assumed in thercente
can have: of the sensing region. All the parameters values
d ~d ~d =d (16) including the first order radio model charactecisti
CH1oBS - TICH 2088~ TCH 3088 are mentioned in the tablel below. To compare the
Then the equation (15) becomes: performance of the proposed approach with DEEC
Eqpy+ Ep ¥ Eps = protocol, the_effect Ce_lused by signal _col_lision and
IE (N N N ) interference in the wireless channel is ignored, a
elec \ " Tmemi © Tmem2 © 'Vmem3 (17) multi-level heterogeneous network is considered. In
+HEpa (Nipgmt + Niygmz + Norma +3) this simulation, the value of multi-level

heterogeneity is fixed in.g=3.
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10 Lifetime of Network (a=3, alpha=3)
Table 1. Parameters used in simulations
Parameter Value L ‘ i Lo
Network area 100 mx100 m g 7077fLff‘rf'i’\-‘r—f‘rw‘r”‘rw‘h,‘_,‘r,,,
Number of node§ 100 3 BO,,,L,,L,,"."f_ﬁ,,L,,L,,L,,L,,L,,L,,,
E, 0.5J N I I O R A R
Eelec 50 nJ/bit N R N N I S S N B
& 10 pJ/bits/rh I R R N Y N R BB
T i I i [ i i i i i
Emp 0.0013 pJ/bit/rh R R R R R R
Erx=Erx 50 nJ/bit 10———%——‘%——‘%——‘%——‘4‘: R
Epa 50 nJ/bit/message T e .
8 00 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (Rounds)
do= [—2 70m —— . . .
£ igure 2 : Number of alive nodes over time (Scenariol)
mp
Packet Size 2000bits Table 3: Number of dead nodes per rounds (Scenariol)
Popi 0.05 DEEC | PROPOSED INCREASH
] L First dead 1671 1770 5,92 %
The effect of varyingo on the lifetime of the Al gead 6192 8660 39,86 %

network and on the number of packet messages

received in the base station is studied in differen x10°  Number of message received in BS (a=3, alpha=3)

. . 25
scenarios as shown in table2: o (r
| | | | | | | S
| | | | [ |
Table 2 : Smulation scenarios 2”*1*”1”*1***1;,7'jf5—“' e
9 | | b | | | |
Parameters| g o g R
Scenariol | 3| 3 - I - S N
Scenario2 | 3| 9 E oA
Scenario3 | 3| 12 I T SIS S
8 & | | | | | | |
. . £ &
Thus, each node in the sensor network is randomlyz 2R R R S
. . 54 | | | | | | | |
assigned different energy levels between a closed 0-5”;.(*T**r”r”r”r”r”r”r*"
| | | | | | | | |
set [E), EO(1+a=nax)] '/' I | | | | | | | |
. . - | | | | | | | | |
In the simulation results figures 2, 4 and 6 the o/ . . .+ .+ . . . .

lifetime evolution of the network for each scenario °

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (Rounds)

whereas figures 3, 5 and 7 shows the number of rjgre3: Number of packet messages received per

packet messages received in the base station per
round for each scenario. The tables 3, 4 and 5

provides statistics on the number of dead nodes per |,

round (Scenariol)

Lifetime of Network (a=3, alpha=9)

rounds as well as the percentage increase in the
lifetime of the network for the proposed approach
compared to DEEC protocol.

It is very clear that the proposed approach gives a
lifetime network greater than DEEC protocol
whether for the first dead node rounds or for all
dead nodes rounds due to their remaining energy. Ins so

@

DEEC protocol all nodes die early on the contrary € 4
of the proposed approach in which all nodes dieZ
tardily for all studied scenario©n the other hand,

the energy efficiency of the proposed approach
improves significantly the number of packets

80

Alive Nodes
D
o

message received which increases with a %

remarkable manner by increasing

1000 2000 3000 4000 5000 6000 7000 8000 9000 1000t
Time (Rounds)

Figure 4: Number of alive nodes over time (Scenario2)
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Table 4: Number of dead nodes per rounds (Scenario2)

Table 5: Number of dead nodes per rounds (Scenario3)

DEEC | PROPOSED INCREASE DEEC | PROPOSED INCREASE
Firstdead| 1689 1754 3,85 % Firstdead| 1779 1833 3,04 %
All-dead 7443 9717 30,55 % All-dead 6810 9678 42,11 %

x 10° Number of message received in BS (a=3, alpha=9)
T T T

T T T T

2.5

N

-

Number of Packet Messages
-
o

o
13

0O 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (Rounds)

Figure 5: Number of packet messages received per

round (Scenario2)

Lifetime of Network (a=3, alpha=12)
110 T T T T T T T T T
| |

100 prrmemembmiey L — L L L
L By
ool Lo
| [,
| |
80— - - - - — =%
i 7
9 | | A
g MOr-—-r--r
z | |
L 60F--F--+
2 | |
5 50 --L--L
5 | |
g gf--L--L__
5 | |
z | | 3
V-~~~ ~7-~7-° ]
| |
0---r--r
| |
10---+--+
|
1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (Rounds)

Figure 6: Number of alive nodes over time (Scenario3)

3.5

N
3}

N

=
o

Number of Packet Messages

[

0.5

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (Rounds)

Figure 7: Number of packet messages received per
round (Scenario3)

e
410

Referred to figure 8, the lifetime percentage
decreases with increasingfor the first dead node
time while this percentage fluctuate between
different values and do not keep a monotony for the
all dead nodes time whenincrease, this is justified
by the network instability in this time period.
Generally, we can conclude that there has an
optimum value ofa from which the proposed
approach does not provide a better increase of the
network lifetime. The determination of tlagyima is

a future work of this paper.

45,00% 30,86% 42,11%
40,00%

35,00%
30,00%

25,00%
20,00%
15,00%
10,00%
5.00%
0.00%

Scenariol (e=3) Scenariol (g=9) Scenariod (o=121)

@Firstdead WAll-dead

Figure 8: Evolving of lifetime nodes percentage
according to different scenarios

It seems clearly in figures 9 and 10, for a fixed

value ofa=9, that the proposed approach preserves
the improvement of the network lifetime whether

for the first dead node rounds or for all dead ode

rounds compared to DEEC protocol despite the
increase of multi-level heterogeneity value which

takes its value from 1 to 5. Therefore, the number
of packets message received increases also.

2500 [ | [ [ {
--k-- DEEC 1 [‘;’_ _____ -G‘J
--E- PROPOSED | | ,."* ‘
Ka Se———
. 1 1 g’(',/ i X
%) ——— Pty R g | |
k=] Pt - T I g

5 poiag * :?’ | | |

& 1500F - - -~ I H e S R
° | | | | |
c I I I I I
": | | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
500 1 1 1 1 1

1 2 3 4 5 6 7

Variation of a
Figure 9: Lifetime of first dead node depending on a
(a=9)
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16000 - - - : B I
=-=%X-- DEEC : I.':
140000 — - - “'E"'PR‘OPOSED‘ B A ——.
4
| | | | /7 | [5]
| | | I,
12000 - - - ‘”777””‘””17/”;* 77777
% | | | ‘__,m' ’/' !
S 10000} - - - - - - - e BT Tt
o o
€ IR
[ | P J
Q8000 -~ - el - g TR g
.;S: ,é! * | | |
Rl e | | | 6
6000F - —1- = -t - - - — A - -~ []
nd 4 | | | |
m /,* | | | |
A000f »2 - —— — — — 4 - — — — b — — — - = — - — — —
*” I I | | |
| | | | |
2000 L L | L L
1 2 3 4 5 6 7
Variation of a

[7]
Figure 10: Lifetime of all dead nodes depending on a

(@=9)

5. CONCLUSION

In this paper we showed the energy limitation of
DEEC protocol when clusters heads are select
closest to others causing a bad management of
energy consumption and thereafter reducing the
network lifetime. An effective approach is

presented to resolve this problem. The proposé |
solution excludes all nodes which are very close
from the set of candidate nodes to be cluster heads
by using a new probability threshold to determine a
cluster-head in each round. Referred to the

simulation results, the proposed technique keeps thtO]

residual energy of the nodes, improves the network
lifetime and sends more effective data packets to
the base station compared to DEEC protocol.
As perspective of this work, the determination of
the agpimal is the first challenge, the development of
a robust algorithm allowing the localization of the
very close nodes which are candidates to be cluster

heads is the second challenge. [12
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