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ABSTRACT

A wireless sensor network (WSN) is a set of noda®mrounicating through wireless links to observe a
given phenomenon. Wireless sensor network is deplayer a geographical area to collect informaiiion
hostile environments. The capacity of sensorqigidid by the lifetime of their batteries, so themyy is a
critical resource in this type of network. Moreouwbeir mobility has several problems as addressing,
routing and localization .The challenge is to fiméchanisms that extend the life of the system &nd i
robustness taking into account the constraints obility and energy consumption. In this paper, we
propose a new protocol designated for mobile nadesireless sensor network that is based on passive
clustering. This mechanism does not use any padkgtol protocol and does not require reconstractid

the cluster topology after each leaving of CH erehergy level is below a given threshold. The psegd
protocol aims at reducing the overhead and prasgrhie energy. In addition it allows balanced eperg
consumption by the network nodes and maintainscthster architecture longer than passive clustering
protocol.

Keywords: Wireless Sensor Network, Passive Clusterkaive Clustering, Mobility.

1. INTRODUCTION Each sensor node is a tiny device that includes
three components: a sensing unit for data
Wireless sensor network consists of a largacquisition from the physical surrounding
number of sensor nodes deployed over anvironment, a processing unit for local data
geographical area to collect information in hostileanalysis and storage, and a wireless communication
environments. Each node can monitor itanit for data transmission to a central collection
environment and communicate the informatiorpoint (sink node or base station)[1]. This latter
collected in one or more collection points. component is the largest consumer of energy; so a

. . . ood energy management scheme must take into
The evolution of microelectronics and senSOIg 9y 9

) ) . ~.account the communications, distribution and
networks gives rise to a new technology, it is

wireless sensor network. This technolo rovidesmObiIity of sensor nodes. Most communication
Y 9y p . Srotocols in wireless sensor networks do not adapt
powerful platform for distributed work in

interaction with the phvsical world whose broad® the particularities of the sensors. Hence, #edn
physica X 0 improve or develop the new protocols. The two
spectrum extends application of environmenta)

monitoring in the management of emergencies ain classes of protocols used at present, in
. 9 9 9 wireless networks are mainly based on clustering,
(fires, terrorist or nuclear attacks, etc).

and multi-hop routing ;see hybridization of two.[2]
The battery is an important component of &everal approaches are proposed to calculate the
sensor; In general, it is not replaceable oeptimal path in protocols for routing protocols
rechargeable so the battery limits the lifetimehagf multi-hop. Some propose to take the shortest route
sensor and affects the overall functioning of thén terms of distance to the base station [3] .Gther
network. Therefore, protocols to save energgre based on the energy level of the nodes by
represent today an important focus of research favouring those with maximum amounts of energy.
this area, [4][5]. However, the first disadvantage of multigho
routing in wireless networks is the frequencyha t
messages sent to maintain valid routes, which
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overloads the network and subsequently increasase supposed to be fixed during this phase and the
the energy consumption. However clustering (osynchronization between them is necessary for the
classification) gives better results [6], so we davgood unfolding of the algorithm. Moreover, this
also adopted this approach. phase of formation of the clusters is repeated
: . . (ﬂeriodically following the changes of topology that
In this paper, we propose an improved version S . ;
. . . can occur. The periodic re-execution this procéss o
Passive Clustering (PC) [7] which enables & . .
! lustering degrades the stability of the clustéte
balanced energy consumption among the netwoﬁi . s S :
e algorithm "Distributed and Mobility Adaptive
nodes and extends the life time of the network b I - din 13 d 1141 introduced
maintaining  the cluster structure as long a ustering® presented in [ ] and [14] Introduce
ossible the notion of generic weight in the selection dof th
P : CH. It is a clustering mechanism that can respond
This paper is organized as follows. In the nexto changes in topology. The algorithm does not
section, we briefly describe the clusteringrequire any synchronization between the nodes. To
mechanism presented in the literature. In the thiriinprove the stability of the formed clusters, two
section, we describe our clustering algorithm APCrew factors of performance were defined. The first
T, its principle and its properties. The final seet parameter is K, where K allows up K-CHs to be
presents the simulation results. direct neighbors. The second is H; it limits the re
affiliations between clusters. The nodes join a new
2. ACTIVE CLUSTERING MECHANISM CH when the weight H of the latter is greater than
the weight H of their current CH. However, this
olution allows the formation of clusters as a hop
nd the performance factor H is difficult to spgcif
I\ivisely. Other clustering mechanisms [15] and [16],
) . re suitable to the formation of clusters k hops.
C't‘;.StetTS (mter—tr:]Iustetrr)]. It hﬁs kigen ufs_e(? fored?‘ﬁt . Nevertheless, [16] handles mobility by periodically
0 Jtec |\|/(es S?C as the cg ec |odn ct)h In orhmg N Merun  the  entire algorithm. [15] Requires
Ee Véor_dih 09 sensors [8] an € sShanng  Ontormation on the k neighbours and satisfy the
andwidth [9]. assumption of no mobility during the clustering.

Each cluster is represented by a particular node

called cluster-head. It is elected by a specifi¢rime multi-criteria selection of CHs. It takes into aoob

in active clustering protocols by a specific metic mobility, connectivity and energy availability. Ehi

combination of metrics. The cluster-head 'Sgse‘stering mechanism "Weighted Clustering

Clustering (or grouping) is to bring together
geographically close nodes into groups calle
“"clusters” and establish patterns of different irayt

In [17], the authors presented a formula for

responsible for coordination between the differen lgorithm”  requires however a global
members of the cluster, aggregates and send t chronization and, exchange ,of neighboring
data collected to the base station. relations between all network nodes. In an another
In a cluster, each node stores all information ofvork [18], the auth.ors tried to present a clustgrin
its cluster and some of information of othermechanism based in part on prior knowledge of the
clusters; this minimizes considerably the size o_metwork deployment and the ablllt_y to position
routing tables and the number of messagédtself and secondly on the prediction of the
exchanged in the network. So clustering gives theovements of the nodes considering their history.
best results than the multi-hop routing; the reasdeEACH is a hierarchical clustering protocol
we have also adopted this approach. dedicated to homogeneous sensor networks,
. . . _ proposed by Heinzelman et al [19]. In LEACH,
First algorithms Of. active clustermg_ LOW_es_t'anodes self-elect to be CHs based on the desired
[1O]'h [11] an_clzl_h Mobic [122) wec;e quite 5|m|_lar| ercentage of CHs and the number of iterations in
mechanism. They were based on a particUlgiich g node has taken the role of CH. Meanwhile,
cr|ter|or_1 to choose thg_cluster head or team Iesaderno proposal is made about the time of re-election o
respe_cuvely the identifiers of the nodes, _the nemb CHs (time iteration) and there are no restrictions
of neighbours and the degree of mobility. Thesg,qir gistribution and their energy level. Hendee t
algorithms make it possible to form clqsters \{Vlt}‘bHS can regroup in one place and then, there may
on!yh(t))ne hc;p,. Wréere er\]/ery meq:jber IS 2 dlreoie isolated nodes (without CH). To avoid these
neighbour of Its H. They c?nS| er a phase ”o rawbacks, the authors propose an extension of the
formation of the clusters or “clustering set up -algorithm. This time, they propose (LEACH-C)

During _ this pha_se, _the nodes proceed to tr]%O]. This is an iterative and centralized algarith
knowledge of their neighbours .However, the nodel which the structure of clusters is calculatethat
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base station. However, the overhead of the netwoletter results, so we have also adopted this
increases because all the sensors will send theipproach.

location information to the base station
simultaneously for each phase of election of thd. ADVANCED PASSIVE CLUSTERING

CH. PROTOCOL - THERSHOLD (APC-T)

We conclude that all active clustering algorithms Apc_T is a protocol the formation of clusters,
require two phases: neighbors’ discovery angle the Passive Clustering, that does not recaiire
cluster formation phase. However, nodes arRiiajization phase of cluster before routing.
assumed to be fixed over the steps and the gjnce the information is embedded in data
synchronization between them is necessary to t ckets, the traffic generated by the transmissfon
success of these algorithms. In addition, followingy,oqa packets is used to build the infrastructdire o
each change of the network topology these steps i custer regardless of the routing protocol. APC
repeated periodically which degrades the stability 5150 takes into account the energy level of nodes
of clusters. in operations and many decisions are made based

3. PASSIVE CLUSTERING PC on the energy level of nodes. So APC-T predicts
changes in the topology of sensor networks in
Passive Clustering (PC) is a protocol designed @nvironments with high mobility.
the formation of clusters, which does not use 21 APC-T Mechanism
specific_protocol control packets or signals. ligy clustering algorithm based on the following
allows exploiting the data packets to tra”sm'brinciples:
neighbour’s information.
Passive clustering and GRIDS (
Geographically Repulsive Insomnious
Distributed Sensors) algorithm[20]
* Formation of clusters
e Selection of CH_backup

Passive Clustering uses the MAC frame (layer 2
of the TCP /IP) to encode the state of a network
node; in particular, it introduces two bits to edeo
4 states: ordinary, ClusterHead CH, Gateway GW,
clutster_head ready CH_Ready. Each data frame )
contains two additional bits (Figure 1) represeamtin * Maintenance of clusters formed

the state of the node that has released the frame. At startup; all nodes are in the initial state caler
that joins the network, also starts with the initia

With PC, each time a packet arrives at any nodggate. A node changes its state only when it reseiv
the node needs only the state that is bonded to théyacket from its neighbours. The formation of the
received packet to the Freatments for the selectigf),sters is done by the election of the clusterdhea
of gateway, CH or ordinary node. Only CH andynq re-affiliation of the nodes to this cluster thea
gateways that broadcast data packets and contr@lihe sender is not a CH, its status is CH Ready.
ordinary nodes receive the packet but do nofpe CH-ready will be CH, if he can transmit
participate in their broadcasts, Reducing coIIisionpaCketS before receiving any packet of another CH.
and reduces the amount of packets exchanged:ihe packet comes from another CH, the node
therefore,.there is a considerable decrease.inyynerrecordS its id, the time of reception, and adds thi
consumption by the ordinary nodes which camgde to the list of CHs, and then it switches to
increase the lifespan of WSN. Ordinary. Once the cluster is formed, the CH will

In Active clustering, aggregation of data is_select its CH_Backup from its neighbours list; this_
centralized and carried out periodically. Howeveris the node that has the highest energy amonggall i
in some cases, the periodic transmission of daf¥ighbours. Once the CH leaves the cluster, or its
may not be necessary, which rapidly depletes tfRnergy is below a given threshold T, CH_Backup
limited energy of sensors. Passive clustering wd§places the CH and chooses its CH_Backup from
defined to overcome/eliminate the limitations ofits neighbours list.
active clufstering in terms of overhead and energy By this way, APC-T construct and maintain
consumption (more traffic means more energ¥jster by monitoring user data packets that
consumption). However passive clustering gives piggyback 2 bits of cluster status and replacing CH
by its CH_Backup once he leaves the cluster, or its
Frame State energy is below a given threshold T.

Figure 1.Frame format in PC
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Sender S

4.2. Operating Mode

Figure 2 and table 1 describe APC-T algorithn
APC-T has the same operating mode as PC. In
new protocol were defined six states: CH (C_H
CH_READY(C_H_R), GATEWAY(G),
ORDINARY, INITIAL(l) and the state added to
passive clustering is CH_BACKUP (C_H_B).

In APC-T, when a source node send packet,
of initial adjacent nodes become a CH_ready. If 0
of them transmits a packet, it becomes a CH. A
the nodes in any state other than CH maintd
neighbours CH list. Whenever a node receivs
packets from a CH, it updates/refreshes the CH i
At the same time, it checks the number of aliy
CHs (#CH). If the #CH is greater than 1 the O
becomes GW. #CH and #GW are modified aft
receiving a packet from a new CH or GW.

If the state of a CH is Dead or its energy level
less than a given value T, its ClusterHead_Back
becomes CH and chooses to turn h
ClusterHead_Backup. by this way,
maintains the structure of the cluster.

ClusterHead

Received Packet's state !=CH

CH&& Sender
P & #(CHPH(GW)

ate o

RP> [my

ol power

o e

RP -- Remaining Power
GW—GateWay

T-Threshold

Figure 2.APC-T automat

b(GW)

-+ out of power
CH— ClusterHead
#CH—number of CH

Table 1: APC-T Pseudo-Code

I nput
Packet; /*packet received by the node*/
Node; /* node receiving the packet */
Batery = 300; /*maximum capacity of the battery
T = 150;/* Threshold energy*/
Begin
Node.state = initial;
While (true)
If (Node.energyLevel == 0)
Node.state = dead;
Else If (Node receives Packet)
Switch (Node.state)
Case Initial:

*

APC-T

Node.state = CH_ready;

. Else If (Sender.state = CH &&

Hiender.RP>My.RP)

/*RP represents the remaining/residual enéfrg
Node.state = Gateway;

Endif
Endif
all i
e Case CH_ready: .
I If (Node Transmit a packet)
in Node.state = CH;
s Check_CH_backup;
il Else If (Sender.state = CH &&
Sender. RP>My.RP
j‘ && #(CH) <= #(GW))
L Node.state = ON;
i Else If (Sender.state = CH && Sender.RH
My.RP
s && #(CH) > #(GW)
up Node.state = GW;
s Endif
Endif
Endif
Case CH:

If (Sender.state = CH && Sender.RP > My.}
&&
#(CH) <=#(GW))
Node.state = ON;
CHBtoOrdinary;
Check_CH_backup(sender);
Else If (Sender.state = CH && Sender.RP>
My.RP &&
#(CH) > #(GW))
Node.state = GW,;
CHBtoOrdinary;
Check _CH_backup(sender);
Endif
Endif

Case CH_backup:

If (CH_timeout or CH.RP <T)
Node.state = CH;
Check_CH_backup;
CHtoOrdinary;

Case GW:
If (#(CH) <= #(GW)
Node.state = ON;
Endif
Case ON:

If (#(CH) > #(GW)
Node.state = GW;

Jy*

P>

If (Received Packet's state != CH)

Endif
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EndSwitch
Endif
Endif
Endwhile
End

5. SIMULATIONSAND RESULTS

We conducted several simulations to assess the
performance of the proposed clustering mechanism
and compare it to other protocols such as PC and
GRIDS. The simulation models used were
implemented in the GloMoSim library [9], which is
a scalable simulation environment for wireless
networks based on the Parsec language [21]. The
radio propagation range for each node is 150 meters
and channel capacity is 2 Mbits/sec. The roaming
space is 600x600 meters square. The size of the
network is 300 nodes; randomly disperse in the
roaming area. The node’'s maximum speed is

Energy consumed

3500

3000

APC-T
2500 EGRIDS

PC

2000

1500
1000

500

A

4 12

0 Tilzngt‘(squb 44 52 60

Figure 3.Comparison Of Energy Consumption

4m/s.The distributed coordination function (DCF)
of IEEE 802.11 [22] is used as the MAC layer.
Each simulation is executed for 1 minute. Traffic
sources are CBR. The source-destination pairs a
totally randomized. Data packets are all 512 byte
long. The control packet length is 32 bytes. Th
random waypoint model [23] was used for node
mobility. Each node sends 100 packets with a
inter-arrival time of 0.5 second. We use AODV (Ad
hoc On-demand Distance Vector routing) [24
because it is one of the most flooding-dependel
routing protocols.

The objective of the simulations is to show tha
APC-T maintains the structure of the cluster eve
the leaving of CH and thus increases the lifetirhe ¢
the network and reduces energy consumption.

120%
100%

Bepc-T
80% T |ecriDS
B0% 1 [.pc

0% T
20% T
0%

% of dead nodes

YRR e G

Time (sec)

Statistics Figure 3 shows that our algorithm uses Figure 4.Percentage Of Dead Nodes
more power than the other algorithms at the
beginning of the simulation because there's an Figure 4 shows the number of dead nodes, over
additional load due to the election of CH_backupgime, in the Network using APC-T, PC and GRIDS;
But after it consumes less energy than others. Thif us note that until time 28s, no node is deaulgus
APC-T a”ows balanced energy ConsumptiorAPC'T. We record less than 10% death dunng

among the network nodes and it maintains th

R8s, 34s [. During this time period, 40% of nodes

cluster structure for longer than in the case otre dead using PC and 15% are dead using GRIDS.

original PC or GRIDS.

In 44s all nodes are dead using PC and GRIDS
against 10% are alive in APC-T. This means that
during this time period, APC-T keeps most of

nodes alive. Thus APC-T increases the lifespan of
the network.

6. CONCLUSION AND PERSPECTIVES
In this article, we defined a curative solution for

mobility in wireless sensor networks. The basic
idea was to replace the CH once it leaves theatust
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to maintain cluster structure for a long time. Thu$l0] M. Gerla, and J. Tsai,Multicluster, mobile,
this approach generally increases the lifetime of multimedia radio netwd’, ACM-Baltzer
network sensors and reduce energy consumption Journal of Wireless Networks, Vol.1, No.3,
based on the predictions of motion of the nodes. pp.255-265, 1995.

The originality of the algorithm lies in the [11]P. Basu, N.Khan, D Thomas and C. Littld *

management of re-affiliation of nodes between

Mobility Based Metric for Clustering in Mobile

Clusters. _ Ad Hoc Networks 21st
In_ perspective, we plan to furth_er Stuc]Iy[12]lnternational Conference on Distributed
detailed performance of our algorithm by

introducing an energy threshold from which there
will be a change of state between the CH and
CH_backup and comparing the influence of thi

parameter on existing results.
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