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An Efficient Data Transmission Protocol has influe on the energy performance on
Wireless Sensor Network (WSN). A set of isolatethate areas covered by sensor
nodes (SNs) monitoring environmental parametersildainks (MSs) are fixed upon
the public vehicles with fixed path tracker to eoll the important data from nodes.
Within the range the existing system involve eitsiegle-hop transfer of data from one
node to another involving in variation of quality service. These nodes run with
possible consumption causing decreased networkimiée and loss of network
connectivity. Our proposed protocol aims at minimizthe overall network overhead

Node and energy expenditure associated with the multidtetip retrieval process while also
ensuring balanced energy consumption among SNspesidnged network lifetime.
This can be achieved through building cluster $tmes consisted of member nodes
that route their measured data to their assignestasl head (CH) and a mobile sink
deployed in sensor area collects the sensory data ¢luster heads through random
path. CHs performs data filtering upon raw datal@kpg potential spatial-temporal
data redundancy and pass the filtered data to pppte end nodes with sufficient
residual energy, located in proximity to the MS&jectory. Simulation results confirm
the effectiveness of our approach against as wellita performance gain over
alternative methods.

INTRODUCTION

Recent advances in low-power wireless technololg@éeg& enabled wireless sensor networks (WSNSs) in a
variety of applications, such as environment detgct coal mine monitoring, object tracing, andestific
observation. They enable people to gather datavibed difficult, expensive, or even impossible tilect by
using traditional approaches. Data collection ifuadamental but challenging task for WSNs, duehe t
constraints in communication bandwidth and enengggiet. On one hand, many applications require stersi
long-term data collection, since the gathered dadke sense only if the data collection procedusts léor
months or even years without interruption. On thieep hand, sensor nodes are often battery powardd a
deployed in harsh environments, hence data calledtrategy must be carefully designed to redu@ggn
consumption on sensor nodes, so as to prolongetreork lifetime as much as possible.

Recent research work has proved the applicalilitynobile elements (submarines, cars, mobile rgbots
etc.) for the retrieval of sensory data from sndust motes in comparison with multihop transfersato
centralized element. A mobile sink (MS) moving tigb the network deployment region can collect datan
the static SNs over a single hop radio link whepragching within the radio range of the SNs or Wiithited
hop transfers if the SNs are located further. Bwgids long-hop relaying and reduces the energguoption
at SNs near the base station, prolonging the nétlifetime.
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Fig. 1: Tryst sensor nodes, cluster structures, & datadating paths in EMC.

Large classes of monitoring applications involveea of urban areas (e.g., urban parks or buildlogks)
that need to be monitored with respect to enviramtalgparameters (e.g., temperature, moisture, fatiulight
intensity), surveillance, fire detection, etc. Imes$e environments, individual monitored areas wgpécdlly
covered by isolated “sensor islands,” which makesMobile Agents (MASs) to traverse around and otdi¢he
data from SNs. In such cases, a number of repasannodes located in the periphery of the sefislat can
be used as “Tryst” points wherein sensory data fr@ighbour nodes and MAs may be collected andlyinal
delivered to an MS when the latter approaches withidio range. In this context, the specificatidnthe
appropriate number and locations of Tryst Nodesg]Ti crucial. The number of TNs should be equiviale
(neither small nor very large) to the deploymemnigiliy of SNs.

Here, investigate the use of MSs for éffit data collection from “sensor islands” sprehtbaghout
urban environments. Here the ideal carriers of $48s are public surface transportation vehicleg. (duses)
that repeatedly follow a predefined trajectory vatlperiodic schedule that may pass along the ptinoé the
isolated sensor fields.

Related work:

A number of approaches exploiting sink mobility éata collection in WSNs have been proposed iamec
years (Nayak, A., 2010). The MS(s) may visit eabhahd gather its data (single-hop communicationnay
visit only some locations of the WSN and SNs semgirtdata to MS through multihop communication.
Apparently, since in the first solution only sinigtep communication is required, energy consumpt®n i
minimized, however, at the expense of high datavelsl delay. In the second solution, this delaipis but the
energy consumption due to multihop communicatioratser high. In addition, SNs should constantlykbpt
updated about the MS’s current location therebgtang considerable routing overhead.

A solution in between is to have SNs send firsirtdata to a certain number of nodes (RNs) whiaffiel
the received data and send them to MS when MStisntiheir transmission range or when they recaigeiery
from MS asking for the buffered data. In the secapgroach, the MS does not necessarily pass nedRNs
and the data stored at each RN are forwarded tby8versing the route of the received query packet

Enhanced Mobile Cluster Protocol:

In this proposed methodology, a small number dbiteadevices referred to as Mobile Agents (MAs)moa
about sensing fields and collect data from CHsaAssult, significant network energy saving carableieved
by reducing or completely avoiding costly multi-hapreless transmissions. On the other hand, theggne
consumption of MAs is less constrained as theyreptenish their energy supplies because of the lityobi

The MSs are mounted upon public buses circulatiitgin urban environments on fixed trajectories and
near-periodic schedule. Namely, sinks motion is cwitrollable and their routes do not adapt upoecitic
WSN deployments. Our only assumption is that sensoe deployed in urban areas in proximity to publi
transportation vehicle routes. Also, an adequatebmn of nodes are enrolled as TNs as a fair comigeom
between a small numbers which results in theirdragiergy depletion and a large number which resnlts
reduced data throughput.

Finally, SNs are grouped in separate clusters. Ramsory data are filtered within individual cluste
exploiting their inherent spatial-temporal reduntianThus, the overhead of multihop data relayingefi
clustering traffic) to the edge TNs is minimizedivéh that the communication cost is several ord#rs
magnitude higher than the computation cost, inteludata aggregation can achieve significant ensagings.

A basic assumption in the design of EMC protosdhiat SNs are location unaware, i.e., not equipgéd
GPS capable antennae. Also assume that each nsdefixad number of transmission power levels. I§iné
assumes the unit disk model, which is the most comrassumption in sensor network literature. The
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underlying assumption in this model is that nodésctv are closer than a certain distance (transorissinge
R) can always communicate. However, in practicejegsage sent by a node is received by the recaitter
only certain probability even if the distance of tivo nodes is smaller than the transmission range.

In the following sections, the five phases of EMi@tocol are described. The first three phases dgmp
the setup phase while the last two comprise tredgtphase. The setup phase completes in a singlei&nd
during this trip, the MS periodically broadcasts/EON messages which are used by SNs for determiaing
number of parameters important for the protocolragen. In the steady phase, data from SNs and Ik&s
routinely gathered to TNs and then sent to MS. muthe steady phase, reselection of TNs and/oll leca
clustering is performed in case of energy exhanstiosome critical nodes. Most importantly, theperations
take place in the background without disruptingph&tocol’s normal operation.

A. Clustering:

The large-scale deployment of WSNs and the needdta aggregation necessitate efficient orgaminatf
the network topology for the purpose of balancing lbad and prolonging the network lifetime. Clusig has
proven to be an effective approach for organizhmy network in the above context. Besides achieeimgrgy
efficiency, clustering also reduces channel coitenand packet collisions, resulting in improvedwerk
throughput under high load (Mamalis, B., 2009). ©lustering algorithm borrows ideas from the altjori of
Chenet al. [4]to build a cluster structure of unequal clusteThe clustering algorithm in (Li, C., 2005)
constructs a multisized cluster structure, wheeedize of each cluster decreases as the distarite aéister
head from the base station increases. This pdigatlg modifies the approach of (Stojmenovic, 3., Olariu,
2006) to build clusters of two different sizes degliag on the distance of the CHs from the MS’setctjry.
Specifically, SNs located near the MS trajectory grouped in small sized clusters while SNs locéaether
away are grouped in clusters of larger size.

The CHs near the MS trajectory are usually buedenith heavy relay traffic coming from other paofs
the network. By maintaining the clusters of thests@mall, CHs near the MS trajectory are relativelieved
from intracluster processing and communication ¢agkd thus they can afford to spend m ore energy fo
relaying intercluster traffic to TNs. Fig. 4.1 Rexdous sensor nodes, cluster structures, and datartling
paths in Enhanced Mobile Cluster (EMC). Unequaktdu formation in Enhanced Mobile Cluster (EMC).
During an initialization phase, the MS moves alatsgfixed trajectory broadcasting periodically a BEON
signal to all SNs at a fixed power level.

All nodes near the MS trajectory receive the BEAC@essage and thus they know that the clusters in
their region will be small sized. Then, these noffesd the BEACON message to the rest of the nétwar
detailed description of the clustering algorithmiebhis executed right after the MS completes itst firip. The
message complexity of this phase as well as ajth#r phases of Enhanced Mobile Cluster (EMC). damsas
the clustering phase finalizes, each CH proceetlsetgelection of the appropriate cluster membéo(sgrve as
TN(s). As discussed in the following section, ne¢ry CH can find such a set of TNs.

B. TNs Selection:

TNs guarantee connectivity of sensor islands WMs; hence, their selection largely determines agtw
lifetime. TNs lie within the range of traveling &Band their location depends on the position ef@k and the
sensor field with respect to the sinks traject@yitable TNs are those that remain within the M@isge for
relatively long time, in relatively short distanitem the sink’s trajectory and have sufficient gyyesupplies. In
practical deployments, the number of designated ifitdsduces an interesting trade-off:

A large number of TNs implies that the latter vaeiimpete for the wireless channel contention as 0
the mobile robot appears in range, thereby reguitinow data throughput and frequent outages.

A small number of TNs implies that each TN is assed with a large group of sensors. Hence, TNk wi
be heavily used during data relays, their enerdy bvaei consumed fast and they will be likely to engace
buffer overflows.

To regulate the number of TNs and prevent eitheir rapid energy depletion or potential data lesse
this it proposes a simple selection model wherebgteof cluster members (in vicinity to the MS’sjéctory)
from each cluster is enrolled as TNs. TN’s role rhayswitched among cluster members when the enevgl/
of a node currently serving as TN drops below aspeeified threshold. As mentioned earlier, MSsofolla
fixed trajectory. We argue that the euclidean distaamong SNs and the MS should not be used asnthe
factor for selecting TNs. In addition to lying inshort distance from MS trajectories, the best whatds TNs
are the SNs with sufficient residual energy thaenee a relatively high number of BEACON packets.cbunt
the number of received BEACON packets, when a Sieceives thé™ BEACON, it increases a BEACON
countern, by one, records the receipt tirgethe signal strength and restarts a “Connection Dropped Timer”
set equal to 3 gEacon(Which allows up to two BEACON packets lost duehannel error). The SN v also keeps
record of the receipt time for the first and lasteived BEACON, When the “Connection Dropped Timer”
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expires the node assumes that the MS has moved awchyhe BEACON counter value is finalized. Assume
that when the sink moves away it does not retuthimwihe node’s range during the same traversal.

C. CHs Attachment to TNs:

Note that not every CH has a nonempti set associated with it. CHs located far from th® tvhjectories
do not have any TNs within transmission range. ®partant condition for building intercluster overlgraphs
is that CHs with no attached TNs, attach themselves CH u with nonemptR’ set so as to address their
clusters’ data ta. It is noted that our approach typically requiaesingle MS trip to collect (through the receipt
of BEACON messages) the information needed to dretile setup phase. Clustering starts upon the
completion of the first MS trip.

The TNs’ selection process commences immediafedyveard (the information needed for the executibn
this phase, i.e., the number of beacons, theiripttene, and signal strength is also collectediruthe first
MS trip). CHs attachment to TNs follows next. Allese phases complete in reasonably short perididhef
typically within the time interval between two sessive bus trips. As soon as the setup phasezisalsensory
data collected at CHs from their attached clustemivers are forwarded toward the TNs following an
intercluster overlay graph (see Fig. 1). The sekkttansmission range among CHs may vary to erssoegtain
degree of connectivity and to control interferefice.

D. Data Aggregation and Forwarding to the TNs:

The steady phase of Enhanced Mobile Cluster (EMf@Yocol starts with the periodic recording of
environmental data from sensor nodes with, @eriod. The data accumulated at individual sourages are
sent to local CHs (intracluster communication) vath, period (typically,T. is a multiple ofT,). CHs perform
data processing to remove spatial-temporal datandahcy, which is likely to exist since cluster niems are
located maximum two hops away. CHs then forwartbriéld data toward remote CH they are attached to.
Alongside the intercluster path, a second-levealai filtering may apply. Upon reaching the end & Hitered
data are forwarded t@s local TNs in a pipeline fashion.

In the case that multiple TNs exist in that clustlata are not equally distributed among thentehltd; the
CH favors the data delivery by the most suitablesTiN., those with highest competence vatenfp,,). Data
distribution among TNs should ensure that each TiN he able to accommodate its assigned data, toe.,
deliver all its buffered data and not experienceoatage. Hence, CH sorts the TNs in itR" set inComp,y
decreasing order and delivers to each TN node Ri the maximum amount of data Di it can accommodate,
minus an “outage prevention allowance” amount O.

The Di value is calculated taking into account Ti¢'s data rate; and the length; of the time interval
[Vi.Teirq, Vi.Tiag] that vi remains within the MS’s range. The pracésrepeated for each € R until all data
available atu are distributed among its TNs. The algorithm exedwy each CH for distributing data to the
TNs attached to it, follows (Algorithm DATA_DISTRUTION):

E. Communication between TNs and Mobile Sinks:

The last phase of Enhanced Mobile Cluster (EM@jquol involves the delivery of data buffered tosTte
MSs. Data delivery occurs along an intermittenthgitable link; hence, a key requirement is to deiee when
the connectivity between an TN and the MS is ab&laCommunication should start when the connedson
available and stop when the connection no longist®)so that the TN does not continue to transliaiia when
the MS is no longer receiving it. To address th&e, it uses an acknowledgment-based protocokekatWNs
and MSs.

The MS, in all subsequent path traversals afterstup phase, periodically broadcasts a POLL packe
announcing its presence and soliciting data asatgeds along the path. The POLL is transmittefixat
intervals Ty (typically equal t0Tpeacon). This POLL packet is used by TNs to detect wha MS is within
connectivity range. The TN receiving the POLL wdltart transmitting data packets to the MS. The MS
acknowledges each received data packet to the TiNasdhe TN realizes that the connection is achind the
data were reliably delivered.

The acknowledged data packet can then be cleaosad the TN's cache. It should be emphasized the
enrolment of specific nodes as TNs is subject tingk during the steady phase. Thus, if the enengpliy of a
TN falls below a threshold, it may request the ldgid to engage another node as TN so as to fuetktend the
network’s lifetime without affecting the currentustered infrastructure. To enable TNs substitutibe, CH
polls the candidate TNs of the setup phase (exotudie retiring TN) to be informed about their eumtr
residual energy status and then selects the newsTbllowing the procedure described in Enhantéabile
Cluster (EMC) employs a method to repair the clusteucture so as to prevent CH’s energy depletind
further extend the network’s lifetime. In particyla reclustering scheme is proposed, which is phathe
steady phase of Enhanced Mobile Cluster (EMC) andpplied locally within each cluster, wheneversit
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needed, in order to distribute energy consumptiooray SNs by swapping the roles of the nodes (fréit@
cluster member and vice versa).

This way the reclustering control overhead is lizea, avoiding frequent global reclustering thatises the
network to be in an unstable stat. On the othedhapplying only local reclustering may lead aftecertain
period of time which is application specific, tmanoptimal—according to the criteria set by Enhaniobile
Cluster (EMC)—clustered infrastructure and interstéred overlay graph. Then, the setup phase odritel
Mobile Cluster (EMC) is reexecuted to rebuild “opél” cluster structures. Note that there is a trafien
determining how often the setup phase will be eteztunhich is application dependent (e.g., objeutking or
guery-based applications).

Note that although our clustering algorithm borsoeas from the algorithm of Chehal. [4]to build a
cluster structure, an entirely different approalhnt that of [4]is followed for intercluster routirapnd data
transmission to the MS. In particular, new sopbé&td methods are proposed for enrolling apprapriaties as
TNs, building adaptable intercluster overlay graghsly distributing sensory data among TNs antivdeing
these data to the MS in nonintersecting time winglow

Simulation:

In this section, the performance of EMC is comgangth distributed clustering algorithm, where CHs
relay data to a sink node via multihop routing.h#ts an iterative CH selection mechanism in whiah th
probability for each node to become a CH dependissarsidual energy. When a CH candidate is nietcssd
as a CH node in a round, it doubles its probabditygelection so that it will have a better chairc¢he next
round.

Energy Consumption
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Fig. 2: Residual Energy Consumption.

We evaluate the performance of Mobile sink andafisked Mobile Clustering Algorithm using Network
simulator with the 100-node network in a play fieldsize 100m x 100m. The base station is locatgubsition
(50,200) and the initial energy per node is thedoam number of [2J, 5J]. For simplicity, we assurhe t
probability of signal collision and interference the wireless channel is ignorable. We compare the
performance of Enhanced Mobile Clustering Algorittiith three important clustering algorithms. Figlbws
the relationship between the number of node deadtlee network runtime (rounds). We see that, wlitaah to
LEACH, the curve of the other three algorithms énite, which demonstrates their methods of cluséad
selection enable the balanced energy dissipatiangrthe sensor nodes. The other three algorithowsever,
by using strategy of probabilistic based clustereng prone to partition the adjacent nodes withilar sensed
data into several clusters, thus increase the groengsumption of wasteful message transmissionil&iy we
have placed some Cluster head nodes with the hekgleation algorithm method .We have applied our
algorithm to formk clusters in a mobility manner, such that the tetplare of the distances between sensors in a
cluster and the corresponding cluster head noder, alV clusters is minimized. The number of clustead
nodes depends on the capacity constraint of eacthesh. We can avoid the maximum redundant data
transmission in the network through the high rdtdata aggregation in clusters. The above proceapiroblem
of complicate random search which is in generalHdRd. GA (genetic algorithm) is a good random dearc
method normally used to solve NP-hard problems.

Last, MobiCluster achieves reduced average ermyggumption (see Fig. 3). For the basic scendrig,is
due to clustering and the higher aggregation eatldeved.

In all other cases where the aggregation ratiestlze same for all protocols, the higher residuergy
levels of Mobicluster are attributed to the sametdes as those mentioned above, i.e., the executfon
reclustering as well as the use of different TNsemwmeeded, the use of unequal clustering and &kso t
sophisticated selection of TNs. Finally, noticettR®-FT performs better than in full aggregatioseasince
the minimum spanning tree is ideal for this casealy, we compare data aggregation rate of Enhéhéebile
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Clustering Algorithm with the other two algorithmis obvious to see that Mobile based Clusteghgprithm
has the highest rate of data aggregation, whichireasthe maximum reduction of the total amount atad
received at the BS.
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Conclusion:

This paper introduced Enhanced Mobile Clustedgardhm that proposes the use of urban busesny ca
MSs that retrieve information from isolated parts WSNs. Enhanced Mobile Cluster mainly aims at
maximizing connectivity, data throughput, and eimaplreasonable energy expenditure among SNs. The
connectivity idea is addressed by employing MSsdlhect data from isolated urban sensor islands asd
through prolonging the lifetime of selected peri@théeTNs which lie within the range of ephemeral MSxl
used to cache and deliver sensory data derived feonote source nodes. Increased data throughpeuaisized
by regulating the number of TNs for allowing suifiet time to deliver their buffered data and preiwendata
losses. Unlike further approaches, Enhanced Mdlilister moves the processing and data transmissiaten
away from the vital periphery nodes (TNs) and eesitlalanced energy consumption across the WSNghrou
building cluster structures that exploit the higdundancy of data collected from neighbor nodesnaindnize
intercluster data in the clouds. The performanda ghEnhanced Mobile Cluster over different apmtoes has
been validated by widespread simulation tests.
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