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Abstract

Topk monitoringis importantto manywirelesssensor
applications. This paper exploits the semanticsof topk
gueryandproposes novel enegy-efcient monitoringap-
proach, called FILA. Thebasicideais to install a Iter at
ead sensomodeto suppessunnecessargensorupdates.
Thecorrectnesf the topk resultis ensuedif all sensor
nodesperformupdatesaccoding to their lter s. We show
via simulation that FILA outperformsthe existing TAG-
basedappmoad by an order of magnitude

1 Intr oduction

Owing to the rapid adwancesin sensingand wire-
lesscommunicatiortechnologieswirelesssensomnetworks
have beenavailablefor usein awide rangeof in-situsensing
applications,suchas habitatmonitoring, wild- re preven-
tion, andenvironmentalmonitoring[4]. A wirelesssensor
network typically consistsof a basestationanda group of
sensomodes(seeFigure1l). The basestationsenesasa
gatavay for the sensometwork to exchangedatawith ex-
ternalusers. The sensomodes,on the otherhand,arere-
sponsiblefor sensingand collecting datafrom their local
ervironments. They arealsocapableof processingensed
dataandcommunicatingwith their neighborsandthe base
station.

Monitoring of aggregatefunctionsis importantto mary
sensorapplicationsand hasdravn a lot of researchatten-
tion [3, 4]. Amongthoseaggregates.atop-k querycontinu-
ouslyretrievesthesetof k sensonodeswith thehighest(or
lowest)readingd1, 2]. However, how to enegy-efciently
answertopk queriesis a greatchallengeto wirelesssen-
sornetworks. The sensomodesusuallyoperatdn anunat-
tendedmannerandare batterypowered;replacingthe bat-

2Minji Wu andJianliangXu weresupportedn partby ResearclGrants
Councilof HongKongunderProjectNo. HKBU 2115/05E.

YWang-Chien_ee wassupportedn partby National ScienceFounda-
tion grantlIS-0328881.

asxytang@ntu.edu.sg

wlee@cse.psu.edu

Query Sensor Updates
" Reallt Filter Updates
|/ Probe
User Base Station Wireless Sensor Network

Figure 1. The System Architecture

teriesis not only costly but alsoimpossiblein mary situ-
ations(e.g.,in a hard-to-reactarea). If a certainportion
of thenodesrun out of their power andlosetheir coverage,
thewholenetwork will bedown. Thus,in additionto reduc-
ing network traf c, adistinguishedequiremenfor wireless
sensonetworksis to balanceheenegy consumptioratthe
sensomodeso prolongnetwork lifetime.

A basic implementationof monitoring topk query
would be to usea centralizedapproachwhereall sensor
readingsarecollectedby the basestation,which thencom-
putesthetopk resultset. In orderto reducenetwork traf-
¢ for datacollection,anin-networkdataaggregationtech-
nigue,known asTAG, hasbeenproposed3]. Speci cally,
a routing treerootedat the basestationis rst established
andthe datais thenaggregatedandcollectedalongthe way
to thebasestationthroughtheroutingtree. Considera sim-
ple exampleshavn in Figure2a,wheresensomnodesA, B,
and C form a routing tree. The readingsof thesesensor
nodesat threesuccessie samplinginstancesare shovn in
thetablesof Figure2a. Supposeave aremonitoringatop-1
query Employing TAG, at eachsamplinginstance nodes
B andC sendtheir currentreadingdo theparent(i.e.,node
A), which aggrejatesthe datareceved with its own read-
ing andsendshe highest(i.e., thereadingsrom nodeC in
this example)to the basestation.Thetop-1resultis always
nodeC, but nine updatemessageghreeat eachsampling
instance)areused. As such,this approachincursunneces-
saryupdatesn the network and,hence,is not enepy ef-
cient.

In this paper we exploit the semanticsof topk query
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Figure 2. An Example of Top-k Monitoring

andproposeanovel | terbasedmonitoringapproactcalled
FILA. Thebasicideais toinstalla Iter ateachsensomnode
to suppressinnecessargensorupdates. The basestation
alsokeepsa copy of the Iter settingto maintaina view of
eachnodes reading.A sensomnodereportsthe readingup-
dateto the basestationonly whenit passeshe Iter. The
correctnessf thetop-k resultis ensuredf all sensomodes
performupdatesaccordingto their Iters. Figure2b shavs
anexample,wherethe basestationhascollectedthe initial
sensoreadingsandinstalledthree Iters [20, 39),[39, 47),
and[47, 80) at sensomodesA, B, andC, respectiely. At
samplingnstanced and2, noupdatesrereportedsinceall
updatesare Itered out by the nodes'respectre Iters. At
instance3, the updatedreadingof nodeB (i.e., 48) passes
its Iter [39, 47). Hence,nodeB sendsthe reading48 to
the basestationvia nodeA (stepA). Since48 lies in the
Itering window of nodeC (i.e., [47, 80)), the top-1 re-
sultbecomesindecidedaseithernodeB or C canhavethe
highestreading. In this case we probenodeC for its cur
rentreadingto resohe theambiguity(stepsA andA). Thus,
atotal of four updatemessageandoneprobemessageare
incurredin this approach. Comparedwith the aforemen-
tioned TAG-basedaggrejation approach, ve updatemes-
sagesare saved at the costof one probe message.Ohvi-
ously, this approactachiezesa betterperformancahanthe
TAG approach.

Yet,in orderto make FILA to work ef ciently, two fun-
damentalssuesarisingat the basestationsener have to be
addressed:

2 How to setthe lter for eachsensomodein a coordi-
natedmannersuchthatthetopk resultsetis correctly
returnedf all nodegperformupdatesccordingo their
Iters? The Iter settingis critical to the performance
of FILA. In theabore example,if nodesB andC have
the lters setto [39, 50) and[50, 80), respectiely, no

For simplicity, theoverheador initial datacollectionand Iter setting
is not shawvn here,but countedin our experiments.

updatesieedto bereportedior all threesamplings.

2 Uponreceving anupdatefrom a sensomode,how to
reevaluatethe topk resultandhow to updatethe af-
fected lters?

We answelin this papertheabove two questionsvith the
objective of reducingnetwork trafc and prolonging net-
work lifetime.

2 SystemModel and Problem De nition

We considera wirelesssensornetwork as depictedin
Figurel. It is assumedhatthe basestationhascontinu-
ouspower supplyandits radio strengthis strongenoughto
cover all sensomodes. In otherwords, a probe message
broadcasby the basestationcanreachall sensomodesin
a single hop. In contrast,the sensornodesare powered
by battery Their radio coverageis constrainedo a local
area.Whenthebasestationis beyonda sensomnodes radio
coverageanunderlyingroutinginfrastructurgle.g.,a TAG
tree[3]) is usedto routedatato the basestation.

Each sensornodei measureghe local physical phe-
nomenorv; (e.g.,pollutionindex, temperatureor residual
enengy, etc.) ata x edsamplingrate. Without lossof gen-
erality, we considera topk monitoringquerythatcontinu-
ouslyretrievesthe (ordered)setof sensomodesk with the
highestreadingsi.e.,

R =< n1;ny; ¢¢¢; ny >;

where 8i > j;vq, - vy, and 81 6 ni(i =

1, 2; ¢¢¢; k); vi - vn, . Themonitoringresultis maintained
by the basestationand updatedto the user To produce
continuougjueryresults theproposednonitoringapproach
controlswhenandhow to collectsensorreadingupdatego
thebasestation.

3 FILA Overview

Initially, the basestationcollectsthe readingsfrom all
sensors. It thensortsthe sensorreadingsand obtainsthe
initial topk resultset. Next, the basestationcomputesa
Iter (representethy a window of [l;, u;)) for eachsensor
nodei andsendst to the nodefor installation. At the next
sensoisamplinginstancejf thenew readingof sensomnode
i is within [l;j, uj), no updateto the basestationis needed.
Otherwisejf thenew readinggoesbeyondthe Itering win-
dow andpasseshe lter , meaninghetopk ordermightbe
violated,anupdateis sentto the basestation. The basesta-
tion will thenreevaluatethetop-k resultandadjustthe Iter
setting(s)for somesensomode(s)if necessaryThe query
reevaluationalgorithmis discussedhn detailin [6].



As canbeseenthepurposeof using Iters isto Iter out
somelocal sensomupdatesandhencesuppressinghetraf ¢
in the network. The correctnessf thetopk resultmustbe
guaranteegbrovided thatall sensomodesperformupdates
accordingto their lters. Thus,the Iter settingshave to
be carefully plannedin a coordinatednanner Denotethe
currentreadingof nodei by v;. Withoutlossof generality
we numberthe sensornodesin decreasingorder of their
sensoreadingsj.e.,v1 > v, > ¢¢¢> vy, whereN isthe
numberof sensomodesundermonitoring. Intuitively, to
maintainthe monitoringcorrectnessthe lters assignedo
the nodesin the topk resultsetshouldcover their current
readingsbut notoverlapwith eachother Ontheotherhand,
the nodesin the non-topk setcould sharethe same Iter
setting. Thus, we considerthe Iter settingsonly for the
topk+1nodesA feasiblelter settingschemerepresented

asf[li;uj) ji = 1;¢¢¢; k + 1g, mustsatisfythefollowing
conéjitions:
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Figure 3. Filter Settings for Top-3 Monitoring

Figure3 shavsafeasible lter settingfor top-3monitor
ing, wherenodes4 and5 sharea lter settingandu;+; is
setequaltol; for 1 - i - 3in orderto maximizethe Iter -
ing capability Intuitively, a Iter settingis a (constained)
partitioning of the dataspace A straightforvardway is to
setthe Iter boundat the midpointof two sensotreadings,

i.e..
Vi + Visg |

5

We callit uniform lIter setting.It is favorablein thecase
wherethe sensorreadingsfrom all sensomodesfollow a
similar changingpattern.A moresophisticatedchemeor

Iter settingis describedn [6].

We have developeda simulatorbasenns-2andNRL's
sensonetwork extensionto evaluatetheproposed-ILA ap-
proach. Figure 4 shaws the resultsagainst TAG [3] for a
wide rangeof real traces[5]. We canseethat FILA im-
provesnetwork lifetime over TAG by anorderof magnitude
while achiezing amuchlower averagesnegy consumption.

Uier = i = @1 i k) )

4 Conclusions

This paperproposeda novel enegy-efcient approach
called FILA for topk monitoring in wirelesssensornet-
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Figure 4. Performance Comparison with TAG

works. As for futurework, we planto extendthe proposed
monitoring approachto otheraggreate functionssuchas
kNN, average,and sum. We are going to build a proto-
type basedon Motesand measurehe performancen real
ervironments.We arealsointerestedn monitoringspatial
gueriesn object-trackingsensometworks.
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