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Abstract

Top-k monitoringis important to manywirelesssensor
applications. This paper exploits the semanticsof top-k
queryandproposesa novel energy-ef�cient monitoringap-
proach, calledFILA. Thebasicidea is to install a �lter at
each sensornodeto suppressunnecessarysensorupdates.
Thecorrectnessof the top-k result is ensured if all sensor
nodesperformupdatesaccording to their �lter s. We show
via simulation that FILA outperformsthe existing TAG-
basedapproach byanorderof magnitude.

1 Intr oduction

Owing to the rapid advances in sensing and wire-
lesscommunicationtechnologies,wirelesssensornetworks
havebeenavailablefor usein awiderangeof in-situsensing
applications,suchashabitatmonitoring,wild-�re preven-
tion, andenvironmentalmonitoring[4]. A wirelesssensor
network typically consistsof a basestationanda groupof
sensornodes(seeFigure1). The basestationservesasa
gateway for the sensornetwork to exchangedatawith ex-
ternalusers. The sensornodes,on the otherhand,arere-
sponsiblefor sensingand collecting datafrom their local
environments.They arealsocapableof processingsensed
dataandcommunicatingwith their neighborsandthebase
station.

Monitoring of aggregatefunctionsis importantto many
sensorapplicationsandhasdrawn a lot of researchatten-
tion [3, 4]. Amongthoseaggregates,a top-k querycontinu-
ouslyretrievesthesetof k sensornodeswith thehighest(or
lowest)readings[1, 2]. However, how to energy-ef�ciently
answertop-k queriesis a greatchallengeto wirelesssen-
sornetworks. Thesensornodesusuallyoperatein anunat-
tendedmannerandarebatterypowered;replacingthebat-
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Figure 1. The System Architecture

teriesis not only costly but also impossiblein many situ-
ations(e.g., in a hard-to-reacharea). If a certainportion
of thenodesrun out of their power andlosetheir coverage,
thewholenetwork will bedown. Thus,in additionto reduc-
ing network traf�c, adistinguishedrequirementfor wireless
sensornetworksis to balancetheenergy consumptionat the
sensornodesto prolongnetwork lifetime.

A basic implementationof monitoring top-k query
would be to usea centralizedapproachwhereall sensor
readingsarecollectedby thebasestation,which thencom-
putesthe top-k resultset. In orderto reducenetwork traf-
�c for datacollection,anin-networkdataaggregationtech-
nique,known asTAG, hasbeenproposed[3]. Speci�cally,
a routing treerootedat the basestationis �rst established
andthedatais thenaggregatedandcollectedalongtheway
to thebasestationthroughtheroutingtree.Considerasim-
ple exampleshown in Figure2a,wheresensornodesA, B ,
and C form a routing tree. The readingsof thesesensor
nodesat threesuccessive samplinginstancesareshown in
thetablesof Figure2a. Supposewe aremonitoringa top-1
query. Employing TAG, at eachsamplinginstance,nodes
B andC sendtheircurrentreadingsto theparent(i.e.,node
A), which aggregatesthe datareceived with its own read-
ing andsendsthehighest(i.e., thereadingsfrom nodeC in
thisexample)to thebasestation.Thetop-1resultis always
nodeC, but nineupdatemessages(threeat eachsampling
instance)areused.As such,this approachincursunneces-
saryupdatesin the network and,hence,is not energy ef�-
cient.

In this paper, we exploit the semanticsof top-k query
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Figure 2. An Example of Top­k Monitoring

andproposeanovel �l terbasedmonitoringapproachcalled
FILA. Thebasicideais to installa �lter ateachsensornode
to suppressunnecessarysensorupdates.The basestation
alsokeepsa copy of the �lter settingto maintaina view of
eachnode's reading.A sensornodereportsthereadingup-
dateto the basestationonly whenit passesthe �lter . The
correctnessof thetop-k resultis ensuredif all sensornodes
performupdatesaccordingto their �lters. Figure2b shows
anexample,wherethebasestationhascollectedthe initial
sensorreadingsandinstalledthree�lters [20, 39), [39, 47),
and[47, 80) at sensornodesA, B , andC, respectively. At
samplinginstances1 and2,noupdatesarereportedsinceall
updatesare�ltered out by thenodes'respective �lters. At
instance3, theupdatedreadingof nodeB (i.e., 48) passes
its �lter [39, 47). Hence,nodeB sendsthe reading48 to
the basestationvia nodeA (stepÀ). Since48 lies in the
�ltering window of nodeC (i.e., [47, 80)), the top-1 re-
sult becomesundecidedaseithernodeB or C canhave the
highestreading.In this case,we probenodeC for its cur-
rentreadingto resolvetheambiguity(stepsÁ andÂ). Thus,
a total of four updatemessagesandoneprobemessageare
incurredin this approach.1 Comparedwith the aforemen-
tionedTAG-basedaggregation approach,� ve updatemes-
sagesare saved at the cost of one probemessage.Obvi-
ously, this approachachievesa betterperformancethanthe
TAG approach.

Yet, in orderto make FILA to work ef�ciently , two fun-
damentalissuesarisingat thebasestationserver have to be
addressed:

² How to setthe �lter for eachsensornodein a coordi-
natedmannersuchthatthetop-k resultsetis correctly
returnedif all nodesperformupdatesaccordingto their
�lters? The�lter settingis critical to theperformance
of FILA. In theaboveexample,if nodesB andC have
the�lters setto [39, 50) and[50, 80), respectively, no

1For simplicity, theoverheadfor initial datacollectionand�lter setting
is not shown here,but countedin ourexperiments.

updatesneedto bereportedfor all threesamplings.

² Uponreceiving anupdatefrom a sensornode,how to
reevaluatethe top-k resultandhow to updatethe af-
fected�lters?

Weanswerin thispapertheabovetwo questionswith the
objective of reducingnetwork traf�c and prolongingnet-
work lifetime.

2 SystemModel and ProblemDe�nition

We considera wirelesssensornetwork as depictedin
Figure1. It is assumedthat the basestationhascontinu-
ouspower supplyandits radiostrengthis strongenoughto
cover all sensornodes. In other words, a probemessage
broadcastby thebasestationcanreachall sensornodesin
a single hop. In contrast,the sensornodesare powered
by battery. Their radio coverageis constrainedto a local
area.Whenthebasestationis beyondasensornode's radio
coverage,anunderlyingroutinginfrastructure(e.g.,a TAG
tree[3]) is usedto routedatato thebasestation.

Each sensornode i measuresthe local physical phe-
nomenonvi (e.g.,pollution index, temperature,or residual
energy, etc.) at a �x edsamplingrate. Without lossof gen-
erality, we considera top-k monitoringquerythatcontinu-
ouslyretrievesthe(ordered)setof sensornodesR with the
highestreadings,i.e.,

R = < n1; n2; ¢¢¢; nk >;

where 8i > j ; vn i · vn j and 8l 6= n i (i =
1; 2; ¢¢¢; k); vl · vn k . Themonitoringresultis maintained
by the basestationand updatedto the user. To produce
continuousqueryresults,theproposedmonitoringapproach
controlswhenandhow to collectsensorreadingupdatesto
thebasestation.

3 FILA Overview

Initially, the basestationcollectsthe readingsfrom all
sensors.It then sortsthe sensorreadingsand obtainsthe
initial top-k result set. Next, the basestationcomputesa
�lter (representedby a window of [l i , ui )) for eachsensor
nodei andsendsit to thenodefor installation.At thenext
sensorsamplinginstance,if thenew readingof sensornode
i is within [l i , ui ), no updateto thebasestationis needed.
Otherwise,if thenew readinggoesbeyondthe�ltering win-
dow andpassesthe�lter , meaningthetop-k ordermightbe
violated,anupdateis sentto thebasestation.Thebasesta-
tion will thenreevaluatethetop-k resultandadjustthe�lter
setting(s)for somesensornode(s)if necessary. Thequery
reevaluationalgorithmis discussedin detail in [6].
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As canbeseen,thepurposeof using�lters is to �lter out
somelocal sensorupdatesandhencesuppressingthetraf�c
in thenetwork. Thecorrectnessof thetop-k resultmustbe
guaranteedprovided thatall sensornodesperformupdates
accordingto their �lters. Thus, the �lter settingshave to
be carefully plannedin a coordinatedmanner. Denotethe
currentreadingof nodei by vi . Without lossof generality,
we numberthe sensornodesin decreasingorder of their
sensorreadings,i.e., v1 > v2 > ¢¢¢> vN , whereN is the
numberof sensornodesundermonitoring. Intuitively, to
maintainthemonitoringcorrectness,the �lters assignedto
the nodesin the top-k resultsetshouldcover their current
readingsbut notoverlapwith eachother. Ontheotherhand,
the nodesin the non-top-k setcould sharethe same�lter
setting. Thus, we considerthe �lter settingsonly for the
top-k+1 nodes.A feasible�lter settingscheme,represented
asf [l i ; ui ) j i = 1; ¢¢¢; k + 1g, mustsatisfythe following
conditions:

8
<

:

u1 > v1;
vi +1 < ui +1 · l i · vi ; (1 · i · k);
lk+1 · vN :

(1)

u2= l13

v12vv3vv5

= l2uu =u45 = l3l5= l4

4
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u1

Figure 3. Filter Settings for Top­3 Monitoring

Figure3 showsafeasible�lter settingfor top-3monitor-
ing, wherenodes4 and5 sharea �lter settingandui +1 is
setequalto l i for 1 · i · 3 in orderto maximizethe�lter -
ing capability. Intuitively, a �lter settingis a (constrained)
partitioning of thedataspace. A straightforwardway is to
setthe �lter boundat themidpointof two sensorreadings,
i.e.:

ui +1 = l i =
vi + vi +1

2
; (1 · i · k): (2)

Wecall it uniform�lter setting.It is favorablein thecase
wherethe sensorreadingsfrom all sensornodesfollow a
similar changingpattern.A moresophisticatedschemefor
�lter settingis describedin [6].

Wehavedevelopedasimulatorbasedonns-2andNRL's
sensornetwork extensionto evaluatetheproposedFILA ap-
proach. Figure4 shows the resultsagainstTAG [3] for a
wide rangeof real traces[5]. We can seethat FILA im-
provesnetwork lifetime overTAG by anorderof magnitude
while achieving amuchloweraverageenergy consumption.

4 Conclusions

This paperproposeda novel energy-ef�cient approach
called FILA for top-k monitoring in wirelesssensornet-

(a) Network lifetime

(b) Averageenergy consumption

Figure 4. Performance Comparison with TAG

works. As for futurework, we planto extendtheproposed
monitoringapproachto otheraggregate functionssuchas
kNN, average,and sum. We are going to build a proto-
type basedon Motesandmeasurethe performancein real
environments.We arealsointerestedin monitoringspatial
queriesin object-trackingsensornetworks.
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