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This summerl worked for threemonthsat the Berkeley WirelessResearch
Center(BWRC) asa visiting researctscholarin the PicoRadiogproject. This visit
wassponsoredby agrantfrom the USENIX associatiormndstichtingNLnet(ReX
program).Working at the BWRC wasa greatopportunityfor meto geta hands-
on introductioninto the rapidly evolving field of wirelesssensometworks. The
knowledge,skills, andresearctcontactsacquiredduring my stay at the BWRC
will be of greathelpin my new job asassistanprofessorat Delft University of
Technology

PicoRadio

ThePicoRadiggroupatUC Berkeley (bwr c. eecs. ber kel ey. edu/ Resear ch/ Pi co_Radi 0)
is addressinghe technologicalpossibilitiesto integrate sensorsan embedded
processaqr a wirelesslink, and a power supply into a single small device.
The taget is to have operationalsensornodesby December2002. Networks
of wireless sensorscan be usedfor a wide range of monitoring & control
applications for example,temperaturecontrol for office spacesglimate control
for greenhousesndsecurityof buildings.

To easéhedevelopmenbf (commercialapplicationst is of greatimportance
that wirelesssensometworks are (largely) self-configuring;with aslittle infras-
tructureaspossiblesensomodesshouldbecomeawareof their ernvironmentand
start communicatingand collaboratingwith neighborsto carry out the specific
taskat hand. Systemsoftware (e.g.,routing andlocationdiscovery) is neededo
supportself-oganizingapplicationson wirelesssensometworks.



Ad-hoc localization

Duringmy stayattheBWRC focusedontheproblemof determininghelocation
of theindividual nodesin an ad-hocsensometwork. Knowing the locationof a
sensomodeis requiredto answerquestiondik e “what is the temperaturen the
kitchen?”,andfor implementingefficient routing protocols(the enegy required
to communicatdetweemodesgrows quadraticallywith thedistance).

We assumehata smallfraction(< 10%)of anchor nodesknow theirlocation,
for example,becausehey are equippedwith an additional GPSrecever. The
remainingnodesshouldthenestimateheir locationusingdistancaneasurements
to their neighbors. Within the PicoRadioproject we use a 2-phaseapproach.
First, the nodescomputea roughestimatebasedon the topologyof the network;
counting the numberof hopsto different anchorsindicatesa rough region of
possiblelocations. Secondnhodesrefinetheir locationsin a numberof iterations
involving multilateration. Knowing the distancedo 3 referencepoints suffices
to determinethe location of a node (3-lateration). Additional referencepoints,
however, areneededo copewith errorsin the distancemeasurements.

The iterative refinementmethodraisestwo questions:1) doesthe procedure
converge?,and2) how accuratearethe estimatedocations?Initial experiments
with a discreteevent simulatorshowved that even with perfectinformation (i.e.,
distancemeasurementsithouterrors)very poorlocationsresultedn mary cases.
| wasableto identify two essentiatauses:

1 Badtopology Nodeswith too few connectiong< 3) to referencepoints
cannotbe properlylocated. Lik ewise, setsof nodeswith too few "external”
connectionannotbe located. | developedan ad-hocrule to identify such
cases.

2 Error propagation. It is of critical importanceto limit the effects of poor
locationestimatesincein d iterationsthewholenetwork is infected ,whered
is the network diameter

Our solutionto the above problemsis to associat@ confidencga factorbetween
0 and 1) with eachlocation estimateand weigh the information passedo the
multilaterationprocedure.

Results and futurework

Using confidencefactorsimproved both the numberof casesthat corverge as
well as the accurag of the individual locations. Figure 1 shows the error
distribution (as percentageof the radio range)for a network of 400 nodes
uniformly distributedover a squareareaincluding 40 (10%) anchornodes. The
correlationbetweenthe confidencemetric andthe locationerrorsis alsoshown.
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Figurel: Errordistribution (left) andconfidencecorrelation(right).

Thesenice results,however, were obtainedusing true distancesithe effects of

measuremerdrrorsstill needto bestudied.Furthermorewe lik eto obtainabetter
understandingf the minimum requirementson the topology and infrastructure
(averageconnectvity, fraction of anchornodes,anchorplacement}o realizea

specifiedlocationaccurag. We alsoneedto addresghe enepy efficiency (i.e.

amountof processingand communication)of the developedad-hoclocalization
algorithm before running silicon can be produced. | am looking forward to

collaboratewith the PicoRadiogroup on theseand other researchquestionsin

thefuture.



