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ABSTRACT

Aleadingcauseofphysicalinjurysustainedbyelderlypersonsistheeventofunintentionallyfalling.
Adelaybetweenthetimeoffallandthetimeofmedicalattentioncanexacerbateinjuryifthefall
resulted inaconcussion, traumaticbrain injury,orbonefracture.Theauthorspresentasolution
capableof findingand tracking, in real-time, the locationof anelderlypersonwithinan indoor
facility,usingonlyexistingWi-Fiinfrastructure.Thispaperdiscussesthedevelopmentofanopen
sourcesoftwareframeworkcapableoffindingthelocationofanindividualwithin3maccuracyusing
802.11Wi-Fiingoodcoverageareas.Thisframeworkiscomprisedofanembeddedsoftwarelayer,
aWebServiceslayer,andamobileapplicationformonitoringthelocationofindividuals,calculated
usingtrilateration,withKalmanfilteringemployedtoreducetheeffectofmultipathinterference.
Thesolutionprovidesareal-time,lowcost,extendiblesolutiontotheproblemofindoorgeolocation
tomitigatepotentialharmtoelderlypersonswhohavefallenandrequireimmediatemedicalhelp.
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INTRodUCTIoN

AsreportedbytheWorldHealthOrganization’sGlobalReportonFallsPreventioninOlderAge,based
onresearchconductedbyBlakeetal.(Blakeetal.,1988),(WHO Global Report on Falls Prevention 
in Older Age,2007),35%ofpopulation65yearsandoverexperienceatleastoneunintentionalfall
peryear,duetotripping,dizziness,andblackouts.Elderlypeoplearemorelikelytofallduetoloss
ofhandgripstrengthusedforcontrolandstabilizationwhenusingwalkingaidssuchaswalkersand
canes.Arthritis,dizziness,neuromuscular, cognitive, and foot impairmentsalsocontribute toan
increasedprevalenceoffallingbyolderpeoplewhenusingstairsandsteps,orwhileturningaround
orreachingforobjects.ResearchbyTinettifoundthat61%ofelderlynursinghomeresidentsfellat
somepointduringtheirfirstyearofresidence(Tinetti,1987),agreaterproportionthanelderlypeople
wholiveinresidentialcommunities.Thoseassignedtoliveinassistedlivingfacilitiesmayfallmore
frequentlyduetogreaterweaknessintheirlowerextremities,apotentialcontributingfactorfortheir
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decisiontoliveinsuchafacilitysincefacilitystaffcanassistwithmobility.Manyalgorithmsand
embeddedtechnologieshavebeeninresearchanddevelopmentforthepastseveralyears,whichaim
toworktowardsthebasicgoalofdetectingafallandreportingthelocationofthefallenindividual
toarespectiveauthority.

Indoorgeolocationtrackingisanevolvingtechnologywhichaimstocalculatethelocationofan
individualwithinanindoorenvironment.Oneofthepromisingclassesofthisemergingtechnology
istotakeadvantageofexistinginfrastructuretodeterminethelocationofauser(Pahlavan,Xinrong,
&Makela,2002).MuchworkhasbeencarriedouttouseGPSforindoorlocationtracking(Álvarez,
deCos,Lorenzo,&Las-Heras,2010;Kjærgaardetal.,2010);however,GPSonlyhasanaccuracy
of5-50minanindoorenvironment(Liu,Darabi,Banerjee,&Liu,2007).

Thispaperpresentsthedevelopmentofanopensourcesoftwareplatformcapableoftrackingthe
movementsofindividualsusingexisting802.11Wi-Fiinfrastructure.Themodularityofthesoftware
frameworkdevelopedanditsstronguseofC++11designprinciplesenablestheframeworktobeeasily
adaptedtoavarietyofhardwareplatformsandradiotechnologies,suchasBluetoothorLoraWAN.
Inaddition,thissolutionprovidesflexibilityofmonitoringmultiplepeopleusingamobileapp.

BACKGRoUNd

Theability to identify thegeographic locationofan individualresidingoutsideofabuildingby
latitude,longitude,andaltitudeiseasilyaccomplishedusingarelativelyinexpensiveGPSreceiver.
Typicalcommerciallyavailablereceiversforunder$100canprovidecoordinateswithinasampling
timeof30secondstoanaccuracyof3m.Forexample,theCopernicusII12-channelGPSmodule
fromTrimbleisunder$70andcanprovideupdatedcoordinateswithaperiodof3s.GPSreceivers
typicallyuse a carrierwave in theL1band at 1575.42MHzonwhichnavigationmessages are
modulated.Unfortunately,suchmicrowavesignalsaresignificantlyattenuatedbybuildingroofsand
walls,renderingGPSunusableinindoorsetups.

Indoorpositionmeasurementscanbeaccomplishedusingdifferentmechanismssuchasradio
signals,magneticfields,andsoundwaves.Newer,emergingtechnologiesemploycomputervision
toidentifyobjectsinacamerafieldofaview.Avisionsystemcanmeasuredistancesinbetween
recognizedobjects,andbetweenauserandrecognizedobjects.Thesemeasurementsprovideasystem
withdepthperceptionandcanidentifyhowfarauserisawayfromasurfaceorotherrigidbodyin
afieldofview.

Thewell-establishedCricketindoorlocationsystemdevelopedatMITusesacombinationof
RFandultrasoundtoprovidelocationinformationviawall-andceiling-mountedbeaconsplaced
throughoutabuilding(Priyantha,Chakraborty,&Balakrishnan,2000),(Priyantha,Miu,Balakrishnan,
&Teller,2001),(Teller,Chen,&Balakrishnan,2003).Cricketusestime difference of arrivalbetween
RFandultrasonicsignals,whichcanaccuratelyidentifytheindoorlocationofastaticobjectbutwas
showntopresentdifficultiestrackingthelocationofanobjectinmotion.

Theindoorlocationofanobjectorpersonusingreceivedsignalstrengthwasinvestigatedby
(Álvarezetal.,2010),withthegoalofimprovingthecharacterizationofEMtoprovideaprecise
indoorlocation.Álvarezproposedafullwave-basedmethodmeasurementsetupandtestedthisidea
in different scenarios. A practical implementation was carried out using a ZigBee-based sensor
networkandwasabletoachieveadesiredaccuracyrequirementoflessthan5%forlocationerror.

Issuesfacedbyestimatingindoorlocationfromreceivedsignalstrength,timeofarrival(TOA),
ortimedifferenceofarrivalwasinvestigatedby(Chitte&Dasgupta,2008)whofoundthemean
squareerror(MSE)oflocationmeasurementincreasesexponentiallywithnoisepower.

Topologicaldiscoverywithboundaryrecognitionandholediscoveryinawirelesssensornetwork
canbeaccomplishedusingmethodsbasedonthePoincare-PerelmanTheorem(Wei,Yang,Shen,
&Zhou,2012).
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