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ABSTRACT

Disasterleadstohugedestructionintermsofeconomicandhumanlives.Whileseveraltechnologiesare
availabletocaterdisaster’soccurrence,theInternetofThings(IoT)paradigmhasopenedapromising
doortowarddealingwithdisasters.ThisarticleproposesIoT-basedemergencyresponsemanagement,
whichisastandalonesystemthatenableswirelessconnectiontotrappedsurvivors,andtotheInternet
oranyextendednetworkduringemergencyreliefoperations.Thesystemintegratesheterogeneous
wirelessdevicesandvariouscommunicatingtechnologiestoenableend-to-endnetworkconnectivity,
whichismonitoredbyacloudIoTplatform.Thecollecteddataisthenpushedtothecontrolcenter
usingmultihopdevice-to-devicecommunication.Theoverallsystemperformancewasevaluated
accordingtorelevantmetricsincludingend-to-endlinkqualityestimation,throughput,anddelay.
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INTRoDUCTIoN

Disasterisincidentthatoccursinasuddenmanner,complexinnature,resultinginalossoflives,
damagestopropertyortheenvironmentaswellasaffectingthedailyactivitiesoflocalcommunity.
Floods are the major natural disaster threat facing Malaysia. Landslides and droughts are also
significant,althoughmostprevalentintheEasternpartofthecountry.Disastermanagementhas
consistentlybeenafocusofMalaysia’sdevelopmentpolicy.Malaysia’sNationalPlatformforDRR
wasformalizedin2013,whichinvolvedvariousstakeholdersfromthewholeofgovernment,aswell
astheprivatesector.Thisisevidentbytheamountofresourcesprovidedtominimizeriskfactorsand
facilitatesustainabledevelopment.Malaysia’s11thversionoftheFive-YearPlan(2016-2020)focuses
onstrengtheningdisasterriskmanagementacrossfivephases(prevention,mitigation,preparedness,
responseandrecovery).

Thefinancialimpactduetonaturalandman-madedisastersisparamount.However,theimpact
and losesofdisaster canbe reduced througheffectivemanagementofdisaster information.The
effectivemanagementmeansapromptactionbytheemergencyresponseunitstoreachdisasterarea
supportedbyappropriateandaccurate information. Informationofmovingobjectsuchaspolice
cars,ambulancesandfiretrucksbecomeimportanttodrivetheanalyzingtaskincludingconnectivity
analysis. Although GIS application has been used in disaster management, it was designed for
individualusagesuchasevacuation(Pu&Zlatanova,2005),anddifferentphasesofdisastersuch
as mitigation and preparedness and monitoring/visualization (Rauschert, Sharma, Fuhrmann,
Maceachren,&Wang,2002),oronlyforspecifictask.Duringdisasterreliefoperations,tworelevant
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challengesarise;settingupanimmediateemergencywirelessnetworktointerconnectonthefield
rescuerswithtrappedsurvivorsandrelayingtheemergencynetworktotheInternetandextended
networks.Suchcatastrophes’reliefoperationsareimpossibletoconductwithoutanalternativedata
communicationsystemimmediatelydeployableandoperational.

Aroundtheworld,IoTisplayingahugeroleinincreasingtheefficiencyandeffectivenessof
emergencyresponsesystems,thussavinglivesandmakingcitiessafer.BenArbiaetal.(Arbia,Alam,
Kadri,Hamida,&Attia,2017)developedanemergencyanddisasterreliefsystemusingheterogeneous
wirelessdevicessuchasRaspberryPi,smartphones,sensorsandvariouscommunicatingtechnologies
(Wi-Fi and Bluetooth) which was then monitored by a cloud IoT platform. The challenges in a
wirelessautonomouscommunicationsystemtooffloaddatafromthedisasterarea(rescuers,trapped
victims,civilians,media,etc.)backtoacommandcenterwerestudied.Equallyimportant,themotion
detectionandlinks’unavailabilitypreventionbasedontherecordeddatawherethemainfactors(i.e.,
interferenceandnoise)thataffecttheperformancewerealsoanalyzed.Meanwhile,Asensioet.al.
(Asensio,Blanco,Blasco,Marco,&Casas,2015)proposedSmartSignal,toofferthebestmessage
totheuser,andasaubiquitouselementthatcontributeswithinformationtothecity.Meanwhile,
Posladet.al.(Posladetal.,2015)presentedanIoTearlywarningsystemframeworkbasedupona
multisemanticrepresentationmodelthataddressesthechallengesfacedduringpracticaldeployments
suchasscalabletime-sensitivedataexchangeandprocessingandtheneedforresiliencetochanging
ICTresourceconstraintsincrisiszones.

Notonlydisastersituation,firemanagementsystemisofimportanceandpartofemergency
responsesystem.Forthisreason,Asensioetal.(Asensioetal.,2015)proposedadecisionsupport
toolfortheemergencyfiremanagementsystemwhichintegratedtheformationandmanagement
ofVirtualObjectsderivedfromrealworldphysicalobjectsandarevirtuallyconnectedwitheach
otherintothesemanticontologymodel.Alogrepositorycollectedalltheemergencyfireincident
logsfromVirtualObjectsandstoredtheminarepository.Ontheotherhand,Shamszamanet.al.
(Shamszaman,Ara,Chong,&Jeong,2014)developedanemergencyfiremanagementsysteminthe
WebofObjectsinfrastructure.

RELATED woRKS

The proposed emergency response management system is a set of wireless distributed devices
equippedwithwireless sensors intended to collect real timedata suchas locations andambient
intelligence, fromLoRanodesas theedgecomputingelement connected to IoTcloudplatform.
LoRanodesweredevelopedusingalongrange;lowpower, lowbitrateandsinglehopwireless
communicationtechnologywithlowthroughputrequirements.Itisdesignedtoallowlowpowered
devicestocommunicatewithInternetconnectedapplicationsoverlong-rangewirelessconnections.
LowpowerwirelessnetworksareakeyenablerfortheIoT.

Figure1depictstheoverallarchitectureoftheemergencysystemresponsenetworktopology
comprisingenddevices,localcontrollers,andcloud-basedserversusedintheproposedsystem.LoRa
RFM95wasusedasenddevicestobeplacedateachresidentialareaorlocalcommunity.TheLoRa
sensorsnetworkswereconnectedwirelesslytoArduinoESP8266,whichweretheLoRagateways.

LoRa Sensors
RFMLoRaShield(Figure2)wereusedasLoRasensors.ItisanArduinoshieldwhichintegrates
RFM95WLoRamoduleandbasedonOpenSourceLibrarywithanyArduino.Itiscompatiblewith
ArduinoUno,ArduinoDuemilanove,ArduinoMega2560,ArduinoLeonardoandpossiblyotherpin
compatiblemainboards.

RFMLoraShieldallowsuserstosenddataandreachextremelylongrangesatlowdata-rates.
Itprovidesultra-longrangespreadspectrumcommunicationandhighinterferenceimmunitywhilst
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