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ABSTRACT

Low altitude platform (LAP) architectures are an emerging platform for providing temporary
wirelessnetworkconnectivitytoareaswithadamagedfixedwirelessnetworkinfrastructure.The
authorsproposeaspreadsheet-basedapproachforpractitioners to locateLAPnodes in thefield.
This approachdoesnot require radio frequencypropagationexpertise and incorporates standard
modelstodisplaythecoverageareasfortheplacementofLAPaerialdevices.Theproposedtool
allowsthetransmissionrangeforagivenaerialdevicetobevisuallyoptimizedduringdeployment.
Thespreadsheet-basedtooltheauthorsareproposingisexpresslysuitedforbattery-poweredLAP
architecturedeviceswithpayloadweightrestrictions,suchasthoseutilizingballoonsorkites,that
canbequicklydeployedbyemergencyresponders.Anadditionalcontributionofthisworkisthe
developmentofahybridpropagationmodelforLAPdevicetransmissionsfordeploymentsabove200
meterswhichisabsentintheliterature.Thismodelisalinearcombinationoftwoexistingmodels
forfreespaceradiopropagation.
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INTRODUCTION

Withtheincreasingfrequencyofnaturalandmanmadedisastersacrosstheglobe,theneedforthe
efficientcoordinationoffirstrespondersandemergencypersonnelhasincreasedaswell.Thiswork
seeks toprovide thedesign for a spreadsheet-based tool that canassist fieldpractitioners in the
placementofaerialwirelessnetworknodesinareasaffectedbydisasters.Spreadsheettoolshave
beenproposedanddeployedforawiderangeofdisastersandcrisesincludingpandemicplanning.
(Abramovich,etal.,2008)Ginige,etal.(2014)discussedthedevelopmentanduseofaspreadsheet
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applicationforsharinginformationfollowingearthquakesinItaly.Suchworkshowsnotonlythe
relevanceofourproposed tool,but also thepotential impactwith respect tomakingemergency
responsemoreefficientandsave/improvelivesofanaffectedpopulace.

RecenttechnologicaladvancesinwhatareknownasLowAltitudePlatforms(LAPs)haveallowed
thecreationofadhocwirelessnetworkstobedeployedinthefieldtoassistintherescue/cleanup
afterdisasters.Thisworkfirstpresentsthecasefortheutilityofsuchplatformsinareasaffectedby
disasterswheretraditionalwirelesscommunicationsarenotfunctioning.Itthengoesontodescribe
thebasis for avisualoptimization approach that is implementedona spreadsheet to reduce the
trainingrequiredforauserandalsotofacilitateitsuseinthefieldviaaportablewirelessdevice.
Theproposedtoolrepresentedaverylow-costapproachtoimprovingLAPaerialnodeplacement
efficiencyduetothefactthatitrequiresonlyafewhoursofspreadsheetdevelopmentworkanditcan
berunonanywirelessdevicethatsupportsMSExcel.Thecontributionoftheproposedtoolisone
ofpracticalvaluetofieldpractitionerswhomustmakejudgementsonwheretodeployLAPnetwork
nodestoget“optimal”coverageandservicetoaidemergencyresponse.Currently,nosuchtoolexists
forthisemergingwirelesscommunicationsplatform.Anadditionalcontributionisthederivation
ofahybridradiopropagationmodelthatistobeutilizedbytoolfordisplayingLAPtransmission
radiitofieldpractitionersfordeploymentheightsabovethecurrentheightlimitofstandardcellular
phonenetworkmodels.

Withthegrowthinglobalpopulationssettlingalongcoastlinesandgeologicfaults,andrapid
industrializationofallcornersoftheworld,comestheincreasinglikelihoodoflargernumbersof
peoplebeingseverelyaffecteddirectlybynaturaldisasters.Hurricanes,earthquakes,tsunamis,dam
failures,oil/chemicalspills,etc.createtheneedforemergencycommunicationamongfirstresponders,
governmental agencies, non-government aid organizations (NGO’s) and the affected populace
followingeachtragicevent.OneonlyhastoreviewtheruinleftinthepathofHurricaneDorianas
itravagedtheBahamasandcreatedhavocupanddowntheU.S.eastcoast.Oneoftheauthorswas
forcedtoevacuatewhilevisitingcoastalNorthCarolineasDorianproceededuptheAtlanticcoastline
oftheU.S.Asthisiswritten,itisstilltooearlytotallytheexactdeathanddestructioncausedby
Dorian,butanotherstormthatthesameauthorexperiencedfirst-handintheU.S.mid-Atlanticstates
leftalastingmemory.Togiveaperspectiveonthetragicimpactsofnaturaldisasters,Hurricane
(Superstorm)SandythatcameashoreinNewJerseyonOctober29,2012resultedin53fatalitiesin
NewYorkStatealone.(Greenstein,etal.,2016)IntheNewYorkmetropolitanareaoverall(which
includessomeareasofNewJerseyandConnecticut),97deathsandbillionsofdollarsofdamagewas
donebythesuperstorm.(Schmeltz,etal.,2013)Severalofthesefatalitieswerethedirectresultof
floodwatersthatinundatedtheNewYorkCitymetroareaduetostormsurgeoncoastline,riversand
estuaries,thuspreventingresidentsfromevacuating.Otherfatalitiesweretheresultofwinddamage
anditsassociatedpoweroutages.InlowerManhattan“nearly35%ofthecommercialofficespace
belowChambersStreetwastemporarilyincapacitatedbyfloodingandpoweroutages.”(Dunning,
2013).InanurbanareasuchasNewYorkCity,manyresidentswouldrelyonpublictransportationto
evacuateaffectedareas,butunfortunatelysubways,buses,andtrainswereincapacitatedinthewake
ofSandyinseverelyaffectedareas.Thelackofameanstoevacuatetookitstollonthedisabled,the
poor,andtheunprepared.Thetaskofcheckingonresidentsleftinseverelyaffectedareaswasthen
lefttofirstrespondersandneighborswhentheareasbecameaccessible.

Wirelesstelecommunicationisessentialforsearchandrescue,damageassessment,food/supplies
delivery, and other vital functions after a disaster. “The primary technological challenge after a
disasterisrapiddeploymentofcommunicationsystemsforfirstrespondersanddisastermanagement
workers”.(ManojandBaker,2007,p.51)Designingwirelessnetworkstobedeployed,intheface
ofpost-disasterconditionswhichmayincludealossofpower,inoperablewirelessterrestrialbase
stations,andlimitedroadaccess,isachallengingendeavor.Thisdesignproblemiscompoundedwhen
multiplerespondinggroupsareinvolvedinagivenarea.(Meissner,etal.,2002)Thecoordinationof
alltheseactivitiesamongdifferentgroups,andwithinanindividualgroup,ofemergencyresponders
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