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ABSTRACT 
ThispaperreviewstheFSOCtechnologyandpresentsfeaturesbas

edmeritsaswellasunmatchedadvantages&associatedmajorappl

icationsinvarious 

fieldscollatingthemintoasinglereferencepointforfutureresearch.

EffortshavealsobeeninvestedtopresentareviewofFSOC’slimit

ations&innovativeemergingmitigation 

techniqueswhichcanprovetobeaonestopfeeder&alaunchpadforf

utureresearchin 

FSOCdomain.Aliteraturesurveyhasbeenundertakenofavailab

leFSOCrelatedmilitaryapplicationstoreview&gatherrelevantin

putstothrowlightonemergingtrendsin 

militaryapplicationsincludingrecentexperiments&researchedar

easpertainingtolasersystems&weapons,UnmannedAerialVeh

icles(UAVs),underseausages,terrestrial 

applications,aerial,navalships/shorebasedapplications&RF/hy

bridsystems.Ithasbeenendeavoredtoshedlightonfindings&deve

lopmentsintheseclassifiedmilitarydomainstogenerateinputsforf

utureworkinthisdomain.Finally,afuturetechnical 

roadmapandawayahead&suggestionshavebeencoined 

Keywords:FSOC,LineofSight,RF,UAVs,On-

offKeying,SubcarrierIntensityModulation,
 

Bandwidth 

 

I. INTRODUCTION 
InFSOC,focusedlightistransmittedthroughfreespace

mediumforsendinginformationforcommunicationsinaremotema

nnerforspac 

,terrestrial,aerial,marine,military&civilapplicationsbetweenvario

ussourcepoints,receivers(Rx),transmitters(Tx),handsets,machin

es,equipmentincludingnetworkswhicharerequiredtobeinLineof

Sight(LOS).Itboastsofmuchlowercosts&setuptime,protectionfr

omElectromagneticInterference/ElectromagneticCompatibility

(EMI/EMC)issues&hasmuchsimplerequipment&infrastructure

thanRadioFrequency(RF)networks.Therearenumerousfeatureb

asedmeritsofFSOCincludinghigherBandwidth(BW),betterBitE

rrorRates(BER)anddatarates.Suchadvantages&featuresoriented

meritshavebeenstudied&collatedherepointwisesoastomakeitasi

nglepointbaselineforfuturesurveysinFSOCdomain.TheFSOCtr

ansmissionsdegradeduetoenvironmentalfactors&atmospherictur

bulence(AT)likerain,mist,fog,heat,physicalobstructions,scatterin

gimpediments&dispersingetc.However,numerousmitigatingtec

hniqueslikecoding,modulation,channelmodeling,RF/HybridFS

OCsolutionsarebeingresearched&developedacrosstheglobe.Ap

reviewoftheselimitations&emergingmitigationtechniqueshasbe

endrawnoutfromvarioussources&preparedasaneasysourcepointf

orresearchers.LiteratureonFSOCMilitaryapplications,beingcus

tomized,sensitive&classifiedinnatureisnotreadilyavailable.Ithas

beenendeavoredtogathersuchinformationandprovidealogical&pr

acticalfuturisticwayahead.Collationofmitigationtechniquesalon

gwithdetailsofemergingtrendsinmilitaryapplicationsisnotacomm

onplaceandhaverarelybeensurveyed&arrangedtogetherasanodalr

eferencewhichhasbeenamotiveinthispaper. 

Modulated&collimatedlightasinfrared(IR)lasers,a

reutilizedinFSOCtotransmitdatabetweenTx&Rxpoints.Itbrin

gsinimportantusefulfeatureslikeenhancedsecuritythroughmu

chLowerProbabilityofDetection(LPD)&ProbabilityofInter

cept(LPI)withoutanyinterference&regulationsunlikeRF[1].

FSOCisfastshapingupasatechnologyoptionformitigatingbott

lenecksofconnectivityinasupplementaryroletoexistingRFlink

s.OpticalWirelessCommunication(OWC)caneaseoutenormo

usdatatrafficfacedinnetworksofmicrowave&RF.Therefore,co

mbinationofRadiooverFSO(RoFSO)&FSO/RFsystemscanbe

asuitablesolutiontobear5G&relatedtechnologies.Inthiscontext,p

aper[2]haspresentedseveralkeytechnologies&applicationsofRo

FSOunderliningitssuperiority.FSOCisbeinginvestigatedextensi

velybecauseitcanimprovethereach&lastmileconnectivityofOF

Cnetworks,hasrapidredeployability&higherflexibilityinoperati

onsrelatedtodisasterrecovery&militaryprojects.Presently,OWC

hasalreadybeenusedtodemonstrate100Gb/sdatarateapplicationsf

orbothindoor&outdoorusageinvariedrangesupto10000km.Tec

hnologyoverviewofOWCincludingopticalcamera&visiblelight

communication,FSOC,Lasersandlightdetectionandrangingareb

eingconductedbycontemporaryresearchersworldwide[3].Latest

applications/trendsofFSOCincludesubcarriermultiplexing(SC

M),OWCwavelengthdivisionmultiplexing(WDM),visibleligh

tcommunications(VLC),worldwideinteroperabilityformicro

waveaccess(WiMAX),vehicularvisiblelightcommunications(

VVLC),nextgenerationFSOwirelessterrestrial/globalnetworkar

chitecture&Deepspaceopticalcommunicationsystems.Researc

hersarefacingdifficultiesinevolvingFSOCapplicationsrelatedto5

G,internetofeverything/things(IoE/IoT),cellphone-

network,underwateropticalapplications&quantumcommunicati

on[4].ThejourneyofevolutionofOWCtechnologiesspansrightfr

omancienttimestoFSOCoftoday. 
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Thisreviewpaperbeendividedintovarioussections.

Section2comprehensivelyelaboratesdifferentfeaturebasedme

rits&relatedmajoradvantages.Section3enumeratesmajorcont

emporaryapplications.Section4dwellsuponlimitations&fewe

mergingmitigationtechniquesweavedinfromvarioussources.

Section5bringsoutemergingtacticalmilitaryapplicationsofFS

OCwhicharespecificallybasedonvarioustypesofLaserstechn

iquesincludinglaserweapons&remotesensingsystems.Sectio

n6listsoutvariousevolvingmilitaryapplications&utilizationin

sea,air,groundandspace/UAVs.Section7spansacrossmarine,u

nderwater&RF/Hybridsystemsbasedmilitaryapplicationsand

scenarios.Section8elaboratesaboutfuturescopeandwayaheadf

orresearchers.Section9hasconclusion.alongwithalmostone-

tenthoftheRFantennadiameterwithrobustsecurity[5].Historically

,researchworkonOWCcanbetracedtoatleast50yearsbackrelated

tospace&defenseprojects,wherein,USmilitarywassendingtelegr

aphsignalsbetweenvariouspointsusingsunlightenergizedequipm

ent. 

 

Advantages 
FSOChasgarneredresearchinterestsowingtovariousin

herentmerits&numerousadvantages.Itcanbedeployedrapidlytoo

btainhigh-

speeddataconnectivityinwirelessapplicationsattoughandremoteg

eographicallocations,hills&highaltitudes.RFtechnologyinthesea

reasisinaccessibleandopticalfiberslayingisadaunting&expensiv

etask.Theusageofhighlydirectional&focusedlaserbeamsresultsi

nlowlosstransmissionswithalargechunkofopticalpoweroutputga

theredbyRx[6].Duetotheseadvantages,researchersacrosstheglob

earefieldingFSOCsystemsforshortdistancehighdataratewirelesst

ransmission&receptionandtheyarebeinginvestigatedforapplicati

onslikelast-mileconnectivity,biomedicalapplications,multi-

campusnetworks,militaryaccess,MetropolitanAreaNetwork(M

AN),backhaulofcellularcommunications,disastermanagementa

ndrecoveries.Tosumup,themajoradvantagesofFSOCsystemsar

easlisted[7]:- 

(a)LasersusedatTxhavenarrowbeamwidthsgivinghigh-

gradesecurityfeaturesunlikeRF.(b)FSOoffers2000THzBandwi

dth(BW)leadingtoenhancedchannelcapacity. 

(c)Itisinstalledwithlowercostscomparedwithequivalentdatarate

RFsystems. 

(d)InFSOC,ISMbands(Industrial,scientific&medicalapplicatio

nbands)usedareunlicensed.Nospectrumregulationareapplicablel

eadingtomuchlowerinitialinvestmentsandoperational/maintenanc

ecost. 

(e)FSOCtechnologyhaslowinstallationtimeframes,flexibility,ra

piddeployabilityinmultiplearchitectures.Itisanenvironmentallyfr

iendlyandcleantechnology. 

(f)FSOCishighlysecurebecauseopticalinterceptorsthattapthetrans

mittedbeamsarenotthereinintendednarrowpathsbetweentranscei

verpairsandnospecialsecurityframeworksrequiredviewprotectedf

ramework. 

(g)FSOCuseslightweight&smallequipmentwithnoend-to-

endcablingorintermediatetransducers.(h)Ithasbettertransparency

/interoperability&underlyingtransmissionprotocolsarenotaltered. 

(i)MeantimebetweenFailure(MTBF)ismuchbettercomparedto

RFsystems. 

(j)LowerPowerconsumptionwithsmallbeamdivergenceanglewit

hbetterfocus. 

(k)EMI/EMCresilience&electricalisolationduetothephotonicna

tureofthesignal. 

(l)Highlyfocusedlasersprovideleastmultipathpropagation,fadin

g&flexibletopology. 

 

MajorApplicationsofFSOC 
ThefastdeployabilityoftheFSOCispoisedtorevolutio

nalisethetelecom&ITindustrythroughmigrationfromtowerbased

systemstomorereliableunmannedandunsupervisedcommunicatio

nsystemsthataremoreresilient&lowerincost.Humanitarian&hom

elanddefenseapplicationscanberevivedfromdamagesusingtemp

oraryFSOnetworks.Cinema,firefightingapplications,medicalfie

ld,telecast,broadcast,securityapplications,equipmentforLawEn

forcementAgencies(LEA),powermonitoringarefewcasestudies

ofcommercialFSOCprojects.Space,satellitecommunication,mil

itaryapplications&terrestrialsystemsareseeingfastgrowthofrese

archesonFSOCsystemsviewcompulsionsofbetterBERanddatar

ates.Byvirtueofutilizingtowersandbuildingsupport,laser-

basedFSOCplatformscanbeinstalledrapidlyinminimumtimefra

mes,unlikeRF&satellitecommunicationequipment.Majorapplic

ationsofFSOCsystemsareasencapsulatedbelow[8,9]:- 

 

(a)StorageAreaNetwork(SAN).SANcanbeframedupthrou

ghtheFSOCsystemfacilitatingintegratedandindividualdatapi

ecestocklevels. 

(b)RemoteCommunication-

Outdoors.Idealforremotelyoperatingorganizationsforimpleme

ntingcommunicationinabsenceoflicenses/specialpermits. 

(c)ReinforcementtoFiber.Itprovidesreinforcementsincaseoff

ailureoffiber-basedsystems. 

(d)CellularSystemsApplications.Itprovidesfastdataratestocel

lularmobilenetworktraffic. 

(e)MilitaryAccess.Itisasafe,undetectable&imperceptiblefra

meworkconnectingzones 

 

Suitability Analysis Offso Systems In The 

Military Environment 
ThischapteranalyzesthesuitabilityofFSOsys

temsinthemilitaryenvironment.Whendiscussingthem

ilitaryenvironmenttherearetwofactorsthatmustbecon

sidered.First,thereisthecombatortacticalenvironment.

Combatoperationshaveuniquecommunicationrequire

mentsthatarenotnecessarilydirectlytranslatedfromthe

civiliansectorduetotheneedtooperateinremotelocatio

nsunderveryharshconditions.Second,thereistheadmin

istrativeenvironment.Theadministrativeenvironment

wouldcorrelatetoamajormilitaryinstallationthathasac

cesstoarobustcommunicationbackbonelikefiberoptic

cable.Themilitaryadministrativeenvironment’scom

municationrequirements,inmanycases,translatedirect

lyfromthecivilianenvironment.Thevastmajorityofthe

militaryoperatesintheadministrativeenvironment.Ne
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vertheless,itcanquicklychangetothecombatenvironm

entintheeventofanattack.Thischapterconsiderstheser

equirementsandweighswhetherornotFSOisaviableopt

ion.Thischapteranalyzeseachofthecategoriesthatwere

usedtoclassifythedynamicFSOsystemsinthetaxonom

ypresentedinChapterII. 

 

A.GROUND-TO-GROUND 
GroundtogroundFSOlinkscaneitherbestatic,

wherebothendsofthelinkarefixed,ordynamicwhereon

eorbothlinksarecapableofbeingoperatedwhilemobile.

Anexampleofastaticground-to-

groundlinkinthemilitaryenvironmentwouldbealinkbe

tweenahigherandlowerheadquartersCOC.Anexample

ofadynamicground-to-

groundlinkwouldbeanoperationallinkbetweentwomo

vingtacticalvehiclessuchasA1Abramstanks. 

 

1.Static 
StaticgroundtogroundFSOhasbeenimpleme

ntedwithresoundingsuccessworldwideinthecivilianse

ctorandcanbeaveryviableoptionforthemilitary.Theses

ystemsaredesignedforestablishingnetworksforenterp

riseandcampuslikeenvironments.Militarybasesfitinto

thiscategory.Thereisasignificantdemandforbroadban

dnetworkconnectivityonandbetweenmilitaryinstallati

onsbothdomesticallyandabroadinbothtacticalandnon-

tacticalenvironments.OfalltheavailableFSOsystems,s

taticsystemshavebeeninproductionthelongestandhave

provenperformancerecords.Thesesystemscanbeinstal

ledquicklyandcheaplywithoutexpendingthelabortola

ycableorplacepersonnelinharm’sway.Furthermore,th

eyareavailableasacommercialofftheshelf(COTS)tech

nologythatcanbeacquiredthroughtheGeneralServices

Administration(GSA)forimmediatedeployment. 

 

a.Intra-BaseNetworking 
IntraBasenetworking,ornetworkingwithinth

ebase,wouldbeadirecttranslationofFSOtechnologyfr

omtheciviliansectortothemilitaryfornontacticalapplic

ations.Mostofthebuildingsonmilitaryinstallationsarei

nfairlycloseproximitytoanotherbuilding,wellwithinth

erangeofcapableFSOsystems.Tacticalapplications,su

chasnetworkingaremoteForwardOperationsBase(FO

B)orPatrolBase(PB)mayrequiremoreruggedizedequip

ment.However,thiscouldbeachievedthroughminorm

odificationstotheCOTSequipment.Itshouldnotbethein

tenttosetupanetworkbetweenallofthebuildingsonanins

tallation,buttoincorporateFSOinareaswherethereisade

mandforfiberlikebroadbandconnectivityandlayingfib

eropticcableisnotviableduetooperationalconstraints,c

ost,orsafetytopersonnel.Furthermore,anFSO-

RFhybridsolutionwithasufficienttrackingcapabilitysh

ouldbeusedtoensuremaximumlinkperformanceandav

ailabilityinallatmosphericconditionsandperiodsofincr

easedbasemotioncausedbyheavyvehicleandaircrafttra

fficaswellasshockwavesfromexplodingordnance. 

ThehighdemandforbroadbandconnectivitywithinCO

CswasdiscussedinChapterI,andFSOwouldbeabletom

eetthatneed.However,anotherareawherethereisanextr

emelyhighdemandforbroadbandconnectivitywithinm

ilitaryinstallationsisonthenetworksprovidedbyMorale

,Welfare,andRecreation(MWR).Whendeployed,milit

arypersonnelrelyveryheavilyonInternetconnectivityf

orcommunicationandentertainmentpurposes.Asa 

resultitisnotuncommonforInternetcafé’stobeestablish

edbyMWR 
remoteFOBsandforthelargerbasestoprovideinstallatio

n-wideWi-

Fiaccess.Thesenetworksarestressedheavilybyservice

membersconductingvideoandvoicecalls,downloadin

gcontent,andstreamingvideo.Lowbandwidthmakesca

llqualitypoor,andstressestheservicememberstryingto

communicatewithfriendsandfamily.IncorporatingFS

Ointothesenetworkswouldimprovetheir 

performance. 

 

b.Inter-BaseNetworking 
InterBasenetworking,ornetworkingbetween

installations,presentsagreaterchallengeduetotheincre

asedlinkdistancerequirements.Inthecaseofnontactical

militaryinstallationsthereisahighlikelihoodofaccessto

thefiberinfrastructurenegatingtheneedforFSOinterBa

senetworking.However,tacticalmilitaryinstallationsa

reunlikelytohaveaccesstoasecurewiredinfrastructure.

Therefore,theymustbeconnectedbywirelessmeans.Ta

cticalmilitaryinstallationsareusuallyplacedwithinapr

oximitytoothertacticalmilitaryinstallationssothatthey

canmutuallysupportoneanotherinthecaseofanoverwh

elmingenemyattack.Thisusuallytranslatestoafewkilo

metersorevenlessinhighthreatenvironments.Again,th

isiswellwithintherangeofcapablecommercialFSOsyst

ems.Forlongerdistancerequirements,systemssuchasT

ALON,withamaxrangeof50km[2],wouldproveeffecti

ve.However,asdistanceincreasesobstaclesmaybecom

eanissuewhentryingtoestablishLOSbetweenFSOunits

.Techniquessuchaselevatingtheunitandcommunicatio

nrelaymaybeusedtoincreaserangeandmitigateLOSiss

uesaslongassuchtechniquesaretacticallyfeasible. 

 

c.CommunicationRelayStations 
FSOsystemswouldalsobeaviableoptionforst

aticgroundbasedcommunicationrelaystations.Howev

er,considerationshouldbegiventotherelativelyfragilen

atureofanFSOlinkduetopooratmosphericsandtheLOS

requirements.Ahybridsolution,whichincorporatesFS

OandRFcommunications,wouldprobablybemostviab

leinthecaseofcommunicationsrelay.Thiswouldaffordt

hestationthebandwidthandsecuritybenefitsofFSOco

mmunicationsinfavorableconditionsandtheavailabilit

yofRFcommunicationsotherwise. 
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d.HastilyFormedNetworks 
Theabilitytorapidlyestablishandreestablishc

ommunicationsisparamountinmilitaryoperations.FS

OandFSO-

hybridsystemshavetheabilitytosetuphighbandwidthli

nksextremelyquicklyviathe―flyaway‖kitsdiscussedin

ChapterII.Theyarecapableofdoingsowithoutinterferin

gwithRFcommunicationsthroughtheuseofIRenergya

ndunlicensedradiofrequencies.Thisisidealforreestabli

shingcommunicationsinadisasterrelieforpostattacksit

uationwherethecommunicationarchitecturehasbeend

amagedordestroyed.Thiscapabilityhasalreadybeenpr

ovenintheciviliansectorfollowingtheterroristattackso

ntheWorldTradeCenterin2001[13]. 

 

2.Dynamic 
FSOwouldproveverybeneficialinshiptoship

andshiptoshorecommunications.Thiswasdemonstrat

edusingtheTALONsystem[2].ThelikelihoodthatLOS

betweentwoshipsontheopenocean,ortheLOSbetween

ashipatseaandashorebasedcommunicationsstationisbl

ockedisminimalassumingpropermaneuvercoordinati

on.Increasingthenumberofshipspotentiallywouldallo

wforamorerobustnetwork,againassumingpropercoor

dination.Withoutpropercoordination,thelikelihoodof

linkblockagegrowsasthenumberofshipsintheareaincr

easesandasthecommunicationstationismovedfurtheri

nland.Someofthechallengesencounteredinestablishin

gFSOlinksonsurfaceshipscanbefoundin[93]. 

Fornearlyeveryothertacticaloradministrativ

ecommunicationscenarioadynamicground-to 

groundFSOcommunicationlinkisnotsuitable,exceptin

applicationsthatwouldrequireveryshorttransmissionr

anges.T 

sissimplyduetotheLOSrequirement.Establishingand

maintainingLOSoverthegrounddynamicallywouldbe

difficult,ifnotimpossible,especiallyinatacticalscenari

owherecoverandconcealmentisrequired.Currently,m

osttacticalgroundcommunicationsaredoneoverVHFf

requenciesviceUHFfrequenciesforthisveryreason.V

HFfrequenciesarebetterabletomitigateobstaclesbetw

eencommunicationnodes.UHFisprimarilyusedforair-

to-groundandair-to-

aircommunicationsduetoitsabilitytotransmitoverlong

erdistanceswithabetterqualitysignal.However,UHFre

quiresLOS.Frompersonalexperience,UHFfrequencie

shavenowhereneartheLOSrequirementsofFSO.With

UHF,itispossibletoestablishacommunicationlinkfro

macoveredposition,suchasunderatreeorinsideabuildin

g,toanaircraft.WithFSOthiswouldnotbepossible.Neve

rtheless,UHFisstillconsideredunsuitableforground-

to-groundcommunications. 

 

B.AIR-TO-GROUND 
AnairtogroundFSOlinkisoneestablishedbet

weenanairborneplatformandeitherastaticordynamicg

roundstation.Anexampleofairtoastaticgroundlinkwou

ldbetheFMVfromaUAVtransmittedbacktoaCOCortot

heUAVsstaticcontrolcenter.Anexampleofanairtodyn

amicgroundFSOlinkwouldbeaUAVtransmittingitsF

MVfeedbacktoamovingvehicleorfootmobilecombattr

oop. 

 

1.DynamicAirtoStaticGround 
AnFSOlinkfromanairborneplatformdownto

astaticgroundstationmayprovebeneficialinbothmilitar

yandciviliancommunications.LOSiseasilyobtainablef

romanairborneplatformaslongasthatplatformhastheab

ilitytofly 

atanaltitudethatcansupportanadequatelookanglefromt

hegroundstationtotheairborneplatform,andaslongasth

egroundstationtransceiverisabletobeexposedforsigna

ltransmissionandreception.Thisisalmostalwaysachie

vablewithhighflyingfixewingaircraftandhighaltitude

airships.However,lowerflyingrotarywingedaircraftan

dsmallerUAVsmaynotbeabletoestablishandmaintain

continuousLOSduetotacticalnecessityoraircraftlimita

tions.Thismightbeacceptableincertaincommunicatio

nscenariosaslongasthelinkcanbequicklyreestablished

.ViaLightsuccessfullydemonstratedthisapplicationof

FSOwithitsMLT20systemfromaTornadofighterjet[7

8].JohnHopkinsUniversityAppliedPhysicsLabandA

Optixalsodemonstratedthiscapabilitybyestablishinga

n80Gbpslinkbetweenatetheredaerostatandagroundter

minal[80]. 

 

2.DynamicAirtoDynamicGround 
ThesuitabilityofanFSOcommunicationslink

fromanairborneplatformtoadynamicgroundstationis

marginal.ThisisagainduetotheLOSrequirement.Whet

herthegroundstationisvehiclemountedormanportable

thereisaveryhighlikelihoodthatthemovementofthegro

undstationwillinevitablyfinditinapositionwhereanobs

tacle,manmadeornatural,willinterrupttheLOSbetwee

nitandtheairborneplatform.Ahybridsolutionmightwor

kforthisscenario,butsize,weight,andpowermustbecar

efullyconsideredespeciallyforman-

portablegroundtransceivers.Forthisreason,RFsystem

ssuchastheGhostLinkareamoreviableoptionfortactica

lscenarios. 

TheGhostLinksystem,showninFigure53,isahigh-

bandwidthRFsolutionforair-

todynamicgroundlinkscurrentlybeingdevelopedbyG

eneralAtomicsAeronauticalSystemsInc. 

 

II. SUMMARY, CONCLUSION 

AND RECOMMENDATIONS 
A.SUMMARY 

ThisresearchsurveyedthecurrentstateofFSO

communicationsandthenanalyzeditssuitabilityforapp

licationinthemilitaryoperatingenvironment.Thiswasc

ompletedbyfirstprovidingathoroughbackgroundofFS
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Otoprovideanunderstandingoftheircapabilitiesandli

mitations.Next,asystematicsurveyofcurrentFSOsyste

msrelevanttomilitarycommunicationswascompleted.

Fromthissurvey,amatrixofsystemcapabilitiesandlimi

tationswaspopulatedforeaseofreference.ThentheAnal

yticalHierarchyProcess(AHP)wasintroduced,asamea

nsofchoosinganappropriatesystem,andanexamplewa

sgivenofitsapplication.Next,anexperimentwascondu

ctedusingtwosystems,establishingtwoseparatelinkssi

multaneouslytogainhandsonexperienceandanunderst

andingofrealisticperformanceexpectations.Finally,as

uitabilityanalysisofFSOwascompletedforcommunic

ationscenariostypicaltothemilitaryoperatingenviron

ment. 

Themilitaryhasaneverincreasingdemandforbandwidt

hinaveryRFdenseoperatingenvironment.Theabilityfo

rFSOcommunicationstosecurelytransmitverylargeda

taratesimpervioustoRFenergymakesitveryappealinga

sapossiblemilitarycommunicationsolution. 

 

B.CONCLUSION 
FSOcommunicationisaviablesolutionforcer

tainmilitaryapplications.Thereareundeniableperform

anceadvantagesofFSOoverRFcommunicationsforcer

tainscenariosundercertainconditions.Themodulatedli

ghtofFSOiscapableofsupportingmuchlargerbandwidt

hsthanRFfrequencies.ThecollimatedlaserenergyofFS

OprovidesLPIandLPDqualitiesmakingitveryresistant

toexploitation.FSO’simmunitytoRFinterferencemak

esthesignalresilienttojammingandallowsoperationwi

thoutfrequencydeconfliction.Thesebenefitsaresignifi

cantformilitarycommunicationswhereagreatdealofm

oneyisspentonequipmentandsoftwareandeffortexpen

dedsecuringRFcommunicationsusuallyresultinginde

gradedlinkperformance.However,therearealsoconsid

erablelimitationstoFSOthatpreventitfrombeingadirect

replacementforallRFcommunicationlinks.Theselimit

ationsareatmosphericinterference,astrictLOSrequire

mentandalimitedabilitytoconductareatransmissions. 

TheperformanceofanFSOlinkisdirectlycorre

latedtotheatmosphericconditionswithinwhichitisoper

ating.Particulatesintheair,turbulenceandairdensityalli

mpactFSOlinkperformance.Forthisreason,itisdifficult

toaccuratelydeterminehowFSOwillperforminagivene

nvironmentovertimeuntilitcanactuallybetestedinthate

nvironmentforanappropriateperiodoftime.Thisisalsot

rueforRFcommunications,buttheeffectthatatmospher

icshaveonFSOismuchgreaterthanonRF.Thisisveryco

ncerningwhenconsideringFSOasacommunicationsol

utionwherehighavailabilityinallweatherconditionsisa

priority.ImplementingahybridFSORFsolutioncanmiti

gatelinkdegradationinunfavorableatmospherics.How

ever,indoingsotheLPI/LPDandRFimmunityofthelink

iscompromised.Additionally,thereareseveralpossible

applicationsofFSOwhereadverseatmosphericswillm

ostlikelynotbeencountered.Theseincludespaceapplic

ations,highaltitudeair-

toairlinksandonUAVsthatareonlycapableofoperatingi

nvisualmeteorologicalconditions(VMC)duetoISRsen

sorand/oraircraftlimitations. 

TherequirementforLOSisthebiggestlimitatio

ntoFSObecauseitwillsimplynotoperatewithoutit.Esta

blishingLOSintacticalsituationscanbedifficultanddan

gerousasitusuallyinvolveselevatingandexposingthetr

ansceiver,theoperatororboth.DuetotheLOSlimitation,

FSOsystemsaremostsuitableforstaticground-to-

ground,staticground-to-air,air-to-

airandspaceapplications.TheLOSrequirementmakesF

SOunsuitablefordynamicground-to-

groundandmarginalfordynamicgroundtoairlinks,exc

eptinapplicationsthatonlyrequireveryshorttransmissi

onranges.Therearemerelytoomanyobstaclesencounte

redbetweentwomovinggroundstationsand 

betweenamovinggroundstationandanairborneplatfor

m.TheexceptionstothisareFSOlinksbetweensurfacesh

ips,betweenasurfaceshipandanairborneplatformandfo

rship-

toshorecommunications.Theopenseaprovidesarelativ

elyobstaclefreeenvironmentacrossitssurface.Howeve

r,linksovertheoceaneventuallyfallvictimtotheLOSreq

uirementduetothecurvatureof 

ThecollimatedlaserenergyusedinFSOcommunication

saidsinthesecurityofthelinkthroughLPIandLPD,butis

noteffectiveindisseminatinginformationtomultiplerec

eivers.Theonlywaytotransmit,fromasingletransmitter

,overanareaisbyincreasingbeamdivergence.Asbeamd

ivergenceincreases,therangeofthelinkdecreases.Curre

ntly,FSOisnotsuitableforapplicationsrequiringthedis

seminationofinformationtomultipledislocatednodesf

romasinglesource. 

 

C.RECOMMENDATIONS 
ResearchintheareaofFSOcommunicationssh

ouldcontinuetobeaggressivelypursued.Thebandwidth

,security,andRFimmunityqualitiesofFSOcommunica

tionspresenttoomanybenefitstocommunicationsinthe

militaryenvironmenttobeignored.Thisresearchshould

focusonbetterunderstandingthecapabilitiesofcurrents

ystems,improvingtheperformanceofFSOinadverseat

mosphericconditions,andexploringapplicationsofFS

Osystemsinthemilitarycommunicationsconstruct. 
 

D.FUTUREWORK 

1.Modulating Retro-reflectors (MRR) 
TheNavalResearchLaboratory(NRL)hasbee

nconductingresearchonFSOsince1998.Someoftheirre

centworkhasbeenintheareaofmodulatingretroreflector

s(MRR).Oneofthecurrentlimitationstoastandarddyna

micFSOlinkisthataturret/gimbalisrequiredatbothends

ofthelink.Thisaddsconsiderablecomplexitytothedesig

nandincreasesthecost,size,weightandpower(CSWaP)

requirementsofthesystems.AnMRR,picturedinFigure
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55,isverysmallandalleviatesCSWaPrequirementsforo

neendoftheFSOlink[97]. 

 

 

Figure55.A(a)MRRsystemdiagramand(b)MRRtrans

mitter,from[97]. 

 

Thisispotentiallyaveryvaluableapplicationo

fFSOtechnology,especiallyinairborneapplicationswh

ereCSWaPrequirementstendtobemorestringent.TheN

RL’sworkonMRRshasbeenpublishedin[97].TheCom

mand,Control,Communications,andIntelligenceDivi

sionoftheAustralianDefenceScienceandTechnology

OrganisationexpandedontheworkdonebytheNRL.Th

atworkcanbefoundin[98].FutureworkwithMRRsshou

ldfocusonthefollowingareas: 

(1)ValidateinterrogationofanairborneMRRbyagroun

d-basedFSOsystem. 

(2)ValidatetheabilityofanairborneMRRtosimultaneo

uslymodulatetwoindependentinterrogationsignalsfro

mtwodislocatedgroundbasedFSOsystems. 

 

B.5 Conclusion And Recommendations 
TheLaserFiresystemisnotcurrentlyreadyfor

deploymentnorwoulditbeaviableoptionfordynamiclin

ksinitscurrentconfiguration.Thereareseveralissuestha

tneedtobeaddressedbeforethesystemcouldbeusedinan

operationalsetting.First,theissueofoverheatingmustb

eaddressed.Second,linkacquisitionmustbespedup.Thi

rd,thesizeofthesystemmustbereduced.Finally,datarate

shouldbemadeadjustableallowingforoptimizingthetra

nsmissionrateaccordingtothelinkperformanceasmeas

uredbysignal-to-noiseratioorpacketloss. 

ThedesignoftheLaserFireV3needstobeimpr

ovedtoallowforgreaterdissipationofheatfromelement

sinsidethemodemandtransmitterboxes.Currently,the

boxesarecompletelysealed.Theiraluminumconstructi

onprovidessomereliefduetoitsrelativelyhighconducti

vity,howeverthisaloneisnowherenearsufficient.Onda

yfouratthehillsite,thetransmitterandmodemwereplace

dintheshadeandinwellventilatedpositions.Bothwerec

ooltothetouchontheoutsideofthebox.However,themo

demstillshutdownduetooverheating.Uponinspectionit

wasfoundthatthenetworkcardinsidethemodemwasthe

onlyelementhottothetouch. 

Initiallinkacquisitionisafairlytimeconsumin

gprocess.Itrequirestheoperatortomanuallyalignthetw

ounitsandtheninitiateanautomatedsearchpattern.Once

thepatternisinitiatedtheamountoftimetoacquirevaries

dependingonhowwelltheunitswerealignedmanuallya

ndthesystem’ssearchconfiguration.Therewereseveral

instanceswherethesearchpatternfailedtoidentifytheo

ppositeendofthelinkandhadtoberestarted.Additionall

y,duringtestingtherewereseveralinstanceswheretheL

OSofthelinkwasinterruptedeitherbysomeonewalkingt

hroughthebeamspathoracardrivingthroughit.Innearly

everyinstancethiscausedthelinktodropandsentthesyst

emintoanautomaticreacquisitionsearchpattern.Incorp

oratingtheuseofGlobalPositioningSystem(GPS)coor

dinates,increasingthesearchareathroughadjustablebe

amdivergence,andbyimplementinganinterrogationpr

otocolthatallowsthesystemtoidentifyithasestablishedl

inkwiththecorrectunitmayhelpinspeedinguptheacquis

itionprocess.Adynamicapplicationwouldnotbepossib

lewithoutnearinstantaneouslinkreacquisition. 

Inordertoincreaselinkqualitytheusershouldh

avetheabilitytodialbackthebandwidth.Ifahighrateofpa

cketlossisexperiencedata1Gbpsbandwidth,adjustingth

ebandwidthto100Mbpsmayimprovelinkquality.Aban

dwidthof100Mbpsissufficientfornearlyeveryapplicati

onandgreaterthanmostRFoptions. 

Itisrecommendedtocontinueresearchanddev

elopmenteffortswithSpacePhotonicsInc.aswellasexpl

oringotherFSOsystems. 
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