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Summary
RecentAustralianresearchsuggeststhatlow-power(< 100 W), veryhighfrequency(VHF)
radiowaveswith frequenciesof 45-70 MHz couldbeusedforthe wirelesstransmissionof
Internetdataovernon-lineof sightdistancesof3-100km in regionalAustraliaatspeeds>100
kbps.Suchalternative“last mile” links couldprovidealow densitypopulationof ruralusers
with Internetaccessspeedslike thoseavailableto modemusersin urbanregions.While the
datarateswouldbe lower thanthoseof satelliteandline of sightmicrowavelinks, the
infrastructurecostswould be muchlower.

Co-operationof datacommunicationswith presentlyoperatinganalogTV transmissionon
channels0, 1, and2 can be achievedby locatingthe dataserviceson locallyunusedchannels
(typically, onlyonechannelis occupiedin agivenregion)andby usingspread-spectrum
techniquesto reduceinterferenceto negligible levels.

We aredevelopingan experimentalnetwork(BushLAN)to testthisnovel technologyin the
AustralianCapitalTerritory. Threenodeswill beinstalledat two locationsin theAustralian
NationalUniversityandonelocationatthe Universityof Canberra.An additionalnodewill
be locatedafurtherdistanceaway (>50 kms) in theACT. If successful,the technologycould
thenbetrialed by aruralInternetserviceproviderandcommercialised.

This projectalsocatalysesuniversity researchandtrainingefforts in wirelesscommunication
technology,digital signalprocessing,andcomputernetworking.
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1. Background

Rural industriescontributesubstantiallyto Australia’snationalincomeandexports.
BecauseAustralianbusinesseshaveto competein globalmarketsfrom thevery
beginning,theyall needaccessto moderndigital telecommunications.And,
increasingly,privateindividualsneedandwant Internetaccessin theirdaily lives.
Unfortunately,the low populationdensityof ruralAustraliaoftenmakestheprovision
ofhigh-speedtelecommunicationstechnologyinfrastructureoriginally developedfor
highpopulationdensityareasuneconomic.

Themostcommonlyconsideredcaseis thoseuserswhohaveno accessto telephone
services.Theseareoften locatedin geographicallyflat anddry regionsin central
Australia.Therearemanymore,however,living 5—100kms from regionaltown
centresin placeslike southeasternNSW. In theseregions,theterrainis oftenhilly,
andtheweatherwetenoughto supportagriculture,abig exportindustryfor Australia.
Telephoneservicestherearefor themostpartoutofdateandinadequatefor dialup
Internetbecauseof line noiselevels,dropouts,etc.

Thisgeographicdigital dividehassocialandpolitical aswell aseconomicimpacts,
andpresentsseriouspracticalproblemsfor governments.Moreover,the issueofrural
communicationsserviceprovisionis theprincipalobstacleto full privatisationof
Teistra.

Nearlyall the land-lineinfrastructurein regionalAustraliais ownedandcontrolledby
Telstra.A large-scaleupgradeofthis infrastructureto usefibre optic, ADSL, cable
andotherconventionalbroadbandland-linesolutionsis not likely becauseofthehuge
(tensofbillions ofdollars)capitalcost,whichwould probablynotyield sufficient
returnon investment.

Digital wirelesssystemsareattractivefor Internetlinks in rural areas.Theprincipal
technologyin useatpresentusesmicrowaves(f> 1 GHz) to establishline ofsight
communicationsbetweenrelaytowers.Suchsystemsareveryeffectiveashigh speed
datatrunklines,andcanbepartofthesolutionto connectmajorregionalcentresto the
digital backbonein mostofthecountry.Heremicrowavelinks would follow major
roadsinto head-endslocatedin regionalcentresalongtheway.However,in the
hillier, wetterenvironmentin partsof NewSouthWales,Victoria, orQueensland,
wherethelargestrural populationlives andworks, theuseofmicrowavewireless
links requiresfrequentrepeatertowers,whichareexpensiveto installandmaintain.In
caseswhereatoweralreadyexiststhecostcanbe reduced.But for thatimportant
“lastmile” (in fact,up to 50 miles) ofa link to individual subscribers,individual
towersareprohibitivelyexpensiveandimpractical.

Anothersolutionis to useatwo-waysatellitelink. Themaindrawbackhereis the
difficulty in obtainingadequatereturnsonthehigh capitalcostofthe satellite(s)and
groundequipmentfrom asmall population,whichmaynecessitateeternalsubsidies
for set-upandsubscriptioncosts.Therearealsosometechnicaldifficulties—long
latencytimesbecauseoftheearth-satelliteroundtrip, andthe sensitivenatureofthe
microwavesatellitelink to weatherconditions.
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Low frequencywavesin theVHF rangepotentiallyprovideanelegantsolutionthatis
notburdenedwith the line-of-sightproblemsofmicrowaveortheinfrastructurecosts
ofsatellite.Ofparticularinterestis theanalogtelevisionbandI (distributedover45-
70 MHz), which hasaneffectiverange(dependingon local topography)ofup to ~100
km or evenlarger.Thisbandwill bevacatedatthecompletionofthesimulcasttests
with the changeoverto digital TV, andso far thereareno clearproposalsfor their
deployment.Digital TV is notplannedfor bands0 and1. In someregionssuchasthe
ACT, channels0 and1 arenot in use,sothatwearecurrentlyableto performfield
testswithoutinterferingwith otherservices.In thoseregionswherethey are,or if
indeedanalogTV continuesindefinitely, it would still be possibleto usepartsofthe
bandfor low-powerdigitalwireless,especiallyif spread-spectrumtechniquesare
used.A similarpracticeis alreadyemployedin simulcastwherethe digitalTV signal
is madeto look like white noiseon ananalogTV. Our initial channelstudies(section
2) showthat VHF wirelessdataconnectionsareindeedfeasibleoversignificant
distancesatvery low powers(40km at20 W). Basestationandtowerrequirements
wouldbemodestcomparedto othertransmissionmodes,andareasonabletargetprice
for the“computertop box” comprisinga VHF digital transceiverandcomputer
interfaceis $A600.

2. Methodologyand innovation

Overthepasttwo years,thePlasmaResearchLaboratoryattheAustralianNational
Universityhasbeenapplyingits expertisein radio-frequency(rf) technologyto
developa conceptfor amoderatespeed(~100kbps)BushLocalAreaNetwork
(BushLAN) operatingatVHF frequencies.This effort is developingthebuilding
blocksfor suchasystemin a seriesofengineeringstudentresearchprojects(seethe
BushLANwebsitelisted abovefor details):

Our nextstepis to extendtheBushLAN conceptto afully operationalwireless
network.This would taketheform of adistributedtestbedin whichall ofthe
BushLANtransceiverhardwarecomponentswould belocatedat eachofthesites.
BushLAN embodiesawhole rangeofInternetandradiofrequencytechniquesandis
consequentlydirectly in line with theresearchgoalsof the institutionsinvolvedin
bothteachingandresearch.

Overthenext threeyears,weproposeto developaworkingBushLANprototype
networkoperatingatlow power(—‘ 20 W) amonguniversity laboratorieslocated
within theACT. Thedistancesandtopographyofthis arrangementarequitesimilar to
thoseencounteredby rural Internetserviceprovidersin NewSouthWales,andwere
chosento model thesituationofAllstateComputersin Cowra.Thethreeinitial
networknodeswould be:

Base: ANU ResearchSchoolof Phys.Sciences& Engineering(RSPhysSE)
Remote1: ANU Fac.ofEngineering& InformationTechnology (FElT) (‘~1 km)
Remote2: UniversityofCanberra,Schoolof Electronicsand

TelecommunicationsEngineering(-~5km) (UC)

After atrial period,wewill addafourth stationfurtheraway(e.g.,Tharwa).
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Eachnodewill beequippedwith aprototypeBushLAN transceiver,aswell asa full
suiteofwirelesstestequipment(spectrumanalysers,etc)that canbeusedfor round
theclockexperimentsin channelcharacterisationandthe developmentofdata
communicationstechnologyspecificallyfor VHF channeloperatingconditions—error
correction,encodingandlink protocols.

Theexperimentalnetworkwill alsoprovideabundantopportunitiesfor researchand
educationin digitalwirelesstechnologyfor studentsandstaff in thefollowing areas,

Channelcharacterisationanddatacommunications;

• rf datatransceiverdesignandimplementation;

• Link-layer softwareprotocoldevelopmentfor rf applications.

Thewirelesstechnology researchprogramatRSPhysSEhasattractedabouttwenty
4

th yearengineeringthesisstudentssince1999; abouthalfofthesehavecontributedto

thedevelopmentof thebasicBushLANconcept.We alsonowhave2 PhDstudents
andonepost-doeworking onwirelesstechnology.We arethusconfidentthat the
BushLAN experimentalnetworkwill attractgreaterstudentparticipationin
communicationsengineeringprojectsatRSPhysSE,FElT, andUC.

We nowdescribeourongoingwork andhowit will evolveunderthecollaborationto
addressthecritical issuesin the implementationoftheBushLANnetwork.

(z)Field Tests
Field experimentswereperformedon channel1 at59.5 MHz (underanABA
experimentalemissionlicense)in theAustralianCapitalTerritory. Figure 1 showsthe
pathlossasa functionofdistancein theACT. Thetransmittingantennawaslocated
atopMountAinslie andthereceivedsignalwasmeasuredin variousplacesasfar
southasNaas(40kms). The straightline is thetheoretically-predictedpathlossfor
line-of-sight.Theterrainis hilly with severalmountainslike Mt Taylorof relative
altitude250 m whichmighthave,butobviouslydid not, block thesignal.Thebase
line is theambientnoiselevel.

Accodingto Shannon’sTheorem,with 20 W ofpower,thechannelpropagationand
noisecharacteristicspermittransmissionat>250 kbpswith a channelwidth of250
kHzoverdistancesof40 km. Separatesliding correlatorexperimentsindicatedthat
multipathdoesnot induceInter-symbolinterference(ISI) to 5 Mbpsovernonline of
sightconditionsat 15 kms. This maybe surprisingfrom thedigital commspointof
view,but in fact couldbeexpected,basedonexperiencewith analogTV.
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Path Loss vs Distance

Fig. 1. ResultsofVHF channeltestin theAustralianCapital Territory. Thetransmitterwas
locatedatopMt. AinslieinNorth Canberraandoperatedwith apower = 20 W,
frequency= 59.5MHz. Thegraphshowsthemeasuredsignallevelscomparedwith
thosepredictedbytheFriis transmissionrelation (conservationofpowerwithfinite
receiveracceptanceangle). Thecurvelabelled “mid” showsthesignallevelspredicted
for a casein whicha 200m high, 1 km diameterhill is locatedmidwayin the
transmissionpath, and thecurvelabelled“source” showsthelevelspredictedfor a
casein whichthehill is 3 kmfromthetransmitter.

Thesearepromisingresults;however,we really needto extendtheseto larger
distances(~100 kms)andmorediverseweatherconditionswheremultipath induced
ISI, impulsenoiseandatmosphericeffectsaremoreimportant.After initial
developmentoftheBushLANnetworkconnectingtheuniversitylab sites,wewill
moveastationto amoreremotelocation(e.g,Tharwa)to assessperformanceunder
morechallengingconditions.

(ii) Hardwaredesignconcept
Themainintellectualpropertyin BushLAN will betheLink LayerProtocol.The
significantinnovationin wirelesscommsin generalis moreandmorethetight link
betweentheLLP andthechannelpropagationcharacteristics.Theresultsabove
alreadyindicatethattheBushLANLLP will be unique.

A digital transceiverconcepthasbeendevelopedandtestedin thePlasmaResearch
Laboratory,andcompactrf amplifier designs(—400 W) areunderdevelopment.The
following figure showsthedesign.Like all modems,the samesystemis usedatthe
clientasat thebase.

Most ofthehardwarecomponentsareinexpensiveandreadily available.We are
aimingat apriceof$600per unit. We takefull advantageofrecentadvancesin
embeddedsystemsandemployaRabbitSemiconductorRMC2100 processorwith an
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Ethernetinterface,512 kB eachofflashROM andSDRAM, C-compileranda
TCP/IPstack(sourcecodeavailable).Thisallows a fairly complexLLP to be
implemented(atleastaspowerful assomecommercialsystems).TheEthernet
interfaceconnectsto theclient/serverPCandallows IPconnectivityindependentof
PCplatform.

PC LAN Card
Interface RF front end

i

Figure 2. BushLANtransceiverschematic

(iii) NationalInterestSurvey
PreliminaryindicationsarethatAustraliahasastrongdemandfor aprojectlike
BushLAN. No similarsystemis beinginvestigatedatthis levelof affordability
anywhereelsein theworld, let aloneAustralia.

Ourexisting collaborationwith oneregionalISP (AllstateComputers,Cowra,NSW)
hasrevealedastriking needfor awirelessnetworkin regionalCowra,which does
havevoicetelephoneservice.About 20%ofAllstatescustomersuseredirection
facilitiesfor dialup Internetandhaveverypoorservicemainlyasaresultofpoor
quality telephonelines. Similardifficulties couldbe limiting regionalbusinesses
elsewherein Australia.

Thismarketinteresthasto bequantifiedfor thespecificcharacteristicsofBushLAN
in orderto developa businesscase.A marketstudyofruralInternetusagepatterns
hasbeendesigned,andquestionnaireswill soon(May, 2002)bedistributedto rural
Internetserviceprovidersandcustomers.
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(iv) Networkmodelling.
BushLAN hasto beoperatedasacellularnetwork.Onecanimagineabaselocatedin
eachregionalcentrewith clientsdistributedup to 100 kms in hilly areas.TheTV
spectrumwould haveto be divided to servicetheclientswithoutco-channel
interference.Througha studentprojectwehavejustbegunto simulatethenetwork
loadin BushLAN. Givenparameterssuchasthebackbonedatarate,channelisation
scheme,assumptionsonusagepatternsandtheLLP chosen,themodel aimsto predict
quality ofservice.

3. Funding of experimental networkproject

Theequipmentrequiredto setup the foursiteswith BushLANtransceiversandhigh-
endcommunicationsmeasurementinstrumentscostsapproximately$130,000.In
addition,the servicesof atechnicalofficer for oneyearareneeded,andwill cost
approximately$60,000.Ofthe$190,000total for theproject,wearerequesting
$120,000fromtheARC LinkageInfrastructureandEquipmentprogram,with
$70,000to comefrom theparticipatinguniversities.

Theuniversitieswill contributesubstantialacademicresearchstafftime (1-2FTEper
year)to theproject.In addition,weanticipatethattheprojectwill supporttheresearch
of 4 graduatestudentsand 10-15honoursstudentsoverthenext threeyears.

4. Expectedoutcomes

We alreadyknowthat moderate-speedlong distancedatacommunicationat VHF
frequenciesis technicallyfeasible.With theproposedexperimentalnetwork
infrastructure,weexpectto developaworkinglong distancenetworkthat could
servicea small number(10—20) ofuserspercell. A logical follow-on projectwould
beto build a largernetworkthatcouldbe testedby arural ISP suchasAllstate
Computersin Cowra(200out-of-townrural users). Significantfurtherworkbeyond
that, will be required,of course,to turnthis into acommerciallyviableandlicensable
communicationssystem.

Theresearchprogramwill alsoresultin successfulstudentprojects—thestudentswill
becomeaccomplishedatdigital wirelessR andD andbewell qualifiedtojoin
industrialandgovernmenttelecommunicationsorganisations.

Demonstratedtechnicalsuccessof theBushLANprototypewouldpresentseveral
possibilitiesfor commercialexploitation:

• As originally intended,asanalternativelast-milesolutionfor rural Internet
serviceproviders.

• As ameansfor non-line-of-sightmilitary datacommunicationin an
“electronicbattlefield” situation.

• As anelementin ad-hocnetworksfor datacommunicationsin remote
monitoring(eg,mining) applications.

Licensingarrangementsfor useof IPdevelopedduringprojectresearchwouldbe
negotiatedviaANUTECH Ny Ltd, theANU’s commercialarm.
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Wearepresentlyexploringprospectsfor newfundingto supportBushLAN and
relatedresearchinto digital wireless.Intelhasexpressedinterestin submittinga
LinkageProjectproposalin theNovember,2002ARC Linkageround,andTenixand
DSTOhavealsoexpressedinterestin developingfurtherwirelessresearch.The
DepartmentofCommunications,InformationTechnology,andtheArts have
producedalist ofcontactsin thetelecommunicationsindustrywho arepotentially
interestedin theBushLAN concept.ANUTECH Pty Ltd is developingaproposalto
theAuslndustryCOMET programfor fundingofbusiness-plandevelopmentfor
BushLANandotherrf technologyresearchresultingfrom this work.
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i~an,Brendhan (REPS)

From:
Sent:
To:
Subject:

Brendhan

1. At the time I sent the doc to you, URL s

http://rsphysse.anu.edu.au/BushLAN

and

http://wwwrsphysse.anu.edu.au/BushLAN

But now thelinks arebroken.Somethingis wrong,I havee-mailedthewebmaster,will let youknowwhen
it worksagain.

2. Thefile to useis named
bushlanjnquiry5.doc

andthetitle is

“BushLAN—developmentofnovelVHF wirelessInternettechnologyfor ruralAusfralia”

This hassomerefinementscomparedto theearlierversionourdirector(ErichWeigold)passedto Chris
Pyne.Better summary,morecompleteauthorship.

3. My postalcoordinatesetcaregivenin thesignatureofthismessage.Wouldyou like to meto sendyou a
modified file with theseincluded?

Sonyfor all thebackandforth.

Thanksfor yourinterest.

Bestregards

JHH

Jeffrey Harris Ueffrey.harris@anu.edu.au]
Thursday, 23 May 2002 1:22 AM
Egan, Brendhan (REPS)
RE: Submission to Inquiry on Wireless Telecommunications
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