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Abstract

FiveyearsagoI presenteddriversfor usingstandardPC'swith soundcardsaspacket radiomodems
[13]. ThemainstreamCPUsof thaterawerenotquitepowerful enoughfor complex signalprocessing,
sothedesignat that time hadto traderobustnessfor computationalsimplicity. Futhermore,operating
systempreferenceshavechangedsince.It is thereforetimeto rethinkthedesign.In thisarticle,anupto
dateimplementationof anamateursoundcardpacket radiodriver is presentedthatfeaturesa common
sourcebasesupportingall majoroperatingsystems,andthemostcommonmodulationformats.

1 Intr oduction

Five yearsagoI presenteddriversfor usingstandardPC's with soundcardsaspacket radiomodems[13].
Later, I alsopresentedLinux drivers[11] anda VxD driver for Windows95[12]. At that time,my devel-
opmentPCwasa66MHz 80486,andPCIwasjustborn.To keepCPUutilizationatanacceptablelevel in
spiteof CPU's with slow multiplication,designdecisionstradingrobustnessfor computationalsimplicity
hadto betaken.Today, processorsbelow 500MHz aregettinghardto obtain,andtoday's CPU's contain
fastmultipliers,�oating pointexecutionunitsandmultimediainstructions

Operatingsystempreferenceshavealsochanged.DOSandearlyWindowsversionseitherdid nothave
soundcardsupportat all or their supporthadtoo muchlatency to beusable.Today, all commonoperating
systemssupportlow latency soundcarddrivers.

The outline of the paperis asfollows. In section2, the architectureof the 1995driversis presented
togetherwith its problems.Section3 brie�y presentsthearchitectureof thenew driver. Section4 describes
installationandusageof thenew driver, andSection5 discusseshow fastertransmissioncouldbeachieved
usingunmodi�ed handheldtransceivers.Section6 concludesthearticle.

2 The 1995Ar chitectureand its problems

2.1 Audio Input/Output

Five yearsago,DOSwasa widely usedoperatingsystemfor packet radio.DOSdid not have any driver
supportfor soundcards,sothepacketradiodriverhadto implementits own soundcarddriver. Ontheother
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hand,therewereonly two standardregisterlevel soundcardinterfaces,namelytheISA SoundBlasterand
the WSS(Windows SoundSystem)register interface.Virtually all soundcardson the market supported
eitheror bothof thesepseudostandards.

Windows did have sounddriver supportrelatively early, but theoriginal supporthadlong intolerable
latenciesfor packet radioapplications.Low latency soundinput/outputwaslateraddedmainly to support
gamesunderthename“DirectSound”.

Today, PCI haslargely displacedthe ISA bus,andwith it theold registerinterfaces,sincethey were
tiedto theISA DMA architecture.Ontheotherhand,theimportanceof DOSfadedandall majoroperating
systemsfeaturelow latency soundcarddrivers.

2.2 Modems

Becauseof the limited CPU power available � ve yearsago,the modemshad to tradeperformancefor
computationalsimplicity. For example,the 9600BaudFSK modemlacked a receiver �lter , resultingin
performancedegradationsfrom barelynoticeableto devastatingdependingon thereceiverused.

Also, the modemcodewasdesignedto operateonly at a speci�c bit rateandat a speci�c sampling
rate,limiting thechoiceof soundcardsthatcouldbeused.

Becausethemodemdriver includedits own soundcarddriver, it hadto berunningin kernelmode.In
kernelmode,it is dif�cult or impossibleto use�oating point andmultimediainstructionsets.Thehuge
differencesof thekernelmodeenvironmentforcedvastlydifferentcodebasesfor thesupportedoperating
systems.

3 The newSoundcardModem Dri ver Ar chitecture

Oneimportantgoalof thenew soundcardmodemdriveris supportingall themajoroperatingsystemswith
constraineddeveloperresources.To achieve this,a commonsourcetreefor all platformsis employed.Of
coursecertaintasksstill requireplatformspeci�c code,namelythesounddriverabstraction(sounddriver
interfacesvarywidely evenamongUNIX operatingsystems),andthepacket input/outputcode.TheGNU
C Compiler [3] was usedbecauseit is the defacto standardcompiler on many UNIX-lik e systems,is
freely availableandcanalsotarget 32-bit Windows [9]. The Windows threadingprimitivesdiffer from
the standardPOSIX onesusedunderUNIX andLinux. A small library hasbeenusedthat implements
thestandardPOSIXthreadingprimitiveson top of theproprietaryWindows ones[6]. To enableportable
GUI applications,theGTK [1] widgetlibrary hasbeenused,becauseit is oneof thetwo defactostandard
librariesunderLinux andUNIX, andGUI builder tool [2] andaport to Win32 [7] exists.

Perhapsthemostuservisible new featureis the fact that themodemsarenow fully parameterizable.
I have beenoftenaskedto supporthigherFSK bitratesandthemany 2400baudAFSK modes.All these
modesarenow supported.To make thispossible,themodemsmustnow supportarbitrarysamplingrates.
Of coursethereis a lower limit to satisfyNyquist, thereforeeachmodemdeclaresits minimal sampling
ratedependingon theuserchosenparameters,andthedriver selectsthe largestandroundsit to thenext



ratesupportedby the soundcard.Oncethe actualsamplingrateof the hardwareis known, the modems
computethe�lter coef�cients needed.

Sincethemodemsnow supportarbitrarysamplingrates,it is easyto runmultiple modemsin parallel.
This way multimodeaccesschannelssuchascombined1k2 AFSK/9k6FSK canbesupportedeasily. Of
course,thetransmittershave to beserialized.

In orderto simplify the modemcodeitself, eachreceiver runsin its own thread.The main interface
to the soundcardis the routine audioread . The modemspeci�es the numberof samplesrequested
andthe time with a 16 bit integer with wrap around.Note that audioread doesnot returnif the user
requeststhedriver to stop,andblocksuntil the requestedsamplesarrive. My modemsusuallyrepresent
the time internally asa 16.16�x ed point fraction of the sampleindex, andusepolyphaseFIR �lters to
interpolatebetweensamples.As thetransmittersareserializedanyway, they sharea singlethread.Again,
audiowrite blocksuntil thespeci�edsamplesarewritten.Unlikethereadcase,thewrite casedoesnot
takea timeparameter, thesamplesareassumedto follow thepreviousoneswithoutgap.

pktget andpktput request/deliver HDLC encodedbitstreamsfrom/to theHDLC encoder/packet
input/output.

With thesebrief explanationsandthehelpof theexistingAFSK andFSKdrivers,it shouldbepossible
to understandthemodemcodeandto addadditionalmodemsto theframework.

4 Installation and Usage

In this section,the installationis described.Sourcecodeandprecompiledbinariescanbe downloaded
from [10].

4.1 Windows

UnderWindows,FlexNet/32is usedasthesoftwareAX.25 stack.FlexNet/32is freewarefor amateurradio
useandcanbedownloadedfrom [4]. FlexNet/32supportsadvancedfeatures,likehopto hopacknowledge
andVan Jacobsonheadercompressionfor TCP/IP. A userfriendly terminalprogramnamedPaxonand
supportingFlexNet's applicationprogramminginterfaceis availableaswell [5]. Figure1 shows Paxon
and FlexNet's channelcon�guration dialog. Another terminal programsupportingthe FlexNet API is
WPP[14]. It featuresanuserinterfacesimilar to well known DOSterminalprograms.

InstallingFlexNet/32is easy;unpackingthearchiveandstartingFlexctl.exe is all thatis needed.
InstallingtheSoundcardModemdriver is simpleaswell; its archivesimplyneedsto beunpackedinto the
samedirectoryasFlexNet/32,thenew drivergetsrecognizedautomatically.

4.2 Linux

UnderLinux, thereareseveraloptions,namelyinstallingthebinaryRPMwhichwascompiledonRedHat
6.2/i386,or compilingfrom thesourceRPM or thesourceTarball.
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Figure1: FlexNet/Paxon



4.3 UNIX

After con�guration with the soundmodemconfig tool (seebelow), the modemcanbe startedby
runningsoundmodem asroot . Thedriver interfacesto theKernelmkiss driver. Theresultis thatthe
userseesa standardkernelAX.25 network interfacethatcanbeusedwith thekernelAX.25 stack,even
thoughthedriver completelyrunsin userspace.soundmodem alsosetsup the interfacecallsignandIP
addresses.

4.3 UNIX

UnderUNIX, thereis no kernelAX.25 support,soa usermodeAX.25 stacksuchasxNOSor WAMPES
mustbeused.soundmodem exportsaKISSstreamonapseudoterminalpair(pty /tty ), to whichxNOS
or WAMPEScanattach.

4.4 Con�guring the Dri ver

A graphicalapplicationnamedsoundmodemconfig makescon�guring thedriver easy. Thetool sup-
ports multiple con�gurationsone of which can then be selectedat driver runtime.Eachcon�guration
supportsmultiple channels,asdepictedin the “DualSpeed”con�guration in Figure2. To easeadjusting
theaudiolevels,soundmodemconfig cantransmita testsignalandcandisplaythereceivedsignalin
anoscilloscopelike(Figure5) or spectrumanalyzerlike(Figure5) fashion.Figure3 showstheapplication
monitoringa9600baudFSKchannel.

Figure2: Main Window of Con�guration Applica-
tion

Figure3: Packet Receive Window of Con�guration
Application
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Figure4: ScopeWindow of Con�gurationApplica-
tion

Figure5: SpectrumWindow of Con�guration Ap-
plication

5 FasterSpeedsfor Handhelds

9600Bit/s FSK requirestransceiverssuitablefor this modulation.Handheldsusuallydo not fall into this
category. I haveoftenbeenaskedif it waspossibleto achievehighertransmissionusingunmodi�ed hand-
heldradios.

I have beenworking with handheldsfrom Standard,namelythe C558andtheC701.The reasonsto
choosethesehandheldsis that I own themandthat handheldsfrom Standardhave the worst frequency
response,accordingto measurementsperformedby DF9IC [15].

Oneproblemwhenusinghandheldsfor datatransmissionis their microphoneampli�er AGC, which
introducesnonlineardistortionsinto the signal.To make mattersworse,the StandardhandheldsI own
do not mutethe internalmicrophonewhenanexternalsignalis connected,thusmakingit susceptibleto
ambientnoise.

To achieve someimmunity to nonlineardistortion,a constantmodulusmodulationschemehasbeen
used,namely8PSKatasymbolrateof 2400baudcenteredaroundacarrierof 1800Hz.

Becausethefrequency responseof thetransceiverintroducesintersymbolinterference,thereceiverhas
to bedesignedto copewith it. I have useda constraintlength3 viterbi equalizerto combattheISI. Con-
straintlength3 capturesmostof thechannelenergy, andis aboutthemaximumthatcanbeimplemented
with reasonableCPUconsumption.For everysymbol,83 � 512trellis brancheshave to beprocessed.

Sincehandheldsaremostlikely usedby endusersaccessingthebackbonenetwork, transmissionswill
usuallybequiteshort.It is thereforeimportantthattheequalizertrainingis veryquick.To achievethis,the
modememploysblocksof knownsymbols.Blocksof 128datasymbolsfollow blocksof 16knowntraining



symbols.Thetrainingsymbolsareusedfor timing synchronisationandfrequency offsetsynchronisation.
Furthermore,thechannelimpulseresponseis estimatedusingamaximumlikelihoodestimator[8].

I havenot yetdecidedon whaterrorcorrectingcodeto use,themodemtransmitsraw HDLC encoded
bitsat themoment.

Themodemis in anexperimentalstage,andtestsover theair weresuccessfulif theaudiolevelshave
beenadjustedcarefully. Although not readyfor deployment,it is includedin the sourcedistribution for
thosewhowantto experiment.Themodemis named“psk”; andit hasnotyetbeenconvertedto copewith
variablesamplingrates.It requires9600Samples/sandthereforewon't work underWindows.

6 Conclusionand further work

Usinga standardsoundcardandsuitablesoftwareasa packet radiomodemcontinuesto bea viable low
costsolution.In thisarticle,thearchitectureandtheusageof suchasoundcardmodemdriver thatrunson
all majoroperatingsystemscurrentlyin usehasbeenpresented.

Furthermore,thebeginningsof amodulationschemesuitablefor achieving highertransmissionspeeds
with unmodi�ed handheldtransceivershasbeenpresentedaswell. Clearly, morework will beneededfor
it to becomeusefulin productionuse,namelyanFEClayershouldbeaddedandthemodemneedsto be
convertedto supportarbitrarysamplingrates.
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