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Abstract
Fiveyearsagol presentedlriversfor usingstandard®C's with soundcardaspacletradiomodems
[13]. ThemainstreanCPUsof thaterawerenot quite powerful enoughfor comples signalprocessing,
sothedesignat thattime hadto traderobustnesgor computationakimplicity. Futhermorepperating
systenpreferencebave changedaince.lt is thereforgimeto rethinkthedesignin thisarticle,anupto
dateimplementatiorof anamateursoundcargaclet radiodriver is presentedhatfeaturesacommon
sourcebasesupportingall majoroperatingsystemsandthe mostcommonmodulationformats.

1 Intr oduction

Five yearsagol presentediriversfor usingstandard®C's with soundcardsispaclet radiomodemg13].

Later, | alsopresented.inux drivers[11] anda VD driver for Windows95[12]. At thattime, my devel-
opmentPCwasa 66 MHz 80486,andPClwasjustborn. To keepCPU utilizationatanacceptabléevel in

spiteof CPU's with slow multiplication,designdecisiongradingrobustnesgor computationasimplicity
hadto betaken. Today processordelovy 500 MHz aregettinghardto obtain,andtoday's CPU's contain
fastmultipliers, oating pointexecutionunitsandmultimediainstructions

Operatingsystenpreferencebave alsochangedDOSandearlyWindows versionseitherdid nothave
soundcardaupportatall or their supporthadtoo muchlateng to be usable Today all commonoperating
systemssupportiow lateng soundcardirivers.

The outline of the paperis asfollows. In section2, the architectureof the 1995driversis presented
togethemith its problemsSection3 brie y presentshearchitecturef thenew driver. Sectiord describes
installationandusageof thenew driver, andSection5 discusseblow fastertransmissiorcouldbeachieved
usingunmodi ed handheldranscevers.Section6 concludeghearticle.

2 The 1995Ar chitecture and its problems

2.1 Audio Input/Output

Five yearsago,DOS wasa widely usedoperatingsystemfor paclet radio. DOS did not have ary driver
supportfor soundcardssothepacletradiodriver hadto implementits own soundcardiriver. Ontheother
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handtherewereonly two standardegisterlevel soundcardnterfaces hamelythe|SA SoundBlasteand
the WSS (Windows SoundSystem)registerinterface.Virtually all soundcard®n the market supported
eitheror both of thesepseudcstandards.

Windows did have sounddriver supportrelatively early, but the original supporthadlong intolerable
latenciedor pacletradioapplicationsLow lateng soundinput/outputwaslateraddedmainly to support
gamesaunderthename“DirectSound”.

Today PCl haslargely displacedthe ISA bus,andwith it the old registerinterfaces sincethey were
tiedtothelSA DMA architectureOntheotherhandtheimportanceof DOSfadedandall majoroperating
systemdeaturelow lateny soundcardirivers.

2.2 Modems

Becauseof the limited CPU power available ve yearsago,the modemshadto tradeperformancefor
computationakimplicity. For example,the 9600 Baud FSK modemlacked a recever lter, resultingin
performancelegradationgrom barelynoticeableo devastatingdependingon therecever used.

Also, the modemcodewasdesignedo operateonly at a speci ¢ bit rateandat a speci ¢ sampling
rate,limiting the choiceof soundcard¢hatcouldbe used.

Becauseghe modemdriver includedits own soundcardiriver, it hadto berunningin kernelmode.In
kernelmode,it is dif cult or impossibleto use oating point and multimediainstructionsets.The huge
differencef the kernelmodeervironmentforcedvastly differentcodebasedor the supportedperating
systems.

3 The new SoundcardModem Driver Ar chitecture

Oneimportantgoalof thenew soundcaranodemdriveris supportingall themajoroperatingsystemswith
constrainedieveloperresourcesTo achiave this,a commonsourcetreefor all platformsis employed. Of
coursecertaintasksstill requireplatformspeci ¢ code,namelythe sounddriver abstractior{sounddriver
interfacesvary widely evenamongUNIX operatingsystems)andthe pacletinput/outputcode.The GNU
C Compiler[3] was usedbecauset is the defacto standardcompileron mary UNIX-lik e systemsijs
freely available and canalsotarget 32-bit Windows [9]. The Windows threadingprimitivesdiffer from
the standardPOSIX onesusedunderUNIX andLinux. A smalllibrary hasbeenusedthatimplements
the standard®OSIXthreadingprimitiveson top of the proprietaryWindows ones[6]. To enableportable
GUI applicationsthe GTK [1] widgetlibrary hasbeenused becausét is oneof thetwo defactostandard
librariesunderLinux andUNIX, andGUI buildertool [2] anda portto Win32[7] exists.

Perhapshe mostuservisible new featureis the factthatthe modemsarenow fully parameterizable.
| have beenoftenaskedto supporthigherFSK bitratesandthe mary 2400baudAFSK modesAll these
modesarenow supportedTo make this possiblethe modemsnustnow supportarbitrarysamplingrates.
Of coursethereis a lower limit to satisfy Nyquist, thereforeeachmodemdeclarests minimal sampling
ratedependingon the userchoserparametersandthe driver selectsthe largestandroundsit to the next



rate supportedoy the soundcardOncethe actualsamplingrate of the hardwareis known, the modems
computethe Iter coefcients needed.

Sincethe modemanow supportarbitrarysamplingrates,it is easyto run multiple modemsn parallel.
This way multimodeaccesshannelsuchascombinedlk2 AFSK/9k6 FSK canbe supportecdeasily Of
coursethetransmitterdhave to be serialized.

In orderto simplify the modemcodeitself, eachrecever runsin its own thread.The main interface
to the soundcards the routine audioread . The modemspeci es the numberof samplesrequested
andthetime with a 16 bit integerwith wrap around.Note thataudioread doesnot returnif the user
requestghe driver to stop,andblocksuntil the requestedamplesarrive. My modemsusuallyrepresent
thetime internallyasa 16.16 x ed point fraction of the sampleindex, andusepolyphaseFIR lters to
interpolatebetweersamplesAs thetransmittersareserializedanyway, they sharea singlethread.Again,
audiowrite  blocksuntil thespeci edsamplesarewritten. Unlike thereadcasethewrite casedoesnot
take atime parameterthe samplesareassumedo follow the previousoneswithout gap.

pktget andpktput request/delier HDLC encodeditstreamdrom/to the HDLC encoder/pacit
input/output.

With thesebrief explanationsandthe helpof theexisting AFSK andFSK drivers,it shouldbepossible
to understandhe modemcodeandto addadditionalmodemso the framework.

4 Installation and Usage

In this section,the installationis described Sourcecodeand precompiledbinariescan be downloaded
from [10].

4.1 Windows

UnderWindows, FlexNet/32is usedasthesoftwareAX.25 stack.FlexNet/32is freevarefor amateuradio
useandcanbedownloadedrom [4]. FlexNet/32supportsadvancedeaturesl|ik e hopto hopacknavledge
andVan Jacobsorheadercompressiorfor TCP/IR A userfriendly terminal programnamedPaxonand
supportingFlexNet's applicationprogramminginterfaceis available aswell [5]. Figure1 shovs Paxon
and FlexNet's channelcon guration dialog. Another terminal programsupportingthe FlexNet API is
WPP[14]. It featuresanuserinterfacesimilarto well known DOSterminalprograms.

Installing FlexNet/32is easy;unpackinghearchie andstartingFlexctl.exe is all thatis needed.
Installingthe SoundcardModemdriveris simpleaswell; its archive simply needgo beunpacledinto the
samedirectoryasFlexNet/32,the new driver getsrecognizedautomatically

4.2 Linux

UnderLinux, thereareseveraloptions,namelyinstallingthe binaryRPM which wascompiledon RedHat
6.2/i386,0r compilingfrom the sourceRPM or the sourceTarball.
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4.3 UNIX

After con guration with the soundmodemconfig tool (seebelov), the modemcanbe startedby
runningsoundmodem asroot . Thedriverinterfacesto the Kernelmkiss driver. Theresultis thatthe
userseesa standarckernel AX.25 network interfacethat canbe usedwith the kernel AX.25 stack,even

thoughthe driver completelyrunsin userspacesoundmodem alsosetsup the interfacecallsignandIP
addresses.

4.3 UNIX

UnderUNIX, thereis no kernelAX.25 support,soausermodedX.25 stacksuchasxNOS or WAMPES
mustbeusedsoundmodem exportsaKISS streanonapseudderminalpair (pty /tty ), towhichxNOS
or WAMPES canattach.

4.4 Con guring the Driver

A graphicalapplicationnamedsoundmodemconfig makescon guring the driver easy Thetool sup-
ports multiple con gurations one of which canthen be selectedat driver runtime. Eachcon guration
supportsmultiple channelsasdepictedin the “DualSpeed’con gurationin Figure 2. To easeadjusting
theaudiolevels,soundmodemconfig cantransmitatestsignalandcandisplaythe recevedsignalin
anoscilloscopdik e (Figureb) or spectrunanalyzetlik e (Figure5) fashion Figure3 shavstheapplication
monitoringa 9600baudFSK channel.
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Figure2: Main Window of Con guration Applica- Figure3: Paclet Receve Window of Con guration
tion Application
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5 Faster Speeddor Handhelds

9600BiIt/s FSK requirestranscererssuitablefor this modulation.Handheldsusuallydo not fall into this
catagyory. | have oftenbeenasledif it waspossibleto achiere highertransmissiorusingunmodi ed hand-
heldradios.

| have beenworking with handheldsrom Standardnamelythe C558andthe C701.The reasongo
choosethesehandheldss thatl own themandthat handhelddrom Standardchave the worst frequeng
responseaccordingo measurementserformedby DF9IC [15].

Oneproblemwhenusinghandheldgor datatransmissions their microphoneampli er AGC, which
introducesnonlineardistortionsinto the signal. To make mattersworse,the Standarchandheldd own
do not mutethe internalmicrophonewhenan externalsignalis connectedthusmakingit susceptiblego
ambientnoise.

To achieve someimmunity to nonlineardistortion,a constantmodulusmodulationschemehasbeen
used,namely8PSKat a symbolrateof 2400baudcenteredarounda carrierof 1800Hz.

Becauséehefrequeny responsef thetranscererintroducesntersymbolinterferencethereceverhas
to bedesignedo copewith it. | have useda constrainiength3 viterbi equalizerto combatthe ISI. Con-
straintlength3 capturesmostof the channelenengy, andis aboutthe maximumthatcanbe implemented
with reasonabl€PU consumptionFor every symbol,83  512trellis branchehave to beprocessed.

Sincehandheldaremostlik ely usedby endusersaccessinghe backbonenetwork, transmissionsvill
usuallybequiteshort.lt is thereforamportantthattheequalizeitrainingis very quick. To achieve this, the
modememploysblocksof known symbolsBlocksof 128datasymbolsfollow blocksof 16 known training



symbols.Thetraining symbolsareusedfor timing synchronisatiomndfrequeng offsetsynchronisation.
Furthermorethe channeimpulseresponsés estimatedisinga maximumlik elihoodestimator8].

| have notyetdecidedonwhaterrorcorrectingcodeto use,the modemtransmitsraw HDLC encoded
bits at themoment.

Themodemis in anexperimentalstage andtestsover the air weresuccessfuif theaudiolevelshave
beenadjustedcarefully Although not readyfor deployment,it is includedin the sourcedistribution for
thosewho wantto experiment.Themodemis named‘psk”; andit hasnotyetbeenconvertedto copewith
variablesamplingrates It requires9600Samples/aindthereforewon't work underWindows.

6 Conclusionand further work

Using a standardsoundcardandsuitablesoftware asa paclet radio modemcontinueso be a viable low
costsolution.In this article,thearchitectureandthe usageof sucha soundcaranodemdriverthatrunson
all majoroperatingsystemgurrentlyin usehasbeenpresented.

Furthermorethebeginningsof amodulationschemesuitablefor achieving highertransmissiorspeeds
with unmodi ed handheldranscerershasbeenpresentedswell. Clearly, morework will be neededor
it to becomeusefulin productionuse,namelyan FEC layer shouldbe addedandthe modemneedgo be
convertedto supportarbitrarysamplingrates.
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