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1 Abstract

Recently, standardpersonalcomputers(PCs)have becomepowerful enoughto do se-
rious digital signalprocessing(DSP)without the needfor a specializedDSPcopro-
cessor. A standardPCsoundcardservesasthe interfacebetweentheanalogworld of
the radioandthe digital world of thePC processor. This equipmenttogetherwith an
appropriatesoftwarepackageallows the hamto operatemany populardigital modes
withouta TNC.

2 Historical Perspective

Processingdigital signalswith ageneralpurposedigital computeris notnew atall. But
only recentlypersonalcomputers(PCs)havebecomefastenoughto doseriousrealtime
digital signalprocessing.A highend486or Pentiumclassmachineis requiredfor these
applications.Analoginterfaces(soundcards)with goodqualityarealsorelatively new;
earlymodelssufferedfrom low resolution,low samplingratesandhighprices.

Amateurmodeshaving no timing relationshipbetweenreceiving andtransmitting,
suchasRTTY, FAX, SSTV or POCSAG, canbe implementedquite easily. Standard
operatingsystemdriversfor the soundcardmay be used,andneitherhugebuffering
nor long latenciesdohurt.Severalprogramshandlingthesemodespoppeduprecently
on theinternet.

Modesrequiringfastswitchingbetweenreceptionandtransmission,low latencies
andanexact timing, suchaspacket radioandthesynchronousshortwave datamodes
likeAmtorandPactor, aremoredifficult to implement.Thispaperreviewstheproblems
associatedwith thesemodesandpresentspossiblesolutions.

After experimentingwith digital signalprocessors,I startedimplementingapacket
radiomodemfor PC’srunningDOSin late1994.Thedevelopmentplatformatthattime
wasa 486DX2/66.A first versionwaspresentedat theDarmstadt,Germany, meeting
in 1995[Sai95]. TheDOSversionwascontinuallydevelopedfurther, gotmodularized,
that is, thesoundcarddriversandmodemcodewasseparated.Thecodewasportedto
Linux in early1996[Sai96], andbackto Windows95in late1996[Sai97].

Thesoundcardpacketradiosoftwareis now availablefreeof chargefor amateurra-
dio applications.TheDOSandWindows95versionsareavailablefrom thePC/FlexNet
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homepage(seebelow), while theLinux versionis includedin thestandardversion2.1.x
kernelsources.Version2.0.xusersneedto geta patchfrom thezoneFTPsite(seebe-
low).

3 Motivation

Thesoftwaremodemprovidesseveraladvantagesovertheconventionalapproachusing
aTNC.

� Sincethereis no dedicatedTNC hardware,this solutionis cheap.Terminalsare
not widely usedanymore,a PC is commonin typical HAM shacks,and you
will needit anywayto run thosefancy graphicalterminalprograms.TodaysPCs
areshippedwith soundcardsalreadyinstalled,furthermoresoundcardsgo for as
little as$30.Therefore,almostall therequiredhardwareis alreadyavailableat
thetypicalhamshack.

� Easydiagnostics.No morefiddling with oscilloscopes,just run the diagnostic
applicationto plot theinputsignal,eyediagramsetc.

� Softwareconfigurable.It is easyto changetheoperatingmodewithout a hard-
warechangewith only a few keystrokes.With a conventionalTNC, you have to
buy andinstallanothermodem.

� Comparedto specializedDSP processors,PC developmenttools are usually
muchmoremature;the modemcodemay be single-stepped,datamay be log-
ged to disk, or even multiple modemsconnectedby a software radio channel
simulatormayrunsimultaneouslyon asinglemachine,whichgreatlysimplifies
debuggingandoffersnew developmentpossibilities.

� Mobile operations:acontemporarylaptopcomputerwith builtin soundhardware
anda handheldtransceiver is all you needto operateon theroad.

Of course,thesoftwaresolutionalsohasa few disadvantages.

� It requireshostCPU processingpower. The requirementsarequite moderate,
however. A typical hostCPUload is 10%of a Pentium75(1200BaudAFSK).
Thevaluescalesnicelywith CPUclockfrequency. MMX is neitherrequirednor
used,sinceits moderatebenefitshardlyjustify thepainto developMMX aware
applications.

� Themodemsoftwaretiesupthesoundcard.It is howeverpossibleto operatetwo
soundcardsin a singlePC.

� Audio quality of thesoundcardsis widely varying.Thegeneraltrendseemsto
betheaudioqualitybeinginverselyproportionalto price.Cheapcardswith just
a singlechip from Analog Devicesor CrystalSemiconductorsusuallydo fine,
while theratherpopularmodelsfrom CreativeLabsoffer lessquality. Their mi-
xer chip’s bassand treblecontrolsintroducephasedistortion.Becauseof the
widely varyingsignalimpedances,levelsandconnectorsit is impossibleto draw
a genericwiring diagramto theradio.
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� It is still not completelyfreeof dedicatedhardware.Soundcardsusuallydo not
have DC coupledoutputs.Therefore,a simple interfacecircuit is requiredto
connectthe radio’s PTT line to anotherPC port. The simplestcircuit consists
of a resistoranda transistor, plus the requiredconnectors.Circuit diagramsof
examplecircuitsmaybefoundon theFlexNethomepage.

4 Packet Radio

Packet radiorequiresa fairly fastswitchingtime betweenreceive andtransmit,in the
order of milliseconds.If this requirementis not met, the channelaccessalgorithm,
namelyCSMA or eventuallyDAMA, rapidlyshowsperformancedegradation,leading
to excessivecollisionson thechannel[Wel97].

Unfortunately, neitherstandardWindows95sounddriversnor theLinux sounddri-
veroffersthisperformance.Actually, theLinux driver is “almostthere”.An experime-
nalusermodeimplementationof thepacket radiomodemusingtheLinux sounddriver
performswell on somecomputers,but suboptimumon others,dependingon theCPU
speedandnetwork activity, etc.DOSdoesnotprovidea sounddriveratall anyway.

Therefore,thepacket radiosoftwarehasto provide its own soundcarddriver. This
limits thesupportedsoundcardsto thevastmajorityof theSoundblasteror WSS1 com-
patiblecards.Sincethedriverrequiresdirectaccessto thehardware,it hasto beimple-
mentedasakernelmoduleunderLinux, or astheWindowsequivalent,aVXD.

Boththestandardoperatingsystemsounddriverandthepacketradiomodemdriver
want exclusive accessto the hardware.This complicatesinstallation.Detailson the
installationprocedurecanbefoundontheFlexNethomepagefor theDOS/Windows95
caseor in theAX25-HOWTO in theLinux case.

TheDOS/Windows95driverusesPC/FlexNet [Jos95b, Jos95a] asits AX.25 stack.
This meansthatevery applicationsupportedby FlexNet or its compatibilitymodules
canbeused.This is thevastmajority of theexisting packet radioprograms.Thereis
noneedfor specialterminalprograms.

UnderLinux, anAX.25 stackis incorporatedinto thekernelnetworking.Therefore,
thenaturalchoicewasto implementthesoundcardmodemdriver asa standardLinux
networking interface.While slightly morecomplex to install,otherAX.25 stackssuch
as*NOS canbeusedaswell.

5 Popular HF protocols

PopularHF protocols,suchasAMTOR (SITOR) [CCI86] or Pactor1 [HS90], posea
few additionalproblemsthathave to beaddressed.

HF protocolshaveverystringenttiming requirements.CCIRrecommendslessthan
20ppmclock deviation for SITOR! Therearea few differentpossibilitiesto derive a
clocksignalin thePC:

1. thesoundcardsampleclock

2. theCPUclock feedingthecyclecounter

3. thesystemtimer

1Windows SoundSystem;a hardwarestandardinitially designedby Microsoft; it hasnothingto do with
theavailability of Windows drivers
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4. peripherialclockgenerator, suchasthebaudrategeneratorof aserialinterface

While 1 is thenaturalchoicefor full duplex soundcards,it cannotbeusedon the
half duplex variety, due to the discontinuityduring switching betweenreceive and
transmit.2 is a convenientsourcebecauseit canbereadeasilyandprovidesfine gra-
nularity, but is unfortunatelyonly availableon Pentiumclassmachines.3 might be
inconvenientbecauseof thegamestheoperatingsystemplayswith thesystemtimer. 4
tiesupadditionalhardwareresourcesotherwisenotneeded.

Neitherof thesesourcesfulfill the20ppmrequirement.Theproblemis not thesta-
bility, at leastnot if the PC is operatedindoors,but the initial frequency. After all, a
100MHz P5 systemmay aswell run with 100.1MHzor 99.9MHz.Therefore,a me-
thodto calibratetheseclock sourcesis required.Now theonly methodto measurethe
frequency of a signalis to compareit to a signalwith known frequency. Sucha refe-
rencesignalhasto fit into thepassbandof thesoundcard.I haveexperimentedwith the
following signals:

� Longwavetimecodetransmitters.DCF77canbereceivedeasilythroughoutcen-
tral europeat 77.5kHz,andits pseudonoisephasecodeallows accuratemeasu-
rementswithin a few minutes.

� TV broadcasthorizontalline sync.VCRswith basebandvideooutputarereadily
availableandsomeTV stationshave horizontalsyncfrequency derivedfrom an
atomicclock,suchasthesecondgermanstatenetwork (ZDF).

GPScouldalsobeused,but its outputs,thesecondclockandeventuallythe10MHz
referenceoutput,donotfit into thepassbandof asoundcard,thereforesomeadditional
circuitry wouldberequired.

Additionally, the“searchspace”whereto look for signalsis muchbiggerthanin the
typicalpacketradiocase.While in atypicalpacketradiomodetheonly unknown is the
startingtimeof a transmittedpacket, in anHF environmenta stationmaybecalling in
any oneof severalmajormodes(suchasAmtor or Pactor),eachof whichmayconsist
of several variations(suchasinvertedor not in Pactor),andwith an unknown offset
from thereceiving station’scarrierfrequency.

This requiresthatthestandbystationusesmany demodulatorsin parallelto dig for
possiblesignals,which leadsto the somewhat paradoxicalsituationthat the standby
operatingmoderequiresmuch more CPU power than an ongoingcircuit. The user
mayhowever limit thesearchspacein exchangefor CPUload,suchasby limiting the
maximumallowablefrequency offset.

Thedevelopmentof suchaHF enginerunningundertheLinux operatingsystemis
in progress.Mostneedednow is a decentterminalprogram;anyonewantingto volun-
teeris askedto getin touchwith theauthor.

6 Outlook

I amplanningto continuedevelopingtheavailablesoftwareby addingnew modesand
adaptingit to new hardwarewhenit getswidespread,suchasAC97.

I amalsoplanningto bring thebenefitsof thesoftwaremodemapproachto packet
radio nodes.The target platform is likely to be the next generationRMNC/FlexNet
hardware.



5

7 Web Resources
AnalogDevices,Inc. http://www.analog.com
CrystalSemiconductors http://www.crystal.com
CreativeLabs http://www.creaf.com
PC/FlexNet http://home.pages.de/˜flexnet
Linux AX.25 utilities ftp://zone.pspt.fi/pub/linux
Author’sHampage http://www.ife.ee.ethz.ch/˜sailer/ham/ham.html
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