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1 Abstract

Recently standardersonacomputergPCs)have becomepowerful enoughto do se-
rious digital signalprocessing DSP)without the needfor a specializedDSP copro-
cessorA standardPC soundcardsenesastheinterfacebetweerthe analogworld of

the radio andthe digital world of the PC processarThis equipmentogetherwith an

appropriatesoftware packageallows the hamto operatemary populardigital modes
withouta TNC.

2 Historical Perspective

Processingligital signalswith agenerapurposedigital computeiis notnew atall. But
only recentlypersonatomputergPCs)have becomdastenougtto doseriougealtime
digital signalprocessingA highend486or Pentiumclassmachinds requiredfor these
applicationsAnaloginterfacegsoundcardsyith goodquality arealsorelatively new;
earlymodelssufferedfrom low resolutionJow samplingratesandhigh prices.

Amateurmodeshaving no timing relationshipbetweerreceving andtransmitting,
suchasRTTY, FAX, SSTV or POCSAG, canbe implementedquite easily Standard
operatingsystemdriversfor the soundcardnay be used,and neitherhugebuffering
norlong latenciesdo hurt. Severalprogramshandlingthesemodespoppedup recently
ontheinternet.

Modesrequiringfastswitchingbetweerreceptionandtransmissionlow latencies
andan exacttiming, suchaspaclet radio andthe synchronoushortwave datamodes
like Amtor andPactot aremoredifficult toimplementThis papereviewstheproblems
associateavith thesemodesandpresentpossiblesolutions.

After experimentingwith digital signalprocessord, startedmplementinga paclet
radiomodemfor PC'srunningDOSin late1994.Thedevelopmenplatformatthattime
wasa 486DX2/66.A first versionwaspresentedt the DarmstadtGermaily, meeting
in 1995[Sai9g. TheDOSversionwascontinuallydevelopedurther, gotmodularized,
thatis, the soundcardiriversandmodemcodewasseparatedl he codewasportedto
Linux in early1996[Sai9q, andbackto Windows95in late 1996[Sai97.

Thesoundcargacletradiosoftwareis now availablefreeof chagefor amateura-
dio applicationsThe DOSandWindows95versionsareavailablefrom the PC/FlexNet
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homepagéseebelawn), while theLinux versionis includedin thestandardrersion2.1.x
kernelsourcesVersion2.0.xusersneedto geta patchfrom thezoneFTP site (seebe-
low).

3 Motivation

Thesoftwaremodenprovidesseveraladvantagesverthecorventionalapproachusing
aTNC.

¢ Sincethereis no dedicatedTNC hardware,this solutionis cheap.Terminalsare
not widely usedarnymore,a PC is commonin typical HAM shacksandyou
will needit anywayto runthosefang graphicalterminalprogramsTodaysPCs
areshippedwith soundcardslireadyinstalled furthermoresoundcardgo for as
little as$30. Thereforealmostall the requiredhardwareis alreadyavailableat
thetypicalhamshack.

e EasydiagnosticsNo morefiddling with oscilloscopesjust run the diagnostic
applicationto plot theinput signal,eye diagramsetc.

¢ Softwareconfigurablelt is easyto changethe operatingmodewithout a hard-
warechangewith only afew keystrokes.With a corventionalTNC, you have to
buy andinstallanothemodem.

e Comparedto specializedDSP processorsPC developmenttools are usually
muchmore mature;the modemcodemay be single-steppedjatamay be log-
gedto disk, or even multiple modemsconnectedoy a software radio channel
simulatormayrun simultaneouslyn a singlemachinewhich greatlysimplifies
deluggingandoffersnew developmenipossibilities.

¢ Mobile operationsacontemporarnjaptopcomputemwith builtin soundhardware
anda handheldransceveris all you needto operateontheroad.

Of coursethesoftwaresolutionalsohasa few disadwantages.

¢ |t requireshost CPU processingpower. The requirementsare quite moderate,
however. A typical hostCPU loadis 10% of a Pentium751200Baud AFSK).
Thevaluescalesiicelywith CPUclock frequeng. MMX is neitherrequirednor
used sinceits moderatébenefitshardlyjustify the painto developMMX aware
applications.

¢ Themodemsoftwaretiesupthesoundcardlt is howeverpossibleto operatewo
soundcard# asinglePC.

¢ Audio quality of the soundcardss widely varying. The generaltrend seemsgo
betheaudioquality beinginverselyproportionalto price. Cheapcardswith just
a singlechip from Analog Devicesor Crystal Semiconductorsisuallydo fine,
while theratherpopularmodelsfrom Creatve Labsoffer lessquality. Their mi-
xer chip’s bassandtreble controlsintroducephasedistortion. Becauseof the
widely varyingsignalimpedancedevelsandconnectorst isimpossibleto draw
agenericwiring diagramto theradio.



e It is still not completelyfree of dedicatechardware.Soundcardsisuallydo 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 requiredconnectorsCircuit diagramsof
examplecircuitsmaybefoundonthe FlexNethomepage.

4 Packet Radio

Packet radiorequiresa fairly fastswitchingtime betweerreceve andtransmit,in the
order of milliseconds.If this requirements not met, the channelaccessalgorithm,
namelyCSMA or eventuallyDAMA, rapidly shavs performancealegradation)eading
to excessie collisionson the channe[Wel97).

UnfortunatelyneitherstandardVindows95sounddriversnor the Linux sounddri-
ver offersthis performanceActually, the Linux driveris “almostthere”. An experime-
nal usermodeémplementatiorof the paclet radiomodemusingthe Linux sounddriver
performswell on somecomputersput suboptimumon others,dependingn the CPU
speedandnetwork activity, etc. DOSdoesnot provide a sounddriver at all anyway.

Therefore the paclet radio softwarehasto provide its own soundcardiriver. This
limits thesupportegoundcardso thevastmajority of the Soundblasteor WSS com-
patiblecards Sincethedriver requiredirectaccesso the hardware, it hasto beimple-
mentedasakernelmoduleunderLinux, or asthe Windows equivalent,a VXD.

Boththestandaraperatingsystensounddriverandthepaclketradiomodemdriver
want exclusive accesgo the hardware. This complicatesnstallation.Details on the
installationprocedureanbefoundontheFlexNethomepagéor the DOS/Windows95
caseor in the AX25-HOWTO in theLinux case.

TheDOS/Wndows95driver usesPC/FlexNet[Jos95h Jos95hasits AX.25 stack.
This meanghatevery applicationsupportedy FlexNet or its compatibility modules
canbeused.This is the vastmajority of the existing paclet radio programs.Thereis
no needfor specialterminalprograms.

UnderLinux, anAX.25 stackis incorporatednto thekernelnetworking. Therefore,
the naturalchoicewasto implementthe soundcardnodemdriver asa standard_inux
networking interface.While slightly morecomplex to install, otherAX.25 stackssuch
as*NOS canbeusedaswell.

5 Popular HF protocols

PopularHF protocols,suchasAMT OR (SITOR) [CCI86] or Pactorl [HS9(, posea
few additionalproblemsthathave to be addressed.

HF protocolshavevery stringentiming requirementsCCIR recommendiessthan
20ppmclock deviation for SITOR! Therearea few differentpossibilitiesto derive a
clock signalin the PC:

1. thesoundcardampleclock
2. theCPUclock feedingthe cycle counter

3. thesystemtimer

lwindaws SoundSystema hardwarestandardnitially designedy Microsoft; it hasnothingto do with
theavailability of Windows drivers
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4. peripherialclock generatorsuchasthe baudrategeneratoof a serialinterface

While 1 is the naturalchoicefor full duplex soundcardsit cannotbe usedon the
half duplex variety, dueto the discontinuity during switching betweenreceve and
transmit.2 is a corvenientsourcebecausdt canbereadeasilyandprovidesfine gra-
nularity, but is unfortunatelyonly available on Pentiumclassmachines.3 might be
incorvenientbecaus®f the gamegheoperatingsystemplayswith thesystentimer. 4
tiesup additionalhardwareresourcestherwisenot needed.

Neitherof thesesourcedulfill the20ppmrequirementThe problemis notthe sta-
bility, at leastnot if the PCis operatedndoors,but theinitial frequeng. After all, a
100MHz P5 systemmay aswell run with 100.1MHzor 99.9MHz. Therefore,a me-
thodto calibratetheseclock sourcess required Now the only methodto measureghe
frequeng of a signalis to comparet to a signalwith known frequeng. Sucha refe-
rencesignalhasto fit into the passbandf thesoundcardl have experimentedvith the
following signals:

¢ LongwavetimecoderansmittersDCF77canberecevedeasilythroughoutcen-
tral europeat 77.5kHz,andits pseudmoisephasecodeallows accuratemeasu-
rementswithin afew minutes.

¢ TV broadcashorizontalline sync.VCRswith basebandideooutputarereadily
availableandsomeTV stationshave horizontalsyncfrequeng derivedfrom an
atomicclock, suchasthe secondyermanstatenetwork (ZDF).

GPScouldalsobeused put its outputsthesecondtlockandeventuallythe 10MHz
referenceoutput,do notfit into the passbandf a soundcardthereforesomeadditional
circuitry would berequired.

Additionally, the“searchspace’whereto look for signalss muchbiggerthanin the
typical packetradiocaseWhile in atypical pacletradiomodetheonly unknavnis the
startingtime of atransmittedoaclet,in anHF ernvironmenta stationmaybe callingin
ary oneof severalmajormodeg(suchasAmtor or Pactor),eachof which may consist
of several variations(suchasinvertedor not in Pactor),andwith an unknown offset
from thereceving stations carrierfrequeng.

Thisrequireghatthe standbystationusesmary demodulatorén parallelto dig for
possiblesignals,which leadsto the somavhat paradoxicalsituationthat the standby
operatingmode requiresmuch more CPU power than an ongoingcircuit. The user
may however limit the searchspacen exchangdor CPUload, suchasby limiting the
maximumallowablefrequeng offset.

Thedevelopmenbf suchaHF enginerunningundertheLinux operatingsystenis
in progressMost needechow is adecenterminalprogram;anyonewantingto volun-
teeris askedto getin touchwith theauthor

6 Outlook

| amplanningto continuedevelopingtheavailablesoftwareby addingneny modesand
adaptingt to new hardwarewhenit getswidespreadsuchasAC97.

| amalsoplanningto bring the benefitsof the softwaremodemapproactio paclet
radio nodes.The target platform is likely to be the next generatiorRMNC/FlexNet
hardware.



7 Web Resources

AnalogDevices,Inc. http://www.analog.com

CrystalSemiconductors http://www.crystal.com

Creative Labs http://www.creaf.com

PC/FlexNet http://home.pages.de/ Reet

Linux AX.25 utilities ftp://zone.pspt.fi/pub/linux

Author'sHampage http://wwwi.ife.ee.ethz.ch/"sailer/ham/harmt
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