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Abstract

EversinceExplorer-1,theUnitedStates’firstEarthsatellite,wasdeveloped
andlaunchedin1958,JPLhasdevelopedmanymorespacecraft,includinglanders
andorbiters. Whilethesespacecraftvarygreatlyintheirmissions,capabilities,and
destination,theyallhavesomethingincommon. Allofthecomponentsofthese
spacecrafthadtobecomprehensivelytested. Whilethoroughtestingisimportant
tomitigaterisk,itisalsoaveryexpensiveandtimeconsumingprocess. Thank-
fully,sincevirtuallyallofthesoftwaretestingproceduresforSMAParecomputer
controlled,theseprocedurescanbeautomated. MostpeopletestingSMAPflight
software(FSW)wouldonlyneedtowriteteststhatexercisespecificrequirements
andthencheckthefilteredresultstoverifyeverythingoccurredasplanned.This
givesdeveloperstheabilitytoautomaticallylaunchtestsonthetestbed,distillthe
resultinglogsintoonlytheimportantinformation,generatevalidationdocumenta-
tion,andthendeliverthedocumentationtomanagement. Withmanyofthesteps
inFSWtestingautomated,developerscanusetheirlimitedtimemoreeffectively
andcanvalidateSMAPFSWmodulesquickerandtestthemmorerigorously.As
aresultofthevariousbenefitsofautomatingmuchofthetestingprocess,manage-
mentisconsideringthisautomatedtoolsuseinfutureFSWvalidationefforts.

1 Introduction

TheSoilMoisture,ActiveandPassive(SMAP)projectaimstogatherdataaboutthe
freeze/thawstateandsoilmoisturelevelsoftheEarth’ssurface[4].Theflightsoftware
internaltesting(FIT)team’sroleintheprojectistodevelopandtestflightsoftware.
Theamountoftestingthatoccurstovalidateaportionoftheflightsoftwareisanon-
trivial,multi-facetedprocesswhichincludestheuseofautomatedscriptsandothertesting
tools. Theautomatedtoolsusedfordevelopmentareoftenintertwinedwiththetools
usedfortesting. Eachindividualtoolistypicallycombinedwithvariousothertools
andwrappedintoasingleexecutabletool. Thesecombinedtoolsprovidehighlevel
functionalityforspecificsituations,suchastestingthecurrentbuildofflightsoftware
(whichincludesbuildingtheproject,checkingthecodeforproblemssuchasunbounded
loops,andrunningtestcases).Thesetypesofhighleveltoolsprovideinfrastructureto
softwaredevelopersandtesters,whichultimatelymakestheirjobseasier.
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Whenanysufficientlylargesoftwaredevelopmentprojecttakesplace,thereiscom-
plexityinthesoftwaredevelopmentinfrastructure.Variouspeoplearebuildingandtest-
ingtheircodeandmanydirectoriesexistforstoringcertaindocumentation. Asthe
projectgrowssodoesthenumberofpreviousbuildsandthearchiveofdocumentation.
Inordertokeepeverythingstraight,softwareinfrastructuretoolscanbedeployedto
consolidatesummarydataformanagersandautomatetestingprocesses. Thesetools
ultimatelysavethedeveloperstimeandmakethedevelopmentteammoreefficient.

2 Background

Whenflightsoftware(FSW)isbeingdeveloped,itisalsobeingtestedtoensurethatthe
codemeetstherequirementsoftheproject.Tofacilitatetesting,theSMAPprojecthas
testbedsintwodifferentbuildings(Blg.198andBlg.156)thatdeveloperscanreservetime
onandaccessremotely.However,becausenoteveryonecanruntestsonthetestbedat
once,softwarethatsimulatestheavionicsisoftenusedinstead.OntheSMAPproject,
thesimulationsoftwareiscalledthe WorkstationTestSet(WSTS). WSTSisvxSim-
basedandsimulatesthehardwareinthetestbed. Anythingthatissupposedtooccur
inhardwarewillrunslowerin WSTS,butsince WSTSisrunningoncomputerwitha
muchfasterprocessorthanSMAP’sRAD750,thesoftwareexecutesfasterthaninthe
testbed[3].Because WSTSdoesn’trelyonthespacecrafthardware,everydevelopercan
run WSTSontheirownmachine,reducingcontentionfortestbedtimeandultimately
makingthedevelopersmoreefficient.
Becauseitcanbespawnedonlocalmachinesanddoesn’triskdamagingthehardware,

WSTShasbeenanidealplatformforautomatedtesting. WSTShasenabledautomatic
overnightregressiontestsandothertestingsuitestobedevelopedanddeployedaspartof
theSMAPFSWdevelopmenteffort. Whilehavinganautomatedtestingsuiteisusefulto
developers,the WSTSregressionsuiteoperatesatalowerfidelityandataslowerspeed
thanaregressionsuitewouldoperateonthetestbed.Further,theWSTSregressionsuite
resultscomefromasimulator,whichareonlyasaccurateasthesimulatoritself. WSTS
isnotsufficienttoensurethatthesoftwarewillfunctionontheflighthardwarebecause
itisverylikelythattherearesmalldifferenceswithwhat WSTSissimulatingandhow
thehardwarewillactuallybehave.Runningflightsoftwareinthetestbedisalsotheonly
waytoexecutethecodeinreal-time.
Unfortunately,aregressionsuitethatoperatesonthetestbedwasn’tavailableand

neededtobedeveloped.DuetotheexistingWSTSregressionscript’stightcouplingwith
otherlibaries,lackofmodularity,andtheteam’sdesireforaflexiblesystem,acompletely
newregressionscripthadtobedevelopedfromscratch. Althoughtheregressioncode
neededtobewrittenfromscratch,manyexistingprocessessuchasChillandCuteCom
couldbeleveragedtosendcommandsandconfigurethespacecraftinthetestbed.Addi-
tionally,existingscriptsandwrapperscouldbeutilizedtosendSSEandflighthardware
(FHW)commandsmessingwiththelow-leveldatastreamsonthetestbedequipmentvia
socketscouldbeavoided.

3 SystemDetails

Tomaximizesystemflexibilityandcodere-use,theTestbedRegressionSuitewasdevel-
opedasamodularsystem. WiththeconstantlychangingtestingneedsoftheFITteam,
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creatinganeasilyextensiblesystemwasatoppriority.Bydividingthefunctionalityof
theTestbedRegressionSuiteintomultiplemodules,thesystemcanbeeasilyreconfigured
tosupportdifferenttestingefforts.Becauseoftheloosecouplingbetweenthemodules,
itisalsopossibleforasubsetofthemodulestobeusedforapplicationsverydifferent
fromtesting;anyfutureprojectthatrequiresanAPIforChillorCuteComcanusethe
modulestoeasilydevelopanewsystem.
ThereareseveralmodulesprovidedaspartoftheTestbedRegressionSuiteandeach

representsapartoftheregressionsuite. Althoughthemodulesareisolatedfromone
another,modulesareorganizedinahierarchywherelow-levelfunctionalityprovidedby
modulessuchasSSEandCuteComareultimatelyutilizedbyhigh-levelmodulessuch
astheTestControllerorTestbed198.Adiagramofthesystemarchitectureisshownin
Figure1.

Figure1:TheRegressionSuiteSystemArchitecture

3.1 CuteCom

CuteCom[2]isanopen-sourceserialdeviceterminalprogramthatiscurrentlyusedto
talktothehardwareinthe198SMAPtestbed. CuteComisusedtoload,initialize,
andrunflightsoftware.Sinceflightsoftwareneedstoberestartedforeachtestinthe
regressionsuiteandCuteComhasaGUIfrontend,theCuteCommodulemakesuseof
sendcctosendindividualCuteComcommandsinaheadlessenvironment.Inaddition
tosendingserialcommands,sendccprovidestheoutputofthecommandexecuted.The
returnedoutputcanthenbeanalyzedtodetermineifthecommandsucceeded.Forex-
ample,whensendingthe”enetinit”commandtheexpectedoutputinthe198Testbedis:

Loadinglnc...initString=null
Loadinglnc...initString=1:-1:-1:-1:0x0:0x0:0x3100
unit1IOBase0xc0440300Ivec0x1cIlevel0x0Offset0
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Byverifyingthattheoutputofcommandsmatchestheexpectedoutput,theflight
softwarewillalwaysbeinthecorrectstateandanytestfailureswon’tresultfromthe
softwareloadingprocedure.Ifanylineintheoutputstreamdoesn’tmatchoneofthe
expectedconditions,thesystemwilldetectthatFSWfailedtoinitializeandtakecorrec-
tiveaction.Bydefault,theFSWinitializationsequencewillbesentonemoretime,with
thesystemterminatingonanerror.

3.2 SSE

JustastheCuteCommoduleprovidesanintefaceforCuteComtointeractwithflight
software,theSimulationSupportEquipment(SSE)moduleprovidesaninterfacetothe
SSE.ThisinterfaceconsistsentirelyofturningonandofftheSSE.TheSSEprovides
extrafeedbacktodevelopersandfacilitatesthetestingofflightsoftware. TheSSE,
likeflightsoftware,hasaspecificturnonprocedurethatmustbefollowedtoavoid
problems. However,theSSEturnonprocedurehasaslightchanceofcausingdamage
totheflighthardwareiftheturnon/offprocedureisexecutedincorrectly. Although
anincorrectlyexecutedturnon/offprocedureisunlikelytodamagethehardware,it
willplacethesysteminanunknownstatewhichcauseproblemswhendeterminingthe
expectedresultsofthesystem. HoweverunlikelyitisthattheSSEprocedurescould
damagethehardware,thebenefitofhavingacompletelyautomatedtestbedversusan
almostcompletelyautomatedtestbed(adifferenceinexecutiontimeontheorderof
seconds)wasn’tworththeriskofdamagingextremelyexpensiveflighthardware.Itis
worthnotingthatthedangersoftheSSEmodulearenotaresultoftheSSEmodule
itself,butrathertheentireregressionsuitecrashingduringexecution. Ascurrently
implemented,aregressionsuitecrashwouldnotsendtheSSEshutdowncommands,thus
leavingtheSSEinanunknown,andpotentiallydangerousstate.

3.3 Chill

Inordertogetfeedbackfromthespacecrafthardwareinthetestbed,amoduleneeded
tobedevelopedthatencapsultedalloftheuplinkanddownlinkfunctionalitybetween
thespacecraftandthegroundsystems.Thankfully,thismodule(namedChill)waspre-
existingsoonlyawrapperneededtobedeveloped.Release2(R2)Chillconsistsoftwo
programs,chilldownandchillup(fordownlinkanduplinkrespectively). Whenthese
twoprogramsareruninteractivelyandlaunchedviachill,theirGraphicalUserInterfaces
(GUIs)arecombinedintoanuplink/downlinkwindowandnumerouswindowsappearto
allowtheusertoconfigurethesessionandsendflightsoftwarecommands. WhileGUIs
areexcellentforhumanusers,theyaren’tveryusefultoautomatedscripts.Therefore,
theprocessesarerunheadlesssotheydon’tneedtobeconfiguredandnothingneedsto
beclicked.
SinceChillutilizesdifferentports,hostnames,andSSEinformationdependingonthe

testbedthatitisrunningin,theChillmoduleisinitializedwithadictionarycontaining
alltherelevantconfigurationinformationtomaximizeflexibility.Ifanyvaluesinthe
dictionaryaren’tspecified,theyaresettothedefaultsofaparticularvenue. These
defaultsaresometimesthecorrectvalues,butoftendefaulttoincorrectvalues.Forthis
reason,eachvenueshouldprovideacompletedictionarywheninitializingChill.
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3.4 TestVenue

Unlikeallotherpartsofthesystem,theTestVenueclassismerelyaninterface(via
abstractmethods)thatshouldbeimplementedbyanytestvenuesuchas WSTSorthe
198Testbed.Themethodsthatmustbeoverridenbysubclassesare:

•start-one-timeinitializationcode

•prepareForTest-multipleinitializationcode(usuallyusedtoensureseparatelogs)

•runTest-theonlynon-abstractmethod,runsfitfuncbydefault

•finishTest-shutsdownanythingspawnedbytheprepareForTestmethod

•stop-one-time(final)shutdowncode

•configure-configuresthetestbed(settinginstancevariables,debugstate,etc.)

3.5 Testbed198

TheTestbed198classessentiallytakesthe198TestbedTurnOn/OffProcedure[1]and
automatesitusingsoftware. Namely,theTestBed198classoverridesalltheabstract
methodsfromtheTestVenueclasstoexecutetheprocedureandruntestsonthetestbed.
WhenthetheTestbedRegressionSuiteruns,thetestbed’sconfiguremethodiscalled
firsttoassignportnumbersandhostnamesthatwillbeusedintheprocedure.Oncethe
TestbedRegressionSuiteisreadytoinitializethetestbed,thestartmethodisexecuted,
synchronizingtimersandpoweringonthetestbed.Shortlyafterstartcompletes,the
testingloopbegins. Withinthisloop,theprepareForTest,runTest,andfinishTestmeth-
odsarecalled. TestbedutilitiessuchastheGroundDataSystem(GDS)arespawned
atthebeginningoftheloop,usedduringtestingintherunTestphase,andthenshut
downduringtheendoftheloop.Asconfigured,thisloopexecutesoncepertestscript.
Specifically,thetestingloopencapsulatesthefollowingsequenceofevents:

1.StartCuteCom

2.StartChill/GDS

3.Sendahardwaresytemreset(HDWSYSTEMRESETcmd)

4.Verifytestbedconfiguration(checkbootbank,makesureallcommandswentthrough)

5.load,initializeandrunFSW

6.executearegressiontest

7.ShutdownChill

8.ShutdownCuteCom

Whenthefinaliterationoftheloopcompletesafterexecutingthelasttest,the stop
methodisexecutedtoshutdownthetestbed. Thismethodpowersoffthetestbedand
shutdownstheSSEcomponentsofthesystem.Oncethefinalshutdowncommandsare
executed,andthetestbedhasbeencleanedupforthenextuser,theTestbed198class’
roleintheTestbedRegressionSuiteisfinished.
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3.6 TestController

TheTestControllerclassisthetop-levelmoduleintheTestbedRegressionSuiteand
istheonlypartofthesystemthatisspecificallydesignedforaregressiontestsuite.
Asthetop-levelmodule,theTestControllerisresponsibleforhandlingcommandline
arguments,configuringtheregressiontestingprocess,andcontrollingthetestbedviaits
interfacemethods.Itisalsoresponsibleforsettinganynecessaryenvironmentvariables
usedduringthetestingprocess. WhentheTestbedRegressionSuitebegins,theTest
Controllerfirstparsesthecommandlinearguments,whichconsistofabuildfolderand
atestfile. Thebuildfoldercontainseverythingthatisneededtorunregressiontests,
includingaflightsoftwareobjectfileandaXMLcommanddirectory(usedforsending
commandsinChill). Thetestfilecontainsalistofthemoduletobetested,thehost
toruntheteston,argumentsthatshouldbepassedtothetest,andanumberofother
parameters.
Inordertoexecuteregressiontests,theTestControllerexecutesthefollowingproce-

dure:

1.Getthetestfilenameandbuilddirectoryfromthecommandarguments

2.Parsethetestfileandconsolidatedictionariesrepresentingeachtestintoalist

3.InitializetheassignedTestVenuesubclassandperformtheone-timestartup

4.ExecutetheTestVenuesubclasstopreparefortestexecution

5.Getatestdictionaryoutofthelistandrunitviafitfunc

6.Shutdownthepartsofthetestbedthatarestartedforeachtest

7.Shutdownthetestbed

8.Optionally,post-processthetestsessionusingsmappp

BecausealltestbedsshouldderivefromtheTestVenuebaseclass,theTestController
classistestvenueagnostic;nochangesmustbemadetotheTestController(except
ensuringthedesiredtestbedisset)toexecuteregressiontestsatadifferentvenue.This
propertymakestheTestbedRegressionSuiteveryadaptablebecausetheTestController
classisn’tcoupledwithCuteCom,SSE,orChill. Thebiggestbenefitofthistypeof
systemdesignisthesignificantamountofflexibilityitprovides.Ifauniquetypeof
testvenueisdevelopedinthefuture,theTestbedRegressionSuitewillworkonthat
testbed,providedatestbedclassisdeveloped.Ifthetesterwantstorunsomethingother
thanaregressiontestonthetestbed,theTestControllerclasscansimplyberemoved
andreplacedwithadifferentclassthatperformsthedesiredtests.BecausetheTestbed
RegressionSuiteissoflexible,itcanbeusedonallfuturetestingprojectsanddecrease
thetimerequiredtomanuallybringupthetestvenueandruntests.

4 Conclusion

Throughthecompletionofthiswork,thetheTestbedRegressionSuitecontributesboth
APIwrappersforcommontestbedoperationsandacompleteregressionsuite.Bothof
theseresultsimprovedeveloperefficiencybydecreasingtheamountoftimethatneeds
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tobespentontesting.Additionally,asmorenon-flightprojectsmovetowardsamodu-
lar/componentarchitecture,thecodedevelopedaspartofthisprojectwillbeincreasingly
valuable.Inthefuture,allofthecodethatispartoftheTestbedRegressionSuitecould
beintegratedintoamuchlargersystemthat,asanexample,buildstheflightsoftware,
runsaregressiontestonthebuild,andperformssometypeofanaylsisattheend.The
possibilitiesaretrulyendlessanditisthesincerehopeoftheauthorthattheTestbed
RegressionSuiteisutilizedbyfuturedevelopersandcontributestotheautomationefforts
atJPL.

5 Future Work

AlthoughtheTestbedRegressionSuiteismostlycomplete,therearealotofaspectsofthe
systemthatcanbeimproved.First,thevariousoutputsandlogscanbeconsolidatedinto
oneareasotheresultsoftheTestbedRegressionSuitearemucheasiertoview.Thelogs
andoutputthatwouldneedtobeconsolidatedresultfromCuteCom,chilldown,chillup,
theTestbedRegressionSuiteitself,andvariousotherplaces.Second,theerrorchecking
thesystemdoestoensureeverythingisokaycouldbemorerobust. Eachpartofthe
system(Chill,CuteCom,etc.)issocomplexthattheresimplywasn’ttimetoimplement
extensiveerrorchecking.Lastly,thetimingofthetestbedclassescanbeimproved. Many
ofthewaittimesaftercommandsweredeterminedbyvaryingthetimingvaluesuntila
taskworkedconsistently.Sincethesewaittimesarefixed,theyhavethepotentialto
addalotofoverheadtothesystem.Inadditiontothefutureimprovementspreviously
mentioned,thereisalwaysroomtoimproveasystemormakeitevenmoreflexible.
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