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Safe-Platoon:
A Formal Model for Safety Evaluation
Mohamed Garoui, UTBM, Sousse, Tunisia

ABSTRACT

Buildingasafetymodeltomakeexpertdecisionsisanapproachtoimprovethesafetyofasystem.
The issueof safemodelingandanalyzingsuchdomain is still anopen research field.Providing
quantitativeestimationofasystem’ssafety isan interestingmethod tostudysystemcomplexity.
Thisarticleexplorestheauthor’scurrentmethodsandproposesanewformalmodelforquantitative
estimationbasedonastochasticactivitynetwork(SAN).Thismodelisbuiltbasedonsomefailure
modesthataffectplatoonvehicles.
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INTRodUCTIoN

Safetymodelingandanalysisareusedinseveraldangerousindustrialdomaintoexplainsafetyof
installationsandoperations.SuchasdefinedbyMcDermid(2001):“Systemsafetyisaconceptcanbe
appliedtothistraditionalfieldtohelpidentifythesetofconditionsforsafeoperationofthesystem”
or“Thesystemsafetyconceptcallsforariskmanagementstrategybasedonidentification,analysisof
hazardsandapplicationofremedialcontrolsusingasystems-basedapproach”.Animportantresearch
workhasalsobeeninitiatedtoprovideplanstodocumentsafetymodeling.Theinitialworkisthat
developedbyArnaudLanoixin(2008)whereinheusestheEvent-B(Abrial,2010)asaformalmethod
tomodelandverifythebehaviorofplatooningsystem.Heneedstheformalmethodthatsupport
andensurethecorrectnessandstructuringofsafetysystemdevelopment.Theproposedtechnicalby
Event-Bsuchasrefinementwhichisusedtoprogresstowardsimplementation.Anabstractmodel
istransformedintoamoreconcreteandelaboratemodel.Thesafetyproprietiesrelatedtheplatoon
systemisspecifiedinclauseinvariantsinthemodel.AnotherresearchdevelopedbyRugina(2005)
inwhichaimtoproposeaformalmodelingframeworkbasedAADLmodels(Bozzanoetal.,2009)
andGSPNmodels(Brenner,Fernandes,Sales,&Webber,2005).Itsframeworkallowstheautomatic
generationofdependabilityorientedanalyticalmodelsfromhigh-levelAADLmodelsthatareeasier
tohandleforusers.Thisframeworkisasstepwiseapproachforsystemdependabilitymodelingand
evaluation,usingAADLandGSPNs.

InBozzanoetal.(2011),theauthorsproposeanextensionforAADLformalismandbuildso-
calledcomponent-basedmodelingapproachtosystem-softwareco-engineeringofreal-timeembedded
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sys-temsasaerospacesystem.Theaimsarethensubjecttodifferentkindsofformalanalysissuchas
modelchecking,safetyanddependabilityanalysisandperformanceevaluation.Now,weareinterested
toproposeaformalframeworkbasedononlyoneformallanguageandsubsequentlyhelpsusdo
analysisofsystemsafety.Forthisreason,wehavechosentheStochasticActivityNetwork(SAN)as
anextensionofGSPNformalism.TheSANformalismsupportsthecompositionoperatorsagainst
theGSPN.Theseoperatorsallowustobuildacomplexmodel.

Inthisarticle,ourworkaddressestheproblemofsafeplatoon1.Inthisproblem,ouraimisto
helpthespecialisttodevelopandinstallcomprehensibleandvalidsafesystem(platoon)foragiven
applicationinagivenenvironment.Here,weaddresssafetyofplatooningsystemimplementedasa
transportationsystem,whichhasamissionwithinaspecificcontext.Aplatoonisaseriesoforganized
vehiclesthataremovinginthesamedirectiononatrafficlane.

Ourworkaimsatdevelopingassessmentapproachesandanalyzablemodelsthatmakeitpossible
tostudythevehiclesplatoonsafetytakingintoaccountsomephenomena,suchasaccidentalfault
occurrences,successandfailuresoftherecoverymaneuvers.Thedevelopedmodelsareaimedat
providingsupporttothedesignersfortheanalysisofpossiblesolutionsofplatooningsystems,based
onsafetyevaluation.

Theplatoonsafetyisdefinedby“thesystemcompleteitsmissionwithoutanydisturbancewhich
causesdangerousstatetothesystemanditsenvironment”.Thesafetycharacterizestheconfidence
thatcangranttheabsenceofsystemfailuresthatcanhavecatastrophicconsequences,forexample
intermsoflossofhumanlives.Severaleventssuchastheoccurrenceofaccidentalfaults,mobility
vehicles,andfrequentlossofcommunicationsbetweenthesystementitiesaretakenintoaccount.This
isanewprobleminthecontextoftransportationsystemsafetyanalysis.Theproposedarchitectures
arebasedon the implementationof automaticmaneuvers toensure the safetyofvehicles in the
presenceofperturbationevents.Themaneuversarealsoplannedtoensurethesmoothfunctioning
ofthesystemfollowingtheoccurrenceoffailuresaffectingthevehicles.

So,wehavedevelopedmodels,basedonStochasticActivityNetwork(SAN)toassesstheimpact
offaultyvehicleaswellasfailureandsuccessmaneuversonthePlatooningSystemssafety.

Thispaper isstructuredasfollow:inSection2givesanoverviewabout theformalmethod,
StochasticActivityNetworks(SAN).Section3definetheplatooningsystemconsideredwithitsfailure
modesanditsassociatedmaneuvers.Section4presentstheproposedsafetymodelingapproachandits
associatedSANmodel.Section5summarizestheresultsobtainedanddiscussestheirimpactonthe
safetyofplatooningsystem.Finally,Section6concludesourapproachanddepictsfuturedirections.

THE SToCHASTIC ACTIVITy NETwoRK FoRMALISM

StochasticActivityNetworks(SAN)arediscreteeventssystemsmodelingformalism,likePetriNet.
TheyarealsoabletomodelstochasticphenomenaandareverysimilartotheGeneralizedStochastic
PetriNets(GSPN).AdditionalSANfeatureswillbeexplainedthecomparisonwithGSPN.Movaghar
(n.d.)introducedtheSANtomodelawidecomplexsystemandtomaketheiranalysisandperformance
anddependabilityassessment.ComparedtoPetriNet,theyarecharacterizedbythefollowingelements
asshowinginFigure1:

• Places (small circle):AsforPetrinets,thesetofplaceswiththeirmarkingscanbeseenas
stateofthemodeledsystem.InSANformalism,placesareoftwotypes:ordinaryandextended;

• Activities:Equivalent totransitionsinPetrinets.UnlikeGSPN,inSANthetimedactivities
can have either a deterministic or a stochastic duration. Stochastic ones are not necessarily
exponentiallydistributed;

• Input gates (red triangle):Usedtocontroltheactivationofactivities.Aninputgatedefinesthe
conditiononthemarkingofitsinputplacetomaketheactivityenabled.Italsodefines,thanksto
theinputfunction,thenewmarkingoftheseplacesafterthecompletionofitsassociatedactivity;
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