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ABSTRACT

Inthisarticle,theauthorsproposeanewapproachformodellingandfailureanalysisbycombining
thegraphicalrepresentationprovidedbyPetrinetsandfuzzylogic.Thegraphicalmethodisusedfor
describingtherelationshipbetweenconditionsandevents.TheuseofPetrinetsinfailureanalysis
enablesreplacinglogicgatefunctionsinfaulttrees.TheFuzzylogictechniqueallowsnaturallanguage
descriptionsofprocessentitiesaswellasanif-thenrule-baseddefinitionofproduction.Inaddition,
thisstudydevisesanalternative,atrapezoidalgraphmethodinordertoaccountforfailurescenarios.
Examplesvalidatingthisnovelmethodindealingwithfailureanalysisarealsoprovided.

KEywoRdS
Fault Diagnosis, Fuzzy Logic, Intervals Fuzzy Petri Nets, Modelling, Uncertain Systems

1. INTRodUCTIoN

Theconductofindustrialdiagnosticsandtheplanningofanadequatetroubleshootingprocedureare
majorconsequences,sincetheyprovidethebasisfortimelyinterventionandthuskeepcatastrophic
situations.Severalstudieshavebeenpublishedondiagnosismethodsandtechniquesusedformaking
decisioninvariousfields,especiallyinmedicineandmaintenance.Wecancitetheexpertsystems
usedinmaintenancewhichmakesitpossibletodiffuseknowledgethankstotheevolutionofcomputer
science.TheexpertsystemsintroducedbyZadehintegratefuzzylogicformodellinguncertainsystems.
Performancesofthemodellingapproachesdependonthemeansofthetechniquesendthemodel
beingused.Obtainingandusingthemodeltoconstructacontrolsystemisacomplexanddifficult
task(Azar,&Serrano,2016;Azar&Vaidyanathan,2015a;2015b;2015c),moreparticularlyforthe
uncertainsystemsbecauseofunforeseenanduncontrollableeventsthatcharacterizethem.

Thispaperdealswithtwoofthreetypesofqualitycontrolmethods:methodsformonitoringan
ongoingproductionprocessandtroubleshootingmethodforlocatingthecauseofperturbation.The
diversificationoftechniquesandmethods(Kaliannanetal.,2015;Souguietal.,2014)forusingfuzzy
logichavelimitationsduetothefactthatindustrialmaintenanceismainlybasedonsubjectiveand
uncertainknowledge.Ourgoalistomaintainthevaluesofproductwithinthelimitsspecifiedandto
gettheprocessincontrol.Oncetheprocessismonitoredandisabletostaywithinitsspecification
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limits,itscapabilitycanbedetermined(Dhouibietal.,2005,2011).Thisworkfocusesonquality
regulationofuncertaindiscrete-eventsystems(Cardoso&Camargo,1999);andtriestouseInterval
FuzzyConstrainedPetriNets(IFCPN)asatoolformodelling,identificationandisolation.Ourmain
contributionistoextendthefunctionalrangeofICPNapplicationstoregulateandidentifyuncertain
systemswherethevalidityintervalsofanyparameterarefuzzyandcharacterizedbythepropagation
ofuncertainevents(Lajmietal.,2017;Senanetal.,2014;KouahandSaïdouni,2015);Cassandras
&Lafortune,2008;Belhadefetal.,2016).

Thispaperisorganizedasfollows:Inthefirstpartofthiswork,westudythemodellingofa
dynamicsystem:weproposeanapproachusingStatisticalProcessControl(Alsup&Watson,1993;
Pillet,2000;SaadéandVahidov,2011)inordertobuildthevalidityrangesoffuzzyintervalsand
wecompute robust control lawsof thismodel (Dhouibi,2005).The secondpartof thepaper is
dedicatedtoimplementingauniqueperturbandobservealgorithmtotrackandmaintainthemaximum
productionwithoutdefault.

1.1. Expert Systems for Industrial diagnostics
Anexpertsystemisusuallyusedasabasefortheimplementationofareal-timemechanismablefor
performanceanalysisanddiagnosisofanindustrialprocess.Inthiswork,weareinterestedindecision
makingforindustrialdiagnosistohelpandidentifythefaultandthusreducetheprobability.Ourgoal
istoproposeafaultdetectionapproachbasedonafuzzyintervalPetrinetmodelabletosimplifythe
diagnosisofthefaultandinitializationofthenecessarycorrectiveactions.Theinformationconcerning
thefaultsiscarriedbymeasuredsignalsandconvertedofferingonthealarmslistandmessagesto
definetheprimarycauseaswellasalistofprioritiesofpotentialsolutions.

2. FUZZy INTERVAL PETRI ModEL ANd FAULT TREE

Theproduction is subject tomanyuncertainties arising from theprocesses, theoperatorsor the
variationsofqualityoftheproducts.Aproductionisseldomperfectlyrepetitive.Allauthors,who
treated uncertainties, studiedmainly two disturbances: disturbances on the equipment and more
particularlymachinebreakdownsor thedisturbancesconcerningworkandmoreparticularly the
changeintheoperationaldurations.

The proposed tool, IFCPN model, is introduced in order to extend some properties of
theIntervalConstraintPetriNets(Dhouibi,2005)whichisconsideredasanextensionofthe
P-temporalPetriNet(Khansa,1997)andasub-classofHighLevelPN(Jensen&Rozenberg,
1991;(Scarpelli&Gomide,1993).

2.1. Interval Fuzzy Petri Nets
TheconceptofIntervalFuzzyPetriNets(IFPN)(Lipp&Gunther,1993;Duboisetal.2000)isderived
fromtheICPNmodelwherewedefineISasafuzzyintervalassociatedwithplaces(Khansa,1997).
Thismodel isusedtorepresentafuzzyrule-basedsystemthat iscapableofmodelingthefuzzy
productionrules:if p

j
and p

k
(Looney,1998;BugarinandBarro,1998).

The theory of fuzzy interval has found applications for modeling and controlling uncertain
presentationsystems(Chen,2000;Moore,1966)inthesettings.Knowingthataconventionalinterval
includesallpossiblevaluesinafuzzyrange,weassociateadegreeofuncertaintyforeachofthe
possiblevalues.

Inthisarticle,weintroduceamethodforcalculatingthelimitsofagivenrange.First,weare
goingtopresentthebasicconceptsofconventionalandfuzzyintervals.

Afuzzyinterval I
F

isdefinedasaconventionalintervaltowhichisassociatedamembership
functiondenotedµ

I
:
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