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ABSTRACT

Controllersaredevicesregulatingtheoperationofotherdevicesorsystems.Fuzzy
controllersanalyzetheinputdataintermsofvariableswhichtakeoncontinuousvalues
intheinterval[0,1].Sincefuzzylogichastheadvantageofexpressingthesolutionof
theproblemsinthenaturallanguage,theuseoffuzzyinsteadoftraditionalcontrollers
makeseasierthemechanizationoftasksthathavebeenalreadysuccessfullyperformed
byhumans.Inthepresentpaperatheoreticalfuzzycontrolmodelisdevelopedfor
the braking system of autonomous vehicles, which are included among the most
characteristic examples of Cyber-Physical Systems. For this, a simple geometric
approachisfollowedusingtriangularfuzzynumbersasthebasictools.

KeywoRdS
Autonomous Vehicles, Center of Gravity (COG), Defuzzification Technique, Fuzzy Approximation 
Theorem (FAT), Fuzzy Associative Memory (FAM), Fuzzy Controller (FC), Triangular Fuzzy Number 
(TFN)



International Journal of Cyber-Physical Systems
Volume 2 • Issue 2 • July-December 2020

47

INTRodUCTIoN

Famoussocialthinkersofourtimes(Rifkin2011,2014,Schwab,2016,etc.)argue
thatwearealreadyinthebeginningoftheeraofanewindustrialrevolutioninwhich
anadvancedInternet of Things (IoT)willbecreated,providingenergyat theright
timeandplace, andgoodsand servicesanytimeat anyplace.Thisnew revolution
ischaracterizedbytheemergenceof theCyber-Physical Systems (CPS),whichare
controlledthroughtheInternetbycomputerprograms.CPSareinintensiveconnection
withthesurroundingphysicalworldanditson-goingprocesses,providingandusing
data-accessing and data-processing services available on the Internet. Common
applications of CPS typically fall under sensor-based communication-enabled
autonomoussystems.Examplesareautonomousvehicles,distancemedicine,robotic
systems,industrialcontrolsystems,smartgrids,environmentalmonitoring,etc.

ItbecomesevidentthatthecontrolmechanismofaCPSplaysanessentialrolefor
itsgeneralfunctionandperformance.Controllersaredevicesregulatingtheoperation
ofotherdevicesorsystems.Theoperationofatraditionalcontrollerisregulatedbya
setofIF-THEN logical rules.AruleconnectsaprocessoreventAtoanotherprocess
oreventB.Forexample, incaseof thecentralheatingboilerofabuilding, IF the
temperatureofthebuildingislowerthanaprefixedbound,e.g.180C,(A),thenthe
thermostatsendsasignal,which,withthehelpofoneormoremechanicalvalves,turns
ontheboiler(B).Onthecontrary,ifthebuilding’stemperatureexceedsaprefixed
upperbound,e.g.270C,(A),thenthethermostatsendsasignaltothecontrollerto
turnofftheboiler(B).

Controllersareusedtoachieve,throughautomaticoperation,increasedproductivity,
highqualityproductsandimprovedperformanceofadeviceoranothersystem.Control
theorydatesfrom1868,whenJ.C.Maxwelldescribedthetheoreticalbasisforthe
operationof thegovernors, i.e.mechanicaldevices for regulating theoperationof
industrialengines.Thetraditionalcontrollersaredescribedbymathematicalmodels
usingoneormoredifferentialequationsthatdefinethecontroller’sresponseto its
inputs.Suchtypeofcontrollers,initiatedbyN.Minorskyin1922,areusuallyreferred
asPID (proportional – integral – derivative) controllers.

Inmanycases,however,themathematicalmodelofaclassicalcontrollermaynot
exist,ormaybetoo“expensive”intermsofcomputerprocessingpowerandmemory.
TheclassicalexpertsystemsofArtificialIntelligence(Voskoglou&Salem,2020),for
example,workbyusing100–1000bivalentIF-THENrules.Ithasbeenestimated,
however,thatthehumanintelligencecouldbeapproachedbyamachineusingatleast
105suchrules!Insuchcases,therefore,asystembasedonempiricalrulescouldbe
moreeffective.

Zadeh,whointroducedtheconceptoffuzzy set (FS)(Zadeh,1965),realizedthat
FSs are connected to words (adjectives and adverbs) of the natural language; e.g.
theadjective“tall”indicatestheFSofthetallpeople,since“howtalliseveryone”
isamatterofdegree.Agrammaticalsentencemaycontainmanyadjectivesand/or
adverbs,thereforeitcorrelatesanumberofFSs.Asynthesisofgrammaticalsentences,
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