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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.
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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,



 

 

11 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/fuzzy-control-in-cyber-physical-

systems/280469

Related Content

Nonlinear Adaptive Ship Control Synthesis In The Case Of Model

Uncertainty
Zenon Zwierzewicz (2011). Knowledge-Based Intelligent System Advancements:

Systemic and Cybernetic Approaches  (pp. 395-418).

www.irma-international.org/chapter/nonlinear-adaptive-ship-control-synthesis/46464

Actor-Network Theory in ICT Research: A Wider Lens of Enquiry
Amany R. Elbanna (2009). International Journal of Actor-Network Theory and

Technological Innovation (pp. 1-14).

www.irma-international.org/article/actor-network-theory-ict-research/3859

Fuzzy Control in Cyber-Physical Systems
Michael Gr. Voskoglou (2020). International Journal of Cyber-Physical Systems (pp.

46-58).

www.irma-international.org/article/fuzzy-control-in-cyber-physical-systems/280469

Introduction to Human Electroencephalography: Recording, Experimental

Techniques, and Analysis
Gagandeep Kaur (2019). Cyber-Physical Systems for Social Applications (pp. 291-

304).

www.irma-international.org/chapter/introduction-to-human-electroencephalography/224426

A Low-Cost Experimental Testbed for Energy-Saving HVAC Control Based

on Human Behavior Monitoring
Zhijing Ye, Fei Hu, Lin Zhang, Zhe Chuand Zheng O'Neill (2020). International

Journal of Cyber-Physical Systems (pp. 33-55).

www.irma-international.org/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-

control-based-on-human-behavior-monitoring/272560

http://www.igi-global.com/article/fuzzy-control-in-cyber-physical-systems/280469
http://www.igi-global.com/article/fuzzy-control-in-cyber-physical-systems/280469
http://www.igi-global.com/article/fuzzy-control-in-cyber-physical-systems/280469
http://www.irma-international.org/chapter/nonlinear-adaptive-ship-control-synthesis/46464
http://www.irma-international.org/article/actor-network-theory-ict-research/3859
http://www.irma-international.org/article/fuzzy-control-in-cyber-physical-systems/280469
http://www.irma-international.org/chapter/introduction-to-human-electroencephalography/224426
http://www.irma-international.org/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560
http://www.irma-international.org/article/a-low-cost-experimental-testbed-for-energy-saving-hvac-control-based-on-human-behavior-monitoring/272560

