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Abstract—Thegeneralmanufacturingproblemcanbe
describedastheachievementofapredefinedproductquality
withgivenequipment,costandtimeconstraints.
Unfortunately,forsomequalitycharacteristicsofaproduct
suchassurfaceroughnessitishardtoensurethatthese
requirementswillbemet.Thispaperaimsatpresentingthe
variousmethodologiesandpracticesthatarebeingemployed
forthepredictionofsurfaceroughness.Theresultingbenefits
allowforthemanufacturingprocesstobecomemore
productiveandcompetitiveandatthesametimetoreduce
anyre-processingofthemachinedworkpiecesoastosatisfy
thetechnicalspecifications.Eachapproachwithits
advantagesanddisadvantagesisoutlinedandthepresentand
futuretrendsarediscussed.Theapproachesareclassified
intothosebasedonmachiningtheory,experimental
investigation,designedexperimentsandartificialintelligence
(AI).

Keywords— ANN,Surfaceroughness,offlinemonitoring,
onlinemonitoring.

I. INTRODUCTION

Therearetwomainpracticalproblemsthatengineers
faceinamanufacturingprocess.Thefirstisto
determine
thevaluesoftheprocess’parametersthatwillyield
the
desiredproductquality(meettechnicalspecifications)
andthesecondistomaximizemanufacturingsystem
performance using the available resources.The
decisions made bymanufacturing engineers are
basednotonlyontheirexperienceandexpertisebut
alsoonconventionsregardingthephenomenathat
takeplaceduringprocessing.
Inthemachiningfield,manyofthesephenomenaare
highlycomplexandinteractwithalargenumberof
factors,thuspreventinghighprocessperformance
from beingattained.Toovercometheseproblems,
theresearchersproposemodelsthattrytosimulate

theconditionsduringmachiningandestablishcause
andeffect
relationshipsbetweenvariousfactorsanddesired
product characteristics. Furthermore, the
technological
advancesinthefield,forinstancetheever-growing
useCNC end milling which is commonly used in
manufacturingindustryformachiningofInconel718.
Mahesh,MuthuandDevadasan[2]focusedonsurface
roughnessasitdenotestheproductquality.Thereare
severaltheoreticalapproachesareproposedtomodel
roughness.Zain,HaronandSharif[3]usedAItechnique
like ANN to model roughness. Analytical and
experimentalmodelsaredevelopedusingANN and
responsesurfacemethodologytocalculateroughness.
Zhong,KhooandHan[4]discussedtheapplicationof
ANNformodellingofsurfaceroughness.Inorderto
investigate how capable the ANN technique is at
estimatingthepredictionvalueforsurfaceroughness.

II.CLASSIFICATIONOFAPPROACHES

Theclassificationoftheselectedpaperswasnot
easy
duetotwomainreasons.First,therearemany
papers
thatdonotstrictlyfollowacertainmethodologyinits
entirety,theyratherselectsomeofitsbasic
principles
andcombinethemintoa‘new’approach.Secondly,
therearemanycaseswhereresearchersblend
different
strategiesintoasingleapproachandthereforeno
single
classificationwouldbeentirelyaccurate.
Takingintoaccounttheabove,fourmajorcategories
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werecreatedtoclassifytheselectedpapers.These
are:
(i)approachesthatarebasedonmachiningtheoryto
developanalyticalmodelsand/orcomputer
algorithms
torepresentthemachinedsurface;(ii)approaches
thatexaminetheeffectsofvariousfactorsthrough
the
executionofexperimentsandtheanalysisofthe
results;
(iii)approachesthatusedesignedexperiments;and
(iv)
artificialintelligence(AI)approaches.

3.Machiningtheorybasedapproach
Thiscategoryincludesapproachesthatplace
emphasis
oncertainaspectsfromthetheoryofmachiningsuch
as
processkinematics,cuttingtoolproperties,chip
formation
mechanismetc.Computer-aideddesign(CAD)
methodsandtoolsareutilizedsoastoachievethe
goal
ofbuildingamodelthatwillbeabletosimulatethe
creationofthemachinedsurfaceprofile,thus
visualizing
surfacetopographyandassessingsurface
roughness.
Ingeneral,geometricmodeldevelopmentformsthe
basisoftheapproachthroughrigorousmathematical
equations.Thismodelisthenimplementedbya
computer
algorithminordertohandlethecomplexcalculations.
Also,therearesometheoreticalmodelsthat
relatesurfaceroughnesstocuttingconditionssuch
asthe
feedrate[2].Thesemodelsaregenerallynotaccurate
sotheirimprovementwiththeintroductionof
additional
parametersisexaminedbyresearchers.

IV.EXPERIMENTALINVESTIGATIONAPPROACH

Theexperimentalapproachmaybethoughtofasthe
most‘obvious’method:experimentswiththefactors
that
areconsideredtobethemostimportantare
conducted
andtheobtainedresultsareusedtoinvestigatethe
effect
ofeachfactoraswellastheinfluencingmechanism
on
theobservedqualitycharacteristic.Regression

analysis
isoftenemployedinordertobuildmodelsbasedon
the
experimentaldata.Theresearcher’sintuitionand
insight
playagreatroleinthisapproachbutahigh
understanding
oftheexaminedphenomenonisalsonecessaryfor
theexperimenttoyieldanymeaningfulresults.The
experimentalapproachismainlyadoptedincases
where
therecanbenoanalyticalformulationofthecause
and
effectrelationshipsbetweenthevariousfactors.

V.ARTIFICIALNEURALNETWORKSOVERVIEW

AnANNisaninformationprocessingsystemthat
displays
similarbehaviortothatofitsbiologicalanalog.It
isessentiallyamathematicalmodelthatmimicsthe
humanreasoningandneurobiologyandthatisbased
on
thefollowingassumptions[35]:
_Informationprocessingoccursinanumberof
simple
elementscalledneurons.
_Signalsaretransmittedbetweenneuronsover
connection
links.
_Eachconnectionlinkhasanassociatedweightthat
multipliesthesignaltransmitted.
_Eachneuronappliesanactivationfunctiontothe
incomingsignaltodetermineitsoutputsignal(Fig.
2).
ANNsaremostlyusedforpatternrecognition,pattern
associationandclassification,constrained
optimization
andsystemsmodelingwithapplicationsranging
from
simplesignalprocessingtomedicaldiagnosis.
ThetwomaincharacteristicsofanANNare:(i)the
patternofarrangementoftheneurons,namelythe
architecture
ofthenetwork,whichgenerallydictateswhat
typeofproblemscanbedealtwith;(ii)themethodof
determiningtheweightsoftheconnections,either
using
atrainingalgorithmgeneralizingtherelationofinput
to
outputvectors-examples(supervisedtraining)or
inferring
classificationsthatareinherenttothedataand
generating
anexemplarvectorforeachclassthatiscreated
(unsupervisedtraining).
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I. CONCLUSION
Thecurrentworkpresentedareviewofthedifferent
approachesthatareusedforpredictingthesurface
roughnessandcertainremarksconcerningeach
approach
canbefoundintherespectivesections.Asisevident
fromthereferencedpapers,inrecentyearstherehas
beenagreatdealofresearchactivityinthefieldand
the
resultsthathavebeenproducedaregood.Thetrend
that
isformedencouragesmoreautomatedsystems
building
foron-linemonitoring,measuringorcontrolandis
mainlydrivenbythefactthattheprocesses
themselves
havebeenautomatedtoagreatextent.Allthe
methodologies
thatarepresentedherecanexhibitadvantages
anddisadvantageswhencomparedtooneanother,
but
giventhistrendthemostpromisingseemtobethe
theoreticalandtheAIapproaches.Acomparisonof
thesetwoapproachesrevealsthatAImodelstakeinto
considerationtheparticularitiesoftheequipment
usedandtherealmachiningphenomena,information
thatisstoredintheexperimentaldatausedto
developthemodels.Ontheotherhand,the
theoreticalapproachisbasedonconventionsand
idealizations,whichareresponsibleforerrorsand
limitations.Surprisinglyenough,acombinedeffort
thatwouldinvolvebothAIandanalyticalmodelingso
astovalidate,refineorcorrectthetheoreticalmodels
wasnotfoundintheliterature.Otheradvantagesof
theAIapproacharethatthemodelscreatedseemto
bethemostrealisticandaccurate,theyprobably
exhibitthehighestlevelofintegrationwithcomputers

andthatthisapproachcanbeusedinconjunction
withothermoreconventionaltechniques.Withthese
factstakenintoconsideration,itcanbeconcluded
thattherearenotsomanyeffortsaswouldhave
beenexpected.Thesameappliestotheexisting
numberofhybridAIresearchapproaches,suchas
theneurofuzzysystems.Theadvantagesthatthey
offer
(knowledgerepresentationintheformofif-thenrules,
ANNassistedparameterdetermination)shouldbe
morethanenoughtoencourageresearcherstoadopt
thesetechniques,yetthishasnotbeenthecase.
Optimizationofcuttingconditionsforacertain
surfaceroughnessisanotherfieldthathasnot
receivedtoomuchattention.GAsandother
optimizationalgorithmscouldbeideallyusedin
conjunctionwiththedevelopedmodelsforthe
predictionofsurfaceroughnessbutasisevident
fromtheabove,veryfewsimilarapproacheshave
beenfound.
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