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ABSTRACT

Culturalheritageprotectionisamultidisciplinarysubject.Anintelligentdecision-makingmechanism,
combinedwithmulti-criteriaassessment,isrequiredtoleadtocompatibleandsustainabledecision
making concerning conservation works. Decision making is a complex process that takes into
accountawiderangeofparameters,fromqualitative(suchasthehistoricalorculturalvalueofthe
building)toquantifieddata(suchasthepropertiesofitsmaterials)andinvolvesthefollowingtasks:
monitoring,inspection,diagnosis,interventionstudy,interventions,andevaluationofinterventions.
Itshouldbebasedonspecificspecifications,criteria,andmethodologytoensurethesustainability
oftheconstructionandrequiretheavailabilityofdataofadifferentnatureandofhighquality.Inthis
work,differentartificialintelligentsystemsareinvestigatedandtested—UTASTARmethodology
basedonlinearregression,unsupervisednon-linearclassifiers(feed-forwardneuralnetworks),and
clusteringmethodologies(fuzzyc-meansalgorithm)—inordertodevelopadecision.
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1. INTRoDUCTIoN

1.1. Cultural Heritage Conservation Decision Making
During thepast,decisionsonconservation interventionsregardingculturalheritageweremainly
basedonpriorexperienceandpractices.Inmanycasesthevaluabledataderivingfromscientific
diagnosisanddecisionmakingweredisregarded,resultingthiswaytoirreversibledamagingactions
forthestructureitselfaswellasforitsvalues.However,inrealpractice,conservationactionsare
multidimensionalaspectsthatrequiretheadoptionofanintegratedscientificmethodologythatcan
ensurehighandstablequalityandperformativityof the finalproposedsolution.Theprocessof
decisionmakingisrathercomplicated,takingintoconsiderationagreatvarietyofparameters,ranging
fromnumericaldatasuchasmaterials’propertiestoqualitativeparameterslikeanasset’shistorical
orculturalvalue(Kioussi,Labropoulos,Karoglou,Moropoulou&Zarnic,2011).

TherecentadvancesofICTtechnology,especiallyintheareaofArtificialIntelligence(AI)and
MachineLearning(ML),hasenabledthemoreeffectiveorganizationandmanagementofexisting
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experience and data, allowing thus, the systematic support for decision-making in conservation
interventionsinmonumentsandbuildings.Thecriticalparametersandcriteriashouldconformto
specificqualitystandardscoveringtheheritageasset’slife-timedocumentation(Kioussi,Labropoulos,
Karoglou,Moropoulou&Zarnic,2011).

Severalworkshavebeenproposedintheliteraturetowardsascientific-baseddecisionsupport
system,mostly regardingmodernbuildingsandculturalheritageassetsaswell.Themajorityof
worksfocusesonbuildingconstruction,asitiswellrevealedinthe“AreviewfromaPortuguese
user’sperspective”,byFerreiraetal.(2013)andevenmoreoftenattheenergyperformanceaspect,
seekingforenergyefficiencysolutionsandretrofitting.Itisobviousthatsuchkindofsystemreviews
andanalyzesspecificparameters,orientedtotheparticularneedsofthebuildingconstructionandits
individual’senergyrequirements,oftendisregardingtheparticularitiesofculturalheritagebuildings.

Inthecasesofdecisionsupportprocessesdesignedforhistoricbuildingsandculturalassets,
theirbasicconcernisreuse,prioritizationorbudgetallocation:Sannaetal.(Sanna,Atzeni&Spanu,
2008) propose the creation of a rehabilitation projects hierarchy based on ranking by exploring
the contributionof fuzzy logic andmathematics tomeet theneedsofqualitative andquantified
criteria.Ascioneetal.(Ascione,Cheche,DeMasi,Minichiello&Vanoli,2015)attempttoevaluate
thepossibilityofrenovatinghistoricbuildingsinordertoachievelowenergyefficiencyfroman
economicpointofview,byapplyingthecost-benefitmethodology(EPBDDirective2010/31/EU)
andbyadoptingthemacroeconomicapproachtotakeintoaccounttheenvironmentalandeconomic
impactsofenergyefficiency.Silvaetal.(Silva&Henriques,2005)investigatethehydrothermal
behaviorofahistoricbuildingwithoutheatinginthetemperateclimateofLisbonusinglong-term
monitoringandapplyingrisk-basedclimateanalysisfollowingthelimitationsforhistoricbuildings
andtargetssetbydifferentstandards.Theythusdefineaclassificationtosupportdecision-making.
TheresearchteamofYungetal.(Yung,Lai&Philip,2006)seekstheobjectivefactorsthatdetermine
decision-makingforthemaintenanceofthestructuredheritage.Aprobabilityregressionmodelis
usedtoevaluate155culturaldatainHongKong,whichquestionstheallegationsofotherresearchers
thatdecision-makingonculturalheritageconservationisbasedoneconomiccriteriaonly.Finally,the
purposeofStefanietal.(Stefani,Brunetaud,Janvier-Badosa,Beck,Luca&Al-Mukhtar,2012)work
istoprovidethescientificcommunitywithasystemthatwillassistinthescientificmonitoringand
controlofmonumentsaswellasindecision-makingconcerningtheplanningofconservationactions.

Themainfocusoftheseworksistoexploitcertaincriteriaandparametricvalues,accordingto
thespecificneedseachtime,inordertoachieveascientificdecisionuponaconservationtreatment
onaculturalheritagestructure.Integratedconservationthatdependsonholisticdocumentationable
toassessandcombinedifferenttypesofparametersinvolvedinconservationdecisionmaking,does
notseemtobetheobjectiveofanyontheaforementionedcases.Nevertheless,it isobviousthat
culturalheritageconservationissuesregardawiderangeofvariablecriticalparametersandtherefore
alldecisionscanactuallyberesolvedwithmulti-criteriaanalysis.

Ontheotherhand,thelastyearsthereisaboominMLcommunitywiththeintroductionof
noveldeepstructuredmodelswhichcanresemblethewaythathumansthinkandprocessdatamore
effectivelythanotherconventionalshallowlearningapproaches.Humansreceiveinnumerablesensory
inputsbuttheyareabletodrawmeaningfulconclusionsinaconcisemanner(Arel,Rose&Karnowski,
2010).Themaindifficultyinimplementingsuchcomplexhumans’operationsonacomputermachine
isthesocalled“curseofdimensionality”,i.e., thelearningcomplexityexponentiallygrowswith
linearincreaseinthedimensionalityofthedata.Toovercomethis“curse”,weneedtopre-process
thedatainamannerthatwouldreducetheirdimensionalitybyextractingfeaturesthatareabletobe
effectivelyprocessedbyanengine.However,ahuman-centricfeatureextractionprocessischallenging
andusuallyapplication-dependent.Moreover,ifincompleteorerroneousfeaturesareextracted,the
classificationprocessisinherentlylimitedinperformance.Inaddition,themathematicalmodelsused
forfeatureextractionmainlycapturelow-levelproperties,whilehigh-levelconcepts thathumans
oftenusetoperceivevisualcontent,arehardlyrepresented(Yu&Deng,2011).
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