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ABSTRACT

Virtual toursusingdronesenhance theexperience theusersperceive fromaplacewithcultural
interest. Drones equipped with 360o cameras perform real-time video streaming of the cultural
sites.Theuserpreferencesabouteachmonumenttypeshouldbeconsideredinordertodecidethe
appropriateflyingrouteforthedrone.Thisarticledescribesaschemeforsupportingpersonalized
real-timevirtualtoursatsiteswithculturalinterestusingdrones.Theuserpreferencesaremodeled
usingtheMPEG-21andtheMPEG-7standards,whileWebOntologyLanguage(OWL)ontologiesare
usedformetadatastructureandsemantics.TheMetadata-AwareAnalyticNetworkProcess(MANP)
algorithmisproposedinordertoweightheuserpreferencesforeachmonumenttype.Subsequently,
theTrapezoidalFuzzyTopsisforHeritageRouteSelection(TFT-HRS)algorithmranksthecandidate
heritageroutes.Finally,aftereachvirtualtour,theuserpreferencesmetadataareupdatedinorderin
ordertheschemetocontinuouslylearnabouttheuserpreferences.
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INTRodUCTIoN

Virtual tourism (Beck J. & Egger R., 2018) reduces time or spatial limitations of real tourism.
Services such as 360o video streaming (Qian, Ji, Han & Gopalakrishnan, 2016), 3D animation
(Bustillo,Alaguero,Miguel,Saiz&Iglesias,2015),AugmentedReality(AR)(Marques,Tenedório,
Burns,Romãoetal.,2017)andmixedreality(MR)(Debandi,Iacoviello,Messinaetal.,2018)are
usedtoconstructavirtualworldfortheuser.Drones(Mirk&Hlavacs,2015)couldbeusedforthe
360°videocaptureofplaceswithculturalinterest.Thevideocanbestreamedtousersinrealtime,
enrichedwithadditionalaudiodescriptions,3D,ARorMRcontent.Tosupportsuchservices,fifth
generation(5G)(Akpakwu,Silva,Hancke&Abu-Mahfouz,2018)mobileinfrastructurescouldbe
used,providingplentyofnetworking,computationalandstorageresources.Indicatively,theenriched
360°videoisstreamedtotheuserthrougha5GMobileEdgeComputing(MEC)orFog(Roman,
Lopez&Mambo,2018)infrastructure,whichassuresthesatisfactionofitsstrictconstraintsinterms
ofthroughput,delay,jitterandpacketloss.The5Ginfrastructurecouldsupportheterogeneousnetwork
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accesstechnologies,suchasthe3GPPLongTermEvolutionAdvanced(LTE-A)(TS36.300-V13.2.0.,
2016),theIEEE802.11pWirelessAccessforVehicularEnvironmentRoadSideUnits(WAVERSUs)
(1609.3-2016,2016)andtheIEEE802.16WiMAX(802.16q-2015,2015).

Virtualtourswithdronescanbeusedinnumerouscasesdealingwithprotection,preservation
andenhancementoftangibleheritage,aswellasservicingspecialgroupsofpeople,i.e.theelderly,
children,personswithdisabilitiesthatcannotreachinaccessiblemonuments.Eachdroneisremotely
controlledbytheuseroritisautonomousnavigated(Kan,Okamoto&Lee,2018).Acriticaltaskof
theautonomousnavigationserviceistheselectionofthemostappropriateflyingrouteforthedrone,
asinheritagesiteswheremultiplemonumenttypesexist,theuserpreferenceforeachtypeshouldbe
considered,inorderpersonalizeduserexperiencetobeprovided.

User preferences could be modeled using the MPEG-21 (Metta,S., Montagnuolo,M. &
Messina,A.,2015) standard,whichdefinesa framework forbothmultimedia resourcesanduser
preferencesmanipulation.MPEG-21usesthearchitecturalconceptoftheDigitalItem(DI),which
is a combination of resources (such as audiovisual content), metadata (such as descriptors) and
structuresdescribingtherelationshipsbetweenresources.DIsaredeclaredusingtheDigitalItem
DeclarationLanguage(DIDL).TheMPEG-21DigitalItemAdaptation(DIA)architectureandthe
MPEG-7(Park,Hong,Lee&Lee,2014)MultimediaDescriptionSchemes(MDS)forcontentand
servicepersonalizationprovideaUsageEnvironmentthatmodelsuserpreferences.Additionally,
descriptionofthemultimediathatenrichesthe360ovideoisrequiredinordertheappropriatecontent
toberetrievedandplacedincertainplacesintothevideo.Thisdescriptioncouldbeperformedusing
theMPEG-7standard.

BothMPEG-21andMPEG-7(MPEG-21/7)metadataarestoredinXMLformatallowingefficient
indexing,searchingandfiltering.ThemetadatastructurecouldbedescribedusingWebOntology
Language(OWL)(Sengupta&Hitzler,2014).OWLisaknowledgerepresentationlanguageused
forcomposingontologies.Theontologiesaredescribed inOWLdocumentsbydefiningclasses,
attributesandindividuals.Classesarecollectionofconcepts,attributesarepropertiesofclassesand
individualsrepresenttheobjectsofaclass.Thus,thesystemwillbeintelligentenoughtoautonomous
retrieveinformationofthemetadatafileswithoutrequiringadditionalinformationaboutthemetadata
structurefromtheuser.OWLontologiescouldbequeriedusingtheSPARQL(Peng,Zou,Özsu,
Chen &Zhao, 2016) language. SPARQL features include conjunctive or disjunctive patterns as
wellasvaluefilters.Subsequently,whenthesystemhaslearnedaboutthemetadatastructure,itcan
querythemusingMpegQueryFormat(MPQF)(Tous&Delgado,2010)queries.MPQFspecifies
themessageformatforqueryingthemetadatarepositories.

Inthisarticle,aschemeforsupportingreal-timevirtualtoursinplaceswithculturalinterestusing
dronesisproposed.TheuserpreferencesforseveralmonumenttypesaremodeledusingtheMPEG-
21/7standards,inorderapersonalizedvirtualtourexperiencetobeprovidedtotheuser.Furthermore,
aftereachvirtualtour,theuserpreferencesareupdatedconsideringfeedbackinformationreceived
fromtheuseraccordingtotheexperienceheperceivedfromthetour.Thus,thescheme’sknowledge
aboutuserpreferencesiscontinuouslyupdated.Amayoradvantageoftheproposedschemeisthat
theuseofstandardizedmetadatatomanageuserpreferencesensuresinteroperabilitywiththird-party
systemsthatusethesamestandards.

Therestofthearticleisorganizedasfollows:The“Background”sectiondiscussestherelated
work,whilethe“ModelingtheUserPreferences”sectiondescribestheproposedmethodologyfor
modelingtheuserpreferences.Subsequently,the“SimulationSetupandResults”sectionpresentsa
casestudyoftheproposedschemeinasimulationenvironment.Finally,the“Conclusion”section
concludesthediscussedwork.
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