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ABSTRACT

Currentdatamodelsforrepresenting,exchanging,andstoringutilitynetworksoftenmeettheneedsof
specificdomainsonly,i.e.theydonotconsidertheintegrationofdifferentnetworksystems,mutual
relationsbetweennetworksandtheembeddinginto3Durbanspace.Theseimportantprerequisitesfor
urbananalysesandsimulationsaremetbytheCityGMLextensionUtilityNetworkADE.Originally
developedfordisastermanagement, thisarticlepresents thefurtherdevelopmentof theADEby
newandrevisedconceptsthatresultfromanextensiveanalysisofrelevantusecases.Acatalogueof
requirementsispresented,currentdatamodelsareevaluatedagainsttheserequirements,andtherecent
developmentsandrefinementsoftheADEareexplainedindetail.Thisincludestheconceptsofinter-
featurelinksandnetworklinks,thelinkingofnetworkcomponentswithcityobjects,themodelling
offunctionalcharacteristics,arefinednetworkcomponentsmodule,andanewelectricitynetwork
package.Inaddition,anoverviewofprojectsthatsuccessfullyhaveappliedtheADEisprovided.
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1. INTRoDUCTIoN

Semantic 3D city models represent city objects, such as buildings, bridges, tunnels, roads, and
vegetation, thatmainlyconstitute thevisiblepartsofacity.Cities,however,alsoexhibita large
numberofcityobjectsthatarenotapparentatfirstsight,butthatarecrucialtothefunctioningof
thecityasasystem.Thesecityobjects,whichare(often)hiddenbelowground,contributetothe
infrastructureofacityintheformofnetworksforwater,electricity,sewage,gas,telecommunication,
andotherpublicutilities.Modernsocietydependsonastableandcomplexarrayofthesenetworks
todeliverthevariouscommodities.Utilitynetworkinfrastructuresrequireasophisticatedmodelfor
managingthenetworksandtheirrelationstoothernetworksystemsandforprovidinganintegrated
viewtounderstandtheinteractionbetweencityentitiesandutilitynetworks.

Onewell-knownstandardforrepresenting3DcitymodelsistheinternationalOGCstandard
CityGML(Grögeretal.,2012).However,UtilityNetworksarenotincludedinthestandard.CityGML
allowsforsystematicallyextendingthecoremodelwithapplication-specificattributesandobject
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typesbymeansof so-calledApplicationDomainExtensions (ADE), toenable representingcity
objectswithin3DcitymodelswhicharenotpartoftheCityGMLcoremodel.Acomprehensivelist
ofADEsthathavebeencreatedoverthepastyearsfordiverseapplicationsisgivenin(Biljeckiet
al.,2018).Specifically,forapplicationsdealingwithsupplyanddisposalnetworks,theCityGML
UtilityNetworkADE(Beckeretal.,2011;Beckeretal.,2012b;Kutzner&Kolbe,2016)provides
conceptsthatallowformodellingdifferenttypesofnetworks.

TheCityGMLUtilityNetworkADEwasoriginallydevelopedbasedontheusecaseofdisaster
management.Thedevelopmentstartedin2009aspartofaprojectcalledSIMKAS3Dthataimed
atidentifyingandanalyzingthemutualinterdependenciesofcriticalinfrastructuresandsimulating
cascadingeffectsinthefailureofsupplyinfrastructures(Beckeretal.,2012a).Thedevelopment
wasfurthercontinuedin2015aspartoftheprojectRiskAnalysisSupplyInfrastructurethatstudied
thepossibilitiesofutilizingsupplyinfrastructuresintrainingsimulatorsforcrisisscenariosandfor
simulatingtheimpactoffailuresonthepopulation.

In2016,aninternationalandinterdisciplinaryworkinggroupformedthatsystematicallyanalyzed
abroadvarietyofusecasesbeyonddisastermanagement,collectedrequirementstomaketheUtility
NetworkADEusableforawiderrangeofusecasesandevaluatedtheADEagainsttheserequirements
tobeabletoprovideawell-groundedrationalefortheconceptsdefinedintheADE.Asaresultof
thiswork,theADEwasrevisedandshortcomingswerefixed.Conceptsthatarerequiredbyspecific
usecases,butarenotyetsupportedbytheADEorarenotyetelaboratedindetail,havebeenadded.
Alreadyexistingconceptsthatprovedtobemodellednotsemanticallypreciseenoughhavebeen
refined.Inaddition,testdatasetshavebeendevelopedandusedinevaluatingtheconceptsdefined
intheADEbasedonselectedusecases.

ThispaperpresentstheresultsoftheusecaseanalysisandthenewdevelopmentsoftheUtility
NetworkADE.Severalusecasesinthecontextofutilitynetworksareintroduced,acatalogueof
requirementsspecifictoutilitynetworksispresented,anditisshownthateachusecasehasdiffering
requirementstobefulfilled.Inaddition,severaldatamodelsprevalentinthegeospatialdomainfor
representingutilitynetworksareevaluatedagainsttheseextensiverequirementstoanalyzetowhich
extenttheycovertheneeds;theevaluationshowsthattheCityGMLUtilityNetworkADEprovidesthe
bestcoverage.Afterwards,thepaperexplainsthenewandrevisedconceptsoftheADE;thisincludes
networklinks,arefinednetworkcomponentsmodule,themodellingoffunctionalcharacteristics,
andanewelectricitynetworkpackage.Inaddition,existingconceptswhichturnedouttobeeasily
misunderstoodwhenapplyingtheUtilityNetworkADEinpracticeareexplainedmoreprecisely;this
includesinter-featurelinksandthelinkingofnetworkcomponentswithcityobjectssuchasbuildings,
hydrants,orstreetlights.Inaddition,thepapergivesanoverviewofprojectsthatsuccessfullyhave
appliedtheUtilityNetworkADEandwhichalsoofferpubliclyaccessibletestdata.

Thepaperissubdividedintosixsections.Section2discussesusecasesforutilitynetworksand
theirrequirements.Section3reviewsdifferentutilitynetworkdatamodelsandevaluatesthemagainst
therequirementsidentified.Section4describesthenewandrevisedconceptsoftheCityGMLUtility
NetworkADE,section5presentsprojectsthathavesuccessfullyappliedtheADE,andsection6
concludesthispaper.

2. USE CASES AND THEIR REQUIREMENTS

2.1. Utility Network Use Cases
Theexplorationoftheinformationrequirementsforutilitynetworkapplicationswascompletedwith
agroupof20personsfromdifferentfirmsandorganizations.Thepersonsaredealingwithawide
rangeofutilitynetworktasksfromdifferentdomainssuchasstormdrainage,water,electricity,energy
planning,andfacilitymanagement.During theworkshopsa listofusecaseareaswhich include
electricitygridplanningandsimulation,wastewaternetworkplanningandoperation,navigation
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