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CityGML UtilityNetworkADE
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UtilityNetwork ADE — NetworkComponents

» Every utility network consists of 3 main functions:
1. Distribution objects (pipes, canals, cables etc.)
- Needed for transport and distribution of a commodity
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Source: Becker, T., Nagel, C., Kolbe, T. H., Semantic 3D modeling of multi-utility networks in cities for analysis and 3D visualization,
3DGeolnfo Conference 2012 in Quebec City.
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UtilityNetwork ADE — NetworkComponents

» Every utility network consists of 3 main functions:
2. Protection elements (cable protection package, ductwork, etc.)
- Without any relevance for the network itself, but of some
importance for network security
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Source: Becker, T., Nagel, C., Kolbe, T. H., Semantic 3D modeling of multi-utility networks in cities for analysis and 3D visualization,
3DGeolnfo Conference 2012 in Quebec City.
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UtilityNetwork ADE — NetworkComponents

» Every utility network consists of 3 main functions:
3. Functional objects (manholes, station, etc.)
- Needed for linkage, maintenance, and observation of a commaodity
resp. of transport elements
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Source: Becker, T., Nagel, C., Kolbe, T. H., Semantic 3D modeling of

fresh water treatment p lant multi-utility networks in cities for analysis and 3D visualization,
3DGeolnfo Conference 2012 in Quebec City.
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UtilityNetworkADE — NetworkComponents
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«FeatureType»
AbstractNetworkFeature
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0..*

Modelling of
protection elements

‘contains

«FeatureType»
ProtectiveElement

1

Bedding

«FeatureType»

«FeatureType»
AbstractProtectionShell

+ width :Length [0..1]

+ exteriorWidth :Length [0..1]
+ exteriorHeight :Length [0..1]
+ exteriorDiameter :Length [0..1]

A

«FeatureType»
RectangularShell

+ interiorwidth :Length [0..1]
+ interiorHeight :Length [0..1]

«FeatureTy...
OtherShell

«FeatureType»
RoundShell

+

interiorDiameter :Length [0..1]
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AbstractCityObject

Modelling of distribution

AbstractNetworkFeature -

objects 5

«FeatureType»
AbstractDistributionElement

+ class :LineValue [0..1]
+ functionOfLine :LineMeaningValue [0..1

_—

«FeatureType» «FeatureType» «FeatureType»
AbstractPipe Cable Canal
+ isGravity :Boolean [0..1] + isTransmission :Boolean [0..1] + profileName :CharacterString [0..1]
+ exteriorWidth :Length [0..1] + isCommunication :Boolean [0..1] + dope :QuantityExtent [0..1]
+ exteriorHeight :Length [0..1] + crossSection :Length [0..1] + isGravity :Boolean [0..1]
+ exteriorDiameter :Length [0..1] + exteriorWidth :Length [0..1]
A + exteriorHeight :Length [0..1]
+ exteriorDiameter :Length [0..1]
«FeatureType» A
RoundPipe
- — «FeatureType»
+ interiorDiameter :Length [0..1] SemiOpen
«FeatureType»
RectangularPipe «FeatureType»
+ interiorWidth :Length [0..1] SRR
+ interiorHeight :Length [0..1]
«FeatureType»

OtherShapePipe
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AbstractCityObject

«FeatureType»
AbstractNetworkFeature -

Modelling of functional objects

«FeatureType»

ComplexFunctionalElement

«FeatureType»
TerminalElement

«FeatureType»
SimpleFunctionalElement

«FeatureType»
AbstractDevice

+ class :ComplexFunctionValue [0..1]

+ class :TerminalValue [0..1]

+

class :SimpleFunctionValue [0..1]

+ description :CharacterString [0..1]

Elements which
contain devices

Elements which

don‘t contain devices

«FeatureType»

N

StorageDevice

+ class :StorageDeviceValue [0..1]

«FeatureType»

TechDevice

class :TechDeviceValue [0..1]

«FeatureType»

easurementDevice

+ class :MeasurementDeviceValue [0..1]

«FeatureType»

ControllerDevice

class :ControllerDeviceValue [0..1]

«FeatureType»

AnyDevice

«CodeList» 5
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+ waterWork + transformer + unknown
+ treatmentPlant + voltageRegulator + lamp M
+ heatingPlant + teeFitting + cock
+ powerPlant + crossFitting + streetLight
+ pumpingStation + tap + hydrant
«CodeList»

«CodeList» TechDeviceValue «CodeList»

StorageDeviceValue MeasurementDeviceValue «CodeList» «CodeList» +
+ unknown ControllerDeviceValue AnyDeviceValue
+ unknown + pump + unknown
+ storageBasin + dlideValve + anode + unknown + unknown
+ battery + generator + corrosionDetector + switch + flange
+ tank + valve + pressureSensor + valve + coupling
+ cistern — + turbine — + meter — + dlideValve —— + adapter
. ol
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Modelling of different
types of commodities

AbstractCityObject| +associatedNetwork +transportedMedium «Fea kondensgtor
«FeatureType» Abstrac
Network 0.7 0.1 | [P— :Chi j /
«Property»

+ class :Code [0..1]
+ function :Code [0..*]
+ usage :Code [0..%]

T~

«FeatureType»
LiquidMedium

N

+ 4+ + + + o+

+

type :LiquidMediumValue

isCorrosive :Boolean [0..1]

isExplosive :Boolean [0..1]

flammable :DoubleBetweenOandl [0..1]

electricConductivity :QuantityExtent [0..1]

phValueRange :QuantityExtent [0..1]
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\_/
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concentration :Mea
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electricConductivity :QuantityExtent [0..1]
lighterThanAir :Bpolean [0..1]

+ + + + +

«FeatureType»
SolidMedium

~ N

«FeatureType»
ElectricalMedium

type :ElectricalMediumValue
voltageRange :QuantityExtent [0..1]
amperageRange :QuantityExtent [0..1]

bandWidth :QuantityExtent [0..1] /

/++++
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+ + + + + +

type :SolidMediumValue

isExplosive :Boolean [0..1]

flammable :DoubleBetweenOandl [0..1]
concentration :Measure [0..1]
electricConductivity :QuantityExtent [0..1]
pressureRange :QuantityExtent [0..1]

«FeatureType»
OpticalMedium

+ 4+ 4+ 4+ +

type :OpticalMediumValue
modeType :OpticalModeValue [0..1]
bandWidth :QuantityExtent [0..1]
coreCrossSection :Length [0..1]
claddingCrossSection :Length [0..1]
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Modelling of different Y RN
types of commodities

molFormula :CharacterString [0..1]
description :CharacterString [0..1]
physicalForm :CharacterString [0..1
molecularWeight :Measure [0..1]
signalWord :SignalWordValue [0..1 0.*

isChemicalComplex :Boolean [0..1}<>——————

hazardClass :HazardClass [0..1]

» The ADE allows for I +consisisOfFurtherElements 0.
classifying chemicals
according to different

ChemicalClassifier GHSClassifier

chemical classification =% o

+ + 4+ + 4+ + 4+

+ ECNo :CharacterString [0..1]
+ CasNo :CharacterString [0..1] + CasNo :CharacterString [0..1]
SySte mS + |UCLIDChemicalDataSheet :URI [0..1] + hazardClass :HazardClass [0..*]
«FeatureType»

GenericClassifier

«enumeration» «DataType»
SignalWordValue HazardClass
unknown + hazardClass :CharacterString [0..1]
nonHazardous + categoryCode :CharacterString [0..1]
attention + statementCode :CharacterString [0..1]
hazardous + pictogramCode :CharacterString [0..1]
+ pictogramURI :URI [0..1]
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UtilityNetworkADE — Feature Material

» Defines the material, a network component is made of

AbstractCityObject

«FeatureType»
AbstractNetworkFeature

«Property»

function :FunctionValue [0..1]

usage :FunctionValue [0..¥]
connectedCityObject :URI [0..1]
yearOfConstruction :Date [0..1]

status :StatusValue [0..1]

locationQuality :SpatialQualityValue [0..1]
elevationQuality :SpatialQualityValue [0..1]

o+ o+ o+ o+ o+ o+

+consistsOf 0..* T

+usedBy +hasMaterial «FeatureType» +definesMaterial ~ +isClassifiedBy «FeatureType»
AbstractFeatureMaterial AbstractCommodityClassifier
0.* 0.* 0.1 0.*
+ type :MaterialValue + molFormula :CharacterString [0..1]
—> < + description :CharacterString [0..1]
+ physicalForm :CharacterString [0..1]
+ molecularWeight :Measure [0..1]
+ signalWord :SignalWordValue [0..1]
0.* +consistsOfFM | | 0.% +consistsOf + isChemicalComplex :Boolean [0..1]
+ hazardClass :HazardClass[0..1]
«FeatureType» «FeatureType» «FeatureType»
FillingMaterial ExteriorMaterial InteriorMaterial +consistsOfFurtherElements 0..*
+ type :MaterialValue

«CodelList»
MaterialValue

unknown
steel
stoneware
PE
casting
iron
concrete
brick
glass
copper
rubber

quartzSilica
air

carbon

sand

+ 4+ + + A+ F o+ o+

polymericOpticalFibre
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UtilityNetworkADE — Hollow Space

» Defines the hollow space of a network component

AbstractCityObject +occupiedHollowSpace AT +boundedBy +containedCommodity AR TS
«FeatureType» < AbstractHollowSpace o1 AbstractCommodity Classifier
0.1 -

AbstracthetworkFeature 0t 0t + molFormula :CharacterString [0..1]
«Property» > . + desc_ription :CharacterString [0..1]
+ function :FunctionValue [0..1] 0-. + physicalForm :CharacterString [0..1
+ usage :FunctionValue [0..4] + molecularWelght :Measure [0..1]

+ connectedCityObject :URI [0..1] + ;gnaIV\(ord :SignalWordValue [0..1]
+ yearOfConstruction :Date [0..1] | | + |sChem|caIC9mpIex :Boolean [0..1
* satus :Statusvalue [0..1] «FeatureType» «FeatureType» 0" * hazardClas azadcias (0. 4]

+ locationQuality :SpatialQualityValue [0..1] Hollow Space Hollow SpacePart .

+ elevationQuality :SpatialQualityValue [0..1] +consistsOfParts +consistsOfFurtherElements 0..*

+consistsOf 0..* ?

HollowSpace
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HollowSpacePart 1
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Modelling of topographical and functional aspects

» The following aspects are of particular importance in modelling

supply and disposal infrastructures:

Buildings
e Topographical and topological aspects

e Necessary for representing the position, shape
and extent of networks including the concrete
individual network features and for deriving
spatial and computer-graphic-related answers

therefrom. Distribution Electricity

substation network

e Functional aspects Buildings
e For representing supply and disposal tasks

e Of importance, when no detailed modelling of

the network elements is available, but still the F
?

Impact of a network failure on a certain region

Is to be analysed. Distribution

substation
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Modelling of topographical and functional aspects

» The following aspects are of particular importance in modelling
supply and disposal infrastructures:

Buildings

e Topographical and topological aspects

Are already represented extensively In
the UtilityNetworkADE

Distribution Electricity

substation network
e Functional aspects Buildings
Currently only represented through the
topological connection of the network
features which merely allow for simulating F ?
cascading effects Distribution
substation
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Modelllng the Supply area Buildings Supply area of the
electricity network
» Supply area = the geographic region a i i
specific commodity is supplied to by a ( D
network
e The supply area, thus, substitutes the network | pistribution substation
«FeatureType» <} «FeatureType»
Core::AbstractCityObject 0.1 * CityObj ectGroup::
+parent CityObjectGroup
«Property» 0..*
CityObjectGroup::Role H
+groupMember * +groupMember
«Property» «Property» «Property»
+ role :CharacterString
«FeatureType» fcomponent «FeatureType» +suppliedBy +supplies «FeatureType»
AbstractNetworkFeature <> Netw ork 1 0.1 SupplyArea
0”* 0“* .
«Property» «Property» . T
function :FunctionValue [0..1] +subNetwork | + class :Code [0..1] ;siperOrdlnateNetwork !
0..* - '

usage :FunctionValue [0..*]
connectedCityObject :URI [0..1]
yearOfConstruction :Date [0..1]

status :StatusValue [0..1]

locationQuality :SpatialQualityValue [0..1]
elevationQuality :SpatialQualityValue [0..1]

+ + + + + + 4+

+consistsOf 0..*

+ function :Code [0.
+ usage :Code [0..*]

A

|

+subOrdinateNetwork
0..*

inv: groupMember->exists(c | c.role =

'supplies’) lﬁ
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Modelling of the functional roles

» Roles source, sink, distribution and
storage =representation of the flow of
commodities in a network by adding these
roles to network elements and city objects

Buildings:

Sinks

Supply area of the
electricity network

Distribution substation: Source

Differentiation
between the
Intended and
the actual

role of network
elements

and city objects

«CodelList» «FeatureType» «ADEElement»
FunctionValue Core::AbstractCityObject «ADE» AbstractCityObject
+ fee‘di.ng «Property»
* d_ralr_nng. A + mediumSupply :AbstractMediumSupply [0..*]
+ distribution
+ storage
+ venting
+ abstraction +roleInNetwork 0..*
+ measurement
+ shortCircuit «FeatureType»
+ branch RolelnNetw ork
+ observer
+ protection «Property»
+ control + functioninNetwork :FunctionValue [0..1]
+ shutOff + usagelnNetwork :FunctionValue [0..*]
+ unknown
1 +network
+component = ~
«FeatureType» - «FeatureType» +suppliedBy . .
AbstractNetworkFeature
o Nework 1 Each city object can

«Property»

+ function :FunctionValue [0..1]

+ wusage :FunctionValue [0..*]

+ connectedCityObject :URI [0..1]

+ yearOfConstruction :Date [0..1]

+ status :StatusValue [0..1]

+ locationQuality :SpatialQualityValue [0..1]
+ elevationQuality :SpatialQualityValue [0..1]

+subNetwork 0..*

>

+consistsOf 0..*

«Property»

+ class :Code [0..1]
+ function :Code [0..%]
+ usage :Code [0..*]

|

0.*

+subOrdinateNetwork

speoanwer SIMUltaneously be provided
<—— with role information about
_different networks
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Modelling of the suppliability/suppliedness ()

» To be able to conduct simulations also in cases when the
network information is completely missing, the city
objects themselves are to be provided with
iInformationen on their supply and disposal as well.

» A city object can exhibit the following information:
e Supplyability = potential supply of a commodity to a city object

e Suppliedness = actual supply of a commaodity to a city object at
a certain point in time

e Storage = can the city object supply itself in case of
network failures
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Modelling of the suppliability/suppliedness (ll)

Information on

* maximum CapaCIty «FeatureType» «ADEElement»
. aCtuaI f|” Ievel Core::AbstractCityObject <] «ADE>» AbstractCityObject
* inflow and outflow «Property»
+ mediumSupply :AbstractMediumSupply [0..*]
rate
e —
«DataType» «DataType» / «DataType» \
Storage Supply AbstractMediumSupply
«Property» «Property» «Property»
+ type :StorageDeviceValue [0..1] + flowRate :Measure [0..1] + potentialSupply :Supply [0..1]
+ maxCapacity :Measure [0..1] + status :StatusValue [0..1] + currentSupply :Supply [0..1]
+ fillLevel :DoubleBetweenOandl [0..1] { storage :Storage [0..%] /
+ inflowRate :Measure [0..1]
+ outflowRate :Measure [0..1]
«CodelList» «enumeration»
StorageDeviceValue StatusValue «DataType» «DataType» «DataType»
ElectricalMediumSupply GaseousMediumSupply LiquidMediumSupply
+ unknown inUse
+ storageBasin tempOUthseNice «Property» «Property» «Property»
+ battery outOfService + type :ElectricalMediumValue + type :GaseousMediumValue + type :LiquidMediumValue
+ tank destroyed
+ cistern unknown
Informa’“on on «DataType» «DataType»
OpticalMediumSupply SolidMediumSupply
* flow rate
«Property» «Property»
° Status/supp|y + type :OpticalMediumValue + type :SolidMediumValue
reliability
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Modelling of subnetworks as well as
superordinate and subordinate networks

High-voltage

network T

i :

S o . : D
Ty R - | Superordinate

- network

Subordinate

—__ | network
A

e .
i-- | Superordinate
‘ network

i <— Network link .
network T Subordinate

Low-voltage

i,_ . i s i~ | network

Distribution
substation A network can be decomposed into subnetworks
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Exemplary realisation within SIMKAS 3D

Total of 1.313.821 objects, 30797
thereof 524 .
interdependencies
between networks

7337079 1040

e
K

166976

ETerminalElement B FunctionalElement M Cables H Pipes M ProtectiveElement

HE FeatureGraph M InterFeaturelink O NetworkLink M InteriorFeatureLink O Node

Source: Becker, T., Nagel, C., Kolbe, T. H., Semantic 3D modeling of multi-utility networks in cities for analysis and 3D visualization,
3DGeolnfo Conference 2012 in Quebec City.
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Exemplary realisation withipz.SIMKAS 3D

"%

Utility_ID VEW234828711101_Node *
g

DateOfDelivery 16.11.2011
RelevanceOfObject 2
VEW234828711101_Node
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1902
RoundPipe
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ity ot BLDG_000300000a0e246
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K

LA AR AR AL TR TN Y

-

&, G

MM\

UATARRRVURMAMAMAR,

u;ce: Becker, T., Nagel, C., Kolbe, T. H., Semantic 3D modeling@f multi-utility networks in
cities for analysis and 3D visualization, 3DGeolnfo Conference 2012 in Quebec City.
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Current state of implementation

» The current version of the UtilityNetworkADE UML model
was modelled using Enterprise Architect based on

e the CityGML EA UML model available at:
ftp://ftp.lrz.de/transfer/DidVICGML/

e and the information available at the CityGML wiki:
http://www.cityamlwiki.org/index.php/CityGML UtilityNetworkADE

» An XSD was derived using ShapeChange

e The XSD was successfully applied in the project ,Risk Analysis
Supply Infrastructure” by transforming source data to a CityGML
data set using FME
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Further information on the UtilityNetworkADE

CityGML Wiki:
o http://www.citygmlwiki.org/index.php/CityGML UtilityNetworkADE

Publications:

e Becker, Thomas; Nagel, Claus; Kolbe, Thomas H. (2012) Semantic 3D
modeling of multi-utility networks in cities for analysis and 3D visualization:
http://mediatum.ub.tum.de/doc/1145724/287720.pdf

e Becker, Thomas; Nagel, Claus; Kolbe, Thomas H. (2011) Integrated 3D
Modeling of Multi-utility Networks and Their Interdependencies for Ciritical
Infrastructure Analysis: http://mediatum.ub.tum.de/doc/1145740/358854. pdf

e Kutzner, Tatjana; Kolbe, Thomas H. (2016) Extending Semantic 3D City
Models by Supply and Disposal Networks for Analysing the Urban Supply
Situation. In: Loésungen fur eine Welt im Wandel, Dreilandertagung der
SGPF, DGPF und OVG, 36. Wissenschaftlich-Technische Jahrestagung der
DGPF: https://mediatum.ub.tum.de/doc/1304227/1304227 .pdf
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Summary

» Core model for the representation of arbitrary utility networks
e 3D topographic modelling
e 3D topological and functional modelling
e Support of hierarchies: complex objects, network hierarchies
e Provides homogenized and integrated view on multi-utility networks

» Utility-specific, concrete feature classes
e Distribution elements: pipes, cables, canals

e Functional elements: terminals, devices (controller, storage,
measurement, etc.), simple & complex functional elements

e Protective elements: beddings, shells

» Extension by the functional concepts supply area, functional
roles, suppliability/suppliedness
- Allows for conducting functional analyses
e Uselful in regions, where no detailed data on networks are available
e Information can be collected by observation and exploration
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