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Measuring City performance
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Structured Indicator Modelling
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Structured Indicator Modelling
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► Questions:
1. To which degree can Indicators be related to objects from X?
2. To which degree can Indicators be expressed in terms of objects

from X?
3. To which degree can Indicators be computed from objects from

X?
4. Can all the required data from Y be taken from or derived from X?
5. Do the indicators refer to the same or similar concepts that are

represented in X? 
(e.g. X:Building   Y:BuildingHeatEnergyDemand)
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6. Are the indicators and their relations of Y similarly structured than the
represented concepts in X?
(e.g. X:District      X:Buildings    Y:DistrictHeatEnergyDemand = Sum(          
B buildingHeatEnergyDemand))

7. What is missing in X with respect to the required information in Y?
8. Can X be augmented by the missing information and if yes; how? 

(e.g. ADEs, but also: Weaving Classes)
9. Which of the available geospatial application schemas is the most
suitable regarding 1-8?

How to measure this?!
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The Big Picture
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Indicator Data Model linkage for different 
application domains
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CityGML
CityGML 

Energy ADE

12.05.2015 Structuring Information Framework for ADE Representation 9

Does this provide
all information / 

structures that are
required by the

application
domain?!



Technische Universität MünchenLehrstuhl für Geoinformatik

12.05.2015 Structuring Information Framework for ADE Representation 10

CityGML
CityGML 

Energy ADE

Application Domain

Reference

Objects

Object-Related

Indicators

Domain

Indicators
CityGML

Weaving

Classes

Weaving
Model!



Technische Universität MünchenLehrstuhl für Geoinformatik

12.05.2015 Structuring Information Framework for ADE Representation 11

CityGML
CityGML 

Energy ADE

CityGML
Weaving

Classes

Reference

Objects

Object-Related

Indicators

Domain

Indicators

EnergyADE = 
Weaving Classes ?



Technische Universität MünchenLehrstuhl für Geoinformatik

Model Weaving Concept

► Reference Objects in different domains (Energy-Related 
Indicator, Climate-Related Indicator, etc…) can be 
connected to the different geospatial application models 
(e.g. CityGML, INSPIRE, etc…) using the model weaving 
concept.
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Weaving Classes between different geospatial 
application models
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The Structuring Information Framework using
OCL for Heat Energy Demand Estimation

GIM_Know ledgeFramew ork::Weav ingClass

- ComponentSurfaceNumber  :double
- EnergyEffecti veAirExchange  :double
- GlassSurfaceOverallEnergyTransmittance  :real
- HeatPeriod  :double
- ReductionFactor  :double
- RedutionNightWeekend  :double
- SpecificHeatOutput  :double
- UValueOfComponent  :double
- WindowsSolarIrradiationReductionFactor  :real

refObj

context WeavingClass 
inv HED_Mapping:

refObj.ReductionNightWeekend = self.ReductionNightWeekend
refObj.EnergyEffectiveAirExchange = self.EnergyEffectiveAirExchange
refObj.HeatPeriod = self.HeatPeriod
refObj.ReductionFactor = self.ReductionFactor
refObj.SpecificHeatOutput = self.SpecificHeatOutput
refObj.UValueOfComponent = self.UValueOfComponent
refObj.refBoundarySurface.refWindow.GlassSurfaceOverallEnergyTransmittance 
= self.GlassSurfaceOverallEnergyTransmittance
refObj.refBoundarySurface.refWindow.WindowsSolarIrradiationReductionFactor 
= self.WindowsSolarIrradiationReductionFactor
refObj.BuildingVolume = refCityGML.measuredHeight * 
refCityGML.boundedBy.GroundSurface.Area
refObj.refBoundarySurface.refWindow.TotalWindowSurface = 
refCityGML.boundedBy.WallSurface.opening.Window.Area
refObj.EnergyReferenceArea = 0.75 * refCityGML.storeysAboveGround * 
refCityGML.boundedBy.GroundSurface.Area

HED::Building

- BuildingVolume  :real
- ComponentSurfaceNumber  :real
- EnergyEffectiveAirExchange  :double
- EnergyReferenceArea  :real
- HeatPeriod  :real
- ReductionFactor  :real
- ReductionNightWeekend  :double
- SpecificHeatOutput  :real
- UValueOfComponent  :real

«FeatureType»
AbstractBuilding

+ class  :Code [0..1]
+ function  :Code [0..*]
+ measuredHeight  :Length [0..1]
+ roofType  :Code [0..1]
+ storeyHeightsAboveGround  :MeasureOrNi lReasonList [0..1]
+ storeyHeightsBelowGround  :MeasureOrNilReasonList [0..1]
+ storeysAboveGround  :Integer [0..1]
+ storeysBelowGround  :Integer [0..1]
+ usage  :Code [0..*]
+ yearOfConstruction  :Date [0..1]
+ yearOfDemolition  :Date [0..1]

«FeatureType»
BuildingInstallation

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

«FeatureType»
IntBuildingInstallation

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

«FeatureType»
BuildingFurniture

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

«FeatureType»
Room

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

«Feature...
BuildingPart

«Featur...
Building

«FeatureTy...
AbstractOpening

«FeatureTy...
Window

«FeatureTy...
Door

«FeatureType»
Core::Address

«FeatureType»
AbstractBoundarySurface

«FeatureTy...
RoofSurface

«FeatureTy...
WallSurface

«FeatureTy...
GroundSurface

«FeatureTy...
ClosureSurface

«FeatureTy...
CeilingSurface

«FeatureType»
InteriorWallSurface

«FeatureTy...
FloorSurface

«FeatureType»
OuterFloorSurface

«FeatureType»
OuterCeilingSurface

«type»
Geometry root::GM_Object

{root}

GM_Primiti ve

«type»
Geometric primitiv e::GM_Solid

GM_Mul tiPrimiti ve

«type»
Geometric aggregates::GM_MultiCurve

GM_MultiPrimi tive

«type»
Geometric aggregates::GM_MultiSurface

«Type»
Core::ImplicitGeometry

«FeatureType»
Core::AbstractSite

VersionableAbstractFeature

«FeatureType»
Core::AbstractCityObject

*

+lod0RoofEdge
«Property»

0..1

*

+lod1TerrainIntersection
«Property»

0..1

*

+lod3MultiSurface
«Property»

0..1

*

+lod1MultiSurface
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod3Mul tiSurface
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod2MultiSurface
«Property»

0..1

*

+lod2MultiSurface
«Property»

0..1

*

+lod0FootPrint
«Property»

0..1

*

+lod3MultiSurface
«Property»

0..1

*

+lod4TerrainIntersection
«Property»

0..1

*

+lod4MultiCurve
«Property»

0..1

*

+lod2MultiCurve
«Property»

0..1

*

+lod3TerrainIntersection
«Property»

0..1

*

+lod2TerrainIntersection
«Property»

0..1

*

+lod4Mul tiSurface
«Property»

0..1

*

+lod4Implici tRepresentation
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod3Solid
«Property»

0..1

*

+lod3Implici tRepresentation
«Property»0..1

*

+lod2Impl icitRepresentation
«Property»

0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

*

+lod3ImplicitRepresentation
«Property» 0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

+relativeGMLGeometry
«Property»0..1

*

+boundedBy
«Property»

*

*

*

+lod3MultiCurve
«Property»

*

+address
«Property»

*
*

+address
«Property»

*

+boundedBy
«Property» *

0..1

+opening
«Property»

*

0..2

+interiorFurni ture
«Property»

*

0..1

+boundedBy
«Property»

*

*

+boundedBy
«Property»

*

*

+consistsOfBui ldingPart
«Property»

*

*

+outerBuildingInstallation
«Property»

*

*

+interiorBuildingInstallation
«Property»*

*

+interiorRoom
«Property»

*

*

+roomInstallation
«Property»

*

0..1

*
+lod2Geometry
«Property»

0..1

*

+lod2Solid
«Property»

0..1

*

+lod1Solid
«Property»

0..1

*

+lod4Solid
«Property»

0..1

*

+lod4Solid
«Property»

0..1

*

+lod4Geometry
«Property»

0..1

*
+lod4Geometry
«Property»

0..1

*
+lod3Geometry
«Property»

0..1

*

+lod4Geometry
«Property» 0..1

context BuildingHeatEnergyDemand 
inv HeatDemand: 
self.value= self.HeatLoss - self.HeatGain

GIM_Know ledgeFramew ork::
District

GIM_Know ledgeFramew ork::
BuildingHeatEnergyDemand

- FreeHeat  :Real
- HeatGain  :Real
- HeatLoss  :Real

«Indicator»
GIM_KnowledgeFramework::

NumericIndicator

+ name  :CharacterString
+ unit  :Real
+ value  :Real

refBuilding buildingHeat

context BuildingHeatEnergyDemand 
inv HeatLoss: 
self.HeatLoss= 
(
refBuilding.ReductionNightWeekend
* 
(
(0.34 * refBuilding.EnergyEffectiveAirExchange * 
refBuilding.BuildingVolume * Building.Theta) 
+ 
( Sum( 
refBuilding.WindowsSolarIrradiationReductionFactor * 
refBuilding.ComponentSurfaceNumber * 
refBuilding.UValue ) . Building.Theta) 
)
)

context BuildingHeatEnergyDemand 
inv HeatGain:
self.HeatGain= 
(
1 - ( 0.3 * self.FreeHeat / self.HeatLoss )
)

context BuildingHeatEnergyDemand inv FreeHeat: 
self.FreeHeat= 
(
0.024 * refBuilding.SpecificHeatOutput * refBuilding.HeatingPeriod * 
refBuilding.EnergyReferenceArea
)

*

(
( refBuilding.GlassSurfaceOverallEnergyTransmittance * 
refBuilding.WindowsSolarIrradiationReductionFactor [0.36 OR 0.48] ) * ( 
Sum( refBuilding.TotalWindowSurface * 240 ) )
)

GIM_Know ledgeFramew ork::
DistrictHeatEnergyDemand

- value  :Real

context DistrictHeatEnergyDemand inv:
value = Sum(refDistrict.refBuilding.buildingHeat.value)

refDistrict

refBuilding

BoundarySurface

Window

- GlassSurfaceOverallEnergyTransmittance  :Real
- TotalWindowSurface  :Real
- WindowsSolarIrradiationReductionFactor  :Real

refBoundarySurface

refWindow

«Indicator»
HeatDemand

«NumericIndicator»
HeatEnergyDemand

*

*

*

*

0..2

*
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Object-Related Domain Indicators Domain Indicators General Indicator Model

context BuildingHeatEnergyDemand 
inv HeatDemand: 
self.value= self.HeatLoss - self.HeatGain

GIM_KnowledgeFramework::
BuildingHeatEnergyDemand

- FreeHeat  :Real
- HeatGain  :Real
- HeatLoss  :Real

«Indicator»
GIM_KnowledgeFramework::

NumericIndicator

+ name  :CharacterString
+ unit  :Real
+ value  :Real

buildingHeat

context BuildingHeatEnergyDemand 
inv HeatLoss: 
self.HeatLoss= 
(
refBuilding.ReductionNightWeekend
* 
(
(0.34 * refBuilding.EnergyEffectiveAirExchange * 
refBuilding.BuildingVolume * Building.Theta) 
+ 
( Sum( 
refBuilding.WindowsSolarIrradiationReductionFactor * 
refBuilding.ComponentSurfaceNumber * 
refBuilding.UValue ) . Building.Theta) 
)
)

context BuildingHeatEnergyDemand 
inv HeatGain:
self.HeatGain= 
(
1 - ( 0.3 * self.FreeHeat / self.HeatLoss )
)

context BuildingHeatEnergyDemand inv FreeHeat: 
self.FreeHeat= 
(
0.024 * refBuilding.SpecificHeatOutput * refBuilding.HeatingPeriod * 
refBuilding.EnergyReferenceArea
)

*

(
( refBuilding.GlassSurfaceOverallEnergyTransmittance * 
refBuilding.WindowsSolarIrradiationReductionFactor [0.36 OR 0.48] ) * ( 
Sum( refBuilding.TotalWindowSurface * 240 ) )
)

GIM_KnowledgeFramework::
DistrictHeatEnergyDemand

- value  :Real

context DistrictHeatEnergyDemand inv:
value = Sum(refDistrict.refBuilding.buildingHeat.value)

refDistrict

«Indicator»
HeatDemand

*
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GIM_KnowledgeFramework::Weav ingClass

- ComponentSurfaceNumber  :double
- EnergyEffectiveAirExchange  :double
- GlassSurfaceOveral lEnergyTransmittance  :real
- HeatPeriod  :double
- ReductionFactor  :double
- RedutionNightWeekend  :double
- SpecificHeatOutput  :double
- UValueOfComponent  :double
- WindowsSolarIrradiationReductionFactor  :real

refObj

context WeavingClass 
inv HED_Mapping:

refObj.ReductionNightWeekend = self.ReductionNightWeekend
refObj.EnergyEffectiveAirExchange = self.EnergyEffectiveAirExchange
refObj.HeatPeriod = self.HeatPeriod
refObj.ReductionFactor = self.ReductionFactor
refObj.SpecificHeatOutput = self.SpecificHeatOutput
refObj.UValueOfComponent = self.UValueOfComponent
refObj.refBoundarySurface.refWindow.GlassSurfaceOverallEnergyTransmittance 
= self.GlassSurfaceOverallEnergyTransmittance
refObj.refBoundarySurface.refWindow.WindowsSolarIrradiationReductionFactor 
= self.WindowsSolarIrradiationReductionFactor
refObj.BuildingVolume = refCityGML.measuredHeight * 
refCityGML.boundedBy.GroundSurface.Area
refObj.refBoundarySurface.refWindow.TotalWindowSurface = 
refCityGML.boundedBy.WallSurface.opening.Window.Area
refObj.EnergyReferenceArea = 0.75 * refCityGML.storeysAboveGround * 
refCityGML.boundedBy.GroundSurface.Area

HED::Building

- BuildingVolume  :real
- ComponentSurfaceNumber  :real
- EnergyEffectiveAirExchange  :double
- EnergyReferenceArea  :real
- HeatPeriod  :real
- ReductionFactor  :real
- ReductionNightWeekend  :double
- SpecificHeatOutput  :real
- UValueOfComponent  :real

GIM_KnowledgeFramework::
District

refBuilding

refBuilding

BoundarySurface

Window

- GlassSurfaceOverallEnergyTransmittance  :Real
- TotalWindowSurface  :Real
- WindowsSolarIrradiationReductionFactor  :Real

refBoundarySurface

refWindow

*

*

*

*

0..2

Weaving Model Reference Objects
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«FeatureType»
AbstractBuilding

+ class  :Code [0..1]
+ function  :Code [0..*]
+ measuredHeight  :Length [0..1]
+ roofType  :Code [0..1]
+ storeyHeightsAboveGround  :MeasureOrNilReasonList [0..1]
+ storeyHeightsBelowGround  :MeasureOrNilReasonList [0..1]
+ storeysAboveGround  :Integer [0..1]
+ storeysBelowGround  :Integer [0..1]
+ usage  :Code [0..*]
+ yearOfConstruction  :Date [0..1]
+ yearOfDemolition  :Date [0..1]

«FeatureType»
BuildingInstallation

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

«FeatureType»
IntBuildingInstallation

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

«FeatureType»
BuildingFurniture

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

«FeatureType»
Room

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

«Feature...
BuildingPart

«Featur...
Building

«FeatureTy...
AbstractOpening

«FeatureTy...
Window

«FeatureTy...
Door

«FeatureType»
Core::Address

«FeatureType»
AbstractBoundarySurface

«FeatureTy...
RoofSurface

«FeatureTy...
WallSurface

«FeatureTy...
GroundSurface

«FeatureTy...
ClosureSurface

«FeatureTy...
CeilingSurface

«FeatureType»
InteriorWallSurface

«FeatureTy...
FloorSurface

«FeatureType»
OuterFloorSurface

«FeatureType»
OuterCeilingSurface

«type»
Geometry root::GM_Object

{root}

GM_Primitive

«type»
Geometric primitive::GM_Solid

GM_MultiPrimitive

«type»
Geometric aggregates::GM_MultiCurv e

GM_MultiPrimitive

«type»
Geometric aggregates::GM_MultiSurface

«Type»
Core::ImplicitGeometry

«FeatureType»
Core::AbstractSite

VersionableAbstractFeature

«FeatureType»
Core::AbstractCityObject

*

+lod0RoofEdge
«Property»

0..1

*

+lod1TerrainIntersection
«Property»

0..1

*

+lod3MultiSurface
«Property»

0..1

*

+lod1MultiSurface
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod3MultiSurface
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod2MultiSurface
«Property»

0..1

*

+lod2MultiSurface
«Property»

0..1

*

+lod0FootPrint
«Property»

0..1

*

+lod3MultiSurface
«Property»

0..1

*

+lod4TerrainIntersection
«Property»

0..1

*

+lod4MultiCurve
«Property»

0..1

*

+lod2MultiCurve
«Property»

0..1

*

+lod3TerrainIntersection
«Property»

0..1

*

+lod2TerrainIntersection
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

*

+lod4MultiSurface
«Property»

0..1

*

+lod3Solid
«Property»

0..1

*

+lod3ImplicitRepresentation
«Property»0..1

*

+lod2ImplicitRepresentation
«Property»

0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

*

+lod3ImplicitRepresentation
«Property» 0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

*

+lod4ImplicitRepresentation
«Property»

0..1

+relativeGMLGeometry
«Property»0..1

*

+boundedBy
«Property»

*

*

*

+lod3MultiCurve
«Property»

*

+address
«Property»

*
*

+address
«Property»

*

+boundedBy
«Property» *

0..1

+opening
«Property»

*

0..2

+interiorFurniture
«Property»

*

0..1

+boundedBy
«Property»

*

*

+boundedBy
«Property»

*

*

+consistsOfBuildingPart
«Property»

*

*

+outerBuildingInstallation
«Property»

*

*

+interiorBuildingInstallation
«Property»*

*

+interiorRoom
«Property»

*

*

+roomInstallation
«Property»

*

0..1

*
+lod2Geometry
«Property»

0..1

*

+lod2Solid
«Property»

0..1

*

+lod1Solid
«Property»

0..1

*

+lod4Solid
«Property»

0..1

*

+lod4Solid
«Property»

0..1

*

+lod4Geometry
«Property»

0..1

*
+lod4Geometry
«Property»

0..1

*
+lod3Geometry
«Property»

0..1

*

+lod4Geometry
«Property»

0..1
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Key Indicators Modelling (KPIs)
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General Indicator Model and domain-specific 
indicator models in the MDE perspective. The 
dashed arrows indicate an “is-represented-by” 
relationship.
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Conclusion

► Automatically derive computational rules
► Evaluating alternative scenarions
► Automatic decision-making process
► Credibility, reliability, tractability, and accuracy of indicators
► Diverse utilization in the geospatial context
► Model relations between geospatial objects and individual 

indicators
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