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Overview

Part 1: Semantic 3D city modelling & a first look at CityGML
= Part 2: A second look at CityGML and the 3D City Database

= Part 3: Experiences from Trento and Vienna

= Part 4: Extending CityGML

= Part 5: Energy & cities



Part 1. Semantic 3D city modelling & CityGML

=  Semantic 3D city modelling (a short story)

= A gentle introduction to CityGML
= Main characteristics
= Brief overview of current applications
= Working with CityGML: (some) existing tools
= Online resources
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City modelling: today

Separate modelling, generally by specific sectors

= Energy

Mobility

Ecology

Economy

Each one having its community, models, indicators, stakeholders, etc.
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Which common city model?

CITYA&CITYB



Spatio-semantic modelling of our world

= Many urban entities are physical objects...
= ...and they occupy space in the real world

= Partitioning of occupied real space - discrete objects
= gpatial aspects: location, shape, extent

= criteria for subdivision: thematic classification into different topographic
elements like buildings, streets, trees etc.

= Different, discrete levels of detail (LODs)

= Real world is 3D - semantic 3D city models

Image: Thomas Becker (2012)



Semantic 3D city modelling

We need a model which is:

= urban

= three-dimensional
= virtual

= reality-based

=  metric

= vector-based
= spatio-semantically coherent



Model: urban, 3D, virtual, reality-based, metric, vector-based AND
spatio-semantically coherent

Roof surface

Exterior Shell

Wall
surface
Ceiling

surface
Room

Opening
(Window)

InteriorWall
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Opening
(Door)

Vector-based building models

S ) Ground surface
ource: Www.geores.de

Semantic decomposition of a
building (according to CityGML)

Source: CityGML Encoding Standard, www.opengeospatial.org



Which data model for cities?

= Different data sources

= Different data formats Socio-
economic

Vector-based

= Different semantics i spatia:] data
. topographic maps,
= Different scales (\pgadzstre)p/

= Different accuracies
Census data

Energy _
Performance
Certificates

Consumption data
(water, energy, etc.) Raste_r-based
spatial data

Domain-

specific
data

Other data
sources
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Which data model for cities?
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Which data model for cities?

oGC

Making location count.

CityGML.: City Geography Markup Language

HEimn
= [nformation model for 3D city models at sEREEEE=

urban and regional scale (OGC standard) CrtyG M L

= Comprises thematic areas for buildings, terrain, traffic, tunnel, bridges,
vegetation, etc.

* Includes multi level-of-detail 3D geometry, topology, semantics and
appearance

= Extendible to other application domains

LoD0
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Which data model for cities?

Generics
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CityGML: building model

|
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NOTA BENE: all images in this and the following slides are taken from the CityGML 2.0 specification document



Tunnel

Tunnel interior
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CityGML: tunnel model
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Fig. 40: Tunnel model in LOD1 — LOD4 (source: Karlsruhe Institute of Technology (KIT)).



CityGML: bridge model
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Fig. 46: Bridge model in LOD1 — LOD4. (source: Karlsruhe Institute of Technology (KIT))
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CityGML.: city furniture model

Immovable objects like
street lanterns, bus
stops, street signs,
etc.

Can be represented

also as implicit
Fig. 67: Real situation showing a bus stop (left). The advertising billboard and the refuge are modelled as CiryFurniture objects in

g e 0 m etrl e S the right image (source: 3D city model of Barkenberg).

Fig. 68: Real situation showing lanters and delimitation stakes (left). In the right image they are modelled as CityFurniture ob-
jects with ImplicitGeometry representations (source: 3D city model of Barkenberg).
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CityGML: vegetation model

Solitary vegetation
object can be
represented in
multiple LoDs with
any geometry

Plant cover can be
represented only as
MultiSurface or
MultiSolid

PlantCover
(MultiSolid)

Fig. 63: Example for vegetation objects of the classes SolitaryVegetationObject and
PlantCover (graphic: District of Recklinghausen).
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CityGML.: transportation model

Situation

LOD 0

— ]

LOD 1

___\ﬁ—
\

LOD 2 -4

TransportationComplex
provides linear network
with line objects

— line objects

TransportationComplex
provides surface geometry
describing the actual
shape of the object

[ ] TransportationComplex
(Surface geometry)

[ ] Terrain surface

Surface geometry is devided
thematically into TrafficAreas,
like:

[] Traffic — cars

[] Traffic — emergency lane
[ Traffic — restricted area
[[] Auxiliary - grass



CityGML: land use model

Fig. 72: LODO regional model consisting of land use objects in CityGML (source: IGG Uni Bonn).



CityGML: Waterbody model

WaterSurface

’ Surface

WaterClosure

——<> WaterBody

WaterGroundSurface

Fig. 55: Tllustration of a water body defined in CityGML (graphic: IGG Uni Bonn).

ITUTE



CityGML.: Digital Terrain Model

= Supports raster and vector DTMs
= Multiple, heterogeneous DTM can be nested
= Each DTM is delimited by a validity extend polygon

validity extent polygon




CityGML: Other modules

=  CityObjectGroup
= allows for arbitrary grouping of city objects

= (Generics
= allows to define generic city objects, which are not already defined
= Allows to define generic attributes, which are not already defined

= Appearance
= Allows to define one or multiple appearances for each city object
« Styling with "colours"
« Texturing



Working with CityGML, city model generation

1) Input data 2) 3D modelling software

* DSM (min 4, better 10 to 15 pt/m?) I:>
e Building footprints

3) Import/export
4) Spatial tools
RDBMS

)b:nl ’
AN,

5) Output



Brief overview of CityGML tools

citygml4j
= FOSS Java-based API to read and write CityGML documents (+ ADES)
https://github.com/citygml4j

3D City Database ("3DCityDB")
= FOSS implementation (Postgres / Oracle) of the CityGML data model
= Comes with SQL scripts to generate tables and (some) stored procedures

Documentation + Installer: http://www.3dcitydb.org

GitHub: https://github.com/3dcitydb



https://github.com/citygml4j
http://www.3dcitydb.org/
https://github.com/3dcitydb

Brief overview of CityGML-related tools

= 3DCityDB Importer / Exporter
= FOSS interface (+ GUI) based on citygmi4;
= Validate & import CityGML data into the 3DCityDB
= Export data from the 3D city DB into
« CityGML
« KML (for Google Earth) + Balloons
« Gltf (for Cesium WebGL Virtual Globe)
= Export attributes as spreadsheet/csv

= 3DCityDB-Web-Map-Client
= FOSS, web-based front-end of the 3DCityDB for 3D visualisation and
interactive exploration of 3D city models
= Builds on & extends the Cesium library
= (More details later on)
= Shipped (also) with the 3DCityDB software package
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> 3DCityDB Home Privacy & Terms Contact

The CityGML Database

3D CIty DB News Features Demos Software Downloads Partners 3DCityDB in Action Publications

>

Welcome New Release

The award winning 3D City Database is a free geo database to store, represent, and manage virtual 3D city 22.11.2016: A bug fix release of
models on top of a standard spatial relational database. The database schema implements the CityGML the Importer/Exporter v3.3.1 for
standard with semantically rich and multi-scale urban objects facilitating complex analysis tasks, far beyond Oracle and PostGIS available
visualization. 3DCityDB is in productive and commercial use for more than 10 years in many places around now!

the world. It is also employed in numerous research projects related to 3D city models.

The 3D City Database comes with tools for easy data exchange and coupling with cloud services. The 3D City New Major Release =
Database content can be directly exported in KML, COLLADA, and gITF formats for the visualisation in a 01.09.2016: 3D
broad range of applications like Google Earth, ArcGIS, and the WebGL-based Cesium Virtual Globe. City Database
v3.3 and
3 Importer/Exporter
v'_eAw oot S v3.3 for Oracle and PostGIS

available now!

Flyer on 3DCityDB v3.3
Download a two-page flyer on

p C|t GML ) \ \ s JF ; L - .- the new release 3.3.
. f J f \ A i ,q "- - 3
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3DCityDB-Web-Map-Client

3DCityDB-Web-Map-Client
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Cesium Virtual Globe Visualization Engine
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~ Visualization model ¢ — — —> Online Spreadsheet

T Export Export T
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Request Response

Request Response

Terrain Server

Imagery Server

Export
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https://github.com/3dcitydb/3dcitydb-web-map

Brief overview of CityGML-related tools

= Spatial ETL tools with CityGML support
= Feature Manipulation Engine (FME) by Safe Software
= https://www.safe.com/

FME is the Swiss army knife for your data

A O

Connect Your Applications Transform Your Data Automate Your Workflows
Lasily move information between 350+ data sources - Sawve time restructuring and prepping data using FME's Turn mindless data chores into scheduled, real-time, or
without any need to code. library of transfermers. self-serve processes.

= Hale Studio by WeTransform
= https://www.wetransform.to/products/halestudio

“hale

STUDIO

Trusted Open Source product for fast, interactive Data Transformation.


https://www.safe.com/
https://www.wetransform.to/products/halestudio

Where to get more information?
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= CityGML Specifications: http://www.opengeospatial.org/standards/citygml

oGC

Making location count.

CityGML

1) Qverview

2) Additional Resources
3) Downloads

4) Official Schemas

5) Related Links

6) Related News

1) Overview

CityGML is an open data model and XML-based format for the storage and exchange of virtual 3D
city models. It is an application schema for the Geography Markup Language version 3.1.1 (GML3),
the extendible international standard for spatial data exchange issued by the Open Geospatial
Consortium (OGC) and the ISO TC211. The aim of the development of CityGML is to reach a
common definition of the basic entities, attributes, and relations of a 3D city model. This is
especially important with respect to the cost-effective sustainable maintenance of 3D city models,

About v Standards v Innovation v News & Events v Membership v Resources v

» OGC® Standards

allowing the reuse of the same data in different application fields.

3dP

ARML2.0

Cat: ebRIM App Profile: Earth
Observation Products
Catalogue Service

CcDB

CityGML

Coordinate Transformation
Filter Encoding

GML in JPEG 2000

GeoAPI

GeoPackage

GeoSciML

GeoSPARQL

Geography Markup Language
GeoRSS

Geospatial eXtensible Access Control
Markup Language (GeoXACML)
Geospatial User Feedback (GUF)


http://www.opengeospatial.org/standards/citygml

CityGML homepage: http://www.citygml.org

oOGC

Making location count.

CityGML

CityGML is an open standardised data model and exchange format to store digital 3D models of cities and landscapes. It
is implemented as an application schema for GML3, and it is an official international standards of the OGC.

DOWNLOAD DOCUMENTATION (V2.0) DOWNLOAD SCHEMAS (V2.0)

https://www.citygml.org/https://www.citygml.org/

Latest news 3 9

Welcome to the new CityGML.org website %

21 Feb 201 - 5
Our site www.citygml.guru is starting from today the What s CIWGM L2
official site of CityGML (ie we get the ORG domain), and

we're very happy about this!

read more
10 Jan 2017 North Rhine-Westphalia releasesits 3... ‘

Jan 201

27 Dec 2ol citygml.guru is now secure with https Browse schema

&

3D cities

- 2018 Make CityGML great!

All news

.
| I
Sample datasets

Forum

,(v

Validation tools

e

Software for CityGML

Ongoing work


http://www.citygml.org/

CityGML Wiki: http://www.citygmlwiki.org

CityGML

Citygml Wiki

Basic Information
Commercial Software
Freeware

Open Source
Examples and WFSs
Open Data Initiatives
Projects

Research Activities
Education Activities
CityGML-Developers
CityGML-ADEs
CityGML-Users
Events

Links

References
Glossary

Navigation
Citygml Wiki
Categories
Recent changes
Help

Tools

Main page Discussion

Login

Read View source View history | Se€arch Q

Citygml Wiki

[ Edit ]

Important

Please, be aware of ...

Due to different reasons we have replace the hardware and updated the software of the CityGML Wiki. In the old version we had a huge number of users
which were no longer active. As it was impossible to go through all the users, we decided to remove all users. We kindly ask serious users to apply for a new

account (Karl-Heinz Hafele@’) and apologize any inconveniences.

CityGML - City Geography Markup Language

The City Geography Markup Language (CityGML) is a concept for the modelling and exchange of 3D city and landscape models that is quickly being adopted on
an international level. CityGML is a common information model for the representation of 3D urban objects. It defines the classes and relations for the most relevant
topographic objects in cities and regional models with respect to their geometrical, topological, semantical and appearance properties. Included are generalization
hierarchies between thematic classes, aggregations, relations between objects, and spatial properties. In contrast to other 3D vector formats, CityGML is based on
arich, general purpose information model in addition to geometry and graphics content that allows to employ virtual 3D city models for sophisticated analysis tasks
in different application domains like simulations, urban data mining, facility management, and thematic inquiries. Targeted application areas explicitly include urban
and landscape planning; architectural design; tourist and leisure activities; 3D cadastres; environmental simulations; mobile telecommunications; disaster

management; homeland security; vehicle and pedestrian navigation; training simulators; and mobile robotics.


http://www.citygml.org/

Overview

Part 1. Semantic 3D city modelling & a first look at CityGML

= Part 2: A second look at CityGML and the 3D City Database
= Part 3: Experiences from Trento and Vienna

= Part 4: Extending CityGML

= Part 5: Energy & cities



Part 2: A 2"d |ook at CityGML and the 3DCityDB

= CityGML: A look at the UML model

= The 3D City Database

NOTA BENE: all UML diagrams in the following slides are taken from the
CityGML 2.0 specification document
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CityGML: data model AND XML-based data format

ot i core Site 3 <?xml version="1.0" encoding="UTF-8"2>
lod #iRepresentati --I : ==<Cbject> El<core:CityModel xmlns:app="http://www.opengis.net/cit appearance/2.0" xmlns:lus
oddimp & Represerishon ¥ f <gml:description>CityGML-based 3D model of the city of Vienna generated by Gicrgio
lod4imgiicitReoresentation 7! lod2ImokcitReoresentstion <gml:name>Wien</gml:name>
\ . o 01 | todaimescitmeoresentstion gm-L gm-:
lod4impscitRecresentstion ﬁ <gml :boundedBy>
ale]s E <gml:Envelope srsName="urn:ocg:def:crs,crs:EP5G::31256,crs:EPSG: :5176" srsDimensi
R 01 g y - screstures <gml:lowerCorner>-2501.47 335478.41 208.397</gml:lowerCorner>
v E|gmr;:_ v [‘ [ todt ¥ * |+ciass : gmizCodeType [0..1] - <gml:upperCorner>=-1972.514 336128.59 235.707</gml:upperCornsr>
o | - |#unction : gmi::CodeType [0.4] > )
+usage : gml::CodeType [0.] F </gml:Envelope>
=N\ outerBuildinginstalistion F </gml:boundedBy>
= e g ﬁ <core:cityCbjectMember>
IntBuildi p—— =<Festure>> |- sddress = <grp:CityObjectCroup gml:id="UUID e8f506df-8878-4abB-b55a-ddac90da26b3" >
g - 2| core-Address [,
_;mﬁmﬂmﬁﬁyﬁ[gq 4 O N <gml:description>Bezug code from FMZK</gml:description>
+usage - gmi-CedeType [0.7] <<Fasture> <gml :name>028540</gml :name>
racminstalistion / + 2 being <core:creationDate>2016-04-07</core:creationDate>
e Corpe — g <grp:groupMember>
+yesrOfConstruction - xs-gesr [0.1] = <bldg:Building gml:id="UUID 52082618-f668-40da-bf92-3b606057c92c">
Le [+yearOfDemoliti ::g Y A . . . - - .
.“F“:"“?} mm.";"‘,,:m;y;?;iﬁ ! Ko—— <gml:description>This is a single-part building</gqml:description>
s ot CoeTime 0 1 e e e e L T <core:creationDate>2016-04-07</core:creationDate>
jon mi- e .. ¥ = - y
hAsage:gnEl::CodeTypy:?D..ﬂ o ; : ‘ M' reoﬂfﬂil-:ilﬂ aq <bldg:function>Building</bldg: function>
reyHeightsAboveGround : gmi-MeasureOrNullListType [0..
= /MinterorFurniture storeyHei - g OrMlullListType [0..1] — <bldg:roofType>sSatteldach</bldg:roofType>
T T T <bldg:measuredHeight uom="m">15.67</bldg:measuredHeight>
0.1 0.1 <bldg:lod0FootPrint>
“<Festura=> o <gml:MultiSurface cml:id="multi surf uuid e07d7e62-8983-439d-b6e3-e42462f
+ciass : gmi:CodeType [0.1] <gml:surfaceMember:>
e T L . <gml:Polygon gnl:id="polygon uuid 2c144fbb-c0a9-4b28-820c-0ada6l6d7a8
a1y [{ Tod7Scid TArT <gml:exterior>
ol lod3Temainintarsection <gml:LinearRing gml:id="linearring UUID_aeS9da9a2-6ad5-42d0-beb0-0
i IAERa loddTarrsinintersectan <gml:posList>-2043.892 336034.704 213.671 -2039.658 336044.846
1= = lod2MutCune </gml:LinearRing>
Uodd4Solid~, | gl Solid ‘ ‘ aml:MultiSurface ‘ lodiidiCure / gm ; ¢
oA s — SO </gml:exterior>
e : 2] 0.1 </gml:Polygons>
lod2h Y
oA ‘ gmi:-MultiCurve </gml:surfaceMember>
lodaMutiSurisce </gml:MultiSurface>
</bldg:lod0FooctPrint>
: - A4 0 <bldg:lodlsolids>
<<Fealure>>
< D2<> _i & <gml:Solid gml:id="solid uuid d7c75382-c%e8-4f5f-872c-bablcl7alfle" srsNa
- boundedv - -
A < <gml:exterior>
r T T T T 1 <gml:CompositeSurface gml:id="comp surf uuid 5651fc6b-2da3-4471-Bect-
<<Feature=> <<Feature>> <<Feature>> =<Fesature>> <<Feature=> <<Feature=> <<Feature=> - - -
cl Ceili face i face ‘ Floor Surface <gml:surfaceMember>
<gml:Polygon gml:id="polygon uuid e25c0829-825¢c-48cB-8£f1c-98£6lcd

‘OulerCeiinnSurlaoe H OuterFloor Surface ‘ <gml:exterior>

<gml:LinearRing gml:id="linearring UUID_ 64336137-c356-417a-b3 -

3

I




CityGML

CityGML modules overview

™

Open Geospatial Consartimm, Inc.

Geography Markup Language

(from OC0)

extensible Address Language

(from QASIS)

] - ] | ] ]
<<l eaf>> <<l eaf>> <<lLeaf>> <<l eaf>> <<l eaf>> <<l eaf>>
Appearance - Bridge - Building - CityFurniture |- [ CityObjectGroup |- Generics -
I | ' | : :
1 : D] [ D[ D] :
<<Leaf>> I <<Leaf>> | <<Leaf>> : <<Leaf>> | <<Leaf>> I <<Leaf>> \
LandUse -E Relief -E Transportation |- Tunnel -i Vegetation -E WaterBody -E
| | ; | | |
| : : | : |
1 1 \:/ . 1 I 1
| I - camport> | | |
e e e e e oo oo <<Application Schema>> |~ ____ L e o e e e mcemeeon b e e m i
<<import>> CityGML Core <<import>> ]
Y A , ; <<Leaf>>
b rt ot : - -| TexturedSurface
1, <<import>> <<import>>
V4 — v [deprecated
<<XSDschema>> <<XSDschema>>



CityGML

CityGML Core module, part 1

Open Gesspatial Consertium, Inc

<<Feature>>
gmi::_Feature
+name : gml::CodeType [0..7]

<<Feature>>
gmi::_FeatureCollection

i

<<Feature>>
CityModel

%

*

cityObjectMember

<<DataType>>

gmi::CodeType
+name : xs::string[1]
+codeSpace - xs anyURI[0 1]

<<Enumeration>>
Relative ToTerrainType

<<Feature>> multiPoint <<Geometry>> +entirelyAboveTerrain

Address gml::MultiPoint +substantiallyAboveTerrain

" 0.1 +substantiallyAboveAndBelow Terrain

1 +substantiallyBelowTerrain

1 <<DataType>> +entirelyBelowTerrain
XAL::AddressDetails
xalAddress -
<<Feature>> <<?numeratlon>>
CityObject ] . Relative ToWaterType

+creationDate : xs::date [0..1]
+terminationDate : xs::date [0..1]

+relativeToTerrain : RelativeToTerrainType [0..1]

+relativeToWater - RelativeToWaterType [0 1]

<<Datalype>>
ExternalReference

l extemalReT’erencé
x

generalizesTo

+informationSystem - xs:anyURI [0..1]

B

1
externalObject

+entirelyAboveWaterSurface
+substantiallyAboveWaterSurface
+substantiallyAboveAndBelowWaterSurface
+substantiallyBelowWaterSurface
+entirelyBelowWaterSurface
+temporarilyAboveAndBelowWaterSurface

<<Union>>
ExternalObjectReference

<<Primitive Type>>
TransformationMatrix4dx4Type

+name : xs::string [1]
+uri - xs:anyURI [1]

+gml::doubleList [16]




<<Feature>>
gml::_Feature

T

<<Feature>>
gml::_FeatureCollection

T

<<Feature>>
CityModel

*

app:.appearanceMember

<<Feature>>
app::Appearance

+theme : xs::string [0..1]

app::appearance

*

cityObjectMemben

CityGML: core
module

<<Feature>>
CityObject

+creationDate : xs::date [0..1]
+terminationDate : xs::date [0..1]

« |+relativeToTerrain : RelativeToTerrainType [0..1]

+relativeToWater : RelativeToWaterType [0..1]

*

generalizesTo

| *

T

<<Feature>>
dem::ReliefFeature

<<Feature>>
luse::LandUse

<<Feature>>
veg.: VegetationObject

<<Feature>>
frn::CityFurniture

<<Feature>>
wir:: WaterObject

<<Feature>> <<Feature>> <<Feature>> <<Feature>>
gen::GenericCityObject _Site tran:: TransportationObject grp::CityObjectGroup
[ | ]
<<Feature>> <<Feature>> <<Feature>>
bldg:: AbstractBuilding tun:: AbstractTunnel brdg:: AbstractBridge




lod3Impdcs resentation o1 =<Chjectr>
lod4Implici resentstion core::ImplicitGe ometry
0.1
lod4HmplicitRepresentation 0.1 lod2ImeliciiReoresentsation
lod4implicitResresantation G'g lod2imefcitReoresentstion
lod4impkcitReoresentstion
0.1 .1 “aFeaturess
lod4Geonetry - ZGeomeatry -
==Geometry== fod Buildinglnstallation
lodd4Geometry gml::_Geometry lod2Gaometry * |+class : gmi:CodeType [0..1] -
0.1 lod4Geometry = |+Hunction : gmi::CodeType [0..4] <>
+usage - gml:CodeType [0L.*]
- outerBuildinglnstallation
=Featuress
IntBuildinglnstallation S ———
+class : gmi:zCodeType [0..1] - intenarBuldinglnstallation

+unction : gml::=CodeType [0.4]
+usage : gml:CodeType [0..7]

O 0. |.

=<=Feature=>=
- AbstractBuilding
roominstallaton +class : gml:CodeType [0..1]
+function - gml::CodeType [0..%] -
+usage : gmi::CodeType [0.4]
+yearOfConstruction :gear[0.1]
La| <<Feature=> +yearCfDemolition : xs::giear [0..1] -
= BuildingFurniture +roofType fE"_'":CﬂdETS'PE [0.1]
class : gri-CodeType [0..1] +measuredHeight : gmit::Length Type [Q..i]
+funclion : gml::CodeType [0.4] +storeysAbove Ground :as::nunNega‘t_weln‘begEr [0.1]
+usage | gl CodeType (0. +storeysBelowGround : xsononMegativelnieger [0..1]
X +storeyHeightsAboveGround - gml:MessureOrMullListType [0.. 1] "
- interiorFurniture +storeyHeightsBelowGround : gml::MeasureOriullLisiType [0..1] —
0.1 0.1
<<Feature>> <<Feature>>
ST < Building BuildingPart
Room
+giass - gml:CodeType [0..1] consistsCfBuildingPart
+Hunction : gmi:CodeType [0.*] interiorRoom
+usage : gml:CodeType [0..%] = TodTuES0rT, reechon
a1 <> - Ind2Salid lod2MultiSurfacs lod2Terrsinintersection
lod3Sahd lod3MultiSurfacs lodOF ootPrint lod3Termrzinintersection
InA4Salid lod4MultiSurface lod0RoofEdge lod4Terrainintersection
b.. 0.1 B! lod2MutiCu
- ==Geometry>= ==Geometry>> uune
Lol gml-:_Solid gml::MultiSurface lodIMutiCune
0.1 i
"--"T‘ ) 01 loddMutiCurve
. 0.1 0.1
- <<Fesatures> led4MuitiSurface lod2MuliSurface = etrye>
=~  _Opening = lod3MuitiSuriace lod3MuiSuriace gmi:MultiCurve
opening lod4MultiSurface
<<Feature>> <=Feature>> boundedBy * e ! edBy
Wirsdow Door <=Feaiura=s =
= <> _BoundarySurface boundedBy
0.2 boundedBy
[ T T T 1 1
=+Feature=> <=Feature=> ==Feature=> ==Feature=>= ==Feature=> <=Feature=> ==Feature=>
RoofSurface WallSurfacee Ground Surface Closure Surface CeilingSurface InteriorWall Surface Floor Surface
<=Fagiurg>> =aFeatune=>
OuterCeiling Surface OuterFloor Surface

CityGML.:
building module



BuildingFurniture

+class : gml:CodeType [0..1]
+function : gml::CodeType [0..7]
+usage . gml::CodeType [0..7]

* interiorFurmniture

+roofType - gml:CodeType [0..1]

+measuredHeight : gml::LengthType [0..1]

+storeysAboveGround : xs::nonNegativelnteger [0..1]
+storeysBelowGround : xs::nonNegativelnteger [0..1]
+storeyHeightsAboveGround : gml::MeasureOrNullListType [0..1]

> <<Feature>> <<Feature>> (}—m8«+——
core:._CityObject core:._Site
lod3ImplicitRepresentation D'é <<Object>>
lod4implicitRepresentation | core::ImplicitGeometry
0.1
lod4ImplicitRepresentation 0! lod2implicitRepresentation
lod4implicitRepresentation <. lod3ImlicitRenresentation
lod4ImplicitRepresentation
0.1 0.1 <<Feature>>
lod4Geometry - x
<<Geometry>> lod2Geometry Buildinglnstallation
lod4Geometrv gmi:;_Geometry lod3Geometry * |+class : gml::CodeType [0..1]
0.1 lod4Geometry = |+function : gml::CodeType [0..7]
+usage - gml::CodeType [0..%]
* outerBuildingInstallation
<<Feature>> K>
IntBuildinglnstallation —— — - address <<Feature>> address
+class - gml-CodeType [0.1] » InteriorBuildinglnstallation 7| core::Address | .
+function : gml::CodeType [0..%] K <> . .
+usage : gml::CodeType [0.7%] <<Foaluroo>
- _AbstractBuilding
roominstallation +class - gml::CodeType [0..1]
+function : gml::CodeType [0..7]
+usage - gml::CodeType [0..%]
+yearOfConstruction : xs::gYear [0..1]
<<Feature>> +yearOfDemolition : xs::gYear [0._1]

+storeyHeightsBelowGround : gml::MeasureOrNullListType [0..1]
*, x|x]x]*x |x|=x]|=x]= x| * 4 * x| x| =%
0.1 0.1 ‘
<<Feature>> <<Feature>>
R K>— Building BuildingPart |+
Room .
+class - gml::CodeType [0..1] consistsOfBuildingPart
+unction - gml::CodeType [0..7] interiorRoom

+usage - gml::CodeType [0..%]

n LI |

| lnd15alid

lod1MultiSurface

lod1Terrainintersection




AUSTRIAN INSTITUTE
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|_x_ <<Feature>> +yearOfDemolition : xs::gYear [0..1] bl
BuildingFurniture +roofType gml:CodeType [0..1] C
+class - gml-CodeType [0. 1] +measuredHeight : gml::LengthType [_[)._1]
+function - gml--CodeType [0_7] +storeysAboveGround _: xs_:.: nonNegat_weInteger [0.1]
+usage - gml--CodeType [0..%] +5toreysB(_eIowGround - xs:nonNegativelnteger [D._1_]
) +storeyHeightsAboveGround : gml::MeasureOrNullListType [0..1] "
* interiorFurniture +storeyHeightsBelowGround : gml::MeasureOrNullListType [0..1] =
0.1 0.1 ‘ ‘
<<Feature>> <<Feature>>
<<Feature>> K >— Building BuildingPart |~
Room .
+class - gml::CodeType [0..1] consistsOfBuildingPart
+function : gml::CodeType [0..%] interiorRoom
+usage : gml::CodeType [0..7] Tod1Sand lod1MultiSurface lod1Terraininfersection
0.1 <> o lod2Solid lod2MultiSurface lod2TerrainIntersection
Ind3Salid lod3MultiSurface lodOF ootPrint lod3Terrainintersection
Ind4Salid lod4MultiSurface|  lodORoofEdge lod4Terrainintersection
0.1V 01V 0.1 _
lod4Solid <<Geometry>> <<Geometry>> lod2MultiCurve
(OO0 | gmil::_Solid gml::MultiSurface lod3MultiCurve
0.1 lod4MultiCurve
o..14\ 0.1 N 0.1
: Vo 1 Vo1
= [ <<Feature>> lod4MultiSurface lod2MultiSurface <<I(_3_;0nl1tt_e{i:ry>>
_Opening | = lod3MultiSurface i gmi-HuTEurve
> opening lod4MultiSurface lod4MultiSurface
[ ]
<<Feature>> <<Feature>> *
: boundedBv i boundedByv
Window Door <<Fealure>> <
. <_>| _BoundarySurface boundedBy
0.2 boundedBv
[ T T T 1 T ]
<<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>>
RoofSurface WallSurfacee GroundSurface Closure Surface CeilingSurface InteriorWallSurface FloorSurface
<<Feature>> <<Feature>>
QuterCeilingSurface QuterFloorSurface




< _BousdarySurtace

5

«ﬂnl-w-r
[

‘Jmllﬂhmr [dmlldwrll

I |-tdw

Iw..m I <Femuerr I

AI I INSTITUTE
ECH 0LOG

UML diagram of the
building model in
CityGML

Lod1




CityGML: vegetation module

<<Geometry>>
gmil::_Geometry

<<Feature>>
core::_CityObject

1

<<Feature>>
_VegetationObject

T

<<Object>>
core::ImplicitGeometry

<<Geometry>>
gml::MultiSurface

lod1Geometry * * lod1MultiSurface
<<Feature>> <<Feature>>
0.1 | lod2Geometry * SolitaryVegetationObject PlantCover * lod2MultiSurface | g1
. +class : gml:CodeType [0..1] +class - gml:CodeType [0..1] . )
lod3Geometry +function : gml::CodeType [0..7] +function : gml::CodeType [0..7] lod3MultiSurface
lod4Geometry =|+usage - gmi=CodeType [0..7] +usage : gml::CodeType [0..7] = loddMultiSurface
+species : gml:CodeType [0..1] +averageHeight : gml:LengthType [0.1]
lod1ImplicitRepresentation = |*height - gmi=LengthType [0..1] * lod1MultiSolid
+runkDiameter . gml._LengthType [0..1] 0.1
0..1| lod2ImplicitRepresentation *|+crownDiameter : gml::LengthType [0..1] * lod2MultiSolid -
lod3lmplicitRepresentation = = lod3MultiSolid
loddimplicitRepresentation = * lod4MultiSohd

<<Geometry>>
gml::MultiSolid




CityGML: generics module

<<Geometry>> <<Feature>> _genericAttributex <<DataType>>
gml::MultiCurve core::_CityObject et = _genericAttribute
0.1 1 +name : xs::string [1]
) N TRETAN
_genericAttribute
; . <<DataType>>
lodOTerrainIntersection . stringAttribute
lod1 Terrainint ti <<Feature>> 0.1 +value : xs::string [1]
od1Terrainintersection . e ; - e A3
GenericCityObject <<DataType>>
lod2Terrainintersection R +C|355_3 gml::CodeType [0..1] genericAttributeSet <<DataType>>
_ _ +function : gml::CodeType [0..*] +codeSpace : xs::anyURI [0..1] intAttribute
lod3Terrainintersection «|+usage : gml::CodeType [0..*]

lod4Terrainintersection

lod0ImplicitRepresentation lod0Geometry
lod1ImplicitRepresentation lod1Geometry
lod2ImplicitRepresentation lod2Geometry
lod3ImplicitRepresentation lod3Geometry
lod4ImplicitRepresentation lod4Geometry
\/ 0..1 \/ 0.1
<<Object>> <<Geometry>>

core::ImplicitGeometry

gml::_Geometry

+value : xs::integer [1]

<<DataType>>
doubleAttribute

+value : xs::double [1]

<<DataType>>
dateAttribute

+value : xs::date [1]

<<DataType>>
uriAttribute

+value : xs::anyURI [1]

<<DataType>>
measureAttribute

+value : gml::MeasureType [1]




CityGML: CityObjectGroup module

<<Feature>>
core:: CityObject

parent 0.1 JAN 0..% groupMember

<<Feature>>
CityObjectGroup
+class : gml::CodeType [0..1]
+function : gml::CodeType [0..*] | *

Role

+role : xs::string [1]

0..1
S
~

+usage . gml::CodeType [0..*]

geometry

<<Geometry>>
gml::_Geometry




3D City Database

= Free and open-source database implementation of the CityGML data model
= For PostgreSQL / PostGIS and for Oracle

= Comes with an importer / exporter for ("vanilla") CityGML data from / to the
database

= Consists of 60 predefined tables + a number of functions

= General mapping rules from OO-model to ER-model
= Al NON-CityObjects (e.g. Features) mapped to own tables
 E.g. ADDRESS, EXTERNAL REFERENCE
= All CityObjects mapped to

« CITYOBJECT table (+ OBJECTCLASS reference table, i.e. "telephone
book")

» Class specific table (e.g. BUILDING)
« Ancillary tables (GEOMETRY SURFACE, APPEARANCE, etc.)
« E.g. _AbstractBuilding: CITYOBJECT + BUILDING + anc. tables.



3D City Database

Tables:

CITYOBJECT, OBJECTCLASS
BUILDING, VEGETATION
SURFACE_GEOMETRY
CITYOBJECT_GENERICATTRIB
GENERIC_CITYOBJECT
CITYOBJECTGROUP

Stored procedures (functions):

DELETE_*(id): DELETE_BUILDING, DELETE_ROOM, DELETE_BRIDGE, ...
DELETE_CITYOBJECT(id) is a general function dealing with ANY cityobject
DELETE_CITYOBJECTGROUP(id)

The delete functions take care of deleting objects having data spread over multiple tables.



File Edit View Tools Help
H2n B8 eV

7 ‘ Mo limit - |

id classname superclass_id
[PK] integer character varyina{256) integer
71 |70 EridgeFloorSurface &7
72 |71 EridgeRoofSurface &7
73 |72 BEridgeWallSurface &7
74 |73 BEridgeGroundSurface &7
5 |74 EridgeClosureSurface &7
76 |75 CuterBridgeCeilingSurface &7
76 CuterBridgeFloorSurface &7
77 EridgeCpening 3
78 BridgeWindow 77
75 EridgeDoor 77
80 EridgeFurniture 3
81 EridgeRoom 3
82 BEridgeConstructionElemsnt 3
83 BbstractTunnel 20
g4 TunnelFPart 83
Tunnel a3
86 TunnelInstallation 3
87 IntTunnelInstallation 3
88 TunnelBoundarySurface 3
859 TunnelCeilingSurface 88
S0 InteriorTunnelWallSurface 88
91 TunnelFloorSurface 88
52 TunnelRoofSurface 88
53 TunnelWallSurface 88
24 TunnelGroundSurface 88
95 TunnelClosureSurface 88
56 CuterTunnelCeilingSurface g8
57 CuterTunnelFloorSurface 88
S8 TunnelCpening 3
59 TunnelWindow 58
100 TunnelDoor S8
101 TunnelFurniture 3
102 HollowSpace 3
103 TexCoordList 56
104 TexCoordGen 36
WaterChject 3

F

il

TABLE
"OBJECTCLASS"
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Zz

>
=
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wn
a1
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TABLE "CITYOBJECT"

AUSTRIAN INSTITUTE
OF TECHNOLOGY
e ——
# | Edit Data - PostgreSQL 9.3 (localhost:5432) - energy_db - cityobject v
File Edit View Tools Help
‘W20 B R W T2 olimt -
id objectclass_id | gmlid gmlid_codespace name
i [PK] integer| integer character varyina{256) character varying(1000) character varving(1000)
1 [ |26 id building 1 Building 1
2 2 a3 id roofsurface 1 RoofSurface 1
3 |2 38 id window 4rw Window 4rw
4 4 33 id roofsurface 2 RoofSurface 2
5 3 24 id wallsurface 2 WallSurface 2
[ & 34 id wallsurface 1 WallSurface 1
7 |7 38 id window 3bs Window 3bs
8 =8 38 id window 4bs Window 4bs
9 S 38 id window 4as Window 4as
10 |10 38 id window 3as Window 3as
11 |11 38 id window 1s Window 1s
12 |12 38 id window 2= Window 2=
13 |13 35 id door 1 Door 1
M 14 (14 35 id door 2 Door 2
15 |13 34 id wallsurface 4 WallSurface 4
16 |16 38 id window 2be Window 2be
17 |17 38 id window 3be Window 3be
18 |18 38 id window Z2ae Window Z2ae
19 |15 38 id window 3ae Window 3ae
20 |20 34 id wallsurface 3 WallSurface 3
o221 |21 38 id window law Window law
22 |22 38 id window 3bw Window 3bw
23 |23 38 id window lbw Window lbw
24 |24 38 id window 3aw Window 3aw
25 |23 33 id groundsurface 1 GroundSurface 1
4| I}
141 rows.



— —
# | Edit Data - PostareSQL 9.3 (ocalnost5432) - energy db - anyobject ® P— L= |5 S
File Edit View Tools Help

|@ ||| |?| ;' No limit -
objectclass_id| gmlid gmlid_codespace name name_codespace description -
eger|integer character varvina(256) character varyina(1000) character varyina(1000) character varvina(4000)| character varvina(4000) T
IS id building 1 Building 1 e This is Building 1
33 id roofsurface 1 RoofSurface 1 T This is Roofurface 1 (West) =
3 E 38 id window 4rw Window 4rw v This iz Windows 4r (West)
4 4 33 id roofsurface 2 RoofSurface 2 v This is Roofurface 2 (East) | 4
5 |5 34 id wallsurface 2 WallSurface 2 T This is WallSurface 2 (MNoxrth)
[ & 34 id wallsurface 1 WallSurface 1 v This is WallSurface 1 (South)
7 |7 38 id window 3bs Window 3bs T This i1s Windows 3b (South)
8 8 38 id window 4bs Window 4bs T This is Windows 4b (South)
9 E] 38 id window 4as Window 4as T This is Windows 4a (South)
10 (10 38 id window 3as Window 3as T This is Windows 3a (South)
1 |11 38 id window 1= Window 1= v This is Windows 1 (South)
12 |12 38 id window 2s Window 2s v This is Windows 2 (South)
13 |13 35 id door 1 Door 1 v This is Door 1
| 14 |14 39 id door 2 Door 2 nr This is Door 2
15 |15 34 id wallsurfacs 4 WallSurface 4 T This is WallSurface 4 (East)
16 |1¢ 38 id window 2be Window 2be v This iz Windows 2b (East)
17 |17 38 id window 3be Window 3be v This is Windows 3b (East)
| 18 |18 38 id window Z2Zae Window Z2ae T This is Windows 2a (East)
19 |19 38 id window 3ae Window 3ae v This is Windows 3a (East)
20 |20 34 id wallsurface 3 WallSurface 3 T This is WallSurface 1 (West)
21 |21 38 id window law Window law v This iz Windows la (West)
22 |22 38 id window 3bw Window 3bw v This is Windows 3b (Wsdest)
23 (23 38 id window lbw Window lbw T This is Windows 1lb (West)
24 |24 38 id window 3aw Window 3aw v This is Windows 3a (West)
25 |25 35 id groundsurface 1 GroundSurface 1 v This is GroundSurface 1 -
4 | il | 3
141 rows.
b = r—

| Edit Data - PostgreSQL 9.3 (localhost:5432) - energy_db - building y = ST, R T AB L E
File Edit View Tools Help
= 1] (1]
|Be @ @ B T2 omt CITYOBJECT“ +
i building_parent_id building_root_id class class_codespace function function_codespace 113 B U I L DI N G L1
teger integer integer character varvina( 256) character varvina(4000) character varvina(1000) character varvina(4
1 Residential
1000 Coffice
3 [1001 1001 | |
4 1002 1002
5 1003 1003
6 (1010 1010
-
< | 11 r
6 rows.




Overview

Part 1. Semantic 3D city modelling & a first look at CityGML
= Part 2: A second look at CityGML and the 3D City Database
» Part 3: Experiences from Trento and Vienna

= Part 4: Extending CityGML

= Part 5: Energy & cities



Part 3: Modelling cities in CityGML

Experiences from...

Italy: Trento — Project EnerCity

= Austria: Vienna — Project Ci-Nergy

= Conclusions

= Bibliographic references for Trento and Vienna

= Acknowledgements for Trento and Vienna

ITUTE



3D city models and energy . | | p—

v e T e e =
e"’ |

Yes, cool... BUT:

How easy / hard is the way till a usable 3D city model is created?
= Major / typical issues?
= Time /resources required?



TRENTO:
Project EnerCity (2012 — 2015)

= 2012, Conception @ FBK, Trento
3D Optical Metrology unit

= 2013, First implementation @ TUM, Minchen
Department of Geoinformatics

= 2014-15, Refinement @ AIT, Vienna
Sustainable Buildings and Cities unit




TRENTO: EnerCity

Overall question:

Can a CityGML-compliant 3D city model be created in Trento and used
e.g. for energy-related applications? (Using only exiting data!)

Approach: “
= Step 1: Creation of the 3D city model up to CityGML ‘ SN Las

LoD2 (focus on geometries)

=  Step 2: Enrichment of the 3D city model
(focus on attributes)

= Step 3: Estimation of buildings' energy
performance (not discussed here)



Step 1: Creation of the 3D city model up to LoD2

Semi-automatic generation of a 3D city model (up to LoD2)

1) Input data 2) 3D modelling SW

+ DSM (min 4, better 10 to 15 pt/m?) >
e Building footprints

5) Output 4) Spatial 3) Import/export
RDBMS tools



Step 1: Creation of the 3D city model

Trento study area: ca. 2300 heterogeneous buildings (size, usage, age, etc.)

DSM (open data)

= Density 1 pt/m? (urban areas)
= Sub-optimal density

= Time 2006/2007

= A bit outdated...
(missing/newer buildings in red)




Step 1: Creation of the 3D city model Py | | Pr—

Building footprints, data sources:

= Catasto Tavolare (open data)

Dates back to the Austrian system, is still valid only in the territories annexed to
Italy after WWI. For the rest of Italy: Catasto dei Terreni

Smallest unit is the ,Particella catastale” (land parcel)
Is geo-referenced, but there are relevant geometric distortions wrt. DSM

Built-up parcels have a unique 1D, however multiple footprints may occur in the
same parcel and share the same ID

= Topographic map of Trento (CTTN, Carta Tecnica Trento)

Aligns better with the DSM, no relevant geometric distortions

Is very detailed, contains sometimes building parts, allowing for a more detailed
3D reconstruction

Has a general classification of buildings' type/usage, however different from the
cadastral one

Is missing links to cadastral maps



Step 1: Creation of the 3D city model g | | Pr—

Catasto Tavolare, example of geometric problems:

= shifts/distortions: footprints unsuitable to be overlaid onto the DSM
= Lager distorsions outside the city centre
= "Acceptable" distortions in the city centre

Pink:
Buildings' footprints in
Catasto Tavolare

Red:

Buildings' footprints in
Carta Tecnica Trento




Step 1. Creatlon of the 3D C|ty model | | r—

LoD1 single-part building LoD1 multi-part building
obtained by extruding CTTN footprints

So, why not simply dump the cadastre geometries?

= Catasto dei Fabbricati (,Buildings' cadastre”)
= Same system for whole Italy

= Smallest unit is the ,Unita immobiliare®: a whole building, or a part of it (flat, shop,
garage, ...)

= In Trentino: ,Unita immobiliari“ have their own codes + a reference to the Catasto
Tavolare

= Floor plans are generally provided as ungeoreferenced tiff/pdf files




Step 1: Creation of the 3D city model Py | | Pr—

Catasto Tavolare, example of cardinality issues:

= (Sometimes) no clear identification of a building inside the same parcel: multiple
building ,parts® AND/OR multiple buildings

.146¢

Building




Step 1: Creation of the 3D city model g | | Pr—

Catasto Tavolare, example of cardinality problems:
= Successive aggregation AND disaggregation required
= The parcel ID is an attribute, not a primary key

~

A5/




Step 1: Creation of the 3D city model

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

Catasto Tavolare + Catasto Fabbricati, example of cardina

K‘\

1:n o
40/0) ' °

1714

‘\' %f \.» @wpefuﬂy

This can be resolved only
manually or (partially) using
addresses as second key.




Step 1: Creation of the 3D city model AIT@ESTEE'HAN"OL%%TY"UTE

How to overcome the geometric problems of the cadastral cartography?

HYBRID APPROACH

Preserve cadastral information, but use
topographic map as source of footprint
geometries

1. Segment footprint from topographic
map according to cadastral map

= Take care of further cardinality
problems between topographic and
cadastral geometries

2. Define unique building IDs

3. Transfer cadastral codes to
topographic map (by set of rules to
take inexact overlaps into account)




Results

3D reconstruction carried out by means of
B-REC by virtualCitySystems

Ca. 2300 buildings, modelled as single-
part or multi-part in LoDO, LoD1, LoD2

Circa 40% of the buildings edited
manually due to low density of the DSM

Global height RMSE of all buildings wrt.
DSM circa was 0,7 m.

Time required: 1 month




Step 1: Creation of the 3D city model




Step 2: Enrichment of the 3D city model

Integration of heterogeneous datasets at building level:

= Cadastral information (building usage, year of

= Addresses CityGML

construction, n. units, n. floors, n. rooms, ..., etc.) :

= Number of residents and families

= List of refurbishments till 1992 and from 1993 till :>
today

. . H |(/:1
Chl \S
n & II_—.)

= Energy Performance Certificates (at building OR
apartment level)

Implementation of automatic & semi-automatic checks for data consistency
and error detection



Addresses before



Step 2: Enrichment of the 3D city model | | -

Addresses after



Step 2: Enrichment of the 3D city model

Trento CityGML

General | Building = Cadastre | Energy = About

General information

Bdg_84784 is a Building, used mostly as Mixed residential. It
corresponds to the following address(es):

VIALE VERONA, 34
VIALE VERONA, 36
VIALE VERONA, 38
38122, TRENTO

According to the Registration office in Trento, there are 5 familie(s)
living here, for globally 10 resident(s).

Location coordinates (decimal degrees):
N 46.057079598525995, E 11.12799063104413

See location in Google Maps
See location in OpenStreetMap
See location (oblique imagery) in Trento WebGIS

Object added to the 3DCityDB on 2014-07-03 by Giorgio Agugiaro
Gmlid: UUID_de03c49e-0f57-4a8f-8f10-d33404f971cb

ge ©2014|DigitalG
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Conclusions TRENTO (Part 1 + 2)

= Creation of a CityGML-based 3D model of Trento IS POSSIBLE

= Approach is extensible to the whole city, but cannot be applied fully
automatically

= Some datasets are a bit old and sub-optimal, but they are being updated
(e.g. Lidar and Catasto Tavolare)

= Mutual benefit in data integration: no redundancies and greater control on
data quality

= [nitial effort not negligible, but: "Do once, use many!"

= Approx. estimated time effort for completing the whole city:
= 2 or 3 (experienced and trained) persons for up to one year




Step 3: Estimation of buildings' energy
performance

Trento CityGML

General | Building | Cadastre | Energy @ About

Energy information

As of December 2014, there are 0 EPCs (Energy Performance
Certificates) for this building. For more details, see the list of EPCs
(Login required)

For energy simulation purposes, this building is classified as Apartment
block (AB).

Based upon the Italian UNI/TS 11300:2008 Technical Specifications,
and using proper U- and g-vales from the Tabula project, the yearly
primary energy demand estimated for this building consists of

e 95.996 kWh/(m2a) for space heating
e 20.721 kWh/(m?2a) for domestic hot water production.

The global energy performance of the building yields therefore 116.717
kwWh/(mZ2a) and corresponds to energy class C, according to the
classification in the Autonomous Province of Trento.

For more detailed information about monthly values, as well as possible

refurbishment scenarios, see the list of energy-related data (Login

required)

DISCLAIMER:

Please be aware that this classification may
not correspond to reality, as it is the result of
an estimation process based on statistical

wta average values. It was obtained without any
on-site survey and it cannot substitute a

complete assessment carried out by

professionals.




VIENNA:
Project CI-NERGY (2013 — 2017)

= CI-NERGY: Smart Cities with sustainable energy systems
= Marie Curie Action, Initial Training Network (ITN) Project
= Multi-disciplinary PhD programme: 11 PhDs, 3 Post-Docs

= Members:

= HFT (Stuttgart), EPFL (Lausanne), University of Nottingham, Polito (Turin), UCD
(Dublin), AIT (Vienna), TUW (Vienna)

= Siemens, EDF, IES
= City of Vienna, City of Geneva

= http://www.cil-nergy.eu

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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http://www.ci-nergy.eu/

Project CI-NERGY: Goals

= A coherent platform aimed at supporting decisions for urban energy planning

Using (also) geo-referenced city data
Variable scale: buildings, district, city
Model interaction between energy demand, supply, networks and storage

= Use cases

Buildings' energy demand prediction
Dynamic building simulation

District heating network (co)-simulation
Service-oriented infrastructure
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3D city model of Vienna

=  CityGML-compliant, since 2015 in development @ AIT
= Fits CI-NERGY project needs & goals
= Availability of geometries up to LoD2

= Lots of data (spatial, non-spatial, energy-related) published recently as Open
Government Data (OGD)

= Study area: 12™ district (Meidling)
= = 8.2 km?, = 90000 inhabitants
= = 7500 buildings, = 5500 residential buildings
= Heterogeneity of building types, sizes, functions, etc.




Data sources

=  Buildings
= LoDO: Flachen-Mehrzweckkarte (F-MZK) (open data)
« Polygon-based topographical "multi-purpose" 2D map
« Reference map for all successive products

» Obijects are classified into 50 classes (buildings, traffic, water
bodies, etc.)

= LoD1: Baukdrpermodell (open data)
» Derived by the F-MZK and constantly updated by the city
* Pure geometry, no semantics

= LoD2: CityGML geometries from 2012 DSM
* Input Lidar = 4 pt/m? + spot wise updates by photogrammetry)



Data integration issues

= Cardinality issues due to absence of a unique building ID

o

9 000699

000699

172333
000699 °

000699



Data integration issues

= Cardinality issues due to absence of a unique building ID

172333




Data integration issues

= |ssues with hierarchies and grouping of buildings / building parts




Other data sources

= Addresses (point geometries)
= Buildings' information:
= Year/period of construction
= Number of floors above / below ground
= Building use (residential, commercial, industrial, etc.)
= Building / site name
= Number of residents
= Specific info for social housing buildings
= Number of households
= Past refurbishment
= History, architect, etc.
= District heating network, Gas network

= Plenty of other data, mostly open data
= Solar and PV installed panels
= 2D Tree cadastre



Other data sources: issues

= Due to lack of unique buildings' ID, most datasets are linked to address data

= |f no direct reference to address, point geometries are used

v

= |ntegration possible only via spatial overlay, but...

Address points:

RED: before editing

GREEN: after editing




VIENNA 3D CITY MODEL




VIENNA 3D CITY MODEL

Detailed
- I nfo rm*atl O n _ i . VIENNA CityGML

Building
f / GmIID: UUID_c5b2924d-0a03-49cd-b4c8-f0dd91ad19a2
or eac h ’ :
A / P
I } i m nergy Renewables | About

e . T, SRR : General information

i

™ Uk i B P 5 : Address:
Gottslebengasse 2/2
1120 - Wien

& Name: Gemeindebau Wohnsiedlung Am Tivoli
: o Description: This is a single-part building
Ry / T Bezug code: 212522
o ‘ Class: 1000
; - Function: Building

\ : : Vi Storeys above ground: 2

o . Z . : T e Storeys below ground: 0
/ b = Number of residents: 7

N

Building type: Single-family house
. x 88 Year of construction: 1930

Year of refurbishment: N/A

Roof type: Walmdach

Footprint height: 228.802 m a.s.l.

Footprint area: 363.41 m”~2 -
Measured buiding height: 13.1 m

LoD1 volume: 2935.698 m~3

& = ‘?
@Address{' \,:
@ Wy o 'k-m:sof storeyQ,m

T & e e .

BO 5 /bu"éﬁi fiype i

3 / ¥ M > CityObject available in: LoDO, LoD1
/ : A % o
\L = : o Object added to the 3DCityDB on 2016-04-07 by Giorgio

81|.m ,/ b 3 Agugiaro with ineage "097074" (tie: 097074)

Is connected to Gas? Yes
Is connected to District Heating? N/A

/
&
\\
c




VIENNA 3D CITY MODEL

Detailed >
% LQI_O rmation ) gy - o -

§ Space heating demand: 189218.157 kWh/a
. / DHW demand: 12170.175 kWh/a
O r a C~, = - y Electricity demand: 9884.997 kWh/a
1 ; = CO2-equivalent emissions: 50.256 t/a

Energy certification:

f

Heating energy demand: 346.34 kWh/(m~2*a) (Class G)
Total energy demand: 437.69 kWh/(m~2*3) (Class G)
CO2-equivalent emissions: 86.43 kg/(m~2*a) (Class G)

U 4/ lJ

b ; Refurbished state:

B Snace heating demand: 27367.129 kWh/a
CO2-equivalent emissions: 12.059 t/a

3 Energy certification:

- s Heating energy demand: 68.0 kWh/(m~2*a) (Class C)
k. ha Total energy demand: 112.02 kWh/(m~2*a) (Class B)
'3 CO2-equivalent emissions: 20.74 kg/(m~2*a) (Class B)
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VIENNA 3D CITY MODEL T

VIENNA CityGML

Building
GmIID: UUID_9e44662d-7424-4dfa-b906-b0b8ac3acded

General Energy @Rellewables @ Abft

Solar Potential

Incoming total solar energy in MWh/month

0
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Annual global solar energy: 656.16 MWh/a
Annual direct solar energy: 352.42 MWh/a
Annual diffuse solar energy: 303.74 MWh/a

Installed PV panels: N/A kw
Installation year: N/A

Installed thermal panels: 5.1 m~2
Installation year: 2005

Geothermal Potential

S O I a r C a d a S t re ol Soil conductivity (depth 10 m): 1.906269 W/m/K

Soil conductivity (depth 30 m):1.898743 W/m/K
& Soll conductivity (depth 100 m):1.810623 W/m/K
PV & S OI S oil conductivity (depth 200 m):1.880635 W/m/K
. | [}at pump authorisation: Bewilligungspflicht
Groundwater thermal potential: 1 kW bis < 5 kW

Notes: Betrieb von Kleinanlagen nach Priifung der lokalen
Verhaltnisse moglich.

. e



Conclusions VIENNA

= Similar conclusions as with Trento: approach is extensible to the whole city,
but cannot be applied fully automatically

= Nevertheless, the more datasets are integrated, the easier it is to fill the
gaps and check for potential errors.

= [nitial effort not negligible, but: "Do once, use many!"
= Approx. estimated time effort for completing the whole city (180k buildings):

= Extremely depending on the amount of desired datasets to be added!!
= Up to five (experienced and trained) persons for one year
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Overview

= Part 1. Semantic 3D city modelling & a first look at CityGML
= Part 2: A second look at CityGML and the 3D City Database
= Part 3: Experiences from Trento and Vienna

= Part 4. Extending CityGML

= Part 5: Energy & cities, experiences from Trento and Vienna (reprise)



Part 4. Extending CityGML

Generics module (already seen before)
= Generic CityObject
= Generic Attribute

External references

ADE mechanism

Extending the 3D City Database to accommodate the ADEs

NOTA BENE: all UML diagrams in the following slides are taken from the
Energy ADE or Utility Network ADE GitHub resources (see links later on).



External references

= Every CityObject can store multiple references to external resources
(databases, datasets, web resources, etc.)

= Such a reference denotes the external information system and the unique
identifier of the object in this system

Telecommunication
database

Facility
Management

Cadastral database System

Image source: CityGML 2.0 Specification document



Application Domain Extensions (ADE)

= Starting from the CityGML data model, existing classes are extended and/or
new classes and attributes are added.

= They are formalised in a XSD schema which is then referenced in the
CityGML instance document.

= |tis a more "elegant" way to extend CityGML, but also more complex
= Allows to better define semantics and relations among classes

= (So far) no support for ADE by the Importer/Exporter
= But research work is being carried out
= 3DCityDB support for ADE is also pretty new

= FME already allows to read/write ADE-content
= using the XSD file of the ADE



Which data energy model for cities?

= CityGML lacks specific features and attributes for energy-related
applications (e.g. thermal zones, timeseries, etc.)

= BUT: extendable via Application Domain Extensions (ADE)
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Energy ADE

= Extends CityGML and defines standardised entities needed for building
energy simulation purposes at city scale (bottom-up and top-down)

= |n development since 2014, v.0.9 release September 2017
= Current consortium: 20 institutions, 11 countries (and growing!)
= Intended to be eventually released as OGC best practice document

= Available online https://qgithub.com/cstb/citygml-enerqgy

= Modular structure (5 modules)
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https://github.com/cstb/citygml-energy

Energy ADE

Module 1: Building physics

= Extends CityGML objects (e.g. Building) and relates them to new thermal entities
(ThermalZone, ThermalBoundary, ThermalOpening)

= Central object is the ThermalZone: reference volume for heating/cooling energy
demand calculation

= Other useful classes:
= WeatherStation and WeatherData
= EnergyPerformanceCertification
= RefurbishmentMeasure
= efc.



«feature Type»
Building::Room

wfeatureTypes

Building::_AbstractBuilding [<_>

_Site

+hboundedBy

«featureTypes
Bullding::_BoundarySurface

[
+interioroom

«ArE»

a..-

«featureTypes

+opening Building::_Opening

+relatesTo

«ADEElements
_AbstractBuilding

volume VolumeType [0..%]
isLandmarkad :Boolean [0..1]

floorArea :FloorArea [0..%]

R

buildingType :BuilldingTypeValue [0..1]
constructionWeight ConstructionWeightvValue [0..1]
energyPerformance Certification :EnergyPerformanceCenrtification [0..*]

referencePoint :GM_Point [0..1]
refurbishmentMeasureOnBuilding :RefurbishmentMeasure [0..*]

heightAboveGround HelghtdboveGround [0..7]
buildingMainConstruction :AbstractConstruction [0..1]

o.*

+relatesTo

1

wfeatureTypes
ThermalOpening

area -Area

opaning Construction :AbstrmctConstruction
IndeorShading :ShadingType [0..1]
outdoorShading :ShadingType [0..1]
openableRatio :Scale [0..1]
surfaceGeometry :GM_MultiSurface [0..1]

+contains

0.+
1

LI

+themal Zone o..*
«feature Types
ThermalZone .
+ additionalThemalBridgeUValue :Measure [0..1] ThermalBoundary
+ ffectiveThe 1C: ity :Meas 0.1
N ﬁuer'r":a _:IFL"Q‘:AFZS‘E;' 3"] easure [0.1] + themalBoundaryType -ThermalBoundaryTypeValue
Ay i +delimits 1.* + azimuth :Angle [0..1]
+ wolume NMolumeType [D..%] N RElinat -Angle [0..1
+ IndirectlyHeatedAreaRatio :Scale [0..1] 1.2 ne '"‘_"U" LA ksl
+ infiltrationRate :Measure [0..1] - +houndedBy | e [
+ isCoocled :Boolean = true {ordered} + surfaceGeometry :GM_MultiSurface [0..1]
+ isHeated :Boolean = true + refurbishmentMeasureOnThemalBoundary :RefurbishmentMeasure [0..*]
+ welurmaGeometry :GM_Solid [0..1] + saticConstruction :AbstractConstruction [0..1]
«featureTypes
CltyGML_Core::_CltyObject
+ creationDate :Date [0..1]
[~ + temminationDate :Date [0..1]
+ extemalReference :ExtemalReference [0..*]
«dataType» + relativeToTerrain :RelativeToTermin [0..1]
VelumeType + relativeToWater :RelativeToWater [0..1]
+ generchAttibute :AbstractGenericAttribute [0..%]
+ type VolumeTypeValue
+ wvalue Volume
«ADE»
adataTypan I
EnergyPerformanceCertification
edataTypas ay «ADEElamants
FloorArea + cefificationRating :CharacterString _CityObject
- + cenificationName :CharacterStrin
+ type :OfficialAreaReferenceValue + certificationld :CharacterSlring[D?1
+ wvalue :Area
+ ats "
weodsal iste weatherData 0.
RefurblshmentClassValue atypen
+ UsualRefurbishment PEatierbala

+ AdvancedRefurbishment

tags
extensibility = any
generateDocumentation = true
generateSchema = true
noProperyType = false

vocabulary = hitp://fhub.gecsmartcity eu/registry/codelist/RefurbishmentClassValue/

woodeLists
BaisildinaTunaly/aliws

«dataTypex»
RefurbishmentMeasure

+ dateOfRefurbishment DateOfEvent
+ levelOfRefurbishment :RefurbishmentClassvValue
+ descriptionOfRefurbishment CharacterString [0..1]

adataTypeas»
€unions ShadingType
DateOfEvent
+ maximumCoverRatio :Scale
+ ingtant :TM_Position + name :CharacterString [0..1]
+ period (TM_Period + transmittance :Transmittance

+ wvalues : _TimeSeries
+ postion :GM_Point [0..1]

+ weatherDataType WeatherDataTypeValue

«enumerations
WeatherDataTypeValue

wdataTypes
HelghtAbov e Ground

+ heightReference :ElevationReferencevalue
+ walue :Length

AirTemperature

Humidity
WindSpeed agnumerations
Cloudiness VolumeTypeValue
GlobalSaoladmadiance

Attributes

DirectSolarlmadiance
DiffuseSoladmadiance
TemestrialEmission

+  NetVolume
+ GmossvVolume
S + EnamvBRafamanceVaoliima




+themal Zone \I/ 0.

«featureTypes
ThermalZone

1

effectiveT harmal Capacit:
floorArea :FloorArea [0..
volume NMolumeType [0..%]

infiltrationRate :Measure [0..1]
isCooled :Boolean = true
isHeated :Boolean = true
volumeGeometry :GM_Solid [0..1

T

additionalThermalBrdgeUValue :Measure [0..1]
:Measura [0..1]

indirectlyHeatedAreaRatio :Scale [0..1]

afeatureTypan
ThermalBoundary

wfeatureType
ThermalOpening

thermalBoundaryType :Tharm
azimuth :Angle [0..1]
inclination :Angle [0..1]

area Area [0..1]
surfaceGeometry :GM_MultiSurface [0..1]
refurbishmentMeasureOnThermalBoundary :RefurbishmentMeasure [0..*]
staticConstruction :AbstrmctConstruction [0..1]

BoundaryTypeValuea

area Area

opening Construction :AbstractConstruction
indoorShading :ShadingType [0..1]
outdoorShading :ShadingType [0..1]
openableRatio :Scale [0..1]
surfaceGeometry :GM_MultiSurface [0..1]
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+ descriptionOfRefurbishment :CharacterString [0..1]
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lowestEave
lowestFloorAboveGround
lowestRoofEdge
topOfConsgtruction
topThemalBoundary
bottomThemalBoundary

IR TR I I R R

AirTemperatura

Humidity
WindSpeed
Cloudiness

wenumeration»
VolumeTypeValue

GlobalSoladmadiance
DirectSolarlmadiance
DiffuseSoladmadiance
TemestrialEmission

Downward TermrestrialRadiation

Attributes

+ MNetVolume

+ GmossvVolume

+ EnergyReferenceVolume

Daylightllluminance

w«enumeration»
ConstructionWeightValue

VeryLight
Light
Medium

Heawy

«Enumerations
ThermalBoundaryTypeValue

Interiorwall
IntermediaryFloor
SharadWall
OuterWall
GroundSlab
BasementCeiling
AtticFloor

Roof




Energy ADE

Module 2: Occupancy
= Contains the characterisation of the building usage, i.e. people and facilities

= Main classes are the UsageZone and the BuildingUnit. A usage zone is
contained in a thermal zone and characterises the usage of an
homogeneous part of the building in terms of heating, cooling, ventilation

Module 3: Energy use and systems

= Contains the energy forms (energy demand and sources) and energy
systems (conversion, distribution and storage systems) to perform energy
demand and supply analyses

= Offers a link to the Utility Network ADE (e.g. for district heating, gas and
power networks)



«ADEElement»
_AbstractBuilding
_Site
+ buildingType :BuildingTypeValue [0..1]
Buﬂdm“ffagzgi‘gumn + constructionWeight :ConstructionWeightValue [0..1]
g-: 9 «ADE» + energyPedfomanceCetification :EnergyPerformanceCertification [0..%]
+ volume :MolumeType [0..7] s
‘ + islandmarked :Boolean [0..1] 1
0. + referencePoint :GM_Point [0..1]
+ refurbishmentMeasureOnBuilding :RefurbishmentMeasure [0..%]
+ floorArea :FloorArea [0.."]
+address\|/0. * + heighLAboveGmund :HeightAboveGmund [0..]
+ buildingMainConstruction :AbstractConstruction [0..1]
afeatureType»
CityGML_Core::Address 0.*
+thermalZone v
+ xalAddress :xAl:AddressDetails
+ multiPoint :GM_MultiPoint [0..1] «featureTypen
+address/\ 0.* ] ThermalZone
featureType + additionalThemalBridgeUValue :Measure [0..1]
s CUELIGUY e + effectiveThermalCapacity :Measure [0..1]
c"yGML—cm::—C“yOb“eﬂq + floorArea :FloorArea [0..]
+usageZone 0. + volume :VolumeType [0..%]
+ indirectlyHeatedAreaRatio :Scale [0..1]
t + infiltrationRate :Measure [0..1]
«feature Type» + |sCooled :Boolean = tue
ufea.tu!'eTypt.a» UsageZone + isHeated :Boolean = true
BuildingUnit - + volumeGeometry :GM_Solid [0..1]
+contains + coolingSchedule :_Schedule [0..1]
+ numberOfRooms :Integer [0..1] + heatingSchedule :_Schedule [0..1]
+ ownerName :CharacterString [0..1] 0.* 1| + usageZoneType :CurrentUseValue 0.1
+ ownershipType :OwnershipTypeValue [0..1] + usedFloors :integerList [0..1]
+ floorArea :FloorArea [0.7] + ventilationSchedule :_Schedule [0..1] +eontains
+ energyPerformanceCertification :EnergyPerformanceCertification [0..*] + floorfrea :FloorArea [0..%]
+ volumeGeometry :GM_Solid [0..1] 0.*
0.1 0.1 + averagelntemalGains :HeatExchangeType [0..1]
0.1 0.1 «dataType» «dataType»
FloorArea VolumeType
T
+ type :OfficialAreaReferenceValue + type MolumeTypeValue
+ value :Area + value :Volume
0.* 0.* .
+occupiedBy +occupiedBy +equippedWithy |, 0-0.." +equippedWith
«featureType» «featureType» «enumerationy» «dataType»
Ooougants Facilities VolumeTypeValue HeatExchangeType
+ heatDissipation HeatExchangeType [0..1] + operationSchedule :_Schedule [0..1] - - -
+ numberOfOccupants :Integer[0..1] + heatDissipation :HeatExchangeType [0..1] f“”::tl\?:mme : l":;;:‘ig:’;i?c";galf[c;":][0“1]
+ occupancyRate _Schedule [0..1] : ) ¢ -
+ occupantType :OccupantTypeValue [0..1] + GrossVolume + radiantFraction :Scale [0..1]
+ EnergyReferenceVolume + totalValue :Measure
1
+household 0.*
«featureType» afeatureType» «feature Type» wtype»
«featureTypes DHWFacilities ElectricalAppliances LightingFacilities WeatherData
Household

+ residenceType :ResidenceTypeValue [0..1]
+ householdType :HouseholdTypeValue [0..1]

o+ o+ o+

numberOfBaths :Integer [0..1]
numberOfShowers :Integer[0..1]
numberOfiWashBasins :Integer [0..1]
waterStorageVolume :Volume [0..1

+ electricalPower :Measure [0..1]

+

electricalPower :Measure [0..1]

+

+

weatherDataType :WeatherDataTypeValue
values :_TimeSeries
+ position :GM_Point [0..1]




widdld | ype s widdld |l ype s
FloorArea VolumeType
+ type :OfficialAreaReferenceValue + type :VolumeTypeValue
+ value :Area + value :Volume
0.* 0.*
+occupiedBy +occupiedBy +equippedWithy |, 00" +equippedWith
«featureTypen ufeature Type» i
SRR S senumeration» «dataType»
VolumeTypeValue HeatExchangeType
+ heatDissipation :HeatExchangeType [0..1] + operationSchedule :_Schedule [0..1] _ ) .
+ numberOfOccupants :Integer [0..1] + heatDissipation :HeatExchangeType [0..1] jttnl‘:utt\?sl : Il:‘,f.itrho’é::ll\.';!:raclnéztn l_S[c;l.:][U_J]
+ occupancyRate _Schedule [0..1] AL CLEIRAERIR . G203 {1y
+ occupantType :OccupantTypeValue [0..1] + GrossVolume + radiantFraction :Scale [0..1]
+ EnergyReferenceVolume + totalValue :Measure
1
+household 0.*
afeatureType» «featureTypes» afeatureType» ctypen
«featureTypes» DHWFacilities ElectricalAppliances LightingFacilities WeatherData
Household
+ numberOfBaths :Integer[0..1] + electricalPower :Measure [0..1] + electricalPower :Measure [0..1] + weatherDataType :WeatherDataTypeValue
+ residenceType :ResidenceTypeValue [0..1] + numberOfShowers :Integer[0..1] o wes ¢ Thssels
+ householdType :HouseholdTypeValue [0..1] + numberOfWashBasins :Integer [0..1] o pasition_:GM_Point[O.J]
+ waterStorageVolume Volume [0..1
«enumeration»
HouseholdTypeValue wcodelist»
OccupaniTypeValue
Attributes «enumeration» e
+ LoneAdult ResidenceTypeValue : g;f:izrrﬁr(:ﬂmblnatlon
+  MultiFamily + Resdents
+ OneFamily Attributes + Students
+ PensionerCouple + MainResidence + Visitom
+ UnrelatedAdults + SecondaryResdence +  Worke
+ Wacant + Wacant orers
+ WorkerCouple tags

asDictionary = true

extensibility = any

scodallists generateDocumentation = true

generateSchema = true

vacabulary = http://hub.geosmartcity.eu/registry/codelist/OccupantTypeValue/
lags xsdEncodingRule = iso19136_2007 _ShapeChange_1.0_Extensons

CurrentUseValue

asDictionary = true

extensibility = any

generateDocumentation = true

generateSchema = true

vocabulary = http:/fhub.geosmartcity.eu/registry/codelist/CurrentUseValue/

«codeList»
OwnershipTypeValue

Corporation

Government
Non Occupant Private Owner
MNon Profit Organisation

«codelList»
OfficialAreaReferenceValue

Occupant Private Owner
Other Or Combination
Property Management Company

+ MNetFloorArea
+ GrossFloorArea
+ EnergyReferenceArea

A

tags
e asDictionary = true

extensibility = any

generateDocumentation = true

generateSchema = true

vocabulary = hitp://hub.gecsmartcity.eu/registry/codeligt/OwnershipT ypeValue/
xsdEncodingRule = iso19136_2007_ShapeChange_1.0_Extensions

asDictionary = true

extensbility = any

generateDocumentation = true

generateSchema = true

vocabulary = http://hub.geosmartcity.eufregistry/codelist/Official AreaReferenceValue/
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ﬁnﬂlldﬂn&:urﬂinﬁ:rﬁ:u"l 0.1 0 [
1.
HECanmmedBy
deaturaTypes 0
Bluilding=
Buldinginstallafen
0.t
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lﬁ:
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dealreTypes
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0.1
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Energy ADE

Module 4: Construction & Material

= characterises the building construction parts, detailing their structure and
specifying their thermal and optical properties

= Allows for complex, multi-layered constructions

Module 5: Time series and schedules

= Contains "all-purpose" classes to model the time-depending inputs and
results, e.g. of urban energy analyses.

= These classes are used in the other modules of the Energy ADE



+baseConstruction
~

«Enumeration»
SurfaceSide

Inside

0.*
{ordered}

+layerComponent

+material



«Enumeration»
SurfaceSide

Inside
Outside

«Enumeration»
Wav elengthRangeType

Solar
Infrared
Visible
Total

+ areaFraction :Scale [0..1]=1.0

+ thickness :Length [0..1]

+ servicelLife :ServiceLife [0..1]

+material 1

«featureType»
AbstractMaterial

«featureType»
Gas

+ isVentilated :Boolean [0..1] = false
+ rValue :Measure [0..1]

«dataType»
OpticalProperties

«featureType»
SolidMaterial

+ + + + + + 4+

conductivity :Measure [0..1]
density :Measure [0..1]
permeance :Measure [0..1]
porosity :Scale [0..1]
specificHeat :Measure [0..1]
embodiedCarbon :Measure [0..1]
embodiedEnergy :Measure [0..1]

+ + + +

emissivity :Emissivity [0..%]
reflectance :Reflectance [0..*]
transmittance :Transmittance [0..%]
glazingRatio :Scale [0..1]

«dataType»
Reflectance

+ fraction :Scale
+ surface :SurfaceSide
+ wavelengthRange :WavelengthRangeType

«dataType»
Emissivity

+ fraction :Scale
+ surface :SurfaceSide

«dataType»
Transmittance

+ fraction :Scale
+ wavelengthRange :WavelengthRangeType




«type»

_TimeSeries

+ varnableProperties :TimeValuesPropertieg

«type»
RegularTimeSeries

«type»
IrregularTimeSeries

atype»
RegularTimeSeriesFile

du
+
+

temporalExtent :TM_Period
timelnterval :TM_IntervalLength
values :Measurelist

+

uom :UnitOfMeasure

«enumeration»
InterpolationTypeValue

AveragelnPrecedinglnterval
AveragelnSucceedinglnterval
ConstantlnPrecedinginterval
ConstantinSucceedinglnterval
Continuous

Discontinuous

InstantaneousT otal
MaximumInPrecedinginterval
MaximumInSucceedinginterval
MinimumInPrecedinglnterval
MinimumInSucceedinglnterval
PrecedingTotal
SucceedingT otal

+contains\|/0..*

«dataType»
MeasurementPoint

+ time :TM_Position
+ value :Decimal

uom :UnitOfMeasure

file :URI

temporalExtent :TM_Period

timelnterval :TM_IntervalLength
numberOfHeaderLines :Integer [0..1] =0
fieldSeparator :CharacterString
recordSeparator :CharacterString [0..1] =\n
decimalSymbol :Character[0..1] =.
valueColumnNumber :Integer[0..1] = 1

+ 4+ 4+ + + 4+ o+t

«type»
IrregularTimeSeriesFile

+ o+ + o+ o+ o+

uom :UnitOfMeasure

file :URI

numberOfHeaderLines :Integer [0..1] =0
fieldSeparator :CharacterString
recordSeparator :CharacterString [0..1] =\n
decimalSymbol :Character[0..1] =.
timeColumnNumber :Integer [0..1] =1
valueColumnNumber :Integer[0..1] =2

TimeValuesProperties

«dataType»

+ 4+ + +

acquisitionMethod :AcquisitionMethodValue
interpolationType :InterpolationTypeValue
qualityDescription :CharacterString [0..1]
source :CharacterString [0..1]

«enumeration»
AcquisitionMethodValue

Attributes

+ Measurement

+ Simulation

+ CalibratedSimulation
+ [Estimation

+  Unknown




«type»
_Schedule

A\

«type»
ConstantValueSchedule

«type»
DualValueSchedule

+

averageValue :Measure

+ + + +

idleValue :Measure

usageDaysPerYear :Decimal [0..1] = 365
usageHoursPerDay :Decimal [0..1] = 24

usageValue :Measure

«type»

DailyPatternSchedule

«type»
TimeSeriesSchedule

+periodOfYear 1.*

e

timeDependingValues :_TimeSeries

«dataType»
PeriodOfYear

+

period :TM_ Period

+dailySchedule\|/ 1..*

«dataType»
DailySchedule

+ dayType :DayTypeValue
+ schedule :_TimeSeries

«enumeration»
DayTypeValue

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
DesignDay
WeekDay
WeekEnd
TypicalDay




Utility Network ADE

= Extends CityGML and defines standardised entities needed for utility
networks (district heating, gas, power grid)

= Goal: tackle interoperability issues among data-model silos

= Allows for heterogeneous applications, e.g.:
= Road/pipes maintenance
= Multi-network co-simulation

= Allows for integrated representation of networks:
= Topological (graph-based) AND geographical representation
= Hierarchical structure of networks
= Definition of supply areas (also with missing topology)

= Freely available
= Apache 2.0 license
=  GitHub: https://github.com/TatjanaKutzner/CityGML-UtilityNetwork-ADE



https://github.com/TatjanaKutzner/CityGML-UtilityNetwork-ADE

Utility Network ADE
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Geography

Topology

CityGML_Core::_CityObject

wleature Typen

wFeature Typen
AbstractMNetworkFeature

+compenent

uProperty:
function: FunctionValue [0..1]

usage: FunctionValue [0.%]
connectedCityObject: URI [0..1]
yearOfConstruction: Dare [0.1]
status: StatusValue [0.1]

locationQuality: SpatialQualityValue [0..1]
elevationQuality: Spatial QualityValue [0.1]

wFeatureTypen
MNetwork

0.*

wPropertys
+ class: Code [0.1]

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

+superOrdinateMetwaork

denumeration::
MetworkClassValue

HighVoltageMetwork
MediumVYoltage Network
LowVoltageMetwork
HighPressureMetwork
MediumPressureMetwork
LowPressureMetwork

aFeatureTypen

+eatureGraphMember

+eoonsistsOf

FeatureGraph

+nodeMember

+subOrdinateMNetwork

o

denumeration:s

Metwork FunctionAndUsageValue

wFeatureTypen
MetworkGraph

aFeatureTypes

GM_Primitive| *realization

Node

+ type: NodeValue

wtypes
Geometric primitive::
GM_Point

0.1

+ connectionSignature: AbstractSignature [0.1]
+ linkControl: AbstractlinkControl [0.1]

+start | +end

o*

0.*

GM_OrentableCurve| .00 wFeature Types
atypen AbstractLink
Geometric primitive: | 0.1 + direction: Sign [0..1]
GM_Curve

+ linkControl: AbstractlinkControl [0..1]

D L]
- «FeatureTypen

+linkMember

InteriorFeatureLink

+linkMember

supply
disposal

communication

wenumerations
NodeValue

exterior

interior

wenumerations
InterFeatureLinkValue

connects

contains

aDataTypen
AbstractSignature

uDataTyper
AbstractLinkContral

networkLinkMember

«Codelist
FunctionYalue

feeding
draining
distribution
storage
ventng
abstraction
measurement
shortCircuit
branch
observer
protection
control
shueOff

unknown

L A L B T T R I I

aenumerations
SpatialQualityValue

unknown
surveyed
caloulated
interpolated
estimated
assumed




wfeamre Typen afeamre Typen
= CityGML Core::_CityObject < CityObjectGroup:|

:CityObijectGroup|

«Feanure Types +component sFeanireTypes +suppliedBy +supplies «Feare Typan
AbstractNetworkFeature < Metwork SupplyArea
0.* 0. I 0.l
«Propereys «Propergm
+ funcdon: FuncienValue [0.1] +  dlass: Code [0-1] +superOrdinateMN ecwork
+  usage: FuncdonValue [0..%] +subMetwork 0% | 4 finchon: Code 0.7 0.*
+  connectedCityObject URI [0.1] +  usage: Code [0.%] B
+  yearOfConstruction: Date [0.1] inv: groupMember->exists(c | crole = "supplies’)
+  smws: SmwsValue [0.1] ! *network +subOrdinateMetwork
+  locatonQuality: Spatial QualigyWalue [0.1] o*
+  elevationQuality: SpatialQualityValue [0.1]
+consistsOf

seale A|ddng

+roleinfetwork aFeawreTypen alCodeListe
aADEElements
. I'I1.E RolelnNetworik Function¥alue
CityObject o
- feedi
e wPropertys * EE. 'TS
i X + functioninMeovork: FuncionYalue [0.1] £ drmeng
+  mediumSupply: AbstracdMediumSupply [0_%) o
+ usagelnMerwork: FuncdonValue [0.%]
+ swrage
+  wventng
+  abstraction
+ measurement
+  shortCircuit
aDaaTypen «DamTypen wDataTyper +  branch
Storage Supply AbstractMediumSupply + observer
+ protection
«Propertys aPropergm «Propergys + control
+ type: StorageDeviceValue [0.1] +  flowRate: Measure [0.1] + potentialSupply: Supply [0.1] +  shutOff AbstroctSi
+  maxCapacity: Measure [0..1] + st SmousValue [0.1] +  currentSupply: Supply [0..1] + unknown
+ fillLevel DoubleBetweenland| [0.1] + storage: Storage [0.%] ufeature Typen
+ inflowRate: Measure [0.1] A Building::_AlmtroctBlliding
+ oudlowRate: Measure [0.1] &
«Codeliso «enumerations |
StorageDeviceYalue StatusValue wDaaTypan aDaaTypen wDamTypes «ADEs
ElectricalMediumSupply GaseousMedium Supply LiquidMediumSupply
+  unknown inUse —
+  storageBasin tempOutDiService e i
i aPropergm «Propertys «Property Ab Building
*+ badery ourliService + type: ElectricalMediumValue +  type: GaseousMediumValue + gype: LiquidMediumValue
+ mnk destroyed - _____ | ________________ sFraperys
e ! +  buildingHabizants: Integer [0.1]

«Propergm wPropertys
+  type: OpticalMediumValue +  ype: SolidMediumValue




UtilityNetwork ADE — Network Components

utypen

Geametry root::GM_Object

CieyObject
+od| Geometry
afeanreTypen
AbstractNetwarkFeature . o
aProperty
+ function: FunctionValue [0.1]
+  usage: FuncionValue [0.%] heontales
+  comnecedCigObjecs URI [0.1]
+  yearOiConstruction: Dats [0_1] o
+  strus: SosVale [0.1]
+  loctionQuality: SpatalCualityValue [0-1]
+  elevatiorQuality: Spasial Qualicy¥alue [0.1] [-—

! E +eonsistOf 0.%

afeatureTypen
AbstractDistributionElement

+  class: LineValue [0_1]
+  functionOfLine: LineMearingVahue [0.1]

&

sFeature Types
ComplexFunctionalElement

aFeatureTypen
TerminalElement

sFestureTypes
SimpleFunctional Element

sFexturs Types
AbstractDevice

+  chass: ComplexFunction¥akie [0_1] +  chss: TarminalVabue [0-1] +  chss SimpleFunctionValue [0.1] +  deseription: CharactarSering [0-1]
wFeanreTypes
StorageDevice

aFeature Types
AbstroctPipe

sFeatureTypes
Cable

afeanreTypen
Canal

+  isGravig: Boolean [011]
+  exteriarWidth: Length [0.1]
+  exteriarHeighe Length [0.1]

+
+

+

i Transmission: Boclean [0.1]

isCommunication: Boolean [0.1]
crossSection: Length [011]

+  profileame: CharacterString [0-1]
+  shope: QuanttyExeent [0-1]
+  isGravity: Boalean [0.1]

+  exteriorDiameter: Length [0-1]

A

+  exteriorWiddh: Lengeh [0.1]
+ exteriorHeight Length [0.1]

+  exteriorDismater: Length [0_1]

aFeanreTypen
| RoundPipe
sFeatureTypes
+ interiorDiameter: Length [0.1] SemiOpen
|| wFeanureTypes
RectangularPipe sFeatureTypes
Closed
+ interiorWicde Length [0.1]
+ interiorHeight Lengeh [0.1]
sFeatureTypes
| ©otherShapePipe
asnumeratons aCodelLisor s Codelzte
SeatusValue LineValue TerminalValue
inlse + unknown + unknown
wadelivs tempCutOfService +  manLine + hmp
FunctionValue ; i
aufService + fansporiline + cock
+ feeding destroyed + supplyline + smeedight
+  desiving unknawn +  houeServiceline + ydrane
+ distribaton e
t storage ComplexFunctionValue aCodelists
e SimpleFunctionYalue sCodeLiso
Y GESEE . LineMeaning¥alue senumerations
+  measurement + amtion + unknawn SpatialGuaticyValie
+  shartCirast +  smwucwre +  manhole + unkncwn
+ branch + facmry + invertzdSyphon + coolingline —
+  observer + watmeWark + manstormer +  consmntline surveyed
+  protecion +  wearmentlane +  volmgeReginer + fiowline inuiard
+ conmal +  headngPlan: +  tmaFiting +  rernline rtsrpalated
+ shOff +  powerPhne + crowfrng + seamline extimaed
+ unknown +  pumpingSson + oo + condensaeline asumed

+ s SorageDeviceValue [0.1]

aFeatureTypen

TechDevice

+  dass: TechDeniceValue [0.1]

aFeanreTypen

MeasurementDevice

chass: MeasurementDeviceValue [0-1]

eFeamureTypen
ControllerDevice

+  ches: ConerollerDeviceValue [0..1]

aFeatureTypen
AnyDevice

+  dhass: AnyDeviceValue [0.1]

#Codeliztn
StorageDeviceValue

+  unknown

+  storageBasin
+  bateery
+ nk

+ dstern

sFeature Types
ProtectiveElement
wFeatreTypes wFeature Types
Bedding AbstractProtectionShell

+ width: Length [0.1]

+  eteriorWidth: Length [0.1]

+  exterisrHeighs Length [0.1]
+  exteriorDiameter: Length [01]

Y

aFeatureTypen
RectangularShell

sFeatureTypes
OtherShell

+  interiar¥Width: Length [0
+  interiarHeight: Length [0

afeatureTypen
RoundShell

+

intzriorDiameter: Length [0.1]

«CodelListo

TechDeviceValue aCodelists
Me asurementDevice Value aCodeLis «Codelisty

T mER Value AnyDeviceValue
+ pump +  umknown
+  slideVaive +  anode unknown +  unknown
+ pgenerator +  corrosionDetscor switch + fange
+ e +  pressureSensor walve +  coupling
+  wrhine +  meter =hdeVahe + e




3DCityDB extension for the ADEs

= Additional database schema(s) for the 3DCityDB
= PostgreSQL version
= 3DCityDB "Utilities"
= Energy ADE
= Utility Network ADE
= Scenario ADE (not yet publicly available, planned for 2018)

= Developed by AIT
= GitHub: https://github.com/gioagu/3dcitydb_ade
= Released in September 2017 (Apache 2.0 license)

= Design criteria (excerpt)
= Extend the already available 3D City DB
= Define a non-concurrent way of extending the 3DCityDB with any ADE
= Stay close to the original “style” of the 3DCityDB
= |Implementation for PostgreSQL, but open for future conversions to other DBs


https://github.com/gioagu/3dcitydb_ade

Implementation steps

= Define and agree upon rules to make the 3DCityDB "ADE-compatible"
= Enable to "register" any ADE
« Add a metadata module
« Add functions to help installing/removing an ADE
= Define rules how to map ADE-classes to new/existing tables
« Adopt naming convention for new DB entities
= Add an ADE-hook mechanism to certain existing functions. E.g.:
» delete_building() - must work also with ADE-AbstractBuilding
» delete_cityobject() - must work also with new CityObjects
» delete_cityobjectgroup() = must work also with new CityObjects
« get_envelope_cityobject() > same as above

= (Enable/extend existing tools to be ADE-compatible: citygml4j,
Importer/Exporter, etc.)

= All rules are agreed upon within the 3DCityDB development team and are
being implemented for the next 3DCityDB release



» | Edit Data - Post

File Edit View Tools Help

| Edit Data - Postgre

File Edit View Tools Help

2N R R T YmENB R G| TP Noimt -
id classname id classname supercla
[PK] integer| character va [PK] inteqger| character varvina(256) integer character varvina(30
— (d . 102 101 TunnelFurniture 3 e .
B F
— Br%dgER o: 103 102 HollowSpace 3 tunnel hollow space 0 3
— Brl'-dgewojl 104 103 TexCoordList S6 textureparam 0 1
— R r:!_dge 2 105 104 TexCoordGen 56 textureparam 0 1
B e} . . .
— F Br%dgeczou 106 105 WaterChject 3 cityobject 0 3
e riegs ,35 107 200 Type 1 1
— T OuterBr:!_dg' i08 201 TimeSeries 200 nrgfa timeseries 1
CuterB = . . . .
— T = EZ T1eg 109 202 BegularTimeSeries 201 nrgfa timeseries 1
7 |78 r;_ geCl)pZ 110 203 IrregqularTimeSeries 201 nrgla timeseries 1
B W o
80 |79 :r::!_dg'e 1 111 204 RegularTimeSeriesFile 201 nrgfa timeseries 1
B Dr . . . . .
ST co Brif-ngF:lDr. 112 203 IrregularTimeSeriesFile 201 nrgfa timeseries 1
a2 a1 rfdge Tl 113|206 Schedule 200 nrg8a schedule 1
= Br:!.dgeRoom 114 207 SingleValueSchedule 206 nrgBa schedule 1
B c
=r o3 :; geconstll 115 208 DualValueSchedule 206 nrg8a schedule 1
t tT .
= ™ s Iac 116 209 DailyPatternSchedule 206 nrgla schedule 1
mBS TunnePart 117 (210 TimeSeriesSchedule 206 nrgfa schedule 1
T 3 . .
— " unne 118 211 Construction 2 nrgfBa construction 1 2
i Tunne Init 119 212 Construction 211 nrgfBa construction 1 2
e IntTun:e = 120 213 ReverseConstruction 211 nrg8a construction 1 2
T B
unne ‘?u. 121 214 Layer 2 nrgBa layer 1 2
89 TunnelCeil
550 - 122 (215 LayerComponent 2 nrgla layer component 1 2
92 |51 InterioITu 123 216 Material 2 nrgBa material 1 2
o oz T“nnelF o: 124 217 Gas 216 nrgfa material 1 2
ox o3 T““nElRoil 125 218 SolidMaterial 216 nrgBa material 1 2
Tunnelia 126 (215 WeatherStation 3 weather station 1 3
;2 :; T“nneiG’l"o“ 127 220 WeatherData 2 1
— Themmalzone 3
97 |36 CuterTunne ThermalBoundary 3 boundary 1 3
98 |57 CuterTunne . .
ThermalCpening 3 opening 1 3
99 |58 TunnelCpe
: Usageione 3 nrgBa usage zone 1 3
100 55 TunnelWindg . . . . . .
BuildingUnit 3 nrgfBa building unit 1 3
101 100 TunnelDoor S e C e
: Facilities 3 nrg8a facilities 1 3
102 101 TunnelFurnifl ™y, 155 DHWFacilities 226 nrgfa facilities 1 3
103 |102 HollowSpa::: 135 228 ElectricalZppliances 226 nrgBa facilities 1 3
104 103 TexCoordlis 136 (229 LightingFacilities 226 nrgfa facilities 1 3
105 104 TexCocrd[f":e 137 230 Cccupants 2 nrgBa occupants 1 2
106 105 Waterobieqil 438 231 Household 2 nrgBa households 1 2
139 232 EnergyDemand 2 nrgla energy demand 1 2
106 rows. 163 rows.




«type»

_TimeSeries

«dataType»
TimeValuesProperties

+ varableProperties :TimeValuesPropertie

ok o+

acquisitionMethod :AcquisitionMethodValue
interpolationType :InterpolationTypeValue
qualityDescription :CharacterString [0..1]
source :CharacterString [0..1]

«type»
IrregularTimeSeries

«typen»
RegularTimeSeries

«typer
RegularTimeSeriesFile

+ temporalExtent :TM_Period + uom :UnitOfMeasure

+ timelnterval :TM_IntervalLength

+ values :MeasureList

+contains\|/0..*

«dataType»
MeasurementPoint

+ time :TM_Position
+ value :Decimal

+ 4+ + + + + + + 4

uom :UnitOfMeasure

file :URI

temporalExtent :TM_Period

timelnterval :TM_IntervalLength
numberOfHeaderLines :Integer [0..1] = 0
fieldSeparator :CharacterString
recordSeparator :CharacterString [0..1] =\n
decimalSymbol :Character[0..1] = .
valueColumnNumber :Integer[0..1] =1

EE citydb.nrg_time_series

42 id: serial
g7 objectclass_id: integer

Eg gmlid: warchar

Eg gmlid_codespace: warchar

Eg acquisitien_method: varchar

Eg interpolation_type: varchar

Eg quality_description: warchar

B8 source: warchar

ES time_array: timestamp with time zone[]

Ef walues_array: numeric[]

Eg walues_unit: warchar

E8 array_length: integer

E8 temporal_extent_begin: timestamp with time zone
E8 temporal_extent_end: timestamp with time zone
Eg time_interval: numeric

Eg time_interval_unit: warchar

A nrg_time_series_phkey
& nrg_tseries_gmlid_inx
£ nrg_tseries_objclass_id_floc

«type»
IrregularTimeSeriesFile

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

uom :UnitOfMeasure

file :URI

numberOfHeaderLines :Integer [0..1] = 0
fieldSeparator ;

recordSeparato

decimal Symbol

= cil:]rdh.mg_tim_seﬁﬁ_ﬁle

& id: integer

Eg file_path: wvarchar

Eg file_name: wvarchar

Eg file_extension: varchar
Eg nbr_header_lines: integer
Eg field_sep: varchar

Eg record_sep: varchar

—4| B3 dec_symbol: varchar

Eg time_col_nbr: integer
Eg walue_col_nbr: integer
Eg is_compressed: boolean

& nrg_time_series_file_pkey




3DCityDB extension for the ADEs

TITUTE

3DCityDB

3DCityDB "plus"
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The CityGML Database

kv 3D City DB

ADE extension mechanism

The CityGML Database

iy 3D City DB




Conclusions

= CityGML offers several ways to be extended

= The ADE mechanism is the more elegant one, however it is lacking (for
now) support by the Importer/Exporter

= Research work is being carried out by the 3DCityDB development team to
= Automatically derive the database schema from ANY ADE

= Automatically generate a plugin for the Importer/Exporter able to handle the
corresponding ADE contents



Overview

= Part 1. Semantic 3D city modelling & a first look at CityGML
= Part 2: A second look at CityGML and the 3D City Database
= Part 3: Experiences from Trento and Vienna

= Part 4: Extending CityGML

= Part 5: Energy & cities



Part 5. Energy and cities

= Where are inefficient buildings?
= How to increase their efficiency?
How to evaluate the impact of these measures?

= How to simulate different scenarios according to different energy
policies?

elw 7
e w
| |

= How to evaluate spatially and temporally the energy performance of
a city and quarter respectively?

= How to choose between different types of energy production and
distribution technologies?

= How to deal with extension of existing infrastructures?

SEMANTIC 3D CITY MODELS AS INFORMATION HUB
FOR ENERGY-RELATED APPLICATIONS?
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Estimation of energy demand

= Characterisation of each (residential) building by means of "typical" values
extracted from the 3D city model and existing libraries

= Energy balance based on algorithms defined by national norms, e.g.
=  UNI/TS 11300 in Italy
= [nstitut Wohnen und Umwelt, Germany
= OIB-6, Austria

Climate
data
Building data;
«Geomet
euse H /] . I\ Energy demand
Correlation | _ctimation
«Bdg. typology \l
«Construction data




Characterisation of (each) residential building

= From semantic 3D city model:

= Volume, surf. of roof, walls, shared walls, etc.
= Year of construction

= Number of flats, families, residents
=  Number of floors

= From parameter libraries

= Building typology class, building age class
= "Typical" U and g values for windows, walls, floors & roofs

= Climate data

= Climate zone, degree days, heating period, etc.
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Evaluation of refurbishment scenarios

= |dentification of (reasonable) refurbishment measures
= Definition of a limited number of scenarios

= Comparison with regards to national and European legislation
= Cost-benefit analysis

e

- “Light" refurbishment: € .

131,12 kWh/(m2a)

Current state: € ?
161,12 kWh/(m?2a)

"Heavy" refurbishment:
36,35 kWh/(m?2a)
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Heating energy demand of residential buildings
(retrofit)




Web-based (plugin-free) visualisation AITM
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http://sbc1.ait.ac.at:10180/projects/meidling/cesium/webmap_nrg/index.html

Conclusions

=  Semantic 3D city models & energy
= Description of the building stock by means of integrated approach
= Characterisation of the building stock by means of meaningful KPIs
= |dentification and geo-localisation of particular building blocks (or single buildings)
depending on selected criteria, e.g.
+ All building (blocks) requiring upcoming / urgent refurbishment

* All building (blocks) with low energy efficiency
 All building with the greatest investment return potentials

= Accuracy of the results is still object of research and further investigation

= Different strategies to validate the energy models, depending on
simulation/estimation strategies and on available data
* In general: deviation between estimated and real values = 20--40% from other similar
case studies

= |n general: acceptable trade-out between accuracy and completeness
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