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Foreword

This document contains the results of the work started within the European project
DigiTwins4PEDs! (“Utilisation of Urban Digital Twins to co-create flexible positive energy
systems for districts”), in the context of Work Package 3 (“Extension of the Urban Digital Twin
Concept with flexibilization strategies”), in particular Task 3.2 on “Extension and update of the
CityGML Energy ADE”.

To support the project’s case studies, the project DigiTwins4PEDs plans to use Urban Digital
Twins (UDTs), which is a unified visual interface of integrated information (covering both
spatial and non-spatial data, as well as both static physical urban objects and dynamic urban
processes), to develop advanced geospatial applications and tackle technical, spatial,
regulatory, legal, financial, environmental, social and economic aspects needed to establish
PEDs.

UDTs are digital representations of the real world/built environment at the urban scale, but
with the granularity that reaches the single building level. For semantic 3D city models, the
most relevant, international open standard is CityGML? by the Open Geospatial Consortium?
(OGC). CityGML datasets store geometry and semantical information of common city objects
such as buildings, trees, roads, land use, etc., found in real-world built environment.

To enhance the capabilities of a semantic 3D city model to cope with energy-related data, and
to be better coupled with energy-simulation tools, in the past years an extension to the
CityGML standard, called Energy Application Domain Extension (Energy ADE), was developed.
The Energy ADE for CityGML is the result of more than 5 years of joint development among
different experts from different disciplines (IT, energy, simulation, urban energy planning,
municipalities, etc.). The purpose was to define a standardised data model to allow for data
interoperability and seamless data exchange between 3D city models (based on the CityGML
2.0 standard) and heterogeneous energy simulation tools and applications. Version 1.0 was
released in 2018 as an open data model and has been since used in several projects and
applications®.

Still, its integration in the context of participatory energy planning and PEDs is new and needs
to be further explored and improved. However, so far it represents the best candidate and
most obvious option to enrich the UDT capabilities in the context of DigiTwins4PEDs.

One of the goals of the DigiTwins4PEDs project is to update and extend the Energy ADE to a
new version, which we will refer to as the Energy ADE 2.0, in order to cope with newer
challenges and needs related, for example, to PEDs, integration of renewables, and electric
mobility.

1 https://digitwins4peds.eu

2 https://www.ogc.org/publications/standard/citygml

3 https://www.ogc.org

4 https://3d.bk.tudelft.nl/gagugiaro/pdf/2020 06 Energy ADE OGC.pdf
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1 Introduction

When it comes to the modelling of the built environment, only a relatively small number of
open standards exist, the common goal being to ease interoperability between heterogeneous
software platforms. At urban scale, semantic 3D city models (Gréger and Plumer, 2012) have
steadily gained momentum in the last 15 years as they offer an integrated and harmonised
information hub for a theoretically unlimited number of geospatial application. An integrated
virtual city model can represent coherently all city entities, spatially and (possibly) in 3D,
together with all relevant characteristics, relations and dependencies. What is more, it can
reduce the effort in terms of data preparation and provision, and, secondly, offer clear data
structures, ontologies and semantics to facilitate data exchange between different domains
and applications.

In the domain of the international data models at urban scale, CityGML is an open data model
and information exchange standard by the Open Geospatial Consortium (OGC), defining
classes and relations for the most relevant 3D topographic objects in cities (e.g. buildings,
transportation infrastructures, city furniture, water bodies) regarding their geometry,
topology, semantics, and appearance. The representation of buildings includes, for example,
semantically distinct geometries for basement slabs, wall and roof surfaces, as well as specific
attributes for the description of the roof shape, usage type, number of storeys, construction
year, and building height.

When it comes to modelling energy-related objects and properties, however, even CityGML,
which has been intentionally conceived as an application-independent information model,
partially falls short: some attributes like the year of construction, the building class and usage
are provided, but, overall, they are too few. Additional attributes can indeed be defined as
generic attributes by means of the so-called Generics module, but they cannot be stored
natively in a systematic and semantically standardized way. Nevertheless, CityGML can be
extended by means of so-called Application Domain Extensions (ADE): depending on the
specific needs, new features or properties can be added, hence greatly augmenting modelling
capabilities offered by CityGML.

Work to extend CityGML in order to tackle the aforementioned shortcomings and provide a
standardised data model to deal with energy-related data required for Urban Energy Modelling
(UEM) started in 2013 at TU Berlin and HFT Stuttgart first. From 2014, an international,
consensus-based consortium was set up that took care of developing what became known as
the CityGML Energy Application Doman Extension, or, in short, Energy ADE. From now on, it
will be called Energy ADE 1.0, in order to distinguish it from the Energy ADE 2.0, which is the
main subject of this document.

1.1 The Energy ADE 1.0

The Energy ADE 1.0 (Agugiaro et al., 2018) was created as an extension to the international
open standard CityGML for semantic 3D city models. The Energy ADE 1.0 is set in the larger
picture of Urban Energy Modelling (UEM), which has been experiencing a steady increase in
terms of popularity, development efforts and adoption in the last decade, in order to support
the energy transition process at city scale.
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The Energy ADE 1.0 was developed to offer a unique and standard-based data model to allow
for both detailed single-building energy simulation (based on sophisticated models for building
physics and occupants’ behaviour) and city-wide, bottom-up energy assessments, with
particular focus on the buildings sector (see Figure 1). The Energy ADE has been conceived to
offer a standardised and omni-comprehensive urban data model covering also the energy
domain. The Energy ADE 1.0 was released in 2018 as the results of an open, consensus-based
development process that started in 2013 and that comprised several international parties and
disciplinary fields (from computer sciences to energy specialists).

Figure 1. Example of energy modelling at building scale [left] und district scale [right].

The Energy ADE 1.0 builds upon the CityGML 2.0 Core and Building modules. It consists of six
thematic modules in which either new classes or classes extending CityGML classes are
defined, together with additional data types, several codelists, and enumerations. Figure 2
shows the overview of the ADE packages and depicts the dependencies between the different
modules. The thematic modules are briefly described here:

e The Energy ADE Core module (in light pink) defines additional attributes for the CityGML
core::_CityObject and bldg:: AbstractBuilding classes. It also provides new abstract base
classes for the other modules and establishes additional data types and enumerations

e The Building physics module (in light yellow) defines classes for thermal zones, thermal
boundaries and thermal openings to model the thermal hull of a building (or subparts of it)

e The Occupants’ behaviour module (in light green) defines classes to model different usage
zones and how they are utilised by occupants and facilities such as electrical appliances. By
including schedules, it is possible to represent their behaviour over the day, year, etc.

e The Energy systems module (in orange) provides classes to model the energy storage,
distribution, emission, and conversion systems of a building and interrelates them to
represent the respective energy exchange

e The Materials and construction module (in blue) enables the modelling of the composition
of construction surfaces through different layers and their physical properties

e The Supporting classes module (in yellow) comprises classes for different schedules and
time series. They are used to add time-dependent values to the other module parameters.
Additionally, a WeatherStation class is defined herein.

A complete description of the Energy ADE, its overall structure, as well as its classes is provided
by Agugiaro et al. (2018). Further resources, such as the UML diagrams, the XSD file and test
datasets can be found online at the corresponding CityGML Wiki webpage®. It is worth
mentioning that from the full Energy ADE 1.0 a reduced, simplified profile was extracted. It is
called “KIT Energy ADE” profile, and it contains a subset of the Energy ADE 1.0.

5 https://www.citygmlwiki.org/index.php/CityGML Energy ADE
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Finally, the Energy ADE 1.0 data model, although originally developed for CityGML 2.0, has
been recently mapped to CityGML 3.0, the latest, currently available version of the CityGML
standard released in 2021. Further details can be found in Bachert et al. (2024). The mapping
to CityGML 3.0 has allowed, among the rest, to collect experience on the modelling approach
for ADEs in the case of CityGML 3.0, but also to evaluate how the new CityGML 3.0 standard
offers new classes and functionalities that make (part of) the Energy ADE 1.0 redundant.
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Figure 2. Package overview of the Energy ADE 1.0 for CityGML 2.0. Image taken from Bachert et al. (2024).

1.2 The Energy ADE 2.0

After the release of of the Energy ADE 1.0, preliminary work was carried out to start the
development of the Energy ADE 2.0, which was eventually released in 2019.

As a matter of fact, the Energy ADE 2.0 has very minor differences from the previous version,
and they consist mainly in the correction of minor modelling errors (e.g. in the WeatherStation
and WeatherData classes) and minor changes in the Contruction, Occupancy, and TimeSeries
modaules. The main difference is that the whole Device system has been dropped, the intention
being to design a new, more simplified one. However, after the its release in 2019, the Energy
ADE has essentially stopped. Except for some internal development carried out at the
Karlsruhe Institute of Technology, this version has never been used elsewhere. Further
information can be found on the respective CityGML Wikipage®.

Due to its limited differences from the Energy ADE 1.0, and its lack of further development and
publicly available implementation, this version will not be further mentioned in this document.

6 https://www.citygmlwiki.org/index.php?title=CityGML Energy ADE V. 2.0



https://www.citygmlwiki.org/index.php?title=CityGML_Energy_ADE_V._2.0

CityGML Energy ADE 3.0 specifications

2 The Energy ADE 3.0

2.1 Motivation and goals

The development of the Energy ADE 3.0, like the previous versions, has been driven by the
following two main objectives:

e To store and manage energy-relevant data collected at urban scale, such as building
usage, year of construction, number of dwellings and residents, etc.

e To provide data to assess the energy performance of buildings using a variety of
different approaches and software tools, e.g. ranging from standard-based energy
balance methods as of ISO 13790, to sub-hourly dynamic simulations by means of
specific simulation software programs.

Additionally, these goals have also been considered:

e Toimprove the data model based on the experiences collected since 2018 thanks to
the use and implementation of the Energy ADE 1.0 in several national and
international projects. This means to partially simplify, and to partially extend the
Energy ADE 1.0 when it comes to classes, properties and associations between
classes

e To update and enhance the data model in such a way that it will ease the future
conversion/mapping of the Energy ADE 3.0 to CityGML 3.0, also drawing from the
experiences and the results of the mapping carried out on the Energy ADE 1.0
towards CityGML 3.0. Given the expected slow but steady transition of data and
tools from CityGML 2.0 to CityGML 3.0, it is reasonable to conceive a new data
model that can be ported to CityGML 3.0 without major issues

o Finally, to keep compatibility with the KIT profile of the Energy ADE 1.0 data,
although some data conversion may be required. Please note that keeping the
compatibility with the full Energy ADE 1.0 is not a goal. Please refer to section 11 for
more details.

2.2 Overview of the development process

The methodology to develop the Energy ADE 3.0 follows a rather well-known and established
approach, which has been already described and published by van den Brink et al (2013). The
definition of the conceptual model of the Energy ADE 3.0 is complemented with the generation
of the XSD (XML Schema Definition) file’, the creation of test data, and the eventual
implementation of conversion tools, as well as a database implementation.

Overall, the developed methodology consists of three steps which are summarised in Figure
3. Following a model-driven approach, first the data model is defined at the conceptual level
including its required classes, properties and relations. For this purpose, UML is chosen as the
formal modelling language to define the ADE. The UML diagrams are created using the

7 https://en.wikipedia.org/wiki/XML Schema (W3C)
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modelling software Enterprise Architect® by Sparx Systems. This first step is shown in Figure 3
in green.

In the second step, depicted in yellow, the transfer format is derived from the UML data model.
Here, based on the GML target encoding, an XSD file is derived. It specifies how to correctly
read, write and validate Energy ADE 3.0 GML files for CityGML 2.0. The XSD schema is created
using the Java tool ShapeChange®, which requires a specific configuration file and then
automatically applies the encoding rules to the UML class diagrams.

The last, third step, depicted in light azure, consists in creating CityGML 2.0 + Energy ADE 3.0
test datasets which will be used to test the conversion tools developed in the following step.
The test datasets are created, for example, using Safe Software’s FME Form*° and the XSD file
previously obtained. The creation of the datasets has the additional advantage to allow for
immediate testing of the developed data model, and to adjust it, if necessary, resulting actually
in an iterative development process.

Finally, the development of the conversion tools encompasses the development of Java-based
libraries that are needed, on the one hand, to load and save XML-based CityGML files with
Energy ADE 3.0 content, and, on the other hand, to convert such XML-based files to a SQL-
based encoding, therefore allowing to import and export data from/to the CityGML 3D City
Database!!.

* Select a modelling language (e.g. UMm

* Relate new classes to CityGML base
classes

* Choose subclasses to be extended
01-yil1l= s 12:1| * Define codelists
model * Define geometry representation
* Decide on Levels of Detail (LoD) j
~N

* Select a schema generation tool
(e.g. ShapeChange)

* Derive schema file

(e.g.XSD)
J
~

* Create test data
* Build conversion tool

Conversion

/

Figure 3. Schematic workflow to develop the Energy ADE 3.0. Image adapted from Bachert et al. (2024).

The workflow presented in Figure 3 has been further refined for the specific needs and tasks
of the DigiTwins4PEDs project. The detailed workflow is shown in Figure 4.

The following sections of this document will refer to the latter workflow and will be explained
in the respective sections and subsections. Section 3 describes the Energy ADE 3.0 conceptual

8 https://sparxsystems.com
% https://shapechange.net
10 https://fme.safe.com

11 https://www.3dcitydb.org
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data model. It also mentions the major changes with regard to the Energy ADE 1.0 and the
underlying motivations. Similarly to the Energy ADE 1.0, it will follow a module-based
approach for the documentation. Section 4 provides some modelling rules and guidelines to
help when creating and writing CityGML datasets with Energy ADE 3.0 contents. Section 5
briefly describes the process of deriving the XSD file from the UML model. Section 6 provides
an overview of the test data that can be used for testing and learning purposes, while section
7 describes how the generation of the DDL scripts was carried out to extend the CityGML 3D
City Database. Finally, section 8 briefly describes a workbench for FME Form that allows to
import Energy ADE 3.0 data into the 3D City Database. The workbench has been developed for
testing purposes: it allows to test the current implementation of the database schema for the
Energy ADE 3.0 and, at the same time, it permits to interact with the database while the Java-
based libraries — which are needed to add Energy ADE 3.0 support to the 3D City Database —
are still in development.

UML modelling

sEnterprise Architect
QVELTE]]
*Energy ADE2.eap

Automatic generation of
the XSD file

sShapeChange
*Automatic
* auto_Energy ADE2.xsd

Checking and
polishing/restructuring of
the XSD file

*Manual
*Energy ADE2.xsd

Automatic generation of
the DDL scripts

*3DCityDB ADE Manager plugin
sAutomatic
*SQL + schema mapping files

(Optional) Renaming of
ADE tables and attributes

*Manual
*SQL +schema mapping files

(Optional) Restructuring
of the ADE tables and
attributes

*Manual
*SQL + schema mapping files

Extension of citygml4j

eJava
*Manual
*energy-ade2-citygml4j.jar

Extension of 3DCityDB I/E

*Java
*Manual
senergy-ade2-citydb.jar

ADE plugin registration in
the 3DCityDB

*3DCityDB ADE Manager plugin
*Automatic
*plugin folder

Energy ADE 2 plugin
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sImport/Export any CityGML file
with Energy ADE 2 data
eAutomatic

Figure 4. Detailed workflow of the development of the Energy ADE 3.0 within the DigiTwins4PEDs project.
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3 Conceptual data model

3.1 Introduction

The Energy ADE 3.0 builds upon and expands the Energy ADE 1.0. It is meant to improve the
usability and the modelling capability of the previous version, also considering the experiences
from real-world implementations accumulated in the years since it release.

Just like its predecessor, the Energy ADE 3.0 builds upon CityGML modules (namely, the Core,
the Buildings, and the CityObjectGroup ones) by extending some of their classes, while it adds
its own classes, enumerations and codelists. Again, it is structured in a modular way and Figure
5 shows the overview of the Energy ADE 3.0 packages while depicting the dependencies
between the different modules. The thematic modules are briefly described here:

The Core module (in light pink) defines additional attributes for the CityGML
core::_CityObject and bldg:: AbstractBuilding classes. It also provides new abstract
base classes for the other modules

The Building physics module (in yellow) defines additional attributes for the
CityGML bldg::_BoundarySurface and bldg::_Opening classes. Additionally, it
defines new classes to model the thermal hull of a building

The Occupancy module (in green) defines classes to model different usage zones
and how they are utilised by occupants. By including schedules, it is possible to
represent their behaviours

The Devices module (in orange) provides classes to model different types of energy-
related devices that are responsible for transforming or storing energy (e.g. solar
collectors, storage devices, etc.);

The Urban function areas module (in dark green) allows to define spatial entities
that allow to aggregate values

The Weather station module (in dark blue) contains a class to model weather
stations

The Layered construction module (in blue) enables the modelling of the
composition of construction surfaces through different layers and their physical
properties

The Resources module (in light violet) allows to model resources (energy, water,
food, etc.) that any urban object may demand, produce or store

The Schedules module (in dark pink) comprises classes for different types of
schedules

The Time series module (in light yellow) comprises specific classes for different
types of time series. They are used to add time-dependent values to the other
module parameters

The Codelists (in white), Enumerations (in dark grey) and DataTypes (in light
orange) modules contain support classes that are needed by the other modules.
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Figure 5. Package overview of the Energy ADE 3.0 for CityGML 2.0. The colours representing the different packages
will be used throughout this document. Dependencies between the different packages are represented by means
of dashed arrows, except for the packages Codelists, Enumerations, and DataTypes, for which the dependencies
are omitted for better readability.

The Energy ADE 3.0 takes also inspiration from new ADE developments in the CityGML “world”
since 2018, such as:

e the i-Urban Revitalization ADE for CityGML 2.0, or i-UR ADE in short (Akatoshi et
al., 2020)

e the Food-Water-Energy ADE for CityGML 2.0, or FWE ADE in short (Padsala et al.,
2021)

e the Utility Network ADE for CityGML 2.0, or UN ADE in short (Kutzner et al., 2018)

e CityGML 3.0, in particular the Core and the Dynamizer modules (Chaturvedi and
Kolbe, 2016; Kutzner et al., 2020; OGC, 2021).

Some examples of the influence from the above mentioned ADEs are the new class
UrbanFunctionArea, that fundamentally coincides with the homonymous class in the i-UR ADE
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(see section 3.6). Another example is the major overhaul of class EnergyDemand by means of
the classes belonging to the Resources module (see section 3.9), which takes inspiration from
and further develops some concepts of the Food-Energy-Water ADE. The Utility Network ADE
has inspired the new class UtilityNetworkConnection, which is meant to describe the
connectivity of any city object when it comes to the different utility networks, even if the
network layout itself is not available, e.g. in terms of geometrical and/or topological
information. From CityGML 3.0, the CityObjectRelation association class has been
“backported” to the Energy ADE 3.0, as, for example, it allows to model in an easier way the
adjacency relation between two buildings, or the relation between the shared walls (party
walls) between two buildings, or between two thermal zones. Additionally, the class
stereotype «type», used several times in the Energy ADE 1.0, has been replaced because it is
not used anymore in CityGML 3.0. This will ease, in future, the porting of the Energy ADE 3.0
from CityGML 2.0 to CityGML 3.0.

The coming sections provide a description of the main characteristics of each module, as well
as an overview of the main changes between the Energy ADE 1.0 and the Energy ADE 3.0
beta7, the latest version at the moment of writing. Whenever necessary, the reader is invited
to have a UML diagram of the Energy ADE 1.0 at hand to facilitate the comparison between
the two Energy ADE versions.

Please note that the colours presented in the package diagram depicted in Figure 5 are also
adopted in the remainder of this document for better readability. Classes belonging to the ADE
modules are represented using the same colours, while all classes used for CityGML are always
depicted in light cyan.

The PDF file containing the complete UML diagrams of the Energy ADE 1.0 is available on the
CityGML Wiki Energy ADE Webpage'?, while the complete UML diagram of the Energy ADE 3.0
is available for download from the GitHub repository!? of the 3DGeoinformation group of TU
Delft.

3.2 The Core module

3.2.1 Characteristics

As the name says, the Core module represents the central part of the Energy ADE 3.0. Its
overview in terms of UML diagrams is presented in Figure 6 and Figure 7. The Core module has
two main functions:

e |t extends two classes of the CityGML standard with energy relevant properties
(namely the _CityObject and the _AbstractBuilding classes)

e |t provides abstract base classes for the other modules of the Energy ADE 3.0
(AbstractLayeredConstruction, AbstractLibrary, AbstractDevice, AbstractResource,
AbstractSchedule, AbstractTimeSeries). These abstract base classes will be
described in the sections covering the respective modules, although they are
contained in the Core module. In order to additionally hint at the module they are
connected to, they are coloured differently in Figure 6 and Figure 7 instead of the
“default” light pink.

12 https://www.citygmlwiki.org/images/f/fb/UML-Diagrams EnergyADE.pdf
13 https://github.com/tudelft3d/DigiTwins4PEDs/tree/main/energy ade 2
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Thanks to this structure, it is possible to avoid too many mutual dependencies between the
modules.

The CityGML abstract base class _CityObject is extended by means of the ADE hook
mechanism. In terms of geometry, the ADE _CityObject class adds the possibility to optionally
represent any city object by means of a point geometry via the referencePoint property. This
change reflects and “backports” what introduced in CityGML 3.0. Additionally, a generic
concept of suitability is added to any city object by means of the property suitability. The
corresponding datatype Suitability (in package DataTypes) allows to define and store any
suitability reason, a suitability value expressed as a decimal number in [0..1], and to optionally
define temporal properties for such suitability through a link to a schedule. The idea is to be
able to store and retrieve information about a certain suitability that may be the result of a
simple (or complex) analysis and selection process (e.g. suitability for installation of
photovoltaic panels, or for green roofs, etc.).

The CityObjectRelation association class has been backported from CityGML 3.0 to facilitate
the modelling of additional relations between city objects. For example, class
CityObjectRelation can be used to store adjacency relations between buildings even in the
(rather common case) case that, due to geometrical errors or inaccuracies, such spatial
relationships cannot be computed directly from the LoDO footprint geometries. Reason for it
could be for example gaps or overlaps between two footprint polygons. Another concrete
application example is the computation of party walls between adjacent buildings which
sometimes fails due to the afore mentioned problems. Similarly, adjacency relations can be
now modelled also between thermal zones, or, in a similar way, correspondences between
thermal zones and other CityGML classes (e.g. Room).

Besides the relations to AbstractResource, AbstractLayeredConstruction, AbstractDevice, the
ADE _CityObject class contains also relations to other classes, such as:

e WeatherData. Every city object can have an arbitrary number of WeatherData
objects, each of them characterised by the attribute type (e.g. temperature,
precipitation, wind, etc.). Actual values can be stored either as yearly values
(attribute yearlyValue) or be associated with a time-dependent object derived from
class AbstractTimeSeries (through relation timeDependentValues). The valueType
attribute can be used to further specify whether the weather parameter (e.g.
temperature) is for example the maximum, minimum, average, etc. Additionally,
through the position attribute, a point geometry can be defined to specify the
position the WeatherData object refers to. Finally, the libraryCode attribute can be
used to store a specific code (with the associated code space) for a weather
parameters to be looked up in an external database.

e Class UtilityNetworkConnection is used to model the actual or potential connectivity
status of a city object with regard to any utility network, be it gas, electricity, drink
water, sewage, etc. (attribute networkType). By means of the attribute
connectionStatus, not only the current connectivity status can be modelled, but also
the future one in case, for example, the building is disconnected from the gas
network and opts for a complete electrification. If specific information about the
network is available, this can be stored using the networkID and the networkNodelD
attributes (e.g. linking to network-related objects of the Utility Network ADE, or any

11
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other external resources). Finally, attributes functioninNetwork and
usagelnNetwork can be used to further specify the connection to the network.
Many of these attributes are taken over from a conceptually similar class in the
Utility Network ADE.

An advantage of using class UtilityNetworkConnection is that the connectivity status can be
modelled regardless of the availability of actual network data (be it topological or
geographical) — which is a very common problem with “real-world” datasets due to the
complexity of collecting such data. At the same time, as class UtilityNetworkConnection takes
inspiration from the Utility Network ADE, it can be seen as a connecting point between the
two ADEs.

Three more abstract base classes are visible in Figure 6: AbstractSchedule (which will be
described in section 3.10), AbstractTimeSeries (see section 3.11) and AbstractLibrary. The
latter represents an abstract base class that will be used to derive specific library classes used
as containers, e.g. for LayeredConstruction or Material objects. The main idea of a Library
object is to act as a container for those objects that are generally coming from libraries and
not measured directly from the real world. In the case of UBEM, this happens frequently, for
example, when characterising the physical properties of the (thermal) envelope elements of a
buildings, as such surveyed data are generally not available at building level. In this sense, the
possibility to model and store library data within a unique container, and having such library
data referenced by those elements requiring it, is a convenient solution, which is also used in
common energy simulation software packages.

In the specific case of CityGML, class AbstractLibrary is meant to be a top-level element,
derived from base class _CityObject, although it would make more sense to derive it from
_Feature — as it is the case of CityGML class Appearance. This is, at the moment, a decision
taken for pragmatic reasons, as this simplifies the management of such library objects, e.g. by
means of the 3DCityDB Importer/Exporter that allows to choose which top-level city objects
to import or export from/to the 3D City Database.

When it comes to the CityGML class _AbstractBuilding, this is also extended by means of the
ADE hook mechanism. The ADE _AbstractBuilding class contains several energy-relevant
attributes at building level. Please note that in the UML diagrams the prefix “bdg“ is used with
class property names to avoid naming conflicts in the resulting XSD file, but — for the sake of
readability — in this document they will be referred to without the prefix.

In class ADE _AbstractBuilding, attribute type is intended to store information about the
typology of the building (e.g. single-family house, terraced house, etc.). The thermal status of
the attic and the cellar can be specified by means of the attributes basementThermalStatus
and atticThermalStatus, as well as information about the rough classification of the building
construction structure (constructionWeight), its protection status (e.g. in case of historical
buildings), as well as relevant dimensional characteristics (by means of qualified attributes
height, area, and volume). If a building possesses Energy Performance Certificates, or
information is known about its refurbishment history, such information can be stored using
the EnergyPerformanceCertificate and the RefurbishmentMeasure classes, respectively.
Finally, for more advanced energy simulations, concepts such as thermal zones, and usage
zones must be introduced. For this reason, the ADE _AbstractBuilding class is related to the
abstract base classes AbstractThermalZone, AbstractUsageZone, and AbstractBuildingUnit.
The former will be described in the Building physics module, while the latter two will be

12
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described in the Occupancy module. It is however relevant to mention here that all these three
abstract classes are derived from the AbstractBuildingPartition class, which allows to store
information about area and volume of each partition (attributes area and volume) and up to
three geometrical representations by means of solid geometries (in LoD1, LoD2, and LoD3,
respectively). The AbstractBuildingPartition takes inspiration from CityGML 3.0
AbstractBuildingSubdivision.

3.2.2 Main changes from the Energy ADE 1.0

When it comes to the changes and additions compared to the Energy ADE 1.0, they can be
listed as follows:

e Every city object can now be represented also by a point geometry. In the Energy
ADE 1.0 this was possible only for the classes Building and BuildingPart (i.e. derived
by ADE _AbstractBuilding)

e The association between AbstractDevice (previously named AbstractEnergySystem)
and _CityObject has been inverted in terms of navigability. Now it goes from
_CityObject to AbstractDevice, while in the Energy ADE 1.0 it went from
AbstractEnergySystem to _CityObject (and was named installedOn). Now, every
_CityObject can have 0..* AbstractDevice objects

e Class AbstractDevice has been simplified when it comes to property heatDissipation.
Instead of referring to class HeatExchangeType (which has been dropped), all
properties are now within the class (heatDissipationConvectiveFraction,
heatDissipationLatentFraction and heatDissipationRadiantFraction). The original
property heatDissipation is now of type Measure and is meant to contain the
average value of heat dissipation

e The association between AbstractDevice and DeviceOperation (previously named
OperationSchedule) has been renamed from operationSchedule to deviceOperation

e Every city object can have 0..1 AbstractLayeredConstruction objects. In the Energy
ADE 1.0, only the ADE _AbstractBuilding class, as well as ThermalBoundary and
ThermalOpening classes were associated to an AbstractConstruction. Please note:
All Construction classes have now been renamed to LayeredConstruction

e The EnergyDemand class has been dropped and substituted by the
AbstractResource. More details are provided in the section describing the Resource
module

e When it comes to class ADE _AbstractBuilding, there have been only minor changes.
For example, the types associated to the reference height, the floor area, and the
volume are now of type QualifiedHeight, QualifiedArea, and QualifiedVolume,
respectively. This renaming follows, among the rest, the same logic as in CityGML
3.0

e Class AbstractBuildingPartition is new and it allows for the usage of solid geometry
(from LoD1 to LoD3). The addition of the LoD concept is new to the Energy ADE 3.0
and will be further explained in the Building physics and Occupancy modules

e The classes for EnergyPerformanceCertificate and RefurbishmentMeasure have
been slightly improved. In particular, the class RefurbishmentMeasure has a new
attribute libraryCode which allows to store a code and, possibly, the codespace
associated to it, in case there is a library or an external database containing a set of
standardised/typical refurbishment measures
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Figure 6. Detail view of the Energy ADE 3.0 Core module, focusing on the _CityObject class and its dependent

classes.

14



CityGML Energy ADE 3.0 specifications

«featureType»
AbstractBuildingPartition

_Site

«featureType»
Core::_CityObject

area: QualifiedArea [0..*]
volume: QualifiedVolume [0..*]
lod1Solid: GM_Solid [0..1]
lod2Solid: GM_Solid [0..1]
lod3Solid: GM_Solid [0..1]

«featureType»
Building::_AbstractBuilding

T

\

+ 4+ o+ + o+

«ADEElement»

N +buildingUnit
_AbstractBuilding A3

bdgType: BuildingTypeValue [0..1]
bdgAtticThermalStatus: ThermalStatusValue [0..1]
bdgBasementThermalStatus: ThermalStatusvalue [0..1] | ——M  L___._._._|
bdgConstructionWeight: ConstructionWeightValue [0..1] byRefereml:ﬁ
bdglsProtected: Boolean [0..1] inLine

bdgHeight: QualifiedHeight [0..*]
bdgArea: QualifiedArea [0..*]
bdgVolume: QualifiedVolume [0..*]

+buildingUnit

.
. +usageZone

intine | 777777 byReference

+ 4+ + o+ + o+ o+

+thermalZone «featureType»
‘%‘ AbstractThermalZone
0..*
-1 inLine --1inLine
0.* +energyPerformanceCertificate 0..*\|/ +refurbishmentMeasure
_Feature «featureType»
«featureType» RefurbishmentMeasure

EnergyPerformanceCertificate A
libraryCode: Code [0..1]

type: RefurbishmentMeasureTypeValue
startDate: Date [0..1]
endDate: Date

type: EnergyPerformanceCertificateTypeValue
label: CharacterString

value: Measure [0..1]

issueDate: Date [0..1]

expirationDate: Date [0..1]
certificationMethod: CharacterString [0..1]
certificationURI: URI [0..1]

+ 4+ o+ +

+ o+ o+ o+ +

Figure 7. Detail view of the Energy ADE 3.0 Core module, focusing on the ADE _AbstractBuilding class and its
related classes.

3.3 The Building physics module

3.3.1 Characteristics

The Building physics module provides classes for detailed simulations of a building thermal
behaviour, e.g. for computation of space heating and space cooling demands. The Building
physics module has the ThermalZone as its principal class, which represents the reference
volume for heating and cooling demand calculation. It is generally a “thermally homogeneous”
space considered as isothermal, and, for simplified building energy modelling, it may also refer
to several building rooms. A building may be separated into several ThermalZone objects.
Class ThermalZone possesses energy-related attributes characterising its conditioning status
(isCooled, isHeated) and overall building physics properties (heatCapacity, infiltrationRate).
Finally, two attributes (coincidesWithLoD2Hull and coincidesWithLoD3Hull) are used to specify
when the thermal zone is exactly bounded by the geometries (via CityGML thematic surfaces)
that define the building hull. More details on the usage of these two attributes are provided
in Section 4 about modelling rules and guidelines.
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If occupied, a ThermalZone object contains one or more UsageZone objects, each one
providing information about the usage for the heating and cooling demand calculation (see
Section 3.4 for the Occupancy module). Inherited via its parent class AbstractBuildingPartition,
a ThermalZone has also attributes regarding its dimensions (area and volume) and its
geometrical representation via solid geometries in different LoDs, from LoD1 to LoD3 (but not
in LoD4!).

For LoD2 and LoD3, ThermalZone objects can be additionally represented geometrically by
means of thematic surfaces, in a conceptually similar fashion as in CityGML for buildings. For
this reason, the ThermalZone class has a property named thermalBoundary, which mimics the
boundedBy property of _AbstractBuilding in CityGML when it comes to relation to thematic
surfaces.

For LoD2 representations, all existing classes for thematic surfaces from CityGML (WallSurface,
RoofSurface, GroundSurface, etc.) can be used to compose the envelope representing the
ThermalZone. Additionally four more specific classes are derived from _BoundarySurface:
PartyWallSurface, IntermediateFloorSurface, BasementCeilingSurface, and AtticFloorSurface.
As in CityGML, no openings are allowed in LoD2. For LoD3, as in CityGML, thermal openings
are allowed, therefore CityGML classes Window and Door can be used too. More information
on how to use the existing and new classes to compose the hull of a thermal zone can be found
in Section 4.3 where the modelling rules and guidelines, specifically for the Building physics
module, are presented.

In order to enrich the description of the thematic surfaces, the CityGML _BoundarySurface and
_Opening classes are both extended by means of the ADE hook mechanism. Similarly to the
ADE _AbstractBuilding class, both ADE classes contain property names that are prefixed with
“bdgBdrySurf” and “bdgOpn”, respectively. For the sake of readability, the attribute names will
be referred to in the next paragraphs without using these prefixes. In the case of ADE
_BoundarySurface, most attributes relate to geometrical properties, such as thickness,
totalSurfaceArea, opaqueSurfaceArea, azimuth, inclination, groundViewFactor and
skyViewFactor.

In particular, the attribute totalSurfaceArea is meant to store the total, gross value of a surface
area, including the area of openings. The attribute to store the area excluding the openings is
the opaqueSurface area. If, for example when modelling in LoD2, the actual area of the
openings is not known, then it can be derived indirectly using the openingToSurfaceRatio (with
corresponds to the more commonly known window-to-wall ratio). Additionally, some energy-
specific attributes are also available, such as heatCapacity and isAdiabatic. In the case of the
ADE _Opening, a similar, but reduced set of similar attributes have been added.

Thanks to these new attributes, it is now possible to store information about area, inclination,
azimuth, etc. for each thematic surface, also for those being used to model Building and
BuildingPart objects. For example, such attributes can be pre-calculated and stored also for
Roof objects in order to perform a query on values regarding a certain inclination, area,
azimuth, etc. The main idea is that, in this way, queries such as "Select all RoofSurfaces tilted
by x degrees and oriented towards y" can be sped up significantly without having to
(re)compute them every time on the fly from the geometries.

3.3.2 Main changes from the Energy ADE 1.0

The Building physics module is one of the modules that has changed the most compared to
the Energy ADE 1.0, where specific classes for ThermalBoundary and ThermalOpening existed,
and were decoupled from the CityGML thematic surfaces. However, in the Energy ADE 1.0 the
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geometrical representation of classes ThermalZone, ThermalBoundary and ThermalOpening
was decoupled from the “standard” CityGML one. Besides, only one representation was
possible.

In the Energy ADE 3.0, both classes ThermalBoundary and ThermalOpening have been
dropped. As a consequence, the relation between ThermalBoundary and _BoundarySurface,
and finally between ThermalOpening and CityGML _Opening have been dropped too, as they
are not needed anymore. As a result, the concept of shading devices has been reworked too.
A MovableShadingDevice class has been added to the Devices module. More details will be
provided in that module.

Thanks to the new class RelationToCityObject in the Core module, the previous relation
between ThermalZone and CityGML Room has been dropped as it would be redundant.
Relations between ThermalBoundaries, ThermalOpening and AbstractConstruction have also
been dropped, as every city object is now related to AbstractLayeredConstruction as this
relation is inherited from ADE _CityObject class.

Finally, the new ThermalZone class receives two Boolean attributes: coincidesWithLoD2Hull
and coincidesWithLoD3Hull. These two attributes are meant to identify two special cases, i.e.
when a building is modelled as a single thermal zone and the thermal boundaries coincide
exactly with the LoD2 (or LoD3) hull of the Building/BuildingPart. In this specific case (still
rather frequent when working at urban scale with UBEM software tools like SimStadt), now it
is not necessary anymore to re-model the thermal boundaries of the thermal zone. In the
Energy ADE 1.0, this would lead to creating copies of the same objects (the thematic surfaces)
that should exist as components both of a Building/BuildingPart object and of a ThermalZone
object and therefore represent a redundant duplication of data.
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Figure 8. Overview of the Energy ADE 3.0 building physics module.

3.4 The Occupancy module

3.4.1 Characteristics

The Occupancy module contains classes to represent the occupants of a building, as far as it is
relevant for energy simulations. The overview of the Occupancy module in terms of UML
diagrams is presented in Figure 9.

Class UsageZone is used to define a region of homogeneous usage in a building. Such regions
can be contained in and referenced by a ThermalZone. Additionally, a UsageZone can contain
one or more BuildingUnit objects, and it is used to model the usage for the heating and cooling
demand calculation. Besides the properties inherited via AbstractBuildingPartition (and
already explained in section 3.2 about the Core module), attribute type defines the specific
usage of that thermal zone (residential, commercial, etc.), while attribute isPrimary is used to
express whether this is the primary or the most relevant usage of the building. It is possible to
define the number of building units that are part of the UsageZone object using the attribute
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numberOfBuildingUnits, without the need to explicitly model them via the BuildingUnit class.
Average internal heat gains can be modelled by means of property internalHeatGains (and,
optionally, further specified in terms of convective, latent and radiant fractions), while the
remaining relations (heatingSchedule, coolingSchedule, ventilationSchedule) are used to
connect to objects of the Schedule module, through the AbstractSchedule abstract base class.
Optionally, a UsageZone may be subdivided into different BuildingUnit objects holding
information about the specific use (type), the number of rooms (nhumberOfRooms), ownership
information (ownerName, ownershipType). If applicable, a BuildingUnit object can be related
to its EnergyPerformanceCertificate and RefurbishmentMeasure object(s). Finally, a relation to
an Address can be provided too.

Both the UsageZone and the BuildingUnit classes can be related to class Occupants, which can
be used for detailed assessment of the internal gains due to the heat produced by people
(property heatDissipation, and the additional, optional further characterisation in terms of
convective, latent and radiant fractions). Class Occupants represents a homogeneous group of
occupants, categorised in one type (e.g. residents, workers, visitors etc.), for which the number
of occupants can be provided, as well as their occupancy schedule (via attribute
numberOfOccupants and relation occupancyRate, respectively). Additionally, some socio-
economic parameters are available (averageDiet, averagelncomelevel,
averagelnstructionLevel).

3.4.2 Main changes from the Energy ADE 1.0

When it comes to the differences between Energy ADE 1.0 and 2.0, there have been no
significant changes, save for an overall simplification of the module. The main changes are:

e C(Classes UsageZone and BuildingUnit have some the attributes reworked, as some of
them are inherited by their parent classes (mainly: AbstractBuildingPartition). Just
like ThermalZone, now they can both be modelled via solid geometries from LoD1
to LoD3

e Class BuildingUnit is not only associated with EnergyPerformanceCertificate (as in
the Energy ADE 1.0) but also with a RefurbishmentMeasure class

e C(Class UsageZone has been simplified when it comes to property
averagelnternalGains. Instead of referring to class HeatExchangeType (which has
been dropped), all properties are now within the class
(internalHeatGainsConvectiveFraction, internalHeatGainsLatentFraction and
internalHeatGainsRadiantFraction). The original property averagelnternalGains has
been renamed internalHeatGains, is now of type Measure and is meant to contain
the average value of the internal heat gains

e Class Occupancy has been simplified when it comes to property heatDissipation.
Instead of referring to class HeatExchangeType (which has been dropped), all
properties are now within the class (heatDissipationConvectiveFraction,
heatDissipationLatentFraction and heatDissipationRadiantFraction). Property
heatDissipation is now of type Measure and contains the average value of heat
dissipation

e All Facilities-related classes have been moved, in simplified form, to the Devices
module

e The Household class is dropped.
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Figure 9. Overview of the Energy ADE 3.0 Occupancy module.

3.5 The Devices module

3.5.1 Characteristics

_Feature

«featureType»
Core::
EnergyPerformanceCertificate

The Devices module represents the energy-relevant devices to perform building energy
analyses. Its overview in terms of UML diagrams is presented in Figure 10.

The Devices module is related to Core module by means of class AbstractDevice. Any
_CityObject class is associated with class AbstractDevice by means of a relation that has a
multiplicity of 0 to many. Class AbstractDevice has several attributes that can be used to specify
the characteristics of the device (or group of devices) via attributes such as model,
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yearOfManufacture, numberOfDevices. More energy-related properties are provided via
installedPower, nominalEfficiency, efficiencylndicator, and heatDissipation. Finally, any
AbstractDevice can be connected to DeviceOperation objects, which allows to determine — by
means of schedules (see later) — how that device is used or operated.

From AbstractDevice, different specific classes are derived that represent devices, ranging
from  electrical and thermal energy storage (ThermalStorageDevice  and
ElectricalStorageDevice)  to  production and  conversion (HeatPump,  Boiler,
GenericElectricalDevice, LightingDevice, GenericDevice). For some of these specific classes,
some specific attributes are also available.

For solar collectors, for example, a specific subclass exists, called AbstractSolarCollector. This
class possesses specific attributes regarding geometrical properties of the solar collectors
(moduleArea and apertureArea, as well as azimuth and inclination). Additionally, two
geometrical representations are also available, in LoD2 and LoD3 (lod2MultiSurface and
lod3MultiSurface, respectively). From AbstractSolarCollector, four subclasses are derived, to
be wused depending on the type of solar collector: SolarThermalCollector,
PhotovoltaicCollector, PhotovoltaicThermalCollector, and — in case no specific information is
available — GenericSolarCollector.

For (movable) shading devices, class MovableShadingDevice can be used. Besides specifying
the type, further attributes are the installationSide (i.e. inside or outside), the
maximumCoverRatio, and the transmittance.

3.5.2 Main changes from the Energy ADE 1.0

The Devices module (formerly called Energy systems module) has undergone the most
relevant changes since the Energy ADE 1.0. The overall structure has been sensibly reduced
and simplified, also considering that the KIT Profile had it completely dropped. In short, the
current module in the Energy ADE 3.0 represents somehow an “in-between” version, which
has simplified the rather complex structure of the Energy ADE 1.0, but that still retains some
of the basic classes.
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Figure 10. Overview of the Energy ADE 3.0 Devices module.

3.6 The Urban function areas module

3.6.1 Characteristics

The Urban function areas module is a new module added to the Energy ADE 3.0. It stems from
the need to offer support for aggregated values (e.g. of energy demand, or of any resource —
see the Resources module in section 3.6) at different geographical scales. Very often, values
are computed and associated at building level, and must be aggregated and presented at
different scales, e.g. at block, quarter, district level, or even up to the whole city. On the other
hand, sometimes certain values are available only at such aggregated levels, therefore a
geographical object is required to “contain” them. The overview of the urban function area
module in terms of UML diagrams is presented in Figure 11.
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The Urban function areas module takes inspiration from, and nearly coincides with, the
UrbanFunctionArea class found in the i-UR ADE (Akatoshi et al., 2020), and it consists, basically,
of just a class derived from CityGML class grp::CityObjectGroup. All properties of a
CityObjectGroup class are inherited, i.e. attributes, as well as the possibility to associate a
geometry (e.g. a polygon representing the administrative boundaries), the possibility to create
hierarchies (CityObjectGroups containing CityObjectGroups), and the possibility to associate
any city object to a group.

Class UrbanFunctionArea contains only few more properties. A property type associated to a
Codelist (e.g. block, neighbourhood, district, city) and, optionally, a code to store specific
existing codes associated with that UrbanFunctionArea (e.g. an ID used for a specific census
area).

It is worth keeping in mind that the geometry associated to a UrbanFunctionArea object can
be regular or irregular, e.g. a regular grid (as in the case of some existing datasets containing
statistical data in some countries) or an administrative boundary, or any other user-defined
shape.

«featureType»
Core::_CityObject

0..*
_____ J Role ’
* |+ role: CharacterString |
«featureType»
CityObjectGroup::
CityObjectGroup

class: GroupClass [0..1]
function: GroupFunction [0..*]
usage: GroupUsage [0..*]
geometry: GM_Object [0..1]

+ + + +

Figure 11. Overview of the Energy ADE 3.0 Urban function areas module.

3.7 The Weather station module

3.7.1 Characteristics

The Weather station module contains just one class, WeatherStation. This class inherits from
the Core module the possibility to be related to zero or several WeatherData objects and is
the only member of this module. The overview of the Weather station module in terms of UML
diagrams is presented in Figure 12.
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3.7.2 Main changes from the Energy ADE 1.0

Compared to the Energy ADE 1.0, there are no major differences, except for two modelling
errors that have been corrected. They are:

e The Energy ADE 1.0 WeatherStation property stationName has been dropped, as
already inherited from _Feature (via the property name)

e The Energy ADE 1.0 WeatherStation property weatherData has been dropped, as it
is already inherited from _CityObject.

«featureType»
Core::_CityObject

Figure 12. Overview of the Energy ADE 3.0 Weather station module.

3.8 The Layered construction module

3.8.1 Characteristics

The Layered construction module physically characterises how the building construction parts
are made. It allows to detail their structure and to specify their thermal and optical properties.
The overview of the Layered construction module in terms of UML diagrams is presented in
Figure 13.

The Layered construction module is related to the Core module by means of class
AbstractLayeredConstruction. Two classes are derived from it:

e The LayeredConstruction class, which contains information about the thermal and
optical properties of the layered construction as a whole, and — optionally — the set
of layers composing it. Layers are ordered from the inside of a room towards the
outside.

e The ReverselLayeredConstruction class, which is used to simply provide a way to
represent layered constructions for which the order of the layers has to be inverted.
This could be the case, for example, when associating a construction to party wall
surfaces.

A LayeredConstruction class contains information about the overall thermal transmittance of
the whole construction (property uValue), intended as a set of layers having each certain
physical properties. Additionally, optical properties such as transmittance, reflectance
emissivity and (if applicable) the glazing ratio, can be specified. The gValue attribute
corresponds to the coefficient used to measure the transmittance of solar gain through glazing,
considering also the frame. This is a value that is generally available from the windows
manufacturers of windows. However, it is possible to model this value also by means of the
glazingRatio and the optical properties values (e.g. transmittagce), in case more detailed data
are available.
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The libraryCode attribute can be used to store a specific code (with the associated codespace)
for a specific layered construction to be looked up in an external database.

A LayeredConstruction object can be used as such, or can be further detailed by specifying an
ordered set of Layer objects, each one having its own thickness and being related to a specific
material (be it a Gas or a SolidMaterial, through their common parent class AbstractMaterial).
Conventionally, the order of the layers follows the direction of the normal vector of the surface
they refer to. A libraryCode attribute can be used to store a specific code (with the associated
codespace) for a specific AbstractMaterial to be looked up in an external database.

If the order of the Ilayers is opposite to the intended direction, then class
ReverselLayeredConstruction can be used. It contains a relation to the original
LayeredConstruction object, and it is meant to indicate the inversion of the layers order.

Each subclass of AbstractMaterial has some specific attributes.

Two more classes are contained in Figure 13: the MaterialLibrary and the
LayeredConstructionLibrary.

The MateriallLibrary class is derived from AstractLibrary in the Core module and is intended to
contain all instances of the Gas or SolidMaterial classes. As indicated in Figure 13, all Layer
objects will refer to the corresponding material object by mean of a reference (e.g. an XLink),
as material are considered to be entities that can be re-used many times.

The same concept applies to class LayeredConstructionLibrary. As it is the case with
construction information from external libraries (e.g. TABULA), all LayeredConstruction objects
belonging to the same library must be contained only within the same
LayeredConstructionLibrary object. All city objects referring to a layered construction (be it a
LayeredConstruction or a ReverseLayeredConstruction object) will refer to it by a reference.
Although in XML the concept of resources re-use and linkage is already available through the
XLink mechanism, a MaterialLibrary or a LayeredConstructionLibrary are meant to be the only
place where such instance objects are to be found, as this modelling technique is more in line
with the “logic” followed by energy simulation tools. More details and modelling examples are
provided in the Modelling rules (section 4.8).

The advantage of collecting all (Reverse)LayeredConstruction objects within one library is that,
among the rest, the library itself can be exchanged as a single object. As a matter of fact, it is
derived from _CityObject class and is intended to be a top-level class.

3.8.2 Main changes from the Energy ADE 1.0

This module essentially corresponds to the Construction module of the Energy ADE 1.0, with
relatively few changes. However, its name has been changed as CityGML 3.0 has introduced
an homonymous module Construction and an homonymous class Construction that have
however a different semantic meaning and different scope. Therefore, to avoid naming issues
for the future mapping of the Energy ADE 3.0 to CityGML 3.0, the module and the main class
have been renamed. The other differences compared to the Energy 1.0 are:

e Class LayeredConstruction has an additional attribute libraryCode, meant to identify
a specific object with its code used possibly in an external library. Additionally, class
LayeredConstruction has been simplified when it comes to the optical properties.
Instead of referring to class OpticalProperties (which has been dropped), all
properties are now within the class (glazingRatio, emissivity, reflectance,
transmittance)
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e Similarly to class LayeredConstruction, class AbstractMaterial has an additional
attribute libraryCode

e Class LayerComponent has been dropped. Property thickness has been moved to
class Layer, which is now directly connected to AbstractMaterial

e Class Servicelife has been removed

e Class ImageTexture has been removed

e The concept of libraries, both for materials and layered constructions, is new.

«featureType» +libraryMember
Core::AbstractLayeredConstruction T

0..* \
Z% inLine

_CityObject

«featureType»
Core::AbstractLibrary

_{ inLine

+libraryMember

+baselayeredConstruction

inLine

'
1
'

byReference

v
\ 1
v

+material

Figure 13. Overview of the Energy ADE 3.0 layered construction module.

3.9 The Resources module

3.9.1 Characteristics

The Resources module is a new module added to the Energy ADE 3.0. It stems from the need
to extend and generalise the concept of EnergyDemand in the Energy ADE 1.0, in which a
_CityObject could only be related to different types of EnergyDemand (for heating, cooling,
cooking, etc.). However, neither the production of heat/electricity (e.g. by means of
photovoltaic solar collectors or from geothermal energy sources), nor potential values of
production, or demands (or storage) could be explicitly modelled. Finally, the demand was
limited to energy, but any other types of resources were left out (e.g. water, food, etc.).

The resource module takes inspiration from the Food-Water-Energy ADE (Padsala et al., 2021),
and largely extends the modelling capabilities of the Energy ADE, allowing to overcome the
aforementioned shortcomings of the Energy ADE 1.0. The overview of the resources module
in terms of UML diagrams is presented in Figure 14.

The main idea is that every city object can demand/consume, produce/generate,
store/accumulate (this is expressed by attribute operationType) "something" (i.e. a resource).
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Thanks to the attribute status, it is now possible to deal not only with actual values, but also
with potential values.

The quantity can be expressed either as a yearly amount, or as a time series (or both), via the
attribute amount and the timeDependentAmount property, respectively. Values can be
expressed either as absolute or specific values providing additional information via the
attributes isAmountNormalized, narmalizationValue and normalizationParameter. For
example, value(s) of energy demand could be expressed in in kWh/a. However, if the
normalization value is provided (e.g. heated reference area in m?) then the value(s) in
kWh/(a*m?) can be obtained from the previous without the need to store two values or two
time series. Finally, the COz-equivalent amount for each resource can be specified, as well as
its costs for production or consumption.

Class AbstractResource is finally specialized in several subclasses, representing each a specific
type of resource. i.e. Energy, Water, Food, Waste, ConstructionMaterial, UrbanSpace, or a
generic OtherResource. For each of these subclasses, specific attributes are available too.
Finally, it is worth mentioning that the resources module may offer new possibilities to deal
with circularity of materials at urban scale, as it allows to associate to each city object, which
acts as a node in a graph, it owns quantities of resources produced, consumed or stored. By
using the CityObjectRelation class to establish the link between nodes, a graph with production
and consumption nodes for different types of resources could be created.
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_CityObject

«ADEElement»
Core::_CityObject

+resource 0..*

«featureType» . «featureType»

Core::AbstractResource +timeDependentAmount Core::AbstractTimeSeries
+ status:ResourceStatusValue 0.1
+ operationType: ResourceOperationTypeValue
+ amountType: AcquisitionMethodValue
+ vyear:Integer[0..1]
+ amount: Measure [0..1] «featureType»
+ isAmountNormalized: Boolean Energy
+ normalizationValue: Measure [0..1]
+ normalizationParameter: CharacterString [0..1] + type:EnergyTypeValue
+ co2Equivalent: Measure [0..1] + endUse: EnergyEndUseValue
+ costsMoney: Measure [0..1] + energyCarrier: EnergyCarrierValue [0..1]
+ yieldsMoney: Measure [0..1] + maximumLoad: Measure [0..1]
+ source: EnergySourceValue [0..1]
A
Waste

«featureType»
«featureType» «featureType»

UrbanSpace Water

type: WasteTypeValue
endUse: WasteEndUseValue
isDangerous: Boolean [0..1]
isRecyclable: Boolean [0..1]

+ type:UrbanSpaceTypeValue
+ endUse: UrbanSpaceTypeValue

+ type: WaterTypeValue
+ endUse: WaterEndUseValue

+ o+ o+ o+

«featureType» «featureType» «featureType»
ConstructionMaterial OtherResource Food

+ type: ContructionMaterialTypeValue
+ endUse: ConstructionMaterialEndUseValue

+ type:OtherResourceTypeValue
+ endUse: OtherResourceEndUseValue

+ type: FoodTypeValue
+ endUse: FoodEndUseValue

Figure 14. Overview of the Energy ADE 3.0 Resources module.

3.10The Schedules module

3.10.1 Characteristics

The Schedules module contains classes that are needed to define schedules. The UML diagram
is presented in Figure 15. This module has changed considerably compared to the Energy ADE
1.0. Its current design is more in line with the Dynamizer module of CityGML, as it follows a
rather similar logic despite some minor differences. Still, a future mapping of the Schedules
module to CityGML 3.0 will be relatively straightforward.

All schedules are derived from the abstract base class AbstractSchedule. The AbstractSchedule
class contains optional properties (startTime, startDay, startMonth, startYear) that can be used
to specify the precise timestamp when the schedule begins (e.g. at 00:00:00 of 1 January
2025). Alternatively, the begin time can be expressed also in relative terms (e.g. 00:00:00 of 1
January), meaning that such schedule may start any 1 January at 00:00:00. The property
temporalExtent can be used to define the total extent of a schedule (1 day, 1 year, etc.).
Property type provides information about the type of the schedule, e.g. a daily schedule, a
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typical-day schedule, a schedule happening on Monday, etc. Finally, property libraryCode can
be used to associate a code to the schedule that can be further looked up in an external
database.

There the specific types of schedules. The DualValueSchedule is meant to model simple
schedules with an idleValue, and a usageValue, the latter being valid between a
startUsageTime and a endUsageTime during the day.

An AtomicSchedule is a schedule which is used to model either a constant-value schedule (e.g.
a set point) via its constantValue property, or that can be connected to an AbstractTimeSeries.
Again, properties inherited from AbstractTimeSeries are used to define the type of schedule,
and to optionally characterize its beginning point in time, and its overall duration. Examples of
atomic schedule objects are schedules of typical days, associated to time series containing
hourly values (e.g. occupancy curves, or similar). The specific values, their time resolution, etc.
are then contained in the time series associated with it.

AtomicSchedule (but also DualValueSchedule and CompositeSchedule) objects can be
composed into a CompositeSchedule object. In this case, additional information about each
component schedule is provided by class ScheduleComponent. This specifies the type, the
repetitions number (if applicable) and optionally, the additionalGap between repetitions. For
example, using a CompositeSchedule object, it is possible first to define two AtomicSchedule
objects, e.g. one with hourly values for a typical week day and one with hourly values for a
typical weekend day. The typical weekday schedule is then linked by a ScheduleComponent
object (e.g. with 5 as repetition value), while the other schedule for the typical weekend day
is linked by another ScheduleComponent object (e.g. with repetition value of 2). The resulting
CompositeSchedule object would be composed by the two ScheduleComponent objects,
covering a typical week of 7 days: 5 times a typical week day, followed by 2 times a typical
weekend day. Similar compositions can be of course extended to different periods, spanning
over longer periods (e.g. years composed of seasons or months, etc.).

One more class is contained in Figure 15: the ScheduleLibrary. The Schedulelibrary class is new
and is derived from AbstractLibrary in the Core module. It is intended to contain all schedule
objects. All Energy ADE 3.0 classes connected to a schedule object will refer to it by means of
reference (e.g. an XLink), as schedules are typical objects that can be re-used many times.
Although in XML the concept of resources re-use and linkage is already available through the
XLink mechanism, a ScheduleLibrary is meant to be the only place where a set of schedules is
to be found, as this modelling technique is more in line with the “logic” followed by energy
simulation tools. More details and modelling examples are provided in the Modelling rules
(section 4.10).

The advantage of collecting all schedule objects within one library is that, among the rest, the
library itself can be exchanged as a single object. As a matter of fact, it is derived from
_CityObject class and is intended to be a top-level class.

3.10.2 Main changes from the Energy ADE 1.0
The major changes compared to the Energy ADE 1.0 are listed as follows:

o The stereotypes of the classes has been changed from «type» to «featureType»
e The AbstractSchedule has an additional attribute libraryCode, meant to identify a
specific object with its code used possibly in an external library
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e Classes ConstantValueSchedule, DailyPatternSchedule and TimeSeriesSchedule have
been dropped. As a consequence, also classes PeriodOfYear and DailySchedule have

been dropped

e Classes ConstantValueSchedule, DailyPatternSchedule and TimeSeriesSchedule can
now be expressed by means of the new classes AtomicSchedule

CompositeSchedule

e The concept of a library containing all schedules is new.

_CityObject «featureType»
«featureType» SchedulelLibrary
Core::AbstractLibrary

+ type:Code [0..1]
source: CharacterString [0..1]

+ author: CharacterString [0..1] ]
inLine

HlibraryMember \[/. *

a

«featureType»
Core::AbstractSchedule

libraryCode: Code [0..1]
type: ScheduleTypeValue
startTime: TM_ClockTime [0..1]

«featureType»
Core::AbstractTimeSeries

+timeSeries 0.1

"""" inLine

startDay: Integer [0..1]
startMonth: Integer [0..1]

startYear: Integer [0..1] <]7

temporalExtent: TM_IntervalLength [0..1]

+ + + + + + +

1 /|\+scheduleComponentMember

«featureType»
AtomicSchedule

constantValue: Measure [0..1]

«featureType»
DualValueSchedule

byReference | ~
«featureType» o
ScheduleComponent inLine

1.* '

+ + + +

idleValue: Measure
usageValue: Measure
startUsageTime: TM_ClockTime
endUsageTime: TM_ClockTime

+ type:ScheduleTypeValue

AY
.y {ordered}
+ repetitions:Integer=1 \

+ additionalGap: TM_IntervalLength [0..1]

+scheduleComponent

Figure 15. Overview of the Energy ADE 3.0 Schedule module.

3.11The Time series module

3.11.1 Characteristics

«featureType»
CompositeSchedule

and

The modules previously described represent time-dependent properties by means of the class
AbstractTimeSeries and its derived classes. The overview of the time series classes in terms of
UML diagrams is presented in Figure 16. All specific time series are derived from
AbstractTimeSeries and inherit its properties acquisitionMethod, interpolationType and
source, which allow to provide some metadata information about the time series.
For regular time series, the values have a defined start and end time (temporalExtent) using
timestamps related to absolute time, and a constant time increment (timelinterval). The time
series values themselves may either be stored directly in the same document (class
RegularTimeSeries) or in a separate file with table structure (class RegularTimeSeriesFile). In
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the latter case, additional properties are provided to further describe the structure of the file
(e.g. acsv file).

A time series containing typical values, i.e. not related to a specific point in absolute time, can
be modelled defining the starting point (startTime, startDay, startMonth), its temporal extent
(temporalExtent), and a constant time increment (timelnterval). Again, the time series values
themselves may either be stored directly in the same document (class
TypicalValuesTimeSeries) or in a separate file with table structure (class
TypicalValuesTimeSeriesFile). In the latter case, additional properties are provided to further
describe the structure of the file.

Finally, class SensorConnection is backported from CityGML 3.0 and can be used to store
metadata required to connect to a sensor.

3.11.2 Main changes from the Energy ADE 1.0

The most relevant changes compared to the Energy ADE 1.0 are:

e The stereotypes of the classes has been changed from «type» to «featureType»

e In class AbstractTimeSeries the set of metadata attributes has been simplified

e Classes TypicalValuesTimeSeries, TypicalValuesTimeSeriesFile and SensorConnection
have been added

e Like in the Energy ADE 1.0 KIT profile, all classes related to IrregularTimeSeries have
been dropped.
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«featureType»
Core::AbstractTimeSeries

+ acquisitionMethod: AcquisitionMethodValue
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interpolationType: InterpolationTypeValue
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«featureType»
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«featureType»
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temporalExtent: TM_IntervalLength
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«featureType»
RegularTimeSeriesFile

uom: UnitOfMeasure

fileURI: URI

temporalExtent: TM_Period
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recordSeparator: CharacterString [0..1] =\n
decimalSymbol: Character [0..1] =.
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uom: UnitOfMeasure

fileURI: URI

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

«featureType»
SensorConnection

+ 4+ + + + + F + + + + + + +

temporalExtent: TM_IntervalLength
connectionType: SensorConnectionTypeValue
observationProperty: CharacterString

uom: UnitOfMeasure [0..1]
sensorlD: CharacterString [0..1]
sensorName: CharacterString [0..1]
observationlID: CharacterString [0..1]
datastreamlID: CharacterString [0..1]
baseURL: URI [0..1]
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mqttServer: CharacterString [0..1]
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linkToSensorDescription: CharacterString [0..1]

Figure 16. Overview of the Energy ADE 3.0 Time series module.
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4 Modelling rules and guidelines

This section contains some modelling rules and guidelines that can help in the process of
creating and writing datasets that contain data in CityGML 2.0 with Energy ADE 3.0 contents.
These modelling rules and guidelines refer to CityGML documents encoded in XML.

4.1 General rules

4.1.1 Rule 1: “InLine” or “byReference” elements

In order to avoid too many different modelling possibilities, the UML diagrams provide
annotations indicating whether the corresponding target elements must be written in the XML
document as in-line elements or referenced by means of XLinks when it comes to their
parent/containing element. If no annotations are provided, then the default behaviour is in
line or by reference, i.e. both possibilities are allowed.

An example is provided in Figure 17 using an excerpt of XML which contains elements from
classes Building, Address, BuildingUnit, UsageZone, ThermalZone, Occupants (please refer to
Figure 7 for the corresponding UML diagram). It can be observed that the building element
contains elements from classes Address, BuildingUnit, UsageZone, and ThermalZone. Every
element is written in-line, i.e. they are written as direct children of the Building element. The
different indentation of the lines helps recognise the hierarchy. The same applies to the
Occupants element with respect to the containing UsageZone element. These are examples of
in-line elements.

When it comes to referencing elements, it can be seen in Figure 17 that the BuildingUnit
element is referenced from within the containing UsageZone element, using an XLink (line 31)
that contains the id of the referenced element (“id_building_unit_1") with the prefix “#” — as
required when linking a resource in the same document. Similarly, the UsageZone element is
referenced from within the containing ThermalZone element, using another XLink (line 20), i.e.
“#id_usage _zone_1".

Finally, the same mechanism is visible also in line 12, where the BuildingUnit element
references the Address element with id “id_address_1”. By the way, this last example shows
how Rule 5 (see section 4.4.1) must be applied.
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id="id building 1">
ript 1’*‘Thls is Building 1l</gml:description>
e>Snoke's Palace</gml:name>

gml:id="id address 1">

ce="buildingUnit_codeSpace_ 123">residential</nrg3:type>
href="#id _address_1"/>

</nrg3:b

<nrg3:

gml:id="id_ thermal zone_1">

ription>This is ThermalZone 1</gml:description>
e>ThermalZone 1</gml:name>

xlink:href="#id usage zone 1"/>

="id usage_ zone_ 1">
1>This is UsageZone 1</gml:description>
<gml:name>UsageZone 1l</gml:name>

<nrg3:buildir
<nrg3:type cC

X ref="#id building unit_1"/>
':—"usageZone codeSpace 123" >residential</n 1rg3:type>

id="id_occupants_1">
tion>This is Occupants 1</gml:description>
1mA n;m*‘Occupants 1</gml:name>

Figure 17. Excerpt of XML showing examples of elements modelled inline and by reference (i.e. using XLinks).

4.1.2 Rule 2: Geometries and XLinks

Just like in CityGML 2.0, XLinks can be used by one feature to reference geometries (more
specifically: polygons) so that such geometries can be reused several times within the same
instance document without having to explicitly rewrite the coordinates, but simply referring
to the gmlid of said geometry. Compared to the CityGML 2.0 specifications, and in line with
CityGML 3.0, the Energy ADE 3.0 introduces an additional constraint when it comes to using
XLinks for geometries, which is:

e XLinks are allowed only within geometries belonging to the same city object (e.g.
the same building) and within the same LoD.

For example: Geometries composing the LoD2 thermal boundaries of a LoD2 thermal zone can
be referenced by XLinks to define the LoD2 solid geometries of that thermal zone, but not for
the LoD3. Vice versa, if applicable, LoD3 thematic surfaces or openings of a building can be
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used to create LoD3 thermal boundaries and thermal openings, but only for the same building
and the same LoD3.

4.2 Core module

4.2.1 Rule 3: Writing CityObjectRelation elements

The UML association class CityObjectRelation is modelled as an intermediate class before the
GML encoding is applied. In this way, a relation between two city objects, e.g. city object “A”
and city object “B” can be represented in such a way that city object A provides the element
CityObjectRelation inline, whereas the CityObjectRelation references city object B using an
XLink. This modelling rule is in accordance with the analogous Requirement 6 of CityGML 3.0%4,
Figure 18 provides a UML-based representation of the concept, while an example in terms of
XML encoding is provided in Figure 19.

«featureType»
Core::_CityObject

+relatedTo 1

«ADE» byReference

«AD.EEIem_ent» +relatedTo CityObjectRelation |
_CityObject

«codelist»
RelationTypeValue

' 0.x| + relationType: RelationTypeValue

inLine

Figure 18. UML diagram of the intermediate modelling of association class “CityObjectRelation” before the GML
encoding is applied.

14 https://docs.ogc.org/is/21-006r2/21-006r2.html#req global alternativeaggregations
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i="id building 1">
ription>This is Building 1</gml:description>
>Snoke's Palace</gml:name>

leSpace="adjacency codelList">adjacent</nrg3:relationType>
f="#id building 2"/>

] i="id building 2">
ription>This is Building 2</gml:description>
>Rey's Hut</gml:name>

deSpace="adjacency_ codeList">adjacent</nrg3:relationType>
f="#id building 1"/>

Figure 19. Excerpt of XML showing examples of city objects (here: two buildings) making use of the
CityObjectRelation association to model their mutual adjacency.

4.2.2 Rule 4: Hierarchy of ThermalZone, UsageZones and BuildingUnit
elements

In order to avoid too many different possibilities to write elements representing these classes,
and their mutual relations, the following rule applies:

e All ThermalZones, UsageZones, and BuildingUnits elements are written as direct
children of the containing element derived from ADE _AbstractBuilding, (i.e.
Building or BuildingPart)

e The relations between ThermalZones and UsageZones, and between UsageZones
and BuildingUnits are expressed only by means of XLinks. Therefore, no BuildingUnit
element must be written as an inline element of a UsageZone element, and no
UsageZone element must be written as inline element of a ThermalZone element

The UML diagrams provide some annotations with regard to this rule. An example is provided
in Figure 17.
4.2.3 Writing UtilityNetworkConnection elements

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, elements of classes EnergyPerformanceCertificate and RefurbishmentMeasure
must be written inline as children of the respective containing city object element.

4.2.4 Writing WeatherData elements

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, WeatherData elements must be written inline as children of the respective
containing city object element.
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4.2.5 Writing EnergyPerformanceCertificate and RefurbishmentMeasure
elements

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, EnergyPerformanceCertificate and RefurbishmentMeasure elements must be
written inline as children of the respective containing element (Building or BuildingPart).

4.2.6 Writing resource elements

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, resource elements corresponding to any subclass of Abstractresource must be
written inline as children of the respective containing city object element.

4.2.7 Writing the association from ADE _CityObject to
AbstractLayeredConstruction

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, the association between ADE _CityObject and AbstractLayeredConstruction is of
type “byReference”. Therefore, it must be written using an XLink. An example is provided in
Figure 20.

id="id building 1">
s ription>This is Building 1</gml:description>
<gml:name>Snoke's Palace</gml:name>

id="id building 1 roofsurface 1">

“onstruction xlink:href="#id layered construction roof 3"/>

id="id building 1 wallsurface 1">

dConstruction xlink:href="#id layered construction wall 2"/>

Figure 20. Excerpt of XML showing examples of city object elements (here: from RoofSurface and WallSurface)
referring to layered construction elements by means of XLinks.

4.2.8 Writing the association from DeviceOperation to AbstractSchedule

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, the association between DeviceOperation and AbstractSchedule is of type
“byReference”, therefore it must be written using an XLink. Please refer to section 4.10 for
more details on how to model and write schedules.

4.2.9 Writing the association to AbstractTimeSeries

Please refer to section 4.11 for more details on how to model and write time series elements.
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4.3 Building physics module

4.3.1 Modelling ThermalZone objects

The following points provide further details regarding common cases that may occur when
modelling a ThermalZone, depending on the LoD and on whether or not thermal boundaries
are used. More specifically:

In LoDO, no geometrical representation of ThermalZones is allowed

In LoD1, ThermalZones can be modelled via a solid geometry (inherited from
core:AbstractBuildingPartition). However, no further modelling is allowed using
thematic surfaces (in order to align with the standard CityGML rules)

In LoD2, ThermalZones can be modelled using a LoD2 solid geometry (inherited from
core:AbstractBuildingPartition) and/or thermal boundaries. No explicit modelling of
thermal openings is allowed (as in CityGML), therefore geometries must be
modelled without “holes” representing the openings. The property
totalSurfaceArea attribute refers to the whole surface area, including both opaque
and opening areas. Optionally, the opaqueSurfaceArea or the
openingToSurfaceRatio®® attributes can be used. If applicable. The former can be
used to specify explicitly the amount of opaque area; the latter can be used to derive
the portion of opaque and opening areas starting from the totalSurfaceArea value
In LoD3, ThermalZones can be modelled using a LoD3 solid geometry (inherited from
core:AbstractBuildingPartition) and/or thematic surfaces. In case openings exist, the
geometry of the corresponding thematic surface must contain the “hole(s)”. The
totalSurfaceArea and the opaqueSurfaceArea attributes are used as in the case of
LoD2: the former indicates the total area of the surface (including the openings),
while the latter indicates only the area of the opaque surface

For the opening(s), the corresponding CityGML classes (Window or Door) must be
used. The geometry must be such that it fills the “hole” of the parent thematic
surface. Either LoD3 multisurface or implicit-representation geometries can be
used. The area attribute of the opening corresponds to the area of the geometry
For LoD2, a special case applies. In the specific case that the thermal zone coincides
exactly with the external hull resulting from the union of all LoD2 thematic surfaces,
then the attribute coincidesWithLoD2Hull must be set to True and no further
modelling via thematic surfaces is required. In this way, no duplicate objects must
be created as the “normal” thematic surfaces can be used directly in lieu of thermal
boundaries. This special case applies in the case of buildings modelled using a single
thermal zone

A second special case applies with LoD3. It is conceptually similar to the previous
one: the attribute coincidesWithLoD3Hull must be set to True and no further
modelling via thematic surfaces is required. Again, this special case applies in the
case of buildings modelled using a single thermal zone

Finally, ThermalZones are not allowed to be modelled in LoD4. Neither thermal
boundaries nor thermal openings are allowed to use LoD4 geometries inherited
from the respective CityGML classes

15 The name is a more general form of the well-known window-to-wall ratio parameter.
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When modelling thermal openings in LoD3, particular care must be taken, as their
geometries might differ from the respective geometries of the “normal” openings.
Geometries of thermal openings must perfectly fill out the hole in the
corresponding thermal boundary. This is not the case of the thematic surfaces and
openings. It might in fact happen that the geometry of the opening is not coplanar
with the thematic surface (e.g. a wall) it belongs to. Such an example if provided,
schematically, in Figure 21.

An overview of such rules is provided in Table 1.

Table 1. Overview of modelling rules for thermal zones, thermal boundaries and thermal openings.

LoD

Semantics

Geometries

LoD1

Thermal zones must be modelled

No thermal boundaries, no thermal
openings

Optionally, LayeredConstruction objects
associated to thermal zones

Thermal zones: (optional) LoD1 solid
geometries

No geometries for thermal boundaries /
thermal openings

LoD2 &
LoD3

Thermal zones must be modelled

Thermal boundaries must be modelled via
thematic surfaces

For LoD3: Thermal opening must be
modelled (if they exist) via openings
Optionally, LayeredConstruction objects
associated to thermal boundaries and
thermal openings

Optionally, use RelationToCityObject to
relate to corresponding thematic surface or
opening

Thermal zones: (optional) LoD2/3 solid
geometries

Thermal boundaries: geometries must be
modelled explicitly. In certain cases, XLinks
to corresponding geometry of thematic
surfaces are allowed, if in the same LoD and
referring to the same Building(Part)
Thermal openings: geometries can be
modelled explicitly or as implicit-
representation geometries. In certain
cases, XLinks to corresponding geometry of
openings are allowed, if in the same LoD
and in the same Building(Part)

Geometries of LoD3 thermal openings must
perfectly fill the “hole” in the
corresponding thermal boundary

LoD2 &
LoD3
special
cases

Thermal zones must be modelled. Property
coincidesWithLoDxHull must be set to TRUE
Instead of thermal boundaries / thermal
openings, directly use thematic surfaces and
openings

Optionally, LayeredConstruction objects
associated to thematic surfaces and
openings

Thermal zones: (optional) LoD2/3 solid
geometries

No geometries for thermal boundaries /
thermal openings
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Some schematic examples of what the rules mean in
practice are provided in the Table 2. The following \
images use the following colour coding (an example is I.

| |

provided in Figure 21): -I |
e Black: Building geometries (in different |- -l
LoDs)
e Cyan: Geometries used for building Figure 21. Example of the colour
openings coding used in the images of Table 2.
. : Geometries used for thermal zones

or for thermal boundaries
e Dark cyan: Geometries used for thermal openings

Table 2. Examples on how to model thermal zones.

Example 1: LoD1 building. No thematic surfaces, no openings

Case 1.1: Single LoD1 thermal zone, no thermal openings, no thermal boundaries

One thermal zone must be created

The thermal zone can optionally be modelled as a LoD1 solid geometry. If
applicable, XLinks can be used to reference the homologous polygons of the LoD1
solid

No thermal boundaries/openings are allowed

A LayeredConstruction object is associated to the thermal zone: You use a single
set of averaged building physics values (e.g. U and g values) for the whole thermal
hull

Case 1.2: Multiple LoD1 thermal zones, no thermal openings, no thermal boundaries

Basically, same rules as before, Case 1.1

All thermal zones must be created

The thermal zones can optionally be modelled as LoD1 solid geometries. XLinks
can be used to reference the homologous polygons of the LoD1 solid

No thermal boundaries/openings are allowed

A LayeredConstruction object is associated to each thermal zone: For each one,
you use a single set of averaged building physics values (e.g. U and g values) for
the thermal hull

Example 2: LoD2 building modelled via thematic surfaces.

With ADE attributes for thematic surfaces, information about azimuth, inclination, sky
view factor, etc. can be stored.

e
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Case 2.1: Single LoD2 thermal zone, no thermal openings, some LoD2 thermal
boundaries may have the same geometry of the corresponding building LoD2
thematic surfaces (and others don’t)

* One thermal zone must be created

* The thermal zone can optionally be modelled as a LoD2 solid geometry.

* If thermal boundaries are used, they all must be created

* If the geometry of the thermal boundary and the ”“corresponding” thematic
surface coincide, an XLinks to the LoD2 geometry of the thematic surface can be
used

e Optionally (and if applicable) a thermal boundary can be related to the
"corresponding” building thematic surface through RelationToCityObject

* LayeredConstruction objects (i.e. for U values) are associated to the thermal
boundaries

Example 3: LoD2 building modelled via thematic surfaces.

With ADE attributes for thematic surfaces, information about azimuth, inclination, sky
view factor, etc. can be stored.

7N\

Case 3.1: Multiple LoD2 thermal zones, no thermal openings, some LoD2 thermal
boundaries may have the same geometry of the corresponding building LoD2
thematic surfaces (and others don’t)

* Basically, same rules as for Case 2.1

* The thermal zones can optionally be modelled as LoD2 solid geometries. If
applicable, XLinks can be used to reference the homologous polygons of the LoD2
solid

e If thermal boundaries are used, they all must be created

* For each thermal zone, all its thermal boundaries must be created

* If the geometry of the thermal boundary and the “corresponding” thematic
surface coincide, an XLink to the LoD2 geometry of the thematic surface can be
used

e Optionally (and if applicable) a thermal boundary can be related to the
"corresponding” building thematic surface through RelationToCityObject

* LayeredConstruction objects (i.e. for U values) are associated to the thermal
boundaries

41




CityGML Energy ADE 3.0 specifications

Example 4: LoD3 building modelled via thematic surfaces and with openings

With ADE attributes for thematic surfaces and openings, information about azimuth,
inclination, sky view factor, etc. can be stored.

Case 4.1: Multiple LoD3 thermal zones with thermal openings, some LoD3 thermal
boundaries have the same geometry of the corresponding building LoD3 thematic
surfaces/opening (and others don’t)

Basically, same rules as for Case 2.1

All thermal zones must be created

The thermal zones can optionally be modelled as a LoD3 solid geometry. If
applicable, XLinks can be used to reference the homologous polygons of the LoD3
solid

If thermal boundaries and thermal openings are used, they all must be created

If the geometry of the thermal boundary and the ”corresponding” building
thematic surface coincide, an XLink to the LoD3 surface can be used

If the geometry of the thermal opening and the ”corresponding” building opening
coincide, an XLink to the LoD3 surface can be used

Optionally (and if applicable) a thermal boundary/opening can be related to the
”corresponding” building thematic surface/opening through RelationToCityObject
LayeredConstruction objects (i.e. for U values) are associated to the thermal
boundaries/openings

Example 5: LoD2 building modelled via thematic surfaces. Roof edge extruded
downwards to create the LoD2 envelope. No overhangs.

With ADE attributes for thematic surfaces, information about azimuth, inclination, sky
view factor, etc. can be stored.

Real world examples: 3DBAG (NL), Vienna 3D city model (AUT), etc.

Special case 5.1: Single LoD2 thermal zone, no thermal openings. All LoD2 thermal
boundaries coincide exactly with the building LoD2 thematic surfaces

One thermal zone must be created. Set property coincidesWithLoD2Hull of the
thermal zone to TRUE

The thermal zone can optionally be modelled as a LoD2 solid geometry. If
applicable, XLinks can be used to reference the homologous polygons of the LoD2
solid

None the LoD2 thermal boundaries must be modelled. The corresponding building
LoD2 thematic surfaces must be used instead

LayeredConstruction objects (i.e. for U and g values) are associated to the building
thematic surfaces/openings.
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edge extruded downwards to create the LoD3 envelope. Openings are "simply" cut
into the hull surfaces. No overhangs

With ADE attributes for thematic surfaces and openings, information about azimuth,

Example 6: LoD3 building modelled via thematic surfaces and with openings. Roof /
inclination, sky view factor, etc. can be stored. |

Special case 6.1: Single LoD3 thermal zone, with thermal boundaries and thermal
openings. All LoD3 thermal boundaries/opening coincide exactly with the building
LoD3 thematic surfaces/openings

* Basically, same rules as for Case 5.1

* One thermal zone must be created. Set property coincidesWithLoD3Hull of the
thermal zone to TRUE

* The thermal zone can optionally be modelled as a LoD3 solid geometry. If
applicable, XLinks can be used to reference the homologous polygons of the LoD3 I I
solid

* Neither the LoD3 thermal boundaries nor the LoD3 thermal openings must be
modelled. The corresponding building LoD3 thematic surfaces and openings must
be used instead

* LayeredConstructions (i.e. U and g values) are associated to the building thematic
surfaces/openings

4.3.2 Using the new ADE classes for thermal boundaries

The Energy ADE 3.0 adds four new classes derived from _BoundarySurface: PartyWallSurface,
AtticFloorSurface, IntermediateFloorSurface, and BasementCeilingSurface. Figure 22 and
Figure 23 provide simple, schematic examples of when to use such new classes to model
adjacent buildings and thermal zones, respectively. In these examples, class PartyWallSurface
is represented in red and is intended to be used when modelling:

e Party walls between two adjacent buildings (e.g. between buildings A and B, and B
and C)
e Party walls between two adjacent thermal zones (e.g. in building D)

Class IntermediateFloorSurface is represented in azure (see buildings D and E), and is intended
to be used to model the horizontal surface subdividing two thermal zones, unless they
correspond with the following two special cases.

Class AtticFloorSurface is used to model the horizontal surface of a thermal zone which is
located under an “empty” space which is not modelled as a thermal zone. An example of such
empty space could be an attic under the roof (see building E).

Class BasementCeilingSurface is used to model the horizontal surface of a thermal zone which
is located above an “empty” space which is not modelled as a thermal zone. An example of
such empty space could be an underground garage (see building E).
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VN I/\

A B C

Figure 22. Schematic examples of surfaces modelled using class PartyWallSurface (in red).

IntermediateFloorSurface

N
1 9

BasementCeilingSuirface

PartyWallSurface

D E GroundSurface

Figure 23. Schematic examples of thermal boundary surfaces modelled using different classes.

4.4 Occupancy module

4.41 Rule 5: Modelling and writing Address objects

Address objects must be always modelled as belonging to the respective parent Building (or
BuildingPart) objects, as in standard CityGML. Additionally, in accordance with Rule 1 and as
suggested by the annotations in the UML diagrams of the Occupancy module, the association
between BuildingUnit and Address is of type “byReference”, therefore it must be written using
an XLink. An example is provided in Figure 17 (line 18).

4.4.2 Modelling geometries of UsageZone and BuildingUnit objects

Rule 2 applies also to modelling the geometries of UsageZone and BuildingUnit objects. All
(optional) representations by means of solid geometries (for LoD1, LoD2 and LoD3), inherited
from AbstractBuildingPartition, can be either explicit, or references to geometries used
elsewhere, but within the same building and the same LoD. For example, if a LoD2 usage zone
corresponds geometrically to the LoD2 thermal zone that is part of, then XLinks can be used
between the LoD2 solid of the usage zone and the LoD2 solid of the thermal zone.

44



CityGML Energy ADE 3.0 specifications

4.5 Devices module

4.5.1 Rule 6: Modelling of shading devices

When modelling with CityGML and the Energy ADE 3.0, real-world shading devices must be
grouped into two main categories: Movable and immovable shading devices.

Immovable shading devices belonging for example to buildings must be modelled
using CityGML class Buildinglnstallation. Similar concept holds for the Bridge
module, using class Bridgelnstallation.

Movable shading devices must be modelled as Energy ADE 3.0
MovableShadingDevice from the Devices module. The reason is that
MovableShadingDevices can be associated with a DeviceOperation object which
allows to model their time-dependent characteristics.

4.5.2 Modelling of SolarCollector objects

The Energy ADE 3.0 allows to optionally model solar collectors in LoD2 and LoD3, using
multisurface geometries. Simplified visual examples are given in Figure 24. The different LoD
representations can be used as follows:

Clusters of solar collectors can be modelled as one single SolarCollector object
(possibly specifying the numberOfDevices attribute) and using a single LoD2
geometry. Thisis the case, for example, when geometries of installed solar collectors
are extracted from aerial imagery and may not be accurate enough to represent
each single device. If the specific type of the solar collector is not known, then class
GenericSolarCollector can be used

If the geometry of each single solar collector is available and is of sufficient accuracy,
then each collector can be modelled as a single object connected to its own LoD3
geometry. In this way, if applicable, different types of solar collectors, even on the

same roof, can be represented.

Figure 24. The black geometries on the roofs represent an example of solar collectors modelled in LoD2 [left] and
in LoD3 [right].
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4.6 Urban function areas module

4.6.1 Modelling UrbanFunctionArea objects

Save for two specific attributes, UrbanFunctionArea objects are indeed very similar to
CityObjectGroup objects and follow therefore the same modelling rules. However, given the
peculiar spatial connotation of UrbanFunctionArea objects, it is recommended that they
possess a geometry too.

Additionally, the geometries of the UrbanFunctionArea objects should not overlap. Although
gaps between nearby polygons are possible, the set of all UrbanFunctionArea geometries
should be ideally seen as a planar partition of space, i.e. without gaps and without overlaps.

4.7 Weather station module

4.7.1 Writing WeatherStation elements

A WeatherStation element shall be written as a top-level element. If a WeatherStation object
is installed for example on a device or a building, this relation should be modelled using the
CityObjectRelation. An example is provided in Figure 25.

"id weather station_ 1"
<gml:descripti JThlS is Weather Station 1< jW] description>
cgml:iamchﬂeather Station 1</gml:name>

ace="relation codespace">installedOn</nrg3:relationType>
f="#id city furniture 1"/>

l:id="id ecity furniture 1"
Pole upon which Weather . Statlon 1 is installed</gml scription>
»wgather station pole 1</gml:name>

Figure 25. Excerpt of XML showing an example of how a relation can be modelled between a weather station and
the pole/support (here: as CityFurniture object) upon which it is installed.

4.8 Layered construction module

4.8.1 Rule 7: Writing MaterialLibrary elements

A MaterialLibrary element (only one for each document) must appear as top-level element in
the CityGML file. In accordance with Rule 1 and as suggested by the annotations in the UML
diagrams of the Layered construction module, all elements corresponding to classes derived
from AbstractMaterial, i.e. Gas and SolidMaterial, must be written inline as children of the
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MaterialLibrary element. An example is provided in
4 FH<core:cityObjectMember>
5 H <nrg3:Materiallibrary gml:id="id material library 1">
6 <gml:description>Example of Material Library</gml:description>
7 <gml:name>Material Library 1</gml:name>
- H <nrg3:libraryMember>
1C H <nrg3:Gas gml:id="id gas_1">

<gml:name>Gas 1</gml:name>

<nrg3:isVentilated>false</nrg3:isVentilated>

14 <nrg3:rValue uom="J/K/mol">8.314</nrg3:rValue>
15 - </nrg3:Gas>
16 i </nrg3:libraryMember>
17 B <nrg3:libraryMember>
(= <nrg3:SolidMaterial gml:id="id solid material 1">

<gml:name>SolidMaterial 1</gml:name>

21 <nrg3:thermalConductivity uom="W/(K*m)">3.5</nrg3:thermalConductivity>
22 <nrg3:density uom="kg/m*3">2500</nrg3:density>
<nrg3:specificHeatCapacity uom="J/ (kg*K) ">0.9</nrg3:specificHeatCapacity>

</nrg3:SolidMaterial>
' </nrg3:libraryMember>
= <nrg3:libraryMember>
= <nrg3:SolidMaterial gml:id="id solid material 2">
<gml:name>SolidMaterial 2</qml name>

</nrg3:SolidMaterial>
- </nrg3:libraryMember>
L </nrg3:Materiallibrary>
</core:cityObjectMember>

Flgure 26.
4 [FH<core:cityObjectMember>
d H <nrg3:Materiallibrary gml:id="id material library 1">
6 <gml:description>Example of Material Library</gml:description>

7 <gml:name>Material Library 1</gml:name>

<nrg3:libraryMember>
10 H <nrg3:Gas gml:id="id gas_1">
1 <gml:name>Gas 1</gml:name>

£
{T1

<nrg3:isVentilated>false</nrg3:isVentilated>

14 <nrg3:rValue uom="J/K/mol">8.314</nrg3:rValue>
15 - </nrg3:Gas>

16 ' </nrg3:libraryMember>

17 H <nrg3:libraryMember>

18 = <nrg3:SolidMaterial gml:id="id solid material 1">
19 <gml:name>SolidMaterial 1</qml name>

<nrg3:thermalConductivity uom="W/ (K*m) ">3.5</nrg3:thermalConductivity>
<nrg3:density uom="kg/m*3">2500</nrg3:density>
<nrg3:specificHeatCapacity uom="J/ (kg*K) ">0.9</nrg3:specificHeatCapacity>

</nrg3:SolidMaterial>
</nrg3:libraryMember>
=) <nrg3:libraryMember>
] <nrg3:SolidMaterial gml:id="id solid material 2">
<gml:name>SolidMaterial 2</gml name>

</nrg3:5011dMateria1>
- </nrg3:libraryMember>
- </nrg3:Materiallibrary>
+</core:cityObjectMember>

Figure 26. Excerpt of XML showing an example of a Materiallibrary element containing one Gas object and two
SolidMaterial elements.
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4.8.2 Rule 8: Writing LayeredConstructionLibrary elements

LayeredConstructionLibrary elements must appear as top-level elements in the CityGML file.
In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Layered construction module, all elements corresponding to classes LayeredConstruction or
ReverseLayeredConstruction — must be  written inline as children of a
LayeredConstructionLibrary element. An example is provided in Figure 27.

4 E<core:city0bjectHember>
= <nrg3:LayveredConstructionlibrary gml:id="id layered construction library 1">
<gml:description>Example of a Layered Construction Library(fgml:desc?ipticn}
<gml:name>Layered Construction Library 1</gml:name>

g E <nrg3:libraryMember>
= <nrg3:LayeredConstruction gml:id="id layered construction glazing 5">
<gml:description>Example of a LayeredConstruction (without layers)</gml:description>

13 - </nrg3:LayeredConstruction>
4 </nrg3:libraryMember>

16 E <nrg3:libraryMember:>
7 & <nrg3:LayeredConstructicon gml:id="id layered construction ground 1"3>
18 <gml:description>Example of a LayeredConstruction (with 2 layers)</gml:description>

E <nrg3:layer>
= <nrg3:Layer gml:id="id layer 1">

<nrg3:thickness uwom="mm">40</nrg3:thickness>
<nrg3:material xlink:href="#id solid material 1"/>
- </nrg3:Layer> - - -

- </nrg3:layer>
7 & <nrg3:layer>

S <nrg3:Layer gml:id="id layer 2">

(2, I S PR X RS-

Lo B B B B B B B B B DO

[T Y

<nrg3:thickness uwom="mm">40</nrg3:thickness>
<nrg3:material xlink:href="#id solid material 2"/>
= </nrg3:Layer> - - -

- </nrg3:layer>

- </nrg3:LayeredConstruction>

= </nrg3:libraryMember>

= </nrg3:LayeredConstructicnLibrary>

F</core:cityCbjectMember>

Figure 27. Excerpt of XML showing an example of a LayeredConstructionLibrary element containing two
LayeredConstruction elements: the first one without layers, the second one with two layers.

4.8.3 Modelling LayeredConstruction objects

A LayeredConstruction object can be modelled as a simple object containing, for example, the
unique average U-value of the wall surface it refers to. The U-value represents the global U-
value of the series of layers it is made of, even if no layer information is provided. Alternatively,
if more information is available, its component layers can be specified too. The order of the
layers follows the direction of the normal vector of the surface they refer to. An example is
provided in in Figure 27.

4.8.4 Writing Layer elements

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Layered construction module, each Layer element must be written inline as a child of the
containing LayeredConstruction element. Additionally, each Layer object must express the
association with the corresponding material (through property material) by means of an XLink
reference. An example is provided in Figure 27 (e.g. lines 23 and 30).
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4.8.5 Modelling the association from ReverselLayeredConstruction to
LayeredConstruction

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Layered construction module, the baselayeredConstructon property of a
ReverselayeredConstruction object is used to indicate the reference LayeredConstruction
object for which the order of the layers must be inverted. The association to
LayeredConstruction object is of type “byReference”, therefore it must be written by mean of
an XLink. Please note that a ReverseLayeredConstruction element, just like a
LayeredConstruction one, must be written inline as a direct child of a
LayeredConstructionLibrary element.

H<core:cityObjectMember>

= <nrg3:LayeredConstructionLibrary gml:id="id layered construction library 2">
<gml:description>Example of a Layered Construction Library</gml:description>
<gml:name>Layered Construction Library 2</gml:name>

™LA s

<nrg3:libraryMember:>

oo

=
10 [ <nrg3:LayeredConstruction gml:id="id layered construction wall 2">
1 <nrg3:layer>

<nrg3:Layer gml:id="id layer 1">

TN M L) B

- </nrg3:Layer>
</nrg3:layer>
<nrg3:layer>
<nrg3:Layer gml:id="id layer 2">

{TH T

o oo

=]

</nrg3:Layer>
</nrg3:layer>
<nrgi3:layer>
<nrg3:Layer gml:id="id layer 3">

o L R
{THIF

- </nrg3:Layer>
= </nrg3:layer>
- </nrg3:LayeredConstruction>
8 | </nrg3:libraryMember>
9 [ <nrg3:libraryMember>
S <nrg3:ReverselayeredConstruction gml:id="id reverse layered construction wall 2">
<gml:descripticn>Example of a Reverse Layered Construction</gml:description>

U T I I I I A N R ey

<nrg3:baselayeredConstruction xlink:href="#id layered construction wall 2"/>
</nrg3:ReverselayeredConstruction>
F </nrg3:libraryMember:
- </nrg3:LayeredConstructionlLibrary>
F</core:city0bjectMember>

Figure 28. Excerpt of XML showing an example of a LayeredConstructionLibrary element containing two
LayeredConstruction elements: the first one, a LayeredConstruction, contains an ordered set of layers. The second
one, a ReverselLayeredConstruction, references the first one by means of an XLink.

4.9 Resources module

4.9.1 Writing resource objects

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Core module, all resource elements corresponding to any subclass of AbstractResource must
be written as inline objects of the respective containing city object element. Additionally, and
if applicable, the element corresponding to any subclass of AbstractTimeSeries must be written
inline as child of the containing resource element. An example is provided in Figure 29.
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o L

E(core:cityObjectMember>
—] <nrg3:WeatherStation gml:id="id weather station 1">
<gml:name>Weather Station 1</gml:name>

. |

<nrgl:resource>
<nrg3:Energy gml:id="id res energy 1">
<gml:description>Electricity demand</gml:description>

F
Y LD o
THT

E <nrg3:timeDependentAmount>
—] <nrg3:RegularTimeSeries gml:id="id time series 1">

t
o X% Y =S U T % B S

- </nrg3:RegularTimeSeries>
- </nrg3: timeDependentimount>

|l el
~J

L </nrg3:Energy>
L </nrg3:resource>

[=RNT ]

- </nrg3:WeathersStation>
F</core:cityObjectMember>

[ I ST S
W b=

Figure 29. Excerpt of XML showing an example of a WeatherStation element containing an Energy resource.

4.10Schedules module

4.10.1 Rule 9: Writing ScheduleLibrary elements

A ScheduleLibrary element (ideally only one for each city model) must appear as top-level
element in the CityGML file. In accordance with Rule 1 and as suggested by the annotations in
the UML diagrams of the Schedules module, all elements corresponding to subclasses of
AbstractSchedule, i.e. AtomicSchedule, DualValueSchedule, and CompositeSchedule, must be
written inline as children of the Schedulelibrary element. An example is provided in Figure 30.

E(core:cityObjectMember)

—] <nrg3:SchedulelLibrary gml:id="id schedule library 1">
<gml:description>This is Schedule Library 1</gml:description>
<gml:name>Schedule Library 1</gml:nams>

ch o

]

<nrg3:librarvMember>
<nrg3:AtomicSchedule gml:id="id atomic schedule 1">

b
=N~ =]
THT

</nrg3:AtomicScheduls>
</nrg3:libraryMember>

[Er—
[ U o B el

<nrg3:librarvMember:>
<nrg3:CompositeSchedule gml:id="id composite schedule 3">

=
VL
THT

-] O

</nrg3:CompositeSchedule>
</nrg3:libraryMember>

(=T e ]

<nrg3:libraryMember>
<nrg3:DualValueSchedule gml:id="id dual value schedule 2">

[y
THT

F </nrg3:DualValusScheduls>
</nrg3:libraryMember:

[ I ¥ )
T

]

- </nrg3:Schedulelibrary>
L</core:cityObjectMember>

[T T S T ' T % T ¥ T T % T 6 T

o

Figure 30. Excerpt of XML showing an example of a ScheduleLibrary element containing an AtomicSchedule
element, a DualValueSchedule element and a CompositeSchedule element.
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4.10.2 Modelling of ScheduleComponent objects

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
Schedules module, all ScheduleComponent elements must be written inline as children of the
containing CompositeSchedule element. Additionally, each ScheduleComponent element must
express the association with the corresponding target schedule (through property
scheduleComponentMember) by means of an XLink. An example is provided in Figure 31.

a3
5]
=
=}
7]
L
[¥]
=)
m

dulelibrary gml:id="id schednle library 2":>

tlibraryMembers

[T TR I

<nrg3
<!-— Atomic Schedule of typical week day —->
1 — <nrg3:AtomicSchedule gml:id="id atomic_ schednle 10"

11 <gml:description>Typical weekday daily schedunle</gml:description>

«nrg3:type codedpace="schedunle type codeSpace">weekDay</nrg3:type>r
<nrgl3:startTime>00:00:00</nrg3:startTime>>

<nrgli:temporalExtent unit="day">1l</nrgi:temporalExtent>

< Z:timeSeries>

«nrg3:TypicalValuesTimeSeries gml:id="id time series 21">

</nrg3:TypicalValuesTimeSeries>

20 £ </nrg3:timeSeries>

21 - </nrg3:AtomicSchedule

22 £ </nrg3:libraryMember:>

23 — <nrg3:libraryMembers

24 <!=- Atomic Schedule of typical weekend day -->

25 — <nrg3:AtomicSchedule gml:id="id atomic_ schednle 11">

26 <gml:description>Typical weekend daily schedule</gml:description>

27 .

28 «nrg3:type codedpace="schedunle type codeSpace">weekendDay</nrgi:cyper

25 <nrgdrstartTime>00:00:00< / nrg3rstarcTime

30 <nrgd:temporalExtent unit="day">l</nrg3:temporalExtent>
<nrg3:timeSeries>

3
«nrg3:TypicalValuesTimeSeries gml:id="id time series 22">

- </nrgid:TypicalValuesTimeSeriess>

£ </nrg3:timeSeries>

= </nrgi:AtomicSchedule

£ </nrg3:libraryMember:>

— <nrg3d:libraryMembers>

<!=-- Composite Schedule of typical week -->

— <nrg3:CompositeSchedule gml:id="id composite schednle 12">
<gml:description>Typical week: 5 week days + 2 weekend days</gml:description>

<

<nrgdrstartTime>00:00:00< / nrg3rstarcTime
<nrgi3:temporalExtent unit="day">T</nrgl:temporalExtent>
<

tacheduleComponent

{THTT

3
«nrg3:ScheduleComponent gml:id="id scheduole component 1">

<nrg3:repetitions»5</nrgi:repetitions>

<nrg3additionalGap unit="day">0</nrg3radditionalGap>

<nrg3:=scheduleComponentMemkber =1ir ef="#id atomic schedule 10"/>
ch

</nrg3:S5cheduleComponent>

</nrg3:scheduleComponent’»

<nrgl:scheduleComponent>
—| «nrg3:ScheduleComponent gml:id="id scheduole component 2">

<nrg3:repetitions»2</nrgi:repetitionsy

<nrg3:additionalGap unit="day">0</nrg3:additionalGap>
< 3:scheduleComponentMember x1i ef="#id atomic scheduole 11"/>
- </nrg3:5cheduleComponent>

nrg

6l - </nrg3:scheduleComponent
62 - </nrg3:CompositeSchedule>

63 - </nrg3:libraryMember>

&4 F</nrg3:Schedulelibrary>

Figure 31. Excerpt of XML showing an example of a CompositeSchedule element composed of two
ScheduleComponent elements, each one referring to an AtomicSchedule element by means of XLinks.
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4.11Time series module

4.11.1 Modelling of time series objects

In accordance with Rule 1 and as suggested by the annotations in the UML diagrams of the
different modules, all elements corresponding to any subclass of AbstractTimeSeries must be
written inline as children of the respective containing elements. Examples are provided in
Figure 29 (line 14) and Figure 31 (lines 17 and 32).
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5 Derivation of the XSD file

XML Schema Definition (XSD) files encode, in a machine-readable way, a data model and its
constraints, therefore defining how data can be written and automatically validated. For
CityGML, the XSD files are already available and published on the respective CityGML Wiki
page?®.

Once the UML-based modelling of the Energy ADE 3.0 has been completed, an XSD file has
been derived from the UML-based data model in order to create and validate instance
documents containing CityGML and Energy ADE 3.0 data. The XSD file has been first
automatically derived using the software tool ShapeChange v. 3.10%. ShapeChange requires a
custom configuration file. For this purpose, an already existing configuration file from the
Utility Network ADE'® has been adapted to match the requirements of ShapeChange 3.10 and
of the Energy ADE 3.0. Successively, the resulting XSD file has been carefully manually checked
to ensure the correctness of the classes and properties.

Additionally, sets of tagged values have been manually added to certain elements of the XSD
file. As a matter of fact, during the generation of the XSD of a CityGML ADE relevant
information about the ADE data model is often missing. Examples of such missing information
refer for example to the type of associations or the multiplicity of attributes contained by ADE
classes that extend existing CityGML classes by means of the ADE-hook mechanism.

This additional information plays a major role in the successive step when the DDL scripts for
the database schema are generated, allowing to automatically generate tables, constraints,
indices, and functions. In particular, depending on the type of association, different delete
functions will be generated. More details can be found in the online 3DCityDB
documentation®®.

In order to overcome such shortcomings, the type of associations (e.g. simple association,
aggregation, or composition) and other details have been manually added via sets of tagged
values to the XSD file of the Energy ADE 3.0. Figure 32 shows a screenshot of the first lines of
the resulting Energy ADE 3.0 XSD file. The derived XSD schema file has been then used both in
Safe Software's FME Form and in the KIT ModelViewer for testing purposes, to generate and
visualize test datasets (see section 6) and to generate the database DDL scripts (see section 7).

16 https://www.citygmlwiki.org/index.php/CityGML XML Schema

17 https://github.com/ShapeChange/ShapeChange/releases/tag/3.1.0

18 https://github.com/TatjanaKutzner/CityGML-UtilityNetwork-ADE/releases/tag/v0.9.3

19 https://3dcitydb-docs.readthedocs.io/en/latest/plugins/ade-manager/tagged-values.html
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<3chema
xmlns="http://www.w3.org/2001/XML5chema"
mlns:gml="http://www.opengis.net/gml"
imlns:app="http://www.opengis.net/citygnl/appearance/2.0"
¥mlns:core="http://www.opengis.net/citygml/2.0"
sxmlins:brid="http://www.opengis.net/citygml /bridge/2.0"
imlns:bldg="http://www.opengis.net/citygml/building/2.0"
¥xmlns:frn="http://www.opengis.net/citygnl/cityfurniture/2.0"
xmlns:grp="http: //www.opengis.net/citygml /cityobhjectgroup/2.0"
smlns:gen="http://www.opengis.net/citygnl/generics/2.0"
smlns:luse="http://www.opengis.net/citygml/landuse/2.0"
xmlns:den="http://www.opengis.net/citygml /relief/2.0"
xmlns:tran="http://www.opengis.net/citygml /transportation/2.0"
smlns:tun="http://www.opengis.net/citygnl/tunnel/2.0"
¥xmlns:veg="http://www.opengis.net/citygml /vegetation/2.0"
ixmlns:wtr="http: //www.opengis.net/citygml /waterbody/2.0"
mlns:nrgi="http://www.citygml.crg/ade/energy/3.0"
elementFormDefault="qualified"
targetNamespace="http: //www.citygml .crg/ade/energy/3.0"
wversicn="3.0"
>

<annotation:

<documentation>Energy ADE 3.0 beta 7 for CityGML 2.0</documentaticn>
</annotation>

<1== Al1]1 CityGML modules added manually, in case they are not written automatically by ShapeChange —-->

<import namsspace="htitp://www.opengis.net/gml" schemzlLocation="htip://schemas.cpengis.net/gnl/3.1.1/bag
<import namespace="http://www.opengis.net/citygml/2.0" =chemalocation="htip://schemas.opengis.net/cityg
<import namsspace="http://www.opengis.net/citygml /appearance/2.0" schemalocation="http://schemas.opengi
<import namsspace="http://www.opengis. ="http://schemas.opengis.ng
<import namsspace="hitp://www.opengis.net/citygml/building/2.0" schemalocatlon="http://schemnas.opengis.
<import namsspace="http://www.opengis.net/citygml/city furniture/2.0" schemalocation="http://schemas. opd
<import namsspace="http:.//www.opengis.net/citygml/citycbjectgroup/2.0" =schemzlocaticon="http://schemas.q
<import namsspace="hitp://www.opengis.net/citygml/generics/2.0" schemalocatlon="http://schenas.opengis.
<import namespace="http://www.opengis.net/citygml/landuse/2.0" schemalocation="http://schemas.opengis.n
<import namsspace="http://www.opengis.net/citygml/relief/2.0" schemalocation="http://schemas.opengis.nd
<import namsspace="hitp://www.opengis.net/citygml/transportation/2.0" schemalocaticon="http://schemas.oq
<import namsspace="hittp://www.opengis.net/citygml/tunnels2.0" schemalocation="http://schemas.opengis.ng
<import namsspace="http://www.opengis.net/citygml /fvegetation/2.0" schemalocation="http://schemas.opengi
<import namsspace="http://www.opengis.net/citygml /waterbody/2.0" =zchemalocation="http://schemas.opengisg

Sl FhAEEFFAREHAAE I A AR T AR
<!=— Energy ADE Enumerations -->
<!__ EEE SRS EEE RS RS E ] —_

<gimpleType name="InterpolationTypeValueType":>
<restricticn base="string":>
<enumeration valus="averagelnPrecedingInterval"></enumeration>
<gnumeration wvalus="averagelnSucceedingInterval" > /snumsration:>
<enumeration valus="constantInPrecedingInterval"»</enumeration:>
<enumeration e="constantInSucceedingInterval"></enumsration>
<enumeration valus="continumous"></enumeraticn>
<enumeration discontinuous">»</enumeration:
<enumeration valus="instantanecusTotal"></enumerations
<enumeration valuse="maximmInPrecedingInterval"></enumeration>
<enumeration valus="maximmInSucceedingInterval"»</enumeration:>
<enumeration value="minimmInPrecedingInterval"></enumeration:
<enumeration valuse="minimmInSucceedingInterval"></enumeration>
<enumeration valus="precedingTotal"></enumerations>
<enumeration valus="succeedingTotal"></enumeration>
</restricticn>
</3impleType>

<simpleType name="NetworkConnectionStatusValueType">
<restricticn base="string":>
<enumeration valus="connected"></enumeration
<enumeration valus="disconnectedButConnectable"></enumerations

<enumeration disconnectedAndNotConnectable" ></enumeration>
<enumeration "unknown" ></enumeration>
</restriction>

</3impleTypes

Figure 32. Screenshot of an excerpt of the XSD file of the Energy ADE 3.0.
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6 Test datasets

Safe Software's FME Form 2024, together with the XSD file of the Energy ADE 3.0, has been
used to generate some test datasets. Tests have been iteratively carried out to verify the
correctness of the generated XSD file to create the desired FME Readers and Writers for
CityGML. During the development process of the Energy ADE 3.0, this iterative process has
helped in the identification of errors and to improve the conceptual model.

Several test datasets have been created. They represent a starting point for testing the
following implementation steps (e.g. the Java-based ones, and the database schema extending
the 3D City Database), but also for getting an insight in how Energy ADE 3.0 is written according
to the XML encoding.

The base dataset, which has been progressively enriched with different Energy ADE 3.0 data,
is a set of fictitious buildings, trees and a DTM, belonging to the dataset “Alderaan” 2, which
is already available as open (test) data??.

All “Alderaan” datasets use the Amersfoort / RD New coordinate system (EPSG: 289922?) for
the horizontal datum, and the Normaal Amsterdams Peil (NAP) height (EPSG:510923) for the
vertical datum. Since the datasets are actually located near the origin of the axes, they will be
visualised in France, near the municipality of Joigny.

BEWARE: It is important to remark that the following datasets have been created only for
testing purposes. Therefore, some parameters may have no real physical meaning, or could
simply be unrealistic. Nevertheless, the purpose is to provide examples of objects of nearly
every class and every attribute of the Energy ADE 3.0.

The available datasets are listed and briefly described in Table 3. The screenshots are taken
using the KIT ModelViewer?*. To load the datasets in the KIT ModelViewer, the XSD file of the
Energy ADE 3.0 is required and must be copied into the
\GMLSchemata\CityGML_2_ O0\CityGML folder of the installation folder. In this way, any
CityGML file containing Energy ADE 3.0 data will be opened and the Energy ADE 3.0 data
(objects with geometries and attributes) will be loaded and visualised. Please note that KIT
Modelviewer version 7.4.0 (or higher) is recommended.

All datasets are available for download from the GitHub repository?° of the 3D Geoinformation
group at TUD Delft.

20 https://3d.bk.tudelft.nl/gagugiaro/tutorials/pdf/Alderaan dataset.pdf
21 https://3d.bk.tudelft.nl/gagugiaro/tutorials/pdf/CityGML Alderaan.zip
22 hitps://epsg.io/28992

23 https://epsg.io/5109-datum

24 https://www.iai.kit.edu/english/4561.php

25 https://github.com/tudelft3d/Energy ADE
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Table 3. Available test datasets for the CityGML Energy ADE 3.0. For each dataset, the name of the corresponding
file, the list of the CityGML and Energy ADE 3.0 classes for which objects have been created, as well as a brief
description are provided.

Alderaan_DTM.gml

CityGML:
* ReliefFeature
* TINRelief

The file contains a TIN-based DTM that spans the extents of the
Alderaan dataset. It is a very simple, flat DTM, consisting of 120 LoD1
TinRelief objects contained within 1 LoD1 ReliefFeature object.

This file contains no Energy ADE 3.0 objects.

Alderaan_Energy_ADE_Trees.gml

CityGML:

e CityObjectGroup

* SolitaryVegetationObject
* Appearance, X3DMaterial

Energy ADE 3.0: ”
* ADE _CityObject
*  Water ’ "””

The file consists of a CityObjectGroup object which contains 33 trees
modelled in LoD1, LoD2 and LoD3. Additionally, they are
represented via reference points. The CityObjectGroup has a Water
object. The same applies to some trees. The Water objects symbolise
the amount of water needed for irrigation.

This datasets uses classes from the Energy ADE 3.0 Core and
Resources modules.
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Alderaan_Energy_ADE_Core.gml

CityGML:

* Building, BuildingPart

e (Building) GroundSurface, WallSurface, RoofSurface
* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

e ADE _AbstractBuilding

e UtilityNetworkConnection

* EnergyPerformanceCertificate

* RefurbishmentMeasure

The file consists of 11 buildings. 10 are single-part buildings, 1 is a
multi-part building, composed of 2 building parts. Building(Part)s are
modelled as LoDO footprints, LoD1 and LoD2 solids, as well as
through thematic surfaces. Additionally, they are represented via
reference points. The buildings possess some ADE attributes, as well
as some UtilityNetworkConnection, EnergyPerformanceCertificate,
RefurbishmentMeasure objects.

This datasets uses classes from the Energy ADE 3.0 Core module.

Alderaan_Energy_ADE_Core_PartyWallSurfaces.gml

CityGML:

¢ Building, BuildingPart

e (Building) GroundSurface, WallSurface, RoofSurface
* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation
e ADE _AbstractBuilding

e UtilityNetworkConnection

* EnergyPerformanceCertificate

* RefurbishmentMeasure

* PartyWallSurface

This file is the same as the previous one, with the only addition that
party walls between adjacent buildings are modelled using
PartyWallSurface objects in LoD2.

This datasets uses classes from the Energy ADE 3.0 Core and Building
physics module.
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Alderaan_Energy_ADE_Core_Building_physics.gml

CityGML:

* Building, BuildingPart

e (Building) GroundSurface, WallSurface, RoofSurface

e (Building) Window

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* ADE _BoundarySurface, ADE _Opening

* ThermalZone

* BasementCeilingSurface, PartyWallSurface,
IntermediateFloorSurface

The file consists of 11 buildings. 10 are single-part buildings, 1 is a
multi-part building, composed of 2 building parts. Building(Part)s are
modelled as LoDO footprints, LoD1 and LoD2 solids, as well as
through thematic surfaces. Party walls between adjacent buildings
are modelled using PartyWallSurface objects. Additionally, there are
ThermalZone objects, which are modelled via solid geometries
(LoD1, LoD2 and LoD3) and via thermal boundaries (LoD2 and LoD3)
and thermal openings (LoD3).

This datasets uses classes from the Energy ADE 3.0 Core and Building
physics module.

Alderaan_Energy_ADE_Core_Building_physics_LayeredConstructi
on.gml

CityGML:

* Building, BuildingPart

* (Building) GroundSurface, WallSurface, RoofSurface
e (Building) Window

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* ADE _BoundarySurface, ADE _Opening

* ThermalZone

e BasementCeilingSurface, PartyWallSurface,
IntermediateFloorSurface
* LayeredConstructionLibrary, LayeredConstruction,

ReverselayeredConstruction, Layer
* Materiallibrary, Gas, SolidMaterial

This file is the same as the previous one, with the only addition that
all thematic surfaces, thermal boundaries and openings have an
XLink to a (Reverse)LayeredConstruction object.

This datasets uses classes from the Energy ADE 3.0 Core, Building
physics and Layered construction modules.
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Alderaan_Energy_ADE_Core_Building_physics_UsageZone.gml

CityGML:

* Building, BuildingPart

e (Building) GroundSurface, WallSurface, RoofSurface

e (Building) Window

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* ADE _BoundarySurface, ADE _Opening

* ThermalZone

* BasementCeilingSurface, PartyWallSurface,
IntermediateFloorSurface

¢ UsageZone

The file consists of 11 buildings. 10 are single-part buildings, 1 is a
multi-part building, composed of 2 building parts. Building(Part)s are
modelled as LoDO footprints, LoD1 and LoD2 solids, as well as
through thematic surfaces in LoD2. Party walls between adjacent
buildings are modelled using PartyWallSurface objects. Additionally,
there are ThermalZone objects, which are modelled via solid
geometries (LoD1, LoD2 and LoD3) and via thermal boundaries
(LoD2 and LoD3) and thermal openings (LoD3). Finally, there are
UsageZone objects, modelled as solids in LoD1, LoD2 and LoD3.

This datasets uses classes from the Energy ADE 3.0 Core, Building
physics and Occupancy modules.

Alderaan_Energy_ADE_Core_Building_physics_
CoincidesWithLoD2Hull.gml

CityGML:

* Building, BuildingPart

* (Building) GroundSurface, WallSurface, RoofSurface
* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* PartyWallSurface

* ThermalZone

The file consists of 11 buildings. 10 are single-part buildings, 1 is a
multi-part building, composed of 2 building parts. Building(Part)s are
modelled as LoDO footprints, LoD1 and LoD2 solids, as well as
through thematic surfaces. Party walls between adjacent buildings
are modelled using PartyWallSurface objects. Additionally, there are
ThermalZone objects. The thermal boundaries are not defined
explicitly, instead each thermal zone has the coincidesWithLoD2Hull
attribute set to TRUE.

This datasets uses classes from the Energy ADE 3.0 Core and Building
physics module.
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Alderaan_Energy_ADE_Core_Occupancy.gml

CityGML:
* Building, BuildingPart
* Address

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation
¢ UsageZone

¢ BuildingUnit

¢ Occupants

* EnergyPerformanceCertificate

* RefurbishmentMeasure

The file consists of 11 buildings. 10 are single-part buildings, 1 is a
multi-part building, composed of 2 building parts. Building(Part)s are
modelled only as 3D reference point. There are UsageZone,
BuildingUnit, and Occupants objects. UsageZone and BuildingUnit
objects are modelled via solid geometries (LoD1, LoD2 and LoD3).
Some of them contain objects of classes
EnergyPerformanceCertificate, and RefurbishmentMeasure.

This dataset uses classes from the Energy ADE 3.0 Core and
Occupancy modules.

Alderaan_Energy_ADE_Core_Occupancy_Schedules.gml

CityGML:
* Building, BuildingPart
* Address

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* UsageZone

* BuildingUnit

* Occupants

* EnergyPerformanceCertificate

* RefurbishmentMeasure

e Schedulelibrary, AtomicSchedule, DualValueSchedule,
CompositeSchedule, ScheduleComponent

* TypicalValuesTimeSeries

This file is the same as the previous one, with the only addition that
all UsageZone and Occupants objects are associated with a schedule
by means of an XLink. Different types of schedules are contained in
the  ScheduleLibrary. AtomicSchedule objects possess a
TypicalValuesTimeSeries.

This dataset uses classes from the Energy ADE 3.0 Core, Occupancy,
Schedules and Time series modules.
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Alderaan_Energy_ADE_Core_Devices.gml

CityGML:

* Building, BuildingPart

e (Building) GroundSurface, WallSurface, RoofSurface

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* Boiler, HeatPump, LightingDevice, GenericEletricalDevice,
GenericDevice, MovableShadingDevice, ElectricalStorageDevice,
ThermalStorageDevice, GenericSolarCollector,
SolarThermalCollector, PhotovoltaicCollector,
PhotovoltaicThermalCollector

The file consists of 11 buildings. 10 are single-part buildings, 1 is a
multi-part building, composed of 2 building parts. Building(Part)s are
modelled through thematic surfaces in LoD2 and as 3D reference
point. Each building has some Device objects (boilers, different types
of solar collectors, electrical and thermal storage devices, etc.). All
devices, except the solar collectors, have no geometries besides a
reference point. The solar collectors are modelled in LoD2 and LoD3.

This dataset uses classes from the Energy ADE 3.0 Core and Devices
modules.

Alderaan_Energy_ADE_Core_Devices_Schedules.gml

CityGML:

* Building, BuildingPart

e (Building) GroundSurface, WallSurface, RoofSurface

* Appearance, X3DMaterial

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation

* Boiler, HeatPump, LightingDevice, GenericEletricalDevice,
GenericDevice, MovableShadingDevice, ElectricalStorageDevice,
ThermalStorageDevice, GenericSolarCollector,
SolarThermalCollector, PhotovoltaicCollector,
PhotovoltaicThermalCollector

* DeviceOperation

* Schedulelibrary, AtomicSchedule, DualValueSchedule,
CompositeSchedule, ScheduleComponent

* TypicalValuesTimeSeries

This file is the same as the previous one, with the only addition that
each device has a DeviceOperation object which is associated to a
schedule by means of an XLink. Different types of schedules are
contained in the ScheduleLibrary. AtomicSchedule objects possess a
TypicalValuesTimeSeries.

This dataset uses classes from the Energy ADE 3.0 Core, Devices,
Schedules and Time series modules.
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Alderaan_ADE_UrbanFunctionAreas.gml

CityGML:

* Appearance, X3DMaterial
Energy ADE 3.0:

* ADE _CityObject

* UrbanFunctionArea

¢ Energy, Water

This file contains 31 UrbanFunctionArea objects, organised in 3
hierarchical levels. The first-level object contains 6 second-level
objects, which again contain each 4 third-level objects. The image on
the right represents only the 24 third-level objects. Each
UrbanFunctionArea object is represented via a multisurface
geometry and a reference point. Some Energy and Water objects are
associated with the UrbanFunctionArea objects, in order to provide
an example of resources associated at each level.

This dataset uses classes from the Energy ADE 3.0 Core, Urban
function areas and Resources modules.

Alderaan_ADE_WeatherStation.gml

CityGML:

¢ CityFurniture

Energy ADE 3.0:

* ADE _CityObject, CityObjectRelation
*  WeatherData

*  WeatherStation

* Energy
* RegularTimeSeries, RegularTimeSeriesFile,
TypicalValuesTimeSeries, TypicalValuesTimeSeries,

SensorConnection

This file contains 2 CityFurniture objects that represent two “poles”
upon which 2 WeatherStation objects are installed. The
CityFurniture objects are represented via a LoD1 geometry and a
reference point. The 2 WeatherStation objects are represented by
means of a reference point. Each weather station contains several
WeatherData objects, which are connected to one type of time
series. Finally, each weather station contains an Energy object,
symbolising the electricity demand required by the station. One of
the Energy objects is connected to a time series.

This dataset uses classes from the Energy ADE 3.0 Core, Weather
station, Resources and Time series modules.
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Alderaan_Energy_ADE_Material_LayeredConstruction_Libraries.g
ml

Energy ADE 3.0:

* LayeredConstructionLibrary, LayeredConstruction,
ReverselayeredConstruction, Layer

* Materiallibrary, SolidMaterial, Gas

This file contains 2 libraries. The first one is a MaterialLibrary object
which contains 17 SolidMaterial and 2 Gas objects.

The second library contains 5 LayeredConstruction and 2
ReverselLayeredConstruction objects. Some LayeredConstruction
objects have information about the layer structure, some don’t. In
case layers are modelled, they contain a reference to the
corresponding material.

This dataset uses classes from the Energy ADE 3.0 Layered
construction module.

Alderaan_Energy_ADE_Schedule_Library.gml

Energy ADE 3.0:

* SchedulelLibrary, DualValueSchedule, AtomicSchedule,
CompositeSchedule, ScheduleComponent

* TypicalValuesTimeSeries

This file contains a collection of different schedules contained within
a Schedulelibrary object. AtomicSchedule objects are connected to
TypicalValueTimeSeries objects.

This dataset uses classes from the Energy ADE 3.0 Schedules and
TimeSeries modules.

Alderaan_Energy_ADE_Core_AncillaryBuildings.gml

CityGML:

* Building

* CityObjectGroup
Energy ADE 3.0:

* ADE _CityObject

This file contains a group of 11 buildings modelled in LoDO and LoD1.
Each building is also modelled through a reference point. The
CityObjectGroup containing them is modelled through a reference
point too, and has a multisurface geometry representing the extents
of the area (not shown here).

This dataset uses classes from the Energy ADE 3.0 Core module.
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Alderaan_Energy_ADE_AIll.gml

This file merges and integrates together information from all
previous files.

For visual clarity reasons, CityObjectGroup and UrbanFunctionArea
objects are included in the file, but not visualised in the screenshot
on the right.

This dataset uses classes from all Energy ADE 3.0 modules.

Alderaan_ADE_AIll_no_DTM.gml

This file is the same as the previous one, with the only difference
that it does not contain any Relief objects.

For visual clarity reasons, CityObjectGroup and UrbanFunctionArea
objects are included in the file, but not visualised in the screenshot
on the right.

This dataset uses classes from all Energy ADE 3.0 modules.
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7 Database implementation

The 3D City Database (or, in short: 3DCityDB) is a free and open-source solution to store, represent,
and manage CityGML-compliant semantic 3D city models using a spatial relational database.
Different version of the 3DCityDB are currently available. The 3DCityDB 4.x supports CityGML 1.0
and 2.0 (but no CityGML 3.0) and comes with a set of tools consisting mainly of an
Importer/Exporter, a Graphical User Interface, support for ADEs, and other tools, e.g. to export city
models to KML/Kollada or gITF formats for further visualisation in virtual-globe applications such as
Google Earth or CesiumJS.

The latest release of the 3DCityDB, version 5.0, has been released at the beginning of 2025 and adds
support for CityGML 3.0. The new 3DCityDB comes with a completely redesigned database schema,
as well as a new (GUI-less) set of tools to import and export data to and from the database.
Noteworthy, at the time of writing, the database does not offer support for ADEs, yet. Besides, there
are currently no available examples of ADEs (for any version of CityGML) implemented for the latest
version of the 3DCityDB.

Regardless of the version, the 3DCityDB is available for PostgreSQL/PostGIS. Considering that the
Energy ADE 3.0 has been developed first for CityGML 2.0, the decision on which version and platform
to work for is rather natural: 3DCityDB 4.x due to its support for ADEs, and PostgreSQL/PostGIS due
to its free and open-source nature.

7.1 Installation

Installation of the Energy ADE 3.0 database schema is rather straightforward and can be carried out
using the ADE Manager from within the 3DCityDB Importer/Exporter GUI.

The current version of the Energy ADE 3.0 plugin for the 3DCityDB requires:

e 3DCityDB version 4.4.20r higher (please note: 3DCityDB version 5.x is NOT supported!)
e 3DCityDB Importer/Exporter 5.5.1 or higher
e ADE Manager version 2.3.2 or higher.

All required software conveniently downloaded and installed using the 3DCityDB Suite 2024.0.3
package (or a more recent version) available from the 3DCityDB GitHub repository?®.

As shown in Figure 33, the user simply has to browse to the \energy-ade3 folder containing the ADE
extension package, i.e. the folder containing all resources required by ADE Manager to install and
set up the database to support the Energy ADE 3.0.

26 https://github.com/3dcitydb/3dcitydb-suite/releases/tag/v2024.0.3
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M File View Help 3D City Database Importer/Exporter : eade3 @ localhost (16) AS postgres - o X
Import  Export  VISExport  ADEManager  TableExport  Database  Preferences Console

[11:58:44 INFO] ADE registration started...
ADE Operations [11:58:44 INFO] Importing ADE metadata into database...
[11:58:44 INFO] Creating ADE database schema...

ADE ID Name Description Version DBPr... Creation Date . i
[11:58:44 INFO] —- *AAXAXXAAXAAXAAXXAXXAXAAXAAAY CREATE_ADE_DB.SQL execution S

3f3aclf32aacab532... Scenario A... Database schema for the 3DCity... 1.0 beta 3 (2025-09-22) 11:58:44 INFO] —— ##A%ARAASSRAKRARARRAARAARARAARIAASK CreaTe Sequences A44sis
€2208c955c0796¢23... Energy ADE Database schema for the 3DCity.. 3. z h:u INFO] =- A#AXAXAAXAXAXAAXAXAAXAXAXRAKAKAAXAX Create tables Aaksinss
[11:58:45 INFO] —- A%4%3%483a48a44Ka24KRRARARARRRNASAA Create foreign keys ++4

[11:58:45 INFO] —- ANAARKARAXARAKARAKAAAKRAXKAANAAAA Creare Indexes A4sarsns

[11:58:45 INFO] Creating and installing delete functions...
[11:58:45 INFO] Creating delete functions for the current 3DCityDB instance (t!
[11:58:45 INFO] Delete function 'del_appearance' created.
[11:58:45 INFO] Delete function 'del_bridge' created.
[11:58:45 INFO] Delete function 'del_address' created.
[11:58:45 INFO] Delete function 'del_cityobject' created.
ADE extension package = D:\UML-ADE\ADE:\Energy_ADE_3.0\_beta7\energy-ade3 Browse [11:58:45 INFO] Delete function 'del _ng3_energy perf_cert' created.
[11:58:45 INFO] Delete function 'del_ng3_energy perf cert' created.
Register ADE [11:58:45 INFO] Delete function 'del_ng3_building_partition' created.
[11:58:45 INFO] Delete function 'del ng3_schedule' created.
ADE Transformation [11:58:45 INFO] Delete function 'del_ng3_device_operation' created.
[11:58:45 INFO] Delete function 'del_ng3_device_operation' created.
[11:58:45 INFO] Delete function 'del_ng3_occupants' created.
[11:58:45 INFO] Delete function 'del_ng3_schedule_component' created.
Read XML Schema [11:58:45 INFO] Delete function 'del_ng3_schedule_component' created.
[11:58:45 INFO] Delete function 'del_ng3_suitability' created.
[11:58:45 INFO] Delete function 'del_ng3 suitability' created.
[11:58:45 INFO] Delete function 'del_ng3_time_series' created.
[11:58:45 INFO] Delete function 'del _ng3_resource' created.
[11:58:45 INFO] Delete function 'del_ng3_resource' created.
[11:58:45 INFO] Delete function 'del_ng3_weather_data' created.
[11:58:45 INFO] Delete function 'del_ng3_weather_data' created.
[11:58:45 INFO] Delete function 'del _ng3_time_series' created.
[11:58:45 INFO] Delete function 'del_ng3_schedule' created.
[11:58:45 INFO] Delete function 'del_ng3_occupants' created.
[11:58:45 INFO] Delete function 'del_ng3_qualified_attribute' created.
[11:58:45 INFO] Delete function 'del_ng3_qualified attribute' created.
[11:58:45 INFO] Delete function 'del_ng3_refurbishment_measure' created.
[11:58:45 INFO] Delete function 'del_ng3_refurbishment_measure' created.
[11:58:45 INFO] Delete function 'del_thematic_surface' created.
[11:58:45 INFO] Delete function 'del_surface_geometry' created.
[11:58:45 INFO] Delete function 'del_ng3_building partition' created.
o = T = e [11:58:45 INFO] Delete function 'del_ng3_thematic_surface' created.
2 — = - [11:58:45 INFO] Delete function 'del_ng3_thematic_surface' created.
[11:58:45 INFO] Delete function 'del_ng3_opening' created.
[11:58:45 INFO] Delete function 'del_ng3_opening' created.
[11:58:4€ INFO] Delete function 'del_bridge_thematic_surface' created.
[11:58:46 INFO] Delete function 'del_implicit_geometry' created.
[11:58:46 INFO] Delete function 'del bridge_opening' created.

Fetch ADEs Remove ADE Generate delete script Generate envelope script

ADE Registration

XML Schema (XSD) Browse

Ready PostgreSQL/PostGIS database connected

Figure 33. Screenshot of the ADE Manager of the 3DCityDB Importer/Exporter with the ADE extension package to be
installed. Upon installation, the ADE metadata will appear in the list of registered ADEs.

7.2 Uninstallation

Uninstallation of the Energy ADE 3.0 database schema can be carried out in a similar way as the
installation. After connecting to the database and setting the current citydb schema, it suffices to
first load the list of the installed ADEs pressing the button "Fetch ADEs", then choose to ADE and
press the “Remove ADE” button from within the ADE Manager, as shown in Figure 34. Please note
that all Energy ADE contents will be deleted automatically, while "standard" CityGML data will be
preserved. If you want to manually delete all Energy ADE 3.0 data without uninstalling the Energy
ADE, please refer to the next section 7.3.
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W File View Help

€2a08c955c0796¢23... Energy ADE

I Fetch ADEs Remove ADE I Generate delete script

ADE Registration

ADE extension package

Register ADE

ADE Transformation

XML Schema (XSD)

Read XML Schema

Ready

Database schema f... 3.0 beta 7 (2025-10-14)

3D City Database Importer/Exporter : eade3 @ localhost (16) AS postgres

Import Export VIS Export ADE Manager Table Export Database Preferences Console
[12:06:01 INFO]
ADE Operations : A
ADEID Name Description Version DB Prefix Creation Date

2 INEFO]

02e 0o 0o
ng3 2025-10-15 11:58:44 2 INFO]

[12:06:02 INFO]
[12:06:02 INFO]
[12:06:02 INFO]
[12:06:02 INFO]

Generate envelope script

Browse

Browse

PostgreSQL/PostGIS database connected

Connecting to database 'eade3 @ localhost (1€) AS postgres'.

Database connection established.

3D City Database: 4.4.2

DBMS: PostgreSQL 16.6

Connection: postgres@localhost:5432/eade3_test

Schema: citydb

SRID: 28992 (Projected)

SRS: Amersfoort / RD New

gml:srsName: urn:ogc:def:crs,crs:EPSG::28992, crs:EPSG::510%

Figure 34. Screenshot of the ADE Manager of the 3DCityDB Importer/Exporter with the selected ADE to be removed.

Upon uninstallation, all ADE data will be removed before dropping all ADE tables and other related entities.

7.3 Manual deletion of all Energy ADE 3.0 data

Specific Energy ADE 3.0 data can be deleted using the delete functions listed in Table 4 of section
7.6.7. However, a faster alternative to delete all Energy ADE data at once (and to keep the "standard"
CityGML data) is to run the code block in Listing 1. It is an omni-comprehensive set of SQL statements
that will delete any Energy ADE 3.0 data from the chosen citydb schema (the default value,
highlighted in yellow, can be edited by the user). Alternatively, the code block can be customised

depending on specific needs.

The code block can be copy-pasted into a SQL command window and directly run, e.g. from

PgAdmin.
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--SQL code block to manually delete all Energy ADE 3.0 from the chosen citydb schema
DO $$
DECLARE cdb_schema varchar := 'citydb';
BEGIN
IF cdb_schema IS NULL OR cdb_schema =" THEN RAISE EXCEPTION '"You must provide a value for the 3DCityDB name'; END IF;
-- Delete Energy ADE 3.0 Data types
EXECUTE format("SELECT %l.del_ng3_suitability(id) FROM %I.ng3_suitability', cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_optical_property(id) FROM %l.ng3_optical_property;', cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_qualified_attribute(id) FROM %I.ng3_qualified_attribute;', cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Time Series module
EXECUTE format("SELECT %l.del_ng3_time_series(co.id) FROM %I.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("RegularTimeSeries", "RegularTimeSeriesFile", "TypicalValuesTimeSeries", '"TypicalValuesTimeSeriesFile", "SensorConnection")', cdb_schema, cdb_schema,
cdb_schema);
-- Delete Energy ADE 3.0 Schedules module
EXECUTE format("SELECT %I.del_ng3_schedule(co.id) FROM %I.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("'AtomicSchedule", "DualValueSchedule", "CompositeSchedule")', cdb_schema, cdb_schema, cdb_schema);
EXECUTE format('SELECT %l.del_ng3_schedule_component(co.id) FROM %I.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="ScheduleComponent")',
cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_library(co.id) FROM %I.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="ScheduleLibrary")', cdb_schema,
cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Layered Construction module
EXECUTE format("SELECT %l.del_ng3_material(co.id) FROM %l.cityobject AS co JOIN %I.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("Gas", "SolidMaterial")", cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_layer(co.id) FROM %l.cityobject AS co JOIN %].objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("'Layer")', cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %I.del_ng3_layered_construction(co.id) FROM %I.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("'LayeredConstruction”, "ReverseLayeredConstruction")', cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_library(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("MaterialLibrary", "LayeredConstructionLibrary")', cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Resource module
EXECUTE format("SELECT %l.del_ng3_resource(co.id) FROM %l.cityobject AS co JOIN %].objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("Energy", "Water", "Waste", "Food", "UrbanSpace", "ConstructionMaterial", "OtherResource")', cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Weather station module
EXECUTE format('SELECT %l.del_cityobject(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="WeatherStation")', cdb_schema,
cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 A bit of Core module
EXECUTE format("SELECT %I.del_ng3_ctyobj_relation(id) FROM %Il.ng3_ctyobj_relation', cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_weather_data(co.id) FROM %].cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o0.id AND o.classname="WeatherData")', cdb_schema,
cdb_schema, cdb_schema);
EXECUTE format('SELECT %].del_ng3_utl_ntw_connection(co.id) FROM %|.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="UtilityNetworkConnection")',
cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_energy_perf_cert(co.id) FROM %l.cityobject AS co JOIN %].objectclass AS o ON (co.objectclass_id = o.id AND o.classname="EnergyPerformanceCertificate")',
cdb_schema, cdb_schema, cdb_schema);
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EXECUTE format('SELECT  %l.del_ng3_refurbishment_measure(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND
o.classname="RefurbishmentMeasure")', cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Urban Function Area module
EXECUTE format('SELECT %l.del_ng3_urban_function_area(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="UrbanFunctionArea")’,
cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Devices module
EXECUTE format("SELECT %I.del_ng3_storage_device(co.id) FROM %].cityobject AS co JOIN %].objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("ThermalStorageDevice", "ElectricalStorageDevice")', cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %I.del_ng3_solar_collector(co.id) FROM %].cityobject AS co JOIN %].objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("'GenericSolarCollector", ""PhotovoltaicCollector"”, "SolarThermalCollector", "PhotovoltaicThermalCollector")', cdb_schema, cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_device(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("Boiler", "LightingDevice", "GenericDevice", "GenericElectricalDevice", "MovableShadingDevice")', cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Delete the PartyWalls that may be used for Buildings and not for ThermalZones
EXECUTE format("SELECT %l.del_thematic_surface(co.id) FROM %l.thematic_surface AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="PartyWallSurface")
WHERE co.building_id IS NOT NULL', cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Occupancy module
EXECUTE format("SELECT %I|.del_ng3_occupants(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="Occupants")', cdb_schema,
cdb_schema, cdb_schema);
EXECUTE format("SELECT %].del_ng3_building_partition(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="BuildingUnit")', cdb_schema,
cdb_schema, cdb_schema);
EXECUTE format("SELECT %].del_ng3_building_partition(co.id) FROM %I.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname="UsageZone")", cdb_schema,
cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 Building physics module
EXECUTE format("SELECT %l.del_thematic_surface(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname IN ("PartyWallSurface", "BasementCeilingSurface", "IntermediateFloorSurface", "AttiFloorSurface")', cdb_schema, cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 dependent openings used for thermal boundaries will be dropped automatically on cascade
EXECUTE format("SELECT %].del_ng3_building_partition(co.id) FROM %l.cityobject AS co JOIN %l.objectclass AS o ON (co.objectclass_id = o.id AND o.classname=""ThermalZone")', cdb_schema,
cdb_schema, cdb_schema);
-- Delete Energy ADE 3.0 A bit of Core module: Delete only ADE data from the ng3 tables
EXECUTE format("SELECT %l.del_ng3_opening(id) FROM %l.ng3_opening', cdb_schema, cdb_schema);
EXECUTE format("SELECT %I.del_ng3_thematic_surface(id) FROM %l.ng3_thematic_surface', cdb_schema, cdb_schema);
EXECUTE format("SELECT %I.del_ng3_building(id) FROM %l.ng3_building', cdb_schema, cdb_schema);
EXECUTE format("SELECT %l.del_ng3_cityobject(id) FROM %Il.ng3_cityobject', cdb_schema, cdb_schema);
RAISE NOTICE 'SUCCESS! Energy ADE 3.0 contents deleted from citydb schema "%", cdb_schema;
END $$;

Listing 1. SQL code block to delete at once all Energy ADE 3.0 data from the selected 3DCityDB schema (here, highlighted in yellow: citydb). Please note: no CityGML data will
be deleted, only Energy ADE 3.0 data.
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7.4 Known limitations

7.4.1 The Importer/Exporter GUI fails to compute/update bounding boxes

Upon import of Energy ADE 3.0 data, the Importer/Exporter GUI allows to compute/update
the envelope of the data contained in the database. This operation can be carried out by simply
clicking the "Create missing" or "Recreate all" buttons in the Database tab, as shown in Figure
35.

@ File View Help 3D City Database Importer/Exporter : eade3 @ localhost (16) AS postgres =

Import  Export  VISExport  ADEManager  TableExport  Database  Preferences Console

[12:12:20 INFO] Calculating bounding box...

Connection details
Description | eade3 @ localhost (16) AS postgres Apply
Username | postgres New
Password sene Copy
v Save password Delete

Type PostgreSQL/PostGIS " Info

Server localhost Port | 5432
Dstabase | eade3._test

Schema citydb v Query

Disconnect

Databasereport  Boundingbox  Indexes  Referencesystem  ADEs

Bounding box for top-level feature | core:_CityObject v Create missing
oo Reference system  Same as in database Recreate all
*min | -80 Xmax | 160
Ymin | =100 Ymax | 100
/| 4O Feature Version
Latest version
Calculate

Ready PostgreSQL/PostGIS database connected

Connection  eade3 @ localhost (16) AS postgres hd [12:12:20 INFO] Bounding box for core:_CityObject features successfully calculat

Figure 35. Screenshot of the 3DCityDB Importer/Exporter, Database tab, showing how compute/update the
bounding boxes of the database objects.

However, at the moment, it is not possible to compute the 3D bounding box of Energy ADE 3.0
top-level features, such as WeatherStation, UrbanFunctionArea, Schedulelibrary,
MaterialLibrary and LayeredConstructionLibrary using the above mentioned GUI buttons. This
functionality will be made available once the corresponding Java libraries will be implemented
(see section 9.2).

The current workaround consists in executing the SQL code block provided in Listing 2, for
example in a SQL console in PgAdmin. The script can be adapted to be run with any 3DCityDB
schema. The default value is citydb.

--SQL code block to manually compute and update the envelope in the chosen citydb schema
DO $$

DECLARE cdb_schema varchar := 'citydb';

BEGIN
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IF cdb_schema IS NULL OR cdb_schema =" THEN RAISE EXCEPTION 'You must provide a value for the 3DCityDB name'; END
IF;

-- Compute 3D bounding box and update CITYOBJECT table for:

-- Librariy objects

EXECUTE format("SELECT %l.env_ng3_library(id, 1) FROM %l.ng3_library', cdb_schema, cdb_schema);

-- UrbanFunctionArea objects

EXECUTE format("SELECT %l.env_cityobjectgroup(id, 1) FROM %l.ng3_urban_function_area', cdb_schema, cdb_schema);

-- WeatherStation objects

EXECUTE format('SELECT %l.env_cityobject(co.id, 1) FROM %].cityobject AS co JOIN %I.objectclass AS o ON (co.objectclass_id
= 0.id AND o.classname = "WeatherStation") ', cdb_schema, cdb_schema, cdb_schema);

RAISE NOTICE 'SUCCESS! Computed 3D bounding box and updated CITYOBJECT table for Energy ADE 3.0 top-level CityObjects
in citydb schema "%"', cdb_schema;

END $$;

Listing 2. SQL code block to compute the 3D bounding boxes and update the CITYOBJECT table for the Energy ADE
3.0 top-level city objects in the selected 3DCityDB schema (here, highlighted in yellow: citydb).

7.5 Derivation of the DDL scripts

7.5.1 Automatic process

Once the XSD file of an ADE is finalized, as in the case of the Energy ADE 3.0, it can be used to
derive the database objects needed to store data according to the corresponding SQL
encoding. For this purpose, the Importer/Exporter for the 3DCityDB 4.x comes with a plugin,
the ADE Manager, which can automatically derive the Data Definition Language?’ (DDL) scripts
required to set up all database objects to support the ADE, namely: tables, constraints, indices,
sequences, and several stored procedures, among which, for example, those to delete data
and to compute and store the bounding boxes of city objects. While providing a detailed
description of the ADE Manager is beyond the scope of this document, it suffices to say that it
stems from research work carried out at TU Munich in the context of a PhD thesis (Yao, 2020).
More details can be found in the 3DCityDB online manual?®.

From the user point of view, the process is rather simple and is shown in Figure 36. It is only
necessary to have the plugin read the XSD file, to set few metadata parameters, and chose the
destination output folder that will contain the generated scripts. In the case of the Energy ADE
3.0, as shown in Figure 36, the process results with the generation of 59 new tables (and
several additional database objects). All new database objects are prefixed with a database
prefix. In the case of the Energy ADE 3.0, it is “ng3”.

27 https://en.wikipedia.org/wiki/Data definition language
28 hitps://3dcitydb-docs.readthedocs.io/en/release-v4.2.3/impexp/plugins/ade-manager.html
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W File View Help

Import Export VIS Export ADE Manager Table Export Database Preferences Console

13:18:40 INFO] Matched transformation rule applied. (Step: 707)

[
ADE Operations [13:18:40 INFO] Matched transformation rule applied. (Step: 708)
ADEID Name Description Version DB Prefix Creation Date “3:13:4? IHED) Macched :ransfczmar.%on tule apph,jd' (Seep: 70%)
[13:18:40 INFO] Matched transformation rule applied. (Step: 710)
[13:18:40 INFO] Matched transformation rule applied. (Step: 711)
[13:18:41 INFO] Matched transformation rule applied. (Step: 712
[13:18:41 INFO] Matched transformation rule applied. (Step: 713)
[13:18:41 INFO] Matched transformation rule applied. (Step: 714)
[13:18:41 INFO] Matched transformation rule applied. (Step: 715)
13:18:41 INFO] Matched transformation rule applied. (Step: 716)
Fetch ADEs Remove ADE Generate delete script Generate envelope script 13:18:41 INFO] Matched transformation rule applied. (Step: 717)

13:18:41 INFO] Matched transformation rule applied. (Step: 718)
13:18:41 INFO] Matched transformation rule applied. (Step: 719)
13:18:41 INFO] Matched transformation rule applied. (Step: 720)
13:18:41 INFO] Matched transformation rule applied. (Step: 721)
13:18:41 INFO] Matched transformation rule applied. (Step: 722)
13:18:41 INFO] Matched transformation rule applied. (Step: 723)
13:18:41 INFO] Matched transformation rule applied. (Step: 724)

ADE Registration

ADE extension package Browse

Register ADE

ADE Transformation 13:18:41 INFO] Matched transformation rule applied. (Step: 725)
13:18:41 INFO] Matched transformation rule applied. (Step: 726)
XML Schema (XSD) | D:\UML-ADE\xsd\Energy_ADE _3.0xsd Browse 13:18:41 INFO] Matched transformation rule applied. (Step: 727)

(

(

{

(

(

(

(

(

[
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(

(

[13:18:41 INFO] Matched transformation rule applied. (Step: 728)
Read XML Schema [13:18:41 INFO] Matched transformation rule applied. (Step: 729)

[13:18:41 INFO] Matched transformation rule applied. (Step: 730)

[13:18:41 INFO] Matched transformation rule applied. (Step: 731)

[13:18:41 INFO] Matched transformation rule applied. (Step: 732)

[13:18:41 INFO] Matched transf

[13:18:41 INFO] Matched trans

[13:18:41 INFO] Matched trans:

[13:18:41 INFO] Matched trans:

[13:18:41 INFO] Matched trans

[13:18:41 INFO] Matched trans:

(

(

[

[

XML Namespace Name (maximal 1000 characters)

http://www.citygml.org/ade/energy/3.0 Energy ADE

mation rule applied. (Step: 733)
mation rule applied. (Step: 734)
mation rule applied. (Step: 735)
mation rule applied. (Step: 73€)
mation rule applied. (Step: 737)
mation rule applied. (Step: 738)
13:18:41 INFO] Matched trans: mation rule applied. (Step: 739
13:18:42 INFO] Matched trans 'mation rule applied. (Step: 740
13:18:42 INFO] Matched transformation rule applied. (Step: 741)
13:18:42 INFO] Matched transformation rule applied. (Step: 742)
[13:18:42 INFO] Matched transformation rule applied. (Step: 743)
Layer 7 used time: 1535ms
Used time for graph transformation: 32151lms
[13:18:42 INFO] Generating SQL-DDL for the database schema...
13:18:42 INFO] 60 tables are created for Oracle.
13:18:43 INFO] €0 tables are created for PostgreSQL/PostGIS.
13:18:43 INFO] Generating 3DCityDB schema mapping file...
13:18:43 INFO] Transformation finished.

Description (maximum 4000 characters)

Automatic

Version (maximum 50 characters)
30

Database prefix (maximum 4 characters)
ng3
Initial object class ID (minimum value: 10000)

11000

Output folder = D:\UML-ADE\energy-ade3 Browse

Transform

Ready Database disconnected

Figure 36. Example of automatic generation of the DDL scripts for the Energy ADE 3.0 using the ADE Manager
plugin provided with the 3DCityDB Importer/Exporter.

7.5.2 Manual refinement

The DDL scripts generated in the previous step are already sufficient to set up the 3DCityDB
and support the Energy ADE 3.0. The installation procedure is briefly described in section 7.1.
Upon installation, the new ADE tables, constraints, sequences, indices, and function are
installed automatically.

The fully automatic mapping process comes however with few disadvantages. Two main types
of disadvantages are mentioned here:

1) Number of new tables. Depending on the underlying data models, the automatic mapping
rules may lead to the creation of many tables

2) Names of tables, columns, etc. The mapping rules take care of automatically converting
the names of elements in the XSD file (corresponding to names of classes, attributes and
relations in the UML diagram) to database objects. If needed, some names are
automatically trimmed to reduce their length for database portability reasons. The
resulting names of tables, columns, etc., may be however sometimes unclear.

Overcoming both types of shortcoming is possible but requires some additional manual
tuning. In the case of the Energy ADE 3.0, additional effort has been put into this optimisation
phase, so that, for example, the number of tables has been reduced from 59 to 29. At the same
time, all table and column names have been checked and renamed, if necessary. The resulting
DDL scripts have been adapted accordingly. Tests have been carried out in order to ensure that
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all other automatically generated objects (e.g. the delete and envelope functions) still work as
expected. For example, the automatic mapping of the Resources module generates 8 new
tables (NG3_RESOURCE_, NG3_CONSTRUCTIONMATERIAL, NG3_ENERGY, NG3_FOOD,
NG3_OTHERRESOURCE, NG3_URBANSPACE, NG3_WATER, NG3_WASTE), as shown in Figure
37.

B citydb2.cityobject

/4@ id: bigserial

B, objectclass_id: integer

ES gmlid: varchar{258)

ES gmlid_codespace: varchar{1000])
ES name: warchar{1000])

ES name_codespace: varchar{4000])
EE description: varchar[4000)

E2 envelope: public.geometry E citydb2.ng3_constructionmaterial
EE creation_date: timestamp with time zone

ES termination_date: timestamp with time zane

ES relative_to_terrain: varchar{256)

E5 relative_to_water: wvarchar(256)

ES last_modification_date: timestamp with time zone
EE updating_person: varchar{256)

ES reason_for_update: varchar{4000)

ES lineage: varchar(256) EE citydb2.ng3_energy

ES xml_source: text ¥ 2 id: bigint

[} E2 enduse: varchar{1000)

ES enduse_codespace: varchar{1000)
ES energycarrier: varchar{1000)

B3 energycarrier_codespace: varchar.,
ES maximumload: numeric

Eg maximumload_uom: warchar{1000)

/2 id: bigint

ES enduse: varchar{1000)

ES enduse_codespace: varchar{1000])
ES type: varchar{1000)

B type_codespace: varchar{1000) w

E citydb2.ng3_resource_

/2 id: bigint ES source: varchar[1000)

B, cityobject_resource_id: bigint ES source_codespace: varchar(1000)
B, objectclass_id: integer ES type: varchar{1000)

B, timedependentamount_id: bigint E type_codespace: varchar(1000])
EE amount: numeric

B amount_uem: wvarchar{1000] E citydb2.ng2_ food

E9 amounttype: varchar{1000) 4 id: bigint

EE amounttype_codespace: varchar(... = enduse: varchar[1000)

g coiequ!va:ent: numerc har{1000 “J__Jrflg enduse_codespace: varchar{1000)
ES coZequiva Ent_uom..varc arf{ ) = type: varchar(1000)

E costsmoney: numeric

EE costsmoney_ucom: varchar(1000)

EE isamountnormalized: numeric
EE normalizationparameter: wvarchar{... EE citydb2.ng3_othemresource
ES normalizationvalue: numeric 4o id: bigint

E type_codespace: varchar(1000]

2] normallizationvalue_uom: wvarchar{... = enduse: varchar(1000)
ES operationtype: varchar(1000] B enduse_codespace: varchar{1000)
EE operationtype_codespace: varcha.. B9 type: varchar[1000)

EE status: varchar{1000)
ES year: integer

ES yieldsmoney: numeric
EE yieldsmoney_uom: varchar{1000}y ES citydbl.ng3_urbanspace

42 id: bigint

E2 enduse: varchar{1000)

ES enduse_codespace: varchar{1000)
ES type: varchar{1000)

E type_codespace: varchar(1000])

B type_codespace: varchar{1000) w

EE citydbZ.ng3 water EE citydbZ.ng3 waste

/2 id: bigint 4 id: bigint

ES enduse: varchar(1000]) ES enduse: varchar{1000)

ES enduse_codespace: varchar{1000]) ES enduse_codespace: varchar{1000])
ES type: varchar{1000) ES isdangerous: numeric

B type_codespace: varchar{1000) w E5 isrecyclable: numeric

ES type: varchar{1000)
B9 type_codespace: varchar(1000)

Figure 37. Entity-Relationship diagram showing the results from the automatic mapping of the Energy ADE 3.0
Resources module (the linked table NG3_TIME_SERIES is here omitted for the sake of better readability).
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The manual refinement reduces the number to just one table (NG3_RESOURCE). Column
names have been slightly changed too. The result is shown in Figure 38.

E citydb.cityohject E2 citydb.ng3_resource

42 id: bigserial 2 id: bigint

E5 objectclass_id: integer B, objectclass_id: integer

25 gmlid: varchar{256) B, time_series_id: bigint

EE gmlid_codespace: varchar(1000) Ej cityobject_id: bigint

EE name: varchar{1000) ES type: varchar

EE name_codespace: varchar{4000) ES type_codespace: varchar

EB description: varchar(4000) ES enduse: warchar

EB envelope: public.geometry ot E2 enduse_codespace: varchar

EE creation_date: timestamp with time zone ES status: varchar

EE termination_date: timestamp with time zone ES operation_type: varchar

EE relative_to_terrain: varchar(256) ES operation_type_codespace: varchar
EE relative_to_water: varchar{256) ES year: integer

EB last_modification_date: timestamp with time zone E2 amount_type: varchar

EE updating_person: varchar{256) ES amount_type_codespace: varchar
EE reason_for_update: varchar(4000) E2 amount: numeric

EE lineage: varchar(256) ES amount_uom: varchar

EE xml_source: text v Eg is_amount_normalized: numeric

E=2 normalization_param: varchar

ES normalization_walue: numeric

E2 normalization_wvalue_vom: varchar
ES coZ_equivalent: numeric

ES coZ_equivalent_uom: varchar

EE costs_money: numeric

ES costs_money_uom: varchar

E2 yields_money: numeric

ES yields_money_uom: warchar

ES energy_carrier: varchar

ES energy_carrier_codespace: varchar
ES maximum_load: numeric

E2 maximum_load_uom: varchar

ES source: varchar

ES source_codespace: varchar

ES is_dangerous: numeric

ES is_recyclable: numeric k ]

Figure 38. Entity-Relationship diagram showing the results from the manual refined mapping of the Energy ADE
3.0 Resources module (the linked table NG3_TIME_SERIES is here omitted for better readability).

It is important to highlight that the database design rules adopted in the manual refinement
step and previously shown with the Resources module have been used several times:
wherever possible, multiple classes have been mapped to the same table, and the resulting
table contains the sum of all attributes of the corresponding classes. This means that,
depending on the class, some columns will be written while other may remain empty. This
design pattern is actually not new to the 3DCityDB. For example, all CityGML generic attributes
are mapped to only one table, namely the CITYOBJECT _GENERICATTRIB table. Despite the
disadvantage of some waste of storage space due to columns that may remain empty, the
advantages consist in less joins, less indices, less constraints, less stored procedures, and,
overall, in a more compact database structure. More details about the specific mapping
decisions will be provided in section 7.7.

7.6 From OO- to ER-model: General mapping rules

Regardless of the mapping strategies mentioned before (fully automatic or manually refined),
some overarching rules apply to the way the ADE classes are mapped to the 3DCityDB 4.x
schema. This section briefly introduces them as they are relevant in case a user wants to
interact directly with the database.

In general, and in line with the mapping rules adopted by the 3DCityDB for "standard" CityGML
tables, one or more ADE classes can be mapped to one single table. The name of the table is
identical to the class name in most of the cases; a leading underscore indicating an abstract
class is left out. Every ADE table is prefixed with the database prefix (e.g. “ng3” for the Energy
ADE 3.0). ADE classes may be combined into a single table according to the class relations. If
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this is the case, very often the respective table has a column named objectclass_id, which
contains a foreign key to table OBJECTCLASS where information about all classes (both
"standard" CityGML and ADE classes) is available.

When it comes to class properties, they are mapped to table columns with identical (or very
similar) names. For every attribute including measure information an additional "_uom"-
suffixed column is provided to specify the unit of measurement. For example, in the Energy
ADE 3.0, attributes of class ADE _BoundarySurface that are of type Length (e.g. thickness) or
Area (e.g. opaqueSurfaceArea), are mapped to columns thickness, thickness_uom,
opaque_surf_area and opaque_surf_area_uom, respectively. Properties of type gml:Code or
associated to a Codelist are mapped to two columns too. The first one contains the value of
the attribute, the second one has the same name, but is suffixed with "_codespace" and it is
meant to store the (optional) code space of that attribute.

Please note that in the following sections not all attributes of every single table will be
explained in detail, especially those for which the mapping is rather self-explanatory.

Depending on the ADE class of the Energy ADE 3.0, an easy classification of the respective set
of mapping rules can be done by looking at type of a class and its stereotype. In the Energy
ADE 3.0, three main stereotypes are used: «ADEElement», «featureType», and «dataType».
Classes belonging to other stereotypes (e.g. «enumeration», or «codelist») will be not
discussed here. In the UML diagrams, the stereotype is generally written above the name of
the class and between guillemots (i.e. «...»), as shown in the examples of Figure 39.

c)
afeatureType» «featureTyper
= Core:;_GityObject <}t CityObjectGroup::
CityObjectGroup
«ADE»
d) a) | b)
«featureTyper «ADEElement»
Core::EnergyPerformanceCertificate Core::_CityObject
e)
«dataType»

DataTypes:Suitability

Figure 39. UML diagram showing some classes, as well as their stereotype above the class name, written within
guillemots (i.e. « »).

7.6.1 Mapping of extended city objects

ADE classes that extend existing CityGML classes by means of the so-called ADE-hook
mechanism are easily recognizable because of the «ADEElement» stereotype written in the
UML diagram above their names. In Figure 39 an example is provided by the ADE _CityObject
class identified with letter a). These ADE classes are mapped to the database as follows:
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An additional table, prefixed with the database prefix, is joined to the existing table containing
the original class attributes. Save for the database prefix, the name of the table is the same as
the one it is linked to. For example: in the Energy ADE 3.0, the ADE _CityObject class is mapped
to table NG3_CITYOBJECT. The id column serves as primary key for table NG3_CITYOBJECT and,
at the same time, as foreign key to table CITYOBJECT

Properties with multiplicity higher than 1 (no matter whether simple or complex)
are generally mapped to external, linked tables. For example: In the Energy ADE 3.0,
the suitability property of class ADE _CityObject is mapped to the additional, linked
table NG3_SUITABILITY

Geometries are stored in their own columns in the same table (for example:
reference point of class ADE _CityObject), unless they contain multisurface or solid
geometry data. In this case, the usual 3DCityDB mapping rules apply: such
geometries are decomposed into polygons and stored in table
SURFACE_GEOMETRY. Further details can be found in the 3DCityDB online
documentation?®,

29

https://3dcitydb-docs.readthedocs.io/en/latest/3dcitydb/uml/geometry.html#citydb-geometric-topological-

model
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«featureType»
Core::_CityObject

+ b+ o+

creationDate: Date [0..1]

terminationDate: Date [0..1]

externalReference: ExternalReference [0..%]
relativeToTerrain: RelativeToTerrain [0..1]
relativeToWater: RelativeToWater [0..1]
genericAttribute: AbstractGenericAttribute [0..%]

1

«featureType»
Building::_BoundarySurface

+ lod2MultiSurface: GM_MultiSurface [0..1]
+ lod3MultiSurface: GM_MultiSurface [0..1]
+ lod4 MultiSurface: GM_MultiSurface [0..1]

T

«ADE»

«ADEElement»
Building Physics::_BoundarySurface

S S S T S R S S

bdgBdrySurfThickness: Length [0..1]
bdgBdrySurfTotalSurfaceArea: Area [0..1]
bdgBdrySurfOpaqueSurfaceArea: Area [0..1]
bdgBdrySurfOpeningToSurfaceRatio: Scale [0..1]
bdgBdrySurfHeatCapacity: Measure [0..1]
bdgBdrySurfisAdia batic: Boolean [0..1]
bdgBdrySurfAzimuth: Angle [0..1]
bdgBdrySurfinclination: Angle [0..1]
bdgBdrySurfGroundViewFactor: Scale [0..1]
bdgBdrySurfSkyViewFactor: Scale [0..1]

5 citydb.cityobject

£ id: bigserial
&) objectclass_id: integer

& gmlid: varchar(256)

& gmlid_codespace: varchar{1000)

& name: varchar(1000)

B3 name_codespace: varchar(4000)

B3 description: varchar{4000)

envelope: public.geometry

B3 creation_date: timestamp with time zone

g termination_date: timestamp with time zone
& relative_to_terrain: varchar(256)

& relative_to_water: varchar(256)

B last_modification_date: timestamp with time zone
& updating_person: varchar(256)

83 reason_for_update: varchar(4000)

8 lineage: varchar(256)

xml_source: text

£ citydb.thematic_surface

£ id: bigint

&) objectclass_id: integer

&) building_id: bigint

&) room_id: bigint

& building_installation_id: bigint

&) lod2_multi_surface_id: bigint

B lod3_multi_surface_id: bigint

&) lod4_multi_surface_id: bigint v

51 citydb.ng3_thematic_surface

£ id: bigint

E9 total_surf_area: numeric

£ total_surf_area_uom: varchar

B3 opaque_surf_area: numeric

B3 opaque_surf_area_uom: varchar
E3 open_to_surf_ratio: numeric

£ open_to_surf_ratio_uom: varchar
B thickness: numeric

B3 thickness_uom: varchar

B3 azimuth: numeric

B8 azimuth_uom: varchar

B inclination: numeric
inclination_uom: varchar

B3 ground_view_factor: numeric
ground_view_factor_uom: varchar
B3 sky_view_factor: numeric

8 sky_view_factor_uom: varchar
B8 is_adiabatic: numeric
heat_capacity: numeric

£ heat_capacity_uom: varchar v

Figure 40. Mapping example of CityGML class _BoundarySurface extended by means of the ADE-hook
mechanism. Please note the «ADEElement» stereotype written on top of the ADE class.

7.6.2 Mapping of new city objects derived from existing city objects

A new ADE class can be derived by means of specialization from an existing CityGML class
(itself derived from _CityObject). For such classes, the stereotype in the UML diagrams is
«featureType». In Figure 39 an example is provided by class UrbanFunctionArea, identified
with letter b), which further specializes CityGML class CityObjectGroup.
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The mapping rules for this type of classes are similar to those described in the previous section
7.6.1. All properties inherited from parent CityGML classes are mapped to the tables
corresponding to the parent CityGML class. The new attributes are stored in a new table,
prefixed with the database prefix, and linked to the last table of the parent class. For example,
in the Energy ADE 3.0, all inherited properties up to class CityObjectGroup are stored in tables
CITYOJBECT and CITYOBJECTGROUP. The properties of UrbanFunctionArea (type and code) are
stored in table NG3_URBAN_FUNCTION_AREA, as shown in Figure 41.

5 citydb.cityobject

£ id: bigserial

&) objectclass_id: integer

8 gmlid: varchar(256)

& gmlid_codespace: varchar(1000)

B3 name: varchar(1000)

B name_codespace: varchar(4000)

B3 description: varchar{4000)

g3 envelope: public.geometry

8 creation_date: timestamp with time zone
B termination_date: timestamp with time zone

ct:,f’eeattér;;gje;t B3 relative_to_terrain: varchar(256)
= 89 relative_to_water: varchar(256)
+ creationDate:Date [0..1] 8 last_modification_date: timestamp with time zone
+ terminationDate: Date[0..1) E8 updating_person: varchar(256)
+ externalReference: ExternalReference [0..*] &3 reason_for_update: varchar(4000)
+ relativeToTerrain: RelativeToTerrain [0..1] &8 lineage: varchar(256)
+ relativeToWater: RelativeToWater [0..1] &3 xml_source: text v
+ genericAttribute: AbstractGenericAttribute [0..%] [
Z% & citydb.cityobjectgroup
2 id: bigint
«featureType» &) objectclass_id: integer
CityObjectGroup:: &) brep_id: bigint
CityObjectGroup E§ parent_cityobject_id: bigint
+ class: GroupClass [0..1] & class: varchar(256)
+ function: GroupFunction [0..%) B3 class_codespace: varchar(4000)
+ usage: GroupUsage [0..*] £ function: varchar(1000)
+ geometry: GM_Object [0..1] £ function_codespace: varchar(4000

B3 usage: varchar{(1000)

B usage_codespace: varchar(4000)
g3 other_geom: public.geometry v
f

£ citydb.ng3_urban_function_area
£ id: bigint

B type: varchar

8 type_codespace: varchar

8 code: varchar

B code_codespace: varchar v

Figure 41. Mapping example of Energy ADE 3.0 class UrbanFunctionArea, derived from CityGML class
CityObjectGroup.

7.6.3 Mapping of new city objects

A new ADE class can be derived by means of specialization directly from the CityGML class
_CityObject. For such classes, the stereotype in the UML diagrams is «featureType». In Figure
39. An example is provided by class WeatherStation, identified with letter c).

The mapping rules for this type of classes follow the same rules as for any CityGML analogous
class derived from _CityObject. Starting from table CITYOBJECT, additional attributes are
stored, if available, in additional linked tables. In the case of ADE classes, the tables are prefixed
with the database prefix. Geometries are stored either inline in the same table or, in case of
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solids and multisurface geometries, in table SURFACE_GEOMETRY and then referenced by
means of foreign keys.

For example, in case of the Energy ADE 3.0, classes MaterialLibrary and WeatherStation fall
within this set of mapping rules: class MaterialLibrary is mapped to tables CITYOBJECT +
NG3_LIBRARY, while for class WeatherStation only table CITYOBJECT is required. Figure 42
shows how class MaterialLibrary is mapped to the corresponding tables.

& citydb.cityobject

£ id: bigserial

BR objectclass_id: integer

E3 gmlid: varchar(256)
«featureType» E3 gmlid_codespace: varchar(1000)
Core::_CityObject E8 name: varchar(1000)

E8 name_codespace: varchar(4000)

+ creationDate: Date [0..1) -
H har{4
+ terminationDate: Date [0..1] g ::i::lpt:n u::ir: :;(m::)o)
+ externalReference: ExternalReference [0..*] X P ‘dp . ‘.g i ith ti
+ relativeToTerrain: RelativeToTerrain [0..1] 8 creaFm"_— ate: t'me_smmpw" F'me_ zone
+ relativeToWater: RelativeToWater [0..1] E3 termination_date: timestamp with time zone
+ genericAttribute: AbstractGenericAttribute [0..*] & relative_to_terrain: varchar(256)
E8 relative_to_water: varchar(256)
E8 last_modification_date: timestamp with time zone
ES updating_person: varchar(256)

ES reason_for_update: varchar(4000)

«featureTvpta» E lineage: varchar(256)
Core::Abstractlibrary B xml_source: text A

+ type:Code [0..1]
+ source: CharacterString [0..1]
+ author:CharacterString [0..1]

5 citydb.ng3_library

& id: bigint

£g objectclass_id: integer

E8 type: varchar

83 type_codespace: varchar

E2 author: varchar

B3 source: varchar v

Figure 42. Mapping example of Energy ADE 3.0 class MaterialLibrary.

7.6.4 Mapping of features

New ADE classes can be derived by specialisation directly from GML abstract base class
_Feature. In this case, such classes do not inherit any properties from CityGML class
_CityObject, as they are derived from its parent class instead. In Figure 39 an example is
provided by the class EnergyPerformanceCertificate, identified with letter d).

The mapping rules for this type of classes are similar to those described in the previous section
7.6.4. All properties inherited from parent _Feature class are mapped to table CITYOBJECT.
However, as a result of not being a subclass of _CityObject, some fields in table CITYOBJECT
remain unused. The specific class properties are stored in a new table, prefixed with the
database prefix, and linked to CITYOBJECT. For example: In the Energy ADE 3.0, class
EnergyPerformanceCertificate is mapped to tables CITYOJBECT + NG3_ENERGY_PERF_CERT, as
shown in Figure 43.

80



CityGML Energy ADE 3.0 specifications

B citydb.cityobject

& id: bigserial

&) objectclass_id: integer

& gmlid: varchar{256)

g gmlid_codespace: varchar{1000)
& name: varchar{1000)

& name_codespace: varchar(4000)
g description: varchar(4000)

_Feature g3 last_modification_date: timestamp with time zone
«featureTypen B8 updating_person: varchar(256)
Core::EnergyPerformanceCertificate & reason_for_update: varchar(4000)
g8 lineage: varchar(256)

type: EnergyPerformanceCertificateTypeValue
label: CharacterString

value: Measure [0..1]

issueDate: Date [0..1]

expirationDate: Date [0..1]

certificationMethod: CharacterString [0..1] = citydb.ng3_refurbishment_measure
certificationURI: URI [0..1] . —
2 id: bigint
£ building_id: bigint
&g building_partition_id: bigint
B type: varchar
B3 type_codespace: varchar
B3 start_date: date
B3 end_date: date
B3 library_code: varchar
B3 library_code_codespace: varchar v

B8 xml_source: text v

+ o+ + o+ o+ 4+

Figure 43. Mapping example of Energy ADE 3.0 class EnergyPerformanceCertificate. Please note that not all fields
of table CITYOBJECT are used, as class EnergyPerformanceCertificate is derived from GML class _Feature, but not
from CityGML class _CityObject.

7.6.5 Mapping of data types

An example of a class belonging to stereotype «dataType» is presented in Figure 39 and
identified with letter e). In the Energy ADE 3.0 only few classes belong to this group, namely
those derived from classes AbstractQualifiedAttribute, AbstractOpticalProperty, and class
Suitability. In each case, they are mapped to the respective tables:
NG3_QUALIFIED_ATTRIBUTE, NG3_OPTICAL_PROPERTY, and NG3_SUITABILITY. Each table has
its own sequence, and some fields are used for foreign keys to the respective parent objects.
Examples are provided in Figure 44.

«dataType»
DataTypes::Emissivity

+ surface: SurfaceSide

&1 citydb.ng3_optical_property

£ id: bigserial
«dataType» «dataType» B objectclass_id: inseger B
DataTypes:: < DataTypes::Reflectance & layered_construction_id: bigint

AbstractOpticalProperty D BT g3 fraction: numeric

+ fraction:Scale + wavelengthRange: WavelengthRange & fraction_uom: varchar

B surface: varchar
B wavelength_range: varchar v

«dataType»
e DataTypes:Transmittance

+ wavelengthRange: WavelengthRange

Figure 44. Mapping example of Energy ADE 3.0 classes belonging to stereotype «dataType». Class
AbstractOpticalProperty and all its subclasses are mapped to table NG3_OPTICAL_PROPERTY.
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7.6.6 Energy ADE 3.0 mapping overview

Table 4 presents the overview of the mapping for all Energy ADE 3.0 modules and classes.
Information is provided about the tables (and, if required, the ancillary/associated tables)
needed to store each class properties. Finally, for each class, the specific delete and envelope
functions are provided. The former can be used to delete an object (or a set thereof) belonging
to that class by means of SQL queries, the latter can be used to compute the 3D bounding bpx
of a certain feature and to optionally update the envelope field in the CITYOBJECT table in
order to speed up bounding-box based spatial queries. More details about delete functions
are provided in the next section 7.6.7.

Specific mapping details are provided in section 7.7, in which a colour coding is adopted: in
the UML diagrams, class(es) mapped to a table are highlighted using an orange background
and writing the name of the corresponding table in red. Associations tables, generally needed
to represent many-to-many relations, are depicted using green boxes.
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Table 4. General overview of Energy ADE 3.0 classes, their mapping to tables, and the corresponding delete functions.

Package Class name Tables Associated table(s) Delete function Envelope function
DataTypes AbstractOpticalProperty NG3_OPTICAL_PROPERTY del_ng3_optical_property(...)
DataTypes Emissivity NG3_OPTICAL_PROPERTY del_ng3_optical_property(...)
DataTypes Transmittance NG3_OPTICAL_PROPERTY del_ng3_optical_property(...)
DataTypes Reflectance NG3_OPTICAL_PROPERTY del_ng3_optical_property(...)
DataTypes AbstractQualifiedAttribute NG3_QUALIFIED_ATTRIBUTE del_ng3_qualified_attribute(...)
DataTypes QualifiedHeight NG3_QUALIFIED_ATTRIBUTE del_ng3_qualified_attribute(...)
DataTypes QualifiedArea NG3_QUALIFIED_ATTRIBUTE del_ng3_qualified_attribute(...)
DataTypes QualifiedVolume NG3_QUALIFIED_ATTRIBUTE del_ng3_qualified_attribute(...)
DataTypes Suitability NG3_SUITABILITY del_ng3_suitability(...)
. . del_ng3_cityobject(...): only ADE data T
Core ADE _CityObject (CITYOBJECT) + NG3_CITYOBJECT del_cityobject(....): whole object env_cityobject(...)
_— (CITYOBJECT + BUILDING) + del_ng3_cityobject(...): only ADE data -
Core ADE _AbstractBuilding NG3_BUILDING NG3_QUALIFIED_ATTRIBUTE del_building(...): whole object env_building(...)
Core WeatherData CITYOBJECT + NG3_WEATHER_DATA del_ng3_weather_data(...) env_ng3_weather_data(...)
. CITYOBJECT + .
Core AbstractLayeredConstruction NG3_LAYERED_CONSTRUCTION del_ng3_layered_construction(...)
Core AbstractDevice CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)
Core AbstractResource CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)
- . CITYOBJECT + .
Core UtilityNetworkConnection NG3_UTL_NTW_CONNECTION del_ng3_utl_ntw_connection(...)
Core CityObjectRelation NG3_CTYOBJ_RELATION del_ng3_cty_obj_relation(...)
. . CITYOBJECT + . .

Core DeviceOperation NG3_DEVICE_OPERATION del_ng3_device_operation(...)

- . CITYOBJECT +|NG3_QUALIFIED_ATTRIBUTE, _— " - -
Core AbstractBuildingPartition NG3_BUILDING._PARTITION SURFACE_GEOMETRY del_ng3_building_partition(...) env_ng3_building_partition(...)

- . CITYOBJECT + - " - -
Core AbstractBuildingUnit NG3_BUILDING_PARTITION del_ng3_building_partition(...) env_ng3_building_partition(...)

CITYOBJECT + - " - -
Core AbstractUsageZone NG3_BUILDING._PARTITION del_ng3_building_partition(...) env_ng3_building_partition(...)
CITYOBJECT + - " - -,
Core AbstractUsageZone NG3_BUILDING_PARTITION del_ng3_building_partition(...) env_ng3_building_partition(...)
e CITYOBJECT +
Core EnergyPerformanceCertificate NG3_ENERGY PERF_CERT del_ng3_energy_perf_cert(...)
. CITYOBJECT + .

Core RefurbishmentMeasure NG3_REFURBISHMENT MEASURE del_ng3_refurbishment_measure(...)
Core AbstractLibrary CITYOBJECT + NG3_LIBRARY del_ng3_library(...) env_ng3_library(...)
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Package Class name Tables Associated table(s) Delete function Envelope function

Resources Energy CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Resources Water CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Resources Waste CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Resources Food CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Resources ConstructionMaterial CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Resources OtherResource CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Resources UrbanSpace CITYOBJECT + NG3_RESOURCE del_ng3_resource(...)

Building CITYOBJECT + . i

Physics ThermalZone NG3_BUILDING_PARTITION del_ng3_building_partition(...)

Suildin (CITYOBJECT + /(-i\z[a)lgndg:t);thematlc_surface(...): only

Ph sicg ADE _BoundarySurface THEMATIC_SURFACE) + del_thematic_surface(...):whole env_thematic_surface(...

y NG3_THEMATIC_SURFACE objgct - T

Building CITYOBJECT + THEMATIC_SURFACE | NG3_THEM_SURF_TO_THER |del_ng3_thematic_surface(...): only .

Physics PartyWallSurface + NG3_THEMATIC_SURFACE MAL_ZONE ADE data onv_thematic_surface(..

Building IntermediateFloorSurface CITYOBJECT + THEMATIC_SURFACE | NG3_THEM_SURF_TO_THER | del_thematic_surface(...):whole env_thematic._surface(

Physics + NG3_THEMATIC_SURFACE MAL_ZONE object - —

Building BasementCeilinaSurface CITYOBJECT + THEMATIC_SURFACE | NG3_THEM_SURF_TO_THER |del_ng3_thematic_surface(...): only env_thematic._surface(

Physics g + NG3_THEMATIC_SURFACE MAL_ZONE ADE data - ~

Building AtticFloorSurface CITYOBJECT + THEMATIC_SURFACE | NG3_THEM_SURF_TO_THER | del_thematic_surface(...):whole env_thematic_surface(

Physics + NG3_THEMATIC_SURFACE MAL_ZONE object - ~

Building . (CITYOBJECT + OPENING) + del_ng3_opening(...): only ADE data .

Physics ADE _Opening NG3_OPENING del_opening(...): whole object env_opening(...)

CITYOBJECT + . - - "

Occupancy UsageZone NG3_BUILDING_PARTITION del_ng3_building_partition(...) env_ng3_building_partition(...)
- . CITYOBJECT +| NG3_ADDRESS_TO_BUILDIN o i - "

Occupancy BuildingUnit NG3_BUILDING_PARTITION G_UNIT del_ng3_building_partition(...) env_ng3_building_partition(...)

Occupancy Occupants CITYOBJECT + NG3_OCCUPANTS del_ng3_occupants(...)

Devices HeatPump CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)

Devices Boiler CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)

Devices LightingDevice CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)

Devices GenericDevice CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)

Devices GenericElectricalDevice CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)

Devices MovableShadingDevice CITYOBJECT + NG3_DEVICE del_ng3_device(...) env_ng3_device(...)

. . CITYOBJECT + NG3_DEVICE + . .
Devices ThermalStorageDevice NG3_STORAGE_DEVICE del_ng3_storage_device(...) env_ng3_device(...)
Devices ElectricalStorageDevice CITYOBJECT + NG3 DEVICE  + del_ng3_storage_device(...) env_ng3_device(...)

NG3_STORAGE_DEVICE
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Package Class name Tables Associated table(s) Delete function Envelope function
. CITYOBJECT + NG3_DEVICE + .
Devices AbstractSolarCollector NG3_SOLAR_COLLECTOR SURFACE_GEOMETRY del_ng3_solar_collector(...) env_ng3_device(...)
. . CITYOBJECT + NG3_DEVICE + .
Devices GenericSolarCollector NG3_SOLAR_COLLECTOR del_ng3_solar_collector(...) env_ng3_device(...)
. CITYOBJECT + NG3_DEVICE + .
Devices SolarThermalCollector NG3_SOLAR_COLLECTOR del_ng3_solar_collector(...) env_ng3_device(...)
. . CITYOBJECT + NG3_DEVICE + .
Devices PhotovoltaicCollector NG3_SOLAR_COLLECTOR del_ng3_solar_collector(...) env_ng3_device(...)
. . CITYOBJECT + NG3_DEVICE + .
Devices PhotovoltaicThermalCollector NG3_SOLAR_COLLECTOR del_ng3_solar_collector(...) env_ng3_device(...)
Urban . CITYOBJECT + CITYOBJECTGROUP + . .
Function Area UrbanFunctionArea NG3_URBAN_FUNCTION_AREA del_ng3_urban_function_area(...) env_cityobjectgroup(...)
\Q{gzt)hner WeatherStation CITYOBJECT del_ng3_cityobject(...) env_cityobject(...)
Layered . CITYOBJECT + .
Construction LayeredConstruction NG3_LAYERED_CONSTRUCTION NG3_OPTICAL_PROPERTY del_ng3_layered_construction(...)
Layered . CITYOBJECT + .
Construction ReverseLayeredConstruction NG3_LAYERED_CONSTRUCTION del_ng3_layered_construction(...)
Layered
Construction Layer CITYOBJECT + NG3_LAYER del_ng3_layer(...)
Layered . .
. AbstractMaterial CITYOBJECT + NG3_MATERIAL del_ng3_material(...)
Construction
Layered — fgoq CITYOBJECT + NG3_MATERIAL del_ng3_material(...)
Construction
Layered . . .
. SolidMaterial CITYOBJECT + NG3_MATERIAL del_ng3_material(...)
Construction
Layered MaterialLibrary CITYOBJECT + NG3_LIBRARY del_ng3._library(...) env_ng3._library(...)
Construction — _ng3_| _ng3_
(L:f‘)‘r’]esrt‘:gcﬁon LayeredConstructionLibrary | CITYOBJECT + NG3_LIBRARY del_ng3._library(...) env_ng3._library(...)
Schedule AbstractSchedule CITYOBJECT + NG3_SCHEDULE del_ng3_schedule(...)
Schedule AtomicSchedule CITYOBJECT + NG3_SCHEDULE del_ng3_schedule(...)
Schedule DualSchedule CITYOBJECT + NG3_SCHEDULE del_ng3_schedule(...)
Schedule CompositeSchedule CITYOBJECT + NG3_SCHEDULE del_ng3_schedule(...)
CITYOBJECT +
Schedule ScheduleComponent NG3_SCHEDULE_COMPONENT del_ng3_schedule_component(...)
Schedule ScheduleLibrary CITYOBJECT + NG3_LIBRARY del_ng3_library(...) env_ng3_library(...)
Time Series | AbstractTimeSeries CITYOBJECT + NG3_TIME_SERIES del_ng3_time_series(...)
Time Series | RegularTimeSeries CITYOBJECT + NG3_TIME_SERIES del_ng3_time_series(...)
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Package Class name Tables Associated table(s) Delete function Envelope function
Time Series | RegularTimeSeriesFile CITYOBJECT + NG3_TIME_SERIES del_ng3_time_series(...)
Time Series | DefaultValuesTimeSeries CITYOBJECT + NG3_TIME_SERIES del_ng3_time_series(...)
Time Series | DefaultValuesTimeSeriesFile | CITYOBJECT + NG3_TIME_SERIES del_ng3_time_series(...)
Time Series | SensorConnection CITYOBJECT + NG3_TIME_SERIES del_ng3_time_series(...)
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7.6.7 Energy ADE 3.0 delete functions

In order to tackle the complexity of deleting database objects that may be written in many linked
tables, 3DCityDB is shipped with a series of stored procedures that simplify the process®°. Each
3DCityDB schema comes with its own set of functions. In the case of PostgreSQL/PostGIS, all delete
functions are written in PL/pgSQL and are prefixed with "del_". For each class, there are generally
two homonymous functions that differ only in terms of input signature: a single object id, or an
arrays of ids. In either case the function will take care of deleting the selected object(s) and all its
dependent data automatically.

Just like in the "standard" 3DCityDB, delete functions are generated and added to a database schema
upon installation of an ADE. The underlying logic and the purpose is the same, the only difference is
that all ADE functions contain the database prefix in their names. Table 4 presents, for each class,
the specific delete function. Please note that, for all classes having data stored in/starting from table
CITYOBJECT, the generic delete function del_cityobject(...) can be used too. As shown in Listing 3,
objects can be deleted in different ways, therefore only some examples are provided.

-- Delete a qualified attribute using the id

SELECT citydb.del_ng3_optical_property(id) FROM citydb.ng3_optical_property WHERE id=33;

-- Delete all grossFloorArea attributes belonging to buildings

SELECT citydb.del_ng3_optical_property(id) FROM citydb.ng3_optical_property WHERE type="grossFloorArea' AND building_id IS NOT
NULL;

-- Delete an EnergyPerformanceCertificate object using the id

SELECT citydb.del_ng3_energy_perf_cert(id) FROM citydb.ng3_energy_perf_cert WHERE id=47;
SELECT citydb.del_ng3_energy_perf_cert(id) FROM citydb.cityobject WHERE id=47;

-- Delete an EnergyPerformanceCertificate object using the generic delete function del_cityobject(...)
SELECT citydb.del_cityobject(id) FROM citydb.cityobject WHERE id=47;

-- Delete a MaterialLibrary object (and all children objects) using the id

SELECT citydb.del_ng3_library(id) FROM citydb.ng3_library WHERE id=3;

SELECT citydb.del_ng3_library(id) FROM citydb.cityobject WHERE id=3;

-- Delete a MaterialLibrary object (and all children objects) using the gmlid

SELECT citydb.del_ng3_library(id) FROM citydb.cityobject WHERE gmlid="id_material_library_1";
-- Delete a MaterialLibrary object using the generic delete function del_cityobject(...)

SELECT citydb.del_cityobject(id) FROM citydb.cityobject WHERE id=3;

SELECT citydb.del_cityobject(id) FROM citydb.cityobject WHERE gmlid="id_material_library_1';

-- Delete a UrbanFunctionArea object using the id

SELECT citydb.del_ng3_urban_function_area(id) FROM citydb.ng3_urban_function_area WHERE id=112;
SELECT citydb.del_ng3_urban_function_area(id) FROM citydb.cityobject WHERE id=112;

SELECT citydb.del_cityobject(id) FROM citydb.cityobject WHERE id=112;

-- Optionally, clean up global appearances

SELECT citydb.cleanup_appearances();

-- Delete a ThermalZone object object (and all children objects) using the id

SELECT citydb.del_ng3_building_partition(id) FROM citydb.ng3_building_partition WHERE id=98;
SELECT citydb.del_ng3_building_partition(id) FROM citydb.cityobject WHERE id=98;

SELECT citydb.del_cityobject(id) FROM citydb.cityobject WHERE id=98;

-- Optionally, clean up global appearances

SELECT citydb.cleanup_appearances();

-- Delete all ADE attributes of a thematic surface using the id
SELECT citydb.del_ng3_thematic_surface(id) FROM citydb.ng3_thematic_surface WHERE id=233;

Listing 3. Example of SQL queries to delete objects stored in the 3DCityDB.

30 https://3dcitydb-docs.readthedocs.io/en/latest/3dcitydb/sproc/citydb-delete.html
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7.6.8 Energy ADE 3.0 envelope functions

In order to compute the maximum 3D bounding box of any of the objects stored in table CITYOBJECT
(i.e. all classes derived from _CityObject and the ADE classes derived from _Feature), the 3DCityDB
is shipped with a series of stored procedures that simplify the process3'. Each 3DCityDB schema
comes with its own set of functions. In the case of PostgreSQL/PostGlIS, all envelope functions are
written in PL/pgSQL and are prefixed with "env_". For each class, there is a function that requires as
input the id of the object. Additionally, the envelope column of table CITYOBJECT can be
written/updated in order to allow for faster, bounding-box-based spatial queries.

Just like in the "standard" 3DCityDB, envelope functions are generated and added to a database
schema upon installation of an ADE. The underlying logic and the purpose is the same, the only
difference is that all ADE functions contain the database prefix in their names. Table 4 presents the
envelope functions associated to each city object or feature object. Please note that, for all classes
having data stored in/starting from table CITYOBJECT, the generic envelope function
env_cityobject(...) can be used too. As shown in Listing 4, the envelope can be computed in different
ways, therefore only some examples are provided.

-- Compute the 3D bounding box of building openings

SELECT citydb.env_opening(id) FROM citydb.opening;

-- Compute the 3D bounding box of building openings and update the envelope column of table CITYOBJECT
-- Please note the additional input parameter

SELECT citydb.env_opening(id, 1) FROM citydb.opening;

-- Same as hefore, but using the generic envelope function

SELECT citydb.env_cityobject(id, 1) FROM citydb.opening;

-- Compute the 3D bounding box of building thematic surfaces

SELECT citydb.env_thematic_surface(id) FROM citydb.thematic_surface;

-- Compute the 3D bounding box of building thematic surfaces and update table CITYOBJECT
-- Will take care of the children building openings too

SELECT citydb.env_cityobject(id, 1) FROM citydb.thematic_surface;

-- Compute the 3D bounding box of UsageZone objects

WITH o AS (SELECT id FROM citydb.objectclass WHERE classname='UsageZone')

SELECT citydb.env_ng3_building_partition(bp.id, 1) FROM citydb.ng3_building_partition AS bp JOIN o ON (bp.objectclass_id = o.id);
-- Compute the 3D bounding box of ThermalZone objects and update table CITYOBJECT

-- Will take care of the children building thematic surfaces, openings too

WITH o AS (SELECT id FROM citydb.objectclass WHERE classname="ThermalZone')

SELECT citydb.env_ng3_building_partition(bp.id, 1) FROM citydb.ng3_building_partition AS bp JOIN o ON (bp.objectclass_id = o.id);
-- Compute the 3D bounding box of all building partition objects

SELECT citydb.env_ng3_building_partition(id) FROM citydb.ng3_building_partition;

-- Compute the 3D bounding box of all building partition objects and update table CITYOBJECT

SELECT citydb.env_cityobject(id) FROM citydb.ng3_building_partition;

-- Compute the 3D bounding box of Device objects
SELECT citydb.env_ng3_device(id, 1) FROM citydb.ng3_device;

-- Compute the 3D bounding box of Building(Part) objects
-- Will also take care of all children
SELECT citydb.env_building(id, 1) FROM citydb.building;

-- Compute the 3D bounding box of UrbanFunctionArea objects
SELECT citydb.env_cityobjectgroup(id, 1) FROM citydb.ng3_urban_function_area;

Listing 4. Example of SQL queries to compute the 3d bounding box of different objects in the 3DCityDB.

31 https://3dcitydb-docs.readthedocs.io/en/latest/3dcitydb/sproc/citydb-envelope.html
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7.7 From OO- to ER-model: Mapping details

This section provides further details on the mapping between the Object-Oriented model, depicted
using UML diagrams, and the database implementation of the Energy ADE 3.0, depicted using typical
Entity-Relationship diagrams. For each module, the mapping is also presented graphically in the UML
diagrams. identify the class(es) mapped to the same table, and the table name is
provided too. Light green "boxes" are used to identify many-to-many relations that are mapped to
an association table. Finally, some examples are provided with data stored in the 3DCityDB. The data
shown comes from the Alderaan dataset described before. Data has been imported into the
3DCityDB (extended with the Energy ADE 3.0 tables) using the FME workbench described in section
8.

BEWARE: It is important to remark that the dataset used for the examples presented in the following
section have been created only for testing purposes. Therefore, some parameters may have no real
physical meaning, or could simply be unrealistic. Nevertheless, the purpose is to provide examples
of objects of nearly every class and every attribute of the Energy ADE 3.0.

7.7.1 Time series module

Following the mapping rules described in section 7.6.4, and as depicted in Figure 45, all classes of
the Time series module are grouped together and mapped to one single target table:
NG3_TIME_SERIES. All attributes up to class _Feature are written to table CITYOBJECT. Then all
attributes from class AbstractTimeSeries are written to table NG3_TIME_SERIES. This means that,
depending on the specific class, some columns will be written, while others may remain empty.
Figure 46 depicts the resulting ER-model.
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«featureType»
Core::AbstractTimeSeries

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

A NG3_TIME_SERIES

«featureType»

«featureType»
TypicalValuesTimeSeries

RegularTimeSeries

startTime: TM_ClockTime [0..1]
startDay: Integer [0..1]

startMonth: Integer [0..1]
temporalExtent: TM_IntervalLength
timelnterval: TM_IntervalLength
valuesList: MeasurelList

+ temporalExtent: TM_Period
+ timelnterval: TM_IntervalLength
+ valueslList: MeasurelList

+ + + + + +

«featureType»
RegularTimeSeriesFile

«featureType»
TypicalValuesTimeSeriesFile

uom: UnitOfMeasure

fileURI: URI

temporalExtent: TM_Period
timelnterval: TM_IntervalLength
numberOfHeaderLines: Integer [0..1] =0

startTime: TM_ClockTime [0..1]
startDay: Integer [0..1]
startMonth: Integer [0..1]
uom: UnitOfMeasure

fileURI: URI

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

+ 4+ o+ + + o+ o+ o+

temporalExtent: TM_IntervalLength
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+ F F o+ A+ o+ o+ o+

«featureType»
SensorConnection

temporalExtent: TM_IntervallLength
connectionType: SensorConnectionTypeValue
observationProperty: CharacterString

uom: UnitOfMeasure [0..1]

sensorlD: CharacterString [0..1]

sensorName: CharacterString [0..1]
observationID: CharacterString [0..1]
datastreamlID: CharacterString [0..1]
baseURL: URI [0..1]

authType: AuthenticationTypeValue [0..1]
mgqttServer: CharacterString [0..1]

maqttTopic: CharacterString [0..1]
linkToObservation: CharacterString [0..1]
linkToSensorDescription: CharacterString [0..1]

P T S S T S S S S S S

Figure 45. Graphical representation of the O0-to-ER-model mapping of the Energy ADE 3.0 Time series module.
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E2 citydb.cityobject E2 citydb.ng3_time_series

& id: bigserial & id: bigint

51 objectclass_id: integer B objectclass_id: integer

£ gmlid: warchar{256) ES acquisition_method: varchar

2 gmlid_codespace: varchar{1000]) ES acquisition_method_codespace: varchar
E2 name: varchar{1000]) E2 interpolation_type: warchar

E2 name_codespace: varchar{4000) ES source: varchar

E5 description: varchar{4000) ES period_begin: timestamp with time zone
2 envelope: public.geometry ot E2 period_end: timestamp with time zone
ES creation_date: timestamp with time zane ES start_time: time without time zone

E2 termination_date: timestamp with time zone ES start_day: integer

B2 relative_to_terrain: varchar(256) ES start_month: integer

B9 relative_to_water: varchar(256) ES temporal_extent: numeric

Eg last_medification_date: timestamp with time zene Eg temporal_extent_unit: warchar

E5 updating_person: varchar(256) ES time_interval: numeric

B9 reason_for_update: varchar{4000) ES time_interval_unit: warchar

E5 lineage: varchar(256) E values_list: text

B xml_source: text ¥ E values_list_uom: varchar

ES uom: warchar

ES file_uriz warchar

E2 num_of header_lines: integer

ES field_separator: varchar

ES record_separator: warchar

E value_celumn_number: integer

E decimal_symbol: varchar

ES auth_type: warchar

E2 auth_type_codespace: varchar

E2 base_url: varchar

ES connection_type: warchar

E2 connection_type_codespace: varchar
ES datastream_id: varchar

E= link_to_observation: wvarchar

Ed link_te_sensor_description: warchar
E3 maqtt_server: varchar

ES maqtt_topic: warchar

ES cbservation_id: warchar

ES observation_property: varchar

E sensor_id: warchar

E sensor_name: varchar ¥

Figure 46. ER-model of the Energy ADE 3.0 Time series module.

Using the data of dataset Alderaan_Energy_ADE_AIll.gml and the SQL query in Listing 5, some time
series data are extracted from the 3DCityDB and shown in Figure 47. The resulting table is split over
multiple lines due to its width.

-- Extract examples of time series data, one for each class of Time series module

WITH co AS (
SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = o.id) WHERE o.classname IN ('RegularTimeSeries', 'RegularTimeSeriesFile', 'TypicalValuesTimeSeries',

"TypicalValuesTimeSeriesFile', 'SensorConnection')

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
ts.* FROM citydb.ng3_time_series AS ts JOIN co ON (ts.id = co.id)
ORDER BY co.classname, co.id;

Listing 5. Example of SQL query to extract time series data from the database.
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} 11021  RegularTimeSeries id_regular_time_series_1 [nuin RegularTimeSeries 1 [
| 767 11022 RegularTimeSeriesFile id_regular_time_series_file_1 [nuin RegularTimeSeriesFile 1 [
| 769 11025  SensorConnection id_sensor_connection_1 [ SensorConnection 1 [
| 758 11023  TypicalValuesTimeSeries id_default_values_time_series_6 [nuin DefaultValuesTimeSeries 6 [nuin]
| 11024 TypicalValuesTimeSeriesFile  id_typical_values_time_series_file_2  [null] TypicalValuesTimeSeriesFile 2 [null]

This is RegularTimeSeries 1 11021
This is a RegularTimeSeriesFile 1 767 11022
This is a SensorConnection 1 769 11025
This is DefaultValuesTimeSeries 6 758 11023
This is a TypicalValuesTimeSeriesFile 2 11024

simulation codespace_2 averagelnSucceedinginterval source_] 2011-071-01 00:00:00+01  2072-01-07 00:00:00+01
simulation simulation_codespace averagelnSucceedinginterval  source_1 2077-07-01 00:00:00+07  2072-07-07 00:00:00+01
measurement measurement_codespace averagelnSucceedinglnterval  source_1 [null] [null]
calibratedSimulation  codespace_22 discontinuous source_22 [} [run]
simulation simulation_codespace averagelnSucceedinglnterval  source_2 [nulr] [nulr]

[ [mun] [nui [mun]
[nul [null] [nuil [nuil]
[null] [nuil [nul 1
[nul] [nun] [nui 1
00:00:00

[l 0.083 567101518192018 .  Degrees Celsius  [null]
[nu] 1  day [nui] [nui] kWh/(m2*day)
year [null  [num [nun] [nuimn units
day 1 hour 1234567891011 1..  unit ]
[nun} [nui] Scale

[nul]
J/giorgio/results_irradiation.csv
[nun]
[nul]

J/giorgio/results_cloudiness.c..

[nuil]l ~ [null] [nul] [nuin]

0, : 5
[muil]  [rui] [nun] [nuin
[nuil] ~ [null] [nul] [nuin]

! [nun [nun] [muil] [nun] [nutl] [nuil] [null] [nui

| [nwill] [nu] [nual] [null] [nuin [nwi] [nuin

| [ auth type auth_type_codespa..  baseurl connection type  conn-type_codespace datastream_id  ling to cbservation
| [ [nwill] [nu] [nual] [null] [nuin [nwi] [nuin

| [nun] [muil] [nun] [nutl] [nuil] [null] [nuii

[nui [null] [nulr] [nuin]

[ [ui] [l [nwi]

observation_id observation proper..  sensor_id Sensor name

[l | [null] [nui]

[nul [null] [null] [null]

Figure 47. Example of time series data in the 3DCityDB.

[null] [nuil] [nun]
[nun] [ [
link to sensor description  matt server matt topic
[nun] [ [
[null] [nuil] [nun]
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7.7.2 Schedules module

In the Schedule module, different mapping rules are applied. Following the rules in section 7.6.3,
class Schedulelibrary is mapped to target table NG3_LIBRARY. All attributes up to class _CityObject
are written to table CITYOBJECT, then all attributes from class AbstractLibrary are written to table
NG3_LIBRARY.

When it comes to the classes derived from class AbstractSchedule, the mapping rules of section 7.6.4
apply. All classes are grouped together and mapped to one single target table: NG3_SCHEDULE. All
attributes up to class _Feature are written to table CITYOBJECT. Then, all attributes from class
AbstractSchedule are written to table NG3_SCHEDULE. This means that, depending on the specific
class, some columns will be written, while others may remain empty.

The relation to the ScheduleLibrary is provided by the foreign key in column library_id. In the case
of the AtomicSchedule, the optional relation to the AbstractTimeSeries data is provided by the
foreign key in column time_series id. Alternatively, column constant value and
constant_value_uom must be used to store the constantValue.

The same mapping rules of AbstractSchedule apply also to class ScheduleComponent: all attributes
up to class _Feature are written to table CITYOBJECT. Then, all attributes of class ScheduleComponent
are written to table NG3_SCHEDULE_COMPONENT. The relation to the parent CompositeSchedule is
provided by the foreign key in column parent schedule id. The relation to the child
AbstractSchedule is provided by the foreign key in column schedule_id.

Figure 48 represents graphically the OO-to-ER-model mapping of the Schedule module. Figure 49
depicts the resulting ER-model.
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_CityObject «featureType»
«featureType» <—— ScheduleLibrary
Core::AbstractLibrary
+ type:Code [0..1]
+ source: CharacterString [0..1] NG3_LIBRARY
+ author: CharacterString [0..1] «featureType»

Core::AbstractTimeSeries

HlibraryMember \|/. *
+timeSeries 1

«featureType»
Core::AbstractSchedule

NG3_SCHEDULE

+ libraryCode: Code [0..1]
+ type:ScheduleTypeValue «featureType»
+ startTime: TM_ClockTime [0..1] AtomicSchedule
+ startDay: Integer [0..1]
+ startMonth: Integer [0..1] + value: AtomicScheduleValues
+ startYear:Integer [0..1] <|
+ temporalExtent: TM_IntervalLength [0..1]
Foaoiog b «featureType»
1 +scheduleComponentMember DualValueSchedule
+ idleValue: Measure
+ usageValue: Measure
+ startUsageTime: TM_ClockTime
+ endUsageTime: TM_ClockTime
«featureType»
ScheduleComponent
L..*
+ type:.Sc.heduIeTypeValue boritaredt «featureType»
+ repetitions: Integer=1 P CompositeSchedule
+ additionalGap: TM_IntervalLength [0..1] schedulecomponent

NG3_SCHEDULE_COMPONENT

Figure 48. Graphical representation of the O0-to-ER-model mapping of the Energy ADE 3.0 Schedule module.
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Ed citydb.cityobject Ed citydb.ng3_library

/@ id: bigserial 43 id: bigint

#g objectclass_id: integer Bl objectclass_id: integer

E2 gmlid: varchar{258) ot B8 type: varchar

EE gmlid_codespace: varchar{1000) ES type_codespace: varchar

E2 name: wvarchar{1000) B auther: warchar

E2 name_codespace: varchar{4000) ES source: warchar L ]
B2 description: varchar{4000) Fy

ES envelope: public.geometry

EE creation_date: timestamp with time zone

E5 termination_date: timestamp with time zene
B2 relative_to_terrain: varchar{258)

B2 relative_to_water: varchar(256) & citydb.ng3_schedule
E2 last_modification_date: timestamp with time zone /2 id: bigint
E5 updating_person: varchar{256) B objectclass_id: integer
B8 reason_for_update: varchar{4000) - B time_series_id: bigint
E5 lineage: varchar(2586) B library_id: bigint
E5 xml_source: text hd Ed library_code: varchar
[} Eg library_code_codespace: varchar

ES type: varchar

B8 type_codespace: varchar

ES start_time: time without time zone
B start_day: integer

E2 citydb.ng3_schedule component

4o id: bigint E8 start_month: integer

B} parent_schadule_id: bigint ¥ 5 start_year: integer

5 schedule_id: bigint ES time_interval: numeric

ES type: varchar #=| B3 time_interval_unit: varchar
ES type_codespace: varchar B8 idle_value: numeric

ES repetitions: integer B idle_value_uom: varchar
E5 additional_gap: numeric B usage_value: numeric

E additional_gap_unit: varchar v B usage_value_uom: varchar

B8 start_usage_time: time without time zene
E8 end_usage_time: time without time zone

E8 constant_value: numeric

B constant_wvalue_uom: warchar ¥

¥
[E citydb.ng3_time_series

Figure 49. ER-model of the Energy ADE 3.0 Schedule module.

Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 6, some
schedule data are extracted from the 3DCityDB and shown in Figure 50. The resulting table is split
over multiple lines due to its width.

-- Extract the library containing the schedules

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = 0.id) WHERE o.classname = 'ScheduleLibrary'

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_library AS t JOIN co ON (t.id = co.id)
ORDER BY co.id;

Listing 6. Example of SQL query to extract the ScheduleLibrary data from the database.

co_id § objectclass_id classname gmlid gmlid_codespace name name_codespace

bigint ™ integer ! character varying (256) character varying (256) character varying ( character varying (10 character varying (
652 11143 ScheduleLibrary id_schedule_library_1 [ruald] Schedule Library 1 [roull]

description 8 id i objectclass_id type & type_codespace & author a

character varying (4000) bigint ™ integer character varying character varying character varying

This is Schedule Library 1 652 11143 schedule_library_type schedule_library_type_codeSpace  Giorgio Agugiaro

source &

character varying

Coruscant Schedule Library

Figure 50. Example of ScheduleLibrary data in the 3DCityDB.
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Similarly, using the SQL query in Listing 7, some schedule data are extracted from the 3DCityDB and
shown in Figure 51. The resulting table is split over multiple lines due to its width.

-- Extract examples of schedule data, one for each class of Schedules module
WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = 0.id) WHERE o.classname IN ('DualValueSchedule', 'AtomicSchedule’, 'CompositeSchedule')

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_schedule AS t JOIN co ON (t.id = co.id)
ORDER BY co.classname, co.id;

Listing 7. Example of SQL query to extract schedule data from the database.

co_id _ objectclass_id classname gmilid

gmlid_codespace name name_codespace
bigint ™ integer character varying (256) | character varying (256) & character varying | character varying (1000) character varying (4000)
413 11031  AtomicSchedule id_atomic_schedule_1 [mui] AtomicSchedule 1 [mui]
425 11033 CompositeSchedule id_composite_schedule..  [null] CompositeSchedule 2 [nui]
434 11032 DualValueSchedule id_dual_value_schedule_8  [null] DualValueSchedule 8 [mui]
description : a8 id_ _ gbjam:lasst library_code : a Mry_mda_updaspana &
character varying (4000) bigint ™ integer character varying character varying
This is AtomicSchedule 1 for a year, connected to a timeseries of 1 yearly value 413 11031 atom_sched_code_1 schedule_library_codeSpace
This is CompositeSchedule 2, for 1 year, composed of 4 seasons 425 11033 comp_sched_code_2 schedule_library_codeSpace
This is DualValueSchedule 8 for a year 434 11032 dual_value_sched_code 8  schedule_library_codeSpace
type lypa_mdespam a staﬂ._ﬂma : | stal'l_dny stalt_mnnm gtart_yaar | tim_ll_ﬂanfal | tim_lntarvaLl_lnIl mmm_mlm
characte character varying time without time zone * integer integer integer numeric character varying numeric
year schedule_type_codeSpace  00:00:00 1 1 [ruati] 1 year [nui]
week schedule_type_codeSpace  00:00:00 [l [nuil] [ruali] 7 day [nui]
year schedule_type_codeSpace  00:00:00 1 1 [mun] 1 year [nuin]
constant_value_uom idle_value idle_value_uom usage value usage_value_uom start_usage_time end_usage_time time_series_id library_id
character varying numeric  character varying numeric character varying time without time zone time without time zone bigint ' bigint
[nui] [null]  [null] [null]  [null] [nwll] [null] 751 652
[nuin [nuil]  [nuil] [nun] [l [null] [nuil] [nuil] 652
[nun] 0.5 unit interval 1  unit interval 09:00:00 18:00:00 [nuin 652

Figure 51. Example of schedule data in the 3DCityDB.

Finally, using the SQL query in Listing 8, some schedule component data are extracted from the
3DCityDB and shown in Figure 52. The resulting table is split over multiple lines due to its width.

-- Extract examples of ScheduleComponent data
WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = 0.id) WHERE o.classname = 'ScheduleComponent’ LIMIT 2)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_schedule_component AS t JOIN co ON (t.id = co.id)
ORDER BY co.classname, co.id;

Listing 8. Example of SQL query to extract ScheduleComponent data from the database.
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co_id § objectclass_id classname gmlid a gmlid_codespace name a
bigint * integer | character varying (256) character varying (256) character varying (1 character varying (1000)

645 11034 ScheduleComponent  id_schedule_component_1  [null] ScheduleComponent 1 containing a repetition of 5 times a daily sched...
646 11034  ScheduleComponent  id_schedule_component_2  [null] ScheduleComponent 2 containing a repetition of 2 times a daily sched..
name_codespace description a id ¢ type type_codespace 8 repetitions additional_gap additional_gap_unit parent_schedule_id schedule_id

character varying (¢ character varying (4000) bigint ™ character varyir character varying integer numeric | character varying bigint bigint
[rui] This is ScheduleComponent 1 645 weekDay schedule_type_codeSpace 5 0 day 424 418
[nuin This is ScheduleComponent 2 646  weekendDay schedule_type_codeSpace 2 0 day 424 419

Figure 52. Example of ScheduleComponent data in the 3DCityDB.

7.7.3 Layered construction module

In the Layered construction module, different mapping rules are applied. Following the rules in
section 7.6.3, classes MaterialLibrary and LayeredConstructionLibrary are mapped to target table
NG3_LIBRARY. All attributes up to class _CityObject are written to table CITYOBJECT, then all
attributes from class AbstractLibrary are written to table NG3_LIBRARY.

When it comes to the classes derived from class AbstractMaterial, the mapping rules of section 7.6.4
apply. All classes are grouped together and mapped to one single target table: NG3_MATERIAL. All
attributes up to class _Feature are written to table CITYOBJECT. Then, all attributes from class
AbstractMaterial are written in table NG3_MATERIAL. This means that, depending on the specific
class, some columns will be written, while others may remain empty. The relation to the
Materiallibrary is provided by the foreign key in column library_id.

When it comes to the classes derived from class AbstractLayeredConstruction, the mapping rules of
section 7.6.4 apply. All classes are grouped together and mapped to one single target table:
NG3_LAYERED_CONSTRUCTION. All attributes up to class _Feature are written in table CITYOBJECT.
Then, all attributes from class AbstractLayeredConstruction are written in table
NG3_LAYERED_ CONSTRUCTION. This means that, depending on the specific class, some columns
will be written, while others may remain empty. The relation to the LayeredConstructionLibrary is
provided by the foreign key in column library_id. The relation from ReverseLayeredConstruction to
LayeredConstruction is provided by the foreign key in column layered construction_id. Emissivity,
Reflectance and Transmittance properties are written in table NG3_OPTICAL_PROPERTY and
referenced by means of foreign key layered_construction_id.

The same mapping rules of AbstractLayeredConstruciton apply also to class Layer: all attributes up
to class _Feature are written to table CITYOBJECT. Then, all attributes of class Layer are written to
table NG3_LAYER. The relation to the parent LayeredConstruciton is provided by the foreign key in
column layered_construction_id. The relation to the child AbstractMaterial is provided by the
foreign key in column material_id.

Figure 53 represents graphically the OO-to-ER-model mapping of the Schedule module. Figure 54
and Figure 55 depict the resulting ER-models.
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NG3_LAYERED_CONSTRUCTION

«featureType» +ibraryMember
Core::AbstractLayeredConstruction

7

_CityObject

> «featureType»
Core::AbstractLibrary

b)..*

NG3_LIBRARY

+libraryMember

N NG3_LAYER

+baselayeredConstruction

0;.*
{ordered}

+material

NG3_OPTICAL_PROPERTY

NG3_MATERIAL

Figure 53. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Layered construction module.

& citydb.cityobject & citydb.ng3_library

4 id: bigserial 4 id: bigint

& objectclass_id: integer 5 objectclass_id: integer

B2 gmlid: varchar{258) ot B type: varchar

E2 gmlid_codespace: varchar{1000) E= type_codespace: varchar

E2 name: varchar{1000) E2 author: varchar

E5 name_codespace: varchar{4000) Eg source: varchar ¥
ES description: varchar{4000) i

E2 envelope: public.geometry
ES creation_date: timestamp with time zone
ES termination_date: timestamp with time zone

E2 relative_to_terrain: varchar[256) E citydb.ng3_material
E5 relative_to_water: varchar{256) @ id: bigint
= last_modification_date: timestamp with time zons 5 library_id: bigint
E2 updating_person: varchar(256) b .
ot ctel d: int
ES reason_far_update: varchar(4000) Y = objectclass_id: integer

E= library_code: varchar

E2 library_code_codespace: varchar
ES thm_conductivity: numeric

ES thm_conductivity_uom: varchar
ES spec_heat_capacity: numeric

ES spec_heat_capacity_uom: warchar
ES density: numeric

ES density_uom: varchar

ES permeance: numeric

E5 permeance_uom: varchar

ES porosity: numeric

ES parasity_uom: varchar

ES embodied_carbon: numeric

ES embodied_carbon_uom: varchar
ES embodied_energy: numeric

E2 embodied_energy_uom: varchar
E is_wentilated: numeric

E2 r_value: numeric

E2 r_value uwom: varchar L

ES lineage: wvarchar{2586)
ES xml_source: text i

Figure 54. ER-model of the Energy ADE 3.0 Layered construction module, focusing on the tables related to classes
MaterialLibrary and AbstractMaterial.

98



CityGML Energy ADE 3.0 specifications

EE citydb.cityobject E2 citydb.ng3_library

4o id: bigserial 4 id: bigint

Ef objectclass_id: integer &5, objectclass_id: integer

E gmlid: varchar{256) - B2 type: varchar

E2 gmlid_codespace: varchar{1000) E8 type_codespace: varchar

E2 name: varchar{1000) E2 author: varchar

ES name_codespace: varchar{4000) B8 source: varchar k J
E description: varchar{4000) [

ES envelope: public.geometry

ES creation_date: timestamp with time zone
EF terminatien_date: timestamp with time zene E citydb.ng3_layered_construction
E relative_to_terrain: varchar[256) id: bigint

Ed relative_to_water: varchar{256) & OI:I.'Eciclass id: integer

E last_modification_date: timestamp with time zone | g = obj - .Eg . L

&5 updating_persan: varchar(256) Bl B layered_construction_id: bigint
ES reason_for_update: varchar{4000) =g library_id: bigint

Ed lineage: varchar(256) B3 u_wvalue: numeric
ES xml_source: text L J B3 u_value_uom: varchar
= 'y Ed g_wvalue: numeric

E g_value_uom: varchar
Ed glazing_ratio: numeric
E= glazing_ratio_uom: warchar
Ed library_cede: wvarchar

B citydbngs L ®= == library_code_codespace: varchar ¥
4 id: bigint '

B material_id: bigint - -

B layered_construction_id: bigint |E citydb.ng3_optical_property |
ES thickness: numeric | - -

E thickness_uem: varchar L 4 #-=_citydb.ng3_material |

Figure 55. ER-model of the Energy ADE 3.0 Layered Construction module, focusing on the tables related to classes
LayeredConstructionLibrary and AbstractLayeredConstruction.

Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 9, some data
for MaterialLibrary and LayeredConstructionLibrary are extracted from the 3DCityDB and shown in
Figure 56. The resulting table is split over multiple lines due to its width.

-- Extract the libraries for materials and layered constructions

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = 0.id) WHERE o.classname IN (‘MaterialLibrary', 'LayeredConstructionLibrary')

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_library AS t JOIN co ON (t.id = co.id)
ORDER BY co.id;

Listing 9. Example of SQL query to extract the MaterialLibrary and LayeredConstructionLibrary data from the database.

co_id . objectclass_id classname a8 gmiid a8 gmlid_codespace name name_codespace
bigint ™ integer character varying (256) character varying (256) character varying ( character varying (1000) character varying
478 11141  LayeredConstructionLibrary  id_layered_construction_library_1  [null] Layered Construction Library 1 [null]
479 11142 MaterialLibrary id_material_library_1 [nuin Material Library 1 [null]
description a id § objectelass_id  type a type_codespace a8 author a8
character varying (4000) bigint ™ integer character varying character varying character varying
This is Layered Construction Library 1 478 11141 layered_construction_library_type  layered_construction_library_type_codeSpace  Giorgio Agugiaro
This is Material Library 1 4749 11142 material_library_type material_library_type_codeSpace Giorgio Agugiaro
source
character v
TABULA
TABULA

Figure 56. Example of MaterialLibrary and LayeredConstructionLibrary data in the 3DCityDB.
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Using the SQL query in Listing 10, some material data are extracted from the 3DCityDB and shown
inFigure 57. The resulting table is split over multiple lines due to its width.

-- Extract examples of materials data, one for each class

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = o0.id) WHERE o.classname IN ('Gas', 'SolidMaterial')

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_material AS t JOIN co ON (t.id = co.id)
ORDER BY co.classname, co.id;

Listing 10. Example of SQL query to extract material data from the database.

co_id £ objectclass_id classname gmlid gmlid_codespace name name_codespace  description id

bigint ™ integer | character varyii character varying (256) character varying | character varying (10 character varying (4 character varying (4000) | bigint i
454 11056 Gas id_gas_2 [nui] Gas 2 [mu] This is Gas 2 454
73z 11055  SolidMaterial  id_solid_material_18 [ SolidMaterial 18 [mu] This is SolidMaterial 18 732

wnsj P library_code _ 8 Mry_mda_o_odaspam mn'l_ct_:ndnmhflty mm_cnndncm_llty_uom spechsau:apaclty specJ'lsau:aPnclty_unm danslty
integer character varying character varying numeric character varying numeric character varying numeric
11056 gas_code_2 gascode_codeSpace [null]  [nuil] [nun]  [rwil] [nul]
11055 solid_material_code_18 gascode_codeSpace 0.7 W/(K*m) 0.9  J/(kg*K) 1400
density_uom permeance permeance_uom porosity porosity_uom embodied_carbon embodied_carbon_uom embodied_energy embodied_energy_uom
character varyi numeric character varying numeric character varyit numeric character varying numeric character varying
[ull] [nuil  [nui] [null]  [null] [nulll  [nuil] [nun] — [nu]
ka/m"3 0.9  xxx 0.05 ratio 0.5 kaCO2/kg 9.4  kWh/ka

is_ventilated r_value r_value_uom library_id
numeric ! numeric character var bigint

0 8314  J/K/mol 479
[ru] [null]  [nuil] 479

Figure 57. Example of material data written in the 3DCityDB.

Similarly, using the SQL query in |Listing 11, some LayeredConstruction and
ReverselayeredConstruction data are extracted from the 3DCityDB and shown in Figure 58. The
resulting table is split over multiple lines due to its width.

-- Extract examples of LayeredConstruction and ReverseLayeredConstruction data, one for each class

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = 0.id) WHERE o.classname IN (‘'LayeredConstruction’, 'ReverseLayeredConstruction')

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_layered_construction AS t JOIN co ON (t.id = co.id)
ORDER BY co.classname, co.id;

Listing 11. Example of SQL query to extract LayeredConstruction and ReverselLayeredConstruction data from the
database.
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co_id £ objectclass_id classname a8 gmlid a gmlid_codespace name a8 name_codespace
bigint ™ integer character varying (256) character varying (256) character varying ( character varying (1000) character varying |
473 11051  LayeredConstruction id_layered_construction_glazing_5 [nui] LayeredConstruction Glazing 5 (no layers)  [null]
643 11052 ReverselLayeredConstruction  id_reverse_layered_construction_ground_1  [null] ReverseLayeredConstruction Ground 1 [
description

& id iob]ecmasajd u_value u_value_uom

character varying (4000) bigint ™ integer | numeric character varyir
This is LayeredConstruction Glazing 5 (without layers as children objects) 474 11051 1.9 W/(K*m*2)
ReverseLayeredConstruction Ground 1 (from inside to outside) (reverse the order of the layers of the linked LayeredConstruction) 644 11052 [nul]  [rwl]
g_nlu_e £ g_value_uom ghzlng_mﬁo glazlng_mﬁa_l:nm library_code _ a Hxary_mde_opdaspam & gmd_cunstmmud H_m_!rde
numeric © character vary numeric character varying character varying character varying bigint bigint
0.7  unit interval 0.95 unit interval layered_constr_library_code_5  layered_constr_library_codeSpace [nuin] 479
[null] ~ [nul] [mun]  [nul] [null] [null] 475 479

Figure 58. Example of LayeredConstruction and ReverseLayeredConstruction data in the 3DCityDB.

Finally, using the SQL query in Listing 12, some schedule component data are extracted from the
3DCityDB and shown in Figure 59. The resulting table is split over multiple lines due to its width.

-- Extract examples of layer data

WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname = 'Layer' LIMIT 3

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_layer AS t JOIN co ON (t.id = co.id)
ORDER BY co.id;

Listing 12. Example of SQL query to extract some Layer data from the database.

cu_id § ghjec‘hclasajd classname gmilid gmlld_cudsspl_:m name nam_coda-spl_me description _ id B mlm a mlckness_uanjl
bigint ™ integer character va character val character varying (1 character' character varying (4 character varying bigint numeric character varyini
455 11053  Layer id_layer_1  [null] Layer 1 [nui] This is Layer 1 455 40 mm
456 11053 Layer id_layer_2  [nuill] Layer 2 [nui] This is Layer 2 456 45 mm
457 11053  Layer id_layer_3  [null] Layer 3 [nui] This is Layer 3 457 80 mm
material_id 8 layered_construction_id
bigint bigint
717 474
718 474
719 474

Figure 59. Example of Layer data in the 3DCityDB.

7.7.4 DataTypes module

As explained in section 7.6.5, classes belonging to stereotype «dataType» are mapped to
independent tables, each table having its own sequence, primary key, etc.

In the case of the Energy ADE 3.0, all classes derived from class AbstractOpticalProperty are mapped
to table NG3_OPTICAL_PROPERTY. Column layered contruction_id contains a foreign key to table
NG3_LAYERED_CONSTRUCTION.

All classes derived from class AbstractQualifiedAttribute are mapped to table
NG3_QUALIFIED_ATTRIBUTE. Columns building_id and building _partition_id contain foreign keys to
tables NG3_BUILDING and NG3_BUILDING_PARTITION, respectively.

Finally, class Suitability is mapped to table NG3_SUITABILITY. Column cityobject_id contains a foreign
key to table NG3_CITYOBIJECT. The relation to the child AbstractSchedule is provided by the foreign
key in column schedule_id.

Figure 60 represents graphically the OO-to-ER-model mapping of the Schedule module. Figure 61
depicts the resulting ER-model.
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Figure 60. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 DataTypes module.
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B citydb.ng3_optical_property

4 id: bigserial
B objectclass_id: integer
B layered_construction_id: bigint

ES fraction: numeric

ES fraction_uom: varchar

E surface: varchar

ES wawvelength_range: warchar

E citydb.ng3_qualified_attribute

4 id: bigserial

&g objectclass_id: integer

&g building_id: bigint

Hg, building_partition_id: bigint

B type: varchar
E2 type_codespace: varchar
B8 value: numeric

2 value_uom: varchar
E8 description: warchar
B2 source: varchar L

EE citydb.ng3_suitability
4 id: bigserial

B schedule_id: bigint
B cityobject_id: bigint
ES reason: varchar }—h—l@ citydb.ng3_schedule
ES reason_codespace: varchar

E value: numeric

Ed value_uom: wvarchar

E description: wvarchar ; J

Figure 61. ER-model of the Energy ADE 3.0 DataTypes module.

Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 13, some
optical property data are extracted from the 3DCityDB and shown in Figure 62.

-- Extract some optical property data

SELECT DISTINCT ON (dt.objectclass_id) dt.id, dt.objectclass_id, o.classname, dt.fraction, dt.fraction_uom, dt.wavelength_range,
dt.layered_construction_id

FROM citydb.ng3_optical_property AS dt JOIN citydb.objectclass AS o ON (dt.objectclass_id = o.id)

Listing 13. Example of SQL query to extract optical property data from the database.

iq _ . bj lass_id 8 lassname : & frnctln_n 8 fraction_uom : wnvelength_ra_nga la_ygrad_cnnnuucﬁnan &
bigint integer character varying (256) numeric character varying character varying bigint
20 11002  Emissivity 0.2 unit interval [nui 476
15 11003 Reflectance 0.2  unitinterval solar 475
32 11004 Transmittance 0.8 unit inteval solar [ui]

Figure 62. Example of optical property data in the 3DCityDB.

Using the SQL query in Listing 14, some qualified attribute data are extracted from the 3DCityDB and
shown in Figure 63. The resulting table is split over multiple lines due to its width.

-- Extract some qualified attribute data

SELECT DISTINCT ON (dt.objectclass_id, dt.type) dt.id, dt.objectclass_id, o.classname, dt.type, dt.type_codespace, dt.value,
dt.value_uom, dt.source, dt.source, dt.building_id, dt.building_partition_id

FROM citydb.ng3_qualified_attribute AS dt JOIN citydb.objectclass AS o ON (dt.objectclass_id = o.id);

Listing 14. Example of SQL query to extract qualified attribute data from the database.

103



CityGML Energy ADE 3.0 specifications

iq . F!:jactdasajd classname _ type : a lypa_mdeapam value . value_uom  source _ a
bigint ™ integer character varying (256) character varying character varying numeric character vai character varying
152 11006 QualifiedArea energyReferenceArea area_codeSpace 100 m"2 Area value source text
116 11006 QualifiedArea footprintArea area_codeSpace 100 m*2 Area value source text
131 11006 QualifiedArea grossFloorArea area_codeSpace 250 m*2 Area value source text
16 11007  QualifiedHeight bottomOfConstruction height_codeSpace 0 m Height value source text
33 11007  QualifiedHeight highestRoofEdge height_codeSpace 15 m Height value source text
234 11008  QualifiedVolume energyReferenceVolume  volume_codeSpace 875 m*3 Volume value source
89 11008 Qualifiedviolume grossVolume volume_codeSpace 1250 m"3 Volume value source text
30 11008  Qualifiedviolume netviolume volume_codeSpace 875 m"3 Volume value source text
building_id  building_partition_id
bigint " bigint
[nuil] 807
[nui] 747
[nuil] 802
184 [nuir]
207 [nun]
[nuil] 323
[nui] 740
192 [nuln]

Figure 63. Example of qualified attribute data in the 3DCityDB.

Finally, using the SQL query in Listing 15, some Suitability data are extracted from the 3DCityDB and
shown in Figure 64.

-- Extract some suitability data

SELECT dt.id, dt.reason, dt.reason_codespace, dt.value, dt.value_uom, dt.description, dt.schedule_id, dt.cityobject_id
FROM citydb.ng3_suitability AS dt LIMIT 4;

Listing 15. Example of SQL query to extract Suitability data from the database.

id ~ reason -y raason_codas!mm value N value_uom description : sg:l'l_adula_ld | cl_ty_obj-ect_id
[PK] big character varying character varying numeric © character vary character varying bigint bigint
1  suitability reason & suitability_reason_codespace 1 unitinterval  suitability description & [nuill] 170
2 suitability reason 14 suitability_reason_codespace 1  unitinterval = suitability description 14 [nuill] 176
3 suitability reason 1 suitability_reason_codespace 0 unitinterval  suitability description 1 [rul] 184
4 suitability reason 2 suitability_reason_codespace 0.3 unitinterval  suitability description 2 [null] 184

Figure 64. Example of Suitability data in the 3DCityDB.

7.7.5 Core module

In the Core module, different mapping rules are applied. Following the rules in section 7.6.1, ADE
classes _CityObject and _AbstractBuilding are mapped to the respective target tables
NG3_CITYOBJECT and NG3_BUILDING.

Table NG3_CITYOBJECT stores the reference point geometry, while the relation to
AbstractLayeredConstruction is provided by the foreign key in column layered_construction_id. Data
of property suitability is stored in table NG3_SUITABILITY. The relation relatedTo between ADE
_CityObject and _CityObject is stored in table NG3_CTYOBJ_RELATION, which has two columns
(ng3_cityobject_id and cityobject id) containing foreign keys to table NG3_CITYOBJECT and
CITYOBIJECT, respectively.

Table NG3_BUILDING stores some simple attributes of ADE _AbstractBuilding. Properties such as
height, area, and volume are stored in table NG3_QUALIFIED_ATTRIBUTES.
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Following the rules in section 7.6.3, class AbstractLibrary is mapped to target table NG3_LIBRARY.
All attributes up to class _CityObject are written in table CITYOBJECT, then all attributes of class
AbstractLibrary are written in table NG3_LIBRARY. More details are provided in the sections where
the specialised classes derived from AbstractLibrary are treated (i.e. 7.7.2 and 7.7.3).

Analogously, classes AbstractBuildingPartition, AbstractThermalZone, AbstractUsageZone and
AbstractBuildingUnit are mapped to one target table NG3_BUILDING_PARTITION. Attributes for area
and volume are stored in the linked table NG3_QUALIFIED_ATTRIBUTE, while solid geometries are
stored in the linked table SURFACE_GEOMETRY, following the default 3DCityDB rules for
decomposition of aggregated geometries. More details are provided in the sections covering the
modules that make use of class AbstractBuildingPartition (i.e. 7.7.8 and 7.7.9).

When it comes to the classes derived directly from class _Feature (i.e. WeatherData,
DeviceOperation, EnergyPerformanceCertificate, and RefurbishmentMeasure), the mapping rules of
section 7.6.4 apply. All attributes up to class _Feature are written to table CITYOBJECT. Then, all
specific attributes are written to linked tables NG3_WEATHER_DATA, NG3_DEVICE_OPERATION,
NG3_ENERGY_PERF_CERT, and NG3_REFURBISHMENT_MEASURE, respectively.  Table
NG3_WEATHER_DATA contains the foreign key to table NG3_CITYOBJECT in column cityobject_id,
and a foreign key to table NG3_TIME_SERIES in column time_series_id. Table
NG3_DEVICE_OPERATION contains the foreign key to table NG3_DEVICE in column device_id, and a
foreign key to table NG3_SCHEDULE in column schedule_id. Both tables NG3_ENERGY_PERF_CERT
and NG3_REFURBISHMENT_MEASURE contain foreign keys to table NG3_BUILDING and
NG3_BUILDING_PARTITION in columns building_id and building_partition_id, respectively.

The mapping of classes AbstractTimeSeries and AbstractSchedule is treated in the respective
sections 7.7.1 and 7.7.2, respectively.

Figure 65 represents graphically the OO-to-ER-model mapping of the Core module with focus on the
class ADE _CityObject while Figure 66 and Figure 67 depicts the resulting ER-model. Figure 68
represents graphically the OO-to-ER-model mapping of the Core module with focus on the class ADE
_AbstractBuilding while Figure 69 depicts the resulting ER-model.
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«featureType»
AbstractLibrary

+ type: Code [0..1]
+ source: CharacterString [0..1]
+ author: CharacterString [0..1]

NG3_LIBRARY

+schedule 0.1
NG3_DEVICE_OPERATION «featureType»
Core::_CityObject
«featureType» NG3_CTYO BJ_RELAT'ON
DeviceOperation —|>

+ type: DeviceOperationTypeValue

+ yearlyGlobalEfficiency: Decimal [0..1] CityObjectRelation

+relatedTo | 0.*

+ relationType: RelationTypeValue

+deviceOperation 0:* B
«ADE» -

NG3_CITYOBJECT

«ADEElement»
+device _CityObject

0.* + suitability: Suitability [0..%]
+ referencePoint: GM_Point [0..1]

) ¢

NG3_SUITABILITY

+layeredConstruction

NG3_UTL_NTW_CONNECTION

0..*\|/ tutilityNetworkConnection

«featureType»
UtilityNetworkConnection

+ networkType: NetworkTypeValue
+ connectionStatus: NetworkConnectionStatusValue
+ functioninNetwork: FunctioninNetworkValue [0..1]
+ usagelnNetwork: FunctioninNetworkValue [0..1]
0.* + networklID: CharacterString [0..1]
+ networkNodelD: CharacterString [0..1]
+resource
0..*\|/ +weatherData
«featureType»
WeatherData
+ libraryCode: Code [0..1]
+ type:WeatherDataTypeValue
+ valueType: WeatherValueTypeValue [0..1]
+ yearlyValue: Measure [0..1]
+ position: GM_Point [0..1]
NG3_WEATHER_DATA
+timeDependentAmount 0.1 +timeDependentValues 0.1
«featureType»
AbstractTimeSeries

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

Figure 65. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Core module, focusing on
the tables related to class _CityObject.
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EE citydb.cityobject

42 id: bigserial & citydb.ng3_cityobject

5 objectclass_id: integer 4 ids bigint

= amlid: varchar(256) n B layered_construction_id: bigint

E2 gmlid_codespace: warchar(1000) N & ref_point: public.geometry ¥
EE name: varchar{1000]) [

EE name_codespace: varchar{4000)

ES description: varchar[4000)

E envelope: public.geometry

ES creation_date: timestamp with time zone

EE termination_date: timestamp with time zone

ES relative_to_terrain: varchar{256) B citydb.ng3_ctyobj_relation

E5 relative_to_water: varchar(256) /o id: bigserial

E5 last_modification_date: timestamp with time zone & ng3_cityobject_id: bigint

E5 updating_person: varchar{256) ot & cityobject_id: bigint

£ e o 000 & lson o varc

& xml_source: taxt - EE relation_type_codespace: varchar ¥

Figure 66. ER-model of the Energy ADE 3.0 Core module, focusing on the tables related to classes ADE _CityObject and
CityObjectRelation.

E= citydb.cityobject EE citydb.ng3_energy_perf_cert
/@ id: bigserial J id: bigint
B objectclass_id: integer B building_id: bigint
£ gmlid: varchar(256) B building_partition_id: bigint
EE gmlid_codespace: varchar{1000) ES type: varchar
E2 name: varchar{1000) EH type_codespace: varchar
EE name_codespace: varchar(4000) -l E label: varchar
ES description: varchar{4000) EH walue: numeric
EE envelope: public.geemetry E value_uom: varchar
E8 creation_date: timestamp with time zone EH issue_date: date
EE termination_date: timestamp with time zone ES expiration_date: date
E= relative_to_terrain: wvarchar{256) B cert_method: varchar
EE relative_to_water: varchar{258) E8 cert_uri: varchar ¥
B last_modification_date: timestamp with time zone
EE updating_persen: varchar(258)
E2 reason_for_update: varchar{4000) B citydb.ng3_refurbishment_measure
EE lineage: varchar{256) - —
- J id: bigint
& xml_source: text i bl B building_id: bigint
B building_partition_id: bigint
- . - E8 type: varchar
s= UL LDon it EH type_codespace: varchar
42 id: bigint E8 start_date: date
Eg, schedule_id: bigint &9 end_date: date
& device_id: bigint B8 library_code: warchar
Eg type: varchar Eg library_code_codespace: varchar k J
EE type_codespace: varchar
E5 yearly_global_efficiency: numericy
EE citydb.ng2 weather_data
| | 42 id: bigint
|E citydb.ng3_schedule | Eg time_series_id: bigint
Ef cityobject_id: bigint
¥ E8 type: varchar
|§ citydb.ng3_time_series ‘ 4 EH type_codespace: varchar
B8 value_type: varchar
E value_type codespace: varchar
Eg yearly_walue: numeric
Eg yearly_wvalue_uom: varchar
B8 library_code: warchar
E8 library_code_codespace: varchar
Eg position: public.geometry k J

Figure 67. ER-model of the Energy ADE 3.0 Core module, focusing on the tables related to DeviceOperation,
EnergyPerformanceCertificate, RefubishmentMeasure and WeatherData.
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NG3_QUALIFIED_ATTRIBUTE

«featureType»
7 AbstractBuildingPartition
_Site
«featureType» «featureType» + area:QualifiedArea [0..%]
Building::_AbstractBuilding Core::_CityObject <J}————+ volume: QualifiedVolume [0..¥]
= + lod1Solid: GM_Solid [0..1]
+ lod2Solid: GM_Solid [0..1]
SURFACE_GEOMETRY| + lod3Solid: GM_Solid [0..1]
«ADE»  NG3_BUILDING
| NG3 BURDIY NG3_BUILDING_PARTITION 0
«ADEElement» +buildingUnit
_AbstractBuilding |-
+ bdgType: BuildingTypeValue [0..1]
+ bdgAtticThermalStatus: ThermalStatusValue [0..1]
+ bdgBasementThermalStatus: ThermalStatusValue [0..1]
+ bdgConstructionWeight: ConstructionWeightValue [0..1]
+ bdglsProtected: Boolean [0..1]
+ bdgHeight: QualifiedHeight [0..*]
+ bdgArea: QualifiedArea [0..%] +usageZone
+ bdgVolume: QualifiedVolume [0..*]
+usageZone
+thermalZone «featureType»
<> AbstractThermalZone
e
NG3_QUALIFIED_ATTRIBUTE
0.* +energyPerformanceCertificate 0..*\|/ trefurbishmentMeasure
_Feature «featureType»
«featureType» RefurbishmentMeasure

EnergyPerformanceCertificate y
libraryCode: Code [0..1]

type: RefurbishmentMeasureTypeValue
startDate: Date [0..1]
endDate: Date

type: EnergyPerformanceCertificateTypeValue
label: CharacterString

value: Measure [0..1]

issueDate: Date [0..1]

expirationDate: Date [0..1]

certificationMethod: CharacterString [0..1] NG3 REFURBISHMENT MEASURE
certificationURI: URI [0..1] - B

+ o+ o+ o+

+ + + + + o+

NG3_ENERGY_PERF_CERT

Figure 68. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Core module, focusing on
the tables related to class _AbstractBuilding and AbstractBuildingPartition.
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EE citydb.cityobject
/= id: bigserial "—‘E citydb.building
ER objectclass_id: integer
B2 gmlid: warchar{2586)
E8 gmlid_codespace: varchar{1000) - e
Eg name: wvarchar{1000) & citydb.ng3_building
Ed name_codespace: varchar(4000) & id: bigint
E2 description: varchar{4000) E2 type: varchar
E8 envelope: public.geometry ES type_codespace: varchar
E§ creation_date: timestamp with time zone ES is_protected: numeric
ES termination_date: timestamp with time zone E8 constr_weight: varchar
Eg relative_to_terrain: varchar{256) Eg constr_weight_codespace: varchar
E relative_to_water: varchar[256) Ef attic_thm_status: varchar
E last_modification_date: timestamp with time zone E9 basement_thm_status: varchar
E2 updating_persen: varchar{256) i i
E8 reason_for_update: varchar{4000)
E2 lineage: varchar{256)
B =ml_source: text ¥
|E citydb.ng3_energy_perf_cert r |E citydb.ng3_refurbishment_measure | |E citydb.ng3_qualified_attribute |

Figure 69. ER-model of the Energy ADE 3.0 Core module, focusing on the tables related to class _AbstractBuilding.

E citydb.cityobject E citydb.ng3_building_partition
42 id: bigserial 4 id: bigint

5 objectclass_id: integer & objectclass_id: integer

=5 gmlid: varchar(256) & cooling_schedule_id: bigint
E5 gmlid_codespace: varchar(1000) 5 heating_schedule_id: bigint
£ name: varchar{1000) & ventilation_schedule_id: bigint
E3 name_codespace: varchar(4000] % usage_zone_id: bigint

E5 description: varchar(4000) B3 thermal_zone_id: bigint

B4 envelope: public.geometry - ,.ﬁ building_id: bigint

ES creation_date: timestamp with time zene 5 lod1_solid_id: bigint

ES termination_date: timestamp with time zone 5 lod2_solid_id: bigint

Eg relative_to_terrain: varchar{256) 2 lod3_solid_id: bigint

Eg relative_to_water: wvarchar(256) E5 heat_capacity: numeric

E last_modification_date: timestamp with time zone ES heat_capacity_uom: warchar
ES updating_person: varchar{256) E5 infiltration_rate: numeric

E reason_for_update: varchar{4000) Eg infiltration_rate_uom: varchar
Ed lineage: wvarchar{256) E is_cooled: numeric

Eg =ml_source: text ¥ ES is_heated: numeric

Eg coincides_with_lod2_hull: numeric
Eg coincides_with_lod2_hull: numeric
[E5 citydb.ng3_qualified_attribute gl = T¥Pe: varchar

Eg type_codespace: varchar

ES is_primary: numeric

E2 num_of_building_units: integer

E int_heat_gains: numeric

|E citydb.surface_geometry ‘ .E int_heat_gains_uom: varchar

EH int_heat_gains_conwv: numeric

E int_heat_gains_conwv_uom: varchar
E int_heat_gains_lat: numeric

E int_heat_gains_lat_uom: warchar
E int_heat_gains_rad: numeric

E int_heat_gains_rad_uom: wvarchar
E2 num_of_rooms: integer

ES owner_name: varchar

Eg ownership_type: varchar

B9 ownership_type_codespace: varc.ay

Figure 70. ER-model of the Energy ADE 3.0 Core module, focusing on the tables related to class AbstractBuildingPartition.
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Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 16, some data
from tables CITYOBJECT and NG3_CITYOBJECT data are extracted from the 3DCityDB and shown in
Figure 71. The resulting table is split over multiple lines due to its width.

-- Extract some city object data from table CITYOBJECT and NG3_CITYOBJECT
WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = o.id)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,

co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.* FROM citydb.ng3_cityobject AS t
JOIN co ON (t.id = co.id)

ORDER BY co.classname LIMIT 5;

Listing 16. Example of SQL query to extract data from tables CITYOBJECT and NG3_CITYOBJECT from the database.

cqjd § wasst classname _ a gmlid _ a8 g'nlld_codsspt_we name _ 8 nama_endsspt_we
bigint ™ integer character varying (256) character varying (256) character varying ( character varying (1000) character varying

608 11083 BasementCeilingSurface  id_thermal_zone_11_1_thermal_bo.. [nuif] ThermalZone 11_1 ThermalBoundary 4  [null]

480 11102 Boiler id_boiler_4 [nuil] Boiler 4 [rull]

176 26 Building id_building_12 [nuil] Death Star Il [rull]

526 35 BuildingGroundSurface id_thermal_zone_1_groundsurface_1  [null] (ThermalBoundary) GroundSurface 1 (.. [null]

248 25 BuildingPart id_buildingpart_9 [rul] Jabba's dungeon [rull]
description : & 0o envelope 8 crsalinn_dmn _ mlnaﬂon._c_lm_ mmmn_mln mlmmu_w id_ -i
character varying (4000) geometry timestamp with time timestamp with ti character varying ( character varying | bigint
This is ThermalZone 11_1 ThermalBoundary4  01030000A0407_..  [null] [mull] [mul] [ 608
This is Boiler 4 01030000A0407_..  [null] [mull] [ull] [nui] 430
This is Building 12 01030000A0407.. 20250520 00:10..  [null] [muill] [nui] 176
This is (ThermalBoundary) GroundSurface 1..  01030000A0407..  [null] [ull] [ull] [nui 526
This is BuildingPart 9 01030000A0407..  2025-05-20 00:11..  [null] [ru] [nuil 248
layered_construction_id ref_point
bigint | [' geometry '

643 010710000A04...
[null]  01010000A04...
[nulll] 01010000404

474 010710000404
[nulll]  01010000A04...

Figure 71. Example of data from tables CITYOBJECT and NG3_CITYOBJECT in the 3DCityDB.

Using the SQL query in Listing 17, some data from tables CITYOBJECT and NG3_CITYOBJECT data are
extracted from the 3DCityDB and shown in Figure 72.

-- Extract some CityObjectRelation data
SELECT * FROM citydb.ng3_ctyobj_relation LIMIT 5;

Listing 17. Example of SQL query to extract data from tables CITYOBJECT and NG3_CITYOBJECT from the database.

id ng2_cityobject_id cityobject_id relation_type relation_type_codespace

[PK] big bigint bigint character vary character varying
1 170 192  adjacent adjacent_codeList
2 170 207  adjacent adjacent_codeList
3 184 207 adjacent adjacent_codeList
4 141 239  adjacent adjacent_codelList
B 192 170 adjacent adjacent_codeList

Figure 72. Example of CityObjectRelation data in the 3DCityDB.
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Using the SQL query in Listing 18, some WeatherData data are extracted from the 3DCityDB and
shown in Figure 73. The resulting table is split over multiple lines due to its width.

-- Extract some WeatherData data

WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname = 'WeatherData' LIMIT 3

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_weather_data AS t JOIN co ON (t.id = co.id)
ORDER BY co.id;

Listing 18. Example of SQL query to extract WeatherData data from the database.

c1_:|_jd § gbjactdasaJd classname : gmilid _ g'nlld_endasp&_me name ) nnn'n_endasp:_me description ) id §
bigint ™ integer character varyit character varying (25 character varying ( character varying character varying | character varying (4000) bigint
878 11043 WeatherData  id_weather_data_1  [null] WeatherData 1 [null] This is WeatherData 1 878
879 11043 WeatherData id_weather_data_2 [null] WeatherData2  [null] This is WeatherData 2 879
880 11043 WeatherData  id_weather_data_3 [null] WeatherData3  [null] This is WeatherData 3 880
type type_codespace value_type value_type_codespace yearly_value | yearly_value_uom library_code library_code_codespace
character varying | character varying character vai character varying numeric character varying character varying character varying
airTemperature [null] minimum weather_type_codeSpace_] 12 Degrees Celsius  library_code_1  [null]
humidity [null] average weather_type_codeSpace_1 0.6 Scale library_code_2  [null]
windSpeed [nu] average weather_type_codeSpace_1 112 m/s library_code_3  [null]
ti_rn_a_serias_ld c!tyobject_id 0 position 8
bigint bigint geometry
762 886 [nuil
767 836  [null]
763 887  [nuil

Figure 73. Example of WeatherData data in the 3DCityDB.

Using the SQL query in Listing 19, some DeviceOperation data are extracted from the 3DCityDB and
shown in Figure 74. The resulting table is split over multiple lines due to its width.

-- Extract some DeviceOperation data

WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname = 'DeviceOperation’

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_device_operation AS t JOIN co ON (t.id = co.id)
ORDER BY co.id LIMIT 2;

Listing 19. Example of SQL query to extract some DeviceOperation data from the database.

co_id é objectclass_id classname gmlid a gmlid_codespace name name_codespace
bigint ™ integer ' character varying (. character varying (256) character varying | character varying (100C character varying

331 11100 DeviceOperation  id_operation_schedule_1 [mun] OperationSchedule 1 [null]

332 11100 DeviceOperation  id_operation_schedule_2  [null] OperationSchedule 2 [null]
name_codespace description a id i type type_codespace a yearly_global_efficiency schedule_id i device_id
character varying { character varying (4000) bigint ™ character varyin character varying numeric bigint bigint
[mui] This is OperationSchedule 1 331 spaceHeating deviceOperation_codeSpace 07 427 480
(] This is OperationSchedule 2 332 spaceHeating deviceOperation_codeSpace 0.6 428 481

Figure 74. Example of DeviceOperation data in the 3DCityDB.
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Using the SQL query in Listing 20, some EnergyPerformanceCertificate data are extracted from the
3DCityDB and shown in Figure 75. The resulting table is split over multiple lines due to its width.

-- Extract some EnergyPerformanceCertificate data
WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname = 'EnergyPerformanceCertificate'

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_energy_perf_cert AS t JOIN co ON (t.id = co.id)
ORDER BY co.id LIMIT 5;

Listing 20. Example of SQL query to extract EnergyPerformanceCertificate data from the database.

cq_kl wasaJd classname _ a gmlid g'nlld_mdaspt_me . name : 8 nan'la_mda-spt_me
bigint ™ integer character varying (256) character var character varying { character varying {1000} character varying
443 11040 EnergyPerformanceCertificate  id_epc_9 [ruin] Energy Performance Certificate 9 [mul]
444 11040  EnergyPerformanceCertificate  id_epc_10 [ruin] Energy Performance Certificate 10 [null]
445 11040 EnergyPerformanceCertificate  id_epc_11 [nui] Energy Performance Certificate 11 [null]
446 11040  EnergyPerformanceCertificate  id_epc_12  [null] Energy Performance Certificate 12 [null]
447 11040 EnergyPerformanceCertificate  id_epc_13  [null] Energy Performance Certificate 13 [null]
description _ 8 id § type typa_mdsspam & label  value _ value_uom : issue_date a8 expiration_date
character varying (4000) bigint ™ characterv character varying charact numeric character varying date date
This is Energy Performance Certificate 9 444  cooling epc_codeSpace_iop G 280  kWh/(m*2*a) 2017-01-15 2027-05-23
This is Energy Performance Certificate 10 445 total epc_codeSpace_iop B 50 kWh/{m*2*a) 2018-01-15 2027-05-24
This is Energy Performance Certificate 11 446 heating epc_codeSpace_iop A 20 kWh/(m*2*a) 2019-01-15 2027-05-25
This is Energy Performance Certificate 12 447 heating epc_codeSpace_iop  A+++ 10 kWh/(m*2*a) 2017-05-15 2027-05-15
This is Energy Performance Certificate 13 448 DHW epc_codeSpace_iop B 50 kWh/(m*2*a) 2018-05-15 2027-05-16
cert_method _ a cert_uri & mi!dlng_ﬁd Ni!dinmmud
character varying character varying bigint bigint
Certification Method 5 hittp://www.epc.nl 23 [nuil]
Certification Method 6  http://www.epc.nl 215 [ruil]
Certification Method 7 http://www.epc.nl 247 [
CasaClima http://www.epc.nl [nui] 314
CasaClima http://www.epc.nl [nuin 314

Figure 75. Example of EnergyPerformanceCertificate data in the 3DCityDB.

Using the SQL query in Listing 21, some RefurbishmentMeasure data are extracted from the
3DCityDB and shown in Figure 76. The resulting table is split over multiple lines due to its width.

-- Extract some RefurbishmentMeasure data
WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname = 'RefurbishmentMeasure'

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
t.* FROM citydb.ng3_refurbishment_measure AS t JOIN co ON (t.id = co.id)
ORDER BY co.id LIMIT 5;

Listing 21. Example of SQL query to extract RefurbishmentMeasure data from the database.
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cp._id § pbiacldu&.ld I classname : 8 gmlid : gnlld_mdaapl_u:e name ; & nann.mdaapem
bigint ™ integer character varying (256) © character varying (256) character varying ( character varying (1000) character varying |
634 11041 RefurbishmentMeasure  id_refurbishment_10  [null] Refurbishment Measure 10 [null]
635 11041  RefurbishmentMeasure  id_refurbishment_11 [nuil] Refurbishment Measure 11 [null]
636 11041 RefurbishmentMeasure  id_refurbishment_12  [null] Refurbishment Measure 12 [null]
637 11041  RefurbishmentMeasure  id_refurbishment_13  [null] Refurbishment Measure 13 [null]
638 11041 RefurbishmentMeasure  id_refurbishment_14  [null] Refurbishment Measure 14 [null]
description : a id : type & typa_oodaapam a start_date a end_date a library_code :
character varying (4000) bigint ™ character varying character varying date date character varying

This is Refurbishment Measure 10 635 installedSolarPanels refurb_codeSpace 2020-02-10 2020-08-10  refurb_code_10
This is Refurbishment Measure 11 636  installedPVPanels refurb_codeSpace 2020-02-11 2020-08-11 refurb_code_11
This is Refurbishment Measure 12 637 other refurb_codeSpace 2020-0212 2020-08-12  refurb_code_12
This is Refurbishment Measure 13 638 changedWindows refurb_codeSpace 2020-02-13 2020-08-13  refurb_code_13

This is Refurbishment Measure 14 639 changedDoors refurb_codeSpace 2020-02-14 2020-08-14  refurb_code_14
library_code_codespace a building_id a building_partition_id a

character varying bigint bigint

refurb_lib_codeSpace 215 [nui]

refurb_lib_codeSpace 247 [nui]

refurb_lib_codeSpace [ui] 314

refurb_lib_codeSpace [nuin 314

refurb_lib_codeSpace [ 315

Figure 76. Example of RefurbishmentMeasure data in the 3DCityDB.

Using the SQL query in Listing 22, some Building and BuildingPart data are extracted from the
3DCityDB and shown in Figure 77. The resulting table is split over multiple lines due to its width.

-- Extract some Building and BuildingPart data

WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)

WHERE o.classname IN ('Building', 'BuildingPart')

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, b.*, t.*

FROM co JOIN citydb.building AS b ON (co.id = b.id) JOIN citydb.ng3_building AS t ON (b.id = t.id)

ORDER BY co.id LIMIT 4;

Listing 22. Example of SQL query to extract some Building and BuildingPart data from the database.
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Building id_building_1 [null] Snoke's Palace [null] This is Building 1 01030000A0407..  2025-05-20 ..
247 26 Building id_building_9-10 [nuln Jabba's multi-part Palace  [null] This is multi-part Building 9-10 0103000040407 . 2025-05-20
248 25 BuildingPart  id_buildingpart_9 [null] Jabba's dungeon [nun] This is BuildingPart 9 0103000040407 ... 2025-05-20 ..
BuildingPart  id_buildingpart_10  [null] The rancor’s prison [rul] This is BuildingPart 10 01030000A0407_.. 20250520 .
[l [l [muin] [mul] habitation  http://www sig3d org/codelists/standar_.  residential building
[mui] [null] [muin 247 26 [mu] 247 habitation  http/fwww. sig3d org/codelists/standar_.  residential building
[mull] [null] [muin 248 25 247 247  habitation  hittp.fwww.sig3d.org/codelists/standar... residential building
[mul] [t [mui] habitation  hitp/'www.sig3d.org/codelists/standar..  residential building
http:/f'www_sig3d.org/codelist..  [null] [nul] 1955-01-01 [nul] gabled roof http:/fwww.sig3d.org/codelists/..
http:/fwww.sig3d.org/codelist..  [null] [null] 1965-01-01 [null] gabled roof http:/fwww.sig3d.org/codelists/ ..
http:/fwww.sig3d.org/codelist..  [null] [nul] 1965-01-01 [nul] gabled roof http:/fwww.sig3d.org/codelists/..
http:/fwww.sig3d.org/codelist..  [null] [null] 1940-01-01 [null] gabled roof http:/fwww.sig3d.org/codelists/ ..
m 3 m [nun] [
15 m 3 5 30 m [ull] [nuin
15 ' m 3 5| 20 m [null] [nui
m 3 m [ull] [nuin
‘ [nuII] [l [nuin] [ [nuin [nuil] [ [l [null]
| [t [muli] [nuin] [ [nuin [null] [ [null] [t [null]
| [ [ruil] [nuil] [ [nuii] [nuin [nui 1657 [ruin] [l
| [nun] [ [nuin] [ [nuin [nui] [ 1711 [ [null]
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[nuil] [null] [nui] 1231 1245 [mui [nun] terracedHouse  bdgType_codeSpace 0 heavy
[nuil] [nul] [nui] [nul] [nuil] [nuin [nul] 247 [null] [rouain] 0  heavy
[nuil] [nul] [nui] 1660 1674 [nuin [nun] 248  terracedHouse  bdgType_codeSpace 0 light
[nuil] [nul] [nui] 1714 1728 [nui [nun] 256 terracedHouse  bdgType_codeSpace 0 light

constriWeighi_codeSpace  isOnlyCooled isOnlyHeated
constrieight_codeSpace  isHeatedAnd... isMeitherHeatedNo...
constreight_codeSpace  isOnlyHeated isOnlyHeated
constrieight_codeSpace  isOnlyHeated isOnlyHeated

Figure 77. Example of Building and BuildingPart data in the 3DCityDB.
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7.7.6 Weather station module

Following the rules in section 7.6.3, class WeatherStation is simply mapped to table CITYOBJECT.
Figure 78 represents graphically the OO-to-ER-model mapping of the Weather station module.
Figure 79 depicts the resulting ER-model.

«featureType»
Core::_CityObject

CITYOBJECT

Figure 78. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Weather station module.

EE citydb.cityobject

4@ id: bigserial

Ef objectclass_id: integer

B2 gmlid: varchar{258)

Eg gmlid_codespace: varchar{1000]

E8 name: varchar{1000)

Eg name_codespace: varchar[4000]

ES description: varchar{4000)

E envelope: public.geometry

E creation_date: timestamp with time zone

ES termination_date: timestamp with time zone

ES relative_to_terrain: varchar{256)

EH relative_to_water: varchar[256)

Eg last_modification_date: timestamp with time zone
E updating_person: varchar(258)

EH reason_for_update: varchar{4000)

E2 lineage: varchar(256)

E xml_source: text L 4

Figure 79. ER-model of the Energy ADE 3.0 Weather station module.

Using the data of dataset Alderaan_Energy_ADE_AIll.gml and the SQL query in Listing 23, some
WeatherStation data are extracted from the 3DCityDB and shown in Figure 80. The resulting table is
split over multiple lines due to its width.

-- Extract WeatherStation data

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = o.id)

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM citydb.ng3_cityobject AS t JOIN co ON (t.id = co.id)

ORDER BY co.classname LIMIT 10;

Listing 23. Example of SQL query to extract WeatherStation data from the database.
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co_id § objectclass_id classname gmlid gmlid_codespace name name_codespace
bigint ™ integer | character varying character varying (256) character varying (1 character varying (11 character varying («
846 11130  WeatherStation  id_weather_station_1  [null] Weather Station 1 [null]
a7 11130 WeatherStation  id_weather_station_2  [null] Weather Station2  [null]
description i I envelope & creation_date termination_date relative_to_terrain relative_to_water
character varying (4000) geometry timestamp with timestamp with tin character varying (256) character varying (
This is Weather Station 1 01030000A040710..  [null] [ entirelyAboveTerrain -~ [null]
This is Weather Station2 ~ 01030000A040710...  [null] [mull] entirelyAboveTerrain - [null]

Figure 80. Example of WeatherStation data in the 3DCityDB.

7.7.7 Urban function area module

Following the rules in section 7.6.2, class UrbanFunctionArea is mapped to linked table
NG3_URBAN_FUNCTION_AREA. All attributes up to class _CityObject are written to table
CITYOBIJECT, then all properties inherited from class CityObjectGroup are written to table
CITYOBJECTGROUP and, if needed, ancillary tables GROUP_TO_CITYOBJECT and
SURFACE_GEOMETRY. Finally, table NG3_URBAN_FUNCTION_AREA contains the attributes of class
UrbanFunctionArea.

Figure 81 represents graphically the OO-to-ER-model mapping of the Weather station module.
Figure 82 depicts the resulting ER-model.

CITYOBJECT

«featureType»
Core::_CityObject

GROUP_TO_CITYOBJECT

0..*
______ Role
* + role: CharacterString
«featureType»
CityObjectGroup::
CityObjectGroup CITYOBJECTGROUP

class: GroupClass [0..1]
function: GroupFunction [0..%]
usage: GroupUsage [0..%]
geometry: GM_Object [0..1]

+ + + +

SURFACE_GEOMETRY

NG3_URBAN_FUNCTION_AREA

Figure 81. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Urban function area module
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Ed citydb.cityobject

/2 id: bigserial

B objectclass_id: integer

ES gmlid: warchar{256)

E2 gmlid_codespace: varchar{1000)

EE name: varchar{1000)

EE name_codespace: varchar{4000)

EE description: varchar{4000)

Eg envelope: public.geometry

EE creation_date: timestamp with time zone

ES termination_date: timestamp with time zone
EE relative_to_terrain: varchar(258)

Eg relative_to_water: varchar[256)

E2 last_modification_date: timestamp with time zone
ES updating_person: varchar(256)

EE reason_for_update: varchar{4000)

EE lineage: varchar{258)

Eg =ml_source: text ¥

f 3 f
EE citydb.cityobjectgroup E citydb.group_to_cityobject
42 id: bigint 4 cityobject_id: bigint
B objectclass_id: integer /4 cityobjectgroup_id: bigint
&, brep_id: bigint Eg role: wvarchar(256) L 4

H parent_cityobject_id: bigint
BB class: varchar{256)

E class_codespace: varchar{4000) '—.-|E citydb.surface_geometry |
EE function: varchar{1000)

Eg function_codespace: varchar{4000)
ES usage: varchar{1000)

EE usage_codespace: varchar{4000)
E5 other_geom: public.geometry ¥

[ 1

EH citydb.ng2_wrban_function_area
4@ id: bigint

ES type: varchar

EE type_codespace: warchar

E5 code: varchar

EE code_codespace: varchar ¥

Figure 82. ER-model of the Energy ADE 3.0 Urban function area module.

Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 24, some
UrbanFunctionArea data are extracted from the 3DCityDB and shown in Figure 83. The resulting
table is split over multiple lines due to its width.

-- Extract UrbanFunctionArea data

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = o.id)

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM citydb.ng3_cityobject AS t JOIN co ON (t.id = co.id)

ORDER BY co.classname LIMIT 10;

Listing 24. Example of SQL query to extract UrbanFunctionArea data from the database.

118



CityGML Energy ADE 3.0 specifications

co_id i pbjacm:lasaJd classname _ gmilid : & gmlld_mdaspl_me name _ & nan‘n_mdaspl_me
bigint ® integer character varying (25 character varying (256) character varying { character varying (1000) character varying |
7N 11120 UrbanFunctionArea  id_urban_function_area_1 [l UrbanFunctionArea of first level [mui]
772 11120 UrbanFunctionArea  id_urban_function_area_1_1 [l UrbanFunctionArea of second level  [null]
773 11120 UrbanFunctionArea  id_urban_function_area_1_1_1 [null] UrbanFunctionArea of third level [nuil]
774 11120 UrbanFunctionArea  id_urban_function_area_1_1_2  [null] UrbanFunctionArea of third level [muin]
| description : a8 0 envelope & craaﬁan_dam t_an'nlnatinn_l:_lam_ ralatlva_tu_tan_’aln . ralatlm_tn_m_tar id i
. character varying (4000) geometry timestamp with timestamp with ti character varying (' character varying bigint
This is an UrbanFunctionArea of first level 0103000040407 . [null] [l [ruali] [ruil] i
This is an UrbanFunctionArea of second level  01030000A0407..  [null] [nu] [run] [ 772
This is an UrbanFunctionArea of third level 01030000A0407..  [null] [null] (] [nuil] 773
This is an UrbanFunctionArea of third level 0103000040407 [nul] [nu] [run] [ 774
objectclass_id class class_codespace function function_codespace usage
integer I character varying (256) & character varying | character varying (1000) & character varying (40 character varying (1000) &
11120 UrbanFuncionArea_class  [null] UrbanFuncionArea_function  [null] UrbanFuncionArea_usage
11120 UrbanFuncionArea_class  [null] UrbanFuncionArea_function  [null] UrbanFuncionArea_usage
11120 UrbanFuncionArea_class  [null] UrbanFuncionArea_function  [null] UrbanFuncionArea_usage
11120  UrbanFuncionArea_class  [null] UrbanFuncionArea_function  [null] UrbanFuncionArea_usage
usage_mdaspgm brap_id 0 other_geom p_argm_citynhjactjd id § type : P type_mdmm é
character varying (- bigint geometry bigint bigint ™ character varying character varying
[rout] 2627  [null] [nuii] 771 urbfuncarea_type_1 urbfuncarea_type_codeSpace
[rull] 2629  [null] [nuil] 772 urbfuncarea_type_12  urbfuncarea_type_codeSpace
[rout] 2631 [null] [nuii] 773 urbfuncarea_type_13  urbfuncarea_type_codeSpace
[roul] 2633 [null] [nuil] 774 urbfuncarea_type_13  urbfuncarea_type_codeSpace
code : & coda_mdaspa_ca &
character varying character varying

urbfuncarea_code_1 urbfuncarea_code_codeSpace
urbfuncarea_code_12  urbfuncarea_code_codeSpace
urbfuncarea_code_13  urbfuncarea_code_codeSpace

urbfuncarea_code_13  urbfuncarea_code_codeSpace

Figure 83. Example of UrbanFunctionArea data in the 3DCityDB.

7.7.8 Occupancy module

In the Occupancy module, different mapping rules are applied. Following the rules in section 7.6.3
and as already described in section 7.7.5, classes UsageZone and BuildingPartition (and their parent
class AbstractBuildingPartition from Core module) are mapped to just one target table
NG3_BUILDING_PARTITION. Please note that also class ThermalZone (from Building physics module)
is mapped to the same table, as described in section 7.7.9. This means that, depending on the
specific class, some columns will be written, while others may remain empty.

For class UsageZone, the relations to AbstractSchedule for heating, cooling and ventilation are
realised by means of foreign keys in columns heating schedule_id, cooling schedule_id, and
ventilation_schedule_id, respectively. For class BuildingUnit, the relation to Address is realised by
means of the association table NG3_ADDRESS_TO_BUILDING_UNIT.

EnergyPerformanceCertificate and RefurbishmentMeasure data are stored in the linked tables
NG3_ENERGY_PERF_CERT and NG3_REFURBISHMENT MEASURE, respectively.

Class Occupants is mapped following the rules of section 7.6.4. All attributes up to class _Feature
are written to table CITYOBJECT. Then, all specific attributes are written to table NG3_OCCUPANTS.
Both relations occupiedBy are realised by means of the foreign key in column building_partition_id.
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Figure 84 represents graphically the OO-to-ER-model mapping of the Occupancy module while
Figure 85 depicts the resulting ER-model.

_CityObject «featureType»
«featureType» Core::AbstractSchedule
Core::AbstractBuildingPartition
X 0.1 0.1 0.1 0.1
A +coolingSchedule | 4heatingSchedule |+ventilationSchedule | +occupancyRate
«featureType»
Core::AbstractThermalZone
«featureType»
UsageZone

type: CurrentUseValue

isPrimary: Boolean [0..1]

numberOfBuildingUnits: Integer [0..1]
internalHeatGains: Measure [0..1]
internalHeatGainsConvectiveFraction: Scale [0..1]
internalHeatGainsLatentFraction: Scale [0..1]
internalHeatGainsRadiantFraction: Scale [0..1]

0..* +usageZone

«featureType»

Core::AbstractUsageZone Q—

+ 4+ + + + + +

NG3_BUILDING_PARTITION

+occupiedBy 0.*

«featureType» <>
Occupants
NG3_OCCUPANTS

+ type: OccupantsTypeValue

+ numberOfOccupants: Integer [0..1]

+ heatDissipation: Measure [0..1]

+ heatDissipationConvectiveFraction: Scale [0..1]

+ heatDissipationLatentFraction: Scale [0..1]

+ heatDissipationRadiantFraction: Scale [0..1] «featureType»

+ averageDietType: DietTypeValue [0..1] Core::

+ averagelncomelevel: IncomelevelValue [0..1] RefurbishmentMeasure

+ averagelnstructionLevel: InstructionLevelValue [0..1] furbish y

0..*/|\ +refurbishmentMeasure
+occupiedBy 0..*
0L +buildingUnit
«featureType» «featureType» o—
Core::AbstractBuildingUnit [<}——— BuildingUnit
_ + type: CurrentUseValue
+ numberOfRooms: Integer [0..1] o
+address + ownerName: CharacterString [0..1] i :
+energyPerformanceCertificate
«featureType» + ownershipType: OwnershipTypeValue [0..1] e es
Core::Address 0.* _Feature
«featureType»
NG3_ADDRESS_TO_BUILDING_UNIT Core::

EnergyPerformanceCertificate

Figure 84. Graphical representation of the O0-to-ER-model mapping of the Energy ADE 2.0ccupancy module.
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EE citydb.cityobject

/@ id: bigserial
B objectclass_id: integer

EE gmlid: varchar{256)

E2 gmlid_codespace: warchar{1000])

EE name: varchar{1000)

Eg name_codespace: warchar{4000])

EE description: varchar[4000)

EE envelope: public.geometry

EE creation_date: timestamp with time zone

EE termination_date: timestamp with time zone
Eg relative_to_terrain: warchar(256)

EE relative_to_water: varchar{256)

EE last_modification_date: timestamp with time zone
EE updating_persen: varchar(256)

EE reason_for_update: varchar{4000)
EE lineage: varchar{258)

Eg =ml_source: text

EE citydb.ng3_building_partition

L F

A

|E citydb.surface_geometry |-1—{

4 id: bigint

B objectclass_id: integer

B cooling_schedule_id: bigint
H heating_schedule_id: bigint
B ventilation_schedule_id: bigint
Ef, usage_zone_id: bigint

Eg thermal_zone_id: bigint

B building_id: bigint

B lod1_solid_id: bigint

B lod2_solid_id: bigint

B lod3_solid_id: bigint

|E citydb.thematic_swrface

E citydb.ng3_them_swrf to_thermal_zone

[

4 thematic_surface_id: bigint
4 thermal_zone_id: bigint

¥

|E citydb.opening_to_them_surface |

E citydb.ng3_thematic_surface

¥

4@ id: bigint

EE citydb.opening

EH citydb.ng3 opening
4 id: bigint

ES area: numeric

EE area_uom: varchar

EE azimuth: numeric

E5 azimuth_uom: varchar

EE inclination: numeric

ES inclination_uom: wvarchar

EE ground_view_factor: numeric

E8 ground_view_factor_uom: varchar
EE sky_view_factor: numeric

B8 sky_view_factor_uom: varchar

¥

B8 total_surf_area: numeric

Eg total_surf_area_uom: varchar

ES ocpaque_surf_area: numeric

E opaque_surf_area_uoms: varchar
EH open_to_surf_ratio: numeric

E8 open_to_surf_ratio_uom: warchar
Eg thickness: numeric

E8 thickness_uom: varchar

E azimuth: numeric

E8 azimuth_uom: wvarchar

Eg inclination: numeric

Eg inclination_uom: warchar

ES ground_wiew_factor: numeric

E8 ground_view_factor_uem: varchar
E sky_wview_factor: numeric

B sky_wiew_factor_uom: wvarchar
Eg is_adiabatic: numeric

ES heat_capacity: numeric

Eg heat_capacity_uom: varchar

EE heat_capacity: numeric

EE heat_capacity_uom: varchar

EE infilration_rate: numeric

ES infiltration_rate_uom: varchar

EE is_cooled: numeric

EE is_heated: numeric

EE coincides_with_ledZ_hull: numeric
E8 coincides_with_lod3_hull: numeric
EE type: varchar

EE type_codespace: varchar

ES is_primary: numeric

E2 num_of_building_units: integer

EE int_heat_gains: numeric

ES int_heat_gains_uom: varchar

EE int_heat_gains_conv: numeric

ES int_heat_gains_conv_uom: wvarchar
EE int_heat_gains_lat: numeric

ES int_heat_gains_lat_uom: varchar
EE int_heat_gains_rad: numeric

ES int_heat_gains_rad_uom: warchar
EE num_of rooms: integer

EE owner_name: varchar

EE ownership_type: wvarchar

ES ownership_type_codespace: varc.ay

|E citydb.ng3_gualified_attribute

¥
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EE citydb.cityobject

|= citydb.ng2_qualified_attribute

4@ id: bigserial
B objectclass_id: integer

B2 gmlid: varchar{258)

Eg gmlid_codespace: varchar{1000]

Eg name: varchar{1000]

EH name_codespace: varchar{4000)

Eg description: varchar{4000)

E2 envelope: public.geometry

E8 creation_date: timestamp with time zone

E2 termination_date: timestamp with time zone
E2 relative_to_terrain: varchar(256)

E2 relative_to_water: varchar{256)

B2 last_modification_date: timestamp with time zone

E8 updating_persen: varchar{258)

E8 reason_for_update: varchar{4000)
E2 lineage: varchar(256)

B =ml_source: text

E2 citydb.ng3_building_partition

4 id: bigint

B objectclass_id: integer

B cooling_schedule_id: bigint
B heating_schedule_id: bigint
ER ventilation_schedule_id: bigint
Ef usage_zone_id: bigint

B thermal_zone_id: bigint

B building_id: bigint

B lod1_solid_id: bigint

B lodZ_solid_id: bigint

B lod3_solid_id: bigint

EE heat_capacity: numeric
B heat_capacity_uom: warchar
Eg infiltration_rate: numeric

¥

[

B8 infiltration_rate_uom: varchar
E is_cooled: numeric

|E citydb.ng3_energy_perf_cert

b—»

E is_heated: numeric

B8 coincides_with_loed2_hull: numeric

|E citydb.ng3_refurbishment_measure b—p

E2 coincides_with_lod3_hull: numeric
E type: varchar

EE citydb.ng3_occupants

/@ id: bigint

E2 type_codespace: varchar
ES is_primary: numeric
E8 num_of_building_units: integer

B schedule_id: bigint
B building_partition_id: bigint

E type: varchar

E type_codespace: varchar

E2 num_of_cccupants: integer
E2 heat_diss: numeric

E8 heat_diss_uom: varchar

E8 heat_diss_conwv: numeric

E8 heat_diss_conv_uom: varchar
B8 heat_diss_lat: numeric

E8 heat_diss_lat_vom: varchar

ES int_heat_gains: numeric

E int_heat_gains_uom: varchar

ES int_heat_gains_conv: numeric

ES int_heat_gains_conv_uom: varchar
Eg int_heat_gains_lat: numeric

E8 int_heat_gains_lat_uom: varchar
Eg int_heat_gains_rad: numeric

Eg int_heat_gains_rad_uom: varchar
Eg num_of_rooms: integer

ES owner_name: varchar

Eg ownership_type: varchar

ES ownership_type_codespace: varc.ap

}—I-IE citydb.surface_geometry |

|E citydb.address

E8 heat_diss_rad: numeric i [ 3
E8 heat_diss_rad_uom: varchar
& avg_diet_type: varchar ¥ E citydb.ng3_address_to_building_unit

b w|= citydb.ng3_schedule

B8 avg_diet_type_codespace: varchar
B8 avg_income_level: varchar

E avg_income_level_codespace: varchar
Eg avg_instr_level: varchar

B8 avg_instr_level_codespace: varchar

4@ address_id: bigint
4@ building_unit_id: bigint

¥

¥

Figure 85. ER-model of the Energy ADE 3.0 Occupancy module.

Using the data of dataset Alderaan_Energy_ADE_AIll.gml and the SQL query in Listing 25, some
UsageZone and some BuildingUnit data are extracted from the 3DCityDB and shown in Figure 86. In
this example, the query extracts data of both classes, as they are stored in the same tables. The
resulting table is split over multiple lines due to its width.

-- Extract UsageZone and BuildingUnit data

WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = 0.id)
WHERE o.classname IN ('UsageZone', 'BuildingUnit')

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM co JOIN citydb.ng3_building_partition AS t ON (co.id = t.id)

ORDER BY co.id LIMIT 4;

Listing 25. Example of SQL query to extract UsageZone and BuildingUnit data from the database.
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11093  BuildingUnit id_building_unit_11_2  [null] BuildingUnit 11_2
330 11093  BuildingUnit  id_building_unit_12 [l BuildingUnit 12
802 11091  UsageZone id_usage_zone_1 [null] UsageZone 1

11091 UsageZone id_usage_zone_2_1 [rull] UsageZone 2_1

[muin] This is BuildingUnit 11_2  01030000A04...
[rull] This is BuildingUnit 12 01030000404
[mull] This is UsageZone 1 01030000404,
[muil] Thisis UsageZone 2_1 01030000404...

[null] [null]
[null] [null]
[null] [null]
[null] [null]

[nulr] [ [mui] 11093 residential
[null] [ull] [ 330 11093 Unused columns. residential
[null] [mull] [muin 802 11091 Required onIy for ThermalZone data residential
[t} [ [muin] 11091 residential

[ [nun]
[null] [null]
[nun] 1
[l

[null] [mull]  [null] [null]  [mull] [nul] [l

[null] [mun]  [null] [null]  [mwil [nul] [l
1 100 W/m*2 0.3  unit interval 0.2 unit interval
100 W/m*2 unit interval unit interval

[mun]
[mun]
0.5

[l 5 [nul] propertyManagementCompany  ownership_type_codeSpace_abc [nuil]
[l 5 [nul] propertyManagementCompany  ownership_type_codeSpace_abc [nuil]
unit interval [nuil]  [null] [nu] [null] 413
unit interval [nuil]  [null] [nu] [nul] 413

[rull] [nuig 3477

[rouli] [rut] 176 3503 35N 3520

[ruti] 738 184 2689 2697 2706

[rouli] 739 207 2715 2723 273

Figure 86. Example of UsageZone and BuildingUnit data in the 3DCityDB.

[nuil [nul]
[nuil [null]
427 424
427 424
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Finally, using the SQL query in Listing 26, some Occupancy data are extracted from the 3DCityDB and
shown in Figure 87. The resulting table is split over multiple lines due to its width.

-- Extract Occupancy data
WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON
(co.objectclass_id = o.id)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM citydb.ng3_cityobject AS t JOIN co ON (t.id = co.id)

ORDER BY co.classname LIMIT 10;

Listing 26. Example of SQL query to extract Occupancy data from the database

co_id . objectclass_id classname  gmlid gmlid_codespace name name_codespace description
bigint ™ integer character vary character varying character varying character varyi character varying (- character varying (40(
499 11094  Occupants id_occupants_1  [null] Occupants 1 [null] This is Occupants 1
500 11094  Occupants id_occupants_2  [null] Occupants 2 [null] This is Occupants 2
id type type_codespace num_of_occupants heat_diss heat_diss_ uom heat_diss_conv heat_diss_conv_uom heat_diss_lat
bigint ™ character vi character varying integer numeric  character varyin numeric character varying numeric
499 residents occ_codeSpace xyz 12 100 wW/m*2 0.3 unitinterval 0.2
500 patients occ_codeSpace_xyz 11 100 W/m*2 0.3  unitinterval 02
heat_diss_lat_uom & heat_diss rad heat _diss_rad_uom avg diet type avg diet type _codespace avg income_level avg income_level_codespace
character varying numeric character varying  character varyi character varying character varying character varying
unit interval 0.5 unit interval OMmnivorous diet_codeSpace middle income_level codeSpace
unit interval 0.5 unitinterval omnivorous diet_codeSpace middle income_level codeSpace

avgLinstr_level avg_instr_level_codespace schedule_id building_partition_id

character varyl character varying bigint bigint
university instruction_level_codeS._. 114 802
university instruction_level_codeS... 414 803

Figure 87. Example of Occupancy data in the 3DCityDB.

7.7.9 Building physics module

In the Building physics module, different mapping rules are applied. Following the rules in section
7.6.3 and as already described in section 7.7.5, class ThermalZone (and its parent class
AbstractBuildingPartition from Core module) are mapped to just one target table
NG3_BUILDING_PARTITION. Please note that also classes UsageZone and BuildingPartition (from
Occupancy module) are mapped to the same table, as described in section 7.7.8. This means that,
depending on the specific class, some columns will be written, while others may remain empty

Following the rules in section 7.6.1, classes ADE _BoundarySurface and ADE _Opening are mapped
to the respective linked tables NG3_THEMATIC_SURFACE and NG3_OPENING.

Finally, following the rules in section 7.6.2, all new thematic surface classes (AtticFloorSurface,
PartyWallSurface, etc.) are mapped to tables CITYOBJECT and THEMATIC_SURFACE.

The relation thermalBoundary is realised by means of the association table
NG3_THEM_SURF_TO_THERMAL_ZONE.

Figure 88 represents graphically the OO-to-ER-model mapping of the Building physics module while
Figure 89 depicts the resulting ER-model.
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«featureType»
ThermalZone

heatCapacity: Measure [0..1]
infiltrationRate: Measure [0..1]
isCooled: Boolean =True

isHeated: Boolean =True
coincidesWithLod2Hull: Boolean =False
coincidesWithLod3Hull: Boolean =False

+ + + + + o+

NG3_BUILDING_PARTITION

_CityObject

«featureType»

Core::AbstractThermalZone

«featureType»

Core::AbstractBuildingPartition

area: QualifiedArea [0..*]
volume: QualifiedVolume [0..*]

NG3_THEM_SURF_TO_THERMAL_ZONE

+thermalBoundary 0..*
_CityObject
«featureType»
Building::_BoundarySurface <

lod1Solid: GM_Solid [0..1]
lod2Solid: GM_Solid [0..1]
lod3Solid: GM_Solid [0..1]

+ o+ o+ 4+ o+

«ADEElement»
_BoundarySurface

+ lod2MultiSurface: GM_MultiSurface [0..1]
+ lod3MultiSurface: GM_MultiSurface [0..1]
+ lod4MultiSurface: GM_MultiSurface [0..1]

A

«ADE»

«featureType»
PartyWallSurface

«featureType»
BasementCeilingSurface

«featureType»
IntermediateFloorSurface

«featureType»
AtticFloorSurface

THEMATIC_SURFACE

«featureType»
Building::_Opening

_CityObject

lod3MultiSurface: GM_MultiSurface [0..1]
lod4MultiSurface: GM_MultiSurface [0..1]

+ + 4+ +

lod3ImplicitRepresentation: core:ImplicitGeometry [0..1]
lod4ImplicitRepresentation: core:ImplicitGeometry [0..1]

«ADE»

+ o+ F A+ o+ o+

bdgBdrySurfThickness: Length [0..1]
bdgBdrySurfTotalSurfaceArea: Area [0..1]
bdgBdrySurfOpaqueSurfaceArea: Area [0..1]
bdgBdrySurfOpeningToSurfaceRatio: Scale [0..1]
bdgBdrySurfHeatCapacity: Measure [0..1]
bdgBdrySurflsAdiabatic: Boolean [0..1]
bdgBdrySurfAzimuth: Angle [0..1]
bdgBdrySurfinclination: Angle [0..1]
bdgBdrySurfGroundViewFactor: Scale [0..1]
bdgBdrySurfSkyViewFactor: Scale [0..1]

NG3_THEMATIC_SURFACE

NG3_OPENING

«ADEElement»
_Opening

bdgOpnArea: Area [0..1]
bdgOpninclination: Angle [0..1]
bdgOpnAzimuth: Angle [0..1]
bdgOpnGroundViewFactor: Scale [0..1]
bdgOpnSkyViewFactor: Scale [0..1]

+ + + + +

Figure 88. Graphical representation of the O0O-to-ER-model mapping of the Energy ADE 3.0 Building physics module.
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EE citydb.cityobject

/2 id: bigserial
B objectclass_id: integer

EE citydb.ng3_building_partition

E2 gmlid: varchar{256)

EE gmlid_codespace: varchar{1000)
E2 name: varchar{1000])

EE name_codespace: varchar{4000)
EE descriptien: varchar{4000)

Eg enwvelope: public.geometry

EE creation_date: timestamp with time zone
ES termination_date: timestamp with time zone

EE relative_to_terrain: varchar{256)
E2 relative_to_water: wvarchar[256)

EE last_modification_date: timestamp with time zone

EE updating_person: varchar{256)

ES reason_for_update: varchar{4000)
EE lineage: varchar(256)

EE =ml_source: text

4

|E citydb.surface_geometry |-l—{

4 id: bigint

B objectclass_id: integer

B cooling_schedule_id: bigint
B heating_schedule_id: bigint
B ventilation_schedule_id: bigint
Ef, usage_zone_id: bigint

B thermal_zone_id: bigint

B building_id: bigint

B lod1_solid_id: bigint

B lod2_solid_id: bigint

B lod3_solid_id: bigint

L 4

| E citydb.thematic_surface

EE citydb.ng3_them_surf to_thermal_zone

[

|E citydb.opening_to_them_surface |

| |

E citydb.opening

E citydb.ng2_opening
4@ id: bigint

ES area: numeric

EE area_uem: varchar

E§ azimuth: numeric

EE azimuth_uom: varchar

EE inclination: numeric

EE inclination_uom: warchar

E8 ground_view_factor: numeric

ES ground_view_factor_uom: wvarchar
EE sky_view_factor: numeric

E sky_view_factor_uom: wvarchar

¥

L & thematic_surface_id: bigint

& thermal_zone_id: bigint L

EE citydb.ng3_thematic_surface
4 id: bigint

E8 total_surf_area: numeric

B8 total_surf_area_uom: varchar

ES opaque_surf_area: numeric

E3 opagque_surf_area_uom: wvarchar
ES open_to_surf_ratio: numeric

E2 open_to_surf_ratio_uwom: varchar
B3 thickness: numeric

ES thickness_uom: wvarchar

E8 heat_capacity: numeric

EE heat_capacity_uom: varchar

EE infiltration_rate: numeric

ES infiltration_rate_uom: warchar

Eg is_cooled: numeric

EE is_heated: numeric

EE coincides_with_lodZ_hull: numeric
Eg coincides_with_lod3_hull: numeric
ES type: varchar

EE type_codespace: wvarchar

ES is_primary: numeric

E2 num_of building_units: integer

EE int_heat_gains: numeric

ES int_heat_gains_uom: varchar

EE int_heat_gains_cenv: numeric

EE int_heat_gains_conv_uom: varchar
EE int_heat_gains_|lat: numeric

ES int_heat_gains_lat_uwom: varchar
ES int_heat_gains_rad: numeric

EE int_heat_gains_rad_uom: wvarchar
E2 num_of_rooms: integer

EZ owner_names: varchar

EE ownership_type: varchar

ES ownership_type_codespace: varc.ay

E2 azimuth: numeric
E8 azimuth_uom: varchar

i

E3 inclination: numeric

|E citydb.ng2_qualified_attribute

E2 inclination_uom: varchar

ES ground_view_factor: numeric

B3 ground_view_factor_uom: warchar
B sky_view_factor: numeric

B sky_wiew_factor_uom: warchar
B2 is_adiabatic: numeric

ES heat_capacity: numeric

E8 heat_capacity_uom: varchar

¥
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E citydb.cityobject |& citydb.ng3_device_operation
42 id: bigserial

&, objectclass_id: integer
Eg gmlid: wvarchar{256) E citydb.ng3_device
Eg gmlid_codespace: varchar{1000)

Eg name: warchar{1000)

ES name_codespace: varchar(4000)

Eg description: varchar{4000)

Eg envelope: public.geometry

Eg creation_date: timestamp with time zone

ES termination_date: timestamp with time zone

Eg relative_to_terrain: varchar[256)

Eg relative_to_water: varchar{256)

Eg last_modification_date: timestamp with time zone
ES updating_person: varchar[256)

Eg reason_for_update: varchar{4000)

E lineage: varchar{236)

B =ml_source: text ¥

42 ids bigint
& objectclass_id: integer

’ &, transmittance_id: bigint

g, cityobject_id: bigint

Eg model: varchar
Eg num_of devices: integer
ES year_of_manufacture: integer
Eg installed_power: numeric
Eg installed_power_uom: warchar
Eg nominal_efficiency: numeric
E2 noeminal_efficiency_uom: warchar
Eg efficiency_indicator: varchar
Eg heat_diss: numeric
Eg heat_diss_uom: varchar
ES heat_diss_conwv: numeric
Eg heat_diss_conv_uom: varchar
Eg heat_diss_lat: numeric

E2 citydb.ng3_solar_collector

42 ids bigint Eg heat_diss_lat_uom: varchar
& objectclass_id: integer E8 heat_diss_rad: numeric
& lod2_multi_surface_id: bigint E2 heat_diss_rad_uom: warchar
&g, lod3_multi_surface_id: bigint ES heat_source: varchar
Eg type: varchar ES cop_source_temp: numeric
Eg type_codespace: varchar ES cop_source_temp_ucm: varchar
E2 cell_type: wvarchar Ef cop_operation_temp: numeric
¥ | E— i .
Eg cell_type_codespace: varchar B2 cop_operation_temp_uom: varchar
B8 module_area: numeric Eg has_condensation: numeric
Eg module_area_uom: varchar & type: varchar
E8 azimuth: numeric Eg type_codespace: varchar
E8 azimuth_uom: varchar Eg installation_side: warchar
Eg inclination: numeric E8 ma=_cower_ratio: numeric
Eg inclination_uom: wvarchar ES max_cower_ratio_uom: varchar

ES aperture_area: numeric

ES aperture_area_uom: varchar

Eg opt_efficiency: numeric

Eg opt_efficiency_uom: varchar

E2 lin_heat_loss_coeff: numeric

E5 quad_heat_loss_coeff: numeric ¥
I E2 medium: varchar

E citydb.ng3_storage_device
42 id: bigint
& objectclass_id: integer

E2 medium_codespace: varchar

ES preparation_temp: numeric

|E citydb.surface_geometry | E5 preparation_temp_uom: varchar
Eg thm_losses_factor: numeric

ES thm_losses_factor_uom: warchar
Eg wolume: numeric

Eg wolume_uom: varchar

Eg batt_techn: varchar

ES batt_techn_codespace: warchar
ES power_capacity: numeric

Eg power_capacity_uom: warchar ¥

Figure 89. ER-model of the Energy ADE 3.0 Building physics module.

Using the data of dataset Alderaan_Energy_ADE_AIll.gml and the SQL query in Listing 27, some
ThermalZone data are extracted from the 3DCityDB and shown in Figure 90. The resulting table is
split over multiple lines due to its width.
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-- Extract some ThermalZone data

WITH co AS (

SELECT co.*, o.classname FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)
WHERE o.classname = 'ThermalZone'

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace, co.description,
co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM co JOIN citydb.ng3_building_partition AS t ON (co.id = t.id)

ORDER BY co.id LIMIT 2;

Listing 27. Example of SQL query to extract ThermalZone data from the database.
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11081 ThermalZone  id_thermal_zone_1 [t ThermalZone 1 [null] This is ThermalZone 1 010300004040710..  [null] [nul]
11081  ThermalZone  id_thermal_zone_2  [null] ThermalZone 2 [null] This is ThermalZone 2 01030000A040710..  [null] [null]
[nuil] [null] 11081 500 J/K
[rwin] [nul] 11081 500 WK 0

Unused columns. Required only for UsageZone and BuildingUnit data

1781
207 1790 1798 1807

Figure 90. Example of ThermalZone data in the 3DCityDB.
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Using the SQL query in Listing 28, some building thematic surface data are extracted from the
3DCityDB and shown in Figure 91. The resulting table is split over multiple lines due to its
width.

-- Extract some building thematic surface data

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname

FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id) JOIN citydb.objectclass AS 02 ON
(o.superclass_id = 02.id)

WHERE 02.classname ='_BuildingBoundarySurface'

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace,
co.description, co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM co LEFT JOIN citydb.ng3_thematic_surface AS t ON (co.id = t.id)

ORDER BY co.classname;

Listing 28. Example of SQL query to extract building thematic surface data from the database.

cg__id wasuu classname _ a gmlid _ a gnlld.mdsspt_me _name _ a narm_mdsspl_lce
bigint ™ integer character varying (256) character varying (256) character varying (' character varying (1000) character varying
608 11083 BasementCeilingSurface id_thermal_zone_11_1_thermal_boundary_4  [null] ThermalZone 11_1 ThermalBoundary 4 [ruin]
526 35 BuildingGroundSurface id_thermal_zone_1_groundsurface_1 [null] (ThermalBoundary) GroundSurface 1 (T...  [null]
528 33 BuildingRoofSurface id_thermal_zone_1_roofsurface_1 [l (ThermalBoundary) RoofSurface 1 (The..  [null]
530 34  BuildingWallSurface id_thermal_zone_1_wallsurface_1 [null] (ThermalBoundary) WallSurface 1 (Ther..  [null]
615 11084 IntermediateFloorSurface  id_thermal_zone_11_2_thermal_boundary_5 [null] ThermalZone_11_2 ThermalBoundary 5 [nui
527 11085 PartyWallSurface id_thermal_zone_1_partywallsurface_1 [null] (ThermalBoundary) PartyWallSurface 8 [nui]
description a n lope o creation_date termination_date relative_to_terrain relative_to_water id . total_surf_area
character varying (4000) geometry timestamp with timestamp with tir character varying ( character varying bigint ™ numeric
This is ThermalZone 11_1 ThermalBoundary 4 01030000A0407_..  [null] [nui] [nui] [nuil] 608 100
This is (ThermalBoundary) GroundSurface 1 (T..  01030000A0407...  [null] [ui] [nui] [nui] 526 100
This is (ThermalBoundary) RoofSurface 1 (Ther..  01030000A0407...  [null] [nui] [nui] [nuil] 528 70.7107
This is (ThermalBoundary) WallSurface 1 (Ther..  01030000A0407..  [null] [null] [null] [nul] 530 125
This is ThermalZone_11_2 ThermalBoundary 5 01030000A0407_..  [null] [nui] [nui] [nuil] 615 100
This is (ThermalBoundary) PartyWallSurface 8 01030000A0407_..  [null] [ui] [nui] [nui] 527 100
mLsurf_arﬂym opaqug_surf_ama Opaque_surf_a_ma._nom open_m_surf_raﬂo open_m_surf_l_'aﬂo_unm mlm a ﬂllckness_uorq azlmul_jl azimuth_uom _
character varying numeric character varying numeric character varying numeric character varyin mumeric character varying
m*2 25 m*2 0.25 unit interval 0.5 m -1 decimal degree
m*2 [null] o] 0 unitinterval [nul]  [null] -1 decimal degree
m*2 [null] o] 0.25 unitinterval [nul]  [nul] 270 decimal degree
m*2 979706 m*2 0.22  unitinterval [null]  [null] 180 decimal degree
m*2 0 m'2 0 unitinterval 05 m -1 decimal degree
m*2 [null] o] 0 unitinterval [nul]  [null] 90 decimal degree
gmnd_vhw_fmnr ground_view. _fam_uom sky_vil_m_faﬂnr sky_vhw_faﬂl_:r_nom is_adi _‘ ic  heat_s af ity q heat_ca “,__nom
numeric character varying numeric character varying numeric numeric character varying
0.4 unit interval 06 unit interval 0 [nun]  [null]
1 unit interval 0 unitinterval 0 [nun]  [null]
0.5 unit interval 06 unit interval 0 [nun]  [null]
0.5 unit interval 0.6 unitinterval 0 [null]  [nuil]
0 unit interval 0 unit interval 1 [nun]  [null]
0  unit interval 0 unitinterval 0 [nun]  [null]

Figure 91. Example of building thematic surface data in the 3DCityDB.

Finally, using the SQL query in Listing 29, some building opening data are extracted from the
3DCityDB and shown in Figure 92. The resulting table is split over multiple lines due to its
width.

-- Extract some building opening data
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WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname

FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id) JOIN citydb.objectclass AS 02 ON
(o.superclass_id = 02.id)

WHERE 02.classname ="_BuildingOpening'

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace,
co.description, co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM co LEFT JOIN citydb.ng3_opening AS t ON (co.id = t.id)

ORDER BY co.classname, co.id LIMIT 2;

Listing 29. Example of SQL query to extract building opening data from the database.

co_id i objectclass_id classname gmlid a8 gmlid_codespace name name_codespace
bigint ™ integer character varying | character varying (256) character varying | character varying (10 character varying
264 38 BuildingWindow  id_thermal_zone_1_wallsurface_1_thermal_opening_1  [null] Thermal Opening 1 [null]
265 38 BuildingWindow  id_thermal_zone_1_wallsurface_2_thermal_opening_2  [null] Thermal Opening 2 [null]
description a n envelope a creation_date termination_date relative_to_terrain relative_to_water id i area area_uom azimuth
character varying (4000) geometry timestamp witl timestamp with ti character varying character varying bigint ™ numeric | character v numeric
This is Thermal Opening 1 01030000A04071...  [null] [nuin] [nuil] [nui] 264 27.0294 m*2 180
This is Thermal Opening 2 01030000A04071...  [null] my [nuin] [nui] 265 27.0294 m*2 0
azimuth_uom inclination inclination_uom ground_view_factor ground_view_factor_uom sky_view_factor sky_view_factor_uom
character varying numeric character varying numeric character varying numeric character varying
decimal degree 90 decimal degree 0.5 unitinterval 0.6 wunit interval
decimal degree 90 decimal degree 0.5 unitinterval 0.6  unit interval

Figure 92. Example of building opening data in the 3DCityDB.

7.7.10 Devices module

In the Devices module, the mapping rules described in section 7.6.3 are applied. Class
AbstractDevice and some other classes (e.g. HeatPump, Boiler, etc.) — please refer to Figure 93
— are mapped to one unique target table NG3_DEVICE. All properties up to class _CityObject
are written to table CITYOBIJECT, then all properties of class AbstractDevice (and some of its
subclasses) are written to table NG3_DEVICE. This means that, depending on the specific class,
some columns will be written, while others may remain empty. The relation between ADE
_CityObject and AbstractDevice is realised by means of the foreign key in column cityobject id.
The transmittance property of class MovableShadingDevice is written to table
NG3_OPTICAL_PROPERTY and referenced by means of a foreign key in column
transmittance_id.

Class AbstractSolarCollector and all its subclasses are mapped to the linked table
NG3_SOLAR_COLLECTOR. The id column of this table acts as primary key and, at the same
time, foreign key to table NG3_DEVICE. The multisurface geometries of class
AbstractSolarCollector are written to table SURFACE_GEOMETRY following the usual 3DCityDB
mapping rules for aggregate geometries.

Likewise, classes ThermalStorageDevice and ElectricalStorageDevice are mapped to one joined
table NG3_STORAGE_DEVICE. The id column of this table acts as primary key and, at the same
time, foreign key to table NG3_DEVICE.

Figure 93 represents graphically the OO-to-ER-model mapping of the Devices module while
Figure 94 depicts the resulting ER-model.
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«featureType»
Core::DeviceOperation

«ADE» «ADEElement»
Core::_CityObject

+ type: DeviceOperationTypeValue
+ yearlyGlobalEfficiency: Decimal [0..1]

NG3_DEVICE
+deviceOperation ;
0.* «featureType»
" Core::AbstractDevice

model: CharacterString [0..1]
yearOfManufacture: Integer [0..1]
numberOfDevices: Integer [0..1]
installedPower: Measure [0..1] <
nominalEfficiency: Measure [0..1] 0.*
efficiencyIndicator: CharacterString [0..1]
heatDissipation: Measure [0..1]
heatDissipationConvectiveFraction: Scale [0..1]
heatDissipationLatentFraction: Scale [0..1]
heatDissipationRadiantFraction: Scale [0..1]

. 2R S SR R RRG BC R

SURFACE_GEOMETRY

Figure 93. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Devices module.

NG3 OPTICAL_ PROPERTY

NG3_SOLAR_COLLECTOR

NG3_STORAGE_DEVICE

133



CityGML Energy ADE 3.0 specifications

E citydb.cityobject

|E citydb.ng3_device_operation

& id: bigserial
g objectclass_id: integer

g gmlid: wvarchar(258]

g gmlid_codespace: varchar{1000]
Eg name: varchar{1000]

Eg name_codespace: varchar{4000]
Eg description: warchar{4000]

£ envelope: public.geometry

Eg creation_date: timestamp with time zone
Eg termination_date: timestamp with time zone

Eg relative_to_terrain: varchar[256)
Eg relative_to_water: varchar{256]

Eg last_modification_date: timestamp with time zone

£ updating_person: varchar{256)

Eg reason_for_update: wvarchar{4000)
£ lineage: wvarchar(256]

Eg =ml_source: text

E2 citydb.ng3_solar_collector

42 id: bigint

g objectclass_id: integer

5] led2_multi_surface_id: bigint
& led3_multi_surface_id: bigint

Eg type: varchar
Eg type_codespace: wvarchar
g cell_type: varchar

g module_area: numeric

5 module_area_uom: warchar
Eg azimuth: numeric

£ azimuth_uom: wvarchar

Eg inclination: numeric

Eg inclination_uem: wvarchar

ES aperture_area: numeric

E9 aperture_area_uom: varchar
Eg opt_efficiency: numeric

Eg opt_efficiency_uom: varchar
Eg lin_heat_loss_coeff: numeric

g5 cell_type_codespace: varchar

E9 quad_heat_loss_coeff: numeric ¥

|E citydb.surface_geometry

EE citydb.ng3_ device

& id: higint
5] objectclass_id: integer

' &l transmittance_id: bigint

5] cityobject_id: bigint

g5 model: varchar

Eg num_of_devices: integer

£ year_of_manufacture: integer
Eg installed_power: numeric

Eg installed_power_uom: warchar
Eg nominal_efficiency: numeric

g5 nominal_efficiency_uom: warchar
Eg efficiency_indicator: warchar

£ heat_diss: numeric

£ heat_diss_uom: varchar

E8 heat_diss_conv: numeric

B heat_diss_conv_uom: varchar
E8 heat_diss_lat: numeric

B heat_diss_lat_uoms: varchar

B8 heat_diss_rad: numeric

£ heat_diss_rad_uom: varchar

B8 heat_source: varchar

E§ cop_source_temp: numeric

£ cop_source_temp_uom: varchar
ES cop_operation_temp: numeric

P . Eg cop_operation_temp_uom: varchar

Eg has_condensation: numeric

Eg type: varchar

Eg type_codespace: wvarchar

Eg installation_side: varchar

EH ma=_cower_ratic: numeric

Ed max_cowver_ratio_uom: varchar

i

EH citydb.ng3 storage_dewice

42 id: bigint
g objectclass_id: integer

5 medium: varchar

Eg medium_codespace: varchar

EH preparaticn_temp: numeric

Eg preparation_temp_ucm: varchar
£ thm_losses_factor: numeric

B thm_lesses_factor_uom: warchar
g wolume: numeric

B wolume_uom: warchar

£ batt_techn: warchar

Eg batt_techn_codespace: varchar
EH power_capacity: numeric

Ef power_capacity_uom: varchar L 4
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B citydb.cityobject

4@ id: bigserial
&3 objectclass_id: integer

E citydb.ng3_resource

B gmlid: warchar{256)

E5 gmlid_codespace: varchar{1000)

E2 name: warchar{1000)

Eg name_codespace: varchar{2000)

Eg description: varchar{4000)

Eg envelope: public.geometry

E5 creation_date: timestamp with time zone

ES termination_date: timestamp with time zone
Eg relative_to_terrain: varchar(256)

Eg relative_to_water: varchar{2586)

Eg updating_person: varchar[256)

E2 reason_for_update: varchar{4000)
E lineage: varchar(256)

Eg =ml_source: text

& id: bigint

&3 objectclass_id: integer
B time_series_id: bigint
g cityobject_id: bigint

B last_modification_date: timestamp with time zone

Figure 94. ER-model of the Energy ADE 3.0 Device module.

E type: varchar
Ed type_codespace: varchar
Eg enduse: varchar

- ,.E enduse_codespace: varchar

Eg status: varchar

ES operation_type: wvarchar

Eg ocperation_type_codespace: warchar
E3 year: integer

E9 amount_type: warchar

Eg amount_type_codespace: varchar
E9 amount: numeric

E3 amount_uom: warchar

E is_amount_normalized: numeric

E2 normalization_param: varchar

E2 normalization_walue: numeric

E2 normalization_walue_uom: varchar
ES co2_equivalent: numeric

Eg co2_equivalent_uom: varchar

EH coests_money: numeric

B costs_money_uom: varchar

Eg vields_money: numeric

Eg vields_money_uom: varchar

Ed energy_carrier: varchar

E9 energy_carrier_codespace: warchar
B2 maximum_load: numeric

E2 maximum_load_uom: varchar

B3 source: varchar

Ed source_codespace: varchar

Eg is_dangerous: numeric

B is_recyclable: numeric ¥

Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 30, some
device data are extracted from the 3DCityDB and shown in Figure 95. The resulting table is

split over multiple lines due to its width.

-- Extract some device data
WITH co AS (
SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname

FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id) JOIN citydb.objectclass AS 02 ON

(o.superclass_id = 02.id)
WHERE 02.classname = 'AbstractDevice'

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace,
co.description, co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*

FROM co LEFT JOIN citydb.ng3_device AS t ON (co.id = t.id)

ORDER BY co.classname;

Listing 30. Example of SQL query to extract ThermalZone data from the database.




CityGML Energy ADE 3.0 specifications

oo_ldiobieddasa_id

bigint ™ integer
480 11102
733 11108
483 11103
487 11104
490 11106
493 11105
497 11107
736 11109

description

character varying (4000)

This is Boiler 4

classname & gmlid
character varying (256) © character varying (2586)
Boiler id_boiler_4

ElectricalStorageDevice
GenericDevice
GenericElectricalDevice
HeatPump
LightingDevice
MovableShadingDevice

ThermalStorageDevice

id_electrical_storage_device_11

id_generic_device_1

id_generic_electrical_device_2

id_heat_pump_5

id_lighting_device_3

id_movable_shading_device_6

id_thermal_storage_device_7

wild_mdaqu_\oo name : a mnn_mdaqm
character varying (* character varying (1000) character varying |
[nui] Boiler 4 [nui]
[rui] ElectricalStorageDevice 11 [null]
[rui] GenericDevice 1 [rui]
[nui] GenericElectricalDevice 2 [
[rui] HeatPump 5 [rui]
[rui] LightingDevice 3 [rui]
[nui] MovableShadingDevice 6 [nui]
[rui] ThermalStorageDevice 7 [rui]

& umehpecmhn.ﬂamnlmﬂon.dawuﬂaﬂn.mln relative_to_water id ioﬂo@dm
geometry timestamp witt timestamp with ti character varying (! character varying bigint ™ integer

01030000404

This is ElectricalStorageDevice 11 01030000A04...

This is GenericDevice 1

01030000A04...

This is GenericElectricalDevice 2 01030000A04._..

This is HeatPump 5

This is LightingDevice 3

01030000A04...
01030000404

This is MovableShadingDevice 6 01030000A04...

This is ThermalStorageDevice 7 01030000A04...

model

character varying

Boiler Boiler 4

ElectricalStorageDevice ElectricalStorageDevice 11

GenericDevice GenericDevice 1

GenericElectricalDevice GenericElectricalDevice 2

HeatPump HeatPump 5

LightingDevice LightingDevice 3

MovableShadingDevice MovableShadingDevice &

ThermalStorageDevice ThermalStorageDevice 7

nominal_efficiency_uom efficiency_indicator i

character varying character varying numeric
unit interval eff_indic_string_4 10
unit interval eff_indic_string_11 17
unit interval eff_indic_string_1 21
unit interval eff_indic_string_2 14
unit interval eff_indic_string_5 13
unit interval eff_indic_string_3 1
unit interval eff_indic_string_6 5
unit interval eff_indic_string_7 27
heat_diss_rad
numeric character varying  character vary numeric

0.5 unit interval [nuin]

0.5  unit interval [

0.5 unit interval [nuin]

0.5 unit interval [nun]

0.5 unitinterval aquifer

0.5 unit interval [nun]

0.5 unit interval [nun]

0.5 unit interval [nu]

[nui]
[nun]
[
[nuil]
[nuil]
[nuil]
[nuil]
[nuil]

integer

1

[
[mum]
[mui]
[rmuil]
[ruin]
[rmuin]
[ruin]
[l

integer

[nun] [num] 480 11102
[nun] [null] 733 11108
[nun] [nun] 483 11103
[nul] [null] 487 11104
[nul] [nul] 490 11106
[null] [null] 493 11105
[null] [nul] 497 11107
[nul] [null] 736 11109
num_of_devices year_of manufacture installed_power installed_power_uom nominal_efficiency
numeric character varying numeric

1992 9.8 kw 0.2
2016 23 kW 0.8
2015 6.3 kW 0
2008 49 kW 01
1996 55 KW 0.5
1999 3.3 kW 0.7
2006 4 kW 0.7
1990 9.3 kW 0.2

1

W/m*2
W/m"2
W/m*2
W/m*2
W/m*2
W/m"2
W/m*2
Wim*2

character varyini numeric

0.2
02
02
02
0.2
0.2
02
02

unit interval
unit interval
unit interval
unit interval
unit interval
unit interval
unit interval

unit interval

lnaLdlas' heat_diss_uom heat_diss_conv heat_diss_conv_uom heat_diss_lat heat_diss_lat_uom
character varying numeric

character varying
0.3 unit interval
0.3 unit interval
0.3 unit interval
0.3 unit interval
0.3 unit interval
0.3 unit interval
0.3 unit interval
0.3 unit interval

heat_diss_rad_uom heat_source cop_source_temp cop_source_temp_uom cop_operation_temp cop_operation_temp_uom

character varying

[
[
[
[ruuin

5
[ruuin
[ruin]
[ruin]

[nui]
[
[nuin]

[nuin]

degrees Celsius

[nuin]
[nui]

[nui]

numeric

character varying
[nul]  [null]
[nun]  [aull]
[nun]  [nui]
[nun]  [auil]

10 degrees Celsius

[nun]  [auil]
[nul]  [nuil]
[nul]  [null]
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has_condensation type type_codespace installation_side max_cover_ratio max_cover_ratio_uom transmittance_id cityobject id
numeric character varying character varying character varying numeric character varying bigint bigint

1 [nul] [ruain] [nui] [nulll [ [nutn] 207

[nun]  [rwl] [ruain] [nui] [null] [ [t 239

0 [nun [ [nun] [nuill  [nui [nuin 184

0 [nul] [ruain] [nui] [nulll [ [nutn] 184

0 [nuil] [ruain] [nui] [nulll [ [t 170

0 [nun [ [nun] [nuill  [nui [nuin 207

0 shutter shading_devi... outside 0.7 unit inteval N 170

[nun] | [l [ [nun] [nuill  [nui [nuin 192

Figure 95. Example of device data in the 3DCityDB.

Using the SQL query in Listing 31, some device data are extracted from the 3DCityDB and
shown in Figure 96. The resulting table is split over multiple lines due to its width.

-- Extract some solar collector data

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname

FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id) JOIN citydb.objectclass AS 02 ON
(o.superclass_id = 02.id)

WHERE 02.classname = 'AbstractSolarCollector’

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace,
co.description, co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*, t2.*

FROM co JOIN citydb.ng3_device AS t ON (co.id = t.id) JOIN citydb.ng3_solar_collector AS t2 ON (t.id = t2.id)

ORDER BY co.classname;

Listing 31. Example of SQL query to extract solar collector data from the database.

e!_:l._id £ phjomdasa.ld classname _ 8 gmiid _ a8 mﬂlld.mdaepl_me | name _ a narna.nodaepl_lm
bigint ™ integer character varying (256) character varying (256) character varying (* character varying (1000) character varying

659 11111 GenericSolarCollector id_generic_solar_collector_7 [null] GenericSolarCollector 7 [l

669 11112 PhotovoltaicCollector id_pv_collector_17 [nul] PhotoVaoltaicCollector 17 [nuin]

685 11114 PhotovoltaicThermalCollector  id_pv_thermal_collector_49 [nwll] PhotovoltaicThermalCollector 49 [nuill]

7m 11113 SolarThermalCollector id_solar_thermal_collector_33  [null] SolarThermalCollector 33 [nuil]
description : 8 0 envelope a8 craalhn.data tarrnlna'lim_dahe mmmln . mlathre.m_m_tar id g theddasa.ld
character varying (4000) geometry timestamp witl timestamp with ti character varying (. character varying | bigint ™ integer
This is GenericSolarCollector 7 010300004040..  [null] [num] [ui] [nui] 659 11111
This is PhotoVoltaicCollector 17 010300004040 [null] [rum] [mun] [nui] 669 11112
This is PhotovoltaicThermalCollector 49 01030000A040...  [null] [nu] [ui] [nui 685 11114
This is SolarThermalCollector 33 01030000A040..  [nul] [rum] [mun] [nui] 701 11113
model _ & pum.ot.davim gnu.ot.mmufacmra hsmled_power i hsmled_powaum nomlm_:l.afﬂclency
character varying integer integer numeric character varying numeric
GenericSolarCollector Model GenericSolarCollector 7 3 2015 9 kWp 0.3
PhotoVoltaicCollector Model PhotoVoltaicCollector 17 1 2017 3 kWp 0.2
PhotavoltaicThermalModel PhotovoltaicThermalCollector 49 1 2021 5 kWp 0.3
SolarThermalModel SolarThermalCollector 33 1 2019 5 kWp 03
efficiency_indicator heat_diss heat_diss_uom heat_diss_conv heat_diss_conv_uom heat diss_lat heat_diss_lat uom heat diss_rad heat_diss_rad_uom
character varying numeric ' character varyin numeric character varying numeric character varying  numeric character varying
eff_indic_string_7 15 W/m*2 0.1 unit interval 0.5  unit interval 0.4 unitinterval
eff_indic_string_... 15 W/m*2 0.1 unit interval 0.5  unit interval 0.4  unitinterval
eff_indic_string_... 15 W/m*2 0.1  unit interval 0.5 unit interval 0.4 unitinterval
eff_indic_string_... 15 W/m*2 0.1 unitinterval 0.5  unitinterval 0.4 unitinterval
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haaLaocnp.sqtmp_smmp_uptmp_npihaa.ﬁ_lrlwa _ atypa_mdeapage ammlmmmmmthmmuda
charact numeric characti numeric charact numeric character varying = character varying charact numeric charact bigint  bigint
[ [mun] 191
[ [mun] 184
Unused columns. flatPlaneCollector  solar_coll_codeSpace_2 Unused columns. 231
flatPlaneCollector  solar_coll_codeSpace_] 192
iq g _ohiomc!as&.h type & typa.nodaspam a8 cell_type _ cal_typa_mdaapm 8 mudull_a.ama i mndula.ama.n_un
bigint ™ integer character varying character varying character varying character varying numeric character varying
659 11111 [nuil] [ruan] | [num] 2736 m"2
669 11112 [nui] [ruan] polycristalline cell_type_codeSpace_1 8.16 | m"2
685 11114  flatPlaneCollector  solar_coll_codeSpace_2  monocristalline  cell_type_codeSpace_2 816 m"2
7m 11113 flatPlaneCollector  solar_coll_codeSpace_1  [null] [ 816 m*2

azimuth azimuth_uom iin-::llmllion inclination_uom  aperture_area aperture_area_uom opt_efficiency opt_efficiency_uom lin_heat_loss_coeff

numeric character varying ° numeric  character varying ' numeric character varying  numeric character varying  numeric
180 decimal degrees 45 decimal degrees 21.888 m"2 [nun]  [null] [muin
270  decimal degrees 45 decimal degrees 7752 m*2 [null]  [nul] [muln]
90 decimal degrees 45 decimal degrees 7.752 m*2 0.8 unit interval 10
180 decimal degrees 45 decimal degrees 7752 m*2 0.4  unitinterval 10

quad_heat_loss_coeff lod2_multi_surface_id lod3_multi_surface_id

numeric bigint bigint
[ 3541 [mui]
[nuil] [ 3561
0.68 [null] 3593
0.68 [null] 3625

Figure 96. Example of solar collector data in the 3DCityDB.

Finally, using the SQL query in Listing 32, some storage device data are extracted from the

3DCityDB and shown in Figure 97. The resulting table is split over multiple lines due to its
width.

-- Extract some storage device data

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname

FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id)

WHERE o.classname IN (‘ElectricalStorageDevice', 'ThermalStorageDevice')

)

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace,
co.description, co.envelope, co.creation_date, co.termination_date, co.relative_to_terrain, co.relative_to_water, t.*, t2.*

FROM co JOIN citydb.ng3_device AS t ON (co.id = t.id) JOIN citydb.ng3_storage_device AS t2 ON (t.id = t2.id)
ORDER BY co.classname;

Listing 32. Example of SQL query to extract storage device data from the database.

co_id § objectclass_id | classname g gmilid a gmlid_codespace name a name_codespace
bigint ™ integer character varying (256) © character varying (258) character varying (1 character varying (1000) character varying |
733 11108 ElectricalStorageDevice  id_electrical_storage_device_11  [null] ElectricalStorageDevice 11 [null]
736 11109  ThermalStorageDevice  id_thermal_storage_device_7 [muin ThermalStorageDevice 7 [nuim]
description a 0 envelope creation_date termination_date relative_to_terrain relative_to_water id objectclass_id
character varying (4000) geometry timestamp wit timestamp with tir character varying { character varying bigint ™ integer
This is ElectricalStorageDevice 11 01030000A0407_.  [null] [ruain] [nui] [null] 733 11108
This is ThermalStorageDevice 7 0103000040407 ... [null] [rualn] [nui] [null] 736 11109
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model num_of_devices year_of_manufacture installed_power installed_power_uom nominal_efficiency
character varying integer integer numeric character varying numeric
ElectricalStorageDevice ElectricalStorageDevice 11 1 2016 23 kw 0.8
ThermalStorageDevice ThermalStorageDevice 7 1 1990 93 kW 0.2
nominal_efficiency_uom efficiency_indicator | heat_diss heat_diss_uom heat_diss_conv , heat_diss_conv_uom , heat_diss_lat heat_diss_lat_uom
character varying character varying numeric character varying numeric character varying numeric character varying
unit interval eff_indic_string_11 17 W/m"2 0.2 unitinterval 0.2  unitinterval

unit interval eff_indic_string_7 27 W/m*2 0.2  unit interval 0.3 unit interval

heat_diss_rad heat_diss_rad_uom heat_so cop_solL cop_solL cop_op¢ cop_op¢ has_cor type type_co installat max_co max_co transmit cityobject_id

numeric character varying characti numeric charact numeric characti numeric charact characti charact numeric charact bigint  bigint
0.5 unit interval 239
0.5  unitinterval Unused columns. 192
iq g gbjactdasaJd medium medmn_cnds_spme i pmmﬁomtemp i preparaﬁon_tep'lp_unm a mmjo_sm_fmr f ﬂ'lmJosm_fa_cmr_mm vnlumg
bigint ™ integer character character varying numeric character varying numeric character varying numeric
733 11108 [null] [nuil] [null]  [nul] [null]  [run] [nwin]
736 11109 steam medium_codeSpace 80 degrees Celsius 80 wunits noidea... 50

volume_uom batt_techn batt_techn_codespace power_capacity power_capacity_uom

character vary character vé character varying numeric character varying
[nui lithium batt_tech_codeSpace 600 WVAh
m*3 [nuli] [null] [nunl  [nui

Figure 97. Example of storage device data in the 3DCityDB.

7.7.11 Resources module

Following the mapping rules described in section 7.6.4, and as depicted in Figure 98, all classes
of the Resources module are grouped together and mapped to one single target table:
NG3_RESOURCE. All attributes up to class _Feature are written to table CITYOBJECT, and then
all attributes from class AbstractResource are written in table NG3_RESOURCE. This means
that, depending on the specific class, some columns will be written, while others may remain
empty. Relation resource between ADE _CityObject and AbstractResource is realised by means
of the foreign key stored in column cityobject _id. The optional relation to AbstractTimeSeries
is realised by means of the foreign key in column time_series_id.

Figure 99 depicts the resulting ER-model, while some examples are provided in Figure 100.

139



CityGML Energy ADE 3.0 specifications

_CityObject

«ADEElement»
Core::_CityObject

+resource 0..*
«featureType» : «featureType»
Core::AbstractResource Zimebepcndentameunt Core::AbstractTimeSeries
status: ResourceStatusValue 0.1

operationType: ResourceOperationTypeValue
amountType: AcquisitionMethodValue

year: Integer [0..1]

amount: Measure [0..1]

isAmountNormalized: Boolean
normalizationValue: Measure [0..1]
normalizationParameter: CharacterString [0..1]
co2Equivalent: Measure [0..1]

costsMoney: Measure [0..1]

yieldsMoney: Measure [0..1]

LT T e

ZF NG3_RESOURCE

Figure 98. Graphical representation of the OO-to-ER-model mapping of the Energy ADE 3.0 Resources module.
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E2 citydb.cityobject EE citydb.ng3_resource

4 id: bigserial 4 id: bigint

&5 objectclass_id: integer B objectclass_id: integer

25 gmlid: varchar(256) ER time_series_id: bigint

£ gmlid_codespace: warchar{1000) & cityobject_id: bigint

E2 name: varchar{1000) Ed type: varchar

E2 name_cedespace: varchar(4000] Ed type_codespace: wvarchar

E8 description: varchar{4000) E enduse: varchar

2 envelope: public.geometry ot E enduse_codespace: varchar

E2 creation_date: timestamp with time zone E status: varchar

ES termination_date: timestamp with time zene E5 operation_type: varchar

E8 relative_to_terrain: wvarchar{256) ES operation_type_codespace: varchar
E8 relative_to_water: wvarchar(256) ES year: integer

2 last_modification_date: timestamp with time zone ES amount_type: varchar

ES updating_persen: varchar(256) Eg amount_type_codespace: varchar
E5 reason_for_update: varchar(4000]) E5 amount: numeric

£8 lineage: varchar{256) ES amount_uom: varchar

B =ml_source: text ¥ E3 is_amount_normalized: numeric

E2 normalization_param: varchar

Eg normalization_walue: numeric

E2 normalization_walue_uom: wvarchar
ES co2_equivalent: numeric

E co2_equivalent_uom: varchar

ES costs_money: numeric

ES costs_meney_uom: varchar

ES yields_maoney: numeric

E yields_money_uom: varchar

ES energy_carrier: varchar

E3 energy_carrier_codespace: varchar
E2 maximum_load: numeric

E2 maximum_load_uom: warchar

E3 source: varchar

Ed source_codespace: varchar

Ed is_dangerous: numeric

ES is_recyclable: numeric L ]

Figure 99. ER-model of the Energy ADE 3.0 Resources module.

Using the data of dataset Alderaan_Energy_ADE_AIl.gml and the SQL query in Listing 33, some
resource are extracted from the 3DCityDB and shown in Figure 100. The resulting table is split
over multiple lines due to its width.

-- Extract some resource data

WITH co AS (

SELECT DISTINCT ON (co.objectclass_id) co.*, o.classname

FROM citydb.cityobject AS co JOIN citydb.objectclass AS o ON (co.objectclass_id = o.id) JOIN citydb.objectclass AS 02 ON
(o.superclass_id = 02.id)

WHERE 02.classname = 'AbstractResource’

SELECT co.id AS co_id, co.objectclass_id, co.classname, co.gmlid, co.gmlid_codespace, co.name, co.name_codespace,
co.description, t.* FROM co LEFT JOIN citydb.ng3_resource AS t ON (co.id = t.id)
ORDER BY co.classname;

Listing 33. Example of SQL query to extract resource data from the database.

co_id § objectclass_id classname gmlid gmlid_codespace name name_codespace description id § objectclass_id
bigint ™ integer character va character varying (2 character varying ( character v character varying (- character varying bigint ™ integer

856 11072  Energy id_res_energy_1 [rui] Energy 1 [null] This is Energy 1 856 11072

858 11077 Water id_res_water_1 [num] Water 1 [mun] This is Water 1 858 11077
type type_codespace 8 enduse 8 enduse_codespace a8 status operation_type  operation_type_codespace 8 year
character var character varying character varying character varying character character varying character varying integer
primary eng_type_codespace_1  electricalAppliances  nrg_enduse_codespace_1  actual demands resource-oper_codespace_1 2023
drinkWater ~ wat_type_codespace_1  watering wat_enduse_codespace_1  actual demands resource-oper_codespace_7 2023
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measurement amnt_type_codespace_1 0 [null] [nuin
simulation amnt_type_codespace_7 m3/a [rull] 0 [nui] [
[nun] 12 kg/a Euro 0 Euro electricity
[nui] [null] ~ [nun] Euro 0 Euro [
nrg_carrier_codespace_1 4 kW powerGrid  nrg_source_codespace_1

[mull] [nul]  [rouwll] [ul] [nu] 1] 0 7

Figure 100. Example of resource data in the 3DCityDB.
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8 FME workbench

8.1 Overview and prerequisites

In order to test the database implementation of the Energy ADE 3.0 while the Java-based
libraries required by the 3D City Database Importer Exporter are still in development, a
workbench for FME Form has been created as an alternative solution to import Energy ADE
3.0 data into the 3D City Database.

The workbench has been created with FME Form 2024.2.4.0 and allows to import Energy ADE
3.0 data into the chosen 3DCityDB schema. The default schema is the "citydb" one, however
the user can define a different one.

It is important to highlight that, upon each run of the workbench, following operations will be
carried out:

1) Any existing Energy ADE 3.0 data in the selected 3DCityDB schema will be deleted.
Sequences will be updated accordingly

2) If applicable, the status of the “is_xlink” attribute in the SURFACE_GEOMETRY table will be
updated as a result of the deleted Energy ADE 3.0 geometry data

3) New Energy ADE 3.0 will be read from the input file and written to the database. Existing
objects will be updated, if necessary (e.g. Buildings), and new Energy ADE data will be
inserted. This applies to feature attributes and relations, but also geometries

4) If applicable, the status of the “is_xlink” attribute in the SURFACE_GEOMETRY table will be
updated again as a result of the inserted Energy ADE 3.0 geometry data

5) The 3D bounding box of the newly inserted data is computed and the envelope column of
table CITYOBJECT is updated

6) At the end of the import process, the user will be notified with a message in the FME Data
Inspector.

There are two important prerequisites to the current workbench. Namely:

e Before running the FME workbench, the user must install and set up the database
schema of the Energy ADE 3.0 using the ADE Manager of the 3DCityDB
Importer/Exporter.

This operation can be carried out, as mentioned in section 7.1

e Before running the FME workbench, the user must import the “standard” CityGML
data of the input file using the 3DCityDB Importer/Exporter.

This means that no “standard” CityGML data will be imported by the FME workbench. The
FME workbench imports only Energy ADE 3.0 data. If the file is valid, then the error
messages raised by the Importer upon import can be ignored, as they refer to Energy ADE
3.0 contents that, obviously, are not recognised at the moment.

8.2 Workbench setup

In order to set up the workbench, few steps are required. After opening the workbench, the
user must:

1) Define the connection parameters to the database
2) Set the name of the input file containing CityGML + Energy ADE 3.0 data
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3) Set the path to the XSD file of the Energy ADE 3.0 (default is to the ./xsd subfolder)
4) Set the name of the target 3DCityDB schema (default: “citydb”).

A screenshot taken from FME is presented in Figure 101 and shows where the User parameters
and the Database connection entries are in the Navigator window.

u CITYGML — NONE (D:\UML-ADE\ADEs\Energy_ADE_3.0\_beta7\FME\Energy_ADE_3.0_to_extended_3DCityDB_4
File Edit View Readers Transformers Writers Run Tools Help

Oeoar.-B -~ 28 O L !

39% =
New Open Save Run Stop Undo Redo @ Select Pan Zoomin ZoomOut ~ =

Navigator X v & 8 x

[> B Alderaan_Energy_ADE_3 [CITYGML]
> g Transformers (646)
> i Disabled Transformers (15)
> [] Bookmarks (64)
v {& User Parameters (3)
i:" [citydb_schema] citydb_schema: citydb
€C" [CityGML_file] CityGML_file: S(FME_WORKSPACE_DIR)\input_citygm[\Alderaan_Energy_ADE_All.gml

i:" [Energy_ADE_xsd_file] Energy_ADE_xsd_file: $(FME_WORKSPACE_DIR)\xsd\Energy_ADE_3.0_beta7.xsd
: FME Flow Parameters

v B Database Connections (1)
B Shared 3DCityDB connection
B~ Workspace Resources
v &:) Workspace Parameters
&:) Password: <not set>
[_-s'f:;( Name: <not set>
> G@; Description
> (& Logging
> (23 Reader/Writer Redirect
> &}3 Scripting
> [Eg Translation
p Workspace Search..

Figure 101. Example of how to set the User parameters and the Database connection parameters in FME Form.

The first time the workbench is loaded, and before running it, the user must add the
connection and edit the connection parameters. This means that the user must:

1) Go to the menu Tools\FME Options, and choose the "Database Connections" tab
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2) Right-click in the Connections white space and import the connection stored in the
./db_connection/3dcitydb=connection_no_credentials.xml file (see

B e Options

'@ Workbench
Connections

EE] Translation =
Connection Name Database
E@B Workspace Defaults
Right-click on the
’g Appesrance white space and
=0 Toolbar Add.. select Import...

@ Default Paths Import..

Upload.
Network Proxy
}. Coordinate Systems

- Q Database Connections

B Connection File To Import x
Q Database Connections
File to Import: \db_connection\3dcitydb_connection_no_credentialsml Q s
@ Web Connections T
FME P
@ sckages OK Cancel

m Background Maps

Choose the 3dcitydb_connection_no_credentials.xml
file inthe \db_connection subfolder.

Mo password is required.
+

Help Restore Defaults [T Cancel
3) Figure 102). A connection named "Shared 3DCityDB connection" will be loaded and appear
in the Navigator tab.

4) Open it and enter the connection parameters, test and save the connection (see Figure
103).

B e Options

'@ Workbench
Connections

Ea Translation =

Connection Name Database
E@B Workspace Defaults

Right-click on the
Appearance

white spaceand
=0 Toolbar Add.. select Import...

- Q Database Connections

@ Default Paths Import..

Upload.
Network Proxy
}. Coordinate Systems

B Connection File To Import x
Q Database Connections
File to Import: \db_connection\3dcitydb_connection_nc_credentialsxml Q s
@ Web Connections
Password:

@ FME Packages oK

m Background Maps

Cancel

Choose the 3dcitydb_connection_no_credentials.xml
file inthe \db_connection subfolder.
Mo password is required.

+

Help Restore Defaults oK | Cancel

Figure 102. Example of how to import the required connection from the already existing configuration file.
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B e Options %
L Q Database Connections
'@' Workbench
Connections
L2 ransiation -
Connection Name Database
Edit Parameters...
Appearance Test...
|E OC Toolbar Duplicate...
Remove ;
&] Default Paths Select, edit parameters,
Export.. and save. Done!
?TE Network Proxy Import...
}. Coordinate Systems Upload... E ~
| Q Database Connections n - _ .
@ Web Connections
@ FME Packages Name: Shared 3DCityDB connection
I Background Maps Shared 3DCityDB connection Parameters

Host: <e.g. localhost>

Port: <eg. 5432>
Database: <database name>
Username: <database user name>

Help Password:

¥ SSL Options

SSL Mode: | <e.g. DISABLE, or else> e
CA Certificate: =
Client Certificate: o il
Client Private Key: = b
SSL Password:
Help Test Save Cancel

Figure 103. Example of how to set and store the connection parameters to the 3DCityDB server and database.

8.3 Running the workbench

It is now possible to run the FME workbench. Due to the size of the workbench, it is important
that the "Enable feature caching" option is not checked (i.e. disabled). This option can be set
in the menu Run (or by opening the Run icon sub-options, as shown in Figure 104). Otherwise,
depending on the size of the input data, the workbench might stop suddenly with a generic
error. This most likely means that the available memory for caching data has been exhausted.
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[B CITYGML — NONE (D:AUML-ADE\ADES\Energy_ADE_3.0\_beta7\FME\Energy_ADE_3.0_to_extend|

File Edit View Readers Transformers Writers Run Tools Help
BEP.T ~~ A® PO P
New Open Save Run Stop Undo Redo @ Select Pan ZoomIn Zoom Out
Navigator X ’ Run Workspace F5 art X Main
> [ Alderaan_Energy P& Rerun Entire Workspace Shift+F5
> & Transformers (64 Run Selected 4
> = Disabled Transfc

Prompt for Parameters Ctrl+Alt+F5
> [] Bookmarks (64) .
> EC& User Parameters Ensble EECachax] EED
> a’ EME Flow Param ~  Enable Feature Countin
> B Database Conne Stop at Breakpoints Ctrl+Shift+F5

@ Workspace Resources
[.-*?9 Workspace Parameters
[3) Password: <not set>

i

Check that the "Enable Feature

<

Ef:,} Name: <not set>

Caching" is NOT checked

> Gf_:;; Description
> [’fg Logging Il

(i.e. disabled)

Figure 104. Example of how to check whether the Feature Caching is enabled or not.

Upon successful termination of the Energy ADE 3.0 data import, the user will be notified with
Data Inspector (see Figure 105). A screenshot of an excerpt of the
workbench is provided in Figure 106. As can be seen, there is a READ ME section providing a
summary of the requirements to run the workbench — the same that are described in this

a message in the FME

section.

B FME Data Inspector 2024.2 - m] X
File WView Camera Tools Window Help

| ¥ - 1 AY WL

DE B B < ASE O B 2 » U L L
Open Add | Save As Save Selected | Refresh Stop | 2D 3D | Table | Slideshow | Measure | Orbit Select Pan ZoomIn Zoom Out

Log

|Displa)rContruI x v & 8 X| gt x Viewl x

~ @ [ view1 (2

| n IE# (o ) inspector [FFS] - AttributeCreator_42_Output ~ | Columns...
~ @ [ inspector.. (1)

B8 A (D message A

jll SUCCESS! Enjoy the Energy ADE 3.0! But don't forget: Adding pineapple to a pizza is a still gastronomic crime!

p Search

~ in |any column e 1 selected / 1 row(s)

Unknown Coordinate Systemn Unknown Units

Figure 105. Example of message visualised upon completion of the workbench run.
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READ ME - Setup before running this workbench

This workbanch was created with FME Form 2024.2.4.0 and will import Energy ADE 3.0 data into the chosen 3DCityDE schema.
Default schema is the “dtydb” one. Please be aware that any previously loaded Energy ADE 3.0 data will be deleted and replaced. “Mormal” CityGML data will be left
untouched, ie. neither ovenwritten nor deleted. i e

E N
1) The Energy ADE 3.0 database schema is already installed
2) "Normal” CityGML data (i.e. without Energy ADE contents) has already been imported into the database using the Importer/Exportar.

Workbench setup:

In the Navigaticn panel here on the left, check the User Parameters and the Database Connections entries and set
1) the input CityGML file name (best if you put the file in the subfolder Jcitygml_input_file)

I) the target database schema name (default it “dtydb”)

3) the Energy ADE 3.0 xsd file (default is to the /xsd subfolder; generally no need to change it)

3) the database connection parameters.

The very first time you load this workbench. you will have to add the connection and edit the connection parameters.

a) Go to the menu Tools\FME Options,

b Choose the "Database Connections” tab,

c) Right-dick and innport the connection stored in the /db_connection/3dcitydb_connection_no_credentials xmi file. A connection named "Shared 3DGityDE
‘connection” will be koaded and appear in the Navigator &b,

d) Open it and enter your connection parameters, test and save the connection. From now on, you will be able to connect to your 3DCityDB instance.

I
Running the workkbench: W —
Simply run the workbench, however BEWARE: do not “Enable feature caching™ See menu Run (or open the Run icon). /
Depending cn the size of your input data, the workbench might stop with a generic error. tt generally means that you have consumed all available memary for o} I
caching data. i
Last update: 14 October 2025 W e——

This workbanch has been created by

Dr. Giorgio Agugiaro

3D Geoinformation group
Dedft University of Technology
The Netherlands

[

hitps:

d.bk tudelft nl/gagugiarn,

[ S —

Figure 106. Screenshot of an excerpt of the FME Form workbench that allows to import Energy ADE 3.0 data into the 3D City Database.
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9 Java libraries

As previously mentioned in section 2.2, adding full support to 3DCityDB and its
Importer/Exporter tool for the Energy ADE 3.0 involves a two-step process. First, the ADE must
be registered in the 3DCityDB instance (first-level extension). Once registered, the
Importer/Exporter tool must be extended to support the ADE data import/export (second-
level extension).

The Importer/Exporter tool provides a Java API that allows developers to implement ADE-
specific import/export functionality for the second-level extension, through a simple plugin
mechanism. This process includes two key steps:

e Creating an ADE module for citygml4j: This module is used by the Importer/Exporter to
parse and write CityGML data, including ADE-specific elements.

e Implementing the ADE API for the Importer/Exporter: This involves writing code for
reading from and writing to the ADE-specific tables in the database.

9.1 citygml4j module for Energy ADE 3.0

The citygml4j Java library is an open-source API designed to facilitate working with CityGML. It
simplifies the process of reading, processing, and writing CityGML datasets, allowing
developers to easily integrate CityGML data into software applications. citygml4j binds the
XML schema definitions of CityGML to a structured Java object model. CityGML instance
documents are deserialized into a hierarchy of corresponding Java objects that represent the
content and structure of the document. This XML binding approach allows Java developers to
work with CityGML data without needing to understand XML or low-level XML processing APIs.
After processing, the Java content tree can be easily serialized back into a CityGML instance
document. The Energy ADE 3.0 module is a custom extension of citygml4j that allows the
library to handle the Energy ADE 3.0 schema, providing the following capabilities:

e Parsing ADE elements: It enables citygml4j to recognize and parse additional energy-
related elements such as building energy usage, renewable energy systems, and energy
systems from CityGML files.

e Writing ADE elements: The module also allows citygml4j to serialize these ADE elements
back into valid CityGML files that conform to the Energy ADE 3.0 schema.

e Schema Mapping: It includes mappings between the Energy ADE 3.0 classes and the XML
schema, ensuring correct interpretation and handling of these elements.

Without this module, citygml4j cannot process energy-specific attributes, making it impossible
to fully manage Energy ADE 3.0 datasets in workflows, such as using the 3DCityDB
Importer/Exporter for energy data.

The citygml4j module for Energy ADE 3.0 is currently under development within the
DigiTwins4PEDs consortium, the main developer being HFT Stuttgart. All resources are
available on their specific GitLab page32.

32 https://transfer.hft-stuttgart.de/gitlab/energy-ade/energy-ade-3-releases
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9.2 Energy ADE 3.0 API for Importer/Exporter

The ADE API for the Importer/Exporter tool extends its functionality to support seamless
reading and writing of Energy ADE 3.0 data within the 3DCityDB. This API integrates with the
Importer/Exporter, allowing users to interact with ADE-specific data elements, ensuring that
Energy ADE 3.0 datasets are processed and stored in 3DCityDB following CityGML standards.
De facto, when fully implemented, it will replace the role of the FME workbench described in
section 8. A prerequisite for implementing this API is the previously mentioned citygml4j
module, which provides the necessary classes and methods for handling Energy ADE 3.0 data
structures.

The Energy ADE 3.0 API for Importer/Exporter is currently under development within the
DigiTwins4PEDs consortium, the main developer being HFT Stuttgart.

9.2.1 Supported Energy ADE 3.0 modules

At the time of writing (autumn 2025), the Java libraries for the 3DCityDB Importer/Exporter
support the following modules and classes:

e Data types module (partial). Implemented classes:
o AbstraftQualifiedAttribute and its subclasses
e Time series module (all classes)
e Resource module (all classes)
e Urban function areas module (all classes)
e Weather station module (all classes)
e Core module (partial). Implemented classes:
o ADE _CityObject
o ADE _AbstractBuilding
o RefurbishmentMeasure
o WheatherData

This means that if CityGML datasets contain only data relating to these Energy ADE 3.0
modules and classes, they can already be imported and exported from/to the 3DCityDB using
the Importer/Exporter, and there is no need to use the FME Workbench described in the
previous section 8.
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10 QGIS plugin

The 3DCityDB Tools3? plugin for QGIS3* (Agugiaro et al., 2024) facilitates the management and
visualisation of data stored in the CityGML 3D City Database 4.x, which supports CityGML v.
1.0 and 2.0. The plug-in allows to connect to local or remote instances of the free and open-
source CityGML 3D City Database for PostgreSQL/PostGIS and to load data as "classical" layers
into QGIS. Once data layers are available in QGIS, the user can interact with them as usual, i.e.
perform analyses, work with associated attributes, explore and visualise the data in 2D and
3D, etc. Additionally, data in the database can be deleted, either using classical QGIS editing
tools, or bulk-wise. A visual example is provided in Figure 107.

As semantic 3D city models tend to be huge datasets and are generally best managed in spatial
databases, the main idea behind the development of this plug-in is to facilitate access and use
of CityGML/CityJSON data for those practitioners that lack a deep knowledge of the
international standard OCG CityGML data model, and/or have limited experience with
SQL/Spatial-RDBMSs in general.

BRRY S@V.Z«B R VEBELZB%-@Q%RV.- H A B8 29 %

Year of denciton

V prevew

Coordewte| 225,226 | R scale| 152 * @ Mgnfe 100% <! Rotaton 0.0° i ViRede Soemm @

Figure 107. Example of the 3DCityDB-Tools plugin in QGIS. CityGML data is visualised as layers, and attributes can
be retrieved and edited by means of specific attribute  forms. Image  source:
https://github.com/tudelft3d/3DCityDB-Tools-for-QGIS

With the Energy ADE 3.0 reaching a sufficient level of stability and maturity, it is planned to
extend the 3DCityDB-Tools plugin to support ADEs, and more specifically, to support the
Energy ADE 3.0. This will allow the users to access, read (and edit, if allowed) CityGML data

33 https://github.com/tudelft3d/3DCityDB-Tools-for-QGIS
34 https://plugins.ggis.org/plugins/citydb-tools
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with Energy ADE 3.0 contents directly from the database. The development will be based on
preliminary work carried out during a MSc thesis in Geomatics ad TU Delft (Mbwanda, 2023).
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11 Mapping Energy ADE 1.0 (KIT profile) data to
Energy ADE 3.0

One of the goals of the Energy ADE 3.0 is to keep compatibility with data created with the
Energy ADE 1.0, however the compatibility is limited to the KIT profile. The reason is that only
the Energy ADE 1.0 KIT profile has been further developed (in terms of other software tools)
and extensively used in the past years.

This section focuses therefore on providing some additional, specific notes to convert CityGML
2.0 + Energy ADE 1.0 (KIT profile) data to CityGML 2.0 + Energy ADE 3.0 data. It is
recommended that the reader refer to the specific sections about the Energy ADE 3.0
conceptual data model in section 3 (in particular, each section about "Main changes from the
Energy ADE 1.0") as relevant information is provided about the main differences between the
two Energy ADE versions.

11.1 General mapping rules

In general, any data following the Energy ADE 1.0 KIT profile can be converted to Energy ADE
3.0 without any loss of data. However, some data transformations may be required. This refers
to the following overarching operations:

e Renaming of class properties or of classes

e Adjusting values in codelists

e Converting enumerations to codelists

e Mapping of properties from one class to another
e Mapping of classes to classes of another module
e A combination thereof.

For the sake of simplicity, the following, specific conversion notes are grouped according to
the Energy ADE 1.0 KIT profile modules and can be seen as a compendium of what already
described in section 3.

11.2Core module

All classes and all properties of the Core module can be mapped lossless. Some specific points
of attention are listed in Table 5.

Table 5. Mapping notes for the Core module of Energy ADE 1.0 KIT profile.

Energy ADE 1.0 KIT profile class Conversion to Energy ADE 3.0

ADE _AbstractBuilding Property referencePoint moved to class ADE
_CityObject

EnergyDemand The class is replaced by class Energy (in Resources
modaule).

Property demandedBy is replaced by property
operationType of class AbstractResource
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11.3Building physics module

All classes and all properties of the Building physics module can be mapped lossless. Some
specific points of attention are listed in Table 6.

Table 6. Mapping notes for the Building physics module of Energy ADE 1.0 KIT profile.

Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0
ThermalZone Property volumeGeometry must be mapped to one of
lod{1,2,3}Solid properties of class

AbstractBuildingPartition.

Properties floorArea and volume must be mapped to
the analogous properties of class
AbstractBuildingPartition.

ThermalBoundary Based on the thermalBoundaryType property, objects
must be mapped to the corresponding building
thematic surface. Please refer to section 4.3 for more
details.

Relation delimits to class ThermalZone is replaced by
association class CityObjectRelation. It can be used, in
this case, to make the adjacency relation between two
thermal boundaries explicit.

Property construction is moved to property
layeredConstruction of class ADE _CityObject.

Property surfaceGeometry must be mapped to one of
lod{1,2,3}MultiSurface properties of class
_BoundarySurface.

ThermalOpening Property construction is moved to property
layeredConstruction of class ADE _CityObject.

Property surfaceGeometry must be mapped to one of
lod{1,2,3}MultiSurface properties of class
_BoundarySurface.

11.4Occupants’ behaviour module

All classes and all properties of the Occupants' behaviour module can be mapped lossless.
Some specific points of attention are listed in Table 7.

Table 7. Mapping notes for the Occupants' behaviour module of Energy ADE 1.0 KIT profile.

Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0

UsageZone Property floorArea must be mapped to the analogous
property of class AbstractBuildingPartition.

Occupants Complex property heatDissipation has been
"flattened" to the four heatDissipation* properties.
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Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0

Facilities This class has been reworked and moved to Devices
module. The corresponding new class s
GenericDevice.

Complex property heatDissipation has been
"flattened" to the four heatDissipation* properties of
class AbstractDevice.

DHWfFacilities This class has been reworked and moved to Devices
module. The corresponding new class is Boiler.

LightingFacilities This class has been reworked and moved to Devices
module. The corresponding new class s
LightingDevice.

ElectricalAppliances This class has been reworked and moved to Devices

module. The corresponding new class s
GenericElectricalDevice.

11.5Construction and material module

Despite the changes in the overall modelling rules of data belonging to this module (please
refer to section 4.8.3) all classes and all properties of the Construction and material module
can be mapped lossless. Some specific points of attention are listed in Table 8.

Table 8. Mapping notes for the Construction and material module of Energy ADE 1.0 KIT profile.

Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0

Construction This class has been renamed to LayeredConstruction.

Complex property opticalProperties has been
"flattened" to the three properties emissivity,
reflectance and transmittance.

Property glazingRatio has been moved from class
OpticalProperties to class LayeredConstruction.

Layer Due to dropping class LayerComponent, property
thickness is moved to class Layer.

LayerComponent This class has been dropped.

In case of LayeredComponent objects where the
areaFraction is different from the default value of 1.0,
then each LayerComponent must be assigned to its
own Layer and its own LayeredConstruction. It is now
possible to model set of layers that change only in
terms of thickness over the whole surface associated
to the same LayeredConstruction.

If this is not the «case, then different
LayeredConstruction objects must be assigned each
one to a different, separated portions of a surface.
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11.6 Supporting classes module: Schedules

Despite the changes in the overall modelling rules of data belonging to this module (please
refer to section 4.10) all schedule classes can be mapped lossless. Some specific points of
attention are listed in Table 9.

Table 9. Mapping notes for the schedule classes of Energy ADE 1.0 KIT profile.

Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0

DailyPatternSchedule This class has been dropped and replaced by class
CompositeSchedule.

PeriodOfYear This class has been dropped and replaced by class
ScheduleComponent.

DailySchedule This class has been dropped and replaced by class

AtomicSchedule (having time series data), as child of a
ScheduleComponent object.

11.7 Supporting classes module: TimeSeries

All time series classes can be mapped lossless. Some specific points of attention are listed in
Table 10.

Table 10. Mapping notes for the time series classes of Energy ADE 1.0 KIT profile.

Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0

AbstractTimeSeries The datatype class variableProperties has been
dropped and its properties have been assigned
directly to class AbstractTimeSeries. In particular,
properties acquisitionMethod, interpolationType and
source are now properties of AbstractTimeSeries.
Properties qualityDescription and
thematicDescription are merged and replaced by
property description inherited from _Feature.

11.8 Supporting classes module: WeatherData

All weather-related classes can be mapped lossless. Some specific points of attention are listed
in Table 11.

Table 11. Mapping notes for the weather classes of Energy ADE 1.0 KIT profile

Energy ADE 1.0 KIT profile class Mapping to Energy ADE 3.0

WeatherStation Properties stationName and position have been
dropped, as they are replaced by properties name and
referencePoint inherited from classes _Feature and
ADE _CityObject, respectively.
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Energy ADE 1.0 KIT profile class

Mapping to Energy ADE 3.0

Property parameter has been dropped, as redundant
due to property weatherData inherited from class
ADE _CityObject.

Please note: this was an error in the Energy ADE 1.0
that has been finally fixed.
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Energy ADE 2.0.

1.0 7 June 2025 G. Agugiaro First release as version 1.0

1.0.1 10 June 2025 G. Agugiaro Fixed typos, formatting and minor layout errors

1.0.2 13 June 2025 G. Agugiaro Fixed typos, formatting and minor layout errors.
Extended/improved Database section
Extended/improved FME workbench section

1.0.3 20 June 2025 G. Agugiaro Fixed typos and other minor layout issues.

1.0.4 25 June 2025 G. Agugiaro Adapted text and images to latest bugfix of Energy
ADE 2.0 beta 7. Added further details to modelling
rules of UrbanFunctionArea objects.

1.0.5 30 June 2025 G. Agugiaro Added copyright statement (CC BY-NC-SA) and
prepared for release in Energy ADE GitHub repo.

1.1.0 26 October 2025 | G. Agugiaro Adapted text, images, etc. for version change from

2.0to 3.0.
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