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Foreword

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. Open Geospatial Consortium Inc. shall not ekl lesponsible for identifying any or all such patent
rights. However, to date, no such rights have been claimed or identified.

Recipients of this document are requested to submit, with their comments, notification of any relevant patent
claims or otherritellectual property rights of which they may be aware that might be infringed by argr impl
mentation of the standard set forth in this document, and to provide supporting documentation.

Significant changes from the previous CityGML version 0.4.0 (OGC dentino. 07062):
e Modularisation of the CityGML data model;
e Minor changes to the appearance model;
e Minor changes to city object groups;
e Minor changes to transportation objects; and
¢ Encoding of external code lists changed to GML 3.1.1 Simple DictionaifilePr

With CityGML version 1.0.0, modularisation of the CityGML data model was introduced. The overall CityGML
data model is thematically decomposed into a CityGML core module and extension modules. Each module is
defined within its own globally unique XMnamespace. Due to this modularisation approach, valid CityGML
0.4.0 instance documents are not valid CityGML 1.0.0 instanasntirds.

Copyright © 2008 Open Geospatial Consortium, Inc. Xiii
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0 Introduction

0.1 Motivation

An increasing number of cities and companiestauilding virtual 3D city models for different application areas

like urban planning, mobile telecommunication, disaster management, 3D cadastre, tourism, vehiclesand pede
trian navigation, facility management and environmental simulations. Furtherimee, implementation of the
European Environmental Noise DirectivEND, 2002/49/E¢ 3D geoinformation and 3D city models play an
important role.

In recent years, ost virtual 3D city modeldhave been defined as purely graphical or geometrical models,
neglecting the semantic and topological aspects. Thus, these models could almost only be used for visualisation
purposes but not for thematic queries, analysis tasks, or spatial data mining.ti8nkimited reusability of

models inhbits the broader use of 3D city models, a more general modelling approach had to be taken in order to
satisfy the information needs of the variopplacation fields.

CityGML is a common semantic information modet the representation of 3D urban objects that can be shared
over different applications. The latter capability is especially important with respect to theffeoive sustai-

able mantenance of 3D city models, allowing the possibility of selling thmesdata to customers from different
application fields. The targeted application areas explicitly include city planning, architectural design, tourist and
leisure activities, environmental simulation, mobile telecommunication, disaster management, heestand

rity, real estate management, vehicle and pedestrian navigation, and training simulators.

CityGML is designed as an open data model and X)ked format for the storage and exchange of virtual 3D

city models. It is implemented as an application scheithe Geography Markup Language 3 (GML3), the
extendible international standard for spatial data exchange and encoding issued by the Open Geospgatial Conso
tium (OGC) and the ISO TC21CityGML is based on a number of standards from the 1SO 191xx fathdy,

Open Geospatial Congium, the W3C Consortium, the Web 3D Consortium, and OASIS.

CityGML defines the classes and relations for the most relevant topographic objects in cities and regional mo

els with respect to their geometrical, topological, semanta | , and appearance propert
defined to comprise not |just built structures, but a
more. Included are generalisation hierarchies between thematic classesataygregelaions between objects,

and spatial properties. CityGML is applicable for large areas and small regions and can represent the terrain and

3D objects in different levels of detail simarieously. Since either simple, single scale models without topology

andfew semantics or very complex mu#itale models with full topology and firggained semantical diffene

tiations can be represented, CityGML enables lossless information exchange between different Gl systems and
users.

0.2  Historical background

CityGML has bea developed since 2002 by the members of the Special Interest GrolplGBI) of the

initiative Geodata Infrastructure North Rhidéestphalia (GDI NRW) in Germany. The SIG 3D is an open
group consisting fomore than 70 companies, municipalities, and research institutions frama@®g Great

Britain, Switzerland, and Austria working on the development and commercial exploitation of inibteED

models and geovisualisation. Another result of the worknftbe SIG 3D is the proposition of the Web 3D
Sevice (W3DS), a 3D portrayal service that is also being discussed in the Open Geospatial Consortium (OGC
Doc. No. 05019).

A subset of CityGML has been successfiulloty 3Dwplefmetnh e
NRW in 2005. Participants came from all over Germany and demonstrated city planning scenarios and tourist
appications. Today, the official 3D city model of Berlin is based on the CityGML data model and employs
CityGML as the exchangefmat between database, editor, and presentation systems. Also the 3D city models of
Stuttgart, Bochum, Essen, Dortmund, Cologne, and Bonn are based on the CityGML model.

By the beginning of 2006, a CityGML project within EuroSDRufopean Spatial Data Resegrstarted focs-
ing on the European harmonisation of 3D city modelling. From June to December 2006, CityGMinwas e
ployed and evaluated in the CAD/GIS/BIM thread of the OpenGIS Web Services Testbed #4JOWS
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OpenGIS® City Geography Markup Language (CityGML)
Encoding Standard

1 Scope

This document is an OpenGlEncoding Standard for the representation, storage atttarge of virtual 3D
city and landscape models. CityGML is implemented as an application aafetime Geography Markup ha
guage version 3.1.1 (GML3).

CityGML models both complex and georeferenced 3D vector data along with the semantics associated with the
data. In contrast to other 3D vector formats, CityGML is based on a rich, general purposatioh model in

addition to geometry and appearance information. For specific domain areas, CityGML also provides-an exte
sion mechanism to enrich the data with identifiable features under preservation ofic@reroperability.

Targeted applicationraas explicitly include urban and landscape planning; architectural design; tourist and
leisure activities; 3D cadastres; environmental simulations; mobile telecommunications; disaster management;
homeland security; vehicle and pedestrian navigation;imggimulators and mobile robotics.

CityGML is considered a source format for 3D portraying. The semantic information contained in the model can
be used in the styling process which generates computer graphics represented e.g. as KML/COLLADA or X3D
files. The appropriate OGC Portrayal Web Service for this process is the OGC Web 3D Service (W3DS).

Features of CityGML:
e Geospatial information model (ontology) for urban landscapes based on the ISO 191xx family
e GML3 representation of 3D geometries, based onSkke19107 model
e Representation of object surface characteristics (e.g. textures, materials)

e Taxonomies and aggregations
o Digital Terrain Models as a combination of (including nested) triangulated irregular networks
(TINSs), regular rasters, break and skefelines, mass points

0 Sites (currently buildings; bridges and tunnels in the future)

0 Vegetation (areas, volumes and solitary objects with vegetation classification)

0 Water bodies (volumes, surfaces)

0 Transportation facilities (both graph structures and 3ffasa data)

o Land use (representation of areas of the eart't
o City furniture

0 Generic city objects and attributes

0 Userdefinable (recursive) grouping

e Multiscale model with 5 weltlefined consecutive Levels of DetfilOD):
o LODOT regional, landscape
o LOD17 city, region
0 LOD27 city districts, projects
0 LOD37 architectural models (outside), landmarks
0 LOD41i architectural models (interior)

e Multiple representations in different LODs simultaneously; generalisation reddtietmveen objects in
different LODs

e Optional topological connections between feature (sub)geometries

e Application Domain Extensions (ADE): Specp-fic fAho
plication specific extensions, for example for noise pollutsimulation, or to augment CityGML by
properties of the new National Building Information Model Standard (NBIMS) in the U.S.
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2 Conformance

Conformace targets addressed by this International standard are CityGML instance documents only. Future
revisions dthis International Standard may also address consumers or producers as conformance targets.

Clauses3 to 10 of this International standard specify separate CityGML XML Schema definitions andtiverma
aspects, i.e. CityGML modules, which shall be used in CityGML instance documents in accordance with clause
7. Implementations are not required to support the full range of capabilities provided by the universe of all
CityGML modules. Valid partial implenrgations are supported following the rules and guidelines for CityGML
profiles in chapter.2

CityGML instance documents claiming conformance to this International Standard shall:
a) conform to tke rules and requirements specified in clads&sl0;
b) pass all relevant test cases of the abstract test suite in Brinex

c) satisfy all relevant conformance classeshef abstract test suite related to CityGML modules in annex
B.2.

3 Normative references

The following normative documents contain provisions which, through reference in this text, constitiste prov
sions of this part of OGG8-007rl. For dated references, subsequent amendments to, or revisions of, any of
these publications do not apply. However, parties to agreements based on this partG& @31 are encatl

aged to investigate the possibility of applying the most recent edibibtisee normative documents indicated
below. For undated references, the latest edition of the normative document referred to applies.

The following documents are indispensable for the application of the CityGML standard. The geometry model of
GML 3.1.1 isused except for some added concepts like implicit geometries (see dh@ptdhe appearance
model (see chapted) draws concepts from botk3D and COLLADA Addreses are represented using the
OASIS extensible Address Languagkl.

ISO 8601:2004Data elements and interchange format$nformation interchangé Representation of dates
and times

ISO/TS 19103:20053eo0graphic Informatiofi Conceptual Schema Language

ISO 19105:2000Geographic informatiofi Conformance and testing

ISO 19107:2003Geographic Informatiofi Spatial Schema

ISO 19109:2005Geographic Informatiofi Rules for Application Schemas

1ISO 19111:2003Geographic informatiofi Spatial referencing bgoordinates

ISO 19115:2003Geographic Informatiofi Metadata

ISO 19123:2005Geographic Informatiofi Coverages

ISO/TS 19139:2007Geographic Informatioii Metadatai XML schema implementation

ISO/IEC 19775:2004¢X3D Abstract Specification

OpenGI$ Abstract Specification Topic 0Qverview, OGC documeft-084

OpenGI$ Abstract Specification Topic She OpenGIS Feature, OGC documentl98r2

OpenGIS$ Abstract Specification Topic Relations between Features, OGC documert@&r2
OpenGI$ Abstract Specifiation Topic 10Feature Collections, OGC document-990

OpenGI$ Geography Markup Language Implementation Specificaliension 3.1.10GC document 0305r1
OpenGI$ GML 3.1.1 Simple Dictionary Profile/ersion 1.0.0, OGC document-099r2

IETF RFC 2045 2046, Multipurpose Internet Mail Extensions (MIME). (November 1996)

IETF RFC 2396Uniform Resource Identifiers (URI): Generic Syntax. (August 1998)

W3C XLink, XML Linking Language (XLink) Version 1.0. W3C Recommendation (27 June 2001)
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W3C XMLName,Namespaces in XML. W3C Recommendation (14 January 1999)

W3C XMLSchemal, XML Schema Part 1: Structures. W3C Recommendation (2 May 2001)

W3C XMLSchema2, XML Schema Part 2: Datatypes. W3C Recommendation (2 May 2001)

W3C XPointer XML Pointer Language (XPointe¥jersion 1.0. W3C Working Draft (16 August 2002)

W3C XML Base XML Base, W3C Recommendation (27 June 2001)

W3C XML, Extensible Markup Language (XML) 1.0 (Second Edition), W3C Recommendation (6 October 2000)

OASIS (Organization for the Advancement of Stawetl Information Standards): extensible Address Language
(XAL v2.0).

Khronos Group Inc.: COLLADA Digital Asset Schema Release 1.4.1
The Schematron Assertion Language 1.5. Rick Jelliffe 2@pa1

4  Conventions

4.1 Abbreviated terms

The following abbreviated tens are used in this document:

2D Two Dimensional

3D Three Dimensional

AEC Architecture, Engineering, Construction

ALKIS German National Standard for Cadastral Information
ATKIS German National Standard for Topographic and Cartographic Information
B-Rep Boundary Representation

CAD Computer Aided Design

COLLADA Collaborative Design Activity

CSG Constructive Solid Geometry

DTM Digital Terrain Model

DXF Drawing Exchange Format

EuroSDR  European Spatial Data Research Organisation

ESRI Environmental Systems Reseh Institute

FM Facility Management

GDF Geographic Data Files

GDI NRW Geodata Infrastructure NorlRhine Westphalia

GML Geography Markup Language

1Al International Alliance for Interoperability

IETF Internet Engineering Task Force

IFC Industry Foundatioi€Classes

ISO International Organization for Standardisation

LOD Level of Detall

NBIMS National Building Information Model Standard
OASIS Organisation for the Advancement of Structured Information Standards
0OGC Open Geospatial Consortium

OSCRE Open Standals Consortium for Real Estate
SIG 3D Special Interest Group 3D of the GDI NRW
TC211 ISO Technical Committee 211
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TIC Terrain Intersection Curve

TIN Triangulated Irregular Network

UML Unified Modeling Language

URI Uniform Resource Identifier

VRML Virtual Reality Modeling Language
w3cC World Wide Web Consortium

W3DS OGC Web 3D Service

WFS OGC Web Feature Service

X3D Open Standards XMienabled 3D file format of the Web 3D Consortium
XML Extensible Markup Language

XAL OASIS extensible Address Language
4.2  UML Notation

The CityGML standard is presented in this document in diagrams using the Unified Modeling Language (UML)
static structure diagram (see Booch et al. 1997). The UML notations used in this standard are described in the
diagram belowFKig. 1).

Association between classes

Class #1 Class #2
Role
Association cardinality
Class Only one 1.% Class One or more
* Class Zero or more Class
.. n Specific number
Class Optional (zero or one)

Aggregation between classes Class inheritance (subtyping of classes)

Aggregate Superclass
class
\ [ \ [ \
Component Component Component Subclass #1 Subclass #2 Subclass #n
Class #1 Class #2 Class #n

Fig. 1: UML notation (see ISO TS 19103, Geographic informati@onceptual schema language

According to GML3 all associations between model elements in CityGML ardingational. Thus, assai

tions in CityGML ae navigable in only one direction. The direction of navigatioteisictedby an arrowhead.

In general, the context an element takes within the association is indicated by its role. The splayisddnear

the target of the association. If the graphiegdresentation is ambiguous though, the position of the role has to
be drawn to the element the association points to.

The following stereotypes are used:

<<Geometry>> represents the geometry of an object. The geometry is an identifiable and distilegoieab
that is derived from the abstract GML typbstractGeoraryType
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<<Feature>> represents a thematic feature according to the definition in ISO 19109. A feature is an identifiable
and distinguishable object that ierided from the abstract GML tygpAbstractFeatureType

<<Object>> represents an identifiable and distingalide object that is derived from the abstract GML type
AbstractGMLType

<<CodeList>> enumerates the valid attribute values.

<<ExternalCodeList>> enumerates the valid attributeseslIn contrast to CodeList, the values are not given
inline the schema but are provided within an external dictionary file. External code lists are encoded using
GML 3.1.1 Simple Dictionary Profile (see chapte).

<<Union>> is a list of attributes. The semantics are that only one of the attributes can be present at any time.
<<PrimitiveType>> is used for representations supported by a primitive type in the imgigoment

<<DataType>> is used as a descniptd a set of values that lack identity. Data types include primitiveepred
fined types and usetefinable types. A DataType is thus a class with few or no operations whose primary
purpose is to hold the abstract state of another class for transmitiadjestencoding or persistent storage.

<<Leaf>> is used within UML package diagrams to indicate model elements that can have no further subtypes.

<<XSDSchema>> is used within UML package diagrams to denote the root element of an XSD Schema contai
ing all thedefinitions for a particular namespace. All the package contents or component classes are placed
within the one schema.

<<ApplicationSchema>> is used within UML package diagrams to denote an XML Schema definitian fund
mentally dependent on the conceptsaobther independent Standard within the XML Schema nmetala
guage. For exampl e, ApplicationSchema indicates
application schemas?o.

ext

4.3 XML namespaces and nhamespace prefixes

The CityGML data model is thematibadecomposed into a core module and thematic extension modules. All
modules including the core are specified by their own XML schema file, each defining a globally unique XML
namespace. The extension modules are based on the core module and, thagbgorgarence) the CityGML

core schema.

Within this document the module namespaces are associated with recommended prefixes. These prefixes are
consistently used within the normative parts of this specification, for all UML diagrams and example CityGML
instance documents. The CityGML core and extension modules along with their XML namespace identifiers and
recommended namespace prefixes are listd@im1.

CityGML module Namespace identifier Namespace prefix
CityGML Core http://www.opengis.net/citygml/1.0 core
Appearance http://www.opengis.net/citygml/appearance/1.0 app
Building http://www.opengis.net/citygml/building/1.0 bldg
CityFurniture http://lwww.opengis.net/citygml/cityfurniture/1.0 frn
CityObjectGroup http://www.gpengis.net/citygml/cityobjectgroup/1.0 | grp
Generics http://lwww.opengis.net/citygml/generics/1.0 gen
LandUse http://www.opengis.net/citygml/landuse/1.0 luse
Relief http://www.opengis.net/citygml/relief/1.0 dem
Transportation http://www.opengis.net/citygl/transportation/1.0 tran
Vegetation http://www.opengis.net/citygml/vegetation/1.0 veg
WaterBody http://www.opengis.net/citygml/waterbody/1.0 witr
TexturedSurface [depeated] | http://www.opengis.net/citygml/texturedsurface/1.0 | tex

Tab.1: List of CityGML modules, their associated XML namespace identifiers, and example namespace prefixes.
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Further XML Schema definitions relevant to this standard are showmabn2 along with the corresponding
XML namespae identifiers and namespace prefixes consistently used within this document.

XML Schema definition Namespace identifier Namespace prefix
Geography Markup Languag http://www.opengis.net/gml gml

version 3.1.1 (from OGC)

Extensible Address Languag urn:oasis:names:tc:cig:xsdschema:xAL:2.0 XAL

verson 2.0 (from OASIS)

Schematron Assertion ba| http://www.ascc.net/xml/schematron sch

guage version 1.5

Tab.2: List of XML Schema definitions, their associated XML namespace identifietlsex@ample namespace prefixes used within this
document.

4.4  XML-Schema

The normative parts of the standard use the W3C XML schema language to describe the grammar of conformant
CityGML data instances. XML schema is a rich language with many capabilitiele $Mt@ader who is unfami

iar with an XML schema may be able to follow the description in a general fashion, this standard is not intended
to serve as an introduction to XML schema. In order to have a full understanding of this candidate standard, it is
necessary for the reader to have a reasonable knowledge of XML schema.
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5 Overview of CityGML

CityGML is an open data model and XMiased format for the storage and exchange of virtual 3D city models.
It is an application schema for ti@eography Markup Language version 3.1.1 (GML3), the extendible @tern
tional standard for spatial data exchange issued by the Open Geospatial Consortium (OGC) and the ISO TC211.

The aim of the development of CityGML is to reach a common definition obdlse entities, attributes, and
relations of a 3D city model. This is especially important with respect to thesffestive sustainable maant
nance of 3D city models, allowing the reuse of the same data in different application fields.

CityGML not onlyrepresents the graphical appearance of city models but specifically addresses the aepresent
tion of the semantic and thematic properties, taxonomies and aggregations. CityGML includes a geometry model
and a thematic model. The geometry model allows foctimsistent and homogeneous definition of getoiced

and topological properties of spatial objects within 3D city models (ch8ptdihe base class of all objects is
CityObjectwhich is a subclass of the GML classature All objects inherit the properties froBityObject

The thematic model of CityGML employs the geometry model for different thematic fields like Digital Terrain
Models, sites (i.e. buildings; future extensions of CityGML will also include explicit modelbridges and
tunnels), vegetation (solitary objects and also areal and volumetric biotopes), water bodies, transportation facil
ties, and city furniture (chaptdi0). Further objects, which are not explicitly modelled yet, barrepresented

using the concept of generic objects and attributes (ch@gdt#:. In addition, extensions to the CityGML data
model applying to specific application fields can be realised using the Application Domain E)x$e(#dir)
(chapter6.12). Spatial objects of equal shape which appear many times at different positions like e.g. trees, can
also be mdelled as prototypes and used multiple times in the city model (ch&@erA grouping concept
allows the combination of single 3D objects, e.g. buildings to alibgilcomplex (chapte.8). Objects which

are not geometrically modelled by closed solids can be virtually sealed in orc@mpute their volume (e.g.
pedestrian underpasses, tunnels, or airplane hangars). They can be clos&logsirgpurfacegchapter6.4).

The concept of th&errainintersection@rveis introduced to irdgrate 3D objects with thDigital Terrain Model

at their correct positions in order to prevent e.g. buildings fioating over or sinking into the terrain (qtar

6.5).

CityGML differentiates five consecutive Levels of Detail (LOD), whebgeots kecome more detailed with
increasing LOD regarding both theiegmetry and thematic differentiation (chap&g). CityGML files can-

but do not have te contain multiple representations (and geometries) for each objecfaredif LOD simula-
neously. Generalisation relations allow the explicit representation of aggregated objects over different scales.

In addition to spatial properties, CityGML features can be assigned appearances. Appearances are not limited to
visualdatdb ut represent arbitrary obser vablaedrpdiatop eaist i es of
pollution, or earthquakexduced structural streg¢shapter9).

Furthermore, objects can have externakmefices to corresponding objects in external datasets (cléapter
Enumerative object attributes are restricted to external code lists and values defined in external, redefinable
dictionaries (chpter 6.6).
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6 General characteristics of CityGML

6.1 Modularisation

The CityGML data model consists of class definitions for the most important types of objects within virtual 3D
city models. These classes have been identified to be either requiredortant in many different appéton

areas. However, implementations are not required to support the overall CityGML data model in order to be
conformant to the standard, but may employ a subset of constructs according to their spacifatiorineeds.

For this purpose, modularisation is applied to the CityGML data model (cf. ciapter

The CityGML data model is thematically decomposed intmr@ moduleand themati@xtersion modulesThe

core module comprises the di@ concepts and components of the CityGML data model and, thus, must be
implemented by any conformant system. Based on the core module, each extension covers a specific thematic
field of virtual 3D city models. CityGML introduces the following eleven thdmextension modulegsppea-

ance Building, CityFurniture, CityObjectGroup Generics LandUse Relief Transportation Vegetation Wate-

Body, andTexturaSurface [deprecated]

CityGML compliant implemertions may support any combination of extensiordaies in conjunction with
the core module. Such combinations of modules are called City@idiiles Therefore, CityGML profiles
allow for valid partial implemetations of the overall CityGML data model.

6.2  Multi-scale modelling (5 levels of detail, LOD)

CityGML supports different Levels of Detail (LOD). LODs are required to reflect independent data collection
processes with differing application requirements. Further, LODs facilitate efficient visualisation and data
analysis (seéig. 2). In a CityGML dataset, the same object may be represented in different LOD sgnultan
ously, enabling the analysis and visualisation of the same object with regard to different degrees of resolution.
Furthermore, two CityGML data setsrtaining the same object in different LOD may be combined amd int
grated. However, it will be within the responsibility of the user or application to make sure objects in different
LOD refer to the same realorld object.

The coarsest level LODO is essatiti a two and a half dimensional Digital ffain Model, over which an aerial
image or a map may be draped. LOD1 is the4etiwn blocks model comprising prismatic buildings with flat
roofs. In contrast, a building in LOD2 has differentiated roof strestand thematically differentiated surfaces.
Vegettion objects may also be represented. LOD3 denotes architectural models with detailed wall and roof
structures, balconies, bays and projections. Héagolution textures can be mapped onto these structiures
addition, detailed vegation and transportation objects are components of a LOD3 model. LOD4 completes a
LOD3 model by adding interior structures for 3D objects. For example, buildings are composed of rooms,
interior doors, stairs, and futare.

Fig. 2: The five levels of detail (LOD) defined by CityGML (source: IGG Uni Bonn)
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LODs are also characterised by differing accuracies and minimal dimensions of obfdxt3).( Theaccuracy
requirements given in this standard are debatable and should be considered as discussion proposals. Accuracy is
described as standard deviatwof the absolute 3D point coordinates. Relative 3D point accuracy will be added

in a future version foCityGML and it is typically much higher than the absolute accuracy. In LOD1, the pos

tional and height accuracy of points must be 5m or less, while all objects with a footprint of at least 6m by 6m
have to be considered. The positional and heightirace of LOD2 must be 2m or better. In this LOD, all

objects with a footprint of at least 4m4m have to be cordgred. Both types of accuracies in LOD3 are 0.5m,

and the minimal fotprint is 2mx 2m. Finally, the positional and height accuracy of LOD4 maesd.2m or less.

By means of these figures, the cléisation in five LOD may be used to assess the quality of 3D city model
datasets. The LOD categorisation makes datasets comparable and provides support for their integration.

LODO LOD1 LOD2 LOD3 LOD4
Model scale description regional, city, region city districts, architectural architectural
landscape projects models (ot models (interior)
side), landmark
Class of accuracy lowest low middle high very high
Absolute 3D point accuracy (ptisn / | lower than 5/5m 2/2m 0.5/0.5m 0.2/0.2m
height) LOD1
Generalisation maximal object blocks as | objects as object as real constructive
generalisation| generalised generalised features; elermrents and
(classification | features; features; > 2*2m/1m openings are
of land use) > 6*6m/3m > 4*4m/2m represented
Building installations - - - representative | real object form
exterior effects
Roof form/structure no flat roof type and real object form | real object form
orientation
Roof overhanging parts - n.a. n.a. Yes
CityFurnitue important objects| prototypes real object form | real object form
SolitaryVegetationObject important objects| prototypes, prototypes, prototypes, real
higher 6m higher 2m object form
>50*50m >5*5m <LOD2 <LOD2

PlantCover

é

to be continued for thetlver feature
themes

Tab.3: LOD 0-4 of CityGML with its accuracy requirements (source: Albert et al. 2003).

Whereas in CityGML each object can have a different representation for every LOD, often different objects from
the samd.OD will be generalised to be represented by an aggregate object in a lower LOD. City@pblctsu

the aggregation / decomposition by providing an explicit generalisation association betwegity@bjects
(further details see UML diagram in chapi€x. ).

6.3  Coherent semanticajeometrical modelling

One of the most important design principles for CityGML is the coherent modelling of semantics andigeometr
cal/topological properties. At the semantic level, «watld entities areapresented by features, such asduil

ings, walls, wndows, or rooms. The description also includes attributes, relations and aggregation hierarchies
(partwholerelations) between features. Thus the joéitelationship between features can be derivechat t
semantic level only, without considering geometry. However, at the spatial level, geometry objects are assigned
to features representing their spatial location atdrt. So the model consists of two hierarchies: the semantic

and the geometrical in wth the corresponding objects are linked by relationships (cf. Stadler & Kolbe 2007).
The advantage of this approach is that it can be navigated in both hierarchies and between both hierarchies
arbitrarily, for answeng thematic and/or geometrical quer@sperforming analyses.

If both hierarchies exist for a specific object, they must be coherent (i.e. it must be ensured that they match and
fit together). For example, if a wall of a building has two windows and a door on the semantic level, then the
geonetry representing the wall must contain also the geometry parts of both windows and the door.

6.4 Closure surfaces

Objects, which are not modelled by a volumetric geometry, must be virtually closed in order to compute their
volume (e.g. pedestrian underpassesirplane hangars). They can be sealed uSlngureSurfaces. Closew
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Surfacesare special surfaces, which are taken into account, when needed to compute volumes and are neglected,
when they are irrelevant or not appriate, for example in visualisations

The concept oClosureSurfacess also employed to model the entranceswfsurfaceobjects Those objects

like tunnels or pedestrian underpasses have to be modelled as closed solids in order to compute their volume, for
example in flood simulations. Ehentrances to subsurface objects also have to be sealed to avoid holes in the
digital terrain model (seBig. 3). However, in clos@éange visualisations the entrance must be treated as open.
Thus,ClosureSurfaceare an adequatgay to model thosentrances.

JULIUS

TUCKN

BUROEINRI
BUCHHA

Fig. 3: Closure surfaces to seal open structures. Passages are subsurface objects (left). The entrance is sealed by a virtual
ClosureSurfacewhich is both part of the DTM and the subsurface aifght) (graphic: IGG Uni Bonn).

6.5  Terrain Intersection Curve (TIC)

A crucial issue in city modelling is the integration of 3D objects and the terrain. Problems arise if 3D objects
float over or sink into the terrain. This is particularly the case ifhilesrand 3D objects in different LOD are
combined, or if they come from different providers (Kolbe and Gréger 2003). To overcome this problem, the
Terrainintersection@rve (TIC) of a 3D object is introduced. These curves denote the exact position, wiere th
terrain touches the 3D object (d€ig. 4). TICs can be applied to buildings and building parts (cf. chditsy,

city furniture objects (cf. chaptd0.7), and genericity objects (cf. chaptet0.10. If, for example, a building

has a courtyard, th&IC consists of two closed rings: one ring representing the courtyard boundary, and one
which describes the building's outer bdary. This inbrmation can be used to integrate the building and a
terrain by O6pulling upd or 6 pulTérraimingersectto@mvé TheDTd sur r ou
may be locally warped to fit the TIBy this means, the TIC also ensures the correct pasity of textures or

the matching of object textures with the DTMince the intersection with the terrain may differ depending on
the LOD, a 3D object may have differéfrgrrainintersectioCurvesfor all LOD.

Fig. 4: TerrainintersectionCurvé or a bui l ding (left, black) and a tunnel object (r
triangulatedClosureSuface(graphic: IGG Uni Bonn).
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6.6 Dictionaries and external code lists for enumerative attributes

Attributes, whichare used to classify objects, often have values that are restricted to a number of discrete values.
An example is the attributeoof type whose attribute values typically are saddle back roof, hip roof -lsgmi

roof, flat roof, pent roof, or tent rooft such an attribute is typed as string, misspellings or different names for
the same notion obstruct interoperability. In CityGML such classifying of attributes is speciftexteand-
CodelListsand implemented bysimple dictionariesdefined in theGML 31.1 Simple Dictionary Profilécf.
Whiteside2005) Such a structure enumerates all possible values of the attribute in an external file, ensuring that
the same name is used for the same notion. In addition, the translation of attribute values iringibees is
facilitated.

Simple dictionaries and external code lists may be extended or redefined byThsgrsan have references to

existing malels. For example, room codes defined by the Open Standards Consortium for Real Estate (OSCRE)
canberefenced instead of CityGMLO6s predefined values. Li
parts introduced by thidational Building Information Model Standard (NBIMS) can be used alternatively.

6.7 External references

3D objects are often derived from losave relations to objects in other databases or data sets. For example, a 3D
building model may have been constructed from adimeensional footprint in a cadastre data set, or may be
derived from an architectural moddtig. 5). The reference of a 3D object to its corresponding object in an
external data set is essential, if an update must be propagated or if additional data is requirechpfertiexa
name and addr ess o fcadastrabinformatibn stegndrsnforonationeon aniermasand doors

in a facility management system. In order to supply such information, @agBbject may haveExternal
Referencedo corresponding objects in external data sets (for the UML diagrankige@0; and for XML
schema definition see annéx1). Such a reference denotes the external information system and the unique
identifier of the object in this system. Both are specified &midorm Resource Identifier (URIWwhich isa
generic format for references to any kind of resources on the internet. The generic concept of external references
allows for any CityObject an arbitrary number of links to corresponding objects in external informatemssy

(e.g. ALKIS, ATKIS, OS MaterMag’, GDF, etc.).

N/

’gkww@ﬁ ccommicaton
L)

Cadastral database

Facility
Management
System

Fig. 5: External references (graphic: IGG Uni Bonn).
6.8  City object groups

The grouping concept of CityGML allows for the aggregation of arbitrary city objects according-ttefised

criteria, and to represemtnd transfer these aggregations as part of a city model (for the UML diageam
chapterl0.9 XML schema definition see annéx5). A group may be assigned one or more names and may be
further clasified by specific attributes, for examplestape route from room no. 43 in house no. 1212 in a fire
s@nario” as a name andescape routeas type. Each member of the group can optionally be assigned a role
name, which specifies the role this particutaember plays in the group. This role hame may, for example,
describe the sequence number of this object in an escape route, or in the case of a building complex, denote the
main buibling.

A group may contain other groups as members, allowing nestegiggoof arbitrary depth. The grouping
concept is delivered by the thematic extension mo@ithgObjectGroupof CityGML (cf. chapterl0.9.
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6.9 Appearances

I nformation about a surfaceds awpface & congidered,anintegel.parto b s er v
of virtual 3D city models in addition to semantics and geometry. Appearance relates to anylmséattheme,

e.g. infrared radiation or noise pollution, not just visual properties. Consequently, data provigeednaaces

can be used as input for both presentation of and analysis in virtual 3D city models.

CityGML supports feature appearances for an arbitramyoen of themes per city model. Each LOD of a feature
can have an individual appearance. Appearancesaareseni among other§ textures and georeferenced
text ures. CityGMLO6s appearance model Appsarapcdct. Ehapte®)d wi t hi r

6.10 Prototypic objects / scene graph concepts

In CityGML objects 6 equal shape like trees and other vegetation objects, traffic lights and traffic signs can be
represented as prototypes which are instantiated multiple times at different locBigp®.(The geometry of
prototypes is defineth local coordinate systems. Every instance is represented by a reference tootlypgrat

base point in the world coordinate reference system and a transformation matrix that facilitates saiimg, rot
and translation of the prototype. The prineip$¢ adopted from the concept of scene graphs usedniputer
graphics standards like VRML and X3D. As the GML3 geometry model does not provide support for scene
graph cocepts, it is implemented as an extension to the GML3 geometry model (for furtleipties see
chapter8.2).

: ;i Signs & Signals for
Vegetation objects Traffic and Tram

People & Animals Cars

Fig. 6: Examples of prototypic shapes (source: Rheinmetall Defence Electronics).

6.11 Generic city objects and attributes

CityGML is being designed as a universal topographicimédion model that defines object types and attributes
which are useful for a broad range of applications. In practical applications the objects within specific 3D city
models will most likely contain attributes which are not explicitly modelled in CityGMareover, there might

be 3D objects which are not covered by the thematic classes of CityGML. CityGML provides two different
concepts to support the exchange of such data: 1) generic objects and attributes, and 2) Application Domain
Extensions (see chagts.12).

The concept of generic objects and attributes allows for the extension of CityGML applications during runtime,
i.e. any CityObject may be augmented by additional attributes, whose names, data types, and values can be
provided by a running application without any change of the CityGML XML schema. Similarly, features not
represented by the predefined thematic classes of the CityGML data model may be modelled and exchanged
using generic objects. The generic @esiens of CityGML are provided by the thematic extension module
GenericH(cf. chapter10.10.
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The current version of CityGML does not include explicit thematic models for bridges, tunnels, and walls. They
will be added in a future vesi. In the meantime, these objects may be stored or exchanged using generic
objects and attributes.

6.12 Application Domain Extensions (ADE)

Application Domain Extensions (ADE) specify additions to the CityGML data model. Such additions comprise
the introductbn of new properties to existing CityGML classes like e.g. the number of habitants of a building or
the definition of new object types. The difference between ADEs and generic objects and attributes is, that an
ADE has to be defined in an extra XML schedadinition file with its own namespace. This file has to exibji

import the XML Schema definition of the extended CityGML modules.

The advantage of this approach is that the extension is formally specified. Extended CityGML instance doc

ments can be Vidated against the CityGML and the respective ADE schema. ADEs can be defined (and even
stendardised) by information communities which are interested in specific application fields. More than one
ADE can be actively used in the same dataset (furtherigésorcf. chapted 0.117).

ADEs may be defined for one or even several CityGML modules providing a high flexibility in adding add
tional information to the CityGML data model. Thus, the ADE mechanism is orthogonally alignedheit
modularisation pproach of CityGML. Consequently, there is no separate extension module for ADESs.

Recently, a first ADE for noise pollution simulation has been developed, which is employed in the simulation of
enmvironmental noise dispersion accordittgthe Environmental Noise Directive of the European Commission
(2002/49/EC)Annex Gshows and explains the CityGML Noise ADE as an example.
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7 Modularisation

CityGML is a rich standard both on the thematic and georrtp@ogical level of its data model. On itseth

matic level CityGML defines classes and relations for the most relevant topographic objects in cities and r

gi onal models comprising built structures, relnevation
addition to geometry and appearance content these thematic components allow to employ virtual 3D city models

for sophisticated analysis tasks in different application domains like simulations, urban data mining, facility
management, and thematic uides.

CityGML is to be seen as a framework giving geospatial 3D data enough space to grow in geometrical, topolog
cal and semantically aspects over its lifetime. Thus, geometry and semantics of city objects may be flexibly
structured covering purely gewtric datasets up to complex geometopologically sound and spatio
semantically coherent data. By this means, CityGML defines a single object model and data exchange format
applicable to cosecutive process steps of 3D city modelling from geometryisitiqn, data qualification and
refinement to preparation of data for specific -eis@r applications, allowing for iterative data enrichment and
lossless information exchange.

According to this idea of a framework, applications are not required to supbibrematic fields of CityGML in
order to be compliant to the standard, but may employ a subset of constructs corresponding to speaitic rel
requirements of an application domain or process step. The use of logical subsets of CityGML limits-the co
plexity of the overall data model and explicitly allows for valid partial implementations. As for version 1.0 of the
CityGML standard, possible subsets of the data model are defined and embraced by so called @ibgBME

A CityGML module is an aggregatd normative aspects that must all be implemented as a whole by a-confo
mant system. CityGML consists ottare moduleand thematiextension maules

The CityGML core module defines the basic concepts and components of the CityGML data model. It is to be
seen as the universal lower bound of the overall CityGML data model and a dependency of all thenmatic exte
sion modules. Thus, the core module is unique and must be implemented by any conformant system. Based on
the CityGML core module, each extension modatatains a logically separate thematic component of the
CityGML data model. The extensions to the core are derived by vertically slicing the overall CityGML data
model. Since the core module isnt@ined (by reference) in each extension module, its genergepts and
components are universal to all extension modules. The following eleven thematic extension modules are intr
duced by version 1.0 of the CityGML standard. They are directly related to clauses of this document each cove
ing the correspondindgiématic field of CityGML:

e Appearance (cf. clau$y,

e Building (cf. clausel0.3),

e CityFurniture (cf. clausé0.7),

e CityObjectGroup (cf. claus&0.9),
e Generics (cf. claus£0.10,

e LandUse (cf. claus#0.8),

o Relief (cf. clausd 0.2,

e Transportation (cf. clauskd.5),

e Vegetation (cfclausel0.6),

e WaterBody (cf. claus&0.4), and
e TexturedSurface [deprecated] (cf. cla@s@.

The thematic decomposition of the CityGML data model allows for impleatiens to support any combination

of extension modules in conjunction with the core module in order to be CityGML conformant. Thus, the exte
sion modules may be arbitrarily combined according to the information needs of an application or application
domain A combination of modules is called a CityGMirofile. The union of all mdules is defined as the
CityGML base profile The base profile is unique at any given time and forms the upper bound of the overall
CityGML data model. Any other CityGML profile mube a valid subset of the baseffie. By following the
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concept of CityGML modules and profiles, valid partial implementations of the CityGML data model may be
realised in a weltlefined way.

As for future development, each CityGML module may be furtteseloped independently from other modules

by expert groups and information communities. Resulting proposals and changes to modules may be introduced
into future revisions of the CityGML standard without affecting the validity of other modules. Furtleermor
thematic compnents not covered by the current CityGML data model may be added to future revisions of the
standard by additional thematic extension moduldsese additional extensions may establish dependency
relations to any other existing CityGML malé but shall at least be dependent on the CityGML cordufao
Consequently, the CityGML base profile may vary over time as new extensions are added. However, if a specific
application has information needs to be modelled and exchanged which are beysndpé of the CityGML
data model, this application data can al soAgplea-i ncor po
tion Domain Extensiomechanism (cf. clausel0.1]) or by employing the concepts of generig/abjects and
attributes (cf. chaptet0.10.

The introduced modul arisation approach supports City
exchange format addressing various application domains and different s@pscitf modelling. For sake of

clarity, applications should announce the level of conformance to the CityGML standard by declarimg the e

ployed CityGML profile. Since the core module is part of all profiles, this should be realised by enumerating the
implemented thematic extension modules. For example, if an implementation supp@&utddhrey module, the

Relief module, and theVegetatonrmo dul e i n addition to the <core, this

[ Buil ding, Rel i ef, V gppfeetiasupgpartad] this shduld bedoglastee dt hbey bfiaGiet y G|
[full]o.

7.1  CityGML core and extension modules

Each CityGML module is specified by its own XML Schema definition file and is defined within an individual

and globally uniqgue XML target namespacec#ding to dependency relations between modules, each module

may, in addition, import namespaces associated to such related CityGML modules. However, a siegle nam
space shall not be directly included in two modules. Thus, all elements belonging to orle anechssociated

to the modul edbs namespace onl y. By this means, mo dul
distinguishable in CityGML instance daments.

Compared to previous CityGML versions, the aforementioned namespace converitmohgcanan extra level

of complexity to data files as there is no single CityGML namespace any more. In contrast, components of
different CityGML modules and, thus, of different hamespaces may be arbitrarily mixed within the same
CityGML instance documenturthermore, an application might have to parse instance documents containing
elements of modules which are not employed by the application itself. These parsing problems though can easily

be overcome bynefi s c h@&war e 0 appl i ¢ at thatdosnpt parse and intergrgi GNILapplici o n s

tion schemas in a generic way. Elements from different namespaces thanaehdseaed ed by t he appl
empl oyed CityGML profile could be skipped. Comparabl e
Application Domain Extensiomechanism (cf. clausk.17).

As for version 1.0 of the CityGML standard, there are no two thematic extension modules related dy depen
ency. Thus, all extension modules are truly independent fraim ether and may be separately supported by
implementations. However, the CityGML core module is a dependency for any extension module. This means
that the XML schema file of the core module is imported by each XML schema file defining an extension.

Thecependency relations bet ween FiG.i7 usndaM UMLspakage diagiare.s ar e |
Each module is represented by a package. The package names correspond to the module names. A dashed arrow

in the figure indicate that the schema at the tail of the arrow depends upon the schema at the headaf.the a

For CityGML modules, a dependency occurs where one schema <import>s another schema and accordingly the
corresponding XML namespace. For example, the extension len@iulding imports the schema of the

CityGML Coremodule. A short description of each dute is given inTab.4.
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<<Leaf>>
CityFurniture

<<Leaf>>
Appearance

<<Leaf>>
TexturedSurface

<<Leaf>>
Vegetation

<<Leaf>>
Relief

<<Leaf>>
Generics

]

1

[deprecated]

] I ]

1 <<Leaf>> 1
| Building |

<<Leaf>>
CityObjectGroup

<<Leaf>> i
WaterBody |

<<Leaf>>
Transportation

<<Leaf>>
LandUse

T
'
'
H =<impoart==
N4

1

<<Application Schema>>

Geography Markup Language

=<import== CityGML Core <<import>>
3 s<import== s<import== 1
W W
1 1
<<XSDschema>> <<XSDschema>>

extensible Address Language
{from CASIS)

(from OGC)

Fig. 7: UML package diagram illustrating the separate modules of CityGML and their sdep@adencies. Each extension module
(indicated by the leaf packages) further imports the GML 3.1.1 schema definition in order to represent spatial propeitiesafic
classes. For readability reasons, the corresponding dependencies have been omitted

Module name

CityGML Core

XML namespace identifier

http://lwww.opengis.net/citygml/1.0

XML Schema file

cityGMLBase.xsd

Recommended namespace
prefix

core

Module description

The CityGML Coremodule defines the basic components of the CityGML

model.Primarily, this comprises abstract base classes from which all the
classes are (transitively) derived. But also -sabstract content common

more than one extsion module, for example basic data types, is defi
within the core module.

The core mdule itself imports the XML schema definition files of GM
version 3.1.1 and the OASIS extensible Address Language xAL.

Module name

Appearance

XML namespace identifier

http://lwww.opengis.net/citygml/appearance/1.0

XML Schema file

appearance.xsd

Reconmended namespace
prefix

app

Module description

The Appearancemodule provides the means to model appearance
CityGML features, i . e. observablt-
ance data may be stored for each city object. Therefore, thaclzise clas
_CityObjectdefined within the core module is augmented by an additi
propertyu s i ng CiApplicatidh Bosnain Extensiomechanism Thus,
the Appearancemodule has a deliberate impact on alentiatic extension
modules.

Copyright © 2008 Open Geospatial Consortium, Inc.
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Module name

Building

XML namespace identifier

http://www.opengis.net/citygml/building/1.0

XML Schema file

building.xsd

Recommended namespace
prefix

bldg

Module description

The Building module allows for the representation of thematic and sp
aspects of buildigs, building parts, building installations, and interior build
structures in four levels of detail (LOD114).

Module name

CityFurniture

XML namespace identifier

http://www.opengis.net/citygml/cityfurniture/1.0

XML Schema file

cityFurniture.xsd

Recommended namespace
prefix

frn

Module description

The CityFurniture module is used to represent city furniture objects in cil
City furniture objects are immovable objects like lanterns, traffic signsya
tising columns, benches, or bus stops thatmfound in traffic areas, resite
tial areas, on squares, or in buift areas.

Module name

CityObjectGroup

XML namespace identifier

http://lwww.opengis.net/citygml/cityobjectgroup/1.0

XML Schema file

cityObjectGroup.xsd

Recommended namespace
prefix

grp

Module description

The CityObjectGroupmodule provides a grouping concept for CityGM
Arbitrary city objects may be aggregated in groups according tedesered
criteria to represent and transfer these aggregations as part of the city m
group may be further classified by specific attributes.

Module name

Generics

XML namespace identifier

http://www.opengis.net/citygml/generics/1.0

XML Schema file

generics.xsd

Recommended namespace
prefix

gen

Module description

The Genericsmodule proides generic extensions to the CityGML data mqg
that may be used to model and exchange additional attributes and featu
covered by the predefined thematic classes of CityGML. However, g€
extensions shall only be usedaippropriate thematic atses or attributes a
not provided by any other CityGML module.

In order to represent generic attributes, @Genericsmodule augments th
abstract base clas<CityObjectdefined within the core module by an ad
tional propertyu s i ng CiApplicidi Bomain Extensiomechanism
Thus, theGenericsmodule has a deliberate impact on all thematic exten
modules.

18
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Module name

LandUse

XML namespace identifier

http://www.opengis.net/citygml/landuse/1.0

XML Schema file

landUse.xsd

Recommended namesgce
prefix

luse

Module description

The LandUsemo du | e all ows for t he

surface dedicated to a specific land use.

repi

Module name

Relief

XML namespace identifier

http://www.opengis.net/citygml/relief/1.0

XML Schema file

relief.xsd

Recommended namespace
prefix

dem

Module description

The Reliefmodule allows for the representation of the terrain in a city mg
CityGML supports terrain representations in different levels of detail, tef
ing different accuracies or gelutions. The terrain may be specified ag
regular raster or grid, as a TIN, by break lines, and by mass points.

Module name

Transportation

XML namespace identifier

http://www.opengis.net/citygml/transportation/1.0

XML Schema file

transportation.xsd

Recommended namespace
prefix

tran

Module description

The Transportationmodule is used to represent the transportation fea
within a city, for example roads, tracks, railways, or squares. Transpor
features may be represented as a linear netaobly geometrically describin
their 3D surfaces.

Module name

Vegetation

XML namespace identifier

http://lwww.opengis.net/citygml/vegetation/1.0

XML Schema file

vegetation.xsd

Recommended namespace
prefix

veg

Module description

The Vegetation module provides thematic classes to represent vegetd
objects. CityGML6s vegetation e
tion objects like trees, and vegetation areas which represent biotopg
forests or other plant communities.
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Module name WaterBody

XML namespace identifier | http://www.opengis.net/citygml/waterbody/1.0

XML Schema file waterBody.xsd

Recommended namespace | wtr

prefix

Module description The WaterBodymodule represents the thematic aspects and 3D geome
rivers, canals, lads, and basins. It does, however, not inherit any hydrolo
or other dynamic aspects so far.

Module name TexturedSurface [deprecated]

XML namespace identifier | http://www.opengis.net/citygml/texturedsurface/1.0

XML Schema file texturedSurface.xsd

Recommended namespace | tex

prefix

Module description The TexturedSurfacenodule allows for assigning visual appearance ptgs

(color, shininess, transparency) and textures to 3D surfaces. Due to in
limitations of its modelling approach this moddias been marked depated
and is expected to be removed in future CityGML versions. Appeat
information provided by this Appea

ancemodule without information loss. Thus, the use of TlexturedSurface
module isstrongly discouaged

Tab.4: Overview of CityGMLG6s core and thematic extensi
7.2  CityGML profiles

A CityGML profile is a combination of thematic extension modules in conjunction with the codalenof
CityGML. Each CityGML irstance document shall employ the CityGML profile appropriate to the pubvide
data. In general, two approaches to employ a CityGML profile within an instance document can beidifferent
ated:

1. CityGML profile definition embedded inline the CityGML instance document
A CityGML profile can be bound to an instance document usingt¢hemalocatiomttribute defined
in the XML Schema instance namespace, http://www.w3.0rg/2001/XMLSchestzance (commonly
associated with the prefixsi). The xsi:schemalocatiomttribute provides a way to locate the XML
Schema definition for namespaces defined in an XML instance document. Its value is a whitespace
delimited list of pairs of Uniform Resource Identifiers (URIS) where each pair consists of a namespace
followed by theloat i on of that namespaceds XML Schema def i

By this means, the namespaces of the respective CityGML modules shall be defined within a CityGML
instance document. Thesi:schemalocatiomttribute then shall be used to pide the location to the
respective XML Schema definition of each module. An example instance docurtewirfg this first
approach can be found in anrex.

2. CityGML profile definition provided by a separate XML Schema definition file
The CityGML profile may also be specified by its own XML Schema file. This schema file shall co
bine the appropriate CityGML modules by importing the corresponding XML Schema definitions. For
this purpose, theimport element defined in the XML ¢hema namespace shall be used,
http://www.w3.0rg/2001/XMLSchema (commonly associated with the predix For thexs:import

el ement, the namespace of the imported CityGML mo
XML Schema definition have to be clared. In order to apply a CityGML profile to an instancewdoc
ment, the profileds schema has t osischemahozationd t o t he

tribute. The XML Schema file of the CityGML profile shall not contain any further content.
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The targetNamespace f the profileds schema shall di ffer f
CityGML modules. The namespace associated with the profile should be in control of the originator of
the instance document and must be given as a previously unukgtbbally unique URI. Thepf i | e 6 s

XML Schema file must be available (or accessible on the internet) to everybody parsingtheteabs
CityGML instance dogment.

The second approach is illustrated by the following example XML Schema definition foasleeprofile of
CityGML. Since the base profile is the union of all CityGML modules, the corresponding XML Schema defin
tion imports each and every CityGML module. By this means, all components of the CityGML data model are
available in and may be exchauyby instance documents referencing this example base profile. The schema
definition file is shipped with the CityGML schema package and is accessible by theCitg@®IL.xsd

<?xml version="1.0" encoding="UFB"?>
<xs:schemamIns="http://www.citygml.ag/citygml/profiles/base/1:0xmIns:xs="http://www.w3.0rg/2001/XMLSchen‘a
targetNamespas&http://www.citygml.org/citygml/profiles/base/1.@lementFormDefaud'qualified’
attributeForm[fault="unqualified>
<xs:importnamespace"http://www.opengis.netitygml/appearance/1'0
schemalocabr="http://www.citygml.org/citygml/appearance/1.0/appearancé/xsd
<xs:importnamespace'http://www.opengis.net/citygml/building/1'0
schemalocabn="http://www.citygml.org/citygml/building/1.0/buildig.xsd/>
<xs:importnamespace"http://www.opengis.net/citygml/cityfurniture/1'.0
schemal oation="http://www.citygml.org/citygml/cityfurniture/1.0/cityFurniture.x§c
<xs:importnamespace"http://www.opengis.net/citygml/cityobjectgroup/1.0
schemal oation="http://www.citygml.org/citygml/cityobjectgroup/1.0/cityObjectGroup.¥sd
<xs:importnamespace'http://www.opengis.net/citygml/generics/1.0
schemalocabn="http://www.citygml.org/citygml/generics/1.0/generics.Xsd
<xs:importnamespace"'http://www.opengis.net/citygml/landuse/1.0
schemalocabr="http://www.citygml.org/citygml/landuse/1.0/landUse.Xsd
<xs:importnamespace"http://www.opengis.net/citygml/relief/1'0
schemalocabn="http://www.citygml.og/citygml/relief/1.0/relief.xstf>
<xs:importnamespace'http://www.opengis.net/citygml/transportation/1.0
schemalocatio#"http://www.citygml.org/citygml/transpation/1.0/transportation. x4
<xs:importnamespace'http://www.opengis.net/cityml/vegetation/1.0
schemalocabn="http://www.citygml.org/citygml/vegetation/1.0/vegetation.Xsd
<xs:importnamespace"http://www.opengis.net/citygml/waterbody/1.0
schemalocabn="http://www.citygml.org/citygml/waterbody/1.0/waterBpdsd'/>
<xs:importnamespace'http://www.opengis.net/citygml/texturedsurfacel'1.0
schemal oation= http://www.citygml.org/citygml/texturedsurface/1.0/texturedSurface/xsd
</xs:schema

The following excerpt of a CityGML dataset exemplifies htovapply the base profile sche@#yGML.xsdto a
CityGML instance document. The dataset contains two building objects and a city object group. The base profile
defined byCityGML.xsdis referenced using thesi:schemalocatiorattribute of the root elementThus, all
CityGML modules are employed by the instance document and no further references to CityGML modules are
necessary.

<?xml version="1.0" encoding="UFB"?>
<core:CityModelxmIns="http://www.citygml.org/citygml/profiles/base/1.0
xmins:core"http://www.opengis.net/citygml/1'0
xmins:bldg="http://www.opengis.net/citygml/building/1'0
xmlns:grE="http://www.opengis.net/citygml/cityobjectgroup/1.0
xmlns:gmE"http://www.opengis.net/grhl
xmlns:xAL="urn:oasis:names:tc:cig:xsdschema:xAL'2.0
xmlns:xlink="http://mww.w3.0rg/1999/xlink
xmlns:xsE"http://www.w3.0rg/2001/XMLSchemastancé
xsi:schemal.ocaticH http://www.citygml.org/citygml/profiles/base/1.0 http://www.citygml.org/citygml/profiles/base/1.0/CityGML>xsd
<core:cityObjectMenber
<bldg:Buildinggml:id="Build0815>
<core:externalReferenee
<core:informationSysterhttp://www.advonline.de/core:informationSystem
<core:externalObject
<core:urkurn:adv:0idDEHE123400007004/core:ur>
</core:externalObject
</core:externalReferenze
<bldg:functior>1000</bldg:functior>
<bldg:yearOfConstructiorl985</bldg:yearOfConstruction
<bldg:roofType>1030</bldg:roofType
<bldg:measuredHeighton="#m">8.0</bldg:measuredHeight
<bldg:storeysAboveGrourr@</bldg:storeysAbove Grourd
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8 Spatial model

Spati al properties of CityGML features are represent
baed on the standard |1 SO 19107 O6Spatial Schemadé (Herr
well-known Boundary RepresentatiqB-Rep, cf. Foley et al. 1995). CityGML actually uses only a subset of the

GML3 geometry package, defining a profdeGML3. This subset is depicted kig. 8 andFig. 9. Furthemore,

GML36s explicit Boundary Representation is natonended
of the geomey of features with the same shape iraplly and thus more space efficiently (chapde®).

8.1 Geometrictopological model

The geometry model of GML 3 consists of primitives, which may be combined to form complexes, composite
geometries or aggregates. For each dimension, theregsoaetrical primitive a zeredimensional object is a

Point, a onedimensional a Curve a twodimensional a Surface and a threelimensional a Solid (Fig. 8).

Each geordry can have its own coordinate reference system. A solid is bounded by surfaces and a surface by
curves. In CityGML, a curve is restricted to be a straight line, thus only the GML3LdtesStringis used.
Surfaces in CityGML are represented Bglygons which define a planar geometry, i.e. the boundary and all
interior points are required to be located in one single plane.

<<Geometry>>
gml::_Geometry
/\
<<Geometry>>
igml::_GeometricPrimitive

| interior 0..% |
<<Geometry>> <<Geometry>> <<Geometry>> <<Geometry>>
) gml::_Solid exterior 1 gml::_Surface gml::_Curve = gml::P‘olnl =
solidMember, 1.% +position : gml::DirectPosition [1]
1.% surfaceMember 1. .2 baseSurface curveMembeér
0.1 | 0.1 o 4
+ [ 1
<<Geometry>> <<Geometry>> <<Geometry>> <<Geometry>>
gml::CompositeSolid gml::Solid gml::CompositeCurve gml::LineString
. | | 1 +position : gml::DirectPosition [2..*]
<<Geometry>> <<Geometry>> <<Geometry>> <<Geometry>>
gml::CompositeSurface gml::Surface gml::Polygon gml::OrientableSurface

+orientation : gml::SignType [0..1]

1..x\|/ patches exterior 1
<<Geometry>> <<Geometry>> <<Geometry>>
gml::TriangulatedSurface | 1 gml::_SurfacePatch 3 gml::_Ring
interior ~ *
/\ trianglePatches /\
exterior "4
<<Geometry>> *
gml:TIN <<Geometry>> <<Geometry>> exterior " ZF
+stopLines : gml::LineStringSegment [0..*] gml::Triangle gml::Rectangle
+breakLines : gml::LineStringSegment [0..*] <<Geometry>>

gml::LinearRing
+position : gml::DirectPosition [4..*]

+maxLength : gml::LengthType [1] *
+controlPoint : gml::posList [1]

Fig. 8: UML diagram of @delt(sulisd and profilg ef GWiLA)t Rripitives and Composites.

Combhned geometries can bggregates, complexes or compositesprimitives (see illustration ifrig. 10). In

an Aggregate the spatial relationship between campnts is not restricted. They may be disjoint, overlapping,
touching, ordisconnected. GML3 provides a special aggregate for each dimendlaittjRoint, aMultiCurve, a
MultiSurfaceor a MultiSolid (seeFig. 9). In contrast to aggregates, @omplexis topologically structured: its

pats must be disjoint, must not overlap and are allowed to touch, at most, at their boundaries or share parts of
their boundaries. £ ompositas a special complex pvided by GML3. It can only contain elements of the same
dimension. Its elements must besjdint as well, but they must be topologically connected along their beund
ries.A Camnpositecan be aCompositeSolida CompositeSurface, or CompositeCurfdd. Fig. 8).
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* <<Geometry>>
gml::_Geometry

i

geometryMember

<<Geometry>> * 1.% <<Geometry>> <<Geometry>>
gml::GeometricComplex gml::_GeometricPrimitive gml::_AbstractGeometricAggregate
element Zﬁ
<<Geometry>> <<Geometry>> <<Geometry>> <<Geometry>> <<Geometry>>
~ | aml::MultiGeometry gml::MultiSolid gml::MultiSurface gml::MultiCurve gml::MultiPoint
*
solidMember surfaceMember curveMember pointMember
* * * *
<<Geometry>> <<Geometry>> <<Geometry>> <<Geometry>>
gml::_Solid gml::_Surface gml::_Curve gml::Point

Fig.9: UML di agr a ngeométry @dek Go@pleked and Aggregates

An OrientableSurfacas a surface with an explicit orientation, i.e. two sides, front and back, can be disti
guished. This may be used to assign textures to specific sides of a surface, or to distinguish tharektiéo

interior side of a surface when bounding a solid. Please note, that Curves and Surfaces have a default orientation
in GML which results from the order of the defining points. Thus, an OrientableSurface only has to be used, if
the orientation of given GML geometry has to be reversed.

TriangulatedSurfaceare special surfaces, which specify triangulated irregular networks often used to represent
the terrain. While arriangulatedSurfaces a composition of explicifriangles the subclasgIN is used to
represent a triangulation in an implicit way by a set of control points, defining the nodes of the triangles. The
triangulation may be reconstructed using standard wlatign methods (Delaunay triangulation). In addition,
break lines and stop lisalefine contoucharacteristicef the terrain.

Multi Surface Geometri€omplex Composit&urface

Fig. 10: Combined geometries.

The GML3 composite model realisesezursive aggregatioschema for every primitive type of the corresgron
ing dimension. Tis aggregation schema allows the definition of nested aggregations (hierarchy ofieatsj
For example, a building geometr€gmpositeSolidcan be composed of the house geomedgngipositeSolig
and the garage geometrgdlid) |, whi | e ¢tomety ihforthes detasmpoged into the roof geometry
(Solid and the geometry of the house bo8wpl{d).

CityGML provides the explicit modelling of topology, for example the sharing of geometry objects between
features or other geometries. One part of spacepiesented only once by a geometry object and iserefed

by all features or more complex geometries which are defined or bounded by this geometry object. Tihus redu
dancy is avoided and explicit topological relations between parts are maintainedllf3asiere are three cases.
First, two features may be defined spatially by the same geometry. For example, if a path is both aati@msport
feature and a vegetation feature, the surface geometry defining the path is referenced both by thetimansport
object and by the vegetation object. Second, geometry may be shared between a feature and anetigeAgeom
geometry defining a wall of a building may be referenced twice: by the solid geometry defining the geometry of
the builling, and by the wall feare. Third, two geometries may reference the same geometry, which is in the
boundary of both. For example, a building and amaaaljt garage may be represented by two solids. The surface
describing the area where both solids touch may be representeshoeland it is refenced by both solids. As
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it can be seen frorig. 11, this requires partitioning of the respective surfaces. In general, Boundary Represe
tation only considers visible surfaces. However, to make topologicateay explicit and to allow the possibi

ity of deletion of one part of a composed object without leaving holes in the remaining aggregate touching
elements are included. Whereas touching is allowed, permeation of objects is not in order to avoidglee multi
represerdtion of the same space. However, the use of topology in CityGML is optional.

In order to implement topology, CityGML uses the XML concepXhbinksprovided by GML. Each geometry

object that should be shared by different geometric aggregatdgferent thematic features is assigned an

unique identifier, which may be retnced by a GML geometry property usingraf attribute. CityGML does

not deploy the buitn topology package of GML3, which provides separate topology objects accongpémsin

geometry. This kind of topology is very complex and elaborate. Nevertheless, it lackdifiewiben data sets,

which might include or neglect topology, should be covered by the same data model. The XLink topology is
simple and flexible and nearbs powerful as the explicit GML3 topology model. whwver, a disadvantage of

the XLink topology is that navigation between topologically connected objects can only be performed in one
direction (from an aggregate to its components), not (immediately) bidir¢e onal as it i s- the ca:
intopdkogy. An example for CityGMLO6s topology Flhepresent at

Recursive aggregation with arbitrary depth Solid aggregate

i

Wall face will be partitioned into 2 faces Solid 1 Solid 2

Solid 1

Solid 2

T

< explicit topological connection
but goes beyond B-Rep

Fig. 11: Recursive aggregation of objects and geoieetn CityGML (graphic: IGG Uni Bonn).

The following excerpt of a CityGML example file definegal:Polygonwith an idwallSurface4711which is
part of the geometry propertpd2Solid of a building. Another building being adjacent to the first building
references this polygon in its geometry property.

<bldg:Building>
<bldg:lod2Solic-
;;gmlzsurfaceMember
<gml:Polygongml:id="wallSurface4711>
<gml:exterior
<gml:LinearRing
<gml:possrsDimensios"3">32.0 31.0 2.5/gml:pos>
</.§;n|:LinearRing>
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
</bldg:lod2Solid-
</bldg:Building>
<bldg:Bulding>
<bldg:lod2Solic:
:gmlzsurfaceMembeinnk:hrefz"#waIISurface471'1>
</bldg:lod2Solic-

</bldg:Building>
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8.2  Implicit geometries, prototypic objects, scene graph concepts

The concept of implicit gemetries is an enhancement of the geometry model of GML3. It is, for example, used

in CityGML6s vegetation model, for d0.6t 9.7 andil0.h0i. t ur e al
Implicit geometries may be applied to features from different thematic fields of CityGML in order to geometr

cally represent the features within a specific level of detail (LOD). Thut, egtension module may define

spatial properties providing implicit geometries for its thematic classes. For this reason, the concept of implicit
geometries is defined within the CityGML core module (cf. chaplet). However, its description is drawn here

since implicit geometries are part of CiFiylMhbheds spat
corresponding XML schema definition is provided in anrex.

An implicit geometry is a geometric object, where the shape is stored only once astypigaitgeometry, for
example a tree or other vegetation object, a traffic light or a traffic sign. This prototypic geometry object is re
used or refrenced many times, wherever the corresponding feature occurs in the 3D city model. Each occu
rence is represented by a link to the prototypic shape geometry (in a local cartesian coordinate system), by a
transformation matrix that is multiplied with ea8B coordinate of the prototype, and by an anchor pointtedeno

ing the base point of the object in the world coordinate reference system. This reference point also defines the
CRS to which the world coordinates belong after the application of the transfommiatiorder to determine the
absolute coordinates of an implicit geometry, the anchor point coordinates have to be added to the niatrix mult
plication results. The transformation matrix accounts for the intended rotation, scaling, and local translation of
the prototype. It is a 4x4 matrix that is multiplied with the prototype coordinates using homogeneoitss coord
nates, i.e. (x,y,z,1). This way even a projection might be modelled by the traasformatrix.

<<ExternalCodeList>>
MimeTypeType

<<Object>> referencePoint <<Geometry>>
ImplicitGeometry . gml::Point
+mimeType : MimeTypeType [0..1] 1 <<PrimitiveType>>
+transformationMatrix : TransformationMatrix4x4Type [0..1] 0.1 TransformationMatrix4x4Type
. o * - <<Geometry>> =
+libraryObject : xs::anyURI [0..1] +xs::double [16]
R gml::_Geometry
relativeGMLGeometry

Fig. 12: UML diagram oflmplicitGeometriesPrefixes are used to indicate XML namespaces associated with model elements. Element
names without a prefix are defined within BigyGML Coremodule.

The reason for using the concept of implicit geometries in CityGML is space effici8imce the shape of, for
example, trees of the same species can be treated as identical, it would be inefficient to model the detailed
geometry of each of the large number of trees explicitly. The concept of implicit geometries is similar to the well
known concept ofprimitive instancingused for the representation sfene graphsn the field of computer
graphics (Foley et al. 1995).

The termimplicit geometryrefers to the principle that a geometry object with a complex shape can be simply
representedy a base point and a transformati on, implicitly
the world coodinate system.

The shape of ammplicitGeometrycan be represented in an external file with a proprietary format, e.g. a VRML

file, a DXF file, or a 3D Studio MAX file. The reference to the implicit geometry can beifggdy an URI

pointing to a local or remote file, or even to an appropriate web service. Alternatively, the shape can be defined

by a GML3 geometry object. This has the adage that it can be stored or exchanged inline within the

CityGML dataset. Typically, the shape of the getmis defined in a local coordinate system where the origin

l'ies within or near t o t leredbypan8Rl alde MME type ofthe dehoted t he s h
object has to be specified (e.g. fimodel/vrmlo for VRN

The implicit representation of 3D object geometry has some advantages compared to the explicit modelling,
which represents thebgects using absolute world coordinates. It is more spéfagent, and thus more exte

sive scenes can be stored or handled by a system. The visualisation is accelerated since 3D graphjgs cards su
port the scene graph concept. Furthermore, the usagdferedt shape versions of objects is facilitated, e.qg.
different seasons, since only the library objects have taxdieeaged (see examplekig. 40).
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XML namespace

The XML namespace of theityGML Coremodule defining the compt of implicit geometries is identified by
the Uniform Resource Identifier (URI) http://www.opengis.net/citygml/1.0. Within the XML Schema definition
of the core module, this URI is also used to identify the default namespace.

ImplicitGeometryType, Implic itRepresentationProperty Type

<xs:complexTyperame="ImplicitGeometry Typ&>
<xs:complexContent
<xs:extensiorbase"gml:AbstractGMLTypé&>
<xs:sequence
<xs:elemenhame"mimeTyp¢€ type="MimeTypeTypé& minOccurs"0"/>
<xs:elemenhame"transfornationMatriX' type="TransformationMatrix4x4 TygeminOccurs"0"/>
<xs:elemenhame="libraryObject type="xs:anyUR! minOccurs"0"/>
<xs:elemenhame"relative GMLGeometrytype="gml:GeometryProperty TygeninOccurs"0"/>
<xs:elemenhame="referenc@oint' type="gml:PointProperty Typ&>
<Ixs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType
<I-- =
<xs:elemenhame"ImplicitGeometry type="ImplicitGeometryTypé substitutonGroup="gml:_GML"/>
<I-- >
<xs:complexTypeame="ImplicitRepresentationProperty Tyjpre
<xs:complexContemt
<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="ImplicitGeometry/>
<Ixs:sequence
</xs:restrictior»
</xs:complexContent
<Ixs:complexType

8.2.1 External code lists

The ImplicitGeometry model introduces the following types, séhwalid values are explicitly enumerated in an
external code list (cf. chaptéréand annexC.4):

e MimeTypeType
8.2.2 Example CityGML datasets

An example for an implicit geometry is given by the followicity furniture object (cf. chapté0.7), which is
represented by a geometry in LOD2:

<frn:CityFurniture>
<frn:clas$1000</frn:class <!--At r af f i c 0 ; decl ar ed i rClaskpgoamexC.2-code | i st (CityFurn
<frn:function>1080</frn:functior> <!--At r af f i ¢ | i ght 0; d e yHumitureRunciionType)xntaene? al code | i st
<frn:lod2ImplicitRepresentation
<core:mplicitGeometry
<core:mimeTypemodel/vrmk/core:mimeType
<core:libraryObject
http://www.some3d-library.com/3D/furnitures/TrafficLight434.wrl
</core:libraryObject
<core:referencePoint
<gml:PointsrsName"urn:ogc:def:crs,crs:EPS&12:31467,crs:EPSG:6.12:5783
<gml:possrsDimensior"3">5793898.77 3603845.54 44/gml:pos>
</gml:Point
</core:referencePoint
</core:ImplicitGeometry
</frn:lod2ImplicitRepresentation
</frn:CityFurniture>

The shape of the geometnyf t he traffic Iight (city furniture with
the external code lists proposed in an@g) is defined by a VRML file which is specified by a URL. This
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library object, which is defirin a local coordinate system, is transformed to its actual location by adding the
coordnates of the reference point.

The following clip of a CityGML file provides a more complex example for an implicit geometry:

<frn:CityFurniture>
<frn:clas$1000</frn:class <!--Ant r af f I c 0 ; decl ar ed i rClasskypepimanmf.2-code | i st (CityFurn
<frn:function>1080</frn:functior> <!--fit r af f i ¢ | i ght 0; d e gAumitureFkinciionType)xnaexC2al code | i st
<frn:lod2ImplicitRepresentation
<core:ImplicitGeometry
<core:mimeTypemodel/vrmk/core:mimeType
<core:transformationMatrix
0.866025 -0.5 0 0.7
0.5 0.866025 0 0.8
0 01 O
0 0 01
</core:transformationMatrix
<core:libraryObject
http://www.some3d-library.com/3D/furnitures/TrafficLight434.wrl
<[core:libraryObject
<core:referencePoint
<gml:PointsrsName"urn:ogc:def:crs,crs:EPS&12:31467,crs:EPSG:6.12:5783
<gml:possrsDimensiors"3">5793898.77 3603845.54 44/gml:pos>
</gml:Point
</core:referencePoint
</core:ImplicitGeometry
</frn:lod2ImplicitRepresentation
</frn:CityFurniture>

In addition to the fist example, a transformation matrix is specified. It is a homogeneous matrix, serialized in a
row major fashion, i.e. the first four entries in the list denote the first row of the matrix, etc. The matrix combines
a translation by the vector (0.7, 0.8,i0he origin of the local reference system is not the center of the dbject
and a rotation around theaxis by 30 degree€@s(30) = 0.86602andsin(30) = 0.5. This rotation is necessary

to align the traffic light with respect to a road. The actualtmm of the traffic light is computed as follows:

1. each point of the VRML file (with homogeneous coordinates) is multiplied by the transformation
matrix;

2. for each resulting point, the reference point (5793898.77, 3603845.54, 44i8 atifled, yieldinghe
actual geometry of the city furniture.

8.2.3 Conformance requirements

Base requirements

1. In order to geometrically represent a feature using the concept of implicit geometries, the corresponding
thematic class of the feature shall define a spatial propétiyectypelmplicitRepresentationPrope
tyType Thus, for all CityGML extension modules only the tyjpgplicitRepresentationProperty Type
shall be used for spatial grerties providing implicit geometries.

2. If the shape of an implicit geometry is referencgdalm URI using thdibraryObject property (type:
xs:anyUR) of the elementmplicitGeometry also the MIME type of the denoted object must beispec
fied using thamimeTyperoperty (typeMimeTypeType

Referential integrity

3. The typelmplicitRepresentation@pertyTypemay contain arimplicitGeometryelement inline or an
XLink reference to a remotnplicitGeometryelement using the XLink concept of GML 3.1.1. In the
latter case, tha&link:href attribute of the corresponding property of typ®licitRepreserationPrope-
tyTypemay only point to a remotenplicitGeometryelement (where remotenplicitGeometryelements
are located in another document or elsewhere in the same doculith).the contained element or
the reference must be given, but neither mthnone.
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9 Appearance model

In addition to spatial properties, CityGML features haypearance§ obser vabl e
surface. Appearances are not limited to visual data but represent arbitrary categoriethealkessuch as
infrared radiation, noise pollution, or earthquakeluced structural stress. Each LOD can have an individual
appearance for a specific theme. An appearancenpased of data for each surface geometry object, i.e.
surface data A single surface geometry objemiay have surface data for multiple themes. Similarly, surface
data can be shared by multiplerfage geometry objects (e.g. road paving). Finally, surface data values can

OGC08-007r1

either be constant across a surface or depend on the exdiciiadthin the surfae.

CityGMLO6s appeara

nce model

diagram of the appearance model is illustratellign 13, for XML Schema definition see ann&x.

gmi::_Feature

<<Feature>>

Jiy
<<Feature>>
gml::_FeatureCollection
<<Feature>> <<Feature>> -
core::CityModel core:._City Object <<CodelList>>
TextureTypeType
* * Hypical
. <<Feature>> . +specific
appearance Member Appearance appearance guoknown
+Hheme : x5::5tring [0..1]
<<Codelist>>
" WrapModeType
+none
<<Feature>> +Hwrap
_SurfaceData surfaceDataMember ST
+HsFront : x5::boolean [0..1] = true +clamp
% +border
| | <<Primitive Type>>
<<Feature>> <<Feature>> Color
X3DMaterial _Texture +core::doubleBetween0and1 [3]

+shininess : core::doubleBetween0and1 [0..1]
+Hransparency : core::doubleBetweenOand1 [0..1]
+ambientlntensity : core::doubleBetweenOand1 [0..1]
+specularColor : Color [0..1]

+diffuseColor : Color [0..1]

+emissiveColor : Color [0..1]

+isSmooth : xs::boolean [0..1]

+Harget : x5::anyURI[0.."]

+imageURI : xs::anyURI [1]

+wrapMode : WrapModeType [0..1]

+mime Type : core::MimeTypeType [0..1]
HextureType : TexiureTypeType [0.

+borderColor : ColorP lusQpacity [0..1]

<<Primitive Type>>
] ColorPlus Opacity
+core::doubleBetweenOand1 [3..4]

T

targ

<<Feature>>
ParameterizedTexture

*

<<Object>>
_| TextureAssociation

“+uri : xsianyURI [1]

k3

et

<<Object>>
_TextureParameterization

T

<<Feature>>
GeoreferencedTexture

+preferWorldFile : xs::boolean [0..1] = true
+orientation : core::TransformationMatrix2x2 Type [0..1]
Harget : xs::anyURI[0..7]

<<(Geometry>>
gml::Point

referencePoint

<<Object>>
TexCoordGen

<<Qbject>>
TexCoordList

+world ToTextiure : core::TransformationMatrix3x4 Type [

1] HextureCoordinates : gml::doublelList [1..7]

+Hing : xs:anyURI [1..7]

Fig. 13 UML diagram of

CityGMLOs

appea
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In CityGMLO6s appearance model, themes are represent el
for a given theme is defined by a setqipearancebjects referencing this theme. Thus, Appearancebjects

belonging to the samtheme compose a virtual group. They may be included in different places within a
CityGML dataset. Furthermore a single CityGML dataset may contain several themAppAaaranceobject

collects surface data eelant for a specific theme either for individdaatures or the whole city model in any

LOD. Surface data is represented by objects of cl&sfaceDataand its @scendents with each covering the

whole area of a surface geometry object. The relation between surface data andgaafaetyobjects §

expressed by atRI (Uniform Resource Identifigrlink from a _SurfaceDataobject to an object of type
gml:AbstractSurfaceTypar typegml:MultiSurface

A constant surface property is modelled as material. A surface property, which depends on the Wittati

the surface, is modelled as texture. Each surfgmametryobject can have both a material and a texture per
theme and side. This allows for providing both a constant approximation and a complex measurement of a
surfacebds pr op &ndpplicaton imedpansibledoo ah@osing the appropriate property represe
tation for its task (e.g. analysis or rendering). &csfic mixing is not defined since this is beyond the scope of
CityGML. If a surfacegeometryobject is to receive multipleextures or materials, each texture or material
requires a separate theme. The mixing of themes or their usage is not defined within CityGML and left to the
application.

XML namespace

The XML namespace of the CityGMAppearancemodule is identified by the hiform Resource Identifier
(URI) http://www.opengis.net/citygml/appearance/1.0. Within the XML Schema definition oigpearance
module, this URI is also used to identify the default namespace.

9.1 Relation between appearances, features and geometry

Despitethe close relation between surface data and surface, surface data is stored separately in the feature to
preserve the original GML geometry model. Instead of surface data being an attribute of tbévectpget

surface geometry object, each surfaceaddiject maintains a set 0fRIs specifying thegml:ids of the target

surface geometry objects (of tymenl:AbstractSurfaceTyper gml:MultiSurfacg. In case of a composite or
aggregate target giace, the surface data object is assigned to all contauréates. Other target types such as
features, solids, ogml:AbstractSurfacePatchTygevhich includesgml:Triangle are invalid, even though the

XML schema language cannotrifeally express constrains on URI target types. For the exact mapping function

of surface data values to a surface patch refer to the respective surface data typeotescri

The limitation of valid target types tml:AbstractSurface Typand gml:MultiSurfaceexcludinggml:Abstract
Surfacéatchlypeis based on the GML geometry modalbats use in CityGML. In general, GML surfaces are
represented using subclassesgofl:AbstractSurfaceTypeSuch surfaces are required to be continuous. A
gml:MultiSurfacedoes not need to fulfill this requirement and @pgntly is nogml:AbstractSurfae Type(cf.

8.1). Since captured realorld surfaces often cannot be guaranteed to be continuous, CityGML allows for
gml:MultiSurfaceto representa & ur e6s boundary in various pl &cles as ar
treat such surfaces similarly togaml:CompositeSurfagesurface data objects are allowed to linkgtal:Multi-

Surfaceobjects. The exclusion @ml:AbstractSurfacePatchTypes valid target type results from its standard as

a root class withougml:AbstractGMLTypébeing its parent class. Thusgal:AbstractSurfadeatchTypgwhich
includesgml:Triangleandgml:Rectanglgcannot receive gml:id and cannot be referenced.

Each surface geometry object can have per theme at most one activiadiogitnaterial, one active back

facing material, one active frofeicing texture, and one active bafelcing texture. If multiple surface data

objects of the same category and theme are assigned to a surface geometry object, one is chosen to become
active. Multide indirect assigments due to nested surface definitions are resolved by overwriting, e.g. the front

facing material of agml:Polygon becomes active by overwriting the frefacing material of the parental
gml:CompositeSurfaceMultiple direct assignments i . e . a sur f agmbkidigreferemed mMuy obj ec
tiple times within a theme, are not allowed and are resolveceinguitationdependently by choosing exactly

one of the conflicting surface data objects. Thus, multiple directrassigts within alieme need to be avoided.

Each CityObject feature can store surface data. Thus, surface data is arranged in the feature hierarchy of a
CityGML dataset. Surface data then links to its target surface using URIs. Even though the linking mechanism
permitsari r ary | inks across the feature hierarchy to anot
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principle of locality: Surface data should be stored such that the linked surfaces only belong to the containing
CityObject featuobahadsutbfaceéitddtanshaGld be stored
locality principle also ensures that CityObjects retrieved from a WFS will contain the respective appearance
information.

9.2 Appearance and SurfaceData

The feature clas&ppearancalefines a container for surface data objects. It providethtitaethat all catained

surface data objects are related to. All appearance objects with the same theme in a CityGML file are considered
a group. Surface data objects are stored institaceDataMeber property. They can be used in multiple
themes simultaneously as remote properties.

The feature classSurfaceDatds the base class for materials and textures. Its only element is the boolean flag
isFront, which determines the side a surface dateatdpplies to. Please note, that all classes of the appearance
model support CityGMLG6s ®&IR2and1délc Tha hooks for applichtion spdtiicp t er s
extensions are realized byttd e me@d rse fii c Appl i cat.i onPropertyOfé

AppearanceType, AppearancePropertyType

<xs:complexTypeame="AppearanceTyge
<xs:complexContemnt
<xs:extensiorbase"gml:AbstractFeatureType
<xs:sequence
<xs:elemenhame"theme type="xs:string minOccurs="0"/>
<xs:elemenname"surfaceDataMembeiype="SurfaceDataProperty TypeninOccurs="0" maxOccurs"unboundet>
<xs:elementef="_GenericApplicationPropertyOfAppearaficeinOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:exten®n>
<I/xs:complexContent
</xs:complexType

<l|--======= ===

<!.. s —————————————— >
<xs:complexTypeame="AppearanceProperty Tyre
<xs:complexContept
<xs:extensiorbase"gml:FeatureProperty Type
<xs:sequenceninOccurs"0">
<xs:elemenname"Appeaancé type="AppearanceTypé>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

appearanceMember, appearance

<xs:elemenhame="appearanceMembetype="AppearanceProperty TypeubstitutimGroup="gml:featureMembér>
s === =======
<xs:elemenhame"appearancetype="AppearancePropertyTypeubstitutonGroup="core:_GenericApplicationPropertyOfCityObj¥et

The definition ofappearanceMemballowsfor an arbitrary or even mixed sequenceCiti/Objectfeatures and
Appearancdeatures within &ityModelfeature collection (cf. chapt&©.1).

In order to store appearance infamtion within a singleCityObjectfeature, thecorresponding abstract class
_CityObjectof the core module is augmented by the property elerapperance The additional property
appeaance is injected into CityObjectu si ng Ci Appliafibh ®aemain Extensiomechanism (cf.
chapter10.1]). By this means, each thematic subclass@iftyObjectinherits this property. Thus, th&ppea-
ancemodule has a deliberate impact on each extension module defining thematic subclaGgg®©bject

AbstractSurfaceDataType, _SurfaceDta, SurfaceDataPropertyType

<xs:complexTypaame="AbstractSurfaceDataTyfre
<xs:complexContemt
<xs:extensiorbas&"gml:AbstractFeatureType
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<xs:sequence
<xs:elemenhame="isFront' type="xs:booleat defaul&"true' minOccurs"0"/>
<xs:elemat ref="_GenericApplicationPropertyOfSurfaceDatainOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<I-- ->
<xs:elemenhame"_SurfaceDatatype="AbstractSurfaceDataTypebstract"true' subsitutionGroup="gml:_Featurg>

<l-- =x
<xs:elemenhame="_GenericApplicatioPropertyOfSurfaceDataype="xs:anyTypé abstract="true'/>

<l-- =

<xs:complexTypaame="SurfaceDataProperty Tyjre
<xs:sequenceninOccurs"0">
<xs:elementef="_SurfaceDataminOccurs"0"/>
</xs:sequence
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType

9.3 Material

Materials define light reflection properties being constant for a whole surface geometry object. The definition of
the classX3DMaterialis adopted from the X3D and COLLADA specification (cf. X3D, COLLADA speeific

tion). diffuseColordefines the color of diffusely reflected ligtgpecularColordefines the color of a directed
reflection. emissiveColoilis the color of light gemated by the surface. All colors use RGB values with red,
green, and blue between 0 and 1. Trarapey is defined separately using tin@nsparencyelement where 0

stands for fully opaque and 1 for fully transparemhbientintensitylefines the minimum peentage ofliffuse-

Color that is visible regardless of light sourcsbinnesscontrols the sharpness of the specular highlight. 0
produces a soft glow while 1 results in a sharp highligimoothgives a hint for normal interpolation. If this
boolean lag is set to true, vertex normals should be used for shading (Gouraud shading). Otherwise, normals
should be constant for a surface patch (flatisttg.

Target surfaces are specified ustaggetelements. Each element contains the URI of one targitcsugeora-
try object (of typegml:AbstractSurfaceTypar gml:MultiSurfacé.

X3DMaterialType, X3DMaterial

<xs:complexTypeame="X3DMaterial Typ&>
<xs:complexContent
<xs:extensiorbase"AbstractSurfaceDataType
<xs:sequence
<xs:elemenname"ambientIntensity type="core:doubleBetweenOantdefault="0.2' minOccurs"0"/>
<xs:elemennhame="diffuseColot' type="Color" defaul"0.8 0.8 0.8 minOccurs="0"/>
<xs:elemenhame="emissiveColdr type="Color"' defaul="0.0 0.0 0.0 minOccurs="0"/>
<xs:elemennhame="specularColdtrtype="Color' defaul="1.0 1.0 1.0 minOccurs="0"/>
<xs:elemenname="shinines’ type="core:doubleBetweenOantdefaul"0.2' minOccurs"0"/>
<xs:elemenhame="transparencytype="core:doubleBetweenOantdlefaul="0.0" minOccurs"0"/>
<xs:elemenname="isSmootHt type="xs:booleah default"false' minOccurs"0"/>
<xs:elemenname"target type="xs:anyURT minOccurs"0" maxCccurs="unboundet{>
<xs:elementef="_GenericApplicationPropertyOfX3DMateriahinOccus="0" maxOccurs"unboundet>
</xs:sequence
<[xs:extensior
</xs:complexContent
</xs:complexType

<I-- =
<xs:elemenhame="X3DMaterial' type="X3DMaterialType' substitutonGroupg"_SurfaceDatéd>
== ==

<xs:elemenhame="_GenericApplicationPropertyOfX3DMaterialype="xs:anyTypé& abstract"true'/>

9.4  Texture and texture rapping

The abstract base class for texturesTigxture Textures in CityGML are always rasteased 2D textures. The
raster image is specified limageURIusing a URI and can be an arbitrary image data resource, even ia prefo
matted request for a web semwi The image data format can be defined using standard MIME types in the
mimeTypeelement.
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Textures can be qualified by the attribtéxture Type The textureTypedifferentiates between textures, which
are specific for a certain objeapecifig and praotypic textures being typical for that object surfatygital).
Textures may also be classifieduagknown

The specification of texture wrapping is adopted from the COLLADA standard. Texture wrapping is required
when accesng a texture outside the untleng image rasterwrapModecan have one of five valueki¢. 14
illustrates the effect of these wrap modes):

1. none 1 the resulting color is fully transparent

2. wrap T the texture is repeated

3. mirror T the texture is repeatethd mirrored

4. clamp 7 the texture is clamped to its edges

5. border i the resulting color is specified by therderColorelement (RGBA)

In wrap modemirror, the texture image is repeated both in horizontal and in vertical direction to fill the texture
spae similar to wrap mode&vrap. Unlike wrap, each repetition results from flipping the previous texture part
along the repetition direction. This behaviour removes the edgesporrdence constraint for wrapped textures
and always results in a seamless textur

0,2) (2.2) 0,2) (2,2) 2,2)

i

(2,-1) (0,-1)

0.2)

(0,1) (L.1) -

. !

a b. c. [ : d. !

(0.0) (1.0) (0,-1) (2,-1) (0.-1) 2.-1) (0,-1)

-1

Fig. 14: A texture (a) applied to a facade using different wrap modes: (b) none, (c) wrap, (d) mirror, (e) clamp and (f) bdodedeT he
color is red. The numbers denote texture coordinates (image:-RidswerInstitute).

AbstractTextureType, _Texture, WrapModeType, TextureTypeType

<xs:complexTypaame="AbstractTextureType
<xs:complexContemnt
<xs:extensiorbas&"AbstractSurfaceDataTyfe
<xs:sequence
<xs:elemenhame"imageURT type="xs:anyURI/>
<xs:elenentname"mimeTypé€ type="core:MimeTypeTypeminOccurs"0"/>
<xs:elemenname="textureTypé type="TextureTypeTypeminOccurs"0"/>
<xs:elemenhame"wrapModé type="WrapModeTypé& minOccurs"0"/>
<xs:elemenhame="borderColot type="ColorPlusOpaity" minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfTextureninOccurs"0" maxCccurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemnt
</xs:complexType

<I-- ->
<xs:elemenhame="_Texture type="AbstractTextureTypeabstract"true' substituionGroug"_SurfaceData>

<l-- ==
<xs:elemenhame="_GenericApplicationPropertyOfTexture/pe="xs:anyTyp& abstract="true'/>

<I-- =

<xs:simpleTypeame"WrapModeTyp&>
<xs:restrictionbase"xs:string>
<xs:enumeratiorvalue="noné/>
<xs:enumerationalue="wrap'/>
<xs:enumerationvalue="mirror"/>
<xs:enumerationvalue="clampg'/>
<xs:enumerationvalue="bordet/>
</xs:restrictiorr
</xs:simpleType
<l-- >
<xs:simpleTypeame="TextureTypeTyp&>
<xs:restrictionbase"xs:string>
<xs:enumerationalue="specific'/>
<xs:enumerationvalue="typical'/>
<xs:enumerationalue="unknown/>
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</xs:restrictiorr
</xs:simpleType>

_Textureis further specialised according to the texture parameterisation, i.e. the mapping function fram a loc
tion on the surface to a location in the texture image. CityGML uses the notion of texture space, where the
texture image always occupithee region [0,1]2 regardless of the actual image size or aspect ratio. The lower left
image corner is located at the origin. The mapping function must be known for each surface geometry object to
receive texture.

Fig. 15: A georefeenced texture applied to ground and roof surfaces (source: Senate of BerlinPhdsssinstitute).

The classGeoreferencedTextudescribes a texture that uses a planimetric projection. Consequently, it does not
make sense to texture vertical surfaaesing aGeoreferencedTexturé&Such a texture has a unique mapping
function which is usually provided with the image file (e.g. georeferenced TIFF) or as a separate ESRI world
file. The search order for an external georeference is determined by thenbitemigaeferWorldFile. If this flag

is set to true (its default value), a world file is looked for first and only if it is not found the georeference from
the image data is used.dfeferWorldFileis false, the world file is used only if no geonefiecefrom the image

data is available.

Alternatively, CityGML allows for inline specification of a georeference similar to a world file. This internal
georeference specification always takes precedence over any external georef@feneecePointefines the

location of the center of the upper left image pixel in world space and corresponds to values 5 and 6 in an ESRI
world file. SinceGeoreferencedTextungses a planimetric projectioreferencePoints two-dimensional orien-

tation defines the rotation anstaling of the image in form of a 2x2 matrix (a list of 4 doubles in-mjor

order corresponding to values 1, 3, 2, and 4 in an ESRI world file). The CRS of this transformation is identical to

the referenePoinb s CRS. A pl ((,ryI imtbat €RSds trpnsformed to a poilﬁ,tj in texture
space using the formula:

NN WRSEH

with M denotingorientation Pr denotingreferenePoint, wt he i mage ds wi ldtthhe iinmapgiexdes|
height in pixels.

If neither an internal nor an external georeference is giverGtmeferencedTextuns invalid. Each target
surface geometry object is specified by an URI targetelement. All target surface geometry objects share the
mapping function defined by thgeoreference. No other mapping function is allowed. Please note, that the
gml:boundedByproperty inheited from gml:AbstractFeatureTypeould be set to the bounding box of valid
image data to allow for spatial queri€sg. 15 shows a georeferenced texture applied to the ground and all roof
sufaces.
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GeoreferencedTextureType, GeoreferencedTexture

<xs:complexTypeame="GeoreferencedTextureTye
<xs:complexContemt
<xs:extensiorbas&"AbstractTextureType
<xs:sequence
<xs:elemenname="preferWorldFilé type="xs:booleah defaulE"true' minOccurs="0"/>
<xs:elementhame="referencePoirittype="gml:PointProperty TypeminOccurs"0"/>
<xs:elemenname="orientatiori type="core:TransformationMatrix2x2TypeninOccurs="0"/>
<xs:elemenname"target type="xs:anyURT minOccurs"0" maxCccurs="unboundet{>
<xs:elementef="_GenericApplicationPropertyOfGeoreferencedTextunénOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
<I/xs:complexType
<l-- >
<xs:elemenhame="Georeferenced Texturéype="Georeferenced TextureTypeubstituionGrouE"_Texturé/>
<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfGeoreferencedTextiype="xs:anyTypé& abstract"true'/>

The classParameterizedTexturdescribes a texture with targé¢pendent mapping functio The mapping is
defined by subclasses of clasBextureParameterizatioas a property of the link to the target surface geometry
object. Each target surface geometry object isifipdcas URI in theuri attribute of a separatargetelement.
Since target implements gml:AssociationAttributeGroup it allows referencing to a remote
_TextureParameterizationbject (using thexlink:href attribute), e.g. for sharing a p@ing function between
targets or textures in different themes. The mapping function ittaer @ise the concept of texture coordinates
(through classTexCoordList or a transformation matrix from world space to texture space (throughTaass
CoordGen.

texture coordinates:
1. 0,1 ; 0,05
2 0,15; 0,05
3. 0,15; 05
4 08 ;05
8 0,1 0,6

Fig. 16: Positioning of textures using texture coordinates (en&gG Uni Bonn).

Texture coordinates are applicable only to polygonal surfaces, whose boundaries are described by
gml:LinearRing (e.g., gml:Triangle gml:Polygon or a gml:MultiSurfaceconsisting ofgml:Polygors). They

define an explicit mappingofasart e 6s vertices to points in texture s
ring vertices must receive a corresponding coordinate pair in texture space (for the notion of coordinates, refer to

ISO 19111). These coordinates are not restricted to thgif@etval. Texture coordinates for interior surface
points are planarly interpolated from the verticeso6 t

Texture coordinates for a target surface geometry object are specified usingest&rdListas a teture
parameteri zati on tadetjpreperty. Eaatextdridr and tnterboggmi:rineadRingcomposing
the boundary of the target surface geometry object (which also might enl&€ompositeSurface
gml:MultiSurface or gml:TriangulatedSurfagerequires its own set of texture coordinates. A set of texture
coordinates is specified using tiextureCoordinatelement of clas§exCoordList Thus, aTexCoordList
contains as mangextureCoordinateelements as the target surface geometry object iosrgenl:LinearRing.
textureCoordinaté s ma n d at aingyprovadest thegmbidi df #he respective ring. The content is an o

dered list of double values where each two values defirﬂ;:téF texture coordinate pair with denoting the

horizontal andt he verti cal texture axis. The | ist centains
sponding to the ring pointsé order. I f any ring point
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assigned, the mapping ilscomplete and the respective surface cannot be textured. In case of aggregated target
geometry objects, mapping completeness is determined only for leaf geometry objects.

a.

Fig. 17: Projecting a photograph (a) onto mulégacades (b) using threorldToTexturdransformation. The photograph does not cover the

left facade completely. Thus, the t extned(seurca PepateantBerlint HasBlatmerc | i pped.
Institute).

Alternatively,the mapping function can comprise a 3x4 transformation matrix specified byleleSsordGen

The trasformation matrix, specified by theorldToTextureelement, defines a linear transformation from a

spatial location in homogeneous coordinates to texdpexe. The use of hageneous coordinates facilitates

perspective projections as transformation, e.g. for projecting a photograph into a city mdelgl {af. Texture

coordinates €t are calclated from a space location & vy,z' as €t =€/q.t'/q  with

€,t.q 7 =M &Yy, z1 . M denotes the 3x4 transformation matrix. Compared to a general 4x4 traasform

tion, the resultingz component is ignored. Thus, the respective matrix row istednitAdditionally, the
worldToTextureelement uses thgml:SRSReferenceGrougitributes to define its CRS. A location in world
space has to be first transformed into this CRS before the tramstifmmrmatrix can be applied.

The following construction resisl in aworldToTexturetransformation that mimics the process of taking a
photograph by projecting a location in world space (in the city model) to a location in texture space:

r, r, r, O 1 0 0 -PR,
05 0 05 2f/w 0 0 O Y

o [o 10 -P
M=| 0 05 05|-| 0 2f/h 0 of-|x % % 7. y
d d, d, 0l |00 1 -P

Iy )% %) TP 30,0 9 9.0

Adjustmento Perspectiwprojection

~
~
~

texturespace Cameraorientatio Cameralocation
. . o O ~
In this formula, f denotes the focal length; w anegtprr e sent t he i mage s;gnwsandds phys
“
ddefine the camerabts frame of reference as right, up

andP stands fothecane r ads | oc at i &ig 18isketchesahislsadtings p a c e .

(1,1)
S~ T
Y
00) 5
world space texture space

Fig. 18: Projective texture mapping. All points on a Rgtarting from the projection centeare mapped to the same pdinnh texture
space (image: Hasd®lattnerInstitute, IGG TU Berlin).
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Alternatively, if the 3x4 camera matrMp is known (e.g. through a ¢htation and registration process), it can
easily be adopted for use imorldToTexture Mp is derived from intrinsic and extisic camera parameters
(interior and exterior orientation) and tsfarms a location in world space to a pixel location in the image.
Assuming the upper left image corner has pixel coordinates (0,0), the complete transformation to texture space
coordinate can be written as (widihgeand height..gedenote the image size in pixels):

1/ Widthy g, 0 0
M = 0 ~Yheight, e 1| Mp
0 0 1

Please note, thatorldToTexturecannot compensate for radial or other +ioear distortions introduced by a
real camera lens.

Another use ofvorldToTextureis texturing a facade with complex geometry without specifying texture eoord

nates for eaclgml:LinearRing | nst ead, only the facadebs aggregated
TexCoordGenas parameterization. ThemjorldToTextureeffedively encodes an orthographic projection of

world space into texture space. For the special case of a vertical facade this transformation is given by:

Ywidth 0 00 -n, n, 00 1 00 -F

. 0O 0 10 01 0 -F

M=l 0  Zheight 0 0 : /
9 0 0 8 n. n 00 0 01 -F

) )Sczlin)gotex)turipaz,e ) ) )0 )) IO ) 9 )& O) 8 IO) ) ])(

Facadeorientatio Facaddocation

This equation assumesdenot i n g t he f alvextdréndrmalized, paintng dutward anchbeing

parallel to the groundfdenoti ng t he f acadwidhhsandheightepeltbt ef yi poi hhe &E
dimensions in world units. For the general case of an arbitrary normal vector the fagamtation matrix

assumes a form similar to the camera orientation matrix:

r., r, O 1 00 -F C
Ywidth T T S B PO, C_0 0 17xn
M = 0 I/height 0 0 Y Y | with ‘() 0 17 xn
n n n O 0 01 -F C c
0 0 01 y 0 =nxr
0 0 0 1 000 1

ParameterizedTextureType, ParameterizedTexture, TextureAssociationType

<xs:complexTypaame="ParameterizedTexture Tyfre
<xs:conplexContent
<xs:extensiorbas&"AbstractTextureTyge
<xs:sequence
<xs:elemenhame"target type="TextureAssociationTygeminOccurs"0" maxCccurs="unboundet!>
<xs:elementef="_GenericApplicationPropertyOfParameterized TextunénOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
<I/xs:complexContent
</xs:complexType

== ==
<xs:elemenhame="ParameterizedTexturéype="Parametezed Texture Typ&substituionGroup"_Texturé/>

<I-- =
<xs:elemenhame="_GenericApplicationPropertyOfParameterized Textiype="xs:anyTypé abstract"true'/>

== ==

<xs:complexTypaame"TextureAssociationType
<xs:sequenceninOccurs"0">
<xs:elementef="_TextureParameterizatit/or
</xs:sequence
<xs:attributename="uri" type="xs:anyURT use="required/>
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType
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AbstractTextureParameterizationType, TexCoordListType, TexCoordGaType

<xs:complexTypeame="AbstractTextureParameterization Ty stract"true">
<xs:complexContemt
<xs:extensiorbas&"gml:AbstractGMLTypé&>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfTextureParameterizatimmOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexCotent-
</xs:complexType
<l-- =>
<xs:elemenhame="_TextureParameterizatibiype="AbstractTextureParameterization Ty stract"true’
substitutimGroup="gml:_GML"/>

<l-- ==
<xs:elemenhame="_GenericApplicationPropertyOfTextureParameterizdtigppe="xs:anyTypé& abstract"true'/>
S s

<xs:complexTypaame="TexCoordListTyp&>
<xs:complexContept
<xs:extensiorbase&"AbstractTextureParameterizationType
<xs:sequence
<xs:elemenname="textureCoordinaté¢snaxOccurs"unbourled’>
<xs:complexType
<xs:simpleConten
<xs:extensiorbase"gml:doubleList>
<xs:attributename="ring" type="xs:anyURT use="required/>
</xs:extensior
</xs:simpleContent
</xs:complexType
<Ixs:elemerw
<xs:elementef="_GenericApplicationPropertyOfTexCoordLishinOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:extensior
<Ixs:complexContent
</xs:complexType

Zlle= e =
<xs:elemenhame="TexCoordList type="TexCoordListTypé substitutonGroup"_TextureParameterizatitix

<= ==
<xs:elemenhame"_GenericApplicabnPropertyOfTexCoordListtype="xs:anyTypé abstract"true'/>

<l-- =

<xs:complexTypaame"TexCoordGenType
<xs:complexContemnt
<xs:extensiorbase"AbstractTexureParameterizationTyjre
<xs:sequence
<xs:elementhame"worldToTexturé>
<xs:complexType
<xs:simpleConter
<xs:extensiorbas&"core: TransformationMatrix3x4 Tyfe
<xs:attributeGroupef="gml:SRSReferenceGrolip
</xs:extensior
</xs:simpleContent
</xs:complexType
<Ixs:elemer®
<xs:elementef="_GenericApplicationPropertyOfTexCoordGeninOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
<I/xs:complexContent
</xs:complexTye>

<l-- ==
<xs:elemenhame="TexCoordGehtype="TexCoordGenTypesubstitutonGroug"_TextureParameterizatitr
<l >

<xs:elemenhame="_GenericApplicationPropertyOfTexCoordGefpe="xs:anyTyp& abstract"true'/>

9.5 Related concepts

The notion of appearance clearly relates to the generic coverage approach (cf. ISO 19123 afds@szt
specification, Topic 6). Surface data can be described as discrete or continuous coverage over a surface as two
dimensional domain with a specific mapping function. Such an implementation requires the extension of GML
coverages (as of versionl}.by suitable mapping functions and specialisation for valid domain and range sets.
For reasons of simplicity and comprehensibility both in implementation and usage, CityGML does not follow
this approach, but relies on textures and materials askn@n surface property descriptions from the field of
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computer graphics (cf. X3D, COLLADA specification, Foley et al.). Textures and materials store data as color
using an appropriate mapping. If such a mapping is impractical, data storage can be custongstDEsi A
review of coverages for appearance modelling is considered for CityGML beyond version 1.0.0.

Appearance is also related to portrayal. Portrayal describes the composition and symbolisation of a digital
model 6s i mage, i.earanesernabiden, owbeleatppres of the
Even though being based on graphical terms such as textures and materials, surface data is not limited to being
input for portrayal, but similarly serves as input or output for analypes @ f eat ur e éeentlg,ur f ac e .
CityGML does not define mixing or composition of themes for portrayal purposes. Portrayal is left to viewer
applications or styling specification languages such as OGC Styled Layer Descriptors (SLD) or OGMSymbol

gy Enmding (SE).

9.6 Conformance requirements

Base requirements

1. A surface geometry object may be the target of at most two textures and two materials (one for front
and back respectively) per theme.

2. ThereferencePoinproperty (typegml:PointProperty Typeof the elementGeoreferencedTextumaay
only contain or reference a point geometry object with 2D coordinate values.

3. Texture coordinates given by thextureCoordinateproperty of the elementexCoordListdefine an
explicit mapping of tapoiatsin fexucessgase. Bach boundary pointpfdhent s
surface must receive a corresponding coordinate pair in texture space. The coordinate pair in texture
space shall be given as two doubles per boundary point. The order of the coordinate pairdawust fol
the order of the boundary poinachgmil:LinearRingcomposing the boundary of the target surface
geometry objectaquires its own set of texture coordinates.

4. A GeoreferencedTextuement must provide either internal or external georeferencewigkeit is
invalid. Internal georeference shall be declared by tleferencePoint property (type:
gml:PointPropertyTypeand theorientationproperty (typecore:TransformationMatrix2x2Typef the
elementGeoreferencedTextur&xternal georeference may peovided by the texture image file itself
(e.g. GeoTIFF) or by an accompanying world file.

Referential integrity

5. TheappearanceMembeslement (typeAppearancePropertyTypenay contain am\ppearanceslement
inline or an XLink reference to a remoMppeaanceelement using the XLink concept of GML 3.1.1.
In the latter case, thdink:href attribute of theappearanceMembeglement may only point to a remote
Appearanceslement (where remoteppearanceslements are located in another document or elsewhere
in the same documentiither the contained element or the reference must be given, but neither both
nor none.

6. The appearanceproperty (type:AppearancePropertyTyp®f the elementore:_CityObjectmay ca-
tain anAppearanceelement inline or an XLink refereacto a remoté\ppearanceelement using the
XLink concept of GML 3.1.1. In the latter case, ttimk:href attribute of theappearanceroperty may
only point to a remotéppearanceslement (where remotéppearanceelements are located in another
document o elsewhere in the same documetdither the contained element or the reference must be
given, but neither both nor none.

7. The surfaceDataMembeproperty (type:SurfaceDataPropertyTypeof the elemenAppearancemay
contain a_SurfaceDataelement inlineor an XLink reference to a remot&urfaceDateelement using
the XLink concept of GML 3.1.1. In the latter case, ffiak:href attribute of thesurfaceDataMember
property may only point to a remoté&urfaceDataelement (where remoteSurfaceDataelementsare
located in another document or elsewhere in the same docuiBingy. the contained element or the
reference must be given, butither both nor none.

8. Thetargetproperty (typeTextureAssociationTypef the elemenParameterizedTextunmay contaira
_TextureParameterizatioelement inline or an XLink reference to a remot&€extureParameterization
element using the XLink concept of GML 3.1.1. In the latter casexlihie href attribute of thetarget
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property may only point to a remote TextureParaeterizationelement (where remote Textue-
Parameterizatiorelements are located in another document or elsewhere in the same dodhitinemt).
the contained element or the reference must be given, tlaénboth nor none.

9. Thetargetproperty (typexs:anyURY)) of the elemenGeoreferencedTextuighall specify thegml:id of
the target surface geometry object which may only be of tgpd:AbstractSurfaceTypeor
gml:MultiSurface

10. Theuri attribute of the complex typEextureAssociationTypghall specify thgml:id of the target su
face geometry object which may only be of tyel:AbstractSurfaceTypar gml:MultiSurface

11. Thering attribute of thetextureCoordinateproperty of the elementexCoordListshall specify the
gml:id of the target surface geometryject which may only be of typgml:LinearRing

12. Thetargetproperty (typexs:anyUR) of the elemenkK3DMaterial shall specify thgml:id of the target
surface geometry object which may only be of tgpd:AbstractSurface Typar gml:MultiSurface

9.7  Material model of previous CityGML versions [deprecated]

Since GML3 has no buiin concept for the representation of surface materials, previous versions of CityGML
extend the GML3 geometry model by the classturedSurfacewhich allows for assigning appearance-

ties (colors, shininess, transparency) and textures to 3D surfaces. The definition of the appearance properties is
adopted from the X3D specification. This approach for appearance modelling hadepeecatediue to inle-

rent limitations. However, iorder to provide a certain degree of backwards compatibility for already existing
CityGML implementations, the approach has been incorporated into CityGML version 1.0 as a separate exte
sion module calledexturedSurfaceBy this means, implementations megnploy the old material model by
supporting this module. Please note, that appearance information modelled accordindestihedSurface

module canbecwy er t ed wi t hout information | o sAppedramcetotlue concep
that has ben introduced in the previous clauses of this chapter. Thus, the useTektheedSurfacenodule is

strongly discourageénd implemerations should only stick to thAppearancemodule instead. Moreover, the
TexturedSurfacenodule is expected to be renaavin future vesions of CityGML.

For the TexturedSurfacenodule, each surface or composite surface can be specializet@extuaedSurface
which can be assignddaterials (colors, shininess, transparencgr SimpleTextureg-ig. 19 depicts the UML
diagram, for XML schema defition see annei.12.

<<Geometry=> — -
gmi::_Surface 0.2 <<PrimitiveType>> <<CodelList>>
baseSurface Color TextureTypeType
+core : doubleBetweenOand1 [3] | [+typical
+specific
Zﬁ +unknown
<<Geometry>> 1
gml::OrientableSurface
+orientation : gml::SignType [0..1] Orientation
Z|§ +orientation : gml::SignType [0..1]
T
<<Geometry>> * : 1.* <<QObject>>
TexturedSurface _Appearance
appearance
o
I |
<<Object>> <<Object>>
Material SimpleTexture
+shininess : core::doubleBetweenOand1 [0..1] +extureMap : xs::anyURI [1]
+ransparency : core:doubleBetweenOand1 [0..1] +textureCoordinates : gml::doubleList [1]
+ambientintensity : core::doubleBetweenOand1 [0..1] | |+textureType : TextureTypeType [0..1]
+specularColor : Color [0..1] +repeat : xs::boolean [0..1]
+diffuseColor : Color [0..1]
+emissiveColor : Color [0..1]
Fig. 19: UML diagram of CityGMLO6s materi al model . Pl ease noge, that t

cated and is expected to be removed in future CityGML versions. Prefixes are used to indicate XML namespaces assoetated with
elements. Element names without a prefix are defined within the CityGdturedSurfacenodule.
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The concept of positioningxtures on surfaces complies with the 3D computer graphics standard X3D (web 3D
2004), a successor of VRML97. CityGML adds the classturedSurfacéo the geometry model of GML3
because there has been no appropriate texturing concept in ISO 19107 8idBin G

A texture is specified as a raster image referenced yRif{Uniform Resource Identifigrand can be an arb
trary resource, even on the internet. Textures are positioned by employing the cotespirefcoorthates i.e.

each texture coordinateatches with exactly one 3D coordinate of FexturedSurfacéFig. 16). The use of
texture coordinates allows an exact positioning and trimming of the texture on the surfaetrygeom

The color of a surface is defined by RGB valu€hese have to be in the range of 0 to 1. fidr@Opacity and

the backOpacitydefine the level ofransparencyof each surface. Their values have also to be in the range of 0
to 1, where 1 means completely covering and 0 denotes a completely transpéiase. The colors can be
differentiated indiffuseColor (color when illuminated by a source of lighBmissiveColor(color when sel
illuminating) andspeculaColor/shininesgcolor for shiny surfaces).

Textures can be qualified by the attribtégtureType ThetextureTypalifferentiates between textures which are
specific for a certain objecsjecifi and prototypic textures being typical for that object surfaggical).
Textures may also be classifieduaginown

_Appearancas derived fromgml:AbstractGMLTypdo be referenced in aappearanceproperty. The attribute
gml:id is inherited, whose value may be referenced by a XLifapearances the upper class d¥laterial and
SimpleTeture.

XML namespace

The XML namespace of the CityGMLexturedSuacemodule is identified by the Uniform Resource Identifier
(URI) http://www.opengis.net/citygml/texturedsurface/1.0. Within the XML Schema definition ofekieired-
Surfacemodule, this URI is also used to identify the default namespace.

9.7.1 Textured surfaces

TexturedSurfaceType, TexturedSurface, AppearancePropertyType

<xs:complexTypaame="TexturedSurfaceTyge
<xs:complexContept
<xs:extensiorbas&"gml:OrientableSurfaceTyfe
<xs:sequence
<xs:elementef="appearancemaxOccurs"unboundetf>
</xs:sequence
<Ixs:extensior
</xs:complexContent
</xs:complexType

e =
<xs:elemenhame="TexturedSurfacetype="TexturedSurface TypesubstitutonGroup="gml:OrientableSurfacé>

e =
<xs:elemenhame="appearancetype="AppearancePropertyTyfe

<I|SSI======= ->

<xs:complexTypeame="AppearanceProperty Tyfre
<xs:sequenceninOccurs"0">
<xs:elementef="_Appearanc&>
</xs:sequence
<xs:attributename="orientatiori type="gml:SignTypé default="+"/>
<xs:attributeGroupef="gml:AssaocidionAttributeGroug/>
</xs:complexType

TexturedSurfacenay have one or more appearance properties, which can either be a Material (Color,...) or a
Texture. The Appearanceelement can either be represented inline as an element of this type or by an XLink
reference to a remoteAppearanceslement. Either the reference or the contained element must be given, but
neither both nor none. The side of the surface #hgpearanceaefers to is given by the orientation attribute of

the appearance property elememhich refers to the corresponding sign attribute of the orientable surface: +
means the side with positive orientation arlde side with negative oration.
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AbstractAppearanceType, _Appearance

<xs:complexTypaame="AbstractAppearanceTypebstract"true'>
<xs:complexContemt
<xs:extensiorbas&"gml:AbstractGMLTypé&/>
<Ixs:complexContent
</xs:complexType
= >
<xs:elemenhame="_Appearancetype="AbstracAppearance Tygeabstract"true" subsitutionGroup="gml:_GML"/>

MaterialType, Material

<xs:complexTypaame"MaterialTyp&>
<xs:complexContemt
<xs:extensiorbase"AbstractAppearance Ty
<xs:sequence
<xs:elemenname="shininess type="core:dubleBetweenOandIninOccurs"0"/>
<xs:elemenname="transparencytype="core:doubleBetweenOantiininOccurs="0"/>
<xs:elemenhame"ambientintensitytype="core:doubleBetweenOantininOccurs="0"/>
<xs:elemenname="specularColdtrtype="Color' minOccurs"0"/>
<xs:elemenname="diffuseColot' type="Color' minOccurs"0"/>
<xs:elemenhame="emissiveColdt type="Color* minOccurs"0"/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l--
<xs:elemenhame"Material' type="MaterialTypé substitutionGroug"_Appearancé>

SimpleTextureType, SimpleTexture, TextureTypeType

<xs:complexTypeiame="SimpleTextureTyp&
<xs:complexCotent
<xs:extensiorbase"AbstractAppearanceTy{¥e
<xs:sequence
<xs:elemenhame"textureMap type="xs:anyURT1/>
<xs:elemenname="textureCoordinatésype="gml:doubleList/>
<xs:elemenname="textureTypé type="TextureTypeTypeminOccurs"0"/>
<xs:elemenhame"repeat type="xs:booleat minOccurs"0"/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

&= >
<xs:elemehname="SimpleTexturé type="SimpleTextureTypesubstituionGroug="_Appearancé>
&= >

<xs:simpleTypename"TextureTypeTyp&>
<xs:restrictionbase"xs:string>
<xs:enumerationalue="specific'/>
<xs:enumerationvalue="typical'/>
<xs:enumerationvalue="unknowr/>
</xs:restrictiorr
</xs:simpleType

9.7.2 Conformance requirements

Referential integrity

e Theappearanceroperty (typeAppearanceProperty Typef the eémentTexturedSurfacenay caitain
an _Appearanceelement inline or an XLink reference to a remot&ppearanceelement using the
XLink concept of GML 3.1.1. In the latter case, ttimk:href attribute of theappearanceroperty may
only point to a remote Appearanceelement (where remoteAppearanceslements are located im-a
other document or elsewhere in the same docuntgititer the contained element or the reference must
be given, but neither both nor none.
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10 Thematic model

The thematic model of CityGMconsists of the class definitions for the most important types of objects within
virtual 3D city models. These classes have been identified to be either required or important in many different
application areas. Most thematic classes are (transitivesiyetl from the basic classé®ature and Fea-
tureCollection the basic notions defined in ISO 19109 and GML3 for the representation of spatial objects and
their aggregations. Features contain spatial as well aspatial attributes which are mapped to 3Vfeature

propeties with corresponding data types. Geometric properties are represented as associations to the geometry
classes described in chap&rThe thematic model also comprises different types ofriglionships between
Featureclasses like aggretjons, generalisations and associations.

The aim of the explicit modelling is to reach a high degree of semantic interoperability between diffeient appl
cations. By specifying the thematic concepts and g@mantics along with their mapping to UML and GML3

different applications can rely on a wekfined set of-eaturetypes, attributes and data types with a stadhdar

ised meaing or interpretation. In order to also allow for the exchange of objects aattiibutes that are not

explicitly modelled in CityGML, the concepts gfeneric city objectsand attributesa s we | | as CityaG
Application Domain Extensiomechanism have been iottuced (cf. chaptet0.10ard chapterl0.17).

Each field of CityGML6s thematic model is cowvered by
sion modules are derived by vertically slicing the overall thematic data model of Qity&Mextension mal-

ules are based on and dependent from the CityGML core module. The core comprises the basic concepts and
components of the CityGML data model. Implenatiohs may choose to combine CityGML extension modules

in conjunction with the corecaording to their specific information needs or application domain. As for version

1.0 of CityGML, the following eleven thematic extension modules are defiqgoearanceBuilding, CityFur-

niture, CityObjectGroup Generics LandUse Relief Transportation Vegetation WaterBody and TexturedSu

face [deprecated] Valid combirations of CityGML modules are called CityGML profiles. By this means,

CityGML profiles explicitly allow for partial implemeations of the overall CityGML data model (cf. chapter

7).

The thematic fields covered by the CityGML data model are introduced within the sub clauses of this chapter.
Each sub clause is related to a specific CityGML module.
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10.1 CityGML Core

The CityGML Coremodule defines the basic conteand components of the overall CityGML data model. It
forms the universal lower bound of the CityGML data model and, thus, is a dependency of all extewsion mo
ules. Consequently, the core module has to be implemented by any conformant system. Ptii@acdye

module provides the abstract base classes from which thematic classes within extension modulesi-are (trans
tively) derived. Besides abstract type definitions, the core also contairsbstact content, for example basic

data types and thematiaskes that may be used by more than one extension module. The UML diagigm in

20i l lustrates CityGMLOGs core module, AKAlor XML Schema de
<<Feature>>
gml:: Feature <<DataType>>
+name : gml::CodeType [0..*] gml..C(_)deType
+name : xs::string[1]
JAN +codeSpace : xs::anyURI[0..1]
<<Feature>>
gml::_FeatureCollection .
<<Feature>> multiPoint <<Geometry>>
Address gml::MultiPoint
* 0.1
<<Feature>> ! 1
CityModel <<DataType>>
XAL::AddressDetails
" xalAddress
<<Feature>>
CityObject 1 * e
1 . . <<Data ype>>
i ; +creationDate : xs::date [0..1
cityObjectMermber +terminationDate:xs::deEte [(1..1] externalReference ExIEmEIREISIEnce
* +informationSystem : xs::anyURI [0..1]
generalizesTo
1
| externalObject 1
_ . <<Union>>
| |<_<_Oc|;31ect>> referencePoint <<Ge|“o-n;e_try>> ExternalObjectReference
: _Imp icitGeometry " 1 gml::Point +name : xs::string [1]
+mimeType : MimeTypeType ) ) +uri : xs::anyURI [1]
+transformationMatrix : TransformationMatrix4x4Type
+libraryObject : xs::anyURI * 0.1 <<Geometry>>
- aml:: Geometry
relativeGMLGeometry

Fig.200. UML di agram of CityGML6s core module. The bracketipkil: number s f

the minimal and maximal number of occurrences of thebat&riper object. For examplenameis optional (0) in the clasgeatureor may
occur multiple times (star symbol), while €ityObjecthas none or at most ongeationDate Prefixes are used to indicate XML nem

spaces associated with model elements. Element names without a prefix are defined wilityGtiie Coremodule.
The base cl ass of al |l t hemati c cl asses QGiyObjbct n Ci
_CityObjectprovides a creation and a termination date for the management of histories of features as well as the
possibility to model external rafences to the same object in other data s€#yObjectis a subclass of the
GML classFeature thus it inherits the madlata property (which can be e.g. information about the lineage,
quality aspects, accuracy) and name property from the supercigds. A CityObject may have multiple
names, which are optially qualified by acodeSpaceThis enables the differentiation between, for example, an
official name and a popular name or of names in different languages (cf. the name property of GML objects, Cox
et al. 2004). The generalisation propeggneralizesTmf _CityObjectmay be used to relate features, which
represent the same reabrld object in different Levelsf-Detail, i.e. a feature and its generalised caunte
part(s). The diretion of this relatim is from the feature to the corresponding generalised feature.

ty

Thematic classes may have further subclasses with relations, attributes and geometry. Features of the specialized
subclasses ofCityObjectmay be aggregated to a sin@éyMode| which is afeature collection with optional
metadata. Generally, each feature has the attribeltess function,andusage unless it is stated otherwise. The
classattribute can occur only once, while the attributeageandfunctioncan be used multiple timehe class

attribute allows for the classification of features beyond the thematic class hierardbigy@ibject For exan-

ple, a building feature is represented by the thematic subdtdg8uildingof _CityObjectin the first place (this
subclassisdefie d wi t hi nBuidinggmpdsll] lcfé chaptet0.3. A further classification, e.g. as res

dential or @ministration building, may then be modelled using¢lassattribute of the claskldg:Building The
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attributefunction denotes the intended purpose or usage of the object, such as hotel or shopping centre for a
building, while the attributeisagedefines its real or actual usage. Possible values for the attritlasssfunc-

tion, andusageare specified in extaal codelists following theSimple Dictionary Profileof GML 3.1.1 (cf.
chapter6.6). CityGML provides predefined external code lists containing feasible attribute valuasiteik Q.
However, these codists are propsals and may be extended or redefined by users.

In addition to thematic content, the core module also provides the concept of implicit geometries as @ enhanc
ment of the geometry model of GML3. Since this concept is strongly related sp#tial model of CityGML it
has already been introduced in ptea 8.2

The top level class hierarchy of the thematic model in CityGML is presentedyir2l. The subclasses of
_CityObjectcomprisethe different thematic fields of a city model covered by separate CityGML extension
modules: the teain, buildings, the coverage by land use objects, water bodies, vegetation, generic city objects,

city furniture objects, city object groups, and transmtiish. To indicate the extension module defining a respe

tive subclass of CityObject the class names kig. 21 are preceded with prefixes. Each prefix is associated with

one CityGML extension module (see chapte8 and chapte7 f or a | i st of CityGMLO6s ex
the correspoding prefixes).

<<Feature>>
gml::_Feature

<<DataType>>
[ﬁ . . gen::_GenericAttribute
| gen::_genericAttribute * +name : xs::string [1]
<<Feature>> 4
gml::_FeatureCollection [ | |
<<DataType>> <<DataType>> <<DataType>>
% gen::StringAttribute gen::IntAttribute gen::DoubleAttribute
+value : xs::string [1] +value : xs::integer [1] +value : xs::double [1]
<<Feature>>
CityModel cityObjectMember <<DataType>> <<DataType>>
gen::DateAttribute gen::UriAttribute
. ‘ 1 +value : xs::date [1] +value : xs::anyURI [1]
* app::appearanceMember <<Feature>>
<<Feature>> = CityObject
app::appearance =
— app::Appearance <<——————<>f+creationDate : xs::date [0..1] *
+theme : xs::string [0..1] * * |+terminationDate : xs::date [0..1] generalizesTo
S <<Geometry>>
Zr i gml::_Surface
[ T T T 1 0.2
<<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> baseSurface
dem::ReliefFeature luse::LandUse veg:: VegetationObject frn::CityFurniture wtr::_WaterObject 1
<<Geometry>>
<<Feature>> <<Feature>> <<Feature>> <<Feature>> gml::OrientableSurface
_Site tran::_TransportationObject gen::GenericCityObject grp::CityObjectGroup +orientation : gml::SignType [0..1]
<<Feature>> <<Geometry>>
bldg:: AbstractBuilding tex::TexturedSurface

Fig.2: Ci t yGMLO6s top |l evel <cl ass hi e respaceslassiatedRvitherfodebelersents Elenentsed t o i |

names without a prefix are defined within BigyGML Coremodule.

The classeSenericCityObjecand GenericAttributed e f i ned wi t Bénarics@aduley(S.Mhapters

6.11and10.10 allow for modelling and exchanging of 3D objects which are not covered by any other thematic

class or which require attributes not represented in CityGML. For example, in the future, sites derived from the

abstract classSiteof the core module will be completed by further subclasses like tunnel, bridge, excavation,

wall or embankment. At present, the cl&snercCityObjectmay be used in order to represent and exchange

these features. However, the concept of generic cityctshjgnd attributes may only be usedaffpropriate

thematic classes or attributes are not provided by any other CityGML module.

If the Genericsmodule is employed, ead®ityObjectmay be assigned an arbitrary number of generic attributes
in order to repremnt additional properties of features. For this purpose Géeericsmodule augments the
abstract base classCityObject by the property element genericAttribute The additional property
_genericAttributds injected into CityObjectu s i n g CiAppjic&isrLObmain Extensiomechanism (cf.
chapter10.1]). By this means, each thematic subclass@tyObjectinherits this property and, thus, the pess
bility to contain generic attributes. Tisfore, the Genericsmodule has aleliberate impact on all CityGML
extension modules defining thematidbslasses of CityObject
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Appearance information about a f e atAppeardnseprosided bya c e s
Ci t y G Mipeéamncanodule (cf. chapte®). In contrast to the other thematic extensions to the éqeea-
anceis not derived from CityObjectbut from the GML clas$-eature CityObjectfeatures and\ppearance
features may be embraced within a singleyModelfeature collectia in an arbitrary or even mixed sequence
using thecityObjectMembeiand appeaanceMembekelements, both being members of the substitution group
gml:featureMembe(cf. chapte® and chaptel0.1.]). Furthermore, feature appearances may be stored inline the
CityObijectitself. In order to enabl€ityObjectsto store appearance information, thppearancemodule ag-
ments the abstract base clagityObjectby the prgerty elementappearanceusing CityGMLS #\pplication
Domain Extensiomechanism (cf. chaptdi0.11). Consequently, thappearanceproperty is only available for
_CityObjectand its thematic subclasses if thAppearancemodule is spported. Therefore, like th&eneics
module, theAppearancanodule has a deliberate impact on any other extension module.

For sake of completeness, the clasxturedSurfacés also illustrated irFig. 21. This approach of appemce
modelling of previous versis of CityGML has been deprecated and is expected to be removed in future
CityGML versions. Since the information covered bgxturedSurfacean be losslessly converted to thp-
pearancemodule, the use dfexturedSurfaces strongly discouraged

XML namespace

The XML namespace of th€ityGML Core module is identified by the Uniform Resource Identifier (URI)
http://www.opengis.net/citygml/1.0. Within the XML Schema definition of the core module, this URI is also
used to identify the default namespace.

10.1.1 Baseelements
AbstractCityObjectType, _CityObject

<xs:complexTypeame"AbstractCityObjectTypeabstract"true'>
<xs:complexContemt
<xs:extensiorbase"gml:AbstractFeatureTyfje
<xs:sequence
<xs:elemenhame="creationDaté type="xs:daté minOccurs"0"/>
<xs:elemenhame="terminationDate type="xs:daté minOccurs"0"/>
<xs:elemenhame="externalReferenteype="ExternalReferenceTyfeninOccurs="0" maxOccurs"unboundety>
<xs:elemenhame="generalizesTotype="GeneralizationRelationTypeninOccurs="0" maxOccurs"unboundetf>
<xs:elementef="_GenericApplicationPropertyOfCityObjéatninOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType

<I-- >
<xs:elemenname"_CityObject type="AbstractCityObjectTypkabstract"true' substittionGroup="gml:_Featurt/>
&l EESS -->

<xs:elemenhame"_GenericApplicationPropertyOfCityObjedlype="xs:anyTyp& abstract"true'/>

CityModelType, CityModel

<xs:complexTypeame="CityModelType>
<xs:complexContemt
<xs:extensiorbase"gml:AbstractFeatureCollectionType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfCityModeminOccurs"0" maxCccurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- o see e ->
<xs:elemenhame="CityModel' type="CityModelType' substituionGroup="gml:_FeatureCollectidtr
<l-- o see e >

<xs:elemenname"_GenericAppliationPropertyOfCityModéltype="xs:anyTypé& abstract"true'/>
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cityObjectMember

<xs:elemenname="cityObjectMembel type="gml:FeatureProperty TypesubstitutimGroup="gml:featureMembéf>

AbstractSiteType, _Site

<xs:complexTyperame="AbstractSite Typeabstract"true'>
<xs:complexContemt
<xs:extensiorbase"AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfSiteninOccurs"0" maxCQccurs="unboundedf>
</xs:sequence
</xs:extensior
</xs:complexContept
</xs:complexType

<l-- B >
<xs:elemenname"_Site' type="AbstractSiteTypeabstract"true' substituionGroug"_CityObject/>
<!-- >

<xs:elemenname"_GenericApplicationPropertyOfSitéype="xs:anyTypé abstract="true'/>

The abstract classSiteis intended to be the superclass for buildings, facilities, etc. Future exterfsion o
CityGML (e.g. bridges or tunnels) would be modelled as subclasseiitef As subclass of CityObject a_ Site
inherits all attributes and relations, in particular the id, names, external references, aalisgéng relations.

10.1.2 Generalisation relation
GeneralizationRelationType

<xs:complexTyperame="GeneralizationRelationTyfje
<xs:sequenceninOccurs"0">
<xs:elementef="_CityObject/>
</xs:sequence
<xs:attributeGroupef="gml:AssociationAttributeGroup>
<I/xs:complexType

10.1.3 External references

An ExternalReferenceefines a hyperlink from &ityObjectto a corresponding object in another information
system, for exaple in the German cadastre (ALKIS), the German topographic information system (ATKIS), or
the OS MasterMdp The reference consisté the name of the external information system, represented by an
URI, and the reference of the external object, given either by a string or by an URI. If the informationSystem
element is missing in the ExternalReference, the ExternalObjectReferenceeranstRI.

ExternalReferenceType, ExternalObjectReferenceType

<xs:complexTypename="ExternalReferenceTyfe
<xs:sequence
<xs:elemenhame"informationSysterhtype="xs:anyURT minOccurs"0"/>
<xs:elemenhame="externalObjecttype="ExternalObjectRefence Typ&/>
</xs:sequence
</xs:complexType
<l-- o see e >
<xs:complexTypeame="ExternalObjectReferenceTyfre
<xs:choice
<xs:elemenhame"namé type="xs:string/>
<xs:elemenhame="uri" type="xs:anyURI!/>
</xs:choice
</xs:complexType
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10.1.4 Address information

The CityGML core module provides the means to represent address informationwbneafeatures within

virtual city models. Since not every reabrld featire is assigned an address, a @pondentddressproperty

is not defined for the base clas€ityObject but has to explicitly be modelled for a thematic subclass. For
example, the building model declarasidresgproperties for its classeg\bstractBuitling andDoor. Both classes

are referencing the corresponding data types of the core module to represent address information (cf. chapter
10.3.

Addresses are modelled as GML features having one address property and an mypiitifPaint property For

example, for a building feature timeultiPoint property allows for the specification of the exact positions of the

building entrances that are asisded with the corresponding address. The point coordinates can be 2D or 3D.

Modd | i ng addresses as featur es ha ssentingdeatares byareferencee t hat
(using XLinks) can be applied. This means, that addresses might be bundled as anFaddues€dlection

that is stored within an external file or thedin be served by an external Web Feature Service aditieess

property elements within the CityGML file then would not contain the address information inline but only
references to the corresponding emge features.

The address information is specifiading thexAL address stadard issued by the OASIS consortium (OASIS
2003), which provides a generic schema for all kinds of international addresses. Therefore, child elements of the
xalAddresgropertyof Addresshave to be structured according to the CBSAL schema.

AddressPropertyType, AddressType, Address

<xs:complexTypeame="AddressProperty Type
<xs:complexContemt
<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="Address/>
</xs:sequence
</xs:restrictior»
</xs:complexContemt
</xs:complexType
== =======c >
<xs:complexTypename="AddressTyp&>
<xs:complexContemnt
<xs:extensiorbase"gml:AbstractFeature Tygi>
<xs:sequence
<xs:elemenhame="xalAddress$ type="xalAddressProperty Typs>
<xs:elemenhame="multiPoint' type="gml:MultiPointProperty Typ&minOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfAddré'ssiinOccurs"0" maxCccurs="unboundety>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType

== =======c >
<xs:elemenname="Addres$ type="AddressType substitutionGroug"gml._Featur&/>

<l-- o see e >
<xs:elemennhame"_GenericApplicationPropertyOfAddresspe="xs:anyTypé abstract="true'/>

<!__ Y

<xs:complexTypeame="xalAddressProperty Type
<xs:sequence
<xs:elementef="xAL:AddressDetail¥>
</xs:sequence
</xs:complexType

The following two excerpts of a CityGML dataset contain examplethéorepresentation of German and British

addresses in XAL. The address information is attached to building obigdtsBuilding accoding to the

CityGML Building module (cf. chapte0.3. Generally, if a CityGML instanceodument contains address
information, t he namespace prefix AxALO shoul d be
Aurn: oasi s:names:tc:ciqg:xsdschema: xXAL: 2. 00.dndha exampl
building with an address eleméstprovided in annek.1
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10.1.5 External code lists

The ImplicitGeometry moded f Ci t yGML6s core module introduces the
explicitly enumerated in an external code list (cf. chaptéand annexC.4):

e MimeTypeType
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10.1.6

Conformance requirements

Base requirements

1.

The CityModel element (type CityModelType substitutionGroupgml;_FeatureCollection shall only
contain cityObjectMemberelements (typegml:FeaturePropertyType app:appearanceMembeele-
ments  (type: app:AppearancePropertyType and gml:featureMember elements (type:
gml:FeaturePropertyTypeas feature mabers.

The typeExternalObjectReferendatroduces the two elementeme(type: xs:string anduri (type:
xs:anyUR}. The external reference may be specified by either of them. HowethexinformationSg-
temproperty element (typecs:anyUR) of the typeExternalReferenceTyps not provided, therri ele-
ment ofExternalObjectReferenaaust be given.

In order to represent address information about a feature, the corresponding tbiasstf the fature
shall define a property of the typgeddressPropertyTypeThus, for all CityGML extension modules
only the typeAddressProperty Typghall be used for elements providing address information.

Since the concept of implicit geometries (@hapter8.2) is part of theCityGML Coremodule, the co-
formance requirements introduced for implicit geometries (cf. ch&®B are part of the confe
mance requirements of the core.

Referential integrity

50

5.

The cityObjectMembeelement (typegml:FeaturePropertyTypemay contain a CityObjectelement,
which typically is an object from a derived subclass bldg:Building, inline or an XLink reference to
a remote_CityObjectelement using the Xbk concept of GML 3.1.1. In the latter case, fak:href
attribute of thecityObjectMembeelement may only point to a remot€ityObjectelement (wheree-
mote_CityObjectelements are located in another document or elsewhere in the same dodgitient).
the contained elent or the reference must be given, but neither both nor none.

The typeAddressPropertyTypmay contain ariddresselement inline or an XLink reference to e r

mote Addresselement using the XLink concept of GML 3.1.1. In the latteec#sexlink:href attribute

of the correspondinglement of typéAddressPropertyTypeay only point to a remotéddresslement

(where remotéAddresselements are located in another document or elsewhere in the same document).
Either the contained elememt the refeence must be given, but neither both nor none.
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10.2 Digital Terrain Model (DTM)

An essential part of a city model is the terrain. The Digital Terrain Model (DTM) of CityGML is provided by the
thematic extension modukelief(cf. chapter7). In CityGML, the terrain is represented by the clBstiefFa-

turein LOD 04 (Fig. 22 depicts the UML diagram, for XML schema definition see anh@). A ReliefFeature
consistsof one or more entities of the claReliefComponentts validity may be restricted to a certain area
defined by an optionalalidity extent polygonAs ReliefFeatureandReliefComponerdre derivatives o€ityOb-

ject, the corresponding attributes andaténs are inherited. The claReliefFature is associated with different
concepts of terrain representations which can coexist. The terrain may be specified as a regular raster or grid
(RasterRlief), as a TIN (Triangulated Irregular NetworkiNReflie], by break lines BreaklineRelief) or by

mass point§MasspointReli§). The four types are implemented by the corresponding GML3 classes: grids by
RectifiedGridCoveages,break lines byCurves,mass points byointsand TINs either byfriangulatedSurfaces

or by GML3 TINs In case ofTriangulatedSurfacesthe triangles are given explicitly while in case of GML3
TINsonly 3D points are represented, where the triangulation can be reconstructed by standard methads (Dela
nay triangulation, cf. Okabe et al. 199Break lines are represented by 3D curves. Mass pointsnaply € set

of 3D points.

<<Feature>>
core::_CityObject

T

<<Feature>> . <<Feature>> . TS
ReliefFeature i 1. ReliefComponent 04 gml::Pol g)t/)n
+lod : core::integerBetweenOand4 [1] reliefComponent +lod : core::integerBetweenOand4 [1] extent i
<<Feature>> <<Feature>> <<Feature>> <<Feature>>
TINRelief MassPointRelief BreaklineRelief RasterRelief
* * * * *
tin reliefPoints ridgeOrValleyLines breaklines grid
1 1 0.1 0.1 1
<<Geometry>> <<Geometry>> <<Geometry>> <<Feature>>

gml::TriangulatedSurface

T

<<Geometry>>
gml:TIN
+stopLines : gml::LineStringSegment [0..*]
+breakLines : gml::LineStringSegment [0..*]
+maxLength : gml::LengthType [1]
+controlPoint : gml::posList [1]

gml::MultiPoint gml::MultiCurve gml::RectifiedGridCoverage

Fig. 22 UML diagram of the Digital Terrain Model in CityGML. Prefixes are used to indicate XMLegpates associated with model
elements. Eleent names without a prefix are defined within the CityGRiliefmodule.

In a CityGML dataset the four terrain types may be combinedierdint ways, yielding a high flexibility. First,

each type may be regaented in different levels of detail, reflewidifferent accuracies or resolutions. Second, a
part of the terrain can be described by the combination ofgteuti/pes, for example by a raster and break lines,

or by a TIN and break lines. In this case, the break lines must share the geometrye witantiies. Third,
neighboring regions may be represented by different types of terrain models. To facilitate this combination, each
terrain object is provided with a spatial attribute denotingtsnt of validity(Fig. 23). In most cases, the extent

of validity of a regular raster dataset corresponds to its boundingbexvalidity extent is represented by a 2D
footprint polygon, which may have holes. This concept enables, for example, the modelling of a terrain by a
coarsegrid, where some distinguished regions are represented by a detailedctighcy TIN. The boundaries
between both types are given by the extent attributes of thesponding terrain objects.
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validity extent polygon

coarse
grid

Fig. 23: Nested DTMs in CityGML sing validity extent polygons (graphic: IGG Uni Bonn).

Accuracy and resolution of the DTM are not necessarily dependent on those of the building model. Hence, there
is the possibility to integrate building models with higher LOD to a DTM with lower acgara@solution.

This approach interacts with the concepfTefrainintersetionCurves TIC(see chapte6.5). The TIC can be

used like break lines to adjust the DTM to different building models and henceute ensonsistent represant

tion of the DTM. If necessary, a retriangulation may have to be processed. A TIC can also be derived by the
individual intesection of the DTM and the building model.

ReliefFeatureand itsReliefComponentsoth have atod attribute denoting the corresponding level of detail. In
most cases, the LOD ofReliefFeaturematches the LOD of itReliefComponenisHowever, it is also allowed

to specify aReliefFeaturewith a high LOD which consists ételiefComponentahere some of themwan have a

LOD lower than that of the aggregatiReliefFeature The idea is that, for example, for a LOD3 scene it might
be sufficient to use a regular grid in LOD2 with certain higher precision areas defirealiefCompnentsin

LOD3. The LOD2 grid ad the LOD3 components can easily be integrated using the concept of the validity
extent poygon. Therefore, although some of tReliefComponentaould have been classified to a lower LOD,

the wholeReliefFeaturewould be appropriate to use with other LOB®dels which is indicated by setting its

lod value to 3.

XML namespace

The XML namespace of the CityGMRelief module is identified by the Uniform Resource Identifier (URI)
http://www.opengis.net/citygmli/relief/1.0. Within the XML Schema definition & Reliefmodule, this URI is
also used to identify the default namespace.

10.2.1 Relief feature and relief component
ReliefFeatureType, ReliefFeature

<xs:complexTypeame="ReliefFeature Type
<xs:complexContepnt
<xs:extensiorbase"core:AbstractCityObjectTyg)>
<xs:sequence
<xs:elemenhame="lod" type="core:integerBetweenOanti#
<xs:elemenhame="relieflComponerittype="ReliefComponentProperty TypenaxOccurs"unboundet>
<xs:elementef="_GenericApplicationPropertyOfReliefFeatlirainOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemennhame="ReliefFeaturétype="ReliefFeatureTye"' substituionGroup="core:_CityObject>
<I=- >
<xs:elemennhame"_GenericApplicationPropertyOfReliefFeatltgpe="xs:anyTyp& abstract"true'/>
<l-- >
<xs:complexTyperame"ReliefComponentProperty Tyfre
<xs:complexContemnt
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<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="_ReliefComponeri{>
</xs:sequence
</xs:restrictior»
</xs:complexContemnt
<Ixs:complexType

AbstractReliefComponentType, _ReliefComponent

<xs:complexTyperame="AbstractReliefComponentTypebstract"true'>
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod" type="core:integerBetweenOanti#
<xs:elemenhame"extent type="gml:PolygonPropertyTypeninOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfReliefComponentinOccurs="0" maxOccurs"unboundetf>
<Ixs:sequence
</xs:extensior
</xs:complexContemt
<Ixs:complexType

<!-- >
<xs:elemenname"_ReliefComponerittype="AbstractRelieflComponentTygeabstirac="true" substitutionGroug"core:_CityObject>
<I-- >

<xs:elementhame"_GenericApplicationPropertyOfReliefComponeéhipe="xs:anyTy@" abstract"true'/>

10.2.2  TIN relief

TINReliefType, TINRelief

<xs:complexTypeame="TINReliefType'>
<xs:complexContemnt
<xs:extensiorbase"AbstractReliefComponentTy{¥e
<xs:sequence
<xs:elemenhame="tin" type="tinProperty Typ&/>
<xs:elementef="_GenericApplicationPropertyOfTinRelleminOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

2= >
<xs:elemenhame"TINRelief' type="TINReliefType' substituionGroupg"_ReliefComponerit>
2= >

<xs:elemenname"_GenericApplicationPropertyOfTinReliefype="xs:anyType abstract"true'/>

<xs:complexTypename="tinProperty Typ&>
<xs:complexContemnt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOcairs="0">
<xs:elementef="gml:TriangulatedSurfa¢e>
</xs:sequence
</xs:restrictiorr
</xs:complexContent
</xs:complexType

[ == >

The geometry of &INReliefis defined by the GML geometry clagsl: TriangulatedSurfaceT his allows either
the explcit provision of a set of trianglegihl: TriangulatedSurfadeor specifying of only the control points,
break and stop lines using the subclgisd: Tin of gml: TriangulatedSurfacdn the latter case, an application that
processes an instance document commgiagml:Tin has to reconstruct the triangulated surface by the applic
tion of a constrained Dalaay triangulation algorithm (cf. Okabe et al. 1992).
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10.2.3 Raster relief
RasterReliefType, RasterRelief, Elevation

<xs:complexTypeame="RasterReliefTyp&
<xs.complexContent
<xs:extensiorbase"AbstractReliefComponentTy{ye
<xs:sequence
<xs:elemenhame="grid" type="gridProperty Typ&>
<xs:elementef="_GenericApplicationPropertyOfRasterReliefinOccurs"0" maxOccurs"unbounded>
<I/xs:sequece>
</xs:extensior
</xs:complexContent
<I/xs:complexType

<I-- >
<xs:elemenhame"RasterRelieftype="RasterReliefTypesubstitutonGrou"_ReliefComponerit>

<I-- >
<xs:elemenname"_GenericApplicationPropertyOfRasterReliefpe="xs:anyTypé abstract"true'/>

<l === =1

<xs:complexTyperame="gridProperty Typ&>
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="gml:RectifiedGridCoveradé&>
</xs:sequence
</xs:restrictiorr
</xs:complexContemnt
</xs:complexType
2= ss—— >
<xs:elemenname="Elevation type="gml:LengthTypé& substitutionGroug"gml:_Object/>

10.2.4  Mass point relief
MassPointReliefType, MassPointRelief

<xs:complexTypeame"MassPointReliefTyge
<xs:complexContemnt
<xs:extensiorbase"AbstractReliefComponentType
<xs:sequence
<xs:elemenhame="reliefPoints type="gml:MultiPointProperty Typ&>
<xs:elanentref="_GenericApplicationPropertyOfMassPointRéeliefinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemnt
</xs:complexType

<I-- -->
<xs:elemenname"MassPointRelieftype="MassPointReliefTypesubstitutonGroup"_ReliefComponerit>
<I-- >

<xs:elemenname"_GenericApplicationPropgrOfMassPointRelieftype="xs:anyTypé abstract"true'/>

10.2.5 Breakline relief
BreaklineReliefType, BreaklineRelief

<xs:complexTypename="BreaklineRelief Typ&>
<xs:complexContemt
<xs:extensiorbase"AbstractReliefComponentType
<xs:sequence
<xs:dementname="ridgeOrValleyLines type="gml:MultiCurvePropertyTypeminOccurs"0"/>
<xs:elemenhame="breakline$ type="gml:MultiCurveProperty TypeminOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfBreaklineReliehinOccurs"0" maxOccus="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemt
<I/xs:complexType

<I=- >
<xs:elemenhame"BreaklineRelief type="BreaklineReliefTypeé substitu onGrouz"_ReliefComponerit>
== >
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<xs:elemenname"_GenericApplicationPropertyOfBreaklineReliefpe="xs:anyTypé abstract"true'/>

The geometry of @8reaklineRelieican be composed of break lines and ridge/valley lines. Whereas break lines
indicate abrupt changes of terrain slope, ridge/valley lines in addition mark a change of the sign of the terrain
slope gradient. BreaklineReliemust have at leasine of the two propées.

10.2.6  Conformance requirements

Base requirements

1. Thegml:Polygongeometry element describing the extent of validity oR&liefComponerglement 8-
ing the extentproperty (type:gml:PolygonPropertyTypeof _ReliefComponentshall be gven as 2D
footprint polygon which may have inner holes.

Referential integrity

2. ThereliefComponenproperty (typeReliefComponentPropertyTypef the elemenReliefFeaturemay
contain a_ReliefComponerglement inline or an XLink reference to a remoidiefComponentle-
ment using the XLink concept of GML 3.1.1. In the latter casexlihk:href attribute of theeliefCan-
ponent property may only point to a remote ReliefComponentelement (where remote
_ReliefComponerglements are located in another doemt or elsewhere in the same documeit).
ther the contained element or the refece must be given, but neither both nor none.

3. The tin property (type: tinPropertyTypg of the element TINRelief may contain a
gml:TriangulatedSurfacelement inline or an Xibk reference to a remotgml:TriangulatedSurface
element using the XLink concept of GML 3.1.1. In the latter casexlthk:href attribute of thetin
property may only point to a remotegml:TriangulatedSurface element (where remote
gml:TriangulatedSurfae elements are located in another document or elsewhere in the same doc
ment).Either the contained ehent or the reference must be given, but neither both nor none.

4. The grid property (type: gridPropertyTypg¢ of the element RasterRelief may contain a
gml:RectifiedGridCoverage element inline or an XLink reference to a remote
gml:RectifiedGridCoveragelement using the XLink concept of GML 3.1.1. In the latter case, the
xlink:href attribute of thegrid property may only point to a remotenl:RectifiedGridCogrageelement
(where remotegml:RectifiedGridCoveragelements are located in another document or elsewhere in
the same documentither the contained element or the reference must be given, but neither both nor
none.
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10.3  Building model

The building models the most detailed thematic concept of CityGML. It allows for the representation-of th
matic and spatial aspects of buildings, building parts and installations in four levels of detail, LOD1 to LODA4.
The building model of CityGML is defined by the thensatixtension modul8uilding (cf. chapter?). Fig. 24
provides exaples of 3D city models for each LOD.

Fig. 24: Examples for city or building models in D0 (upper left), LOD2 (upper right), LOD3 (lower left), and LOD4 (lower
right) (source: District of Recklinghausen;g-h ingenieure+architekten GmbH

The UML diagram of the building model ismicted inFig. 25, for the XML schena definition see anneX.3
and below. The pivotal class of the model AbstractBuilding which is a subclass of the thematic claSite
(and trangively of the root class CityObjec). _AbstractBuildingis specialised eittr to aBuilding or to a
BuildingPart Since an AbstractBuilding consists ofBuildingParts which again are AbstractBuildings an
aggregation hierarchy of arbitrary depth may be realised. As subclass of the root Gity§€3bject an
_AbstractBuildinginherits all properties fromCityObjectlike the GML3 standard feature propertigen{:name
etc.) and the CityGML specific properties lilexternalReferencegcf. chapter6.7). Further properties not
explicitly covered by AbstractBuilding may be modelled a&enericAttributesprovided by the CityGML
Genericsmodule (cf. chaptef0.10.

Building complexes, which consist of a number of distinct buildings like a factory site or hospital complex,
should ke aggregated using the conceptGitiyObjectGroupgsee chapte6.8). The main building of the eo-
pl ex can be denoted by providing fAmain buildingo as

Both classe8uilding and BuildingPart inherit the attfputes of AbstractBuilding the class of the building, the
function (e.g. residential, public, or industry), the usage, the year of construction, the year of demolition, the roof
type, the mesured height, and the number and individbeights of the storeys above and below ground. This

set of paramers is suited for roughly reconstructing the thd@mensional shape of a building and can be
provided by cadaral systems. FurthermorAddressesan be assigned Ruildingsor BuildingParts
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<<ExternalCodeList>>
BuildingInstallationClassType

<<ExternalCodeList>>
BuildingClassType

BuildingInstallation
+class : BuildingInstallationClassType [0..1]

outerBuildingInstallation

BuildingFurnitureFunctionType

RoomFunctionType

<<ExternalCodeList>>

<<ExternalCodeList>>

TG | ~ <<BxternalCodelList>> | <<ExternalCodeList>>
core::_CityObject BuildingInstallationFunctionType BuildingFunctionType
yay | <<ExternalCodeList>> | | <<ExternalCodeList>>
BuildingInstallationUsageType BuildingUsageType
0. | <<ExternalCodeList>> | | <<ExternalCodeList>>
<<Geometry>> IntBuildingInstallationClassType RoofTypeType
lod4Geometry gml::_Geometry TS | <<ExternalCodeList>> |
lod4Geometry ¢ 1 01 core::_Site IntBuildinglnstallationFunctionType
~ | <<ExternalCodeList>>
lod2Geometry IntBuildingInstallationUsageType
lod3Geometry | <<ExternalCodeList>> <<ExternalCodeList>>
lod4Geometry BuildingFurnitureClassType RoomClassType
ol Kl <<ExternalCodeList>> <<ExternalCodeList>>
<<Feature>>

+function : BuildingInstallationFunctionType [0..*] % BuildingEurniturelsageliype RoomEsagelypel
+usage : BuildingInstallationUsageType [0..*]
address <<Feature>> address
interiorBuildingInstallation «| core::Address |,
. <<Feature>>
IntBuildingInstallation * N . N
+class : IntBuildingInstallationClassType [0..1] <<Feature>>
+function : IntBuildingInstallationFunctionType [0..*] AbstractBuilding
. i i ]
+usage : IntBuildingInstallationUsageType [0..*] +class : BuildingClassType [0..1]
roominstallation 0..1 |*+function : BuildingFunctionType [0..*]
+usage : BuildingUsageType [0..*]
- RS +yearOfConstr_u_ct|o.n : >_<.s::gYear [0..1]
BuildingFurniture +yearOfDemolition : xs::gYear [0..1]
— _g_. +roofType : RoofTypeType [0..1]
+class : BuildingFurnitureClassType [0..1] L %
. S R ) +measuredHeight : gml::LengthType [0..1]
+function : BuildingFurnitureFunctionType [0..*] R "
+usage : BuildingFuritureUsageType [0.4] +storeysAboveGround : xs::nonNegativelnteger [0..1]
* . . +storeysBelowGround : xs::nonNegativelnteger [0..1]
N - +storeysHeightsAboveGround : gml::MeasureOrNullListType [0..1]
interiorFurniture +storeysHeightsBelowGround : gml::MeasureOrNullListType [0..1] <>*
P — * * *[F [ [* [+ [+ [*]* Q * W[+ * [*[*]*
Room &
0.1 <<Feature>> <<Feature>>
+class : RoomClassType [0..1] interiorRoom o . N
+function : RoomFunctionType [0..] [S Building BuildingPart
. ]
+usage : RoomUsageType [0..%] consistsOfBuildingPart
*|x - - - - -
0.1/ lodaimplicitRepresentation lod1Solid lodMultiSurface lod1Terrainintersection| lod2MultiCurve
<<Object>> lod2Solid lod2MultiSurface lod2TerrainIntersection lod3MultiCurve
core::ImplicitGeometry -
lod3Solid lod3MultiSurface lod3Terrainintersection lod4MultiCurve
- 0.1
0..11 “lod4Solid lod4MultiSurface 0..1\]//od4Terrainintersection 0.1
lod4Solid <<Geometry>> <<Geometry>> <<Geometry>>
gml::_Solid aml::MultiSurface gml::MultiCurve
0..
0..1 0..1 0.1
lod4MultiSurface lod2MultiSurface
<<Feature>> [— "
Opening * | lod3MultiSurface lod3MultiSurface
éé * opening lod4MultiSurface lod4MultiSurface
>> < >>
<;:’:.ezture <F[e)ature boundedBy_* ol %l
indow oor <<Feature>> boundedBy
. 0.0 BoundarvSurface >
[ T T T 1 T 1
<<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>>
RoofSurface WallSurface GroundSurface ClosureSurface CeilinaSurface InteriorWallSurface FloorSurface
Fig.25 UML di agram of Ci.Pregfigds &ré used boundidate XMLgespaces asdociated with model elements.

Element names without a prefix are defined within the City@uiildingmodule.

The geometric regsentation and semantic structure of abstractBuildingis shown inFig. 25. The model is
successively refined from LOD1 to LOD4. Therefore, not all components of a building model ase=mégut

equally in each LOD and not abgregation levels are allowed in each LOD. In CityGML, all object classes are

associated to the LODs with respect to the minimum acquisition criteria for each LOD (cf. dh@ptén
object can be represented simultaneoushigifferent LODs by providing distinct geometries for the correspon

ing LODs.

In LOD1, a building model consists of a geometric representation of the building volume. Optioridlll, a
tiCurve representing th&errainintersectionCurvésee chapte.5) can be specified. This geometric repreaent

tion is refined in LOD2 by additionaultiSurfaceand MultiCurve geometries, used for modelling architectural

details like a roof overhang, columns, or antennas. In LOD2 and higher tte@siter facade of a building can
also be differentiated semantically by the classeBoundarySurface and Buildinglnstallation A
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_BoundarySurfacé s a part of the buildingods exWalSufacdrroof hel |
(RoofSurfae), ground plate GroundSurface or ClosureSurface The BuildingInstalition class is used for
building elements like batmies, chimneys, dormers or outer stairs, strongly affecting the outer appearance of a
building. ABuildinglInstallationmay have thattributesclass functionandusage(cf. Fig. 25).

In LOD3, theopenings in BoundarySurfacebjects (doors and windows) can be represented as therhatic o
jects. In LOD4, the highest level of resolution, also the interior of llibgi composed of several rooms, is
represented in the building model by the cl&som This enlargement allows a virtual accessibility of buildings,

e.g. for visitor information in a museunf AL ocat i on B,atleedami@ton vfi accensmiddation
standards or the presentation of daylight illumination of a buildifige aggregation of rooms according to
arbitrary, user defined criteria (e.g. for defining the rooms corresponding to a certain storey) is achieved by
employing the general grouping contgpovided by CityGML (see chaptd0.3.9. Interior instalétions of a
building, i.e. objects within a building which (in contrast to furniture) cannot be moved, are represented by the
classiIntBuildinglnstallation If an insallation is attached to a specific room (e.g. radiators or lamps), they are
assotated with theRoomclass, otherwise (e.g. in case of rafters or pipes) wAdhstractBuildingA Roommay

have the attributeslass functionandusagereferenced to externabde lists ¢hapterl0.3.7and annexC.1). The
classattribute allows a classifition of rooms with respect to the stated function, e.g. commercial or private
rooms, and occurs only once. Thumdion attribute is ntended to express the main purpose of the room, e.g.
living room, kitchen.The attributeusagecan be used if the way the object is actually used differs from the
function. Both attributes can occur multiple times

The visible surfacefaa room is represented gaetrically as &olid or MultiSurface Semantically, the surface
can be structured into specialiseBoundarySurfacesrepresenting floorHloorSurfacg, ceiling CeilingSu-
face), and interior wallslfteriorwallSurfacg. Room funiture, like tables and chairs, can be represented in the
CityGML building model with the clasBuildingFurniture A BuildingFurniture may have the attributedass
functionandusage An example CityGML dataset containing simple tiniggs can be foundhiannex-. 1

XML namespace

The XML namespace of the CityGMBuilding module is identified by the Uniform Resource Identifier (URI)
http://www.opengis.net/citygml/building/1.0. Within the XML Schema definition of Budding module, this
URI is also used to identify the default namespace.

10.3.1  Building and building part
BuildingType, Building

<xs:complexTyperame="BuildingTypée">
<xs:complexContemt
<xs:extensiorbase"AbstractBuildingTyp&>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfBuildifigninOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- o see e >
<xs:elementhame"Building" type="BuildingTyp€" substituionGroup="_AbstractBuildind/>
<l-- o see e >

<xs:elemennhame"_GenericApplicationPropertyOfBuildifigype="xs:anyTypé& abstract="true'/>

The Building class is one of the two subclasses AbstractBuilding If a building only consists of one (ham
geneous) part, this class shall be used. A buildimgposed of structural segments differing in, for example the
number of ®reys or the roof type has to be separated intdBuilding having one or more additionBlilding-
Parts (seeFig. 26). The geometry and nespatial properties of the central part of the building should be+epr
sented in the agggding Building feature.

BuildingPartType, BuildingPart
<xs:complexTyperame="BuildingPartTyp&>

<xs:complexContemt
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<xs:extensiorbase"AbstractBuildingTyp&>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfBuildingParhinOccurs"0" maxOccurs"unboundet>
</xs:sequence
</xs:extensior
</xs:complexContemnt
<Ixs:complexType

<I-- >
<xs:elemenname="BuildingPart type="BuildingPartTye€" substitutonGroup="_AbstractBuilding/>
<l-- >

<xs:elementhame"_GenericApplicationPropertyOfBuildingPatlype="xs:anyTypé abstract"true'/>

The clasBuildingPartis derived from AbstractBuilding It is used to model a structural part of a building (see
Fig. 26). A BuildingPartobject should be uniquely related to exactly one building or building part object.

m m

nm Nun
Wi
i

U UL

Building with two
building parts

(represented as Building consis-

?enaetl?ruellglr?c? one L)L Hhnla ing of one part

. . el (represented as
includedBuild- S oneBuildin
ingPartfeature) feature) g

Fig. 26: Examples of buildings consisting of one and two building parts (source: City of Coburg).

AbstractBuildingType, _AbstractBuilding

<xs:complexTypeame="AbstractBuildingTypé abstract"true'>
<xs:complexContemnt
<xs.extensiorbase"core:AbstractSiteType
<xs:sequence
<xs:elemenhame="clas$ type="BuildingClassType minOccurs"0"/>
<xs:elemenhame="function' type="BuildingFunctionTyp& minOccurs"0" maxCQccurs="unboundetf>
<xs:elemenhame="usage type="BuildingUsageTypeminOccurs"0" maxCccurs="unboundedf>
<xs:elemenhame="yearOfConstructichtype="xs:gYeal minOccurs"0"/>
<xs:elemenhame="yearOfDemolitiori type="xs:gYeal minOccurs"0"/>
<xs:elemenhame="roofTypé' type="RoofTypeTye' minOccurs"0"/>
<xs:elemenhame"measuredHeightype="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="storeysAboveGrouridype="xs:nonNegativelntegeminOccurs="0"/>
<xs:elemenhame="storeysBelowGrourdtype="xs:nonNegativelntegéminOccurs="0"/>
<xs:elemenhame="storeyHeightsAboveGroutidype="gml:MeasureOrNullListTypeminOccurs"0"/>
<xs:elemenhame="storeyHeightsBelowGrouridype="gml:MeasureOrNullListTypeminOccurs"0"/>
<xs:elemenhame="lod1Solid' type="gml:SolidProperty Typ& minOccurs"0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2MultiCurve' type="gml:MultiCurveProperty TypeminOccurs="0"/>
<xs:elemenhame="lod2Terrainltersectioti type="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="outerBuildingInstallatioh type="BuildingInstallationProperty TypeminOccurs"0"
maxCccurs="unboundet{>
<xs:elemenhame="interiorBuildingInstallatiot type="IntBuildingInstallationProperty TydeminOccurs"0"
maxCccurs="unboundet{>
<xs:elemenhame="boundedBY type="BoundarySurfaceProperty TypsinOccurs="0" maxOccurs"unboundet{>
<xs:elemenhame="lod3Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiCurve' type="gml:MultiCurveProperty TypeminOccurs="0"/>
<xs:elemenhame="lod3TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiCurve' type="gml:MultiCurveProperty TypeminOccurs="0"/>

Copyright © 2008 Open Geospatial Consortium, Inc. 5¢



OGCO08-007r1

<xs:elemenhame="lod4TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="interiorRoont type="InteriorRoomProperty TygeminOccurs"0" maxOccurs"unboundetf>
<xs:elemetname="consistsOfBuildingPaltttype="BuildingPartProperty TygeminOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame="addres$type="core:AddressProperty TypeninOccurs"0" maxOccurs"unboundetd>
<xs:elementef="_GenericApplicationPropertyOfAbsctBuildind' minOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent

</xs:complexType

S

<xs:elemenhame"_AbstractRiilding" type="AbstractBuildingTyp& abstract"true' substitutionGroug"core:_Sit&/>

S

<xs:elemenhame="_GenericApplicationPropertyOfAbstractBuildihtype="xs:anyTypé& abstract"true'/>

The abstract classAbstractBuildingcontains properties for building attributes, purely geometric representations,

and geometric/semantic representations of the building or building part on different levels of detailrifhe at

utes describe:

a) The classification of the building or building pad&ssg, the different functionsfgnction), and the sage
(usag®. The permitted values for these property types are specified in a separate XML file, usirgy the di
tionary concept of GIL3.

b) The year of constructioryéarOfConstructiopand the year of demolitiory¢arOfDemolitiol of the buitl-
ing or building part. These attributes can be used to describe the chronology of the building development
within a city model. The points of timefer to real world time.

c) The roof type of the building or building paro6fTypg. The permitted values for tHRoofTypeTypare
specified in a separate XMEile, using the ditionary concept of GML.

d) The measured relative heigitéasuredHeightof the hiilding or building part ridge line (highest point).

e) The number of storeys abov&@dreyAboeGround and below gtoreyBelowGroundground level.

f) The list of storey heights abovetg¢reyHeightsAboveGrouhdand below gtoreyHeightsBowGround
ground levelThe first value in a list denotes the height of the nearest storey wrt. to the ground level and last
value the height of the farthest.

Spanning the different levels of detail, the building model differs in the complexity and granularity obthe ge
metric rgoresentation and the thematic structuring of the model into components with a special semamntic mea
ing. This is illustrated irfrig. 27, showing the same building in four different LODs. The classtractBuilding

has a nmber ofproperties which are associated with certain LODs.

(a) LOD1 building (b) LOD2 building

2-22\
-

(c) LOD3 building (d) LOD4 building

Fig. 27: Building model in LOD1i LOD4 (source: Research Center Karlsruhe).
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Tab.5 shows the coespondence of the different gedaneeand semantic themes of the building model to LODs.

In each LOD, the volume of a building can be expressed $glidGeometryand/or aMultiSurfaceGeometry

The definition of a 3D Terrain Intersection Curve (TIC),dise integrate buildings from diffent sources with

the Digital Terrain Model, is also possible in all four LODs. The TICichut does not have fio build closed
rings around the building or building parts.

In LOD1 (seeFig. 27 a), the different structural entities of a building are aggregated to simple blocks and not
differentiated in detail. The volurtrec and surface parts of the exterior building shell are identical and only one
of the corresponding propertided1Solidor lod1MultiSurfacé must be used.

In LOD2 and higher levels of detail, the exterior shell of a building is not only represented geometrically as
SolidGeometrand/orMultiSurfaceGeortry, it can also be composed of semantic objects. The base class for all
objects semantically strugtng the building shell is BoundarySurfacésee chaptet0.3.2), which is associated

with a MultiSurfaceGeometnyf in a building model there is both aaetric representation of the exterior shel

as volume or surface model and a semantic representation by means of thBoatidarySurfaceghe ge-
metric representation must not explicitly define the geometry, but has to referemeltieirfaccGeometryof

the BoundaryStfaces

Geometric / senantic theme Property type LOD | LOD | LOD | LOD
1 2 3 4

Volume part of the building shell gml:SolidType A A A A

Surface part of the building shell gml:MultiSurfaceType A A A A

Terrain Intersection Curve gml:MultiCurveType A A A A

Curve part of the building sHel gml:MultiCurveType A A A

BoundarySurfaces (chapt&9.3.2 _BoundarySurfaceType A A A

Outer building installations (chapter BuildingInstallationType A A A

10.3.3

Openings (chapter0.3.9 _OpeningType A A

Rooms(chapter10.3.5 RoomType A

Interior building installations (chapter IntBuildinglnstallationType A

10.3.5

Tab.5: Semantic themes of the claSisstractBuilding.
Apart from BuildingParts smaller features of the bdiilng ( Aout er buil ding i

nstall a

affect the buildag characteristic. These features amedelledby the classBuildinginstalbtion (see chapter
10.3.3. Typical candidates for this class are chimneys Bge27 c), dormers (se€ig. 26), balconies, outer
stairs, or antenna®uildinglnstallations may only be included in LOD2 models, if their extents exceed the
minimum dimensions as specified in cha@e? For the geometrical regsentation of the claguildinglnstd-
lation, an arbitrary geosiry object from the GML subset shownHiig. 8 can be used.

The class AbstractBuildinghas no additional properties for LOD3. Besides the higher requirements ime-geo
tric precision and smaller minimum dimensions, the main difference of LOD2 and LOD3 buildings concerns the
class BoundarySurfacgsee chaptet0.3.9. In LOD3, openings in a building corresponding with windows or

doors (sed-ig. 27 c) are modelled by the lfatract) class Openingand the derived class&¥indowand Door

(see chaptet0.3.9.

With respect to the exterior building shell, the LOD4 data model is identicahtof LOD3. But LOD4 po-
vides for a possibility to escribe the interior structure of a building with the clada#Buildinginstallationand

Room(see chaptet0.3.5.

EachBuilding or BuildingPartfeature may be assignedraeor more addresses using #dressproperty. The

corresponding\ddressPropertyTypie defined within the CityGML core module (cf. chapi€r1.9.
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10.3.2 Boundary surfaces
AbstractBoundarySurfaceType, _BoundarySurface

<xs:compleXypename="AbstractBoundarySurfaceTypebstract"true'>
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="opening type="OpeningProperty TypeminOccurs"0" maxCccurs="unbourded/>
<xs:elementef="_GenericApplicationPropertyOfBoundarySurfacenOccurs"0" maxOccurs"unboundet>
</xs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType
<I-- ->
<xs:elemenhame"_BoundarySurfacetype="AbstractBoundarySurfaceTypabstract="true" substitutionGroug"core:_CityObject>
<l-- >
<xs:elemenname"_GenericApplicationPropertyOfBoundarySurfacgre="xs:anyTypé abstract"true'/>

_BoundarySurfacés the (abstract) base class for several thematic classes, structuring the exterior shell of a
building and the visible surface of a roolt is a subclass ofCityObjectand thus inherits all properties like the
GML3 standard feature propertigggl:nameetc.) and the CityGML specific properties likgternalReferences

From _BoundarySurface the thematic classeRoofSurface, WallSurfacesroundSuface, ClosureSurface,
FloorSurface, InteriorWallSurfaceand CeilingSurfaceare derived. The thematic classétion of building
surfaces is illustrated iRig. 28 and subequently specified.

For each LOD between 2 add the geometry of aBoundarySurfacenay be defined by a differeMultiSur-
faceGeometryln LOD2, this surface geometry must be simply connected, which means that the components of
the MultiSurface(e.g.gml:Polygor) must not have inner holegrtl:interior).

In LOD3 and LOD4, a BoundarySurfacenay reference Openinggseel0.3.9 like doors and windows. If the
geometric location of Openingstopologically lies within a surface component (ggml:Polygorn of the Multi-
SufaceG®metry,these Openingamust be represented as holes within that surface. A hole is represented by an
interior ring within the corresponding surface geometry object. If such an opening is seal&@bby a Win-

dow, or aClosurSurface their outer boundgrmay consist of the same points as the inner ring (denoting the
hole) of the surrounding surface. Wever, the points have to be specified in reverse order (exterior boundaries

counterclockwise and interior boundaries clockwise when looking in oppositetdi on of t he sur f ac:

vector). The embrasure surfaces ofGeningbelong to the relevant adjacerBoundarySurfacelf, for exam-
ple a door seals th@pening the embrasure surface on the one side of the door belongslidetherWallSu-
faceand on the other side to tiéallSurface(Fig. 28 on the right).

Roof surface
Exterior Shell\
wall , \
surface Sl
Ceiling Wall /,’ I TN nteriorwa
surface Room Surface Surface
’
/l
; {
Op_emng Interiorwall ! [
(Window) Surface i
|
1
4 [
Opening H
Floor surface (Door) ! Opening
' Door
Ground surface . /\ 00

Fig. 28: Classification oBoundarySurfacefeft), in particular forOpeninggright) (graphic: IGG Uni Bonn).
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RoofSurfaceType, RoofSurface

<xs:complexTyperame="RoofSurfaceTyp&
<xs:complexContent
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfRoofSurfdc@inOccurs"0" maxOccurs"unboundedf>
</xs:sequence
</xs:extensior
</xs:complexContepnt
<Ixs:complexType

== >
<xs:elemenhame"RoofSurfacé type="RoofSurfaceTypésubstituionGroup="_Boundarpurfacé/>
== >

<xs:elemenname"_GenericApplicationPropertyOfRoofSurfddgpe="xs:anyTypé& abstract"true'/>

The major roof parts of a building or buildingnb are expressed by the cl&sofSurfaceSecondary parts of a
roof with a specific semantic meaning like dormers or chimneys should be modelaidasginstallations

WallSurfaceType, WallSurface

<xs:complexTypeame="WallSurfaceTyp&>
<xs:complex@ntent
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWallSurfdceinOccurs"0" maxOccurs="unbounded{>
<Ixs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType

= >
<xs:elemenhame"WallSurfacé type="WallSurfaceTypé substituionGroup"_BoundarySurfacé>
<l-- ->

<xs:elemenname"_GenericApplicationPropertyOfWallSurfdce/pe="xs:anyTypé& abstract="true'/>

All parts of the building facade visible from the outside are modelled by theWwtSurface
GroundSurfaceType, GroundSurface

<xs:complexTypeame="GroundSurfaceType
<xs:complexContemnt
<xs:extensiorbase"AbstractBoundarySurfaceTyje
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfGroundSurfaceinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemnt
</xs:complexType

<I-- >
<xs:elemenhame"GroundSurfacetype="GroundSurface TypesubstitutonGrouE"_BoundarySurfacé>
<I-- >

<xs:elemennhame"_GenericApplicationPropertyOfGroundSurfa¢gpe="xs:anyTypé abstract"true'/>

The ground plate of a building or building part is modklby the clas&roundSurfaceThe polygon defining
the ground plate is congruent with the buildingbs
pointing dowwards.

ClosureSurfaceType, ClosureSurface

<xs:complexTypeame="ClosureSurfaceype'>
<xs:complexContemt
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfClosureSurfaceinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemnt
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<Ixs:complexType

= >
<xs:elemenname"ClosureSurfacetype="ClosureSurfaceTypesubstitutonGrouE"_BoundarySurfacé>

== >
<xs:elemenhame"_GenericApplicationPropertyOfClosureSurfacgpe="xs:anyTypé abstract"true'/>

An opening in a building not filled by a door or window can be sealed by a virtual surfaadClaureSurface

(see chapteB.4). Hence, buildings with open sides like a barn or a hangar, can be virtually closed in order to be
able to compute their volum€losureSurfaceare also used in the interior building modéltwo rooms with a
different function (e.g. kitchen and living room) are directly connected without a separating GbasueeSu
faceshould be used to separate or connect the volumes of both rooms.

FloorSurfaceType, FloorSurface

<xs:complexTypeame"FloorSurfaceTyp&
<xs:complexContemt
<xs:extensiorbase"AbstractBoundarySurfaceTye
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfFloorSurfadominOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:compexContent
</xs:complexType
<I-- >
<xs:elemenname="FloorSurface type="FloorSurfaceTypesubstitutimGroup="_BoundarySurfacé>
<I-- >
<xs:elemenhame"_GenericApplicationPropertyOfFloorSurfadgpe="xs:anyTypé abstract"true'/>

The classFloorSurfacemust only be used in the LOD4 interior building model for modeltimg floor of a
room.

InteriorWallSurfaceType, InteriorWallSurface

<xs:complexTyperame="InteriorWallSurface Type
<xs:complexContemnt
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyQfteriorWallSurface minOccurs="0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContemt
<Ixs:complexType

<I-- >
<xs:elemenname="InteriorWallSurfacé type="InteriorWallSurface TypesubstitutonGrouE"_BoundarySurfacé>
<I-- >

<xs:elemenhame"_GenericApplicationPropertyOfinteriorWallSurfadgpe="xs:anyTyp& abstract"true'/>

The clasdnteriorWallSurfacemust only be used in the LOD4 interior building model for modelling the visible
surfaces of the room walls.

CeilingSurfaceType, CeilingSurface

<xs:complexTypename="CeilingSurfaceType
<xsicomplexContent
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfCeilingSurfdaminOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContemt
<Ixs:compexType>
<I=- >
<xs:elemenname"CeilingSurface type="CeilingSurface TypesubstituionGrougE"_BoundarySurfacé>
<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfCeilingSurfddgpe="xs:anyTypé abstract"true'/>
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The clas<CeilingSurfacemust only be used in the LOD4 interior building model for modelling the ceilirey o
room.

10.3.3  Outer building installations
BuildingInstallationType, Buildinglnstallation

<xs:complexTyperiame="BuildingInstallationTyp&>
<xs:complexContent
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="BuildingInstallationClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="BuildingInstallationFunctionTypgeminOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame"usagé type="BuildinglnstallationUsageTygeninOccurs"0" maxOccurs"unbounded/>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfBuildingInstallatiominOccurs="0" maxOccurs"unboundet{>
<Ixs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType

== =====c==c =
<xs:elementhame="BuildingInstallatiorf type="BuildingInstallationTyp& substituionGroup="core:_CityObject>
<l-- B >

<xs:elemenhame"_GenericApplicationPropertyOfBuildinglnstallatibtype="xs:anyTyp& abstract"true'/>

A BuildingInstallationis an outer component of a building which has not the significanc@oildingPart, but
which strongly affects the outer characteristi¢the building. Examples are chimneys, stairs, antennas, balconies
or attached roofs above stairs and pathBulldinglnstallation optionally hasattributesclass function and
usage The attributeclass- which can only occur oncerepresents a generelassification of the installation.
With the attrbutesfunctionandusage nominal and real functions of a building installation can be described. For
all three attributes the list of feasible values is specified in a GML dictioRarythe geometricakpresentation

of a Buildinglnstallation an arbitrary geoeiry object from the GML subset shown kfig. 8 can be used. A
BuildingInstallationobject should be uniquely related to exactly one building or building part object.

10.3.4 Openings

AbstractOpeningType, _Opening

<xs:complexTypename="AbstractOpeningTypeabstract"true'>
<xs:complexContemnt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperffype' minOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfOpenihgiinOccurs"0" maxCccurs="unboundedf>
</xs:sequence
</xs:extensior
</xs:conplexContert
</xs:complexType

Zlles EEEESSS >
<xs:elemennhame"_Opening type="AbstractOpeningTypgeabstract"true' substituionGroup="core:_CityObject>
<I=- >

<xs:elemenhame"_GenericApplicationPropertyOfOpenihtype="xs:anyTypé abstract="true'/>

The class Openingis the (abstract) base class for semantically describingiragefike doors or windows in
outer or inner walls. Openings only exist in models of LOD3 or LOD4. E&ybeningis associated with a
MultiSufaceGeometry

WindowType, Window

<xs:complexTyperame"WindowTypée>
<xs:complexContemt
<xs:extensiorbase"AbstractOpeningType
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<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWinddwninOccurs"0" maxCccurs="unboundedf>
</xs:sequence
</xs:extensior
</xs:complexContepnt
<Ixs:complexType

<I-- >
<xs:elementhame"Window' type="WindowTypé€' substitutionGroug"_Opening/>
== >

<xs:elemenhame"_GenericAppkationPropertyOfWindowtype="xs:anyTypé abstract"true'/>

The clasdVindowis used for modelling windows in the exterior shell of a building, or hatches between adjacent
rooms. The formal difference between the cla¥8egslowandDoor is thati in normal case§ Windowsare not
specifically intended for the transit of people or vehicles.

DoorType, Door

<xs:complexTyperame="DoorType>
<xs:complexContemt
<xs:extensiorbase"AbstractOpeningType
<xs:sequence
<xs:elemenhame="addres$type="core:AddressProperty TypeninOccurs"0" maxOccurs"unboundet>
<xs:elementef="_GenericApplicationPropertyOfDobminOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContemnt
</xs:complexType
<= >
<xs:elemenname="Door" type="DoorTyp¢€' substitutionGroug"_Opening/>
<!-- >
<xs:elenentname="_GenericApplicationPropertyOfDobtype="xs:anyTypé abstract="true'/>

The clasDoor is used for modelling doors in the exterior shell of a building, or between adjacent rooms. Doors
can be used by people to enter or leave a building or raooanitrast to £losureSurfaca door may be closed,
blocking the transit of people. moor may be assigned zero or more addresses. The correspohdiing
dressPropertyTypis defined within the CityGML core module (cf. chapiéx1.9 .

10.3.5 Building interior
RoomType, Room

<xs:complexTyperame"RoomTypé&>
<xs:complexContemnt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="RoomClassTypeminOccurs"0"/>
<xs:elemenhame="function" type="RoomFunctionTypeminOccurs"0" maxCccurs="unboundet>
<xs:elemenhame="usagé type="RoomUsageTypgeminOccurs"0" maxCccurs="unboundet{>
<xs:elemenhame="lod4Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="boundedBY type="BoundarySurfaceProperty TypsinOccurs="0" maxOccurs"unboundet{>
<xs:elemenhame="interiorFurnituré type="InteriorFurnitureProperty TygeninOccurs="0" maxOccurs"unboundet{>
<xs:elemenhame="roomInstallatiofi type="IntBuildingInstallationProperty TypeminOccurs"0" maxOccurs"unbounded>
<xs:elementef="_GenericApplicationPropertyOfRodnminOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemennhame"Roon' type="RoomTypé& substitutionGroug"core:_CityObject>
e >

<xs:elementhame"_GenericApplicationPropertyOfRodnype="xs:anyTypé& abstract="true'/>

A Roomis a semantic object for modelling the free space inside a bgittid should be uniquely related to
exactly one building or building part object. It should be closed (if necessary byQlssgeSurfacdsand the
geometry normally will be described by a solidddSolid. However, if the topological correctness of the
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bourdary cannot be guaranteed, the geometry can alternatively be giveMwtSurface(lod4MultiSurfacg.

The surface normals of the outer shell of a GML solid must pointards. This is important to consider when
Roomsurfaces should be assign&ppearancesin this case, textures and colors must be placed on the backside
of the coresponding surfaces in order to be visible from the inside of the room.

In addition to the geometrical representation, different parts of the visible surface of a robenmadelled by
specialisedBoundarySurface@loorSurface CeilingSurfacelnteriorWallSurface see chaptet0.3.2.

A special task is the modelling of passages between adjacent rooms. The room soliddagjiedbpaonnected

by the surfaces representing hatches, doors or closure surfaces that seal open doorways. Rooms are defined as
being adjacent, if they have comm@peningsor ClosureSurfacesThe surface that represents the opening
geometrically is parbf the boundaries of the solids of both rooms, or the opening is referenced by both rooms on

the semantic level. This atency implies an accessibility graph, which can be employed to determine the
spread of e.g. smoke or gas, but which can also betassmmpute escape routes using classical shortest path
algorithms (sedrig. 29).

Accessibility graph

Back room*
Passage
(w/o door)

,Living room*

Doorway
(with door)
room

,Hallway*“

Entrance door

Fig. 29: Accessibility graph derived from topological acincies of room surfaces (graphic: IGG Uni Bonn).

BuildingFurnitur eType, BuildingFurniture

<xs:complexTyperame="BuildingFurnitureTyp&>
<xs:complexContemnt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="BuildingFurnitureClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="BuildingFurnitureFunctionTypeminOccurs"0" maxOccurs"unboundety>
<xs:elemenhame="usage type="BuildingFurnitureUsageTypgeminOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame="lod4Geometry type="gml:GeometryPropertyjpe' minOccurs="0"/>
<xs:elemenhame="lod4ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypeinOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfBuildingFurnittireinOccurs"0" maxOccurs"unboundetf>
</xs:sequene>
</xs:extensior
</xs:complexContemnt
</xs:complexType
<l-- >
<xs:elementhame="BuildingFurnituré type="BuildingFurniture Typé substitutonGroup="core:_Cityject'/>
<I=- >
<xs:elemennhame"_GenericApplicationPropertyOfBuildingFurnitire/pe="xs:anyTypé abstract"true'/>

Rooms may hav8uildingFurnituresand IntBuildingInstdlations A BuildingFurnitureis a movable part of a
room, such as a chair or furnitus&.BuildingFurniture object should be uniquely related to exactly one room
object.

IntBuildingInstallationType, IntBuildingInstallation

<xs:complexTyperame="IntBuildingInstallationTyp&>
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
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<xs:elemenhame="clas$ type="IntBuildingInstallationClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="IntBuildingInstallationFunctionTypeminOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame="usagé type="IntBuildingInstallationUsageTypeninOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOflntBuildingInstallatiominOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType

<l-- oo ->
<xs:elemenhame"IntBuildingInstallatiorf type="IntBuildingInstallationTyp& substitutonGroup="core:_CityObject>
<l-- SRR >

<xs:elemenname"_GenericApplicationPropertyOfintBuildingInstallatiotype="xs:anyTypé& abstract"true'/>

An IntBuildingInstallationis an object inside a building with a specialised function or semantic meaning. In
contrast toBuildingFurniture IntBuildinginstalations are permanently attached to the building structure and
cannot be moved. Typical examples are interior stairs, railings, radiators or pipes. Objects of in¢Beldds
inglnstallation can either be associated with a room (cResn), or with thecomplete building / building part
(class AbstractBuilding see chaptet0.3.]). However, theyshould be uniquely related to exactly one room or
one building / building part objecAn IntBuildingInstallationoptionally hasattributesclass functionandusage

The attributeclass,which can only occur ongceepresents a general classification of the internal buildimg- co
ponent. With the attributefinction and usage nominal and real functions of a building installation can be
described. For all three attributes the list of feasible values is specified in a GML dictieoiatiye geometrical
representation of aimtBuildinglnstalltion, an arbitrary geometry object from the GML subset showrign8

can be used.

10.3.6  Modelling building storeys using CityObjectGroups

CityGML does not provide a specific concept for the representation of storeys as it is available in the AEC/FM
standard IFC (IAlI 2006). However, a storey can be represented as an explicibéiggrefjall buitling features

on a certain height | eGitgObjectGroupdcf chéptetl .95 Whis veuld incude on o f
Rooms Doors, Windows IntBuildingInstallationsand BuildingFurniture If thematic surfees like walls and

interior walls should also be associated to a specific storey, this might require the vertical fragmentation of these
surfaces (one per storey), as in virtual 3D city models they typically span the whole facade.

In order to model buildig st oreys wi t h CityGMLO®s generic groupi
CityGMLGroupobjects has to be used. On the first level, all semantic objects belonging to a specific storey are
grouped. The attributes of the corresponddityObjectGroupobject ae set as follows:

e Theclassat t ri but e shal | buldngsempasiongned the value 0

e Thefunctionat t ri but e shal | lobXStorags swigtnhe dX ttheet wead rnieel fiand 4
note that this group represents a storey wrt. a specific LOD.

e Thestorey name or number can be stored irgtivénameproperty.

On the second level, theityGMLGroupobjects representing different storeys are grouped itself. By using the
generic aggregation concept©ityGMLGroup,t he fist or ey s gr othegdresposdinguldssoci at ed
ing or BuildingPartobject. Theclassat t ri but e of t he st or ey duildngstargydé .s hal I b

10.3.7 External code lists

The building model introduces the following types, whose valid values are explicitly enunierateelxternal
code list (cf. chapte8.6 and annexC.1):

e BuildingClassType

¢ BuildingFunctionType

e BuildingUsageType

e RoofTypeType

¢ BuildinglnstallationClassType

¢ BuildinglnstallationFunctionType
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¢ BuildinglnstallationUsageType

¢ IntBuildinglnstallationClassType

¢ IntBuildinglnstallationFunctionType
¢ IntBuildinglnstallationUsageType
e BuildingFurnitureClassType

¢ BuildingFurnitureFunctionType

e BuildingFurnitureUsageType

e RoomClassType

e RoomFunctionType

e RoomUsageType

10.3.8  Conformance requirements

Base requirements

1. If a building only consists of one (homogeneous) part, it shall be represented by the &eialamg.
However, if a building is composed of individual structural segments, it shall be modell&lidditag
elemat having one or more additionAluildingPartelements. Only the geometry and rspatial pre-
erties of the main part of the building should be represented within the aggrd®ataigg element.

Usage restriction of building model components according tdifferent LODs

2. The lodXSolid and lodXMultiSurface X e [1..4], properties dml:SolidPropertyType resp.
gml:MultiSurfacePropertyTypeof _AbstractBuildingmay be used to geometricllay represent the-ext
rior shell of a building (as volume or surface modeithin each LOD. For LOD1, eithdod1Solidor
lod1MultiSurfacemust be used, but not both. Starting from LOD2, both properties may be modelled i
dividually and complementary.

3. Starting from LOD2, the exterior shell of abstractBuildingmay be semantidgl decomposed into
_BoundarySurfaceslements using theoundedByproperty (type:BoundarySurfacePropertyTypef
_AbstractBuilding Only RoofSuface WallSurface GroundSurfaceand ClosureSurfaces subclasses
of BoundarySurfacare allowedThe bounded® property (not to be confused with the
gml:boundedBYy property) shall not be used if the building is ondsesented in LOD1.

If the exterior shell is represented bBoundarySurfacelements, an additional geometric represent

tion as volume or surfacmodel using théodXSolidandlodXMultiSurface X € [2..4], properties shall

not explicitly define the geometry, but has to reference the according components of the
gml:MultiSurfaceelement of BoundarySurfacevithin each LOD using the XLink concept ofMkL

3.1.1.

4. Starting from LOD2, curve parts of the building shell may be represented usilogi¥idultiCurve X
€ [2..4], property of AbstractBuilding This property shall not be used if the building is only eepr
sented in LODL1.

5. Starting from LOD2, theuterBuildinglnstallationproperty (typeBuildinglnstallationProperty Typeof
_AbstractBuildingmay be used to mod&uildinginstallationelementsBuildinglnstallationelements
shall only be used to represent outerrahteristics of a building which do nbave the significance of
building parts. TheouterBuildinglinstallationproperty shall not be used if the building is only eepr
sented in LODL1.

6. Starting from LOD3, openings ofBoundarySurfaceslements may be modelled using theening
property (type:OperingPropertyType of BoundarySurface This property shall not be used for
_BoundarySurfacelements only represented in LOD2. Accordingly, the surface geometry representing
a _BoundarySurfacén LOD2 must be simply connected and, thus, must not have hohes.

The openingproperty of BoundarySurfacenay contain or referenceOpeningelements. If the ge
metric location of an Opening element topologically lies within a surface component of the
_BoundarySurfacethe opening must also be represented asrihole of that surface. The embrasure
surface of an Openingelement shall belong to the relevant adjac&udundarySurface
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Starting from LOD4, the interiorRoom property (type: InteriorRoomPropertyType of
_AbstractBuildingmay be used to semanticallyodel the free space inside the buildingRgomele-
ments. This property shall not be used if the building is only represented in iC® TheRoomele-
ment may be geometrically represented as a surface or volume model, using4&olid or
lod4MultiSurbiceproperty gml:SolidProperty Typeesp.gml:MultiSurfacePropertyType

In addition, different parts of the visible surface of a room may be modelled by thematic
_BoundarySurfacelements. OnlyloorSurface CeilingSurfaceInteriorWallSurface and ClosureSu

faceas subclasses oBoundarySurfacare allowed. If the visible surface of a room is represented by
_BoundarySurfacelements, an additional geometric representation as volume or surface model using
the lod4Solidandlod4MultiSurfaceproperty shll not explicitly define the geometry, but has to refe

ence the according components of gmal:MultiSurfaceelement of BoundarySurfacesing the XLink
concept of GML 3.1.1.

Starting from LOD4, theinteriorBuildingInstallation property (type:IntBuildinginstallationPrope-
tyType of _AbstractBuildingmay be used to represent immovable objects inside the building that are
permamently attached to the building structure. rheriorBuildinglnstallationproperty shall not be
used if the building is only repsented in LOD 1i 3. Furthermore, thénteriorBuildinglnstallation
property shall only be used if the object cannot be associated Wtoelement. In the latter case,

the roomlinstallationproperty (type:ntBuildinginstallationPropertyTypeof the corespondingRoom
element shall be used to represent the object.

Referential integrity

70

9.

10.

11.

12.

13.

The boundedByproperty (typeBoundarySurfacePropertyTypef the element AbstractBuildingmay

contain a_BoundarySurfacelement inline or an XLink reference to a remoBoundarySurfacele-

ment using the XLink concept of GML 3.1.1. In the latter casexlthk:href attribute of theboundedBy
property may only point to a remot@&oundarySurfacelement (where remoteBoundarySurfacele-

ments are located in another docutmenelsewhere in the same documekijher the contained el

ment or the reference must be given, but neither both nor none.

Only RoofSurfaceWallSurface GroundSurfaceandClosureSurfacelements are allowed to be epea
sulated or referenced by theundedByproperty of AbstractBuilding

The outerBuildinglnstallation property (type: BuildinginstallationPropertyType of the element
_AbstractBuildingmay contain @uildinglnstallationelement inline or an XLink reference to a remote
BuildingInstallationelement using the XLink concept of GML 3.1.1. In the latter casexlithiehref at-

tribute of theouterBuildinglnstallationproperty may only point to a remoRuildinginstallationele-

ment (where remotBuildinglnstallationelements are located in anotlidercument or elsewhere in the
same documentkEither the contained element or the reference must be given, but neither both nor
none.

The interiorBuildingInstallation property (type:IntBuildingInstallationPropertyTypeof the element
_AbstractBuildingmay contain arintBuildinglnstallationelement inline or an XLink reference toexr
mote IntBuildingInstallation element using the XLink concept of GML 3.1.1. In the latter case, the
xlink:href attribute of the interiorBuildinginstallation property may only @int to a remote
IntBuildinglnstallationelement (where remotatBuildinginstallationelements are located in another
document or elsewhere in the same documéither the contained element or the reference must be
given, but neither both nor none.

The interiorRoomproperty (type:InteriorRoomPropertyTypeof the element AbstractBuildingmay
contain aRoomelement inline or an XLink reference to a remB@omelement using the XLink eo

cept of GML 3.1.1. In the latter case, thknk:href attribute ofthe interiorRoomproperty may only
point to a remotdRoomelement (where remotBoomelements are located in another document or
elsewhere in the same documet}her the contained element or the reference must be given,ibut ne
ther both nor none.

The consistsOfBuildingPart property (type: BuildingPartPropertyType of the element
_AbstractBuildingmay contain &8uildingPartelement inline or an XLink reference to a remBteld-
ingPartelement using the XLink concept of GML 3.1.1. In the latter caselitiiehref attribute of the
consistsOfBuildingParfproperty may only point to a remo®uildingPart element (where remote
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BuildingPart elements are located in another document or elsewhere in the same docHithemntjhe
contained element or the referemoast be given, but mer both nor none.

14. Theaddressproperty (typecore:AddressProperty Typef the element AbstractBuildingmay contain
an core:Addresselement inline or an XLink reference to a remotwe:Addresselement using the
XLink concept of @AL 3.1.1. In the latter case, thdink:href attribute of theaddressproperty may
only point to a remoteore:Addresslement (where remoteore:Addresslements are located im-a
other document or elsewhere in the same docunteititer the contained eleamt or the reference must
be given, but neither both nor none.

15. The openingproperty(type: OpeningPropertyTypeof the element BoundarySurfacenay contain an
_Openingelement inline or an XLink reference to a remo@peningelement using the XLink cwep
of GML 3.1.1. In the latter case, thénk:href attribute of theopeningproperty may only point to af
mote _Openingelement (where remoteOpeningelements are located in another document a-els
where in the same documerigither the contained elemieor the reference must be given, but neither
both nor none.

16. The address property (type: core:AddressPropertyTypeof the elementDoor may contain an
core:Addreselement inline or an XLink reference to a remotee:Addreselement using the XLink
conceptof GML 3.1.1. In the latter case, tlénk:href attribute of theaddressproperty may only point
to a remotecore:Addresslement (where remoteore:Addresslements are located in another goc
ment or elsewhere in the same documeither the containedlement or the reference must be given,
but neither both nor none.

17. The boundedByproperty (type:BoundarySurfacePropertyTypef the elemenRoommay contain a
_BoundarySurfacelement inline or an XLink reference to a remoBoundarySurfacelement usig
the XLink concept of GML 3.1.1. In the latter case, xtiak:href attribute of theboundedByproperty
may only point to a remoteBoundarySurfacelement (where remoteBoundarySurfacelements are
located in another document or elsewhere in the samentint).Either the contained element or the
reference must be given, but neither both nor none.

Only FloorSurface CeilingSurface InteriorWallSurface,and ClosureSurfaceelements are allowed to
be encapsulated or referenced bylibandedByroperty of Room

18. The interiorFurniture property (type: InteriorFurnitureProperty Typg of the elemenRoommay cm-
tain anBuildingFurnitureelement inline or an XLink reference to a remBtéldingFurniture element
using the XLink concept of GML 3.1.1. In the latase, thelink:href attribute of theinteriorFurni-
ture property may only point to a remoBaildingFurniture element (where remotguildingFurniture
elements are located in another document or elsewhere in the same dochittertthe contained
elementor the reference must be given, but neither both nor none.

19. The roominstallationproperty (type:IntBuildinginstallationPropertyTypeof the elemenRoommay
contain anntBuildingInstallationelement inline or an XLink reference to a remistiBuildinglnsalla-
tion element using the XLink concept of GML 3.1.1. In the latter casexlthk:href attribute of the
roominstallationproperty may only point to a remotetBuildinginstallationelement (where remote
IntBuildinglnstallationelements are located in@her document or elsewhere in the same document).
Either the catained element or the reference must be given, but neither both nor none.
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10.4 Water bodies

Waters have always played an important role in urbanisation processes and cities were builtypatfievabs

and places where landfall seemed to be easy. Obviously, water is essential for human alimentatioraand sanit
tion. Water bodies present the most economical way of transportation and are barriers at the same time, that
avoid instant access tohatr locations. Bridging waterways caused the first efforts of construction and resulted in
high-tech bridges of today. The landscapes of many cities are dominated by water, which directly relates to 3D
city models. Furthermore, water bodies are importantifban life as subject of recreation and possibiarks

as e.g. floods.

The distinct character of water bodies compared with the permanence of buildings, roadways, and terrain is
considered in this thematic model. Water bodies are dynamic surfaces.oEicur regularly, but irregular events
predominate with respect to natural forces, for example flood events. The visible water surface changes in height
and its covered area with the necessity to model its semantics and geometry distinct from adgatsrikeb

terrain or buidlings.

This first modelling approach of water bodies fulfils the requirements of 3D city models. It does not inherit any
hydrological or other dynamic aspects. In these terms it does not claim to be complete. Howeegrarkie s

and geometric description given here allows further enhancements of dynamics and conceptually different
descrptions. The water bodies model of CityGML is embraced by the thematic extension rildatgeBody

(cf. chapter7).

The water bodies modekpresents the thematic aspects and ttieensional geometry of rivers, canals, lakes,

and basins. In the LOD-2 water bodies are bounded by distinct thematic surfaces. These surfaces are the
obligatory WaterSuface defined as thdoundary between water and air, the optiovaterGroundSurface

defined as the boundary between water and underground (e.g. DTM or floor of a 3D basin object), and zero or
more WaterClosureSurfaceslefined as virtual boundaries between different watdresoor letween water and

the end of a modelled region (d&ig. 30). A dynamic element may be théaterSurfacdo represent temporarily
charging situations of tidal flats.

WaterSurface

—0 WaterBody

WaterClosure

(2]
c
=
)
o
(0]

WaterGroundSurface

Fig. 30: lllustration of a watebody defined in CityGML (graphic: IGG Uni Bonn).

The UML diagram of the water body model is depictedrig. 31, for XML schema definition see below and
annexA.11. EachWaterBodyobject may have thattributesclass function and usagereferencing to external
code lists (cf. chapter0.4.3and annexC.7). The attributeclassdefines the classification of the object, dade,
river, or fountain and can occur only onc&he attributefunction contains the purpose of the object like, for
example national wateay or public swimming, while the attributessagedefines the actual usages, e.g. whether
the water body is navaple. The latter two attbutes can occur multiple times.

WaterBodyis a subclass ofWaterObjectand thus of the root clas€ityObject The class WaterObjectan be
differentiated in further subclasses of water objects in the future. The geometrical representatioVatfthe

Body varies through the different levels of det&ince WaterBodyis a subclass of CityObjectand hence a

feature, it inherits the attributgml:name.The WaterBodycan be differentiated semantically by the class
_WaterBoundarySurfaced _WaterBoundaryStacei s a part of the water bodyéoés

72 Copyright © 2008 Open Geospatial Consortium,



OGC08-007r1

function like WaterSurfaceWaterGroumSurfaceor WaterClosureSurfacés with any CityObject WaterBody
objects as well a¥VaterSurface WaterGroundSurfageand WaterClosureSurfacenay beassignedexternd-
Referencefcf. chaptei6.7) and may be augmented BenericAttributess s i n g CiGener@¥hbdile (cf.
chapterl0.10.

The optional attributevaterLevelof a WaterSurfacean ke used to describe the water level, for which the given
3D surface geometry was acquired. This is especially important when the water body is influenced by the tide.
The allowed values are defined in the respective external code list.

<<Feature>>

core::_CityObject

2

<<Feature>>

<<ExternalCodeList>>
WaterBodyClassType

<<ExternalCodeList>>
WaterBodyUsageType

<<ExternalCodeList>>
WaterBodyFunctionType

<<ExternalCodeList>>
WaterLevelType

0.1 :
lodOMultiSurface _WaterObject

lod1MultiSurface
7). T

<<Feature>>
WaterBody

. +class : WaterBodyClassType [0..1]
function : WaterBodyFunctionType [0..*]
« [+usage : WaterBodyUsageType [0..*]

<<Geometry>>
gml::MultiSurface

<<Feature>> lod2Surface

| _WaterBoundarySurface 0.1
lod3Surface |~

lod1Solid

<<Geometry>>
gml::_Surface

boundedBy

lod2Solid

e

<<Geometry>>
gml::_Solid < lod3Solid

lod4Surface

lod4Solid

lodOMultiCurve [ «
0.1 jod1MultiCurve
Fig. 31: UML diagram of the water body model in CityGML. Prefixes are used to indicate XML namespaces associated witlemodel el
ments. Element names without a prefix are defined within the City@MterBodymodule.

<<Feature>>
WaterSurface

+waterLevel : WaterLevelType [0..1]

<<Geometry>>
gml::MultiCurve

<<Feature>>
WaterGroundSurface

<<Feature>>
WaterClosureSurface

Both LODO and LOD1 represent a low &\of illustration and high grade of generalisation. Here the rivers are
modelled asdMultiCurve geometry and brooks are omitted. Seas, oceans and lakes with significant extent are
represented as MultiSurface (Fig. 31). Every WaterBodymay be assigned a combination of geometries of
different types. Linear water bodies are represented as a network of 3D curves. Each cummosedof
straight line segments, where the line orientation denotes the flow direcater flows from the first point of a
curve, e.g. @ml:LineString,to the last). Areal objects like lakes or seas are represented by 3D surfa@ geom
tries of the water surface.

Starting from LOD1 water bodies may also be modelled as water filled volupreseated bolids If a water
body is represented bySolidin LOD2 or higher, the surface geometries of the corresponding theWiate:-
ClosureSurfaceWaterGroundSurfageand WaterSurfaceobjects must coincide with the exterior shell of the
Solid This can be ensured, if for one LOD X the respedtidXSurfaceslements (wherX is between 2 and 4)
of WaterClosureSurfacéVaterGroundSrface andWaterSurfacalo not redundantly defingml:Polygonsbut
instead reference the correspondingygohs (usingXLink) within the CompositeSurface¢hat defines the
exterior shell of th&olid

LOD2 to LOD4 demand a higher grade of detail and thereforeVéaterBodywill be outlined by thematic
sufaces or a solid composed of the surrounding thematic surfaces.

Everyobject of the clas8VaterSurfaceWaterClosureSurfaceandWaterGroundSurfacenust have at least one
associated surface geometry. This means, that &VatgrSurfaceWaterClosureSurfageandWaterGroundSwu
face feature within a CityGML instance documentush contain at least one of the following properties:
lod2Surfacelod3Surfacelod4Surface

The water body model implicitly includes the concepfTefrainintersectionCurve$¢TIC), e.g. to specify the
exact intersection of the DTM with the 3D geometryadVaterBodyor to adjust dVaterBodyor WaterSuface
to the surrounding DTM (see chap@eb). The rings defining theVaterSurfacgolygons implicitly delineate the
intersection of the water body with the terrain or basin.

XML namespace

The XML namespace of the CityGMWaterBodymodule is identified by the Uniform Resource Identifier
(URI) http://www.opengis.net/citygml/waterbody/1.0. Within the XML Schema definition ofWaterBody
module, this URI is also used to identifyetllefault namespace.

Copyright © 2008 Open Geospatial Consortium, Inc. 73



OGC08-007r1

10.4.1  Water body
AbstractWaterObjectType, _WaterObject

<xs:complexTyperame="AbstractWaterObjectTypeabstract"true'>
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericAplicationPropertyOfWaterObjetminOccurs"0" maxOccurs"unboundetd>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType
<l-- SRR >
<xs:elemenname"_WaterObject type="AbstractWaterObjectTypesubstituionGroup="core:_CityObject>
<y|== - >
<xs:elemenname"_GenericApplicationPropertyOfWaterObjec¢ype="xs:anyTypé abstract"true'/>

WaterBodyType, WaterBody

<xs:complexTyperame"WaterBodyTyp&>
<xs:complexContemt
<xs:extensiorbase"AbstractWaterObjectType
<xs:sequence
<xs:elemenhame="clas$ type="WaterBodyClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="WaterBodyFunctionTygeminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="usagé type="WaterBodyUsageTypeninOccurs"0" maxCQccurs="unboundedf>
<xs:elemenhame="lodOMultiCurve' type="gml:MultiCurvePropertyTpe' minOccurs="0"/>
<xs:elemenhame="lodOMultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1MultiCurve' type="gml:MultiCurveProperty TypeminOccurs="0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod3Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4Solid' type="gml:SolidProperty TypeminOccurs"0"/>
<xs:elemenhame="boundedBY type="BoundedByWaterSurfaceProperty TyprinOccurs"0" maxOccurs"unbounded>
<xs:elementef="_GenericApplicationPropertyOfWWerBody minOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType

== =======c >
<xs:elemenname"WaterBody type="WaterBodyTyp& substitutonGroup"_WaterObject>
<l-- S >

<xs:elemenhame"_GenericApplicationPropertyOfWaterBddiype="xs:anyTypé akstract="true'/>

10.4.2 Boundary sufaces

With respect to different functions and characteristics three boundary classes for water are defined to build a
solid or composite surface geometFyg. 30).

1. Boundary cl ass \WaerSurfacéomakidatoryetahé model dn@ usually is registered using
photogrammetric analysis or mapping exploration. The representation may vary due to tidal flatgor chan
ing water levels, which can be reflected by including different static water surfaces having diffateent
Levels(WaterLevelType)as for example highest flooding event, mean sea level, or minimum water level,
given in an external code list. This offers the opportunity to describe significant water surfaces due to levels
that are important for certain represgions e.g. in tidal zones.

2. Boundary cl ass A WsatesSrountdSurfacrayhbe kndvan.by sbriareexploration or other
depth measurements. Also part of the groundr-surface
face might be identicabtthe underwater terrain model, but also describes the contour to other underwater
objects. The usefulness of this concept arises from the existence of water defence buildings like sluices,
sills, flood barrage or tidal power stations. The us@&/aferGroindSurfaceas boundary layer to buildings is
relevant in urban situations, where buildings enclose the defined water completely such as fountains and
swimming pools. Together, tWaterSurfaceandWaterGroundSurfacenclose th&VaterBodyas a véume.
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3. Bouncary cl ass i Wa tWaterClosoreSWeadseam aptionallfdatere that comes in use, when
the union of theNVaterSurfaceandWaterGroundSurfacesf a water body does not define a closed volume.
The WaterClosureSurfaces then used to complete temclosure of water volumes and to separate water
volumes from those where only the surface is known. This might occur, where the cross section and ground
surface of rivers is partly availablerihg its course.

_WaterBoundarySurfaceshould only be includias parts of correspondifyaterBodyobjects and should not
be used as staralone objects within a CityGML model.

AbstractWaterBoundarySurfaceType, _WaterBoundarySurface

<xs:complexTyperame="AbstractWaterBoundarySurfaceTypebstract"true'>
<xs:compéxContert
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod2Surface type="gml:SurfaceProperty TyfeninOccurs"0"/>
<xs:elemenhame="lod3Surfacé type="gml:SurfaceProperty TypeninOccurs"0"/>
<xs:elenentname="lod4Surface type="gml:SurfaceProperty TyfeninOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfWaterBoundarySurfacenOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- B >
<xs:elemenname"_WaterBoundarySurfateype="AbstractWaterBoundarySurface Typebstract"true'
substitutimGroup="core:_CityObject>
<I-- >
<xs:elemenname"_GenericApplicationPropertyOfWaterBoundarySurfagge="xs:anyTyp& abstract="true'/>

WaterSurfaceType, WaterSurface

<xs:complexTypeame="WaterSurfaeType>
<xs:complexContemnt
<xs:extensiorbase"AbstractWaterBoundarySurfaceType
<xs:sequence
<xs:elemenhame="waterLevel type="WaterLevelTyp& minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfWaterSurfdeeinOccurs"0" maxOccurs="unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- S >
<xs:elemenhame"WaterSurfacétype="WaterSurface TypesubgitutionGroup="_WaterBoundarySurfate
<l EEEESSS >

<xs:elemenname"_GenericApplicationPropertyOfWaterSurfa¢gpe="xs:anyTypé abstract"true'/>

WaterGroundSurfaceType, WaterGroundSurface

<xs:complexTypename"WaterGroundSurfaceTyfre
<xs:complexContemnt
<xs:extensiorbase"AbstractWaterBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWaterGroundSurfagenOccurs="0" maxOcurs="unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

== S==——cc >
<xs:elemenname"WaterGroundSurfa¢eype="WaterGroundSurfadg/pe' substituionGroug"_WaterBoundarySurfatke
== S==——cc >

<xs:elemenhame"_GenericApplicationPropertyOfWaterGroundSurfagge="xs:anyTypé abstract"true'/>

WaterClosureSurfaceType, WaterClosureSurface

<xs:complexTyperame="WaterClosureSurfaceTyjre
<xs:complexContemt
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<xs:extensiorbase"AbstractWaterBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWaterClosureSurfacenOccurs="0" maxOccurs"unboundet{>
</xs:sequence
</xs:extension
</xs:complexContemt
<Ixs:complexType
<y|== -
<xs:elemenname"WaterClosureSurfateype="WaterClosureSurfaceTypeubstitutonGroup="_WaterBoundarySurfate
<l-- SRR >
<xs:elemenhame"_GenericApplicationPropertyOfWaterClosureSurfag@e="xs:anyTypé abstract"true'/>

10.4.3 External code lists

The water bodies model introduces the following types, whose valid values are explicitly enumerated in an
extenal code list (cf. chaptd.6and annexC.7):

o WaterLevelType

o WaterBodyClassType

e WaterBodyFunctionType
o WaterBodyUsageType

10.4.4  Conformance requirements

Base requirements

1. For LODO and LOD1, the geometry of WaterBodymay be modelled as a linear network using
gml:MultiCurve geometry elements. In that caseclkegml:MultiCurve shall be composed of straight
line segements, where the line orientation denotes the flow direction. The flow direction is from the first
point of a line segment to its last point.

2. Starting from LOD2, the exterior shell of WaterBodymay be semantically decomposed into
_WaterBoundarySurfacelements using theoundedByproperty (typeBoundedByWaterSurfaceRro
ertyTyp¢ of WaterBodyThe boundedByproperty shall not be used if the water body is only represented
in lower LODs.

If the exerior shell is represented by an additional geometric repatisenas volume model using the
lodXSolid X € [2..4], properties ofVaterBody the WaterBoundarySurfacelements shall not exgh
itly define the geometry, but have to reference the accoslinfigce components of tigenl:Solid ele-
ment ofWaterBodywithin each LOD using the XLink concept of GML 3.1.1.

3. Each WaterBoundarySurfacelementmust have at least one associated surface geometry given by the
lodXSurfaceX e [2..4], properties of WateBoundarySurface

4. _WaterBoundarySurfacelements shall only be included as parts of correspondiaterBodyele-
ments. They may not be given as statmhe city objects within a CityGML model.

Referential integrity

5. TheboundedByroperty (typeBoundedByWatSurfaceProperty Typef the elemenWaterBodymay
contain a _WaterBoundarySurfaceelement inline or an XLink reference to a remote
_WaterBoundarySurfacelement using the XLink concept of GML 3.1.1. In the latter case, the
xlink:href attribute of theboundedByproperty may only point to a remotéNaterBoundarySurface
element (where remotéNaterBoundarySurfacglements are located in another document or elsewhere
in the same documentkither the contained element or the reference must be given, bugrnisitn
nor none.
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10.5 Transportation objects

The transportation model of CityGML is a mdfitinctional, multiscale model focusing on thematic anddun

tional as well as on geometrical/topological aspects. Transportation features are representedrasebMarka

in LODO. Starting from LOD1, all transportation features are geometrically described by 3D surfaces. The areal
modelling of transportation features allows for the application of geometric route planning algorithms. This can
be useful to determineestrictions and manoeuvres required along a transportation route. This information can
also be employed for trajectory planning of mobile robots in the real world or the automatic placement of avatars
(virtual people) or vehicle models in 3D visualisasoand training simlators. The transportation model of
CityGML is provided by the thematic extension modUtansportation(cf. chapter7).

The main class i$ransportatimComplex which represents, for example, a road, akiracrailway, or a square.
Fig. 32illustrates the four different thematic classes.

Fig. 32: Representations dfransportationComplefrom left to right: examples of road, track, rail, angiare)
(source: Rheinmetall Defence Electronics).

A TransportationComplexs composed of the pari&rafficArea and AuxiliaryTrafficArea Fig. 33 depicts an
example for a LODZranspatationComplexconfiguration within a virtual B city model. TheRoadconsists of
severalTrafficAreasfor the sidewalks, road lanes, parking lots, and\aXiliaryTrafficAreasbelow the raised
flower beds.

Traffic

area -
Auxiliary

traffic
areas

Traffic
_area

Fig. 33: Example for the representation offeansportationCanplexin LOD2 in CityGML: a road, which is the
aggregation ofrafficAreasandAuxiliaryTrafficAreas(source: City of Solingen, IGG Uni Bonn).

Fig. 34 depicts the UML diagram of the transportation model, for XMhesna definition see annéx9.
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<<ExternalCodeList>>
TransportationComplexFunctionType

<<ExternalCodeList>>
TrafficAreaFunctionType

<<Feature>>
core::_CityObject

<<ExternalCodeList>>
TransportationComplexUsageType

<<ExternalCodeList>>
TrafficAreaUsageType

<<ExternalCodeList>>
TrafficSurfaceMaterial Type

Zr <<ExternalCodeList>>

<<Feat!.|re>> ) AuxiliaryTrafficAreaFunctionType
_TransportationObject

Ay
I I

<<Feature>> <<Feature>>
TrafficArea TransportationComplex
+function : TrafficAreaFunctionType [0..*] +function : TransportationComplexFunctionType [0..*]

<<Feature>>
AuxiliaryTrafficArea
Z +function : AuxiliaryTrafficAreaFunctionType [0..*]

trafficArea auxiliaryTrafficArea

+usage : TrafficAreaUsageType [0..*] * *|+usage : TransportationComplexUsageType [0..*] +surfaceMaterial : TrafficSurfaceMaterialType [0..1]
+surf ial : TrafficSurfaceMaterialType [0..1]
*]x[x %[+ 4 * lodONetwork HEE
[ 1 v
lod1MultiSurface <<Feature>> <<Feature>> <<Geometry>>
Track Railwa) ml::GeometricComplex
lod2MultiSurface J g e
lod3MultiSurface <<Feature>> <<Feature>>
lod2MultiSurface lod4MultiSurface Road SIEe
lod3MultiSurface 0.1 lod2MultiSurface
lod4Muttisurface | %[ <<Geometry>> ! [ lod3muttisurface
gml::MultiSurface -
lod4MultiSurface

Fig. 34: UML diagram of the transportation model in CityGML. Prefixes are used to indicate XMéspages associated with model
elements. Element names without a prefix @efined within the CityGMOransportatiormodule.

The road itself is represented agmansportationComplexwhich is further subdivided intdrafficAreasand
AuxiliaryTrafficAreas The TrafficAreasare those elements, which are important in terms &fcrasage, like
car driving lanes, pedestrian zones and cycle lanesAtikdiaryTrafficAreasare describing further ehents of
the road, like kerbstones, middle lanes, and green areas.

TransportationComplexbjectscan be thematically differentiateding the subclassebrack, Road, Réavay,
and Square.Every TransportationComplexas theattributesfunction and usage referencing to extaal code
lists (chapterl0.5.4and annexC.6). The attribte functiondescribes the purpose of the object like, for example
national motorwaygountry roadpr airport, while the attributasagecan be used, if the way the object isuact
ally used differs from the function. Both attributes can occuripialtimes

In addition everyTrafficArea may have the attributefsinction usage andsurfaceMaterial The function de-
scribes, if the object may becar driving lane, a pedestrian zones, or a cycle lane, whileshgeattribute
indicates which modes of transpatibn can use it (e.g. pedestrian, car, tram, roller skates). The atsibute
faceMaterialspecifies the type of pavement and may also be usedutdaliaryTrafficAreas(e.g. asphalt, oo
crete, gravel, soil, rail, grass etc.). Thiactionattribute of tle AuxiliaryTrafficAreadefines, for example kbr
stones, middle lanes, or green areas. The possible values are also specified in external code lists.

The shape of each traffic area is defined by an area geometry. Additional metadata may be defined by using
attributes from pralefined catalogues. This affects the function of the area, the usage and surface material
definition for each area. The attribute catalogues may be custemeountryspecific. The following tables

show examples for various kinds bafficArea

Example:

Country road

Motorway entry

TransportationComplek Function

road

road

TrafficAreai Usage

car, truck, bus, taxi, motorcycle

car, truck, bus, taxi, motorcycle

TrafficAreai Function

driving lane

motorway_entry

TrafficAreai Surfa@Material

asphalt

concrete

Example: Runway of an airport Apron of an airport
TransportationCompleik Function road apron
TrafficAreai Usage aeroplane aeroplane, car, truck, bus, pstlian

TrafficAreai Function

airporti runway

airporti apron

TrafficArea’i SurfaceMaterial

concrete

concrete

78
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TransportationCompleis a subclass of TransportationObjecand of the root classCityObject The geomeir
cal representation of thEransportationComplexaries through the different levels of det&@inceTransport-
tionComplexs a subclass ofCityObjectand hence a feature, it inherits the attribgrd:name.The street name
is also stored within thgml:nameproperty of the Road feature.

In the coarsest LODO the transportation complexes are modelledébybjects establishing a linear network.

On this abstract level, path finding algorithms or similar analyses can be executed. It also can be used to generate
schematic drawings and visualisations of the transport network. Since this abstract definitaorsmdrtation

network does not contain explicit description of the transportation objects, it may be task of the viewar applic
tion to generate the graphical visualisation, for example by using a library withdsfyétions (width, color

resp. texturgfor each transportation object.

Starting from LOD1 dlransportatimComplexprovides an explicit surface geometry, reflecting the actual shape

of the object, not just its centerline. In LOD2 to LOD4, it is further subdivided thematicallyiafticAreas

which are used by transportation, such as cars, trains, public transport, airplanes, bicycles or pedestrians and in
AuxiliaryTrafficAreas which are of minor importance for transportation purposes, for example road markings,
green spaces or flower tubBhe different representations ofTaansportationComplefor each LOD are ills-

trated inFig. 35.

e
—
—_— ]
s — |
Situation LOD O LOD 1 LOD 2 -4
TransportationComplex TransportationComplex Surface geometry is devided
provides linear network provides surface geometry thematically into TrafficAreas,
with line objects describing the actual like:
—+ line objects shape of the object [] Traffic — cars
[[] TransportationComplex [ Traffic — emergency lane
(Surface geometry) [ Traffic — restricted area
[] Terrain surface [ Auxiliary - grass

Fig. 35: TransportationComplein LODO, 1, and 24 (example shows part of a motorway) (source: Rheinhi2éfénce Electronics).

In LODO areal transportation objects like squares should be modelled in the same way as in GDF, the 1SO
standard for transptation networks, which is used in most car navigation systems. In GDF a square is typically
represented aa ring surrouding the place and to which the incident roads connect. CityGML does not cover
further functional aspects of transpictn network models (e.g. speed limits) as it is intended to complement
and not replace existing standards like GDF. Howefepecific functional aspects have to be associated with
CityGML transportation object&enericAttributegp r ovi d e d b Genéds mod@eMdf. &raptet0.10

can be used. Moreover, further objects of interest caadded from other information systems by the use of
ExterndReferenceg¢see chapteB.11). For example, GDF datasets, which provide additional information for car
navigetion, can be used for simulation and visualisation of izdfbws. The values of the object attributes can

be augmented using the concept of dictionaries (see chapjeiThese directories may be ciny- or user
specific (especially for countrgpecific road signs and signals).
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Function

TrafficArea
Auxiliary
TrafficArea

footpath

cyclepath
— kerbstone

driving lane
—— road marking
driving lane
— kerbstone

footpath

green area

Fig. 36: TransporationComplexn LOD 2-4: representation of a road with a complex cross
section profile (example shows urban road) (source: Rheinmetall Defence Electronics).

The following example shows a mplex urban crossing. The picture on the left is a sstes of an editor

application for a training simulator, which allows the definition of road networks consisting of transportation

objects, external references, buildings and vegetation objects.eQiglit, the 3D representation of the defined
crossing is shown including all reénced static and dynamic models.

Fig. 37: Complex urban intersection (left: linear transportation network with surface descriptions and estereates,
right: generated scene)p(gce: Rheinmetall Defence Electronics).

XML namespace

The XML namespace of the CityGMLransportationmodule is identified by the Uniform Resource Identifier
(URI) http://lwww.opengis.net/citygml/transportation/1.0itkih the XML Schema definition of th€ranspora-
tion module, this URI is also used to identify the default namespace.

10.5.1 Transportation complex

AbstractTransportationObjectType, _TransportationObject
<xs:complexTypaame"AbstractTransportationObjectTypebstract"true'>

<xs:complexContemnt
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<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfTransportationObjetinOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extension
</xs:complexContept
<Ixs:complexType
= >
<xs:elemenname"_TransportationObjettype="AbstractTransportationObjectTypeubstitutionGroug"core:_CityObject>
<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfTransportationObjegpe="xs:anyTyp& abstract"true'/>

_TransportationObjectepresents the abstract supass for transportation objects. Future extensions of the
CityGML transportation model shall be modelled as subclasses of this class.

TransportationComplexType, TransportationComplex

<xs:complexTyperame="TransportationComplexTyfje
<xs:complexContemt
<xs:extensiorbase"AbstractTransportationObjectTyjpe
<xs:sequence
<xs:elemenhame="function' type="TransportationComplexFunctionTypeinOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame="usagé type="TransportationComplexUsageTypainOccurs="0" maxOccurs"unboundet{>
<xs:elemenhame="trafficAred' type="TrafficAreaProperty TypeminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="auxiliaryTrafficAred type="AuxiliaryTrafficAreaPropertyTypeminOccurs"0" maxOccurs"unboundet/>
<xs:elemenhame="lodONetworK type="gml:GeometricComplexProperty TypsinOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenercApplicationPropertyOfTransportationComplexinOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType

<I-- >
<xs:elemenname"TransportationCompléxype="TransportationComplexTypesubstittionGroup="_TransportationObjett
<I-- >

<xs:elemenhame"_GenericApplicatioRropertyOfTransportationComplek/pe="xs:anyTyp& abstract"true'/>

This type and element describes transportation complexes like roads or railways which may be aggregated from
different thematic components (traffic areas, e.g. pedestrian path, andrguxdffic areas). As a subclass of
_CityObject TransportationComplexinherits all attributes and relations, in particular an id, names, external
references, and generalisation relations. Furthermore, it represents the superclass fatlyedistirct types

of transportation complexes.

10.5.2  Subclasses of transportation complexes
TrackType, Track

<xs:complexTypename"TrackTypé&>
<xs:complexContert
<xs:extensiorbase"TransportationComplexType
<xs:sequence
<xs:elementef="_GenericApplicabnPropertyOfTrackminOccurs"0" maxCccurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<I=- >
<xs:elemenname"TracK' type="TrackTypé substitutonGroup="TransportationComplék>
<l-- >
<xs:elemenname"_GenericApplicationPropertyOfTratkype="xs:anyTypé atstract="true'/>

A Trackis a small path mainly used by pedestrians. It is a subclagme$portationCompleand thus inherits
all its attributes and relations.
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RoadType, Road

<xs:complexTyperame"RoadTypé&>
<xs:complexContent
<xs:extensiorbase"TransportationComplexfpe'>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfRoachinOccurs"0" maxCccurs="unboundet>
</xs:sequence
</xs:extensior
</xs:complexContemnt
<Ixs:complexType

<|== >
<xs:elemenhame"Road type="RoadTypé substitutonGroup="TransportationCompléx>
== >

<xs:elementhame"_GenericApplicatioRropertyOfRoattype="xs:anyTypé abstract="true'/>

Roadis intended to be used to represent transportation features that are mainly used by vehicles like cars, for
example streets, motorways, and country roads. It is a subcl@ssnsportationCompleand thus inherits all its
attributes and retions.

RailwayType, Railway

<xs:complexTyperame"Railway Typ&>
<xs:complexContemt
<xs:extensiorbase"TransportationComplexType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfRailwayninOccurs"0" maxCccurs="unboundetf>
<Ixs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType
<I-- >
<xs:elemenhame"Railway' type="RailwayType" substituionGroup="TransportationComplék>
<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfRailwayype="xs:anyTyp# abstract="true'/>

Railwayrepresert routes that are utilised by rail vehicles like trams or trains. It is a subcl@ssnsportation-
Complexand thus inherits all its attributes ancetigns.

SquareType, Square

<xs:complexTypeame"SquareTyp&>
<xs:complexContemnt
<xs:extensiorbase&"TransportationComplexType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfSquaneinOccurs"0" maxCccurs="unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType

== >
<xs:elemennhame="Squaré type="SquareTypesubstitutonGrouE"TransportationComplék>
== >

<xs:elanentname="_GenericApplicationPropertyOfSqudrgpe="xs:anyTypé abstract="true'/>

A Squareis an open area commonly found in cities (e.g. a plaza, market square). It is a subClassmira-
tionComplexand thus inherits all its attributes and relatio

10.5.3  Subdivisions of transportation complexes
TrafficAreaType, TrafficArea

<xs:complexTypeame="TrafficAreaType&>
<xs:complexContent
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<xs:extensiorbase"AbstractTransportationObjectType
<xs:sequence
<xs:elemenhame="usage type="TrafficAredJsageType minOccurs"0" maxCccurs="unboundet!>
<xs:elemenhame="function' type="TrafficAreaFunctionTypeéminOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame="surfaceMateridltype="TrafficSurfaceMaterial TypeminOccurs="0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfTrafficAreaninOccurs"0" maxOccurs"unboundety>
</xs:sequence
</xs:extension
</xs:complexContemnt
<Ixs:complexType

= >
<xs:elemenname="TrafficAred' type="TrafficAreaTyp€ substitutonGroup"_TransportationObjett
<l-- >

<xs:elementhame"_GenericApplicatiaPropertyOfTrafficAreatype="xs:anyTypé atstract="true'/>

AuxiliaryTrafficAreaType, AuxiliaryTrafficArea

<xs:complexTyperame="AuxiliaryTrafficAreaType>
<xs:complexContemt
<xs:extensiorbase"AbstractTransportationObjectType
<xs:sequence
<xs:elemenhame="function' type="AuxiliaryTrafficAreaFunctionTyp& minOccurs="0" maxOccurs"unboundet{>
<xs:elemenhame="surfaceMateridltype="TrafficSurfaceMaterial TypeminOccurs="0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenericApplicatioRropertyOfAuxiliary TrafficAred minOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemnt
</xs:complexType

<l-- >
<xs:elemenname="AuxiliaryTrafficArea" type="AuxiliaryTrafficAreaTyp€ substituionGroug"_TransportationObjett
<I-- >

<xs:elemenname"_GenericApplicationPropertyOfAuxdryTrafficAred' type="xs:anyTypé abstract"true'/>

10.5.4 External code lists

The transportation model introduces the following types, whose valid values are explicitly enumerated in an
extenal code list (cf. chaptd.6and annexC.6):

e TransportationComplexFunctionType
e TransportationComplexUsageType
o TrafficAreaFunctionType

o TrafficAreaUsageType

¢ AuxiliaryTrafficAreaFunctionType

e TrafficSurfaceMaterialType

10.5.5 Conformance requirements

Base requirements

1. For LODO, the geometry of @&ransportationComplezhall be modelled using GML line objects repr
senting the centerline of the transportation complex. The line objects shall establish a linear network.
Thus, thelodONetworkproperty (typegml:GeometricComplexPrapty Typé of the elemenTranspa-
tationComplexmay only contain or reference an appropriate curve geometry element.

2. Starting from LOD2, therafficArea property (typeTrafficAreaPropertyTypeas well as thauxiliary-
TrafficAreaproperty (typeAuxiliaryTrafficAreaProperty Typeof the elemenfransportationComplex
may be used. These properties shall not be used if the transportation complex is only represented in
lower LODs.
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Referential integrity

84

3.

The trafficArea property (typeTrafficAreaPropertyTypeof the elemenfTransportationComplexnay
contain aTrafficAreaelement inline or an XLink reference to a remotafficAreaelement using the
XLink concept of GML 3.1.1. In the latter case, timk:href attribute of thetrafficArea property may
only point b a remotelrafficAreaelement (where remofErafficAreaelements are located in another
document or elsewhere in the same documéithier the contained element or the reference must be
given, but neither both nor none.

The auxiliaryTrafficAreaproperty(type: TrafficAreaProperty Typeof the elemenTransportationCn-
plexmay contain aruxiliaryTrafficAreaelement inline or an XLink reference to a reméiexiliary-
TrafficAreaelement using the XLink concept of GML 3.1.1. In the latter caselithiehref attribute of

the auxiliaryTrafficAreaproperty may only point to a remogeauxiliaryTrafficAreaelement (wheree-

mote AuxiliaryTrafficAreaelements are located in another document or elsewhere in the same doc
ment).Either the catained element or the refarce must be given, but neither both nor none.
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10.6 Vegetation objects

Vegetation features are important components of a 3D city model, since they support the recognition of the
surrounding environment. By the analysis and visualisation of vegetationlgatements on their distib

tion, structure and diversification can be made. Habitats can be analysed and impacts on the fauna-can be d
rived. The vegetation model may be used as a basis for simulations of, for example forest fire, urban aeration or
micro climate. The model could be used, for example to examine forest damage, to detect obstacles (e.g. co
cerning air traffic) or to perform analysis tasks in the field of environmentalgtigrie The vegetation model of
CityGML is defined by the thematextension modul¥egetation(cf. chapter?).

The vegetation model of CityGML distinguishes between solitary vegetation objects like trees and vegetation
areas, which represent biotopes like forests or other plant commufitie88). Single vegetation objects are
modelled by the clasSolitaryVegetationObjgécwhile for areadilled with a specific vegetatiothe classPlant-

Coveris used. The geometry representation d?lantCoverfeature may be a MiiSurface or a MultiSolid,
depending on the vertical extent of the vegetation. For exaregéeding forests, a MultiSolid representation
might be more appropriat&he UML diagram of the vegetation model is depicteéim 39, for XML schema
definition see below and annéx10.

SolitaryVegetationO ject

PlantCover
(MultiSolid)

Fig. 38 Example for vegetation objects of the clasSektaryVegetationObjeand
PlantCover(graphic: District of Recklinghausen).

A SolitaryVegetationObjecmay have the attributeslass species, function, heightrunkDiameter and
crownDiameter The attributeclasscontains the coarse classification of the objegtlant habit e.g.tree, bush,

grass, and can occur only once (se¢ernal code list in chaptdi0.6.4and annexC.5). The attributespecies
defines the speci esd nandmoanoccurarmos ange @iteenal Boldlistenghaal b a o,
ter 10.6.4and annexC.5). The hierarchy betweetlassandspeciess not reflected in the external code lists, thus
inconsistacies have to be checked by application todlse optional attributéunctiondendes the purpose of

the object, for example botaxal monument, and can occur multiple tim&be attributeheight containsthe

relative height of the object. The attribute®wnDiameterand trunkDiameterrepresent the plant crown and

trunk diameter respéeely. The trunk diameter is often used in regjoins of municipal cadastre (e.g. tree
management rules).

A PlantCoverfeature may have the attributekass, functionand averageHeight The plant community of a
PlantCoveris repesented by the attributdass.The values of this attribute are enumerated in an external code
list (cf. chapterl0.6.4and annexXC.5), where each value describes not only one plant type or species, but denotes
a typical mixture of plant types in a plant community. This information can be used in particular to generate
realistic 3D visualisations, where tRéantCoverregion is automatically, perhaps randomly, filled with a eorr
sponding mixture of 3D plant object§he atribute functionindicates the purpose of the object, for example
national forest, and can occur multiple tim&be attributeaverageHeightlenotes the average relative veget

tion height.
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Since bothSolitaryVegetationObjeand PlantCoverare CityObjects they inherit all attributes of a city object,
in paticular a namedml:name)and anExternalReferencéo a corresponding object in an external information
system, which may contain botanical information from publiaremwmental agencies (see cha@éed).

<<Geometry>> 0.1
gml::_Geometry
<<Object>> 0..
core::ImplicitGeometry

lod1Geometry

<<Feature>>
core::_CityObject
/\

<<Feature>>
_VegetationObject
/\

<<ExternalCodeList>>
PlantClassType

<<ExternalCodeList>>
PlantFunctionType

<<ExternalCodeList>>
SpeciesType

<<ExternalCodeList>>
PlantCoverClassType

<<ExternalCodeList>> |

PlantCoverFunctionType

lod2Geometry

<<Feature>>
SolitaryVegetationObject

lod3Geometry

<<Feature>>
PlantCover

lod1MultiSurface

lod2MultiSurface

+class : PlantClassType [0..1]

lod4Geometry

lod1ImplicitRepresentation

*

lod2ImplicitRepresentation

*

lod3ImplicitRepresentation

*

lod4ImplicitRepresentation

*

function : PlantFunctionType [0..*]
+species : SpeciesType [0..1]

+height : gml::LengthType [0..1]
+trunkDiameter : gml::LengthType [0..1]
+crownDiameter : gml::LengthType [0..1]

+class : PlantCoverClassType [0..1]

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

lod3MultiSurface

0.1 <<Geometry>>
gml::MultiSurface

+function : PlantCoverFunctionType [0..*] x

lod4MultiSurface

lod1MultiSolid

lod2MultiSolid

- <<Geometry>>
gml::MultiSolid

lod3MultiSolid

Fig. 39: UML diagram of vegetation objects in CityGML. Prefixes are used to indicate XMlespaues associated with model elements.
Element names without a prefix are defined within the CityGkéetationmodule.

The geometry of &olitaryVegetationObjeghay be defined in LOD-2 explicitly by a GML geometry héng

absolute coordinates, or prototypically by kmplicitGeometry(see chapteB.2). Solitary vegetation obgts

probably are one of the most important features where implicit geometries are appropriate, since the shape of the
most types of vegetation objects, such as trees of the same species, can be treated as identical in most cases.
Furthermore, season dependl appearances may by mapped usmglicitGeometriesFor visualisation pu

l'i brary

poses,
Fig. 40).

onl vy

t he

content

of t he

object defini

Fig. 40: Visualisation of a vegetation object in different seasons (source: District of Recklinghausen).

A SolitaryVegetationObjeatr a PlantCovermay have a different geometry in each LOBhereas &olitary-
VegetationObjecis associated with theGeomety class representing an arbitrary GML geometry (by the
relationlodXGeometry X e [1..4]), aPlantCoveris restricted to be either MultiSolid or a MultiSurface.An

example of @lantCovermodelled adMultiSolidi s sobd fake s t

86

mseakig. 116
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Fig. 41: Example for the visualisation/modelling of a solid forest (source: District of Recklinghausen).

XML namespace

The XML namespace of the CityGMegetatiormodule is identified by the&lniform Resource Identifier (URI)
http://www.opengis.net/citygml/vegetation/1.0. Within the XML Schema definition ofvVibgetationmodule,
this URI is also used to identify the default namespace.

10.6.1  Vegetation object

AbstractVegetationObjectType, _Vegetatio®bject

<xs:complexTypename="AbstractVegetationObjectTypebstract"true'>
<xs:complexContent
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfVegetationObjectinOccurs"0" maxOccus="unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

S5 >
<xs:elemenhame"_VegetationObjetttype="AbstractVegetationObctTypé substitutonGroup="core:_CityObjec¥>
<I-- >

<xs:elemennhame"_GenericApplicationPropertyOfVegetationObjegipe="xs:anyTypé abstract"true'/>

10.6.2  Solitary vegetation objects

SolitaryVegetationObjectType, SolitaryVegetationObject

<xs:complexTypename="SolitaryVegetationObjectTye
<xs:complexContemnt
<xs:extensiorbase"AbstractVegetationObjectTy{e
<xs:sequence
<xs:elemenhame="clas$ type="PlantClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="PlantFunctionTypeminOccurs"0" maxCccurs="unboundedf>
<xs:elemenhame="specie% type="SpeciesTypeminOccurs"0"/>
<xs:elemenhame="height' type="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="trunkDiametet type="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="crownDiametel type="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="lod1Geometry type="gml:GeometryProperty TyieninOccurs="0"/>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TyfeninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod1ImplicitRepresentatidnype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod2ImplicitRepresentatidnype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod3ImplicitRepresentatidnype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod4ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfSolitaryVegetationObjecinOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContemnt
</xs:complexType
<l-- >
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<xs:elemennhame="SolitaryVegetationObjettype="SolitaryVegetationObjectTypesibstitutionGroug"_VegetationObjett>
<l-- >

<xs:elemennhame"_GenericApplicationPropertyOfSolitaryVegetationObjegpe="xs:anylype' abstract"true'/>

10.6.3  Plant cover objects

PlantCoverType, PlantCover

<xs:complexTyperame"PlantCoverTyp&
<xs:complexContemt
<xs:extensiorbase"AbstractVegetationObjectTyfe
<xs:sequence
<xs:elemenhame="clas$ type="PlantCoverClassTyg minOccurs"0"/>
<xs:elemenhame="function' type="PlantCoverFunctionTypeninOccurs"0" maxOccurs"unboundet!>
<xs:elemenhame"averageHeighttype="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfacé>roperty Typ& minOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1MultiSolid" type="gml:MultiSolidProperty Typ& minOccurs="0"/>
<xs:elemenhame="lod2MultiSolid" type="gml:MultiSolidProperty Typ& minOccurs="0"/>
<xs:elemenhame="lod3MultiSolid" type="gml:MultiSolidProperty Typ& minOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfPlantCoVeninOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="PlantCovet type="PlantCoverTypésubstituionGroug"_VegetationObjett>
<I-- -->

<xs:elemenname"_GenericApplicationPropertyOfPlantCoVeéype="xs:anyTypé abstrac&="true'/>

10.6.4 External code lists

The vegetation model introduces the following types, whose valid values are explicitly enumerated imah exte
code list (cfchapter6.6 and annexC.5):

e PlantClassType

e PlantFunctionType

e SpeciesType

e PlantCoverClassType

¢ PlantCoverFunctionType

10.6.5 Example CityGML dataset

The following two excerpts of a CityGML dataset contaisoéitary tree $olitaryVegetationObjecBind a plant
community (PlantCove}. The solitary tree has the attributetass= 1070 (deciduous tree}pecies= 1040
(Fagus/beechheight= 8 m, trunkDiameter= 0.7 m,crownDiameter= 8.0 m. The plant communitiyas the
attributes:class=1180 (isoetenanojunceteagverageHeight 0.5 m.

<SolitaryVegetationObjeet
<clas$1070</class
<species1040</species
<heightuonm="#m">8</height
<trunkDiametemuon+"#m">0.7</trunkDiameter
<crownDiameteuon="#m'">8</crownDiameter
<lod1lIimplicitRepresentation
<core:ImplicitGeometry
<core:mimeTypel010</core:mimeType
<core:libraryObjecturn:sig3d:tree.wr/core:libraryObject
<core:referencePoint
<gml:PointsrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466:EPSG:6.12:5783
<gml:possrsDimensior"3">5733690.578 2571129.123 68/6ml:pos>
</gml:Point-
</core:referencePoint
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</core:ImplicitGeometry
</lod1lImplicitRepresentation
</SolitaryVegetationObjeet

<PlantCover
<clas$1180</class
<averageHeightion="#m">0.5</averageHeight
<lod1MultiSurface
<gml:MultiSurface>
<gml:surfaceMember
<gml:PolygonsrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12'5783
<gml:exteriop
<gml:LinearRing
<gml:possrdDimensiorF"3">5733806.146 2571329.227 68/6ml:pos>
<gml:possrsDimensior"3">5733754.782 2571387.011 68/6ml:pos>
<gml:possrsDimensior"3">5733674.527 2571374.170 68/6ml:pos>
<gml:possrsDimensior"3">5733670.246 2571274.653.68/gml:pos>
<gml:possrsDimensior"3">5733764.413 2571243.621 68/6ml:pos>
<gml:possrsDimensior"3">5733806.146 2571329.227 68/6ml:pos
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
</gml:MultiSurface
é
</lod1MultiSurface
</PlantCover

10.6.6  Conformance requirements

Referential integrity

e ThelodXImplicitRepresentatignX e [1..4], property (typecore:ImplicitRepresentationProperty Ty)pe
of the elementSolitaryVegetationObjecinay contain acore:ImplicitGeometryelement inline or an
XLink reference to a remoteore:ImplicitGeometrelement using the XLink concept of GML 3.1.1. In
the latter case, thdink:href attribute of thdodXImplicitRepresentatignX < [1..4], property may only
point to aremotecore:ImplicitGeometryelement (where remoteore:ImplicitGeometryelements are
located in another document or elsewhere in the same docuiBihéy. the contained element or the
reference must be given, butitiher both nor none.
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10.7 City furniture

City furniture objects are immovable objects like lanterns, traffic lights, traffic signs, flower buckets, advertising
columns, benches, delimitation stakes, or bus stBjus 42, Fig. 43). City furniture objects can be found in
traffic areas, residential areas, on squares or in-bpitireas. The modelling of city furniture objects is used for
visualisation of, for example city traffic, but also for analysing local structural conditions. The recognfitio
special locations in a city model is improved by the use of these detailed city furniture objects, and the city
model itself becomes more alive and animated. The city furniture model of CityGML is defined by the thematic
extension modul€ityFurniture (cf. chapter7).

City furniture objects can have an important influence on simulations of, for example city traffic situations.
Navigation systems can be realised, for example for visually handicapped people using égtrati louting

target. Or city furiture objects are important to plan a heavy vehicle transportation, where the exact position and
further conditions of obstacles must be known.

Fig. 42 Real situation showing a bus stgft). The advertising billboard and the refuge are modelle@itgEurniture objects in
the right image (source: 3D city model of Bankerg).

Fig. 43: Real situation showing lanterns and delimitation stakes (left).elright image they are modelled @gyFurniture
objects withimplicitGeometriegsource: 3D city model of Barkberg)

The UML diagram of the city furniture model is depicted-ig. 44, for XML schema definitiorsee below and
annexA.4.

The classCityFurniture may have the attributadassand function Their possible values are specified in the
respective external code lists (chaptér7.2and annexC.2). Theclassattribute allows an object clagsition
like traffic light, traffic sign, delimitation stake, or garbage can, and can occur only oncéunthienattribute
describes, to which thematic area the city furniturecibelongs (e.g. transportation, traffic regulation, iarch
tecture etc.), and can occur multiple times. The hierarchy betwkess and function is not reflected in the
external code lists. Incsistencies have to be checked by the application tools.
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<<ExternalCodeList>>
CityFurnitureClassType

<<ExternalCodeList>>
CityFurnitureFunctionType

* lod1Terrainlntersection

lod2Geometry %

<<Feature>>
CityFurniture

* lod2TerrainIntersection

<<Geometry>> 5
gml::_Geometry 01

lod4Geometry *

lod3Geometry . +c|ass_: CityFurnitufeClassTy;_)e [0..1]
+function : CityFurnitureFunctionType [0..*]

lod3TerrainIntersection >1

<<Geometry>>
gml::MultiCurve

* lod4TerrainIntersection

lod1lImplicitRepresentation

lod2ImplicitRepresentation

lod3ImplicitRepresentation

lod4ImplicitRepresentation

—>] core::ImplicitGeometry
0..1]

<<Object>>

Fig. 44: UML diagram of city furniture objects in CityGML. Prefixes are used to indicate XMLespates associated with model elements.
Element names without a prefix are defined within the CityGBlyFurniture module.

Since CityFurniture is a subclass ofCityObjectand hence is a feature, it inherits the attritgrd:name.As

with any CityObject CityFurniture objects may be assignétkternalReferenceff. chapter6.7) and may be
ng CiGene@¥hbdule (cf. chaptet0.10. For ExternalReferences

augmented bysenericAtributesu s i

city furniture objects can have links to external thematic databases. Thereby, semanticationfoomthe

objects, which can not be modellen CityGML, can be transmitted and used in the 3D city model for further
processing, for example information from systems of powerlines ainmg, traffic sign cadaster, or water

resources for disaster management.

City furniture objects can be repegged in city models with their specific geometry, but in most cases the same
kind of object has an identical geometry. The geomet@ityf-urniture objects in LOD 14 may be remsented

by an explicit geometrylddXGeometrywhere X is between 1 and 4) @n ImplicitGeometryobject {odXIm-

plicitRepresentatiowith X between 1 and 4)n the concept ofmplicitGeometrythe geometry of a prototype

city furniture object is stored only once in a local coordinate system and referenced by a number of features (s
of city furniture
in Germany) or from public and private external information systems.

chapter8.2) . Spati al

nfor mat.i

on

objects

In order to specify the exact intersectiof the DTM with the 3D geometry of a city furniture objdabe latter
can have derrainintersectionCurvgTIC) for each LOD (cf. chapte8.5). This allows for ensuring a smooth
trangtion between the DTM and the city funmie object.

XML namespace

The XML namespace of the CityGMCityFurniture module is identified by the Uniform Resource Identifier

(URI) http://lwww.opengis.net/citygml/cityfurniture/1.0. Within the XML Schema definition ofGhgFurniture

module, this URIis also used to identify the default namespace.

10.7.1  City furniture object
CityFurnitureType, CityFurniture

<xs:complexTyperame="CityFurniture Typ&>
<xs:complexContemt

<xs:extensiorbase"core:AbstractCityObjectType

<xs:sequence

<xs:elemenhame="clas$ type="CityFurnitureClassTygeminOccurs"0"/>

<xs:elemenhame="function' type="CityFurnitureFunctionTypgeminOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame="lod1Geometry type="gml:GeometryPropertyTypeninOccurs="0"/>
<xs:elemehname"lod2Geometry type="gml:GeometryProperty TypieninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryPropertyTypeninOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryPropertyTypeninOccurs="0"/>
<xs:elemenhame="lod1TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
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<xs:elemenhame="lod2TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1ImplicitRepresentatidnype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame"lod2ImpicitRepresentatiohtype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod3ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod4ImplicitRepresentatidnype="core:ImplicitRepresentationProperty TypeinOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfCityFurnitireninOccurs"0" maxOccurs"unboundedf>
</xs:sequence
</xs:extensior
</xs:complexContepnt
</xs:complexType

<I-- >
<xs:elementhame"CityFurnituré' type="CityFurnitureTypé substituionGrou="core:_CityObject>
<l-- ==

<xs:elemennhame"_GenericApplicationPropertyOfCityFurnituré/pe="xs:anyTyp& abstract"true'/>

10.7.2  External code lists
The city furniture model introduces the following types, whose valid values are explicitly enumerated in an
extenal coddist (cf. chapte6.6 and annexC.2):

e CityFurnitureFunctionType

e CityFurnitureClassType

10.7.3 Example CityGML dataset

The following example of a CityGML dataset is an extract of the modelling of a dalionitstake in LOD3 and
contains the attributeslass= 1000,function= 1520 (delimitation stake). The delimitation stake with the object
ID stake0815s referencing byurn:adv:oid:DEHE12340000700fo an cadastre object in the German ALKIS
dagbase (wwwadw-online.de).

This example shows the geometryGifver Surfac€on the top of the stakend of the lefSurface lef(Fig. 45).
The Cover Surfacénas the material (color) white and tBerface lefhas the texturstake.gifwith the relevant
texture coordinates.

Cover Surface

-3

Surface left

Textur
stake.gif

Fig. 45: Example of a simple city furniture object (source: District of Recklinghausen).

<!-- delimitation stake in LOD3->
<CityFurnituregml:id="stake0815>
<core:externalReferenee
<coreinformationSystemhttp://www.advonline.de/core:informationSystem
<I-- Reference to ALKIS->
<core:externalObjeet
<core:urpurn:adv:oid:DEHE12340000708kore:urb
<!I-- ALKIS Object ID-->
</core:externalObjezt
</core:externalReferenee
<app:appearance
<app:Appearance
<app:surfaceDataMembrer
<app:X3DMateriak
<app:ambientIntensity0.4</app:ambientintensity
<app:diffuseColor1.0 1.0 1.8/app:diffuseColor
<app:target#cover/app:target
</app:X3DMateriab
</app:surfaceDataMember
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<app:surfaceDataMembrer
<app:ParameterizedTexture
<app:imageURtstake.gik/app:imageURt
<app:textureTypetypicak/app:textureType
<app:targetiri="#surfLeft’>
<app:TexCoordList
<app:texture@ordinatesing="#surfLeft_ring1>
0.000 0.000 1.000 0.000 1.000 1.000 0.000 1.000 0.000 0.000
</app:textureCoordinates
</app:TexCoordList
</app:target
</app:ParameterizedTextere
</app:surfaceDataMember
</app:Appeaance>
</app:appearance
<clas$1000</class
<I-- 1000 = traffic -->
<functior>1520</functior>
<I-- 1520 = delimitation stake->
<lod3Geometry
<I--Stake 0.06x0.06x1-2>

<gml:SolidsrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12578

<gml:exteriopr
<gml:CompositeSurface
<gml:surfaceMember
<gml:Polygongml:id="covet>
<gml:exteriopr
<Il-- CoverSurface-->
<gml:LinearRing
<gml:pos>5733500.060 2572400.060 61.209ml:pos>
<gml:pos>5733500.060 2572400.000 61.206ml:pos>
<gml:pos>5733500.000 2572400.000 61.209ml:pos>
<gml:pos>5733500.000 2572400.060 61.206ml:pos>
<gml:pos>5733500.060 2572400.060 61.209ml:pos>
</gml:LinearRing
</gml:exterior
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="surfLeft">
<gml:exteriopr
<l-- Surface left-->
<gml:LinearRinggml:id="surfLeft_ringl>
<gml:pos>57335®.060 2572400.000 60.08@ml:pos>
<gml:pos>5733500.000 2572400.000 60.809ml:pos>
<gml:pos>5733500.000 2572400.000 61.209ml:pos>
<gml:pos>5733500.060 2572400.000 61.209ml:pos>
<gml:pos>5733500.060 2572400.000.600</gml:pos>
</gml:LinearRing
</gml:exterior
</gml:Polygor»
</gml:surfaceMember

</gml:CompositeSurface
</gml:exterior
</gml:Solid>
</lod3Geometry
</CityFurniture>

10.7.4  Conformance requirements

Referential integrity

OGC08-007r1

e ThelodXImplicitRepresentatignX e [1..4], property (typecore:ImplicitRepresentationProperty Ty)pe
of the elemenCityFurniture may contain acore:ImplicitGeometryelement inline or an XLink refe
ence to a remoteore:ImplicitGeometryelement usig the XLink concept of GML 3.1.1. In the latter
case, thlink:hrefattribute of thdodXImplicitRepresentatigniX < [1..4], property may only point to a
remotecore:ImplicitGeometryelement (where remoteore:ImplicitGeometryelements are located in

anaher document or elsewhere in the same documEiitjer the contained element or the reference

must be given, but neither both nor none.
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10.8 Land use

LandUseobj ect s describe areas of the earthods sudthbace dec
represent parcels in 3CFig. 46 shows the UML diagram of land use objects, for the XML schema definition see
chapter10.8.1and anneXA.7. The land use model of CityGML is provided by the thematic extension module
LandUse(cf. chapter?).

<<Feature>>
core:: CityObject

ZF <<ExternalCodeList>>
lodOMultiSurface LandUseClassType
<<Feature>> N -

LandUse lod1MultiSurface <<ExternalCodeList>>
+class : LandUseClassType [0..1] * ; 0.1 LandUseFunctionType
+function : LandUseFunctionType [0..*] " lod2MultiSurface <fGe0rT1etry>>
+usage : LandUseUsageType [0..4] lod3MultiSurface aml:MultiSurface <<ExternalCodeList>>

. ) LandUseUsageType
lod4MultiSurface

Fig. 46: UML diagram of land use objects in CityGML. Prefixes are used to indicate XMespamesssociated with model elements.
Element names without a prefix are defined within the CityGMbhdUsemodule.

EveryLandUseobject may have the attributelass function andusage Theclassattribute is used to represent

the classification of land ussbjects, like settlement area, industrial area, farmland etc., and can occur only once.
The possible values are specified in an external code list (see @i3exX he attributefunction defines the
purpose of the object, like.g. cornfieldwhile the attributeusagecan be used, if the way the object is actually
used differs from the function. Both attributes can occur multiple times

The LandUseobject is @fined for all LOD G4 and may have different geometries in any LABe surface
geometry of dandUseobject is required to have 3D coordinate values. It must be a GiMIlBBSurface which

mi ght be assigned appearance properties |ike textures
9).
LandUseo bj ect s can be employed to establish a coherent g

In this case topological relations between neighbourangdUseobjects should be made explicit by defining the
boundaryLineStringsonly once and by referencing them in the correspon@alygonsusing XLinks (cf.

chepter 8.1). Fig. 47 shows a land use tesselation, where the geometries of the land use objects are represented as
triangulated surfaces. In fact, they are the result of a constrained triangulation of a DTM with consideration of
breaklines defined by a 2D vector map of land use classifications.

Fig. 47: LODO regional modeconsisting of land use objects in CityGML (source: IGG Uni Bonn).

94 Copyright © 2008 Open Geospatial Consortium,



OGC08-007r1

XML namespace

The XML namespace of the CityGMlLandUsemodule is identified by the Uniform Resource Identifier (URI)
http://www.opengis.net/citygml/landuse/1.0. Within the XML Schemandtafn of the LandUsemodule, this
URI is also used to identify the default namespace.

10.8.1 Land use object
LandUseType, LandUse

<xs:complexTyperame"LandUseTypé&>
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="LandUseClassTypeninOccurs"0"/>
<xs:elemenhame="function' type="LandUseFunctionTypeminOccurs"0" maxCccurs="unboundet{>
<xs:elemenhame="usage type="LandUseUsageTypeninOccurs"0" maxCccurs="unboundetf>
<xs:elemenhame="lodOMultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfLand&'sminOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContemnt

</xs:complexType

<l-- >

<xs:elemenhame"LandUsé type="LandUs&ype' substitutonGroup="core:_CityObject>

<I-- >

<xs:elemenname"_GenericApplicationPropertyOfLandUsg/pe="xs:anyTypé& abstract="true'/>

10.8.2 External code lists

The land use model introduces the following types, whose valid values are explicitly enumerated imah exte
code list (cf. chapteB.6 and annexC.3):

e LandUseClassType
e LandUseFunctionType
e LandUsUsageType

10.8.3 Conformance requirements

Base requirements

e Thegml:MultiSurfacegeometry element representing the geometry lodiradUseobject must be given
with 3D coordinate values within each LOD.
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10.9 City object groups

The grouping concept has already béatnoduced in chapte6.8. CityObjectGroupsare modelled using the
Composite Design Pattefnrom software engineering (cf. Gamma et al. 199G}yObjectGroupsaggegate
CityObjectsand futhermore are definegs speciaCityObjects This implies that a group may become a member

of another group realizing a recursive aggregation schema. However, in a CityGML instance document it has to
be ensured (by the generating application) that no cyclic groupings ardeddhig. 48 shows the UML di-

gram for the clas€ityObjectGroup,for the XML schema see annéx5. The grouping concept of CityGML is
defined by the thematic extensimmoduleCityObjectGroup(cf. chaptef7).

<<Feature>>
core::_CityObject

parent 0..1 0..*/|* groupMember

Role

+role : xs::string [1]

* -

<<Feature>>
CityObjectGroup
+class : xs::string [0..1] .
+usage : xs:string [0..%] 0.1 <<Geometry>>
+function : xs::string [0..*] gmi::_Geometry

geometry

Fig. 48: UML diagram of city object groups in CityGML. Prefixes are used to indicate XMLespates associated with model elements.
Element names without a prefixe defined within the CityGMCityObjectGroupmodule.

The clas<LityObjectGrouphas the optional attributetass, functiorandusagen contrast to the other thematic
classes, no code lists adefined for these attributes, because the reasons fopiggsucan not completely be
foreseen. Thelassattribute allows a group classification with respect to the stated function and may occur only
once. Theunctionattribute is ntended to express the main purpose of a group, possibly to which thematic area
it belongs (e.g. site, building, transportation, arafites, unknown etc.JThe attributeusagecan be used, if the

way the object is actually used differs from the function. Both attributes can occur multipleEsmsbsmember

of a group may be qualéd by arole name, reflecting the role ea€lityObjectplays in the cotext of the group.
Furthermore, &ityObjectGroupcan @tionally be assigned an arbitrary geometry object from the GML3 subset
shown inFig. 8 in chapter8.1 This may be used to represent a generalised geometry generated fronmthe me
bers geordries.

The parent association linkingGityObjectGroupto a CityObjectallows for the modelling of a generic hiera
chical grouping concept. &ined aggregations of components (CityObjects) can be added to specific CityObjects
considered as the parent object. The parent association links to tlegeaggwhile the parts are given by the
group members. This concept is used, for example, to represereys in buildings (see sectid®.3.6
Modelling building storeys using CityObjectGrolips

XML namespace

The XML namespace of the CityGMCityObjectGroupmodule is identified by the Uniform Resae Identifier
(URI) http://www.opengis.net/citygml/cityobjectgroup/1.0. Within the XML Schema definition ofCihgOb-
jectGroupmodule, this URI is also used to identify the default namespace.

10.9.1 City object group
CityObjectGroupType, CityObjectGroup

<xs:mmplexTypename="CityObjectGroupType>
<xs:complexContent
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
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<xs:elemenhame="clas$ type="xs:string minOccurs"0"/>
<xs:elemenhame="function' type="xs:string minOccurs"0" maxOccurs="unboundet>
<xs:elemenhame="usagé type="xs:string minOccurs"0" maxCccurs="unboundetf>
<xs:elemenhame="groupMember type="CityObjectGroupMemberTygeninOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame"parent type="CityObjectGroupParentTygeminOccurs"0"/>
<xs:elemenhame="geometry type="gml:GeometryPropertyTypeninOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfCityObjectGrduminOccurs"0" maxOccurs"unboundedf>
</xs:sequence
</xs:extensior
</xs:complexContemt
</xs:complexType
<l-- >
<xs:elemenname="CityObjectGrouf type="CityObjectGroupTypésubstituionGroup="core:_CityObject>
= >
<xs:elemennhame"_GenericApplicationPropertyOfCityObjectGrougype="xs:anyTypé abstract"true'/>
<l-- ->
<xs:complexTyperame="CityObjectGroupMemberType
<xs:sequenceninOccurs"0">
<xs:elementef="core:_CityObject>
</xs:sequence
<xs:attributename="role" type="xs:string/>
<xs:attributeGroupef="gml:AssociationAttribute®up'/>
</xs:complexType
<l-- >
<xs:complexTyperame="CityObjectGroupParentTyje
<xs:sequenceninOccurs"0">
<xs:elementef="core:_CityObject>
</xs:sequene>
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType

10.9.2 Conformance requirements

Base requirements

1. No cyclic groupings shall be included within a CityGML instance document.

Referential integrity

2. ThegroupMembeiproperty (typeCityObjectGroupMemberTypef the elemenCityObjectGroupmay
contain acore:_CityObjectelement inline or an XLink ference to a remotere:_CityObjectelement
using the XLink concept of GML 3.1.1. In the latter case, divek:href attribute of thegroupMenber
property may only point to a remot®re:_CityObjectelement (where remoteore:_CityObjectele-
ments are located in another document or elsewhere in the same docthitiert)the contained el
ment or the reference must be given, but neither bothar.n

3. The parentproperty (typeCityObjectGroupParentTypeof the elemenCityObjectGroupmay contain
a core:_CityObjectelement inline or an XLink reference to a remotee:_CityObjectelement using
the XLink concept of GML 3.1.1. In the latter case, thiek:href attribute of theparentproperty may
only point to a remoteore:_CityObjectelement (where remoteore:_CityObjectelements are located
in another document or elsewhere in the same docuntgtiiter the contained element or the reference
mustbe given, but ni¢her both nor none.
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10.10 Generic city objects and attributes

The concept of generic city objects and attributes allows for the storage and exchange of 3D objects which are
not covered by any explicitly modelled thematic class within QityGor which require attributes not regpr

sented in CityGML. These generic extensions to the CityGML data model are realised by theGan®ses
CityObjectand GenericAttributedefined within the thematic extension mod@enerics(cf. chapter?). In

order to avoid problems concerning semantic interoperability, generic extensions shall only beappeapif

ate thematic classes or attributes are not provided by any other CityGML module.

Fig. 49 shows the UML diagram of generic objects and attributes. For XML schema definition see below and
annexA.6.

<<Geometry>> <<Feature>> _genericAttribute <<DataType>>
gml::MultiCurve core::_CityObject [ GenericAttribute
*
o1 1 +name : xs::string [1]
. yAN
<<DataType>>
lodOTerrainlntersection * i StringAttribute
; i <<_Fea_ture>§ +value : xs::string [1]
lod1Terrainintersection * GenericCityObject
lod2Terrainintersection (| Fclass :xsustring [0..1] <<DataType>>
+function : xs::string [0..*] — IntAttribute
lod3Terrainintersection «|+usage : xs::string [0..*] +value : xs::integer [1]
lod4Terrainintersection *
<<DataType>>
sl x| x| x| * sl x| x]x]* | DoubleAttribute
lodOImplicitRepresentation lodOGeometry +value : xs::double [1]
lod1lIimplicitRepresentation lod1Geometr:
p p y <<DataType>>
lod2ImplicitRepresentation lod2Geometry | DateAttribute
- . +value : xs::date [1]
lod3ImplicitRepresentation lod3Geometry
- . <<DataType>>
lod4IimplicitRepresentation lod4Geometr: - .
P P y B UriAttribute
0.1 0.1 +value : xs::anyURI [1]
<<Object>> <<Geometry>>
core::ImplicitGeometry gml:: Geometry

Fig. 49: UML diagram of generic objects and attributes in CityGML. Prefixes sed to indicate XML naespaces associated with model
elements. Element names without a prefix are defined within the CityGbtiericsmodule.

A GenericCityObjectmay have the attributedass, functionand usagedefined asstring. The classattribute
allows an object classification within the thematic area such as bridge, tunnel, pipe, power line, dam, or u
known. Thefunctionattribute describes to which thematic area@®snericCityObjecbelongs (e.g. site, tran
portation, architeture, energy supply, war supply, unknown etc.Jhe attributeusagecan be used, if the way

the object is actually used differs from the function. Both attributes can occur multiple times

In order to represent generic attributes, the abstract base €éag©bjectdefined wthin the CityGML Core

module is augmented by the additional property elemgehericAttributeu s i n g Ci Applicatidh s

main Extasion mechanism (cf. chapté.12). By this means, each thematic subclassQifyObjectinherits this

property and, thus, may be assigned an arbitrary number of generic attributes in order to represent additional
properties of features not represented by the explicitly modeldatit classes of the CityGML data model.

Thus, theGenericsmodulehas a deliberate impact on all CityGML extension modules defining themétic su
classes of CityObject Data types of generic atitites may beéstring, Integer, Double (floating point number),

URI andDate The attribute type is defined by the selectionthef particular subclass ofSenericAttribute for
exampleStringAttribute IntAttribute, etc.

The geometry of &enericCityObjecttan either be an explicit GML3 geometry or lamplicitGeongtry (see
chapter8.2). In the case o&n eplicit geometry the object can have only one geometry for each LOD, which
may be an arbitrary 3D GML geometry object (claGeometrywhich is the base class of all GML geometries,
lodXGeometryX e [0..4]). Absolute coordinates according to the refeee system of the city model must be
given for the explicit geometry. In the case ofiaplicitGeometry a reference point (anchor point) of the object
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and optionally a transformation matrix must be given. In order to compute the actual locatiomlgEtiethe
transformation of the local codinates into the reference system of the city model must be processed and the
anchor point coordinates must be added. The shapelof@dicitGeometrycan be given as an external resource

with a proprietary formia e.g. a VRML or DXF file from a local file system or an external web service. Altern

tively the shape can be specified as a 3D GML3 geometry with local cartesian coordinates using the property
relativeGeometn(further details are given in chap&p).

In order to specify the exact intersection of the DTM with the 3D geometryGereericCityObjectthe latter

can haveTerrainintersectionCurvesor every LOD (cf. chapte8.5). This is important fo 3D visualisation but

also for certain applications like driving simulators. For example, if a bridge should be represented as a
GenericCityObjecta smooth transition between the DTM and the road on the bridge would have to be ensured
(in order to avoidinrealgtic bumps).

XML namespace

The XML namespace of the CityGMGenericsmodule is identified by the Uniform Resource Idéet (URI)
http://www.opengis.net/citygml/generics/1.0. Within the XML Schema definition ofGeericsmodule, this
URI is al® used to identify the default namespace.

10.10.1 Generic city object
GenericCityObjectType, GenericCityObject

<xs:complexTyperame="GenericCityObjectType
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="xs:string minOccurs"0"/>
<xs:elemenhame="function' type="xs:string minOccurs"0" maxCccurs="unboundet>
<xs:elemenhame="usagé type="xs:string’ minOccurs"0" maxCccurs="unboundetf>
<xs:elemenhame="lod0Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod1Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryProperty TypeninOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod0TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1Terrainhtersectioh type="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod0ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypeinOccurs"0"/>
<xs:elemenhame="lod1ImplicitRepresentan" type="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elemenhame="lod2ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypeinOccurs"0"/>
<xs:elemenhame="lod3ImplicitRepresentatidnype="core:ImplicitRepresntationProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
</xs:sequence
</xs:extensior
</xs:complexContent

</xs:complexType

<l-- =>

<xs:elemenname="GenericCityObjecttype="GenericCityObjectTypesubstituionGroup"core:_CityObject>

10.10.2 Generic attributes

AbstractGenericAttributeType, _genericAttribute, StringAttrib uteType, stringAttri bute, etc.

<xs:complexTyperame="AbstractGenericAttributeTypeabstract"true'>

<xs:sequende

<xs:attributename="name type="xs:strind use="required/>
</xs:complexType
== === =>
<xs:elemennhame"_genericAttribut® type="AbstractGenericAttributeTypeabstract"true’

substitutimGroup="core:_GenericApplicationPropertyOfCityObj&et

<l-- >
<xs:complexTyperame="StringAttribute Typé&>

<xs:complexContent
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<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame="valuée' type="xs:strindg/>
</xs:sequence
</xs:exensior»
</xs:complexContemnt
<Ixs:complexType
= >
<xs:elemennhame="stringAttribute' type="StringAttributeTyp& substitutonGroup"_genericAttribut&/>
<l-- >
<xs:complexTypeame="IntAttribute Typée>
<xs:complexContemt
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame="value' type="xs:integet/>
</xs:sequence
</xs:extension
</xs:complexContept
<Ixs:complexType
<!-- >
<xs:elemenname="intAttribute" type="IntAttribute Type' substitiionGroup="_genericAttribut&/>
<l-- >
<xs:complexTyperame="DoubleAttribute Typ&>
<xs:complexContemt
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame="valué' type="xs:doublé&/>
<Ixs:sequence
</xs:extensior
</xs:complexContent
<Ixs:complexType
<I-- >
<xs:elemenhame="doubkAttributé' type="DoubleAttribute Typ& substitutonGroug"_genericAttribut&/>
<l-- >
<xs:complexTyperiame="DateAttribute Typ&>
<xs:complexContemt
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame="value' type="xs:daté/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- -->
<xs:elemenhame="dateAttributé type="DateAttribute Typ& substitutonGrou"_genericAttribut&/>
2= >

<xs:complexTyperame="UriAttribute Typée'>
<xs:complexContemt
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame="valuée' type="xs:anyURT/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elementhame="uriAttribute" type="UriAttributeType' substitutonGroup="_genericAttribut&/>

10.10.3 Conformance requirements

Usage restriction for generic city objects and attributes

1. The GenericCityiject element may only be used to model thematic city objects which are ot pr
vided by any other CityGML module and, thus, are not covered by the overall CityGML data model. If
an appropriate thematic class is available though, this thematic classeshaltdinstead, and, cens
quently, the corresponding CityGML module has to be employed by the CityGML instance document.

2. The _genericAttributeproperty of the elemertore: CityObjectshall only be used to describe &dd
tional propeties of features not repsented by the explicitly modelled thematic classes of the CityGML
data model. Thus, generic attributes shall only be modelled if the appropriate thematic classtrepresen
ing the feature does not offer a feasiblegerty.
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Referential integrity

3. ThelodXImdicitRepresentationX e [0..4], property (typecore:ImplicitRepresentationProperty Ty)pe
of the elemenGenericCityObjectnay contain aore:ImplicitGeometryelement inline or an XLink fe
erence to a remoteore:ImplicitGeometrelement using the XLink emept of GML 3.1.1. In the latter
case, thlink:href attribute of thdodXImplicitRepresentatigrX € [0..4], property may only point to a
remotecore:ImplicitGeometryelement (where remoteore:ImplicitGeometryelements are located in
another documentreelsewhere in the same documeigither the contained element or the reference
must be given, but neither both nor none.
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10.11 Application Domain Extensions (ADE)

CityGML has been designed as an application independent information model and exchang®of@bbaity

and landscape models. However, specific applications typically have additional information needs tb be mo
elled and exchanged. In general, there are two different approaches to combine city model data and application
data:

1. Embed the CityGMLobjects into a (larger) application framework and establish the conneation b
tween application data and CityGML data within the application framework. For example, CityGML
data fragments may be embedded i nt otridutbsecofapg pl i cat i
catond ects according to the applicationds data mode

2. Incorporate application specific information into the CityGML instance documents. This approach is
especially feasible, if the application specific information follows essentiadlysme structure ag-d
fined by the CityGML schema. This is the case, if the application data could be represented by add
tional attributes of CityGML objects and only some new feature types would have to be defined.

In the following, we will focus on theecond option, as only this approach lies within the scope of this specific

tion. Generic attributes and objects have been already introduced as a first possibility to support the exchange of
application specific data (see sectith1Q. Whereas they allow to extend CityGML without changing its XML
schema definition, this flexibility has some disadvantages:

e Generic attributes and objects may occur arbitrarily in the CityGML instance documents, but there is no
formal specificabn of the names, datatypes, and multiplicities. Thus, there is no guarantee forian appl
cation that a specific instance of a generic attribute is included a minimum or maximum number of
times per CityGML feature. Unlike the predefined CityGML objects, dbicrete layout and occu
rence of generic objects and attributes cannot be validated by an XML parser. This may rednee sema
tic interoperabity.

e Naming conflicts of generic attributes or objects can occur, if the CityGML instance documents should
be augrented by specific information from different applications simultaneously.

e There is only a limited number of predefined data types that can be used for generic attributes. Also the
structure of generic objects might not be appropriate to represent mopegarhjects.

If application specific information are wedtructured, it is desirable to represent them in a systematic way, i. e.

by the definition of an extra formal schema based on the CityGML schema definitions. Such an XML schema is
called a CityGMLApplication Domain ExtensiofADE). It allows to validate instance documents both against

the extended CityGML and the ADE schema and therefore helps to maintain semantic and syntacticainteroper
bility between different systems working in the same apiiio field. In order to prevent naming conflicts,

every ADE has to be defined within its own namespace which must differ from the namespaces associated with
the CityGML modules. An ADE schema may extend one or more CityGML module schemas. The relevant
CityGML module schemas have to be imported by the ADE schema.

The ADE concept defines a special way of extending existing CityGML feature types which allows to use
different ADEs within the same instance document simultaneously ¢sae) bFor example, the spification of

ADEs can be useful in the following application fields: cultural heritagtefsion of abstract clas€ityObject

e.g. by time period information and monument protection status); repagea of subsurface objects (tunnel,
underpass) or ty lighting (light sources like street lamps and house lights); real estate management (economic
parameters of the CityGML features; inclusion of attributes defined for real estate assets as defined by OSCRE);
utility networks (as topographic features)daobnal building properties as defined by the U.S. national building
information model stadard (NBIMS).

10.11.1 Technical principle of ADEs
Each ADE is specified by its own XML schema file. The target namespace is provided by the information

community who speciés the CityGML ADE. This is typically not the OGC or the SIG 3D. The namespace
should be in the control of this informationnamunity and must be given as a previously unused and globally
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unique URI. This URI will be used in CityGML ADE instance documeatslistinguish extensions fromi-C
tyGML base elements. As the URI refers to the information community it also denotes the originator of the
employed ADE.

The ADE®&6s XML schema file must be avail abl epargdingr acces
CityGML instance doements including these ADE specific augmentations.

An ADE XML schema can define various extensions to CityGML. However, all extensions shall belong to one
of the two following categories:

1. New feature types are defined withiretADE namespace and are based on CityGML abstractrer co
crete classes. In general, this mechanism follows the same principles as the definition of application
schemas for GML. This means, that new feature types have to be derived from existing ithere: C
tyGML) feature types. For example, new feature types could be defined by classes derived fiom the a
stract classes likeCityObjector _AbstractBuildingor the concrete clagSityFurniture The new fa-
ture types then automatically inherit all properties @t&ributes) and associations (i.e. relations) from
the respective CityGML supelasses.

2. Existing CityGML feature types are extended by application specific properties (in the ADEB-name
pace). These properties may have simple or complex data types. Almetges or embedded features
(feature propeies) are possible. The latter can also be used to model relations to other features.

In this case, extension of the CityGML feature type is not being realised by thi#anbermechanism

of XML schema. Insteacs ver y CityGML feature type provides a 7
that allows to attach additional properties to it
ty of the form @ _ Ge xicatiratypepgmed c\ah<d-eamréypemgmexist y Of

equal to the name of the feature type definition in which it is included. The datatype for these kinds of
properties i s al ways Aixsd: anyTypeo from the XSD
i _Generi cAppl i<Eeatturetypendmedipand theOnfiaximum occurrence unbounded.

This means, that the CityGML schema allows that every CityGML feature may have an arbitnary nu

ber of additional properties wi t h arbitr-ary XML
PropertyO&Featuretypenameé . For exampl e, the | ast progerty in
ture typeLandUseis the ebment_GenericApplicationPropertyOfLandU¢see sectiod0.8.)).

Such properties are cal | ed prdpbries kesase they are tisedaasthe a p p |
head of a substitution group by ADEs. Whenever an ADE wants to add an extra property ttirapn exis

CityGML feature type, it should declare the respective element with the appropriate dataype within the

ADE namespee. In the element declaration this element shall be explicitly assigned to theusabstit

group defined by the corr es p aReaturetypenafmedGe merrtihceA pcpd i
responding CityGML module namespace. An example is given in theviojosubsection.

By following this concept, it is possible to specify different ADEs for different information comamun
ties. Every ADE may add their specific properties to the same CityGML feature type as they all can b
long to the same substitution grodphis allows to have CityGML instance documents where CityGML
features contain additional information from different ADEs simultaneously.

Please note that usage of ADEs introduces an extra level of complexity as data files may contain mixad inform
tion (fedures, properties) from different namespaces, not only from the GML and CityGML module nemespa
es. However, extended CityGML instance documents are quite easy to handle by applications that are not
fi'schawar e 0, icationsethat da pop parse andeirpret GML application schemas in a generic way.
These applications can simply skip anything from a CityGML instance document that is not from a CityGML
module or GML namespace. Thus, a building is still represented bybiag:Building> element with the
standard CityGML properties, but with possibly some extra properties fromedliffeamespaces. Also features

from a different namespace than those declared by CityGML modules or GML could be skipped (e.g. by a
viewer applietion).

10.11.2 Example ADE

In this setion, the ADE mechanism is illustrated by a short example, which deals with the application of virtual
3D city models to generate noise pollution maps. In our example, two extensions of CityGML are required for
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this task: buildings have to be extendeddoprr e sent a finoi se reflection corre

i nhabitants. As a new feature type noise barrHers
tiondo value.

The XSD schema which has to be defined to implement this modelreie@ new namespace for the noise
extension [fttp://www.citygml.org/ade/noise_YeAdditionally, the namespaces of the extended CityGML
modules are declared (for corresponding prefixes see ché@and chaper 7), and the respective schema
definition files are imported. The XML schema adds the elentarildingReflectionCaection andbuildingHa-
bitants both being mmbers of the substitution groupldg:_GenericAplicationPropertyOfAbstractBuilding
which is defined by the CityGMIBuilding module. Thus, both elements may be used as child elements of
CityGML building features. Noise barriers are representddaaseCityFurnitureSegmeertements. The corse
ponding type NoiseCityFurnitureSegmentTypis defined as subtype of the CityGML abstract type
core:AbstractCityObjectTypprovided by theCityGML Coremodule, applying the usual subtyping mamgilm

of XML and XSD. A further elememoiseCityFurnitureSegmentProfglis added as a member of the suhstit
tion groupfrn:_GenericApplicatioRropertyOfCityFurniture. By this means, noise barriers may be modelled as
child elements of CityGML city furniture objects.

The XSD file for this example CityGML Noise ADE is givey the following excerpt (the complete CityGML
Noise ADE is given irAnnex GQ:

<?xml version="1.0" encoding="UFB"?>
<xsd:schemamlIns="http://www.citygml.org/ade/noise_te
xmlns:core"http://www.opengis.net/citygml/1'0
xmins:bldg="http://www.opengis.net/citygml/building/1.0
xmlns:frr="http://www.opengis.net/citygml/cityfurniture/1'0
xmlns:xs&"http://www.w3.0rg/2001/XMLSchenia
xmins:gm&"http://www.opengis.net/grhktargetNamesge="http://www.citygmlorg/ade/noise_de=lementFormDefaui'qualified’
attributeFormDefauit"unqualified>
<xsd:importnamespace"http://www.opengis.net/grischemalocabn="../3.1.1/base/gml.x86>
<xsd:importnamespace'http://www.opengis.net/citygml/1'0
schemalocabn="http://www.citygml.org/citygml/1.0/cityGMLBase.x5t>
<xsd:importnamespace"http://www.opengis.net/citygml/building/1'0
schemalocabr="http://www.citygml.org/citygml/building/1.0/building.x$t>
<xsd:importnamespace"'http:/Avww.opengis.net/citygml/cityfurniture/10
schemalocatiod" http://www.citygml.org/citygml/cityfurnitur&l.O/cityfurniture.xst/>
é
<xsd:elemenhame="buildingReflectionCorrectichtype="gml:MeasureType
substitutionGroug"bldg:_GeneriépplicationPropertyOfAbstractBuildirig>
<xsd:elemenhame="buildingHabitant$ type="xsd:positivelntegér
substitutionGroug"bldg:_GenericApplicationPropertyOfAbstractBuilditig
é
<xsd:elemenhame="noiseCityFurnitureSegmentPropértype="NoiseCityFurnitureSegmentProperty Type
substitutonGrou"frn:_GenericApplicationPropertyOfCityFurnituye

<xsd:complexTyp@ame="NoiseCityFunitureSegmentProperty Typre
<xsd:sequencminOccurs"0">
<xsd:elementef="NoiseCityFurnitureSegmehiminOccurs"0"/>
</xsd:sequence
<xsd:attributeGroupef="gml:AssociationAttributeGroup>
</xsd:complexType
<le- === == ss———— >
<xsd:complexTyp@ame="NoiseCityFurnitureSegmentTy{re
<xsd:complexContent
<xsd:extensiomase"core:AbstractCityObjectType
<xsd:sequence
<xsd:elemenhame="type' type="NoiseCityFurnitureSegmentTypeTypeinOccurs="0"/>
<xsd:elemenhame="reflectior' type="xsd:string minOccurs"0"/>
<xsd:elemenhame="reflectionCorrectiohtype="gml:Measure TypeminOccurs="0"/>
<xsd:elemenhame="height' type="gml:LengthTye&"' minOccurs"0"/>
<xsd:elemenhame="distancé type="gml:LengthTyp& minOccurs"0"/>
<xsd:elemenhame="lodOBaseLiné type="gml:CurveProperty Typé>
</xsd:sequence
</xsd:extension
</xsd:complexContent
</xsd:complexType
<le- === >
<xsd:elemenhame="NoiseCityFurnitureSegmehtype="NoiseCityFurnitureSegmentTypeubstitutionGroug"core:_CityObject>
é
</xsd:schema
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An example for a featercollection in a corresponding instance document is depicted below. Two CityGML
buildings contain application specific properties distinguished from CityGML properties by the namespace
prefix noise The other properties, fation and geometry, are defindéy corresponding CityGML modules. In
addition to the buildings, a noise barrier as child of a city furniture element is included in the featat®olle
Please note, that the order of the child elements in the sequence is not arbitrary: the chilid elefined by an

ADE subschema have to occur after the child elements defined by CityGML modules. There is, however, no
specific order of the ADE properties.

<core:cityObjectMember
<bldg:Buildinggml:id="ad'>
<bldg:functior>1004</bldg:functior>
<bldg:lod1Solic> ... </bldg:lod1Solid>
<noise:buildingHabitantsl 4</noise:buildingHabitants
<noise:buildingReflectionCorrectiamn="dB">4.123</noise:buildingReflectionCorrection
</bldg:Building>
</core:cityObjectMember
<core:cityObjectMember
<bldg:Buildinggml:id="aa&>
<bldg:function>1004/bldg:functior>
<bldg:lod1Solic> ... </bldg:lod1Solid>
<noise:buildingReflectionCorrectiamn="dB">3.123</noise:buildingReflectionCorrection
<noise:buildingHabitants6</noise:buildingHabitants
</bldg:Building>
</core:cityObjectMember
<core:cityObjectMember
<frn:CityFurnituregml:id="CFUR_0815>
<frn:function>1520</frn:functior>
<frn:lod1Geometry € frndod1Geometry
<noise:noiseCityFurnitureSegmentProperty
<noise:NoiseCityFurnitureSegmentl:id="CFRS_0815>
<noise:typel</noise:type
<noise:reflectiorabsorbierende Larmschutzwatidoise:reflectior
<noise:reflectionCorrectionom="dB">4.123</noise:reflectionCorrection
<noise:heightion="m">7.123</noise:height
<noise:distanceiom="m">21.123</noise:distance
<noise:lodOBaseLirre
<gml:LineStringsrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12!55%8Bimensios"3">
<gml:coordinateslecimak"." cs="," ts=" ">5707335,2524175,188 5707338,2524181,188 5707330,2524185,188
5707327,2524179,188%ml:coordinates
</gml:LineString>
</noise:lodOBaseLirre
</noise:NoiseCityFurnitureSegment
</noise:noiseCityFurnitureSegmentProperty
</frn:CityFurniture>
</core:cityObjectMember
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10.12 Definition of code lists

For the representation of city object attributes having an enumerative rangéue$, the concept of simple
dictionaries is used, which is provided as a profile based on GML (cf. ct@pteFor each such attribute, the
values are defined in a single file, which is named according to the attribute mhese files are located in a

folder namedCodelists which comes with the CityGML schema document, but is not a aimenpart of this

schema, since it may be modified, augmented, or replaced by other communities. The actual values in the files in
the folder Codelistsare a suggestion of the SIG 3D.

The external code list files define attribute values and assign an unique identifier to each value. In a CityGML
instance document, an attribute value is denoted by an identifier of a value, not by ths&Hildeus typos are

avoided and it is ensured that the same concept is denoted the same way, by the same identifier and not by two
different terms with identical meaning. Thus the use of code lists facilitates semantic and syntactic interoperabi

ity, since they define common terms within an information community. Furthermore, the simple dictionary
concept enables more than one term to be assigned to the same dictionary entry, thus the same concept may be
explained in different languages. To differentiaétween the laguages, code spaces may be used.

An example for an enumerative attributeRisofType which is defined by the following excerpt of the external
code list file:

<gml:Dictionaryxmlns="http://www.opengis.net/grhikmins:gm&"http://www.opengs.net/gml
xmlns:xse"http://mwww.w3.0rg/2001/XMLSchemimstancé
xsi:schemal.ocaticH http://www.opengis.net/gml ../3.1.1/profiles/simpleDictionary/1.0.0/gmlISimpleDictionaryProfile.xsd
gml:id="RoofTypeTyp&>
<name-RoofTypeTyp&/name
<dictionaryEntry
<gml:Definition gml:id="id357">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig34>1000</gml:name
<gml:nameflat roof</gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id358">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig3#>1010</gml:name
<gml:namemonopitch roof/gml:name
</gml:Definition>
</dictionaryEntry

é.
</gml:Dictionary>

In the simple dictionary concept, the values of an attribute are representddidiipaary element, where each
value is given by alictionaryEntryresp.Definition entry. In CityGML, a definition entry is identified by the
nameelement, whichs qualified by the SIG 3D code space. The unqualifi@acheelement represents the value
of the attribute. An optional description explains the value. CityGML does not use GML identifiec&l) to
link to attribute values, since IDs are restricted agitally, and must be globally unique, which is not feasible
for code lists.
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Annex A
(normative)

XML Schema definition

A.1  CityGML Core module

The CityGML Coremodule is defined within the XML Schema definition filtyGMLBase.xsdThe target
nanespace http:ww.opengis.net/citygml/1.0 is associated with the core module.

<?xml version="1.0" encoding="UFB"?>
<xs:schemamlns="http://www.opengis.net/citygml/1'0xmIns:xAL="urn:oasis:names:tc:cig:xsdschema:xAL:2.0
xmins:xs="http://www.w3.0rg/2001/XMLSchenfaxmins:gmE"http://www.opengis.net/gril
targetNanmespace"http://www.opengis.net/citygml/1:GlementFormDefaut'qualified’ attributeFormDefautt"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst
<xsimportnamespagce'urn:oasis:names:tc:cig:xsdschema:xAL2s06hemalocabr="../XAL/XAL.xsd"/>
<xs:complexTypamame="CityModelType>
<xs:annotatior
<xs:documentatioriType describing the "root" element of any city model file. It is a collection wimesebers are
restricted to be features of a city model. All features are included as cityfbiaber.</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"gml:AbstractFeatureCollectionTy{re
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfCityModeminOccurs"0" maxQccurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- ->
<xs:elemenhame="CityModel' type="CityModelType' substitutonGroug="gml:_FeatureCollectidi>

<l-- >
<xs:elemenhame="_GenericApplicabnPropertyOfCityModél type="xs:anyTypé abstract"true'/>

<l-- >
<xs:elemenhame="cityObjectMembel type="gml:FeatureProperty TypesubstitutonGroup="gml:featreMembet/>

<l-- >

<xs:complexTypaame="AbstractCityObjectTypeabstract"true'>
<xs:annotatior
<xs:documentaticriType describing the abstract superclassost CityGML features. Its purpose is to provide a
creation and a termination date as well as a reference to corresponding objects in other information systems. A
generalization relation may be used to relate featureshwapresent the same rearld object in different
Levelsof-Detalil, i.e. a feature and its generalized counterpart(s). The direction of this relation is from the
feature to the corresponding generalized featixs:docunentatior»
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase&"gml:AbstractFeatureType
<xs:sequence
<xs:elemenhame="creationDaté type="xs:daté minOccurs"0"/>
<xs:elemenhame="terminationDaté type="xs:daté minOccurs"0"/>
<xs:elemenhame"externalReferentdype="ExternalReferenceTypeninOccurs="0" maxOccurs"unboundet{>
<xs:elemenhame="generalizesTotype="GeneralizationRelationTypeninOccurs="0" maxOccurs"unboundetf>
<xs:elementef="_GenericAppliationPropertyOfCityObjettminOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<I--
<xs:elemehname="_CityObject type="AbstractCityObjectTyptabstract"true' substittionGroup="gml:_Featurg>
<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfCityQért' type="xs:anyTypé abstract="true'/>
<I--
<xs:complexTypaame="AbstractSiteTypeabstract"true'>
<xs:annotatior
<xs:documentaticriType describinghe abstract superclass for buildings, facilities, etc. Future extensions of CityGML
like bridges and tunnels would be modelled as subclasses of _Site. As subclass of _CityObject, a _Site inherits
all attributes and relations particular an id, names, external references, ang@emation relations.
</xs:documentation
</xs:annotation
<xs:complexContent
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<xs:extensiorbase"AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericAppliationPropertyOfSiteminOccurs"0" maxQccurs="unboundedf>
</xs:sequence
</xs:extensior
</xs:complexContept
</xs:complexType
<l-- >
<xs:elemenhane="_Site" type="AbstractSiteTypeabstract"true' substitutonGroup="_CityObject/>
<l--
<xs:elemenhame"_GenericApplicationPropertyOfSitéype="xs:anyTypé alstract"true'/>
<l--
<xs:complexTypaame="GeneralizationRelationType
<xs:annotation
<xs:documentatiorDenotes the relation of a _CityObject todtsresponding _CityObject in higher LOD, i.e. to the
_CityObjects representing the same real world object in higher LOD. The GeagoaRelationType element must
either carry a reference to a _CityObject object or comtai@ityObject object inline, but neither both nor none.
</xs:documentation
</xs:annotatior
<xs:sequenceninOccurs"0">
<xs:elementef="_CityObject/>
</xs:sequence
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:omplexType
<l-- >
<xs:complexTypaame="ExternalReferenceTyfe
<xs:annotatior
<xs:documentatioriType describing the reference to an corresponding object other information system, for example
in the german cadastre ALKIS, the german topographic information system or ATKIS, or the OS MasterMap. The
reference consists of the name of the external information systemergpreby an URI, and the reference of the
external object, given either by a string or by an URI. If the informationSystem element is missing in the
ExternalReference, the ExternalObjectReference must be an URI, whiclnsantandication of the
informationSystens/xs:documentation
</xs:annotatior
<xs:sequence
<xs:elemenhame"informationSystethtype="xs:anyURT minOccurs"0"/>
<xs:elemennhame="externalObjecttype="ExternalObjectReferenceTy{ie
</xs:sequence
</xs:complexType
<l-- >
<xs:complexTypaame="ExternalObjectReferenceTyfre
<xs:choice
<xs:elemenhame"namé type="xs:string/>
<xs:elemenhame="uri" type="xs:anyUR1/>
</xs:choice
</xs:complexType
<l-- >
<xs:complexTypaame="AddressPropertyType
<xs:annotatior
<xs:documerdtior>Denotes the relation of an _CityObject to its addresses. The AddressPropertyType element must either
carry a reference to an Address object or contain an Address object inline, but neither both nor none.
</xs:documentation
</xs:annotation
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="Address/>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l--
<xs:complexTypeame="AddressTyp&>
<xs:annotatior
<xs:documentatioriType for addresses. It references the xAL address standard issued by the OASIS consortium. Please
note, that addresses are modelled as GML features. Every address can be assigned zero or more 2D or 3D point
geometries (one gml:MultiPoint geometry) locating the entrancefs).documentation
</xs:annotation
<xs:conplexContert
<xs:extensiorbase&"gml:AbstractFeature Type
<xs:sequence
<xs:elemenhame="xalAddress type="xalAddressProperty Type>
<xs:elemenhame"multiPoint' type="gml:MultiPointProperty Typ&minOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfAddresminOccurs"0" maxCGccurs="unboundetf>
</xs:sequence
</xs:extensior
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</xs:complexContept
</xs:complexType

<l-
<xs:elemenhame="Address type="AddressTypé substitutionGroug"gml:_Featurg>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfAddressype="xs:anyTypé abstract"true'/>

<I--

<xs:complexTypeame"xalAddressPropertyTypie
<xs:annotatior
<xs:documentatiorDenotes the relation of an Address feature toxkleaddress ement</xs:documentation
</xs:annotation
<xs:sequence
<xs:elementef="xAL:AddressDetail¥/>
</xs:sequence
</xs:complexType
<l--
<xs:complexTypeame"ImplicitGeometryTyp&>
<xs:annotatior
<xs:documentation Type for the implicit representation of a geometry. An implicit geometry is a geometric object,
where the shape is stored only once as a prototypical ggome. a tree or other vegetation object, a traffic
light or a traffic sign. This prototypic geometry object isised or referenced many times, wherever the
corresponding feature occurs in the 3D city model. Each ammearis represented by a link to the prototypic
shape geometry (in a local cartesian coordinate system), by a transfammaatrix that is multiplied with each
3D coordinate tuple of the prototype, and by an anchor peimitthg the base point of the object in the world
coordinate reference system. In order to determine the absolute coordinates of an implicit geometry, the anchor
point coordinates have to be added to the matrix multiplicaisults. The trasfiormation matrix accounts for
the intended rotation, scaling, and local translation of the prototype. It is a 4x4 matrix that is multiplied with
the prototype coordinates using homogeneous coordinaet,y,z,1). This way even a projection might be
modelled by the transformation matrix. The concept of implicit geometries is an enhancement of the geometry model
of GMLS3. </xs:documentation
</xs:annotatior
<xs:compleContent
<xs:extensiorbas&"gml:AbstractGMLTypé&>
<xs:.sequence
<xs:elemenhame"mimeTyp€ type="MimeTypeTypé& minOccurs"0"/>
<xs:elemenhame="transformationMatriX type="TransformationMatrix4x4 TygeminOccurs"0"/>
<xs:elemenhame="libraryObject type="xs:anyUR! minOccurs"0"/>
<xs:elemenhame="relativeGMLGeometrytype="gml:GeometryProperty TygeninOccurs"0"/>
<xs:elemenhame="referencePoirittype="gml:PointProperty Typ&>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="ImplicitGeometry type="ImplicitGeometryTypé substitutonGroug="gml:_GML"/>
<l-- >

<xs:complexTypaame="ImplicitRepresentationProperty Type
<xs:annotatior
<xs:documentatiorDenotes the relation of a _CityObject to its implicit geometryesstatio, which is a
representation of a geometry by referencing a prototype and transforming it to its real position in space. The
ImplicitRepresentationPropertyType element must either carry a reference to a ImplicitGeometrgraigatain a
ImplicitGeometry object inline, but neither both nor non&s:documentation
</xs:annotation
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="ImplicitGeometry/>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l--
<xs:simpleTypename="doubleBetweenOand2
<xs:annotdabn>
<xs:documentaticriType for values, which are greater or equal than 0 and less or equal than 1. Used for color
encoding, for example:/xs:documentation
</xs:annotation
<xs:restrictiorbase"xs:doublé>
<xs:mininclusivevalue="0"/>
<xs:maxinclusiveralue="1"/>
</xs:restrictior»
</xs:simpleType
<l-- >
<xs:simpleTypename="doubleBetweenOand1List
<xs:annotatior
<xs:documatatiorrList for double values, which are greater or equal than 0 and less or equal than 1. Used for color
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encoding, for example:/xs:documentation
</xs:annotation
<xs:listitemType="doubleBetweenOand/
</xs:simpleType
<l-- >
<xs:simpleTypename="TransformationMatrix4x4Type
<xs:annotatior
<xs:documentatiorlUsed for implicit geometries. The Transformation matrix is a 4 by 4 méiris,it must be a list
with 16 items. The order the matrix element are represented -isiegav, i. e. the first 4 elements represent the
first row, the fifth to the eight element the second row/xs:documentation
</xs:annotation
<xs:restrictiorbase"gml:doubleList>
<xs:lengthvalue="16"/>
</xs:restrictiorr
</xs:simpleType
<l--
<xs:simpleTypename="TransformatioMatrix2x2Typé&>
<xs:annotatior
<xs:documentatiorlUsed for georeferencing. The Transformation matrix is a 2 by 2 matrix, thus it must be a list with 4
items. The order the matrix element are represented isnajar, i. e. the first 2lements represent the first
row, the fifth to the eight element the second row/xs:documentation
</xs:annotatior
<xs:restrictionbase"gml:doubleList>
<xs:lengthvalue="4"/>
</xs:restrictior»
</xs:simpleType
<l-- >
<xs:simpleTypename="TransformationMatrix3x4 Type
<xs:annotatior
<xs:documentatiorlUsed for texture parameterization. The Transformation matrix is a 3 byri&ntats it must be a
list with 12 items. The order the matrix element are represented-imegov, i. e. the first 4 elements
represent the first row, the fifth to the eight element the second reixs:documentation
</xs:annotation
<xs:restrictiorbase"gml:doubleList>
<xs:lengthvalue="12"/>
</xs:restrictior»
</xs:simpleType
<l-- >
<xs:simpleTypename="integerBéweenOand4>
<xs:annotatior
<xs:documentaticriType for integer values, which are greater or equal than 0 and less or equal than 4. Used for
encoding of the LOD numbes/xs:documentation
</xs:annotatior
<xs:restrictionbase"xsinteget>
<xs:mininclusivevalue="0"/>
<xs:maxInclusiveralue="4"/>
</xs:restrictior»
</xs:simpleType
<l-- >
<xs:simpleTyperame"MimeTypeTypé&>
<xs:anotatiorr
<xs:documentatioPMIME type of a geometry in an external library file. MIME types are defined by the IETF (Internet
Engineering Task Force). The values of this type are defined in the XML ffiteeMypeType.xml, according toeh
dictionary concept of GML3</xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
</xs:schema
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A.2  Appearance module

The CityGML Appearancanodule is defined within the XML Schema definition fdppeaance.xsd The target
namespace http://www.opengis.net/citygml/appearance/1.0 is associated with this extension module.

<?xml version="1.0" encoding="UFB"?>
<xs:schemamlns="http://www.opengis.net/citygml/appearancellxthins:core"http://www.opengiset/citygml/1.0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/appearance/le®mentFormEfault="qualified" attributeFormDefaut"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypeame="AppearanceType
<xs:annotatior
<xs:documentation Named contaier for all surface data (texture/material). All apaaces of the same name ("theme")
within a CityGML file are considered a groupxs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"gml:AbstractFeatureType
<xs:sequence
<xs:elemenhame="themé type="xs:string minOccurs"0"/>
<xs:elemenhame="surfaceDataMembeiype="SurfaceDataProperty TypeninOccurs="0" maxOccurs"unboundet{>
<xs:elementef="_GenericApplicationPropertyOfAppearaficeinOccurs"0" maxOccurs"unboundet!>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="_GenericApplicattnPropertyOfAppearanteéype="xs:anyTypé alstract="true'/>
<l-- >

<xs:complexTypeame="AppearanceProperty Tyre
<xs:annotatior
<xs:documentatiorDenoteshe relation of a _CityObject resp. CityModel to its awpaces. The AppearancePropertyType
element must either carry a reference to a Appearance object or containeeaApp@bject inline, but neither
both nor nones/xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbase&"gml:FeatureProperty Type
<xs:sequenceninOccurs"0">
<xs:elemenhame="Appearancetype="Appearance Tygé>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemenhame="appearanceMembetype="AppearanceProperty TypeubstitutonGroup="gml:featureMembér>
<l--
<xs:elemenhame="appearancetype="AppearancePropertyTypeubstitutonGroup="core:_GenericApplicationPropertyOfCityObj&ect
<l-- >
<xs:complexTypeame="AbstractSurfaceDataType
<xs:annotatior
<xs:documentatiorBase class for textures and matei@dntains only isFronlag.</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"gml:AbstractFeature Type
<xs:sequence
<xs:elemenhame="isFront' type="xs:booleat default="true¢' minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfSurfaceDatainOccurs"0" maxOccurs"unbounded>
</xs:sequence
<Ixs:extensior
</xs:complexContent
</xs:complexType
<I--
<xs:elemenhame"_SurfaceDatatype="AbstractSurfaceDataTypeabstract"true' sibsitutionGroup="gml:_Featurg>
<l--
<xs:elemenhame="_GenericApplicationPropertyOfSurfaceDatgpe="xs:anyTypé& alstract="true'/>
<l-- >
<xs:complexTypaame="SurfaceDataProperty Ty[re
<xs:annotatior
<xs:documentatiorDenotes the relation of an Appearance to its surface data. TreeeRafaPropertyType elemeantist
either carry a reference to a _SurfaceData object or contain a _SurfaceData object inline, but neither both nor
none</xs:documentation
</xs:annotation

~
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<xs:sequenceninOccurs"0">
<xs:elementef="_SurfaceDataminOccurs"0"/>
</xs:sequence
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType
<l-
<xs:complexTypename="AbstractTextureType>
<xs:annotatior
<xs:documentatiorBase class for texturé§mageURI" can contain any valid URI from references to a local file to
preformatted web service requests. The linking to geometry and texture parzatieteis provided bgerived
classess/xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"AbstractSurfaceDataTyfe
<xs:sequence
<xs:elemenhame="imageURT type="xs:anyURI/>
<xs:elemenhame"mimeTypé€ type="coreMimeTypeTypé minOccurs"0"/>
<xs:elemenhame="textureTypé type="TextureTypeTypeminOccurs"0"/>
<xs:elemenhame="wrapModé type="WrapModeTypé& minOccurs"0"/>
<xs:elemenhame="borderColot type="ColorPlusOpacity minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfTextureninOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<I-- >
<xs:elemenhame"_Texture type="AbstractTextureTypeabstract"true' substitutonGroup="_SurfaceDatd>

<l-- >
<xs:elemenhame"_GenericApplcationPropertyOfTextuteype="xs:anyTypé& abstract="true'/>

<l-- >

<xs:simpleTypename="WrapModeTypg&>
<xs:annotatior
<xs:documentatiorFill mode for a teture."wrap" repeats the texture, "clamp" extends the edges of the texture, and
"border" fills all undefined areas with "borderColefs:documentation
</xs:annotation
<xs:restrictionbase"xs:string>
<xs:enumeratiorvalue="none/>
<xs:enumerationalue="wrap'/>
<xs:enumerationvalue="mirror"/>
<xs:enumerationvalue="clamg'/>
<xs:enumerationvalue="bordet/>
</xs:restrictior»
</xs:simpleType
<l-- ->
<xs:complexTypaame="ParameterizedTextureTyfre
<xs:annotatior
<xs:documentatiorSpecialization for standard 2D textures. "target" provides the linking to surface geometry. Only
gml:MultiSurface and decendanof gml:AbstractSurfaceType are valid targets. As property of the link, a texture
parameterization either as set of texture coordinates or transformation matrix is<gisefocumentation
</xs:annotation
<xs:complexContemt
<xs.extensiorbase"AbstractTextureType
<xs:sequence
<xs:elemenhame="target type="TextureAssociationTypeminOccurs"0" maxCccurs="unboundet!>
<xs:elementef="_GenericApplicationPropertyOfParameterized TextunénOccurs="0" maxOccurs"unbounded/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l--
<xs:elemenhame"ParameterizedTexturéype="ParameterizedTextaType' substituionGroug"_Texturé/>
<l--
<xs:elemenhame="_GenericApplicationPropertyOfParameterized Textiype="xs:anyTypé abstract"true'/>
<l-- >
<xs:complexTypaame="GeoreferencedTextureTye
<xs:annotatior
<xs:documentatiorSpecialization for georeferenced textures, i.e. textures usingianplaic pojection. Such
textures contain an implicit parameterization (either stored within the image file, in an acompanying world file,
or using the "referencePoint" and "orientati@¥®ments). A georeference provided by "refeeftoint" and
"orientation" always takes precedence. The search order for an external gaocesfedetermined by the boolean
flag preferWorldFile. If this flag is set to true (its default value), a world file is lookefir$band only
if it is not found the georeference from the image data is used. If preferWorldFile is false, the world file is
used only if no georeference from the image data is available. The "bounde@Begtty should entain the
bounding box of the projected image data. Since a georeferenced texture has a unique parameterization, "target"
only provides links to surface geometry without any additional texture pararagtan. Only gml:MuiSurface or
decendants of gml:AbstractSurfaceType are valid targetsdocumentation
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</xs:annotatior
<xs:complexContent
<xs:extensiorbase"AbstractTextureType
<xs:sequence
<xs:elemenhame="preferWorldFilé type="xs:booleah default="tru¢' minOccurs="0"/>
<xs:elemenhame="referencePoirittype="gml:PointProperty TypeminOccurs"0"/>
<xs:elemenhame="orientatior! type="core:TransformationMatrix2x2TypeninOccurs="0"/>
<xs:elemenhame="target type="xs:anyURT minOccurs"0" maxQccurs="unboundetf>
<xs:elementef="_GenericApplicationPropertyOfGeoreferencedTextunénOccurs="0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContept
</xs:complexType

<l-- >
<xs:elemenhame="GeoreferencedTexturéype="Georeferenced TextureTypeubstituionGroup="_Texturé/>
<l-- ->

<xs:elemenhame="_GenericApplicationPropertyOfGeoreferencedTextiype="xs:anyTypé abstract"true'/>
<l--
<xs:complexTypeane="TextureAssociationType
<xs:annotatior
<xs:documentatiorDenotes the relation of a texture to a surface, that is augmented by a TextureParameterization
object. The TextureAssociationType element must either carry a referenc@egtareParameterization object or
contain a _TextureParameterization object inline, but neither bottonexrxs:documentation
</xs:annotatior
<xs:sequenceninOccurs"0">
<xs:elementef="_TextureParameterizatit/o
</xs:seqence
<xs:attributename="uri" type="xs:anyURT use="required/>
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType
<l-- >
<xs:compl&Typename="AbstractTextureParameterizationTystract"true">
<xs:annotatior
<xs:documentatiorBase class for augmenting a link "texttigurface" with texture parameterization. Subclasses of
this class define concrete parametations. Currently, texture coordinates and texture coordinate generation
using a transformation matrix are availaki&s:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"gml:AbstractGMLTypé&>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfTextureParameterizatiomOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemenhame="_TextureParameterizatibiype="AbstractTextureParameterization Ty stract"true’
substitutimGroup="gml:_GML"/>

<l-- ->
<xs:elemenhame="_GenericApplicationPropertyOfTextureParameterizdtigpe="xs:anyTypé abstract"true'/>
<l-- >

<xs:complexTypaanme="TexCoordListTyp&>
<xs:annotatior
<xs:documentatioriTexture parameterization using texture coordinates: Each gml:LinearRing that is part of the surface
requires a separate "textureCoordinatsity with 2 doubles per ring vertekhe "ring'™ attribute provides the
gml:id of the target LinearRing. It is prohibited to link texture coordinates to any other object type than
LinearRing. Thus, surfaces not consisting of LinearRings cannot be texturacghigse transformation matrices
(see below) or georeferenced textures instead:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"AbstractTextureParameterizationType
<xs:sequence
<xs:elemenname="textureCoordinatésmaxOccurs"unboundet>
<xs:complexType
<xs:simpleContert
<xs:extensiorbase"gml:doubleList>
<xs:attributename="ring" type="xs:anyURT use="required/>
</xs:extensior
</xs:simpleContet>
</xs:complexType
</xs:elemerw
<xs:elementef="_GenericApplicationPropertyOfTexCoordLishinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
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<l--

<xs:elemenhame="TexCoordList type="TexCoordListTyp& substitutonGroup"_TextureParameterizatior

<l-- ->
<xs:elemenhame="_GenericApplicationPropertyOfTexCoordLisype="xs:anyTypé& abstract"true'/>

<l-- >

<xs:complexTypaame="TexCoordGenTge">
<xs:annotatior
<xs:documentatioriTexture parameterization using a transformation matrix. Theftramation matrix "worldToTexture"
can be used to derive texture coordinates from an object's location. This 3x4 matrix T conepcoesdinates
(s,t) from a homogeneous world position p as (s,t) = (s'/d', t'/q") with (s', t', 9') = T*p. Thus, perspective
projections can be specified. The SRS can be specified using standard attributes. If angigecirisaa
different reference system, it is transformed to the SRS before applying tertration. A transformation
matrix can be used for whole surfaces. It is not required to specify it perfRinga</xs:documentabn>
</xs:annotation
<xs:complexContemt
<xs:extensiorbase"AbstractTextureParameterizationType
<xs:sequence
<xs:elemenhame"worldToTexturé>
<xs:complexType
<xs:simpleContert
<xs:extensiorbase"core: TransforrationMatrix3x4 Typé&>
<xs:attributeGroupef="gml:SRSReferenceGrolip
</xs:extensior
</xs:simpleContent
<Ixs:complexType
</xs:elemer#
<xs:elementef="_GenericApplicationPropertyOfTexCoordGeninOccurs"0" maxOcurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame"TexCoordGehtype="TexCoordGenTypesubstituionGroup"_TextureParameterizatitr

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfTexCoordGegpe="xs:anyTypé abstract"true'/>

<l-- >

<xs:complexTypeame"X3DMaterial Type>
<xs:annotatior
<xs:documentatiorClass for defining constant surface properties. It is based on X3D's material definition.
addition, "isSmooth" provides a hint for value interpolation. The link to surface geometry is established via the
"target'-property. Only gml:MultiSurface or decendants of gml:AbstractSurfaceType are valid targets.
</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"AbstractSurfaceDataType
<xs:sequence
<xs:elemenhame="ambientintensitytype="core:doubleBetweenOantdefault="0.2" minOccurs"0"/>
<xs:elemenhane="diffuseColot' type="Color" default"0.8 0.8 0.8 minOccurs="0"/>
<xs:elemenhame="emissiveColdt type="Color" defaul="0.0 0.0 0.0 minOccurs="0"/>
<xs:elemenhame="specularColdrtype="Color' default"1.0 1.0 1.0 minOccurs="0"/>
<xs:dementname="shinines$ type="core:doubleBetweenOantdefault"0.2' minOccurs"0"/>
<xs:elemenhame="transparencytype="core:doubleBetweenOantidefault="0.0' minOccurs"0"/>
<xs:elemenhame="isSmootH type="xs:booleah default="falsé¢' minOcairs="0"/>
<xs:elemenhame="target type="xs:anyURT minOccurs"0" maxCccurs="unboundet{>
<xs:elementef="_GenericApplicationPropertyOfX3DMateriahinOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:extensior
</xs:complexContet
</xs:complexType
<l--
<xs:elemenhame="X3DMaterial' type="X3DMaterialTypé substitutonGroup"_SurfaceDatd>
<l--
<xs:elemenhame="_GenericApplicationPropertyOfX3DMaterfalype="xs:anyTypé& abstract"true'/>
<l-- >
<xs:simpleTypeame="TextureTypeTyp&>
<xs:annotatior
<xs:documentatioriTextures can be qualified by the attribute textureType. The &Ixtpe differentiates between
textures, which are specific for a certain object and are only oséldat object (specific), and prototypic
textures being typical for that kind of object and are used many times for all objects of that kind (typical). A
typical texture may be replaced by a specific, if available. Textuegsalso be classified as unknown.
</xs:documentation
</xs:annotatior
<xs:restrictionbase"xs:string>
<xs:enumerationalue="specific'/>
<xs:enumerationvalue="typical'/>
<xs:enumeratiowalue="unknown/>
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</xs:restrictiorr
</xs:simpleType
<l--
<xs:simpleTypename="Color">
<xs:annotation
<xs:documentatiorList of three values (red, green, blue), separated by spaces. The nalst be in the range
between zero and one/xs:documentation
</xs:annotation
<xs:restrictionbase"core:doubleBetweenOand1List
<xs:lengthvalue="3"/>
</xs:restrictiorr
</xs:simpleType
<l--
<xs:simpleTypename="ColorPlusOpacity>
<xs:annotatior
<xs:documentatiorList of three or four values (red, green, blue, opacity), separated by spaces. The values must be in
the range between zero and one. If no opacity is given, it is assumedass dOcumentation
</xs:annotatior
<xs:restrictionbase"core:doubleBetweenOand1List
<xs:minLengthvalue="3"/>
<xs:maxLengthvalue="4"/>
</xs:restrictior»
</xs:simpleType
<Ixs:schema
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A.3  Building module

The CityGML Building module is defined within the XML Schema definition fitelilding.xsd The target
namespace http://www.opengis.net/citygml/building/1.0 is aated with this extension module.

<?xml vergon="1.0" encoding="UTF8"?>
<xs:schemamlins="http://www.opengis.net/citygml/building/1'.xmIins:core"http://www.opengis.net/citygml/1'0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opemis.net/citygml/building/1.0elementFormEfault="qualified" attributeFormDefau#"unqualified>
<xs:importnamespace'http://www.opengis.net/gilkschemalLocabn="../3.1.1/base/gml.xs(>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemal.oaion="cityGMLBase.xst/>
<xs:complexTypeame="AbstractBuildingTypé abstract"true'>
<xs:annotation
<xs:documentatioriType describing the thematic and geometric attributes and theatgsme of buildings. It is an
abstract typegnly its subclasses Building and BuildingPart can be instantiated. An _AbstractBuilding may consist
of BuildingParts, which are again _AbstractBuildings by inheritance. Thuggragation hierarchy between
_AbstractBuildiigs of arbitrary depth may be specified. In such an hierarchy, top elements are Buildings, while
all other elements are BuildingParts. Each element of such a hierarchy may have all attributes and geometries of
_AbstractBuildihgs. It must, however, be assured than no inconsistencies occur (for example, if the geometry of a
Building does not correspond to the geometries of its parts, or if the roof type of a Building is saddle roof,
while its pars have an hip roof). As subclass of _CityObject, an _AbstractBuilding inherits all attributes and
relations, in particular an id, names, external references, and generalizationsetats:documentation
</xs:annotation
<xs:complexontent
<xs:extensiorbas&"core:AbstractSiteType
<xs:sequence
<xs:annotatior
<xs:documentation The name will be represented by gml:name (inherited from _GML) . list order for
storeyHeightsAbovegroundréit floor, second floor,... list order for stgtéeightsBelowground: first
floor below ground, second floor below ground,... The lodXMultiSurface must be used, if the geometry
of a building is just @ollection of surfaces bounding a solid, but not almgically clean solid
boundary necessary for GML3 solid boundariggs:documentation
</xs:annotatior
<xs:elemenhame="clas$ type="BuildingClassTyp& minOccus="0"/>
<xs:elemenhame="function' type="BuildingFunctionTyp& minOccurs"0" maxCGccurs="unboundetf>
<xs:elemenhame="usagé type="BuildingUsageTypeminOccurs"0" maxCccurs="unboundetf>
<xs:elemenhame="yearOfConstructiohtype="xs:gYea" minOccurs"0"/>
<xs:elemenhame="yearOfDemolitiofi type="xs:gYeal minOccurs"0"/>
<xs:elemenhame="roofTyp€' type="RoofTypeTyp& minOccurs"0"/>
<xs:elemenhame"measuredHeightype="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="storeysAboveGroundype="xs:nonNegativelntegeminOccurs="0"/>
<xs:elemenhame="storeysBelowGrouridtype="xs:nonNegativelntegéminOccurs="0"/>
<xs:elemenhame="storeyHeightsAboveGroufidype="gml:MeasureOrNullListTypeminOccurs"0"/>
<xs:elemenhame="storeyHeightsBelowGrouridype="gml:MeasureOrNullListTypeminOccurs"0"/>
<xs:elemenhame="lod1Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfacePopertyTyp& minOccurs"0"/>
<xs:elemenhame="lod2MultiCurve' type="gml:MultiCurvePropertyTypeminOccurs="0"/>
<xs:elemenhame="lod2TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="outerBuildingInstdation" type="BuildingInstallationProperty TypeminOccurs"0"
maxQccurs="unboundetf>
<xs:elemenhame="interiorBuildingInstallatiot type="IntBuildingInstallationProperty TypeminOccurs"0"
maxQccurs="unboundetf>
<xs:ekementame="boundedBY type="BoundarySurfaceProperty TypeinOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame="lod3Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs="0"/>
<xs:elemenhame="lod3MultiCurve' type="gml:MultiCurvePropertyTypeminOccurs="0"/>
<xs:elemenhame="lod3TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4Solid' type="gml:SolidPropertyyp€e' minOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiCurve' type="gml:MultiCurvePropertyTypeminOccurs="0"/>
<xs:elemenhame="lod4TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="interiorRoon type="InteriorRoomProperty TypeminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="consistsOfBuildingPatttype="BuildingPartProperty TygeminOccurs"0" maxOccurs"unbounded>
<xs:elemenhame"addres$type="core:AddressProperty TypeninOccurs"0" maxOccurs"unboundetf>
<xs:elementef="_GenericApplicationPropertyOfAbstractBuildihgiinOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:exten®on>
</xs:complexContent
</xs:complexType
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<l-- >
<xs:elemenhame"_AbstractBuilding type="AbstractBuildingTyp& abstract"true' substitutionGroug"core:_Sie"/>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfAbstractBuildihtype="xs:anyTypé& abstract"true'/>

<l-- >

<xs:simpleTypename="BuildingClassTyp&>
<xs:annotatior
<xs:documentation Class of a building. The values of this type are defined in the XML file BuildingClassType.xml,
accordingto the dictionary concept of GMLR/xs:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<I-- >
<xs:simpleTypename="BuildingFunctionTyp&>
<xs:annotatior
<xs:documentation Intended function of a building. The values of this type are defined in the XML file
BuildingFunctionType.xml, according to the dictionary concept of GML3. The values may be adoptedlKIS, the
german standard for cadastre modelling. If the cadastre models from other countries differ in the building
functions, these values may be compiled in another codelist to be usedtw@MC. </xs:documentatio>
</xs:annotation
<xs:restrictiorbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="BuildingUsageTyp&>
<xs:annotatior
<xs:documentatio> Actual usage of a building. The values of this type are defined in the XML file
BuildingUsageType.xml, according to the dictionary concept of GMK3:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleTye>
<l-- >
<xs:simpleTypename="RoofTypeTyp&>
<xs:annotatior
<xs:documentatiorRoof Types. The values of this type are defined in the XML file RoofTypeXgpeaccording to the
dictionary concept of GML3/xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:complexTypaame="BuildingType>
<xs:complexContemt
<xs:extensiorbas&"AbstractBuildingTypg&>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfBuildifigninOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:exensiorr
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="Building" type="BuildingTypé' substitutonGroup="_AbstractBuilding/>

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfBuildifidype="xs:anyTypé& abstract="true'/>

<l-- ->

<xs:complexTypaame="BuildingPartTypé&>
<xs:complexContent
<xs:extensiorbas&"AbstractBuildingTyp&>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfBuildingParninOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<I--
<xs:elemenhame="BuildingPart type="BuildingPartTypé substitutonGroug="_AbstractBuilding/>
<l--
<xs:elemenhame="_GenericApplicationPropertyOfBuildingPatl/pe="xs:anyTypé abstract"true'/>
<l-- >
<xs:complexTypaame="BuildingPartProperty Type
<xs:annotatior
<xs:documentatiorDenotes the relation of an _AbstractBuilding to its building parts. The BuildingPartPropertyType
element must either carry a reference to a BuildingPart object or contaitdam@Rart object inline, but
neither both nor none/xs:documentation
</xs:annotation
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyg">
<xs:sequenceninOccurs"0">
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<xs:elementef="BuildingPart/>
</xs:sequence
</xs:restrictiorr
</xs:complexContent
</xs:complexType
<l-
<xs:complexTypaame="BuildingInstallationTyp&>
<xs:annotatior
<xs:documentatiorA BuildingInstallation is a part of a Building which has not the Sigance of a BuildingPart.
Examples are stairs, antennas, balconies or smadl.rAsfsubclass of _CityObject, a BuildingInstallation
inherits all attributes and relations, in particular an id, names, external references, and generalization
relations </xs:documentation
</xs:annotatior
<xs:complexXontent
<xs:extensiorbase"core:AbstractCityObjectType
<xs:.sequence
<xs:elemenhame="clas$ type="BuildinglnstallationClassTygeminOccurs"0"/>
<xs:elemenhame="function' type="BuildingInstallationFunctionTypgeminOccurs="0" maxOcars="unboundetf>
<xs:elemenhame="usagé type="BuildingInstallationUsageTypgeninOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryProperty TypeeminOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TypieninOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfBuildingInstallatiominOccurs="0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="BuildingInstallatiorf type="BuildingInstallationTyp& substitutonGroup="core:_QtyObject’/>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfBuildingInstallatibtype="xs:anyTypé& abstract"true'/>

<l-- >

<xs:simpleTypename="BuildingInstallationClassType
<xs:annotatior
<xs:documentatiorClass of a building installation. The values of this type are defined in the XML file
BuildingInstallationClassType.xml, according to the dictionary concept of GMix3:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- -2
<xs:simpleTypename="BuildingInstallationFunctionTyge
<xs:annotatior
<xs:documentatiorFunction of a building installation. The values of this type armddfin the XML file
BuildinglnstallationFunctionType.xaccording to the dictionary concept of GMIs3xs:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTy name="BuildingInstallationUsageType
<xs:annotatior
<xs:documentatiorActual usage of a building installation. The values of this type are defined in the XML file
BuildingInstallationUsageType.xml, according to the dictionary cpneEGML3. </xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l--
<xs:complexTypaame="BuildingInstallationPropeyType'>
<xs:annotatior
<xs:documentatiorDenotes the relation of an _AbstractBuilding to its building irettatis. The
BuildinglInstallationPropertyType element must either carry a reference tddirglistallation object or contai
a BuildingInstallation object inline, but neither both nor neties:documentation
</xs:annotatior
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="BuildingIngallation'/>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l--
<xs:complexTypaame="IntBuildingInstallationTyp&>
<xs:amotatior»
<xs:documentatiorAn IntBuildinglInstallation is an interior part of a Building which has a specific function or
semantical meaning. Examples are interior stairs, railings, radiators or pipes. As subclass of _CityObject, a
nintBuildingInstallation inherits all attributes and relations, in particular an id, names, external references,
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and generalization relations/xs:documentation
</xs:annotation
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="IntBuildingInstallationClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="IntBuildingInstallationFunctionTygeminOccurs="0" maxOccurs"unboundetf>
<xs:dementname="usagé type="IntBuildingInstallationUsageTypeninOccurs"0" maxOccurs"unbounded>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TypeninOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfIntBuildingInstallatiominOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContept
</xs:complexType

<l-
<xs:elemenhame="IntBuildingInstdlation" type="IntBuildingInstallationTypé substitutonGroup="core:_CityObject>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfintBuildingInstallatiotype="xs:anyTypé& abstract"true'/>

<l-- >

<xs:simpleTypename="IntBuildingInstallationClassType
<xs:annotatior
<xs:documentatiorClass of an interior blding installation. The values of this type are defined in the XML file
IntBuildinglInstallationClassType.xml, according to the dictionary concept of GMIx3:documentation
</xs:annotatior
<xs:restrictiorbase"xs:string/>
</xs:sinpleType>
<l-- >
<xs:simpleTypename="IntBuildingInstallationFunctionTypge
<xs:annotatior
<xs:documentatiorFunction of an interior building installationh& values of this type are defined in the XML file
IntBuildinglnstallationFunctionType.xml, according to the dictionary concept of GMb&:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="IntBuildingInstallationUsageType
<xs:annotatior
<xs:documentatiorActual Usage of an interior building installation. The values oftttue are defined in the XML
file IntBuildinglInstallationUsageType.xml, according to the dictionary concept of GM3:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l--
<xs:complexTypaame="IntBuildingInstallationProperty Type
<xs:annotatior
<xs:documentatiorDenotes the relation of an _AbstractBuilding to its interior building installatites.
IntBuildingInstallationPropertyType element must either carry a reference to a IntBuildingInstallation object or
contain a IntBuildingInstallation object inline, but neither both nor nehes:documentation
</xs:annoatior>
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="IntBuildingInstallatiori/>
</xs:sequence
</xs:restrictiorr
</xs:complexContent
</xs:complexType
<l-- >
<xs:complexTypaame="AbstractBoundarySurfaceTypeabstract"true'>
<xs:annotatior
<xs:documentatiorA BoundarySurface is a thematic object which classifies surfamasding a building or a room. The
geometry of a BoundarySurface is given by MultiSurfaces. As it is a subclass of _CityObject, it inherits all
atributes and relations, in particular the external references, and the igatieratelations.
</xs:documentation
</xs:annotatior
<xs:complexContemnt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="opening type="OpeningProperty TypeminOccurs"0" maxCQccurs="unboundetf>
<xs:elementef="_GenericApplicationPropertyOfBoundarySurfaceinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
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</xs:complexType

<l-- >
<xs:elemenhame="_BoundarySurfacetype="AbstractBoundarySurfaceTypabstracE="true" substitutionGroug"core:_CityObject>
<I-- ->
<xs:elemenhame"_GenericApplicationPropertyOfBoundarySurfacge="xs:anyTypé abstract"true'/>

<l-- >

<xs:complexTypeame="RoofSurfaceTyp&>
<xs:complexContent
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfRoofSurfdc@inOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs.complexContent
</xs:complexType

<I-- >
<xs:elemenhame"RoofSurfacé type="RoofSurfaceTypésubstitutonGroup"_BoundarySurfacé>

<I--

<xs:elemenhame="_GenericApplicationPropertyOfRoofSurfddgpe="xs:anyTypé abstract"true'/>

<l-- >

<xs:complexTypamame="WallSurfaceTyp&>
<xs:complexContemnt
<xs:extensiorbas&"AbstractBoundarySurfaceTyre
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWallSurfdceinOccurs"0" maxOccurs"unboundet>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame"WallSurfacé type="WallSurfaceTypé substitutonGroup"_BoundarySurfacd>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfWallSurface/pe="xs:anyTypé atstract="true'/>

<l--

<xs:complexTypaame="GroundSurfaceType
<xs:complexContent
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfGroundSurdaeninOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="GroundSurfacetype="GroundSurfaceTypesubstituionGroup"_BoundarySurfacé>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfGroundSurfacegpe="xs:anyTypé abstract"trug'/>

<l-- >

<xs:complexTypamame="ClosureSurfaceTyge
<xs:complexContent
<xs:extensiorbase&"AbstractBoundarySurfaceTye
<xs:.sequence
<xs:elenentref="_GenericApplicationPropertyOfClosureSurfaceinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- -->
<xs:elemenhame="ClosureSurfacetype="ClosureSurfaceTypesubstitutonGroup="_BoundarySurfacé>

<l-- >
<xs:elemenhame"_GenericApplicationRapertyOfClosureSurfateype="xs:anyTypé& abstract"true'/>

<l-- >

<xs:complexTypaame="FloorSurfaceTypé&
<xs:complexContent
<xs:extensiorbase"AbstractBundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfFloorSurfdaminOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l--

<xs:elemenhame="FloorSurface type="FloorSurfaceTypesubstitutonGroupg"_BoundarySurfacé>

<l--

<xs:elemenhame="_GenericApplicationPropertyOfFloorSurfddgpe="xs:anyTypé abstract"true'/>

<l-- >
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<xs:complexTypaame="InteriorWallSurfaceType
<xs:complexContent
<xs:extensiorbase"AbstractBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfinteriorWallSurfdaminOccurs="0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexCorgnt
</xs:complexType
<l--
<xs:elemenhame="InteriorWallSurfacé type="InteriorWallSurfaceTypesubstituionGroup"_BoundarySurfacé>
<l--
<xs:elemenhame="_GenericApplicationPropertyOfinteriorWallSurfddgpe="xs:anyTypé abstract"true'/>
<l-- >
<xs:complexTypeame="CeilingSurfaceType
<xs:complexContemt
<xs:extensiorbase&"AbstractBoundarySurfaceTy{re
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfCeilingSurfdaminOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="CeilingSurface type="CeilingSurfaceTypesubstituionGroupE"_BoundarySurfacé>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfCeilingSurfddgpe="xs:anyTypé abstract"true'/>

<l-- >

<xs:complexTypeame"BoundarySurfaceProperty Tyfre
<xs:annotatior
<xs:documentatiorDenotes the relation of an _AbstractBuilding to its bounding #iersurfaces (wdd, roofs, ..).
The BoundarySurfacePropertyType element must either carry a reference to a _BoundarySurface object or contain a
_BoundarySurface object inline, but neither both nor none. There is no differentiation betiegen surfaces
bounding rooms and outer ones bounding buildings (one reason is, that Cldsee=Spbelong to both types). It
has to be made sure by additional integrity constraints that, e.g. an _AbstractBuildingiatadtto
CeilingSurfaces or a room not to RoofSurfaggss:documentation
</xs:annotatior
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="_BoundarySurfacé>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l-- >
<xs:complexTypeame"OpeningPropertyType
<xs:annotatior
<xs:documentatiorrDenotes the relation of an _BondarySurface to its openings (doors, windows). The OpeningPropertyType
element must either carry a reference to an _Opening object or contain an _Opening object inline, but neither both
nor none</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="_Opening/>
</xs:sequence
</xs:restrictiorr
</xs:complexContent
</xs:omplexType
<l-- >
<xs:complexTypaame="AbstractOpeningTypeabstract"true'>
<xs:annotatior
<xs:documentation Type for openings (doors, windows) in waldsed in LOD3 and LOD4 only. As subclass of
_CityObiject, an _Opening inherits all attributes and relations, in particular an id, names, external references,
and generalization relations/xs:documentation
</xs:annotatio>
<xs:complexContemt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProprtyType minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfOpenihgiinOccurs"0" maxCccurs="unboundety>
</xs:sequence
</xs:extensior
</xs:complexContent
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</xs:complexType

<l-- >
<xs:elemenhame="_Opening type="AbstractOpeningTypgeabstract"true' substituionGroup="core:_CityObject>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfOpenihtype="xs:anyTypé abstract="true'/>

<l-- >

<xs:complexTypaame="WindowType>
<xs:annotatior
<xs.documentation Type for windows in walls. Used in LOD3 and LOD4 only . As subclass of _CityObject, a window
inherits all attributes and relations, in particular an id, names, external references, and generalization
relatiors. </xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase&"AbstractOpeningType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWinddwninOccurs"0" maxQccurs="unboundedf>
</xs:sequence
</xs:extersior>
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame"Window' type="WindowTyp¢€' substitutionGroug"_Opening/>

<l S
<xs:elemenhame="_GenericApplicationPropertyOfWinddviype="xs:anyTypé abstract"true'/>

<l-- >

<xs:complexTypeame="DoorTypé>
<xs:annotatior
<xs:documentation Type for doors in walls. Used in LOD3 and LOD4 only . Asdass of _CityObject, a Door inherits
all attributes and relations, in particular an id, names, exftezferences, and gemalization relations.
</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"AbstractOpeningType
<xs:.sequence
<xs:elemenhame="addresstype="core:AddressProperty TypeninOccurs"0" maxOccurs"unboundetf>
<xs:elementef="_GenericApplicationPropertyOfDobminOccurs"0" maxQccurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="Door" type="DoorTyp€' substitutionGroug"_Opening/>

<l-- >
<xs:elemenhame="_GenericApplicatioRropertyOfDoot type="xs:anyTypé abstract="true'/>

<l-- >

<xs:complexTypeaame"RoomTypé&>
<xs:annotatior
<xs:documentatiorA Room is a thematic object fanodelling the closed parts inside a building. It has to be closed,
if necessary by using closure surfaces. The geometry may be either a solid, or a MultiSurface if the boundary is
not topologically clean. The room connedtvmay be derived by detecting shared thematic openings or closure
surfaces: two rooms are connected if both use the same opening object or the same closure surface. The thematic
surfaces bounding a room are referencechbyobundedBy property. As subclass of _CityObject, a Room inherits all
attributes and relations, in particular an id, names, external references, and zgi@raklations.
</xs:documentation
</xs:annotation
<xs:complexontent
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="RoomClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="RoomFunctionTypeminOccurs"0" maxCQccurs="unboundetf>
<xs:elemat name"usagé type="RoomUsageTygeminOccurs"0" maxCccurs="unboundetf>
<xs:elemenhame="lod4Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xselemenname"boundedBY type="BoundarySurfaceProperty TypeinOccurs="0" maxOccurs"unbounded>
<xs:elemenhame="interiorFurnituré type="InteriorFurnitureProperty TypeninOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame="roominstallatiofi type="IntBuildingInstallationProperty TypeminOccurs"0" maxOccurs"unboundetf>
<xs:elementef="_GenericApplicationPropertyOfRodmminOccurs"0" maxCccurs="unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<I--

<xs:elemenhame"Roont' type="RoomTypé substitutionGroug"core:_CityObject>

<l-- ->
<xs:elemenhame="_GenericApplicationPropertyOfRodnype="xs:anyTypé abstract="true'/>

<l-- >
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<xs:simpleTypename="RoomClassType
<xs:annotatior
<xs:documentatiorClass of a room . The values of this type are defined in the XML file RoomClassType.xml, according
to the dictionary concept of GML3/xs:documentation
</xs:annotation
<xs:restrictionbase"xs:strirg"/>
</xs:simpleType
<l-- >
<xs:simpleTypemame="RoomFunctionTyp&
<xs:annotation
<xs:documentatiorFunction of a room. The values of this type are defiim the XML file RoomFunctionType.xml,
according to the dictionary concept of GMI3xs:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename"RoomUsageTyge
<xs:annotatior
<xs:documentatiorActual Usage of a room. The values of this type are defined in the XML file RoomUsageType.xml,
according to the dictionamgoncept of GML3</xs:documentation
</xs:annotatior
<xs:restrictiorbase"xs:string/>
</xs:simpleType
<l-- >
<xs:complexTypeame="BuildingFurnitureTyp&>
<xs:annotatior
<xs:documentaticriType for building furnitures. As subclass of _CityObject, a BugBumniture inherits all
attributes and relations, in particular an id, names, external references, and ziwraklations.
</xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="BuildingFurnitureClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="BuildingFurnitureFunctionTygeminOccurs"0" maxOccurs"unboundety>
<xs:elemenhame="usagé type="BuildingFurnitureUsageTypeminOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TyfieninOccurs="0"/>
<xs:elemenhame="lod4ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfBuildingFurnitiireinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:exensior»
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="BuildingFurniture type="BuildingFurnitureTyp& substituionGroup="core:_CityObject>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfBuildingFurnittire/pe="xs:anyTypé abstract"true'/>

<l-- >

<xs:simpleTypename="BuildingFurnitureClassType
<xs:annotatior
<xs:documentation Class of a building furniture. The values of this type are defined in the XML file
BuildingFurnitureCassType.xml, according to the dictionary concept of GMi/8s:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l--
<xs:simpleTypename="BuildingFurnitureFunctionTyge
<xs:annotatior
<xs:documentation Function of a building furniture. The values of this type are defined in the XML file
BuildingFurnitureFunctionType.xml, according to the dictionagaept of GML3 </xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="BuildingFurnitureUsage Tpe">
<xs:annotatior
<xs:documentation Actual Usage of a building Furniture. The values of this type are defined in the XML file
BuildingFurnitureUsageType.xml, according to the dictionary concept of GMKk3:documentation
</xs:anotatiorr
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l--
<xs:complexTypaame="InteriorRoomProperty Type
<xs:annotatior
<xs:documentatiorDenotes the relation of an _AbstractBuilding to its rooms. TreeidnRoomPropertyType element must
either carry a reference to a Room object or contain a Room object inline, but neither both nor none.
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</xs:documentation
</xs:annotatiomr
<xs:complexContemt
<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="Roon'/>
</xs:sequence
</xs:restrictiorr
</xs:complexContept
</xs:complexType
<l-- >
<xs:complexTypename="InteriorFurnitureProperty Type
<xs:annotatior
<xs:documentatiorDenotes the relation of a Room to its interior furnitures (movable). The
InteriorFurnitureProperty Type element must either carry a reference to a BHildiiture object or contain a
BuildingFurniture object inline, but neither both nor nons:documentation
</xs:annotation
<xs:complexContemt
<xs:restiction base"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="BuildingFurnituré/>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
</xs:schema
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A.4  CityFurniture module

The CityGML CityFurniture module is defined within the XML Schema definition fidéyFurniture.xsd The
target namespace http://www.opengis.net/citygml/cityfurniture/1.0 is iaéedanith this extension module.

<?xml version="1.0" encoding="UFB"?>
<xs:schemamlns="http://www.opengis.net/citygml/cityfurniture/1'xmins:core"http://www.opengis.net/citygml/1'0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/cityfurniture/I'@lementFormBfault="qualified' attributeFormDefaud"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypeaane="CityFurnitureTyp&>
<xs:annotation
<xs:documentatioriType describing city furnitures, like traffic lights, benches, ... As subclass of _CityObject, a
CityFurniture inherits all attributes and relations, in particular an id, naxresnal references, and
generalization relations/xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="CityFurnitureClassTyg' minOccurs"0"/>
<xs:elemenhame="function' type="CityFurnitureFunctionTygeminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="lod1Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TypeeminOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod1Terrainintersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:ekemenmame="lod4Terrainintersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elemenhame="lod2ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elemenhame="lod3ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod4ImplicitRepresentatidnype="core:ImplicitRepresentatid’roperty Typ& minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfCityFurnitdreninOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l--
<xs:elemenhame="CityFurnituré' type="CityFurnitureTyp& substitutonGroup="core:_CityObject>
<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfCityFurniture/pe="xs:anyTyp# abstract"true'/>
<l-- >
<xs:simpleTypename="CityFurnitureFunctionType
<xs:annotatiomr
<xs:documentatiorFunction of a Furniture. The values of this type are defined in the XML file
CityFurnitureFunctionType.xml, according to the dictionary concept of GMI&:documentation
</xs:annotation
<xs:restricton base"xs:string/>
</xs:simpleType
<l--
<xs:simpleTypename="CityFurnitureClassType
<xs:annotatior
<xs:documentatiorClass of a Furniture. The vals of this type are defined in the XML file
CityFurnitureClassType.xml, according to the dictionary concept of GME&:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
</xs:schema
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A.5 CityObjectGr oup module

The CityGML CityObjectGroupmodule is defined within the XML Schema definition fiiéyObjectGroup.xsd
The target namespace http://www.opengis.net/citygml/cityobjectgroup/1.0 is associated with this extension
module.

<?xml version="1.0" encadg="UTF-8"?>
<xs:schemamlIns="http://www.opengis.net/citygml/cityobjectgroup/1.dmins:core"http://www.opengis.net/citygml/1'0
xmins:xs="http://mww.w3.0rg/2001/XMLSchenfaxmins:gmE"http://www.opengis.net/gril
targetNamespas&http://www.opengis.netitygml/cityobjectgroup/1.0elementFormDefauit'qualified'
attributeForm@fault="unqualified>
<xs:importnamespace'http://www.opengis.net/gilkschemalLocabn="../3.1.1/base/gml.xs(>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemal.oaion="cityGMLBase.xstY>
<xs:complexTypaame="CityObjectGroupTyp&>
<xs:annotatior
<xs:documentation A group may be used to aggregate arbitrary CityObjects according to soruefised criteria.
Examples for groups are the ldifigs in a specific region, the result of a query, or objects put together for
visualization purposes. Each group has a name (inherited from AbstractGMLType), functions (e.g., building group),
a class and zero or more usagkegeometry may optionally be attached to a group, if the geometry of the whole
group differs from the geometry of the parts. Each member of a group may Hiedli a role name, reflecting
the role each CityObject plays the context of the group. As subclass of _CityObject, a CityObjectGroup inherits
all attributes and relations, in particular an id, names, external references, enadizgion relations. As
CityObjectGroup itself is &ityObject, it may also be contained by another gredys:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="clas$ type="xs:string minOccurs"0"/>
<xs:elemenhame="function' type="xs:string minOccurs"0" maxCccurs="unboundet{>
<xs:elemenhame="usagé type="xs:string minOccurs"0" maxCccurs="unbounded/>
<xs:elemenhame="groupMembeér type="CityObjectGroupMemberTygeninOccurs="0" maxOcurs="unboundetf>
<xs:elemenhame="parent type="CityObjectGroupParentTypeninOccurs"0"/>
<xs:elemenhame="geometry type="gml:GeometryPropertyTypeninOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfCityObjectGrduminOccus="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l >
<xs:elemenhame="CityObjectGroup type="CityObjectGroupTypésubstitutonGroup="core:_CityObject>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfCityObjectGrdutype="xs:anyTypé abstract"true'/>

<l >

<xs:complexTypaame="CityObjectGroupMemberType
<xs:annotatior
<xs:documentatiorDenotes the relation of a CityObjectGroup to its members, wheh@ityObjects. The
CityObjectGroupMemberType element must either carry a reference to a _CityObject object or contain a _CityObject
object inline, but neither both nor nor&xs:documentation
</xs:annotation
<xs:segienceminOccurs"0">
<xs:elementef="core:_CityObject>
</xs:sequence
<xs:attributename="role" type="xs:string/>
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType
<l-- >
<xs:complexTypaame="CityObjectGroupParentTyfe
<xs:annotatior
<xs:documentatiorDenotes the relation of a CityObjectGroup to its parent, which is a CityObject. The
CityObjectGroupPargType element must either carry a reference to a _CityObject object or contain a _CityObject
object inline, but neither both nor none. The parent association allows for modelling of a generic hierarchical
grouping concepfNamed aggregations of components (CityObjects) can be added to specific CityObjects considered
as the parent object. The parent association links to the aggregate, while the parts are given by the group
memberss</xs:documetatiorn>
</xs:annotation
<xs:sequenceninOccurs"0">
<xs:elementef="core:_CityObject>
</xs:sequence
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType
</xs:schema
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A.6  Generics module

The CityGML Generics module is ddhed within the XML Schema definition file
generics.xsdThe target namespace http://www.opengis.net/citygml/generics/1.0 is associated with this exte
sion malule.

<?xml version="1.0" encoding="UFB"?>
<xs:schemamlIns="http://www.opengis.net/citygml/gerics/1.0 xmins:core"http://www.opengis.net/citygml|/1'0
xmins:xs="http://mww.w3.0rg/2001/XMLSchenfaxmins:gmE"http://www.opengis.net/gril
targetNamespas&http://www.opengis.net/citygml/generics/1 &lementFormEfault="qualified" attributeFormDefaut"unqualified>
<xs:importnamespagce'http://www.opengis.net/grilschemalocaon="../3.1.1/base/gml.x5t>
<xs:importnamespace'http://www.opengis.net/citygml/1GschemalLocabn="cityGMLBase.xst/>
<xs:complexTypaame="GenericCityObjectType
<xs:annotatior
<xs:documentatiorGeneric (user defined) city objects may be used to model features which are not covered explicitly
by the CityGML schema. Generic objects must be used with care; they shall only be used if there is redeapprop
thematic class available in the overall CityGML schema. Oherwise, problemsromg semantic interoperability
may arise. As subclass of _CityObject, a generic city object inherits all attributes and relationgulapart
an id, names, external references, and generalization relatissslocumentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjectType
<xs:.sequence
<xs:elemenhame="clas$ type="xs:string minOccurs"0"/>
<xs:elemenhame="function' type="xs:string minOccurs"0" maxCccurs="unboundet{>
<xs:elemenhame="usagé type="xs:string minOccurs"0" maxCccurs="unboundet{>
<xs:elemenhame="lod0Geometry type="gml:GeometryPoperty Typ& minOccurs="0"/>
<xs:elemenhame="lod1Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TypeninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryRoperty Typé& minOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod0TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1TerrainIntersectiv' type="gml:MultiCurvePropertyTypeminOccurs"0"/>
<xs:elemenhame="lod2TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3TerrainIntersectidhtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4TerrainIntersectiohtype="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="lod0ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elemenhame="lod1ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod2ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elemenhame="lod3ImplicitRepresentatidnype="core:ImplicitRepreseationPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod4ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l--
<xs:elemenhame="GenericCityObjecttype="GenericCityObjectTypesubstitutonGroup="core:_CityObjec¥>
<l-- ->
<xs:complexTypaame="AbstractGenericAttribute Typeabstract"true'>
<xs:annotatior
<xs:documentation Generic (user defined) attributes may be used to represent attributes which are not covered
explicitly by the CityGML schema. Generic attributes must be used with care; they shall only be used if there is
no appropiate attribute available in the overall CityGML schema. Oherwis#gem®concerning semantic
interoperability may @se. A generic attribute has a name and a value, which has further subclasses
(IntAttrribute, StringAttribute, ...)</xs:documentation
</xs:annotation
<xs:sequende
<xs:attributename="name type="xs:string use="required/>
</xs:complexType
<I--
<xs:elemenhame="_genericAttributeé type="AbstractGenericAttribute Typeabstract"true’
substitutimGroup="core:_GenericApplicatidPropertyOfCityObject>

<l--
<xs:complexTypaame="StringAttribute Typ&>
<xs:annotatior
<xs:documentatiof
</xs:annotatior
<xs:complexConternt
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:.sequence
<xs:elemenhame"valué' type="xs:string/>
</xs:sequence
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</xs:extensior
</xs:complexContent
</xs:complexType

<I-- >
<xs:elemenhame="stringAttributé' type="StringAttributeTypé substitutonGrou="_genericAttribut&/>
<l-- >

<xs:complexpename="IntAttribute Type>
<xs:annotatior
<xs:documentatiof
</xs:annotatior
<xs:complexContent
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame"value' type="xs:integet/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="intAttribute" type="IntAttributeTyp€' substituionGroup="_genericAttribut&/>
<l-- >

<xs:complexTypeame="DoubleAttribute Typ&>
<xs:annotatior
<xs:documentatiar
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"AbstracGenericAttributeType>
<xs:sequence
<xs:elemenhame"valué' type="xs:doublé&/>
</xs:sequence
<Ixs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="doubleAttributé type="DoubleAttribute Typ& substitutonGroup"_genericAttribut&/>
<l-- >

<xs:complexTypaame="DateAttribute Tyg">
<xs:annotation
<xs:documentatiai
</xs:annotatior
<xs:complexContent
<xs:extensiorbas&"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame="value' type="xs:daté&/>
</xs:sequence
</xs:extensior
</xs:compl&Content
</xs:complexType
<l-- >
<xs:elemenhame="dateAttributé type="DateAttributeTypé substitutonGroup="_genericAttributs/>
<l--
<xs:complexTypaame="UriAttribute Type'>
<xs:annotatior
<xs:documentatiai
</xs:annotation
<xs:complexContent
<xs:extensiorbase"AbstractGenericAttribute Type
<xs:sequence
<xs:elemenhame"valuée' type="xs:anyUR1/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemenhame="uriAttribute" type="UriAttributeType"' substituitonGroup="_genericAttribut&/>
</xs:schema
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A.7 LandUse module

The CityGML LandUsemodule is defined within the XML Schema definition filendUse.xsd The target
namespace http://www.opengis.net/citygnmdase/1.0 is associated with this extensiomlule

<?xml version="1.0" encoding="UFB"?>
<xs:schemamins="http://www.opengis.net/citygml/landuse/1.dmIns:core"http://www.opengis.net/citygmi|/1:0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/landuse/1 @ementFormEfault="qualified" attributeFormDefault"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypeame="LandUseType&>
<xs:annotatior
<xs:documentatioriType describing the class for Land Use in all LOD. LandUse objects describe areas df thedear
surface dedicated to a specific land use. The geometry must consiStafrBaces. As subclass of _CityObject, a
LandUse inherits all attributes and relations, in particular an id, names, external references,ratibgiene
relations </xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:.sequence
<xs:elemenhame="clas$ type="LandUseClassTypgeninOccurs"0"/>
<xs:elemenhame="function' type="LandUseFunctionTypeminOccurs"0" maxCccurs="unboundet{>
<xs:elemenhame="usagé type="LandUseUsageTygeninOccurs"0" maxCccurs="unboundetf>
<xs:elemenhame="lodOMultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs="0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfacePropertyTypgeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfLandUseinOccurs"0" maxCccurs="unboundet{>
</xs:sequence
<I/xs:extesiorr
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="LandUsé type="LandUseTypé substitutonGroup="core:_CityObject>

<l--

<xs:elemenhame="_GenericApplicationPropertyOfLandUse/pe="xs:anyTypé abstract="true'/>

<l-- -->

<xs:simpleTypemame="LandUseClassType
<xs:annotatior
<xs:documentatiorClass of a Landuse. The values of this type are defined in the XML file LandUseClassType.xml,
according to the dictionary concept of GMI3xs:documentatiorn
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="LandUseFunctionType
<xs:annotatior
<xs:documentatiorFunction of a Landuse. The values of this type are defined in the XML file LandUseFunctionType.xml,
according to the dictionary concept of GMI3xs:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l--
<xs:simpleTypename="LandUseUsageTyge
<xs:annotatior
<xs:documentatiorlUsage of a Landuse. The values of this type are define@ XNt file LandUseUsageType.xml,
according to the dictionary concept of GMI3xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
</xs:schema
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A.8 Relief module

The CityGML Reliefmodule is definedvithin the XML Schema definition fileelief.xsd The target nasspace
http://www.opengis.net/citygml/relief/1.0 is associated with this extensiatul®o

<?xml version="1.0" encoding="UFB"?>
<xs:schemamins="http://www.opengis.net/citygml/relief/1'xmins:core"http://www.opengis.net/citygml/1:0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/relief/1'@®lementFormBfault="qualified" attributeFormDefau#t"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypamame="ReliefFeature Type
<xs:annotatior
<xs.documentationType describing the features of the Digital Terrain Model. Aglasb of _CityObject, a
ReliefFeature inherits all attributes and relations, in particular an id, names, external references, and
generalizatiomelations.</xs:documentation
</xs:annotatior
<xs:complexContemnt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod" type="core:integerBetweenOant#
<xs:elemenhame="reliefComponerittype="ReliefComponentProperty TypenaxOccurs"unboundetf>
<xs:elementef="_GenericApplicationPropertyOfReliefFeatlirainOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- =>

<xs:elemenhame"ReliefFeaturétype="ReliefFeatureTypesubstitutonGroup="core:_CityObject>

<l-- -->
<xs:elemenhame"_GenericApplicationPropertyOfReliefFeatltgpe="xs:anyTypé abstract"true'/>
<l-- >

<xs:complexTypaame="AbstractRelief@mponentTypéabstract"true>
<xs:annotatior
<xs:documentaticriType describing the components of a relief featweither a TIN, a Grid, mass points or break
lines. As subclass of _CityObject, a ReliefComponent inherits all atstand relations, in particular an id,
names, external references, and generalization relatibissdocumentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:ekmenmame="lod" type="core:integerBetweenOant#
<xs:elemenhame="extent type="gml:PolygonPropertyTygeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfReliefComponentinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="_ReliefComponerittype="AbstractReliefComponentTypebstract="true' substitutonGroup="core:_CityObject>
<l-- >

<xs:elemenhame="_GenericApplicationPropertyOfReliefComponthipe="xs:anyTyp# abstract"true'/>
<l--
<xs:complexTypeame"ReliefComponentProperty Ty[ye
<xs:annotatior
<xs:documentatiorDenotes the relation of a ReliefFeature to its components. @ledGomponentProperty Typelement
must either carry a reference to a _ReliefComponent object or contain a _ReliefComponent object inline, but
neither both nor none/xs:documentation
</xs:annotatior
<xs:complexContent
<xs:restrictionbag="gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="_ReliefComponerit>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<I-- ->
<xs:complexTypaame"TINReliefType'>
<xs:annotation
<xs:documentatioriType describing the TIN component of a relief feature. As subclass of _CityObject, a TINRelief
inherits all attributes and relations,particular an id, names, external references, and generalization
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relations </xs:documentation
</xs:annotation
<xs:complexContemt
<xs:extensiorbase"AbstractReliefComponentType
<xs:sequence
<xs:elemenhame="tin" type="tinProperty Typ&/>
<xs:elementef="_GenericApplicationPropertyOfTinRelleminOccurs"0" maxCccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContept
</xs:complexType

<l-- >
<xs:elemenhame"TINRelief' type="TINReliefType' substitutonGroup="_ReliefComponerit>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfTinReliefype="xs:anyTypé& abstract="true'/>

<l-- >

<xs:complexTypamame"RasterReliefType
<xs:annotatior
<xs:documentatioriType describing the raster component of a relief feature. As subclass of _CityObject, a RasterRelief
inherits all attributes and relations, in particular an id, names, external references, and generalization
relations </xs:documentatior
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"AbstractReliefComponentType
<xs:.sequence
<xs:elemenhame="grid" type="gridProperty Typg>
<xs:elementef="_GenericApplicationPropertyOfRasterReliefinOccurs"0" maxOccurs"unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="RasterRelief type="RasterRaefType' substitutonGroup="_ReliefComponerit>

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfRasterReliefpe="xs:anyTypé alstract="true'/>

<l-- >

<xs:complexTypaame"MassPointReliefType
<xs:annotatior
<xs:documentaticriType describing the mass point component of a relief feature. As subclass @ibjEity a
MassPoint Relief inherits all attributes and relations, in particular an id, names, external references, and
generalization relations/xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbase="AbstractReliefComponentTyfe
<xs:sequence
<xs:elemenhame="reliefPoints type="gml:MultiPointProperty Typ&>
<xs:elementef="_GenericApplicationPropertyOfMassPointRéliefinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="MassPointRelieftype="MassPointReliefTygesubstitutonGroug"_ReliefComponerit>

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfMassPointReliefpe="xs:anyTypé abstract"true'/>

<l-- >

<xs:complexTypaame="BreaklineReliefTyp&>
<xs:annotatior
<xs:documentatioriType describing the break line Component of a relief feature. A break line relief consists of break
lines orridgeOrValleyLines. As subclass of _CityObject, a BreaklineRelief inherits all attributes and relations,
in particular an id, names, external references, and generalization relatisndocumentation
</xs:annotatior
<xs:complexCoregnt
<xs:extensiorbase"AbstractReliefComponentTyfe
<xs:sequence
<xs:elemenhame="ridgeOrValleyLine$ type="gml:MultiCurveProperty TypeminOccurs"0"/>
<xs:elemenhame="breakline$ type="gml:MultiCurveProperty TypeminOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfBreaklineReliehinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- ->
<xs:elemenhame="BreaklineRelief type="BreaklineReliefTyp& substitutonGroup="_ReliefComponerit>
<l--
<xs:elemenhame"_GenercApplicationPropertyOfBreaklineReliefype="xs:anyTyp& abstract"true'/>
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<l--
<xs:complexTypeame="tinProperty Typ&>
<xs:annotatior
<xs:documentatiorDenotes the relation of a TINRelief to its components. The tinPdpge element must either carry
a reference to a gml:TriangulatedSurface object or contain a gml:TriangulatedSurface object inline, but neither
both nor noe. </xs:documentation
</xs:annotatior
<xs:complexContent
<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="gml:TriangulatedSurfaté&>
</xs:sequence
</xs:restrictiorr
</xs:complexContent
</xs:complexType
<l--
<xs:complexTypaame="gridProperty Typ&>
<xs:complexContemt
<xs:annotatior
<xs:documentatiorDenotes the relation of a RastetiRfType to its components. The gridPropertyType element must
either carry a reference to a gml:RectifiedGridCoverage object or contain a gml:RectifiedGridCoverage object
inline, but neither both nor none/xs:documentatior»
</xs:annotatior
<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="gml:RectifiedGridCoveragé>
</xs:sequence
</xs:restrictiorr
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemenhame="Elevatior type="gml:LengthTypé substitutonGroup="gml:_Object/>
</xs:schema
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A.9  Transportation module

The CityGML Transportationmodule is defing within the XML Schema definition fileransportation.xsdThe
target namespace http://www.opengis.net/citygml/transportation/1.0 is associated with this extedsien mo

<?xml version="1.0" encoding="UFB"?>
<xs:schemamlns="http://www.opengis.net/tigml/transportation/1:0xmins:core"http://www.opengis.net/citygml/1:0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/transportation/1dementFormDefaut'qualified’
attributeForm@fault="unqualified>
<xs:importnamespagce'http://www.opengis.net/grilschemalocaon="../3.1.1/base/gml.x5t>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypaame="AbstractTansportationObjectTygeabstract"true'>
<xs:annotatior
<xs:documentatioriType describing the abstract superclass for transportation okjéctsiocumentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase"core:AbstractCityObjedtype'>
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfTransportationObjetinOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="_TransportationObjettype="AbstractTransportationObjectTypeubstitutionGroug"core:_CityObject>

<l-- ->
<xs:elemenhame"_GenericApplicationPropertyOfTransportationObjegpe="xs:anyTypé abstract"trug'/>

<l-- >

<xs:complexTypaame="TransportationComplexTyfie
<xs:annotatior
<xs:documentatioriType describing transportation complexes, which are aggregated features, e.g. roads, which consist
of parts (traffic areas, e.g. pedestrian path, and auxiliary traffic afsasiyibclass of _CityObject, a
TransportationComplex inherits all attributes and relations, in particular an id, names, external references, and
generalization relations/xs:documentation
</xs:annotatior
<xs:complex@ntent
<xs:extensiorbas&"AbstractTransportationObjectType
<xs:sequence
<xs:elemenhame="function' type="TransportationComplexFunctionTypminOccurs="0" maxOccurs"unboundetf>
<xs:elemenhame="usagé type="TransportationComplexUgaTypé minOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="trafficAred' type="TrafficAreaProperty TypeminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="auxiliaryTrafficAred type="AuxiliaryTrafficAreaPropertyTypeéminOccurs"0" maxOcairs="unboundetf>
<xs:elemenhame="lodONetworK type="gml:GeometricComplexPropertyTypminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs.elementref="_GenericApplicationPropertyOfTransportationComplexnOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<I-- ->
<xs:elemenhame="TransportationCompléxype="TransportationComplexTypeubstititionGroup="_TransportationObjett
<l--
<xs:elenentname="_GenericApplicationPropertyOfTransportationComplgipe="xs:anyTypé abstract"true'/>
<l--
<xs:complexTypamame="TrafficAreaType>
<xs:annotatior
<xs:documentatioriType describing the class for traffic Areas. Traffic areas are the surfaces where traffic actually
takes place. As subclass of _CityObiject, a TrafficArea inherits all attributes and relations, in particular an id,
names, external references, and generalization relatibssdocumentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase&"AbstractTransportationObjectTyfre
<xs:sequence
<xs:elemenhame="usage type="TrafficAreaUsageTypé& minOccurs"0" maxCccurs="unboundety>
<xs:elemenhame="function' type="TrafficAreaFunctionTypeéminOccurs"0" maxOccurs"unboundet{>
<xs:elemenhame"surfaceMateridltype="TrafficSurfaceMaterial TygeminOccurs="0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
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<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfTrafficAréaninOccurs"0" maxOccurs"unboundey>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- ->
<xs:elemenhame"TrafficAred' type="TrafficAreaTypé substitutonGroup"_TransportationObjett
<l--
<xs:elemenhame="_GeneicApplicationPropertyOfTrafficAreatype="xs:anyTypé abstract="true'/>
<l-- >
<xs:complexTypaame="Auxiliary TrafficAreaType>
<xs:annotatior
<xs:documenti@gon>Type describing the class for auxiliary traffic Areas. These are the surfaces where no traffic
actually takes place, but which belong to a transportation object. Examples are kerbstones, road markings and
grass stripesAs subclass of _CityObject, an AuxiliaryTrafficArea inherits allibtttes and relations, in
particular an id, names, external references, and generalization relatiendocumentation
</xs:annotatior
<xs:complexContemnt
<xs:extensionbase"AbstractTransportationObjectType
<xs:.sequence
<xs:elemenhame="function' type="AuxiliaryTrafficAreaFunctionType minOccurs="0" maxOccurs"unboundet>
<xs:elemenhame="surfaceMateridltype="TrafficSurfaceMaterial TypeminOccurs="0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TygeminOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfAuxiliary TrafficAréaminOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="AuxiliaryTrafficArea" type="AuxiliaryTrafficAreaTypé substitutonGroup="_TransportationObjett

<l-- ->
<xs:elemenhame"_GenericApplicationPropertyOfAuxiliary TrafficArédaype="xs:anyTypé abstract"trug'/>

<l-- >

<xs:complexTypaame="TrafficAreaPropertyTyp&
<xs:annotatior
<xs:documentatiorDenotes the relation of TransportationComplex to its parts, which are traffic areas. The
TrafficAreaPropertyType element must either carry a reference to a TrafficAe obcontain a TrafficArea
object inline, but neither both nor nor&xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="TrafficAred/>
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l-- >
<xs:complexTypeame="AuxiliaryTrafficAreaProperty Typ&>
<xs:anotatiorr
<xs:documentatiorDenotes the relation of TransportationComplex to its parts, which are auxiliary trafficEreas.
TrafficAreaProperty Type element must either carry a reference to a TrafficArea object or contain a TeafficAre
object inline, but neither both nor noréxs:documentation
</xs:annotatior
<xs:complexContent
<xs:restrictionbase"gml:AssociationTyp&>
<xs:sequenceninOccurs"0">
<xs:elementef="AuxiliaryTrafficArea'/>
</xs:equence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l--
<xs:complexTypaame"TrackType>
<xs:annotatior
<xs:documentatioriType desdbing the class for tracks. A track is a small path mainly used by pedestrians. As
subclass of _CityObject, a Track inherits all attributes and relations, in particular an id, names, external
references, and generalizati@ations.</xs:documentation
</xs:annotatior
<xs:complexContent
<xs:extensiorbase"TransportationComplexType
<xs:.sequence
<xs:elementef="_GenericApplicationPropertyOfTratkninOccurs"0" maxQccurs="unboundetf>
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</xs:sequence
</xs:extensior
</xs:complexContept
</xs:complexType

<l-- >
<xs:elemenhame="TracK' type="TrackTypé substituionGroup="TransportationComplék>

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfTratkype="xs:anyTyp# alstract="true'/>

<l-- ->

<xs:complexTypaame"RoadTyp&>
<xs:annotation
<xs:documentatioriType describing the class for roads. As subclass of _CityObject, a Road inherits all attributes and
relations, in particular an id, namestexxal references, and generalization rels.</xs:documentation
</xs:annotation
<xs:complexContemt
<xs:extensiorbase"TransportationComplexType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfRoachinOccurs"0" maxCccurs="unboundety>
</xs:sequence
<I/xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame"Road type="RoadTypé substitutonGroup="TransportationCompléx>

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfRoatype="xs:anyTypé& alstract="true'/>

<l-- >

<xs:complexTypaame="RailwayType&>
<xs:annotatior
<xs:documentatioriType describing the class for railways. As subclass of _CityObject, a Railway inherits all
attributes ad relations, in particular an id, names, external references, and getenalrelations.
</xs:documentation
</xs:annotatior
<xs:complexContemnt
<xs:extensiorbas&"TransportationComplexType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfRailwayninOccurs"0" maxCccurs="unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="Railway' type="RailwayTypé substituionGroup="TransportationComplék>
<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfRailwayype="xs:anyTypé abstract="true'/>
<l-- >

<xs:complexTypaame="SquareTyp&>
<xs:annotatior
<xs:documentatioriType describing the class for squares. A squane @pan area ecomonly found in cities (like a
plaza). As subclass of _CityObject, a Square inherits all attributes and relations, in particular an id, names,
external references, and generalization relatiohs:documentatin>
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"TransportationComplexType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfSquanainOccurs"0" maxCQccurs="unbounded>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemenhame="Squaré type="SquareTypésubstitutonGroup="TransportationComplék>
<I--
<xs:elemenhame"_GenericApplicationPropertyOfSquargpe="xs:anyTypé abstract="true'/>
<l--
<xs:simpleTypename="TransportationComplexFunctionType
<xs:annotatior
<xs:documentatiorFunction of a transportation complex. The values of this type are defined in the XML file
TransportationComplexFunctionType.xml, accordioghe dictionary concept of GML3/xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypemame="TrangortationComplexUsageTyfre
<xs:annotatior
<xs:documentatiorActual Usage of a transportation complex. The values of this type are defined in the XML file
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TransportationComplexUsageType.xml, according to the dictionary concept of Gts3locumentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="TrafficAreaFunctionTyp&
<xs:annotdon>
<xs:documentatiorFunction of a traffic area. The values of this type are defined in the XML file
TrafficAreaFunctionType.xml, according to the dictionary concept of GMI8:documentation
</xs:annotatior
<xs:restrictionbase="xs:string/>
</xs:simpleType
<l--
<xs:simpleTypename="AuxiliaryTrafficAreaFunctionType>
<xs:annotatior
<xs:documentatiorFunction of an auxiliaryraffic area. The values of this type are defined in the XML file
AuxiliaryTrafficAreaFunctionType.xml, according to the dictionary concept of GMiL&:documentation
</xs:annotatior
<xs:restrictiorbase"xs:string/>
</xs:simpleTyg>
<l-- >
<xs:simpleTypename="TrafficAreaUsageType
<xs:annotatior
<xs:documentatiorlUsage of a traffic area. The values of this type are defined inNtefile
TrafficAreaUsageType.xml, according to the dictionary concept of GMb&:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- ->
<xs:simpleTypename="TrafficSurfaceMaterial Type
<xs:annotatior
<xs:documentaticriType for surface materials of transportation objects. The values of this type are defined in the XML
file TrafficSurfaceMaterialType.xml, according to the dictionary concept of GMI8:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
</xs:schema
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A.10 Vegetation module

The CityGML Vegetationmodule is defined within the XML Sche definition filevegetation.xsdThe target
namespace http://www.opengis.net/citygml/vegetation/1.0 is associated with this extenduds mo

<?xml version="1.0" encoding="UFB"?>
<xs:schemamins="http://www.opengis.net/citygml/vegetation/1.dmIns:ore="http://www.opengis.net/citygmi|/1'0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/vegetation/1 @ementFormefault="qualified" attributeFormDefaui"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypeame="AbstractVegetationObjectTypabstract"true'>
<xs:annotatior
<xs:documentatioriType describing the abstract superclass for vegetation objects. A subclass is either a
SolitaryVegetationObject or a PlantCovefxs:documentation
</xs:annotatior
<xs:complexContemt
<xs:ext@sionbase"core:AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfVegetationObjestinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame"_VegetationObjetttype="AbstractVegetationObjectTypeubstititionGroup="core:_CityObject>

<l-- >
<xs:elemenhame"_GenericApplicationPropertyOfVegetationObjettpe="xs:anyTypé abstract"true'/>

<l-- >

<xs:mmplexTypename="PlantCoverTyp&
<xs:annotatior
<xs:documentaticriType describing Plant Covers resp. Biotopes. As subclass of _CityObject, a VegetationObject inherits
all attributes and relations, in particular an id, names, extefeabnces, and gemalization relations.
</xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbas&"AbstractVegetationObjectTyfre
<xs:sequence
<xs:elemenhame="clas$ type="PlantCoverClassTygeninOccurs"0"/>
<xs:elemenhame="function' type="PlantCoverFunctionTypeninOccurs"0" maxOccurs="unboundetf>
<xs:elemenhame="averageHeighttype="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty Ty® minOccurs"0"/>
<xs:elemenhame="lod2MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod3MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod4MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1MultiSolid' type="gml:MultiSolidProperty Typ& minOccurs="0"/>
<xs:elemenhame="lod2MultiSolid" type="gml:MultiSolidProperty Typ& minOccurs="0"/>
<xs:elemenhame="lod3MultiSolid" type="gml:MultiSolidProperty Typ& minOccurs="0"/>
<xs:elementef="_GenericApplicationPropertyOfPlantColeninOccurs"0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="PlantCovet type="PlantCoverTypésubstituionGroupE"_VegetationObjett>

<I-- -->
<xs:elemenhame"_GenericApplicationPropertyOfPlantCoVeype="xs:anyTypé abstract="true'/>

<I--

<xs:simpleTypename="PlantCoverClassTyfje
<xs:annotatior
<xs:documentatiorClass of a PlantCover. The values of this type are defined in the XML file PlantCoverClassType.xml,
according to the dictionary concept of GMI3xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="PlantCoverFunctionTyge
<xs:annotatior
<xs:documentatiorFunction of a PlantCover. The vals of this type are defined in the XML file
PlantCoverFunctionType.xml, according to the dictionary concept of GMKk3:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
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</xs:simpleType
<l-- >
<xs:complexTypaame="SolitaryVegetationObjectType
<xs:annotatior
<xs:documentatioriType describing solitary vegetation objects, e.g., trees. Its geometry is either defilatyex
by a GML 3 geometry with absolute coordinates, or in the case of multiple ncesref the same vegetation
object, implicitly by a reference to a shape definition and a transformation. The shape definition imep be g
an external file. As subclass of _CityObject, a SolitaryVegetationObject inherits all attributes and relations, in
particular an id, names, external references, and generalization relatiandocumentation
</xs:annotatior
<xs:complexContent
<xs:extensiorbase"AbstractVegetationObjectTy{e
<xs:sequence
<xs:elemenhame="clas$ type="PlantClassTypeminOccurs"0"/>
<xs:elemenhame="function' type="PlantFunctionTypeminOccurs"0" maxCccurs="unbounded>
<xs:elemenhame="species type="SpeciesTypeminOccurs"0"/>
<xs:elemenhame="height' type="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="trunkDiametet type="gml:LengthTyp& minOccurs"0"/>
<xs:elemenhame="crowrDiametel type="gml:LengthTypé& minOccurs"0"/>
<xs:elemenhame="lod1Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod2Geometry type="gml:GeometryProperty TypieninOccurs="0"/>
<xs:elemenhame="lod3Geometry type="gml:GeometryProperty TypjeninOccurs="0"/>
<xs:elemenhame="lod4Geometry type="gml:GeometryProperty TygeninOccurs="0"/>
<xs:elemenhame="lod1ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:dementname="lod2ImplicitRepresentatidntype="core:ImplicitRepresentationProperty TypainOccurs"0"/>
<xs:elemenhame="lod3ImplicitRepresentatidnype="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elemenhame="lod4ImplicitRepesentatioh type="core:ImplicitRepresentationPropertyTypainOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfSolitaryVegetationObjecinOccurs="0" maxOccurs"unboundetf>
</xs:sequence
<I/xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="SolitaryVegetationObjettype="SolitaryVegetationObject TypesubstitutionGroug"_VegetationObjett>
<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfSolitaryVegetationObjegpe="xs:anyTypé abstract"true'/>

<l-- ->

<xs:simpleTypeame="PlantClassType
<xs:annotatior
<xs:documentatiorClass of a SolitaryVegetationObject. The values of this type are defined in the XML file
PlantClassType.xml, according to thet@nary concept of GML3</xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="PlantFunctionype'>
<xs:annotatior
<xs:documentatiorFunction of a PlantType. The values of this type are defined in the XML file PlantFunctionType.xml,
according to the dictionary concept of GMI3xs:documentation
</xs:annotation
<xs:restiction base"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="SpeciesTypé&
<xs:annotatior
<xs:documentaticriType of a Species. The values of ttyige are defined in the XML file SpeciesType.xml, according to
the dictionary concept of GML3/xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
</xs:schema
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A.11 WaterBody module

The CityGML WateBody module is defined within the XML Schema definition fileterBody.xsdThe target
namespace http://www.opengis.net/citygml/waterbody/1.0 is associated with this extendide. mo

<?xml version="1.0" encoding="UFB"?>
<xs:schemamins="http://www.opengis.net/citygml/waterbody/1'Gmins:core"http://www.opengis.net/citygml|/1'0
xmins:xs="http://www.w3.0rg/2001/XMLScheniaimIins:gmE&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/waterbody/1.8lementFormfault="qualified" attributeFormDefau#t"unqualified>
<xs:importnamespagce'http://www.opengis.net/griilschemalocabn="../3.1.1/base/gml.xst>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypaame="AbstraciWaterObjectTypeabstract"true’>
<xs:annotatior
<xs:documentatioriType describing the abstract superclass for water objects. As subclass of _CityObject, a
_WaterObiject inherits all attributes and relations, in particular an id, naxtesal references, and
generalization relations/xs:documentation
</xs:annotatior
<xs:complexContemnt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWatgbject minOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="_WaterObjet" type="AbstractWaterObjectTypesubstitutonGroup="core:_CityObject>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfWaterObjéc¢ype="xs:anyTypé abgract"true'/>

<l-- >

<xs:complexTypaame="WaterBodyTyp&>
<xs:annotatior
<xs:documentatioriType describing Water Bodies, e.g., lakes, rivers. As subaofagSityObject, a WaterBody inherits
all attributes and relations, in particular an id, names, external references, enadizggtion relations.
</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"AbstractWaterObjectType
<xs:sequence
<xs:elemenhame="class$ type="WaterBodyClassTypgeminOccurs"0"/>
<xs:elemenhame="function' type="WaterBodyFunctionTygeminOccurs"0" maxOccurs"unboundetf>
<xs:elemenhame="usagé type="WaterBodyUsageTygeminOccurs"0" maxQccurs="unbounded>
<xs:elemenhame="lodOMultiCurve' type="gml:MultiCurvePropertyTypeminOccurs="0"/>
<xs:elemenhame="lodOMultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1MultiCurve' type="gml:MultiCurveProperty TypeminOccurs="0"/>
<xs:elemenhame="lod1MultiSurfacé type="gml:MultiSurfaceProperty TypeminOccurs"0"/>
<xs:elemenhame="lod1Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elenentname="lod2Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod3Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="lod4Solid' type="gml:SolidPropertyTypeminOccurs"0"/>
<xs:elemenhame="boundedBY type="BoundedByWaterSurfaceProperty TyprinOccurs"0" maxOccurs"unboundetf>
<xs:elementef="_GenericApplicationPropertyOfWaterBddminOccurs"0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexype>

<l-- >
<xs:elemenhame="WaterBody type="WaterBodyTyp& substitutonGroup="_WaterObjec¥>

<I-- ->
<xs:elemenhame"_GenericApplicationPropertyOfWaterBddlype="xs:anyTypé abstract="true'/>

<l--

<xs:simpleTypename="WateBodyClassTyp&
<xs:annotatior
<xs:documentatiorClass of a Water Body. The values of this type are defined in the XML file WaterBodyClassType.xml,
according to the dictionary concept of GMI3xs:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="WaterBodyFunctionTyge
<xs:annotatior
<xs:documentatiorFunction of a Wadr Body. The values of this type are defined in the XML file
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WaterBodyFunctionType.xml, according to the dictionary concept of GMI3:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:simpleTypename="WaterBodyUsageType
<xs:annotatior
<xs:documentatiopActual usage of a water body. The values of this type are defined in the XML file
WaterBodyUsageType.xml, according to the dictionary concept of GM&3:documentation
</xs:annotatior
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:complexTypeame"BoundedByWaterSurfacePropertyType
<xs:annotatior
<xs:documentatiorDenotes the relation of a WaterBody to its boundary surfaces, which are of type
_WaterBoundarySurface. The BoundedByWateiesiProperty Type element must either carry a reference to a
_WaterBoundarySurface object or contain a _WaterBoundarySurface object inline, but neither both nor none.
</xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:restrictionbase"gml:AssociationType>
<xs:sequenceninOccurs"0">
<xs:elementef="_WaterBoundarySurfatk
</xs:sequence
<Ixs:restrictiorr
</xs:complexContent
</xs:complexType
<l-- >
<xs:complexTypaame="AbstractWaterBoundarySurfaceTypebstract"true'>
<xs:annotatior
<xs:documentatiorA WaterBoundarySurface is a thematic object which classifieacegrbounding a water body.
</xs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbas&"core:AbstractCityObjectType
<xs:sequence
<xs:elemenhame="lod2Surface type="gml:SurfaceProperty TypeninOccurs"0"/>
<xs:elemenhame="lod3Surface' type="gml:SurfacePropertyTypeninOccurs"0"/>
<xs:elemenhame="lod4Surface type="gml:SurfaceProperty TyfeninOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfWaterBoundarySurfagenOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType
<l-- >
<xs:elemenhame="_WaterBoundarySurfateype="AbstractWaterBoundarySurfaceTypastract"true'
substitutonGroup="core:_CityObject>

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfWaterBoundarySurfagge="xs:anyTypé abstrat="true'/>
<l-- >

<xs:simpleTypename="WaterLevelTyp&>
<xs:annotatior
<xs:documentaticriType for the specification of the level of a water surface. Thiemg attribute waterLevel of a
WaterSurface can be used to describe the water level, for which the given &@ gedmetry was acquired. This
is especially important, when the water body is influenced by the tide. Tres\af this type are defined in the
XML file WaterLevelType.xml, according to the dictionary concept of GM&/&s:documentation
</xs:annotation
<xs:restrictionbase"xs:string/>
</xs:simpleType
<l-- >
<xs:complexTypaame"WaterSurfaceType
<xs:annotatior
<xs:documentatioriType describing the surface of a water body, which separates the water from the air. As subclass of
_CityObject, a WaterSurface inherits all attributes and relations, in particular an id, names, external
references, and generalization relaticriss:documentation
</xs:annotation
<xs:complexContemt
<xs:extensiorbas&"AbstractWaterBoundarySurfaceType
<xs:sequence
<xs:elemenhame="waterLevel type="WaterLevelTyp& minOccurs"0"/>
<xs:elementef="_GenericApplicationPropertyOfWaterSurfageinOccurs"0" maxOccurs"unboundetf>
</xs:sequence
<Ixs:exteasiorr>
</xs:complexContent
</xs:complexType
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<l-- >
<xs:elemenhame="WaterSurfacetype="WaterSurfaceTypesubstitutonGroupg"_WaterBoundarySurfate

<l-- >
<xs:elemenhame="_GenericApplicationPropertyOfWaterSurfadgpe="xs:anyTypé& abstract"true'/>

<l-- >

<xs:complexTypeame="WaterGroundSurfaceTyfe
<xs:annotatior
<xs:documentatioriType describing the ground surface of a water body, i.e. the bigutacthe digital terrain model.
As subclass of _i§/Object, a WaterGroundSurface inherits all attributes andoektin particular an id,
names, external references, and generalization relatibissdocumentation
</xs:annotation
<xs:complexContemt
<xs:extensiorbase"AbstractWaterBoundarySurfaceTy{re
<xs:sequence
<xs:elementef="_GenericApplicationPropertyOfWaterGroundSurfagenOccurs="0" maxOccurs"unboundetf>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="WaterGroundSurfaceype="WaterGroundSurfaceTypeubstitutonGroup"_WaterBoundarySurfate

<l-- ->
<xs:elemenhame"_GenericApplicationPropertyOfWaterGroundSurfagg@e="xs:anyTypé abstract"trug'/>

<l-- >

<xs:complexTye name="WaterClosureSurfaceTy{re
<xs:annotatior
<xs:documentaticriType describing the closure surface between water bodys. Alassibf _CityObject, a
WaterClosureSurface inherits all attributes and relations, in particular renigs, external references, and
generalization relations/xs:documentation
</xs:annotation
<xs:complexContemnt
<xs:extensiorbas&"AbstractWaterBoundarySurfaceType
<xs:sequence
<xs:elementef="_GenericApplicationPragrtyOfWaterClosureSurfateninOccurs="0" maxOccurs"unboundet{>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemehname"WaterClosureSurfateype="WaterClosureSurface TypeubstitutonGroup="_WaterBoundarySurfate
<l-- >

<xs:elemenhame="_GenericApplicationPropertyOfWatelosureSurfacetype="xs:anyTypé abstract"true'’/>
</xs:schema
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A.12 TexturedSurface module [deprecated]

The CityGML TexturedSurfacenodule is defined within the XML Schema definition fiexturedSurface.xsd
The target namespace http://www.opengis.itgtfml/texturedsurface/1.0 is associated with this extension
module.

<?xml version="1.0" encoding="UFB"?>
<xs:schemamIns="http://www.opengis.net/citygml/texturedsurface/lx@nins:core"http://www.opengis.net/citygml/1:0
xmins:xs="http://www.w3.0rg/D01/XMLSchema xmins:gm&"http://www.opengis.net/grl
targetNamespas&http://www.opengis.net/citygml/texturedsurfacellelementFormDefaudtt'qualified
attributeForm@fault="unqualified>
<xs:importnamespace'http://www.opengis.net/gilkschemalocabn="../3.1.1/base/gml.xs(>
<xs:importnamespace'http://www.opengis.net/citygml/1‘Gchemalocabn="cityGMLBase.xstY>
<xs:complexTypaame="TexturedSurfaceType
<xs:annotatior
<xs:appinfedeprecated/xs:appinfe
<xs:documentatiorDeprecatedince CityGML version 0.4.0. Use the concepts of the CityGML Appearance module instead.
The concept of positioning textures on surfaces complies with the standard X3D. Because there has been no
appropriate texturing concejot GML3, CityGML adds the class TexturedSurface to the geometry model of GML 3. A
texture is specified as a raster image referenced by an URI, and can be an arbitrary resource, even in the
internet. Textures are positioneg émploying the concept of texture coordinates, i.e. each texture coordinate
matches with exactly one 3D coordinate of the TexturedSurface. The use of texture coordinates allows an exact
positioning and trimming of the textion the surface geometry. Each surface may be assigned one or more
appearances, each refering to one side of the sud&sedocumentation
</xs:annotatior
<xs:complexContemnt
<xs:extensiorbas&"gml:OrientableSurfaceTyfe
<xs:sequence
<xs:elementef="appearancemaxOccurs"unboundet{>
</xs:sequence
<I/xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs.elementname="TexturedSurfacetype="TexturedSurface TypesubstitutonGroup="gml:OrientableSurfacé>

<l-- >
<xs:elemenhame="appearancetype="AppearancePropsiType'/>

<l-- >

<xs:complexTypeame="AppearanceProperty Type
<xs:annotatior
<xs:appinfedeprecated/xs:appinfe-
<xs:documentatiorDeprecated since GBML version 0.4.0. Use the concepts of the CityGML Appearance module instead. A
property that has an _Appearance as its value domain, which can either beial K&aéor,...) or a Texture. The
_Appearance Element can @thbe encapsulated in an element of this type or an XLink reference to a remote
_Appearance element (where remote geometry elements are located in another document or elsewhere in the same
document). Either the referencetbe contained element must be given, but neither both nor none. The side of the
surface the _Appearance refers to is given by the orientation attribute, which refers to the corresponding sign
attribute of the orientable sade: + means the side with positive orientation,-ahe side with negative
orientation.</xs:documentation
</xs:annotatior
<xs:sequenceninOccurs"0">
<xs:elementef="_Appearancé>
</xs:sequence
<xs:attributename="orientation' type="gml:SignTypé defaulte"+"/>
<xs:attributeGroupef="gml:AssociationAttributeGroup>
</xs:complexType
<l--
<xs:complexTypaame="AbstractAppeaanceType abstract"true">
<xs:annotatior
<xs:appinfedeprecated/xs:appinfe
<xs:documentatiorDeprecated since CityGML version 0.4.0. Use the concepts of the CityGML Appearance module instead.
This abstract type is the parenteéypf MaterialType and SimpleTextureType. It is derived from
gml:AbstractGMLType, thus it inherits the attribute gml:id and may be referenced by an appearanceProperty,
although it is defined elsewhere in another appearanpeRyo</xs:documentation
</xs:annotation
<xs:complexContemt
<xs:extensiorbas&"gml:AbstractGMLTypé&/>
</xs:complexContent
</xs:complexType
<l--
<xs:elemenhame"_Appearancetype="AbstractAppearanceTypebstract"true' substtutionGroup="gml:_GML"/>
<l--
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<xs:complexTypaame="Material Type>
<xs:anrotatiorr
<xs:appinfedeprecated/xs:appinfe
<xs:documentatiorDeprecated since CityGML version 0.4.0. Use the concepts of the CityGML Appearance module instead.
Adopted from X3D standard (http://www.web3d.org/x3dfs:documentation
</xs:annotatior
<xs:complexContemt
<xs:extensiorbase&"AbstractAppearanceTy{re
<xs:sequence
<xs:elemenhame="shininess type="core:doubleBetweenOantininOccurs"0"/>
<xs:elemenhame="transparencytype="core:doubleBetweenOantiinOccurs="0"/>
<xs:elemenhame="ambientintensitytype="core:doubleBetweenOantminOccurs="0"/>
<xs:elemenhame="specularColdrtype="Color' minOccurs"0"/>
<xs:elemenhame="diffuseColot' type="Color' minOccurs"0"/>
<xs:elemenhame="emissiveColdt type="Color' minOccurs"0"/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="Materid" type="Material Typé substitutionGroug"_Appearancé>
<l-- >

<xs:complexTypaame"SimpleTextureTypé&
<xs:annotatior
<xs:appinfedeprecated/xs:appinfe
<xs:documentatiorDeprecated since CityGML version 0.4.0. Use the concepts of the CityGML Appearance module instead.
Adopted from X3D standard (http://www.web3d.org/x3d/). ToDo: regéat:documentation
</xs:annotatior
<xs:compl&Content
<xs:extensiorbase&"AbstractAppearanceTy{re
<xs:sequence
<xs:elemenhame="textureMap type="xs:anyUR1/>
<xs:elemenhame="textureCoordinatésype="gml:doubleList/>
<xs:elemenhame="textureTypé type="TextureTypeTypeminOccurs"0"/>
<xs:elemenhame="repeat type="xs:booleat minOccurs"0"/>
</xs:sequence
</xs:extensior
</xs:complexContent
</xs:complexType

<l-- >
<xs:elemenhame="SimpleTexturé type="SimpleTextureTypesubstituionGroupg="_Appearancé>
<l-- >

<xs:simpleTypename="TextureTypeTyp&
<xs:annotatior
<xs:appinfedeprecated/xs:appinfe
<xs:documentatiorDeprecated since CityGML version 0.4.0. Use the concepts of the CityGML Appearance module instead.
Textures can be qualified by the attribute textureType. The textureType diffgsitetween textures, which are
specific for a certain object and are only used for that object (specific), and/pioteitures being typical
for that kind of object and are used many times for all objects of tha{tiidal). A typical texture may be
replaced by a specific, if available. Textures may also be classified as unktiesidocumentation
</xs:annotation
<xs:restrictiorbase"xs:string>
<xs:enumerationalue="specific¢/>
<xs:enumeratiorvalue="typical'/>
<xs:enumerationalue="unknown/>
</xs:restrictiorr
</xs:simpleType
<l-- =
<xs:simpleTypename="Color">
<xs:annotatior
<xs:appinfe-deprecated/xs:appinfe
<xs:documentatiorDeprecated since CityGML version 0.4.0. Use the concepts of the CityGML Appearance module instead.
List of three values (red, green, blue), separated by spaces. The values must benge between zero and
one.</xs:documentation
</xs:annotatior
<xs:restrictiorbase"core:doubleBetweenOand1List
<xs:lengthvalue="3"/>
</xs:restrictior»
</xs:simpleType
</xs:schema
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A.13 Schematron rules on referential integity

The CityGML Schema repository provides Schematron rules precisely describing referential integrity constraints
on CityGML property elements denoting the relation between CityGML objects. If not statedisthehese
property elements are generalgstricted to either carry a reference to a remote object using the XLinkpto

of GML 3.1.1 (where remote objects are located in another document or elsewhere in the same document) or
contain an object inline, but neither both nor none. Within this atandocument, conformance requirements on
referential integrity are stated within a separate clause at the end of each chapter covering a CityGML module
(e.g., see clausk).3.8for the CityGML Building module).

Schematron is ra auxiliary constraint language. The constraints apply to context nodes within a CityGML
instance document (typically an XML element) which are addressed based on XPath criteria. Themules the
selves are given as XPath expressions which are evaluategcfootthese nodes in order to check theirdvali

ity. A CityGML instance document is considered invalid if any Schematron rule is violated. Please note, that for
version 1.0 of CityGML the provided Schatron rules only limit property elements to act irheit byreference

or by-value mode, but neither both nor none. Neither further restrictions on property elements nor other confo
mance requirements are covered. In future versions of CityGML, further Scbarrules may be added.

In CityGML, the Schematroschema used to express referential integrity rules is based on the Schematron
Assation Language version 1.5 which is also employed by GML 3.1.1. The sdeeshigpped as a separate file
within the CityGML schema package and is accessible by the refamentialintegrity.sch It may be used to

check conformance requirements on referential integrity of CityGML propeetgesits within a CityGML
instance document according to the CityGML abstract test suite providethex B However, this requires an

XML validator capable of automatically processing the Schematron rules provided by the schema. Otherwise,
the Schematron code can be treated merely as a formal description of the required constraints.

The following excerpt ofeferentiallntegrity.schllustrates the abstract base rbkefOrContent This rule states

XPath expresions to ensure that target objects of property elements are either given by reference or by value. It
is identically speidied as the corresponding rule pided by the XSD schema filgmIBase.xs@f GML 3.1.1.

Since thehrefOrContentrule is abstract, it does not apply to any specific context node within a City@ML i
stance document but is referenced by concrete rules within the schema to enssiencgnsi

<?xml version="1.0" encoding="UFB"?>
<schemamIns="http://www.ascc.net/xml/schematron
<title>Schematron validation rules checking referential integrity of CityGML associatior<§ifles
<nsprefix="xlink" uri="http://www.w3.0rg/1999/xlink/>
<nsprefix="bldg" uri="http://www.opengis.net/citygml/building/1'&
é
<patternname="Check either href or content not bth
<rule abstract"true"' id="hrefOrConterit>
<reporttest"@xlink:href and (*|text()}>Property &ment may not carry both a reference to an object and contain an
object</report
<assertest"@xlink:href | (*|text())>Property element must either carry a reference to an object or contain an
object</assert
</rule>
</patterr»
é
</schema

For each CityGML property element being subject to referential integrity requiremefietgntiallntegrity.sch
contains further concrete rules based on the abstrachref®rContent For example, the follwing schema
shippet applies tharefOrContentrule to the property elemerldg:consistsOfBuildingPardefined within the
CityGML Building module (cf. chaptet0.3. Thebldg:consistsOfBuildingPartlement denotes the relatioha
bldg:_AbstractBuildingo its building part objects which may only be given inline or by reference.
é
<patternname="hrefOrContent check on bldg:consistsOfBuildingPart
<rule context"bldg:consistsOfBuildingPart
<extendgule="hrefOrContenit/>
</rule>

</patterr»
é
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Annex B
(normative)

Abstract test suite for CityGML instance documents

B.1 Test cases for mandatory conformance requirements

B.1.1 Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instarne document against the XML Schema definit
of each CityGML module that is part of the CityGML profile employed by tigance
document. This may be any combination of CityGML extension modules in abiojur
with the CityGML core module.

b) Test method

Validate the CityGML XML instance document against the XML Schema definitions

employed CityGML modules. The process may be using an appropriate software t
validation or be a manual process that checks all relevant definitions from thetives
XML Schema specification of the employed CityGML modules.

c) Reference

Annex A

d) Test type

Basic Test.

B.1.2 Valid CityGML profile

B.1.2.1 CityGML profile definition embedded inline the CityGML instance document

a) Test purpose

Verify that a profile employed by a CityGML instance document is a valid CityGML pr
in accordance with the rules and guidelines stated in cha@@ef~or CityGML profile
definitions embedded inline the CityGML instance doeum(referenced as first approa
in chapter7.2), verify that the CityGML instance document denotes all schema defini
and corresponding XML namespaces of CityGML modules that are used to repres
data within the instnce doament and, thus, are part of the employed CityGML profile.

b) Test method

Inspect the instance document and check that it satifies the rules for employing Cit
profiles described in chapter.2 (first approach).

c) Reference

Annex A chapter7.2 (first approach).

d) Test type

Basic Test.

B.1.2.2 CityGML profile definition provided by a separate XML Schema definition file

a) Test purpose

Verify that a profile emplogd by a CityGML instance document is a valid CityGML pro
in accordance with the rules and guidelines stated in ch@fefror CityGML profile
definitions provided by a separate XML Schema definition file (referencedcasidsep-
proach in chapter.2) , verify that the profileds

and imports all schema deffiilons of CityGML modules that are used to represent the
within the instance document and, shuare part of the employed CityGML profile. T

targetnams pace of the profileds XML Schema
of the imported CityGML modules and must be given as previously unused and gl
uni que URI . The pdefinitian mestnst coktiin anySfurthee aontent.

b) Test method

Validate the XML Schema definition of the CityGML profile. The process may be usif
appropriate software tool for validation or be a manual process that checks all r¢
definitionsfrom the respective XML Schema specification of the CityGML profile. Ins
the instance document and check that it satifies the rules for employing CityGML p
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described in chaptét.2 (second pproach).

c) Reference

Annex A chapter7.2 (second pproach).

d) Test type

Basic Test.

B.1.3

Conformance classes related to CityGML modules

a) Test purpose

Verify the validity of the CityGML instance document against thefaonance classes @
each CityGML module that is part of the CityGML profile employed by the instanag ¢
ment. This may be any combination of CityGML extension modules in caiganwith the
CityGML core module.

b) Test method

Follow the test cases pradd by the conformace classes for each CityGML modul
annexB.2.

c) Reference AnnexB.2.
d) Test type Basic Test.
B.1.4 Spatial geometry objects

a) Test purpose

Verify that all spatial geometry olgts within a CityGML instance document adhere to
XML Schema definition of the Gegpaphy Markup Language version 3.1.1 and to
CityGML spatial model.

b) Test method

Inspect the instance document and check that spatial geometry objects are vakspati
to the XML Schema definition of GML version 3.1.1 and satisfy the rules of tg
CityGML spatial model dscribed in chaptes.

c) Reference

OGC Document No. 0305r1,Annex A chapte8.

d) Test type

Capability Test.

B.1.5

Spatial topology relations

a) Test purpose

Verify that all spatial topology relations between spatial geometry objects are exp
using the XML concept akLinksprovided by GML version 3.1.1.

b) Test method

Inspect the instance document and check that spatial topology relations between
geometry objects are valid with respect to ¥iénks concept introduced by GML vsion
3.1.1 and satisfy the rules of to the CityGML spatial mo@stribed in chapte8.

c) Reference

OGC Document No. 0305r1,Annex A chapte8.

d) Test type

Capability Test.

B.1.6

Address objects

a) Test purpose

Verify that all themat objects representing address information within a CityGML inst:
doaument adhere to the XML Schema definition of the Extensible Address Language
issued by OASIS and to the rules for representing address information in CityGML.

b) Test method

Inspect the instance document and check that thematic objects representing addreas
tion are valid with respect to the XML Schema definition of the OASIS Extensible Ad
Language and satisfy the rules for representing address information withinMZLitg@-
scribed in chaptet0.1.4

c) Reference

OASIS 2003Annex A chapterl0.14.

d) Test type

Capability Test.
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Conformance classes related to CityGML modules
CityGM L Core module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows t8gyGML Coremo dul e 6 s
encaling of objects and properties and adheres to all its conformance requirements. T|
case is maghatory for all CityGML instance daiments.

b) Test method

Inspect the instance document and check that it satifies the rules Gftyii&ML Core
module escribed in chaptefl0.1 and 8.2, and espeally the conformance requiremen
stated in chapted and8.2.3 Conformance requirements on referential integrity of CityG
property elements defined within tigtyGML Coremodule may be additiaily validated
using the constraints provided by the Schematron schefeeentiallntegrity.schin acca-

dance with the rules and guidelines stated in arn23.

c) Reference

Chapterl0.], 0, 8.2, 8.2.3 annexA.13.

d) Test type

Basic Test.

B.2.1.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance @oment against the XML Schema definiti
of the CityGML Coremodule. This test case is mandatory for all CityGML instanceid
ments.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
CityGML Coremodule inannexA.1. The process may be using an appropriate software
for validation or be a manual process that checks all relevant definitions fro@ityie@ML
Coremodule.

c) Reference AnnexA.1.
d) Test type Basic Test.
B.2.2 Appearance module

B.2.2.1

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows tA@pearancemo d ul e 6 s
encaling of objects and properties and adheres to all its conformance requiseifiais test
case is mandatory for all CityGML instance domnts employing elements defined with
the Appearancemodule. Conformance requirements on referential integrity of CityQ
property elements defined within thgppearancemodule may be additially validated
using the constraints provided by the Schematron schefegentiallntegrity.schin acca-

dance with the rules and guidelines stated in arn23.

b) Test method

Inspect the instance document and check thattifies the rules of thAppearanceanodule
described in chapted, and especially the conformance requirements stated in clBafter

c) Reference

Chapter9, 9.6, annexA.13.

d) Test type

Capability Test.

B.2.2.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema defin
of the Appearancanodule This test case is mandatory for all CityGML instanceuduents
employing elements defined within tA@pearancenodule.
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b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
Appearancemodule in anneXA.2. The process may be using an appropriate software
for validation or be a manual process that checks all relevant definitions frofppea-
ancemodule.

c) Reference

AnnexA.2.

d) Test type

Capaility Test.

B.2.3

B.2.3.1

Building module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows tBaildingmo dul ed6s rdd
ing of objects and properties and adheres to all its conformance requirements. Tdaise|
is mandatory for all CityGML instance daments employing elements defined within {
Building module. Conformance requirements on referential integrity of CityGML proy
elements defined within thBuilding module may be additionally validated ngithe ca-
straints provided by the Schematron scheefarentiallntegrity.sctin accadance with the
rules and guidelines stated in anes3.

b) Test method

Inspect the instance document and check that it satifies theafutee Building module
described in chaptef0.3 and especially the conformance requirements stated in ch
10.3.8

c) Reference

Chapterl0.3 10.3.8 annexA.13.

d) Test type

Capability Test.

B.2.3.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema defin
of the Building module. This tescase is mandatory for all CityGML instance doents
employing elements defined within tBailding module.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
Building module in anneXA.3. The process may be using an appropriate software toq
validation or be a manual process that checks all relevant definitions froButlikéng
module.

c) Reference

AnnexA.3.

d) Test type

Capability Test.

B.2.4

B.2.4.1

CityFurniture module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows t@é&yFurnituremo d ul e 6 s
encaling of objects and properties and adheres to all its conformance requirements. T|
caseis mandatory for all CityGML instance daments employing elements defined with
the CityFurniture module. Conformance requirements on referential integrity of CityQ
property elements defined within tli&tyFurniture module may be additionally validate
using the constraints provided by the Schematron schefegentiallntegrity.schin acca-
dance with the rules and guidelines stated in adn#3.

b) Test method

Inspect the instance document and check that it satifies lde afitheCityFurniture mod-
ule described in chaptet0.7, and especially the conformance requirements stated in ch
10.7.4

c) Reference

Chapterl0.7, 10.7.4 annexA.13.
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d) Test type

Capability Test.

B.2.4.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema defin
of the CityFurniture module. This test case is mandatory for all CityGML instanceud
ments employing elements defined within @igyFurniture module.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
CityFurniture module in anaex A.4. The process may be using an appropriate software
for validation or be a manual process that checks all relevant definitions fradityRerni-
ture module.

c) Reference

AnnexA.4.

d) Test type

Capability Test.

B.2.5

B.2.5.1

CityObjectGroup module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows tBétyObjectGroupmo d ul e 6
for encaling of objects and properties and adheres to all its confaengequirements. Thi
test case is mandatory for all CityGML instance woents employing elements defin
within the CityObjectGroupmodule. Conformance requirements on referential integrit]
CityGML property elements defined within ti@tyObjectGroupmodule may be additie

ally validated using the constraints provided by the Schematron saleéanantiallntegi-

ty.schin accadance with the rules and guidelines stated in adng3.

b) Test method

Inspect the instance docemt and check that it satifies the rules of €igyObjectGroup
module dscribed in chaptell0.9 and especially the conformance requirements statg
chapterl0.9.2

c) Reference

Chapterl0.9 10.9.2 annexA.13.

d) Test type

Capability Test.

B.2.5.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XMbhe&na definition
of the CityObjectGroupmodule. This test case is mandatory for all CityGML instal
doauments employing elements defined within @ieyObjectGroupmodule.

b) Test method

Validate the CityGML XML instance document against the XML Schenfimitien of the
CityObjectGroupmodule in anneXA.5. The process may be using an appropriate soft
tool for validation or be a manual process that checks all relevant definitions fro
CityObjectGroupmodule.

c) Referene

AnnexA.5.

d) Test type

Capability Test.

B.2.6

B.2.6.1

Generics module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows Benericsmod ul e 6 s radd
ing of objects and properieand adheres to all its conformance requirements. This tes
is mandatory for all CityGML instance daments employing elements defined within 1
Genericsmodule. Conformance requirements on referential integrity of CityGML proy
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elements definedvithin the Genericsmodule may be additi@ally validated using thg¢
constraints provided by the Schematron schesferentiallntegrity.schin accadance with
the rules and guidelines stated in anAek3.

b) Test method

Inspectthe instance document and check that it satifies the rules ddehericsmodule
described in chaptet0.1Q and especially the conformance requirements stated in ch
10.10.2

c) Reference

Chapter10.1Q 10.10.2 annexA.13.

d) Test type

Capability Test.

B.2.6.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance documentadigst the XML Schema definitio
of the Genericsmodule. This test case is mandatory for all CityGML instanceurdeots
employing elements defined within tenericsmodule.

b) Test method

Validate the CityGML XML instance document against the XML Scheedfnition of the
Genericsmodule in anneXA.6. The process may be using an appropriate software to(
validation or be a manual process that checks all relevant definitions fro@etmerics
module.

c) Reference

AnnexA.6.

d) Test type

Capability Test.

B.2.7

B.2.7.1

LandUse module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows thendUsemo d ul e 6 s rdd
ing of objects and properties and adhéceall its conformance requirements. This test ¢
is mandatory for all CityGML instance daments employing elements defined within {
LandUsemodule. Conformance requirements on referential integrity of CityGML proy
elements defined within theandUse module may be additimlly validated using the
constraints provided by the Schematron schesfierentialintegrity.sctin accadance with
the rules and guidelines stated in anAek3.

b) Test method

Inspect the instance doment and check that it satifies the rules of thadUsemodule
described in chaptef0.8 and especially the conformance requirements stated in ch
10.8.3

c) Reference

Chapterl0.8 10.8.3 annexA.13.

d) Test type

Capability Test.

B.2.7.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schdafaition
of the LandUsemodule. This test case is mandatory for all CityGML instanceirdeats
employing elements defined within theandUsemodule.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
LandUse module in anneXA.7. The process may be using an appropriate software toq
validation or be a manual process that checks all relevant definitions frolratitkJse
module.

c) Reference

AnnexA.7.

d) Test type

Capability Test.
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Relief module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows tReliefmo d ul e 6 s rding
of objects and properties and adheres to all its conformanceeameguts. This test case
mandatory for all CityGML instance doments employing elements defined within 1
Relief module. Conformance requirements on referential integrity of CityGML proy
elements defined within thRelief module may be additiongllvalidated using the oo
straints provided by the Schematron scheefarentiallntegrity.sctin accadance with the
rules and guidelines stated in an#es3.

b) Test method

Inspect the instance document and check that fiesathe rules of th&elief module -
scribed in chapted 0.2 and especially the conformance requirements stated in ch
10.2.6

c) Reference

Chapterl0.2 10.2.6 annexA.13.

d) Test type

Capability Test.

B.2.8.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema defin
of the Relief moduk. This test case is mandatory for all CityGML instanceudmnts
employing elements defined within tReliefmodule.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
Relief module in annexA.8. The process may be using an appropriate software tod
validation or be a manual process that checks all relevant definitions fraRelieémodule.

c) Reference

AnnexA.8.

d) Test type

Capability Test

B.2.9

B.2.9.1

Transportation module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows theansportationmo d ul e 6 s
encaling of objects and properties and adheres to all its conformance requirements.tT|
case is mandatory for all CityGML instance doents employing elements defined with
the Transportationmodule. Conformance requirements on referential integrity of CityQ
property elements defined within tA@ansportationmodule may be additionallyalidated
using the constraints provided by the Schematron schefaeeentiallntegrity.schin accao-
dance with the rules and guidelines stated in adn#3.

b) Test method

Inspect the instance document and check that it esitifie rules of th&@ransportation
module @scribed in chaptel0.5 and especially the conformance requirements state
chapterl0.5.5

c) Reference

Chapterl0.5 10.5.5 annexA.13.

d) Test type

Capability Test.

B.2.9.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema defin
of the Transportation module. This test case is mandatory for all CityGML instanceid
ments employing elements defined within Tfransportationmodule.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o

Copyright © 2008 Open Geospatial Consortium, Inc.

15¢



OGC08-007r1

Transportationmodule in anneX.9. The process may be using an appropriate software
for validation or be a manual process that checks all relevant definitions frofnathepa-
tation module.

c) Reference

AnnexA.9.

d) Test type

Capability Test.

B.2.10 Vegetation module

B.2.10.1

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows thegetationmo dul e 6 s
encaling of objects and properties and adheres to all itsocordnce requirements. This te
case is mandatory for all CityGML instance downts employing elements defined with
the Vegetationmodule. Conformance requirements on referential integrity of CityQ
property elements defined within thegetatiormoduke may be additionally validated usir
the constraints provided by the Schematron schesfeaentiallntegrity.schin accadance
with the rules and guidelines stated in anAeb3.

b) Test method

Inspect the instance documentacheck that it satifies the rules of thegetationmodule
described in chaptet0.6 and especially the conformance requirements stated in ch
10.6.6

c) Reference

Chapterl0.6 10.6.6 annexA.13.

d) Test type

Capability Test.

B.2.10.2

Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema tefin
of the Vegetationmodule. This test case is mandatory for all CityGML instanceirdeats
employing elements defined within thegetatiormodule.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
Vegeation module in anneX.10. The process may be using an appropriate software
for validation or be a manual process that checks all relevant definitions frofedgle¢ation
module.

c) Reference

AnnexA.10.

d) Test type

Capability Test.

B.2.11

B.2.11.1

WaterBody module

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows théaterBodymo dul e 6 s
encaling of objects and properties and adheres to all itfocmance requirements. This te
case is mandatory for all CityGML instance downts employing elements defined with
the WaterBodymodule. Conformance requirements on referential integrity of CityQ
property elements defined within th&aterBodymoduk may be additionally validate
using the constraints provided by the Schematron schefaeeentiallntegrity.schin accao-
dance with the rules and guidelines stated in adn#3.

b) Test method

Inspect the instance documentarheck that it satifies the rules of téaterBodymodule
described in chaptel0.4 and especially the conformance requirements stated in ch
10.4.4

c) Reference

Chapterl0.4 10.4.4 annexA.13.

d) Test type

Capability Test.
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Valid CityGML instance document

a) Test purpose

Verify the validity of the CityGML instance document against the XML Schema defin
of the WaterBodymodule. This test case is mandatory for all CityGML instanceirdeats
employing elements defined within thiéaterBodymodule.

b) Test method

Validate the CityGML XML instance document against the XML Schema definition o
WaterBog module in anneXA.11. The process may be using an appropriate software|
for validation or be a manual process that checks all relevant definitions frowatee
Bodymodule.

c) Reference

AnnexA.11.

d) Test type

Capability Test.

B.2.12

B.2.12.1

TexturedSurface module [deprecated]

Mandatory conformance requirements

a) Test purpose

Verify that the CityGML instance document follows thexturedSurfacemo d ul e 6 s
encaling of objects and properties andhares to all its conformance requirements. This
case is mandatory for all CityGML instance doents employing elements defined with
the TexturedSurfacemodule. Conformance requirements on referential integrity|
CityGML property elements definedithin the TexturedSurfacenodule may be additie
ally validated using the constraints provided by the Schematron safeéanentiallntegi-
ty.schin accadance with the rules and guidelines stated in arng.

b) Test method

Inspect the instance document and check that it satifies the rules d&xhgedSurface
module ascribed in chapteB.7, and especially the conformance requirements state
chapter9.7.2

c) Reference

Chapter9.7,9.7.2 annexA.13.

d) Test type

Capability Test.

B.2.12.2

Valid CityGML instance documents

a) Test purpose

Verify the validity of the CityGML instance doment against the XML Schema definitiq
of the TexturedSurfacenodule. This test case is mandatory for all CityGML insta|
doauments employing elements defined within TrexturedSurfacenodule.

b) Test method

Validate the CityGML XML instance documentaigst the XML Schema definition of th
TexturedSurfacenodule in anneXA.12. The process may be using an appropriate soft
tool for validation or be a manual process that checks all relevant definitions fro
TexturedSudcemodule.

c) Reference

AnnexA.12.

d) Test type

Capability Test.
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Annex C
(informative)

External code lists

In this annex the corresponding values of the external code lists of CityGML (cf. chaftare given. The
following values are a proposal of the SIG 3D and may be extended or replaced by other itiesouit their

needs. The external code list for roof types is given in XML format as example below, while the others are
depicktd in the following subclauses in tabular form for space reasons. The subclauses are arranged according to
thematic fields and comprise the relevant external code lists of these fields.

External code list for roof types, which are defined in the file RoofypeType.xml:

<gml:Dictionaryxmlns="http://www.opengis.net/grhixmins:gm&"http://www.opengis.net/grl
xmlns:xse"http://mww.w3.0rg/2001/XMLSchemimstancé
xsi:schemalocaticH http://www.opengis.net/gml ../3.1.1/profiles/simpleDictionary/1.0.08impleDictionaryProfile.xst
gml:id="RoofTypeTyp&>
<name-RoofTypeTyp&/name
<dictionaryEntry
<gml:Definition gml:id="id357">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig34>1000</gml:name
<gml:nameflat roof</gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id358">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig3¢>1010</gml:name
<gml:name>monopitch roof/gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id359">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig3t>1020</gml:name
<gml:name>skip pent roof/gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id360">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig3t>1030</gml:name
<gml:name>gabled roof/gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id361">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig3t>1040</gml:name
<gml:name>hipped roof/gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id362">
<gml:descriptiorr
<gml:namecodeSpace'urn:d_nrw_sig3t>1050</gml:name
<gml:namehalf-hipped roof/gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
<gml:Definition gml:id="id363">
<gml:descriptior>
<gml:namecodeSpace'urn:d_nrw_sig3t>1060</gml:name
<gml:name>mansard rocf/gml:name
</gml:Definition>
</dictionaryEntry
<dictionaryEntry
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BuildingClassType

Code list derived from German authatfive standards ALKIS/ATKIS (www.adwenline.de)

1000 habitation 1100 schools, education, reseh

1010 sanitation 1110 maintainence and waste management
1020 administration 1120 healthcare

1030 business, trade 1130 communicating

1040 catering 1140 security

1050 recreation 1150 storage

1060 sport 1160 industry

1070 culture 1170 traffic

1080 church institution 1180 function

1090 agriculture, forestry

BuildingFunctionType

Code list derived from German authoritative standards ALKIS/ATKIS (wwwardine.de)

1000 residential building 1840 rubbish bunker

1010 tenement 1850 building for ribbish incineration
1020 hostel 1860 building for rubbish disposal
1030 residential and administration building | 1870 building for agrarian and forestry
1040 residential and office building 1880 barn

1050 residential and business building 1890 stall

1060 residential and plant builiding 1900 equestrian hall

1070 agrarian and forestry builiding 1910 alpine cabin

1080 residential and commercial building 1920 hunting lodge

1090 forester's lodge 1930 arboretum

1100 holiday house 1940 glass house

1110 summer house 1950 moveable glass house

1120 office building 1960 public building

1130 credit institution 1970 administration building

1140 insurance 1980 parliament

1150 business building 1990 guildhall

1160 department store 2000 post office

1170 shopping centre 2010 customs office

1180 kiosk 2020 court

1190 pharmacy 2030 embassy or consulate

1200 pavilion 2040 district administration

1210 hotel 2050 district government

1220 youth hostel 2060 tax office

1230 campsite building 2070 building for education and research
1240 restaurant 2080 comprehensive school

1250 cantine 2090 vocational school

1260 recreational site 2100 college or university

1270 function room 2110 research establishment
1280 cinema 2120 building for cultural purposes
1290 bowling alley 2130 castle

1300 casino 2140 theatre or opera

1310 industrial building 2150 concert building

1320 factory 2160 museum

1330 workshop 2170 broadcasting building
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1340 petrol / gas station 2180 activity building

1350 washing plant 2190 library

1360 cold store 2200 fort

1370 depot 2210 religious building

1380 building for research purposes 2220 church

1390 quarry 2230 synagogue

1400 salt works 2240 chapel

1410 miscellaneous industrial building 2250 community center

1420 mill 2260 place of worship

1430 windmill 2270 mosque

1440 water mill 2280 temple

1450 bucket elevator 2290 convent

1460 weather station 2300 building for health care
1470 traffic assets office 2310 hospital

1480 street maintenance 2320 healing centre or care e
1490 waiting hall 2330 health centre or outpatients clinic
1500 signal control box 2340 building for social purposes
1510 engine shed 2350 youth centre

1520 signal box or stop signal 2360 seniors centre

1530 plant building for air traffic 2370 homdess shelter

1540 hangar 2380 kindergarten or nursery
1550 plant building for shipping 2390 asylum seekers home
1560 shipyard 2400 police station

1570 dock 2410 fire station

1580 plant building for canal lock 2420 barracks

1590 boathouse 2430 bunker

1600 plant building for cablecar 2440 penitentiary or prison
1610 multi-storey car park 2450 cemetery building

1620 parking level 2460 funeral parlor

1630 garage 2470 crematorium

1640 vehicle hall 2480 train station

1650 underground garage 2490 airpart building

1660 building for supply 2500 building for underground station
1670 waterworks 2510 building for tramway

1680 pump station 2520 building for bus station
1690 water basin 2530 shipping terminal

1700 electric power station 2540 building forrecuperation purposes
1710 transformer station 2550 building for sport purposes
1720 converter 2560 sports hall

1730 reactor 2570 building for sports field
1740 turbine house 2580 swimming baths

1750 boiler house 2590 indoor swimming pool
1760 building for telecommunications 2600 sanatorium

1770 gas works 2610 zoo building

1780 heat plant 2620 green house

1790 pumping station 2630 botanical show house
1800 building for disposal 2640 bothy

1810 building for effluent disposal 2650 tourist informaton centre
1820 building for filter plant 2700 others

1830 toilet
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BuildingUsageType

Code list identically specified &uildingFunctionType

BuildingFurnitureClassType

Code list proposed by the SIG 3D

1000 habitation 1100 schools, education, reseh
1010 sanitation 1110 maintenance, waste management
1020 administration 1120 healthcare

1030 business, trade 1130 communicating
1040 catering 1140 security

1050 recreation 1150 storage

1060 sport 1160 industry

1070 culture 1170 traffic

1080 church institution 1180 function

1090 agriculture, forestry

BuildingFurnitureFunctionType

Code list proposed by the SIG 3D

1000 cupboard 2010 sink, hanebasin
1010 wardrobe 2020 water tap

1020 cabinet 2030 toilet bowl

1030 sideboard 2040 bathtub

1040 locker 2050 shower

1050 tool cabinet 2060 bidet

1100 shelf 2100 animal park

1110 rack 2110 aquarium

1120 coat stand 2120 cage

1200 table 2130 birdcage

1210 dining table 2200 religious equipment
1220 coffee table 2300 shop fittings

1230 desk 2310 sales counter

1240 bedside cabinet 2320 glass cabinet

1250 baby changing table 2330 changing cubicle
1260 bar 2340 refrigerated counter
1270 pool table 2350 cash desk or till or counter
1280 snooker table 2360 box-office

1290 roulette table 2400 machines

1270 work bench 2410 ticket machine
1300 chair 2420 cigarette machine
1310 bench 2430 cash machine or ATM
1320 office chair 2440 vending machine
1330 sofa 2450 gambling machine
1340 rocking chair 2500 technical furniture
1350 bar stool 2510 heating installation
1360 armchair 2520 tank

1400 bed 2521 oil tank

1410 crib 2522 water tank

1420 bunk bed 2523 gas tank

1430 cradle 2524 fuel tank

1440 cot 2525 milk tank

1450 stretcher 2526 steel tank
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1500 lighting 2530 fire protection apfance
1510 standard lamp 2531 fire extinguishing system
1520 ceiling light 2532 fire alarm

1530 spotlight 2533 fire extinguisher

1600 electric appliances 2540 switch board

1610 television set 2550 lifting platform

1620 video recorder 2560 compresse air system
1630 stereo unit 2570 loud-speaker

1700 kitchen appliances 2580 microphone

1710 cooker 2600 sports equipment
1720 oven 2610 goal posts

1730 refrigerator 2620 basketball basket
1740 coffee machine 2630 volleyball net

1750 toaster 2640 gymnastic apparatus
1760 kettle 2650 diving platform

1770 microwave 2660 swimming pool

1780 dish washer 2700 sales promotion furniture
1800 laundry equipment 2710 display panel

1810 washing machine 2720 billboard

1820 ironing machine 2730 display cahnet

1830 rotary iron (mangle) 2800 functional furniture
1840 laundry tumble drier 2805 ashtray

1850 spin drier 2810 lectern

1900 technical office equipment 2815 stage

1910 copy machine 2820 blackboard

1920 scanner 2825 screen

1930 plotter 2830 mapsand

1940 printer 2835 rubbish bin

1950 screen 2840 sauna

1960 computer 2845 carpet

1970 overhead projector 2850 wall clock

1980 video projector 2855 curtain

2000 sanitation equipment 2860 mirror

BuildingFurnitureUsageType

Code list identically sgcified asBuildingFurnitureFunctionType

BuildingInstallationClassType

Code list derived from German authoritative standards ALKIS/ATKIS (wwwadine.de)

1000 outer and inner characteristics 1040 communicating
1020 waste management 1050 security
1030 maintenance 1060 others

BuildingInstallationFunctionType

Code list derived from German authoritative standards ALKIS/ATKIS (wwwadine.de)

1000 balcony 1040 tower (part of a building)
1010 winter garden 1050 column

1020 arcade 1060 stairs

1030 chimney (part of a building) 1070 others
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BuildingInstallationUsageType

Code list identically specified &uildinglnstallationFunctionType

IntBuildinglnstallationClassType

Code list proposed by the SIG 3D

1000 Heating, Ventilation, Climate 6000 Statics

2000 Safety 7000 Entertainmant
3000 lllumination 8000 Miscellaneous
4000 Communication 9999 Unknown
5000 Supply and Disposal

IntBuildinglnstallationFunctionType

Code list proposed by the SIG 3D

1010 Radiator 3020 Light switch
1020 Oven 5030 Power point
1030 Fireside 5020 Cable

1040 Ventilator 7010 Rafter

1050 Air Conditioning 7020 Column

5010 Pipe 8010 Railing

3010 Lamp 8020 Stair

IntBuildinglnstallationUsageType

Code list identically specified dstBuildinglnstallationFunctionTge

RoofTypeType

Code list derived from German authoritative standards ALKIS/ATKIS (wwwadwne.de)
1000 flat roof 1070 pavilion roof

1010 monopitch roof 1080 cone roof

1020 skip pent roof 1090 copula roof

1030 gabled roof 1100 shed roof

1040 hipped roof 1110 arch roof

1050 half-hipped roof 1120 pyramidal broach roof
1060 mansard roof 1130 combination of roof forms
RoomClassType

Code list proposed by the SIG 3D

1000 habitation 1080 accommodation, waste management
1010 administration 1090 healthcare

1020 business, trade 1100 communicating

1030 catering 1110 security

1040 recreation 1120 store

1050 church institution 1130 industry

1060 agriculture, forestry 1140 traffic

1070 schools, education, research 1150 function
RoomFunctionType

Code list proposed by the SIG 3D

1000 living room 2170 showers

1010 bedroom 2200 tribune
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1020 kitchen 2210 seating / standing capacity
1030 hall 2220 cash point

1040 bath, washroom 2230 vivarium

1050 toilet 2240 enclosure

1060 stairs 2250 aquaium

1070 home office 2260 terrarium

1080 utility room 2270 aviary

1090 dining room 2280 menagerie

1100 common room 2290 stables

1110 party room 2300 greenhouse

1120 nursery 2310 food silo

1130 store room 2320 hayloft

1140 canteen, common kitchen 2330 motor pool

1150 storeroom 2340 barn

1160 balcony, gallery 2350 riding hall

1170 terrace 2360 horse box

1180 drying room 2370 hunting lodge

1190 heatingroom 2400 waste container
1200 fuel depot 2410 motor pool

1210 hobby room 2420 washingbay

1220 stable, hovel 2430 installations room
1300 cash office 2440 monitoring room
1310 ticket office 2450 heating system
1320 conference room 2460 public utility use
1330 reception 2470 pump room

1340 sales room 2480 effluent treatment
1350 store room 2490 treatment installation
1360 delivery 2500 recycling installation
1370 lounge, common room 2600 chancel

1380 escalator 2610 sacristy

1390 guest toilet 2620 bell tower

1400 strong room 2630 baptism room

1500 office 2640 confessional

1510 entrancehall 2650 benches

1520 elevator 2660 pulpit

1530 canteen 2670 lobby

1540 tea kitchen / Coffee kitchen 2680 parish

1550 archive 2690 chapel

1560 citizen office 2700 police station

1570 conference hall 2710 headquarters

1580 copier room / blueprint mm 2720 prison cell

1590 information 2730 motor pool hall

1600 computer room 2740 fire brigade, emergency vehicle
1610 printer / plotter room 2750 relaxation room
1700 reception 2760 tool / pipe store
1710 guest room 2770 emergency call center
1720 bar 2780 arms depot

1730 breakfast room 2790 ammunition dump
1740 dining room 2800 vehicle hall

1750 celebration room 2810 panic room

1760 pub 2900 satellite receiver
1770 beer garden 2910 communication room
1780 restaurant 3000 industrial building
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1790 cool store 3010 production building
1800 bowling alley, shoot alley 3020 factory building
1810 lounge 3030 workshop

1820 canteen kitchen 3040 storage depot
1900 stage 3050 cold storage

1910 auditorium 3060 store

1920 VIP box 3100 station concarse
1930 projection room 3110 track

1940 dressing room 3120 ticket office

1950 cabin 3130 waiting hall

1960 showroom 3140 engine shed

1970 equipment or props 3150 signal box

1980 makeup room 3160 departure terminal
1990 recording studio 3170 checkout counter
2000 sound studio 3180 checkin counter
2010 music archive 3190 check

2020 administration 3200 baggage carousel
2030 ticket office 3210 security check
2040 library 3300 classroom

2050 media room 3310 staff room

2060 dressing room 3320 break or recess hall
2070 sport room 3330 laboratory

2080 equipment room 3340 utility room

2090 platform 3350 media room

2100 swimmingpool 3360 science laboratory
2110 slide 3370 sports hall

2120 relaxation room 3380 school library
2130 sauna 3390 office

2140 fithess room 3400 lecture theatre
2150 solarium 3410 refectory

2160 catering 3420 function room

RoomUsageType

Code list identically specified &&oomFunctionType
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C.2 City furniture

CityFurnitureClassType

Code list derived from German auotftative standards ALKIS/ATKIS (www.adwunline.de)
1000 traffic 1020 others

1010 communication

CityFurnitureFunctionType

Code list derived from German authoritative standards ALKIS/ATKIS (wwwadine.de)

1000 communication fixture 1270 pole

1010 telephone box 1280 radio mast

1020 postbox 1290 aerial

1030 emergency call fixture 1300 radio telescope

1040 fire detector 1310 chimney

1050 police call post 1320 marker

1060 switching unit 1330 hydrant

1070 road sign 1340 upper corridor firehydrant
1080 traffic light 1350 lower floor panel firehydrant
1090 free-standing sign 1360 slidegate valve cap
1100 free-standing warning sign 1370 entrance shaft

1110 bus stop 1380 converter

1120 milestone 1390 stair

1130 rail level crossing 1400 outside staircase

1140 gate 1410 escalator

1150 streetlamp, latern or candelabra 1420 ramp

1160 column 1430 patio

1170 lamp post 1440 fence

1180 flagpole 1450 memorial/monument
1190 street sink box 1470 wayside shrine

1200 rubbish bin 1480 crossroads

1210 clock 1490 cross on the summit of a mountain
1220 directional spot light 1500 fountain

1230 floodlight mast 1510 block mark

1240 windmill 1520 boundary post

1250 solar cell 1530 bench

1260 water wheel 1540 others
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LandUseClassType

Code list derived from German authoritative Standard ATKIS (wwwadine.de)

1000 Settlement Area 3000 Vegetation
1100 Undeveloped Area 4000 Water
2000 Traffic

LandUseFunctionType

Code list proposed by the SIG 3D

1010 Residential 2050 Track
1020 Industry and Business 2060 Square
1030 Mixed use 3010 Grassland
1040 Special Function Area 3020 Agriculture
1050 Monument 3030 Forest
1060 Dump 3040 Grove
1070 Mining 3050 Heath
1110 Park 3060 Moor
1120 Cemetary 3070 Marsh
1130 Sports, leisure ahrecreation 3080 Untilled land
1140 Open pit, quarry 4010 River
2010 Road 4020 Standing Waterbody
2020 Railway 4030 Harbour
2030 Airfield 4040 Sea

2040 Shipping

LandUseUsageType

Code list proposed by the SIG 3D

1000 Civil 1300 Religious
1100 Private 1400 Military
1200 Public
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C.4 MimeType

MimeTypeType

The MIME types given in this table are defined by the Internet Assigned Numbers Authority (IANA), se
http://www.iana.org/. Generally, the MIME format is standardized by the Internén&argngTask Force
(IETF), see http://www.ietf.org/. Unlike the other code lists the MIME types are not representeutisrsiu
but instead use their given identifier. This code list is not exhaustive. It contains a selectgneritfy used
MIME types.

modelvrml VRML97 model/x3d+xml X3D

application/x3ds 3ds max model/x3d+binary X3D

application/dxf AutoCad DXF image/qgif * gif images
application/xautocad AutoCad DXF image/jpeg * jpeg, *.jpg images
application/xdxf AutoCad DXF image/png *.png images
apgication/acad AutoCad DWG | imageltiff * tiff, *.tif images
application/xshockwaveflash Shockwave 3D | image/bmp * bmp images
model/x3d+vrml X3D
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C.5 Vegetation

PlantClassType
Code list proposed by the SIG 3D. It is based on information extracted froivinitw.bundessortenamt.de
and http://www.forshamburg.de/baumarten.htm.
1000| shrub 1060| coniferous tree
1010| low plants 1070| decidous tree
1020| medium high plants 1080| bushes
1030] high plants 1090| aquatic plants
1040| grasses 1100| climber
1050| ferns 9999| unknown
PlantFunctionType
Code list identically specified &antClassType

PlantCoverClassType

Code list proposed by the SIG 3D. It is based on information extracted from http://www.biolegie.uni
hamburg.deffmnline/e57/57.htm (Tab.3).

1010 Lemnetea 1280 Arrhenatheretea

1020 Asplenietea rupestris 1290 Molinio-Juncetea

1030 Adiantetea 1300 Scheuchzeri€Caricetea fuscae aophile
1040 Thlaspietea rotundifolii 1310 FestuceBrometea

1050 Crithmo-Limonietea 1320 Elyno-Seslerietea

1060 Ammophietea 1330 Caricetea curvulae azidophile
1070 Cakiletea maritimae halophile 1340 CallunoUlicetea

1080 Secalinetea 1350 OxycocceSphagnetea
1090 Chenopodietea 1360 Salicetea purpureae
1100 Onopordetea 1370 Betulo-Adenostyletea
1110 Epilobietea angustifolii 1380 Alnetea glutinosae

1120 Bidentetea tripartiti 1390 Erico-Pinetea

1130 Zoosteretea marinae halophile 1400 Vaccinio-Piceetea

1140 Ruppietea maritimae 1410 Quercetea roboypetracae
1150 Potametea haftende 1420 QuercoeFagetea

1160 Litorelletea 1430 Crithmo-Staticetea

1170 Plantaginetea majoris 1440 Tuberarietea guttati
1180 IsoeteNanojuncetea 1450 Juncetea maritimae
1190 Montino-Cardaminetea 1460 TheroBrachypodietea
1200 Corynephoretea 1470 OnonideRosnarinetea
1210 Asteretea tripolium 1480 Nerio-Tamaricetea

1220 Salicornietea 1490 PeganeSalsoletea

1230 Juncetea maritimi 1500 Cisto-Lavanduletea

1240 Phragmitetea 1510 Quercetea ilicis

1250 Spartinetea 1520 Populetea albae

1260 SedoSclerlanthetea 9999 unknown

1270 Salicetea herbaceae

PlantCoverFunctionType

Code list identically specified &antCoverClassType
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SpeciesType (excerpt)

Code list proposed by the SIG 3D. It is based on information extracted from http://www.buretesstide
and http://www.forsthhamburg.de/baumarten.htm.

1640 Abies alba 1790 Acer circinatum

1650 Abies cephalonica 1800 Acer Davidii

1660 Abies concolor 1810 Acer ginnala Maxim
1670 Abies grandis 1820 Acer grosserii

1680 Abies homolepis 1830 Acer monspessulanum
1690 Abies koreana 1840 Acer negundo

1700 Abies lasiocarpa 1850 Acer palmatum

1710 Abies nordmanniana 1860 Acer platanoides

1720 Abies pinsapo 1870 Acer platanoides 'Crimson King'
1730 Abies procera 1880 Acer pseudoplatanus
1740 Abies procera 'Glauca’ 1890 Acer rubrum

1750 Abies veitchii 1900 Acer saccharinum

1760 Acer campéstre 1910 Acer saccharum Marsch
1770 Acer capillipes 1920 Acer tartaricum

1780 Acer cappadocicum
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Transportation
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AuxiliaryTrafficAreaFunctionType

Code list proposed by the SIG 3D

1000 soft shoulder 1300 traffic island

1010 hard shoulder 1400 bank

1020 green area 1410 embankment, dike
1030 middle lane 1420 railroad embankment
1040 lay by 1430 noiseprotection
1100 parking bay 1440 noise protection wall
1200 ditch 1500 noise guard bar
1210 drainage 1600 towpath

1220 kerbstone 1700 others

1230 flower tub

TrafficAreaFunctionType

Code list proposed by the SIG 3D

1 driving_lane 20 crosswalk

2 footpath 21 barrier

3 cyclepath 22 stairs

4 combined footcyclepath 23 escalator

5 square 24 filtering lane

6 car_park 25 airport_runway

7 parking_lay by 26 airport_taxiway

8 rail 27 airport_apron

9 rail_road_combined 28 airport_heliport

10 draingge 29 airport_runway_marking
11 road marking 30 green spaces

12 road_marking_direction 31 recreation

13 road_marking_lane 32 bus lay by

14 road_marking_restricted 33 motorway

15 road_marking crosswalk 34 motorway_entry
16 road_marking_ stop 35 motorwa/_exit

17 road_marking other 36 motorway emergency lane
18 overhead wire (trolley) 37 private_area

19 train platform 9999 unknown
TrafficAreaUsageType

Code list proposed by the SIG 3D

1 pedestrian 9 boat, ferry, ship

2 car 10 teleferic

3 truck 11 aeroplane

4 bus, taxi 12 helicopter

5 train 13 taxi

6 bicycle 14 horse

7 motorcycle 9999 unknown

8

tram, streetcar
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TrafficSurfaceMaterialType

Code list proposed by the SIG 3D

1 asphalt 8 Soil
2 concrete 9 sand
3 pavement 10 grass
4 cobblestone 11 wood
5 gravel 12 steel
6 rail_with_bed 13 marble
7 rail_without bed 9999 unknown
TransportationComplexClass
Code list proposed by the SIG 3D
1000| private 1050] air traffic
1010 common 1060| rail traffic
1020 civil 1070| waterway
1030| military 1080| subway
1040| road traffic 1090| others
TransportationComplexFunction
Code list proposed by the SIG 3D
1000 road 1855 railway track
1010 freeway/motorway 1860 magnetic levitation train
1020 highway/national primary road 1900 railway station
1030 land road 1910 stop
1040 district road 1920 station
1050 main throughkroad 2000 powerwheel
1060 main throughroad 2100 airport
1100 freeway interchange/ highway junction | 2110 international airport
1110 junction 2120 regional airport
1200 road 2130 landing place
1210 driveway 2140 heliport
1220 footpath/footway 2150 landing place
1230 hiking trail 2160 gliding airfield
1240 bikeway/cyclepath 2170 taxiway
1250 bridleway/bridlepath 2180 apron
1260 main agricultural road 2190 runway
1270 agrialtural road 2200 canal
1280 bikeway/footway 2300 harbor
1290 deadend road 2310 pleasure craft harbour
1300 deadend road 2400 ferry
1400 lane 2410 car ferry
1410 lane, one direction 2420 train ferry
1420 lane, both direction 2430 ferry
1500 pedetrian zone 2500 landing stage
1600 place 2600 waterway | order
1610 parking area 2610 navigable river
1620 marketplace 2620 inland navigation waterway 0
1700 service area 2621 inland navigation waterway 0
1800 rail transport 2622 inland navigation watrway |
1805 rail 2623 inland navigation waterway ||
1810 urban/city train 2624 inland navigation waterway |l
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1815 city railway 2625 inland navigation waterway IV
1820 tram 2626 inland navigation waterway V
1825 subway 2627 inland navigation waterway!|
1830 funicular/mountain railway 2628 inland navigation waterway VII
1835 mountain railway 2630 maritime navigation

1840 chairlift 2640 navigable lake

1845 ski-lift/ski tow lift 2700 others

1850 suspension railway

TransportationComplexUsage

Code list identically specified afransportationComplexFunction
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C.7  Water body

WaterBodyClassType

Code list proposed by the SIG 3D

1000 sea 1140 flooded land

1010 tidal waterbody 1150 artificial waterbody
1020 watercourse 1160 aqueduct

1030 river / steam 1170 canal

1040 ditch 1180 port basin

1050 spring / water hole 1190 reservior

1060 lake / pont 1200 excavation pont
1070 bayou 1210 moat

1080 body of standing water 1220 pool

1090 waterfall 1230 fountain

1100 rapids 1240 well

1110 swamp 1250 cistern

1120 sinkhole (karst) 1260 fish ladder

1130 ephemeral watercourse 9999 unknown
WaterBodyFunctionType

Code list proposed by the SIG 3D

1000 naturesanctuary 1090 public swimming
1010 protected waterbody 1100 public fountain

1020 reservoir 1110 private waterbody
1030 retention waterbody 1120 irrigation waterbody
1040 flood plain waterbody 1130 watering place

1050 waterway 1140 industrial waterbody
1060 habor waterbody 1150 waterbody for firefighting
1070 sluice waterbody 9999 unknown

1080 sewage system

Water BodyUsageType

Codelist derived from Ruediger Drees und Andreas Kohlhaas

1000 sanctuary 1110 industrial / craft water supply
1010 recreation / sports 1120 military use

1020 drinking water supply 1130 mining / excavation
1030 hydroelectric water supply 1140 irrigation water supply
1040 ocean shipping 1150 fishing water

1050 inland shipping 1160 fish farm

1060 sewer 1170 archaeological site
1070 port 1180 water protection area
1080 anchorage 1190 abandoned

1090 public use 9999 unknown

1100 private use

WaterLevelType

Code list proposed by the SIG 3D

1000 MSL - Mean Sea Level 1090 |Hundred Year Flood
1010 LAT - Lowest Astronomical Tide 1100 | highest known water level
1020 National Water Level 1110 critical low-water leel
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Mean High Tide (related to National

1030 Waterlevel) 1120 lowest known water level
Extreme High Tide (related to National

1040 Waterlevel) 1130 Established Line of Navigability
Mean Low Tide (related to National

1050 Waterlevel) 1140 Minimum Limit of Navigability
Extreme Low Tide (related to National

1060 Waterlevel) 1150 Maximum Limit of Navigability

1070 Mean Water Level (watercourse) 9999 | unknown

1080 critical highwater level
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Annex D
(informative)

Overview of employed GML3 geometry classes

Abstract GML classes referenced in CityGML

GML subclass actually used in CityGML

_Geometry

_Solid Solid (boundary is restricted to OrientableSurfaces,
TexturedSurfaces, Polygons or CarsjpeSurfaces)
ComposieSolid

_Surface Polygon (with holes, modelled by Rings. The bounda
is restricted to LineStrings or ComgiteCurves)
OrientableSurface (base surface is restricted toy Pol
gon)
TexturedSur face (TéxufedSoe d
facemodule, not in GML. Thisnodelling approach has
been marked deprecated. For restrictions see Orients
Surface)
CompositeSurface (members are restricted to Or
entableSurfaces, TexturedSurfaces, Polygons or Gen
siteSurfaces)
TrianguldedSurface
Tin

_Curve LineString
CompositeCurve (members are restricted to
LineStrings or ComgsiteCurves)
Point

_Coverage RectifiedGridCoveage

_AbstractGeometricAggregate MultiSolid

MultiSurface (members are restricted to
OrientableSurfaces, TexturedSurfaces, Polygons or
CompositeSurfaces)

MultiCurve(members are restricted to LineStrings or
CompositeCurves)

MultiPoint

GeometrtComplex (restricted to connected, linear
networks)
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Annex E
(informative)

Overview of the assignment of features to LODs

The fdlowing table lists all feature types of CityGML. For each feature type, allspatial and spatial prope

ties are given, including their type. Each feature is assigned a range of LOD in which it may occur, and for each
property the LOD in whichitrepresnt s t he feature is stated. Each featu
indicating the CityGML module defining the feature type. For a list of prefixes and associated CityGdAL mo

ules, please refer to chapteBand chager 7.

Feature Class Property Type LOD

core:CityModelType 01 4
cityObjectMember gml:FeaturePropertyType 0 4
app:appearanceMember app:AppearancePropertyType 07 4
_GenericApplicationProperty xs:anyType 07 4
OfCityModel

core:AbstractCityObjedype 0 4
creationDate xs:date 0i 4
terminationDate xs:date 07 4
externalReference core:ExternalRefenceType 0i 4
generalizesTo core:GeneralizationRelatidype 07 4
app:appearance app:AppearancePropertyType 0i 4
gen:_genericAttribute gen:AbstractGenericAttribute Type 01 4
_GenericApplicationProperty xs:anyType 07 4
OfCityObject

core:AbstractSiteType 17 4
_GenericApplicationProperty xs:anyType 17 4
OfSite

core:AddressType 0i 4
xalAddress core:xalAddressPropertyType 0i 4
multiPoint gml:MultiPointPropertyType 0i 4
_GenericApplicationProperty xs:anyType 0V 4
OfAddress

app:AppearanceType 071 4
theme Xs:string 0i 4
surfaceDataMember app:SurfaceDataPropertyType 0i 4
_GenericApficationProperty| xs:anyType 0V 4
OfAppearance

app:AbstractSurfaceDataType 0i 4
isFront xs:Boolean 0i 4
_GenericApplicationProperty xs:anyType 01 4
OfSurfaceData

app:AbstractTextureType 0i 4
imageURI xs:anyURI 0i 4
mimeType core:MimeTypdype 071 4
textureType app:TextureTypeType 01 4
wrapMode app:WrapModeType 01 4
borderColor app:ColorPlusOpacity 0i 4
_GenericApplicationProperty xs:anyType 0V 4
OfTexture

app:ParameterizedTextureType 01 4
target app:TextureAssociationType 01 4
_GenericApplicationProperty xs:anyType 0V 4
OfParameterizedTexture

app:GeoreferencedTextureType 0i 4
preferWorldFile xs:boolean 0 4
referencePoint gml:PointPropertyType 0 4
orientation core:TransformationMatrix2x2Type 01 4
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target xs:anyURI 071 4
_GenericApplicationProperty xs:anyType 01 4
OfGeoreferencedTexture

app:X3DMaterialType 0i 4
ambientintensity core:doubleBetweenOand1 0i 4
diffuseColor app:Color 0i 4
emissiveColor app:Color 01 4
specularColor app:Color 01 4
shininess core:doubleBetweenOand1 07 4
transparency core:doubleBetweenOand1 0i 4
isSmooth xs:boolean 07 4
target xs:anyURI 01 4
_GenericApplicationProperty xs:anyType 01 4
OfX3DMaterial

bldg:AbstractBuildingType 17 4
class bldg:BuidingClassType 17 4
function bldg:BuildingFunctimType 1i 4
usage bldg:BuildingUsageType 1i 4
yearOfConstruction xs:gYear 1i 4
yearOfDemolition xs:gYear 1i 4
roofType bldg:RoofTypeType 17 4
measuredHeight gml:LengthType 17 4
storeysAbeoeGround xs:nonNegativelnteger 1i 4
storeysBelowGround xs:nonNegativelnteger 1i 4
storeyHeiglsAboveGround | gml:MeasureOrNullListType 1i 4
storeyHeightsBlowGround | gml:MeasureOrNullListType 17 4
lod1Solid gml:SolidPropertyType 1
lod1MultiSurface gml:MultiSurfacePropertyType 1
lod1TerrainIntersection gml:MultiCurvePropertyType 1
lod2Solid gml:SolidPropertyType 2
lod2MultiSurface gml:MultiSurfacePropertyType 2
lod2MultiCurve gml:MultiCurvePropertyType 2
lod2TerrainIntersection gml:MultiCurvePropertyType 2
outerBuildingInstallation bldg:BuildingInstallationPropméy Type 214
interiorBuildinglnstallation | bldg:IntBuildinginstallationPropgéyType | 4
boundedBy bldg:BoundarySurfaceProfgType 21 4
lod3Solid gml:SolidPropertyType 3
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod3MultiCurve gml:MultiCurvePropertyType 3
lod3Terrainintersection gml:MultiCurvePropertyType 3
lod4Solid gml:SolidPropertyType 4
lod4MultiSurface gml:MultiSurfacePropertyType 4
lod4MultiCurve gml:MultiCurvePropertyType 4
lod4TerrainIntersection gml:MultiCurvePropertyType 4
interiorRoom bldg:InteriorRoomPropgyType 4
consistsOfBuildingPart bldg:BuildingPartPropgyType 1i 4
address core:AddressPropy Type 17 4
_GenericApplicationPropert| xs:anyType 17 4
OfAbstractBuilding

bldg:BuildingType 17 4
_GenericApplicationProperty xs:anyType 17 4
OfBuiding

bldg:BuildingPartType 174
_GenericApplicationProperty xs:anyType 17 4
OfBuidingPart

bldg:BuildingInstallatimType 214
class bldg:BuildingInstallatimClassType 214
function bldg:BuildingInstallatimFunctionType 214
usage bldg:BuildingInstalitionUsageType 214
lod2Geometry gml:GeometryPropertyType 2
lod3Geometry gml:GeometryPropertyType 3
lod4Geometry gml:GeametryPropertyType 4

GenericApplicationProperty xs:anyType 27 4

(_)fBuidingInstallation
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bldg:IntBuildingInstallatimType 4
class bldg:IntBuildingInstallatimClassType 4
function bldg:IntBuildingInstallatimFunctionType | 4
usage bldg:IntBuildinginstalbtionUsageType | 4
lod4Geometry gml:GeometryPropertyType 4
_GenericApplicationProperty xs:anyType 4
OfIntBuidingInstallation

bldg:AbstractBoundarySurface 21 4

Type
lod2MultiSurface gml:MultiSurfacePropertyType 2
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
opening bldg:OpeningPropgyType 3i 4
_GenericApplicationProperty xs:anyType 21 4
OfBoundarySurface

bldg:RoofSurfaceType 214
_GenericApplicationProperty xs:anyType 214
OfRoofSurface

bldg:WallSurfaceType 214
_GenericApplicationProperty xs:anyType 274
OfWallSurface

bldg:GroundSurfaceType 21 4
_GenericApplicationProperty xs:anyType 214
OfGroundSurface

bldg:ClosureSurfaceType 21 4
_GenericApplicationPropty | xs:anyType 274
OfClosureSurface

bldg:FloorSurfaceType 4
_GenericApplicationProperty xs:anyType 4
OfFloorSurface

bldg:InteriorWallSufaceType 4
_GenericApplicationProperty xs:anyType 4
OfinteriorWallSurface

bldg:CeilingSurfaceType 4
_GenericApplicationProperty xs:anyType 4
OfCeilingSurface

bldg:AbstractOpeningType 3i4
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
_GenericApplicationProperty xs:anyType 3i 4
OfOpening

bldg:WindowType 3i4
_GenericApplicationProperty xs:anyType 3i4
OfWindow

bldg:DoorType 3i4
address core:AddressPropy Type 3i 4
_GenericApplicationProperty xs:anyType 3i4
OfCeilingSurface

bldg:RoomType 4
class bldg:RoomClassType 4
function bldg:RoomFunctionType 4
usage bldg:RoomUsageType 4
lod4Solid gml:SolidPropertyType 4
lod4MultiSurface gml:MultiSurfacePropertyType 4
boundedBy bldg:BoundarySurfacePropgType 4
interiorFurniture bldg:InteriorFurnitureProptyType 4
roomlnstalation bldg:IntBuildingInstallationPropgyType | 4
_GenericApplicationProperty xs:anyType 4
OfRoom

bldg:BuildingFurnitureType 4
class bldg:BuildingFurnitueClassType 4
function bldg:BuildingFurnitureFuaionType 4
usage bldg:BuildingFurnitueUsagepe 4
lod4Geometry gml:GeometryPropertyType 4
lod4implicitRepresentation | bldg:ImplicitRepresentationProggType | 4
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_GenericApplicationProperty xs:anyType 4
OfBuildingFurniture

frn:CityFurnitureType 17 4
function frn:FurnitureFunctiaType 17 4
class frn:FurnitureClassType 17 4
lod1Geometry gml:GeometryPropertyType 1
lod2Geometry gml:GeometryPropertyType 2
lod3Geometry gml:GeometryPropertyType 3
lod4Geometry gml:GeometryPropertyType 4
lod1TerrainIntersection gml:MultiCurvePropertyType 1
lod2TerrainIntersection gml:MultiCurvePropertyType 2
lod3TerrainIntersection gml:MultiCurvePropertyType 3
lod4TerrainIntersection gml:MultiCurvePropertyType 4
lod1limplicitRepresentation | core:lmplicitRepresentationPrapgType | 1
lod2ImplicitRepesentation | core:lmplicitRepresentationPrapgType | 2
lod3ImplicitRepresentation | core:ImplicitRepresentationPrapgType | 3
lod4implicitRepresentation | core:ImplicitRepresentationPrapgType | 4
_GenericApplicationProperty xs:anyType 17 4
OfCityFurniture

grp:CityObjectGroupType 0i 4
function xs:string 07 4
class xs:string 0i 4
usage Xs:string 01 4
groupMember grp:CityObjectGroupMmberType 0i 4
parent grp:CityObjectGroupParentType 0i 4
geometry gml:GeometryPropertyType 07 4
_GeneicApplicationProperty| xs:anyType 0V 4
OfCityObjectGroup

gen:GenericCityObjectType 0 4
function xs:string 0i 4
class xs:string 0i 4
usage Xs:string 0i 4
lodOGeometry gml:GeometryPropertyType 0
lod1Geometry gml:GeometryPropertyType 1
lod2Geometry gml:GeometryPropertyType 2
lod3Geometry gml:GeometryPropertyType 3
lod4Geometry gml:GeometryPropertyType 4
lodOTerrainIntersection gml:MultiCurvePropertyType 0
lod1Terrainintersection gml:MultiCurvePropertyType 1
lod2TerrainIntersection gml:MultiCurvePropertyType 2
lod3Terrainintersection gml:MultiCurvePropertyType 3
lod4Terrainlntersection gml:MultiCurvePropertyType 4
lodOImplicitRepresentation | core:lmplicitRepresentationPrapgType | 0
lod1limplicitRepresentation | core:lImplicitRepesentationPropy/Type | 1
lod2ImplicitRepresentation | core:lImplicitRepresentationPrapgType | 2
lod3ImplicitRepresentation | core:lImplicitRepresentationPrapgType | 3
lod4IimplicitRepresentation | core:ImplicitRepresentationPrapgType | 4

luse:LandUseType 0i 4
class luse:LandUseClassType 01 4
function luse:LandUseFunctidiype 01 4
usage luse:LandUseUsageType 01 4
lodOMultiSurface gml:MultiSurfacePropertyType 0
lod1MultiSurface gml:MultiSurfacePropertyType 1
lod2MultiSurface gml:MultiSurfacePropertyType 2
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
_GenericApplicationProperty xs:anyType 0V 4
OfLandUse

dem:ReliefFeatureType 01 4
lod core:integerBtweenOand4 01 4
reliefCompomnt dem:ReliefComponentPpertyType 01 4

GenericApplicationProperty xs:anyType 0i 4

OfReliefFeature
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dem:AbstractReliefComponent 0i 4

Type
lod core:integerBtweenOand4 01 4
extent gml:PolygonPropertyType 0i 4
_GenericApplicationProperty xs:anyType 0i 4
OfReliefComponent

dem:TINReliefType 0 4
tin dem:tinPropertyType 01 4
_GenericApplicationProperty xs:anyType 01 4
OfTINRelief

dem:RasterReliefType 0i 4
grid dem:gridPropertyType 01 4
_GenericApplicationProperty xs:anyType 01 4
OfRasterRekf

dem:MassPointReliefType 0i 4
reliefPoints gml:MultiPointProperty Type 0i 4
_GenericApplicationProperty xs:anyType 07 4
OfMassPointRelief

dem:BreakLineReliefType 0i 4
ridgeOrValleyLines gml:MultiCurvePropertyType 01 4
breaklines gml:MultiCurvePropertyType 0i 4
_GenericApplicationProperty xs:anyType 07 4
OfBreakLineRelief

tran:AbstractTransportationObje 0V 4

Type
_GenericApplicationProperty xs:anyType 07 4
OfTransportationObject

tran:TransportationCompt@ype 0i 4
function tran:TransportationComplexFunatio 07 4

Type

usage tran:TransportationCompt&sageType | 07 4
trafficArea tran:TrafficAreaPropeyType 0i 4
auxilaryTrafficArea tran:AuxilaryTrafficAreaPropertyType 0i 4
lodONetwork gml:GeometicComplexPropertyType 0
lod1MultiSurface gml:MultiSurfacePropertyType 1
lod2MultiSurface gml:MultiSurfacePropertyType 2
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
_GenericApplicationProperty xs:anyType 0V 4
OfTransportationComplex

tran:TrafficAreaType 1i 4
usage tran:TrafficAredJsageType 174
function tran:TrafficAreaFunctioType 174
surfaceMaterial tran:TrafficSurfaceMaterial Type 17 4
lod1MultiSurface gml:MultiSurfacePropertyyipe 1
lod2MultiSurface gml:MultiSurfacePropertyType 2
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
_GenericApplicationProperty xs:anyType 17 4
OfTrafficArea

tran:AuxillaryTraficAreaType 174
function tran:AuxiliaryTrafficAreaFunctioType 174
surfaceMaterial tran:TrafficSurfaceMaterial Type 17 4
lod1MultiSurface gml:MultiSurfacePropertyType 1
lod2MultiSurface gml:MultiSurfacePropertyType 2
lod3MultiSurface gml:MultiSurfacePropertyTye 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
_GenericApplicationProperty xs:anyType 17 4
OfAuxiliaryTrafficArea

tran:TrackType 174
_GenericApplicationProperty xs:anyType 17 4
OfTrack

tran:RoadType 17 4

GenericApplicationProperty xs:anyType 17 4

OfRoad
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tran:RailwayType 17 4
_GenericApplicationProperty xs:anyType 17 4
OfRailway

tran:SquareType 114
_GenericApplicationProperty xs:anyType 17 4
OfSquare

veg:AbstractVegetationObject 17 4

Type
_GenericApplicationPrgerty | xs:anyType 17 4
OfVegetationObject

veg:PlantCoverType 17 4
class veg:PlantCoveClassType 17 4
function veg:PlantCoverFunctid ype 174
averageHeight gml:LengthType 17 4
lod1MultiSurface gml:MultiSurfacePropertyType 1
lod2MultiSurfae gml:MultiSurfacePropertyType 2
lod3MultiSurface gml:MultiSurfacePropertyType 3
lod4MultiSurface gml:MultiSurfacePropertyType 4
lod1MultiSolid gml:MultiSolidPropertyType 1
lod2MultiSolid gml:MultiSolidProperty Type 2
lod3MultiSolid gml:MultiSolidPropertyType 3
_GenericApplicationProperty xs:anyType 17 4
OfPlantCover

veg:SolitaryVegetation 17 4

ObjectType
class veg:PlantClassType 1i 4
function veg:PlantFunctionType 1i 4
species veg:SpeciesType 17 4
height gml:LengthType 1i 4
trunkDiameter gml:LengthType 174
crownDiameter gml:LengthType 1i 4
lod1Geometry gml:GeometryPropertyType 1
lod2Geometry gml:GeometryPropertyType 2
lod3Geometry gml:GeometryPropertyType 3
lod4Geometry gml:GeometryPropertyType 4
lodlimplicitRepesentation | core:lImplicitRepresentationPrapgType | 1
lod2ImplicitRepresentation | core:lImplicitRepresentationPrapgType | 2
lod3ImplicitRepresentation | core:lmplicitRepresentationPrapgType | 3
lod4implicitRepresentation | core:ImplicitRepresentationPrapgType | 4
_GenericApplicationProperty xs:anyType 17 4
OfSolitaryVegetationObject

wir:AbstractWaterObjectType 0i 4
_GenericApplicationProperty xs:anyType 0V 4
OfWaterObject

wtr:WaterBodyType 0i 4
class wir:WaterBod/ClassType 0i 4
function wtr:WaterBodyFunctinType 01 4
usage wtr:WateBodyUsageType 071 4
lodOMultiCurve gml:MultiCurvePropertyType 0
lod1MultiCurve gml:MultiCurvePropertyType 1
lodOMultiSurface gml:MultiSurfacePropertyType 0
lod1MultiSurface gml:MultiSurfacePropertyy§ipe 1
lod1Solid gml:SolidPropertyType 1
lod2Solid gml:SolidPropertyType 2
lod3Solid gml:SolidPropertyType 3
lod4Solid gml:SolidPropertyType 4
boundedBy wtr:BoundedByWaterSurface 21 4

PropetyType

_GenericApplicationProperty xs:anyTye 0V 4
OfWaterBody

wtr:AbstractWaterBoundary 21 4

SurfaceType
lod2Surface gml:SurfacePropertyType 2
lod3Surface gml:SurfacePropertyType 3
lod4Surface gml:SurfacePropertyType 4
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_GenericApplicationProperty xs:anyType 27 4
OfWaterBoundarySurface

wtr:Watea'SurfaceType 21 4
waterLevel WaterLevelType 21 4
_GenericApplicationProperty xs:anyType 27 4
OfWaterSurface

wtr:WaterGroundSdaceType 214
_GenericApplicationProperty xs:anyType 2i 4
OfWaterGroundSurface

wtr:WaterClosureStiaceType 21 4
_GenericApplicationProperty xs:anyType 27 4
OfWaterClosureSurface
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Annex F
(informative)

Example CityGML datasets

F.1  Example of a CityGML dataset for a building in LOD1 and LOD2
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Fig. 50: Visualisation of the following CityGML dataset containing buildings in LOD1 and LOD2 (source: IGG Uni Bonn).

<?xml version="1.0" encoding="UFB"?>
<CityModel xmIns="http://www.opengis.net/citygml/1'0
xmlns:bldg="http://www.opengis.net/citygml/buildirig.0"
xmins:tex="http://www.opengis.net/citygml/texturedsurfacel'l.0
xmins:grE="http://www.opengis.net/citygml/cityobjectgroup/1.0
xmlns:gmE"http://www.opengis.net/grhl
xmins:xAL="urn:oasis:names:tc:cig:xsdschema:xAL:2.0
xmins:xlink="http://www.w3.0rg/1999/xlink
xmins:xse"http://mww.w3.0rg/2001/XMLSchemimstancé
xsi:schemalocatic#'http://www.opengis.net/citygml/building/1.0 http://mww.citygml.org/citygml/building/1.0/building.xsd
http://www.opengis.net/citygml/tetedsurface/1.0 http://www.citygml.org/citygml/texturedsurface/1.0/texturedSurface.xsd
http://www.opengis.net/citygml/cityobjectgroup/1.0 http://www.citygml.org/citygml/cityobjectgroup/1.0/cityObjectGrotsp.xsd
<gml:descriptior Simple example foan XML dataset according to CityGML, the GML application schema of the SIG 3D. This
dataset contains four parts with different complexities, which have been truncated here (the full version can be obtained
from www.citygml.org):
1.) Simple building in LOD2 with one textured and one colored surface
2.) Simple building in LOD1 as blocks model without balcony, and the same building with gabled roof and balcony in LOD2.
3.) House with gabled roof and garage, represemgewo BuildingParts. The common wall surface of the building and the garage is
defined only once and is in the boundary of one solid, anded by the second solid.
4.) Building group consisting of two buildings that have besfimdd previously.
The coordinate reference system is given in DHDN / GKussger 3 degree (2nd zone) +
normal heights above sea level (DHHN92). This system is referred to by
srsName="urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:ER$B5783". Please note that the coordinates actually used in this
dataset have been trimmed for clarity reasons and thus do not match this/@RSlescriptior
<gml:name-3D city model of Samplecitygml:name
<gml:boundedBy
<gml:EnvelopesrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12'5783
<gml:possrsDimensios"3">0.0 0.0 0.0</gml:pos>
<gml:possrsDimensior"3">33.0 34.0 2.5/gml:pos>
</gml:Envelope
</gml:boundedBy
<cityObjectMember
<l--Simple building with gabled roof with two storeys and an address. It is a LOD2 model, because it contains a reef shape.
<bldg:Buildinggml:id="Build0815>
<externalReference
<informationSystemhttp://www.advonline.de/informationSysterm
<l-- Reference to the german cadastral databkase
<externalObject
<uri>urn:adv:oid:DEHE123400007084ri>
<l-- ID of the object, beinginique countrywide -->
</externalObject
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</externalReference
<bldg:functior>10006</bldg:functior>
<bldg:yearOfConstructioril 985</bldg:yearOfConstruction
<bldg:roofType>1030</bldg:roof Type
<bldg:measuredHeighton+"#m">8.0</bldg:measuredHeight
<bldg:storeysAboveGrour@</bldg:storeysAboveGrourxd
<bldg:storeyHeightsAboveGroundn="#m">2.5 2.5/bldg:storeyHeightsAboveGrourd
<bldg:lod2Solid-
<l--simple building with gabled roe$
<gml:SolidsrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12!5783
<gml:exterior
<gml:CompositeSurface
<gml:surfaceMember
<tex:TexturedSurfacerientatior"+">
<!I--front surface->
<gml:baseSurface
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensios"3">1.01.00.03.01.01.52.01.0251.01.01.5
1.0 1.0 0.0</gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor>
</gml:baseSurface
<tex:appearance
<tex:SimpleTexture
<tex:textureMapFrontTexture096454.jpgtex:textureMap
<tex:textureCoordinates0.05 0.07 0.95 0.07 0.95 0.5 0.5 1 0.05 0.5 0.05 €/@%:textureCoordinates
<tex:textureTypespecificc/tex:textureType
</tex:SimpleTexture
</tex:appearance
</tex:TexturedSurface
</gml:surfaceMember
<gml:surfceMember
<tex:TexturedSurfacerientatiors"+">
<!--back surface>
<gml:baseSurface
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:possrsDimensior"3">1.0 4.0 0.&/gml:pos>
<gml:possrsDimensior"3">1.0 4.0 1.5/gml:pos>
<gml:possrsDimensior"3">2.0 4.0 2.5/gml:pos>
<gml:possrsDimensior"3">3.0 4.0 1.5/gml:pos>
<gml:possrsDimensior"3">3.0 4.0 0.&/gml:pos>
<gml:possrsDimensior"3">1.0 4.0 0.&/gml:pos>
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:baseSurface
<tex:appearance
<tex:Materiap
<tex:ambientIntensity0.4</tex:ambientIntensity
<tex:diffuseColor 0 0 1</tex:diffuseColor
<l-- defines blue colo+>
</tex:Materiap
</tex:appearance
</tex:TexturedSurface
</gml:surfaceMember
é
</gml:CompositeSurface
</gml:exteriop
</gml:Solid>
</bldg:lod2Solid-
</bldg:Building>
</cityObjectMember
<cityObjectMember
<l-- Simple bilding represented in LOD1 (as blocks model without balcony) and in LOD2
with roof shape and balcony. One of the roof surfaces is represented explicitly astictherface object (RoofSurface).
The function is residential building (1000) and thef type is 'gabled roof' (1030).
Both values are defined in external code lists.
<bldg:Buildinggml:id="Build0816">
<gml:nameVilla Kunterbunk/gml:name
<bldg:functiorr1000</bldg:functior>
<bldg:yearO€onstructior195X/bldg:yearOfConstruction
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<bldg:roofType>1030</bldg:roof Type
<bldg:lod1Solid-
<gml:SolidsrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.125783
<l--simple blocks mode->
<gml:exterior
<gml:CompositeSurface
<gml:surfaceMember
<l--front surface->
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:possrsDimensior"3">31.0 31.0 0.8/gml:pos>
<gml:possrsDimensior"3">33.031.0 0.&/gml:pos>
<gml:possrsDimensiors"3">33.0 31.0 1.5/gml:pos>
<gml:possrsDimensior"3">31.0 31.0 1.5/gml:pos>
<gml:possrsDimensior"3">31.0 31.0 0.8/gml:pos>
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
é
</gml:CompositeSurface
</gml:exteriop
</gml:Solid>
</bldg:lod1Solid>
<bldg:lod2Solid-
<gml:SolidsrsName"urn:ogc:def:crs,crs:ER%6.12:31466,crs:EPSG:6.12:5783
<!I-- simple building with gabled roet
<gml:exteriop
<gml:CompositeSurface
<gml:surfaceMember
<l--front surface->
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:possrsDimensior"3">31.0 31.00.0</gml:pos>
<gml:possrsDimensior"3">33.0 31.0 0.8/gml:pos>
<gml:possrsDimensior"3">33.0 31.0 1.5/gml:pos>
<gml:possrsDimensior"3">32.0 31.0 2.5/gml:pos>
<gml:possrsDimensior"3">31.0 31.0 1.5/gml:pos>
<gml:possrsDimensior"3">31.0 31.0 0.8/gml:pos>
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<l--1st roof surface. This polygon will be referenced below.
<gml:Polygongml:id="roofsurface471t>
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensior"3">32.0 31.0 2.5 33.0 31.0 1.5 33.034.0 1.5 32.034.0 25
32.0 31.0 2.5/gml:posList-
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
é
</gml:CompositeSurface
</gml:exteror>
</gml:Solid>
</bldg:lod2Solid-
<bldg:outerBuildingInstallation
<bldg:BuildingInstallatior
<gml:nameThe nice balcony to the sostlyml:name
<bldg:functon>1000</bldg:functiorr
<l--function 1000 of a BuildingInstallation means 'balcey’
<bldg:lod2Geometry
<l-- The balcony is situated at the 1st front surfaze
<!I-- The geometry of the balcony is defined by an aggregation of 3D suraees.
<gml:CompositeSurfacersName="urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12'5783
<gml:surfaceMember
<l-- ground surface of the balcory
<gml:Polygor»
<gml:exterior
<gml:LinearRing
<gml:possrsDimensios"3">31.5 30.5 0.8/gml:pos>
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<gml:possrsDimensior"3">31.5 31.0 0.8/gml:pos>
<gml:possrsDimensior"3">32.5 31.0 0.8/gml:pos>
<gml:possrsDimensior"3">32.5 30.5 0.8/gml:pos>
<gml:possrsDimensior"3">31.5 30.5 0.8/gml:pos>
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
é
</gml:CompositeSurface
</bldg:lod2Geometry
</bldg:BuildingInstallatior
</bldg:outerBuildingInstallation
<bldg:boundedBy
<bldg:RoofSurface
<externalReference
<informationSystemhttp://www.solarpanel.com/databasefsplecity</informationSystem
<!-- This may be a database, which contains all roof surfaces of a city covered with sola-panels
<externalObject
<namerroof_10786/name>
<I--roof_10786 is the id of the roof surface in the external solar parableckat-->
</externalObject
</externalReference
<bldg:lod2MultiSurface
<gml:MultiSurface»
<I-- Reference to a surface which has already been defined in the solid boundary of the outer buildizg shell.
<gml:surfaceMembexlink:href="#roofsurface4711>
</gml:MultiSurface
</bldg:lod2MultiSurface
</bldg:RoofSurface
</bldg:boundedBy
</bldg:Building>
</cityObjectMember
<cityObjectMember
<l-- House with gabled roof andgarage, represented by two BuildingParts. Tharmon wall surface of the building and the
garage is shared by both solids realizing a topological connection between botf»parts.
<bldg:Buildinggml:id="Build0817">
<bldg:consistsOfBildingPart
<bldg:BuildingPartgml:id="Build08174>
<bldg:functiorn~1000</bldg:functior>
<bldg:yearOfConstructioril 964</bldg:yearOfConstruction
<bldg:roofType1030</bldg:roof Type
<bldg:storeysAboveGroum@</bldg:storeysAboveGrourd
<bldg:lod2Solid
<gml:Solid srsName="urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12'5783
<!I--Building with gabled roct>
<gml:exteriopr
<gml:CompositeSurface
<gml:surfaceMember
<!--front surface->
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensios"3"> 8.0 2.0 0.0 8.0 4.0.08.04.01.58.03.02.5
8.02.0 1.5 8.0 2.0 0&/gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
é
<gml:surfaceMember
<I--2nd side srface, shares surface with garage geometry
<gml:Polygongml:id="polygon007>
<gml:exterior
<gml:LinearRing
<gml:possrsDimensios"3">8.0 4.0 1.&/gml:pos>
<gml:possrsDimensios"3">8.0 4.0 0.&/gml:pos>
<gml:possrsDimesion="3">6.5 4.0 0.&/gml:pos>
<gml:possrsDimensios"3">6.5 4.0 1.&/gml:pos>
<gml:possrsDimensios"3">8.0 4.0 1.&/gml:pos>
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
</gml:CompmsiteSurface
é
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</gml:exteriop
</gml:Solid>
</bldg:lod2Solid»
</bldg:BuildingPart
</bldg:consistsOfBuildingPa¥t
<bldg:consistsOfBuildingPaxt
<bldg:BuildingPartgml:id="Build8178'>
<bldg:functior»1630</bldg:functiorr
<!I-- Function 1630 means 'garage
<bldg:yearOfConstructioril 996</bldg:yearOfConstruction
<bldg:roofTyper1000</bldg:roofType
<bldg:storeysAboveGrourd</bldg:storeysAboveGrourd
<bldg:lod2Solid-
<gml:SolidsrsName="urn:ogc:def:crs,crs:EPS&12:31466,crs:EPSG:6.12:5783
<l--garage->
<gml:exteriopr
<gml:CompositeSurface
<gml:surfaceMember
<I--front surface->
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:possrsDimensior"3">8.0 4.0 0.&/gml:pos>
<gml:possrsDimensior"3">8.0 5.0 0.&/gml:pos>
<gml:possrsDimensior"3">8.0 5.0 1.&/gml:pos>
<gml:possrsDimensior"3">8.0 4.0 1.&/gml:pos>
<gml:possrsDimensior"3">8.0 4.0 0.&/gml:pos>
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
é
<gml:surfaceMember
<!--2nd side surface, shares surface with building georetry
<gml:OrientableSurfacerientatior"-">
<l-- Surface orientation has to be reverseg!
<gml:baseSurfacelink:href="#polygon007/>
</gml:OrientableSurface
</gml:surfaceMember
</gml:CompositeSurface
</gml:exteriop
</gml:Solid>
</bldg:lod2Solid»
</bldg:BuildingPart
</bldg:consistsOfBuildingPa¥t
<bldg:address
<Address
<xalAddress
<xAL:AddressDetails
<xAL:Country>
<xAL:CountryName-Germany/xAL:CountryName
<xAL:Locality Type="Town">
<xAL:LocalityName>Bonn</xAL:LocalityName>
<xAL:ThoroughfareType="Street>
<xAL:ThoroughfareNumber172</xAL:ThoroughfareNumber
<xAL:ThoroughfareNameMeckenheimer Nee</xAL:ThoroughfareName
</XAL:Thoroughfare
<xAL:PostalCode
<xAL:PostalCodeNumbe3115/xAL:PostalCodeNumber
</xAL:PostalCode
</xAL:Locality>
</xAL:Country>
</xAL:AddressDetails
</xalAddress
<multiPoint
<gml:MultiPoint>
<gml:pointMember
<gml:Point-
<gml:possrsDimensios"3">6.5 4.0 1.&/gml:pos>
</gml:Point
</gml:pointMember
</gml:MultiPoint>
</multiPoint
</Address
</bldg:addres>
</bldg:Building>
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</cityObjectMember
<cityObjectMember
<!--Building group with name 'Scenic view', consisting of the two buildings Build0815 and Build0817.
Both buildings are included by referenee.
<grp:CityObje¢Groupgml:id="Complex113>
<gmknameHot el Compl ex/gnii@ameni ¢ Vi ewd
<grp:functiorrbuilding group:/grp:functior>
<grp:groupMemberole="main building xlink:href="#Build0817/>
<grp:groupMembexlink: href="#Build0815/>
</grp:CityObjectGroup
</cityObjectMember
</CityModeb

Listing 1:Excerpt from the CityGML dataset for buildings in LOD1 and 2 visualisd¢dgn50.
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F.2  Example of a CityGML dataset for a building in LOD3

BuildingPart » parents ¥ Building ¥ parents ¥ CityModel »
attributes ‘ attributes

| Window P parents ¥ WallSurface b

atiributes
appearances b

Fig. 51: Visualisation of buildings in LOD3, automatically generated from IFC building objects. Please
note the coherent semantic and geometric decomposition (source: Research Center Karlsruhe).

<?xml version="1.0" encoding="UT8"?>
<CityModel xmIns="http://www.opengis.net/citygml/1'0
xmins:bldg="http://www.opengis.net/citygml/building/1.0
xmlns:gmE"http://www.opengis.net/gikmins:xlink="http://mww.w3.0rg/1999/xlink
xmins:xsE"http://mww.w3.0rg/2001/XMLScheminstancé
xsi:schemalocatic#'http://www.opengis.net/citygml/building/1.0 http://www.citygml.org/citygml/building/1.0/ind).xsd">
<gml:descriptiorThis file contains four buildings which are automatically conveittaeh IFC models. This listing only shows
an excerpt. The full dataset can be downloaded from http://www.citygml.org
(example dataset f ok/gmidescuptiorbui | dings in LOD30)
<gml:nameIFC_Building_Variant/gml:name
<gml:bowndedBy
<gml:EnvelopesrsName"urn:ogc:def:crs,crs:EPSG:6.12:31467,crs:EPSG:6.12'5783
<gml:possrsDimension"3">5429999.751795 3449999.751795<Udnl:pos>
<gml:possrsDimensiorn"3">5430023.2 3450021.2 2&@ml:pos>
</gml:Envelope
</gml:boundedBy
é
<cityObjectMember
<bldg:Buildinggml:id="GEB_TH_IFC_Building_Variant_GEB_75
<gml:descriptiomBuilding in LOD3</gml:descriptior
<gml:nameBuilding-ADT-2006</gml:name
<externalReference
<informationSystemhttp://www.iai.fzk.de/raw/pages/german/projekte,Bgsteme/html/Download/informationSystemn
<externalObject
<uri>urn:ifc:oid:0deJpNQO5BvwV03c4050\uri>
</externalObject
</externalReference
<bldg:boundedBy
<bldg:RoofSurfacgml:id="GEB_TH_IFC_Building_Variant. DACH_136
<externalReference
<informationSysen>http://www.iai.fzk.de/raw/pages/german/projekte,Bgsteme/html/Download/informationSystem
<externalObject
<uri>urn:ifc:0id:3CPSkwS7f9QRfhfr5gf7dguri>
</externalObject
</externalReference
<bldg:lod3MultiSurface
<gml:MultiSurfacer
<gml:surfaceMember
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensior"3">5430006.994499969 3449999.850802998 9.141580054626465
5430007093499946 3449999.7517950004 8.970100114212036 5430000.906494903
3449999.7517950004 8.970100114212036 5430001.005499649 3449999.850802998
9.141580054626465 586803.999999809 3450000.9735459564 11.086200187072754
5430006.994499969 3449999.850802998 9.14158005462656BposList
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</gml:LinearRing
</gml:exterior
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygor»
<gml:exerior>
<gml:LinearRing
<gml:posListsrsDimensior"3">5430006.920299816 3449999.925 8.870099971160888
5430006.845300007 38800.000000003 8.999999949798584 5430003.999999809
3450001.066800046 10.847800204620361 5430001.154700088 3450000.000000003
8.999999949798584 5430001.0797003489999.925 8.870099971160888
5430006.920299816 3449999.925 8.870099971160888:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember

é
</gml:MultiSurface
</bldg:lod3MultiSurface
</bldg:RoofSurface
</bldg:boundedBy
<bldg:boundedBy
<bldg:WallSurfaceggml:id="GEB_TH_IFC_Building_Variant WAND_7&
<externalReference
<informationSystemhttp://www.iai.fzk.de/raw/pages/german/prdiek/R-Systeme/html/Download/informationSystern
<externalObject
<uri>urn:ifc:oid:2es$8LNADIUXRIGzY8UaVK/uri>
</externalObject
</externalReference
<bldg:lod3MultiSurface
<gml:MultiSurface
<gml:surfaceMember
<gml:Polygor»
<gml:exteriopr
<gml:LinearRing
<gml:posListsrsDimensior"3">5429999.999999809 3450004.4950001715 6.059999996886253
5429999.999999809 3450004.4950001715 4.800000021334B5D00.119999695
3450004.4950001715 4.800000021324157 5430000.180000114 3450004.4950001715
4.800000021324157 5430000.3 3450004.4950001715 4.800000021324060%G33
3450004.4950001715 6.059999996886253 5430000.180000114 3450004.4950001715
6.059999996886253 5430000.119999695 3450004.4950001715 6.059999996886253
5429999.999999809 3450004.4950001715 6.05999999688@26I3posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
é
</gml:MultiSurface
</bldg:lod3MultiSurface
<bldg:opening
<bldg:Windowgml:id="GEB_TH_IFC_Building_Variant OEFF_OBJ _'80
<externalReference
<informationSysten»
http://lwww.iai.fzk.de/raw/pages/german/projekte Bigsteme/html/Download/
<f/informationSystemn
<externalObject
<uri>urn:ifc:0id:3VkZRUo0a97GgMdD342zHekuri>
</externalObject
</externalReference
<bldg:lod3MultiSurface
<gml:MultiSurface>
<gml:surfaceMember
<gml:Polygor»
<gml:exteriopr
<gml:LinearRing
<gml:posListsrsDimensior"3">5430000.119999695 3450008.940000343
2.9999999497985836 5430000.180000114 3450008.940000343 2.9999999497985836
5430000.180000114 3450008.940000343 1.920000026092529 5430000.180000114
3450008.940000343 1.860000083312988 5430000.119999695 3450008.940000343
1.860000083312988 5430000.119999695 3450008.940000343
2.9999999497985836gml:posList
</gml:LinearRing
</gml:exteriopr
</gml:Polygorr
</gml:surfaceMember
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é
</gml:MultiSurface
</bldg:lod3MultiSurface
</bldg:Window>
</bldg:opening

é
</bldg:WallSurface
</bldg:boundedBy
</bldg:Building>
</cityObjectMember
</CityModeb

Listing 2:Excerpt from the CityGML dataset for the buildings in LOD3 visualisegign51.
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F.3 Example of a CityGML dataset illustrating the appearance model

The following CityGML dataset contains a simple building given in geometric reprasestddr LOD1 and

LOD2. Furthermore two separate appearance themes are defmedmmer theme and a winter theinde-

scribing different visual appearances for the building and the surrounding terrain. Each LOD has an individual
apperance for these specific themes.

Sever al concepts of CityGML b stasd. [lRegarding & @0 eax3bidatkgal are u
object defines the material of the whole building which is applied to all of its surfaces. In add{Beorefe-
encedTexturés assigned both to the terrain and the roof surface of the building. In LOD2 the \strifeaks of

the building are texturised individually usifarameterizedTexturebjects whereas the roof surfaces and the

terrain again are described byGaoreferencedTextur&he modelling approach results in four possible visual

zations of the datasdtat are represented kig. 52 andFig. 53.

———— e

> s
- \ = 2 - =
& - e - o — P
- i - R e y . i i
_ - o - > p
P> s s - P < ’ A
. P e

Fig.52 Vi sualisation of a simple building in LOD1 usi nganddtet y GML&8s a
surrounding terrain: (a) theme showing the building in summer time and (b) showing the building in winter time (imagelattasso
Institute).

a. b.

Fig.53 Vi sualisation of a si mpdappedranéemddelnTgo themes ar®defineddas thenbgildigiandyh& ML 6
surrounding terrain: (a) theme showing the building in summer time and (b) showing the building in winter time (imageldttasso
Institute).

<?xml version="1.0" encoding="UFB"?>

<CityModel xmIns="http://www.opengis.net/citygml/1'0
xmins:bldg="http://mww.opengis.net/citygml/building/1.0
xmins:apE"http://www.opengis.net/citygml/appearance/1.0
xmins:dens"http://www.opengis.net/citygml/relief/1:0
xmins:gmE"http:/www.opengis.net/gmixmins:xlink="http://www.w3.0rg/1999/xlink
xmins:xsE"http://www.w3.0rg/2001/XMLSchemmstancé
xsi:schemalocaticH'http://www.opengis.net/citygml/building/1.0 http://www.citygml.org/citygml/building/1.0/building.xsd
http://www.opengis.net/citygml/appearance/1.0 http://www.citygml.org/citygml/appearance/1.0/appearance.xsd
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http://www.opengis.net/citygml/relief/1.0 http://www.citygml.org/citygml/relief/1.0/relief:xsd
<gml:descriptior Simple example for an XML datat according to CityGML, the GML application schema of the SIG 3D. This
dataset contains one simple building in LOD1 and LOD2 and the surrounding terrain as well as two separate appearance
themes:
1.) Simple building in LOD1
2.) Simple building in LOD2
3.) Digital terrain given by a TIN.
4.) Appearance theme Asummer o.
5.) Appearance theme fAwintero.
Please note, that appearances are explicitly linked to GML geometry objects using
URIs. Since Texture objects are modelled as features (with a unique id) they can be (and in fact are) reused. This is
realized using XLinks. The coordinate reference system is given in DHDN /-®ausger 3 degree (2nd zone) + normal
heights above sea level (DHHN92). This system is referred to by
srsName="urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12:5783". Please note, that the coordinates actually used in this
dataset have been trimmed for clarity reasons and thustdpatch this CRS</gml:descriptiotr
<gml:boundedBy
<gml:EnvelopesrsName"urn:ogc:def:crs,crs:EPSG:6.12:31466,crs:EPSG:6.12'5783
<gml:lowerCorner-6.0-7.0 0.6</gml:lowerCorner
<gml:upperCornerl7.0 13.0 5.8/gml:upperCorner
</gml:Envelope
</gml:boundedBy
<cityObjectMember
<bldg:Buildinggml:id="Build0815>
<bldg:yearOfConstructior200</bldg:yearOfConstruction
<bldg:measuredHeighton="#m">5.0</bldg:measuredHeigh
<bldg:lod1Solid-
<gml:Solid>
<gml:exteriop
<gml:CompositeSurfacgml:id="lod1Surfac&>
<gml:surfaceMember
<gml:Polygor»
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensios"3"> 0.0 0.0 0.0 10.0 0.0 0.0 10.0 0.0 4.0 0.0 0.0 4.0 0.0
0.0 0.0</gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMembe

<gml:surfaceMember
<gml:Polygongml:id="lod1RoofPoly1>
<gml:exteriop
<gml:LinearRhg>
<gml:posListsrsDimensior"3"> 0.0 0.0 4.0 10.0 0.0 4.0 10.05.04.00.05.04.0 0.0
0.0 4.0</gml:posList
</gml:LineaRing>
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
</gml:CompositeSurface
</gml:exterior
</gml:Solid>
</bldg:lod1Solid-
<bldg:lod2Solid
<gml:Solid>
<gml:exteriopr
<gml:CompositeSurface
<gml:surfaceMember
<gml:CompositeSurfacgml:id="fLeft">
<gml:surfaceMember
<gml:Polygor»
<gml:exteriopr
<gml:LinearRinggml:id="fLeftExt1">
<gml:posListsrsDimensios"3"> 0.0 0.0 0.0 5.0 0.0 0.0 5.0 0.03.00.00.0 3.0
0.0 0.0 0.6</gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygor»
<gml:exterior
<gml:LinearRinggml:id="fLeftExt2">
<gml:posListsrsDimensios"3"> 5.0 0.0 0.0 10.0 0.0 0.0 10.0 0.0 3.0 5.0 0.0
3.05.0 0.0 0.&/gml:posList
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</gml:LinearRing
</gml:exterior
</gml:Polygor»
</gml:surfaceMember
</gml:CompositeSurface
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="fFront'>
<gml:exteriop
<gml:LinearRinggml:id="fFrontEx">
<gml:posListsrsDimensior"3"> 10.0 0.0 0.0 10.0 5.0 0.0 10.0 5.0 3.0 10.0 2.5 5.0
10.0 0.0 3.0 10.0 0.0 09Ogml:posList
</gml:LinearRing
</gml:exterior
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="fRight">
<gml:exteriop
<gml:LinearRinggml:id="fRightExt">
<gml:posListsrsDimensios"3"> 10.0 5.0 0.0 0.0 5.0 0.0 0.0053.0 10.0 5.0 3.0 10.0
5.0 0.0</gml:posList-
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="fBack"'>
<gml:exteriop
<gml:LineaRing gml:id="fBackExt">
<gml:posListsrsDimensios"3"> 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.03.00.02.55.00.0 5.0
3.0 0.0 5.0 0.6&/gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="lod2RoofPoly1>
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensios"3"> 0.0 0.0 3.0 10.0 0.0 3.0 1M2.5 5.0 0.0 2.5 5.0 0.0
0.0 3.0</gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="lod2RoofPoly2>
<gml:exteriop
<gml:LinearRing
<gml:posListsrsDimensios"3"> 10.0 5.0 3.0 0.0 5.0 3.0 0.0 2.5 5.0 10.0 2.5 5.0 10.0
5.0 3.0</gml:posList-
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
</gml:CompositeSurface
</gml:exteriopr
</gml:Solid>
</bldg:lod2Solid-
</bldg:Building>
</cityObjectMember
<cityObjectMember
<dem:ReliefFeaturgml:id="DTM_1">
<dem:lod>1</dem:lod>
<dem:reliefComponent
<dem:TINReliefgml:id="GUID_04D4DsNGv1MfvYu503lkc\W>
<gml:name-Ground/gml:name
<dem:lod>1</dem:lod>
<dem:tir>
<gml:TriangulatedSurfacgml:id="ground>
<gml:trianglePatches
<gml:Triangle>
<gml:exterior
<gml:LinearRing
<gml:posList -6.0 5.0 0.0 M 5.0 0.0-6.0 9.0 0.06.0 5.0 0.6</gml:posList
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</gml:LinearRing
</gml:exterior
</gml:Triangle>
é
</gml:trianglePatches
</gml:TriangulatedSurface
</dem:tir>
</dem:TINRelief
</dem:reliefComponent
</dem:ReliefFeature
</cityObjectMember
<app:apparanceMember
<app:Appearance
<app:themeSummex/app:theme
<app:surfaceDataMembrer
<app:X3DMateriagml:id="lod1Material>
<app:diffuseColor1.0 0.6 0.8/app:diffuseColor
<app:target#lod1Surface/app:target
</app:X3DMateriab
</app:surfaceDataMembrer
<app:surfaceDataMembrer
<app:GeoreferencedTexture
<app:imageURtground_summer.prdgapp:imagURb
<app:wrapModenone</app:wrapMode
<app:referencePoint
<gml:Point-
<gml:pos> -5.0-5.0</gml:pos>
</gml:Point
</app:referencePoint
<app:orientatior 0.05 0.0 0.0 0.06666%/app:orientatior
<app:target#ground/app:target
<app:target#lod1RoofPoly¥/app:target
<app:target#lod2RoofPoljt</app:target
<app:target#lod2RoofPolyZ/app:target
</app:GeoreferencedTextare
</app:surfaceDataMembrer
<app:surfaceDataMembrer
<app:ParameterizedTextugenl:id="sideTextur&>
<app:imageURitfacade.png/app:imageUR+t
<app:wrapModewrap</app:wrapMode
<app:targetiri="#fLeft">
<app:TexCoordList
<app:textureCoordinatesg="#fLeftExt1">0.0 0.0 2.0 0.0 2.0 1.0 0.0 1.0 0.09Qdpp:textureCoordinates
<app:textureCoordinatesg="#fLeftExt2'>2.0 0.0 4.00.04.01.02.01.0 2.0
0.0</app:textureCoordinates
</app:TexCoordList
</app:target
<app:targetri="#fRight'>
<app:TexCoordGen
<app:worldToTexture -0.4 0.0 0.0 1.0 0.0 0.0 0.3333 0.0 0.0 0.0 0.C<1aPp:worldToTexture
</app:TexCoordGen
</app:target
</app:ParameterizedTexture
</app:surfaceDataMembrer
<app:surfaceDataMemlbrer
<app:ParameterizedTexar
<app:imageURtfront_back_summer.prgapp:imageURt
<app:wrapModenone</app:wrapMode
<app:targetri="#fFront’>
<app:TexCoordLisgml:id="frontTexCoord>
<app:textureCoordinatesg="#fFrontExt>0.0 0.0 0.5 0.0 0.5 0.6 0.251.0 0.0 0.6 0.0
0.0</app:textureCoordinates
</app:TexCoordList
</app:target
<app:targetrri="#fBack'>
<app:TexCoordLisgml:id="backTexCoort
<app:textureCoordinatesg="#fBackExt>0.5 0.0 1.0 0.0 1.0 0.6 0.751.0 0.5 0.6 0.5
0.0</app:textureCoordates
</app:TexCoordList
</app:target
</app:ParameterizedTexture
</app:surfaceDataMember
</app:Appearance
</app:appearanceMember
<app:appearanceMember
<app:Appearance
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<app:themeWinter</app:theme
<app:surfaceDataMember
<app:GeoreferencedTexture
<app:imageURtground_winter.png/app:imageUR+
<app:wrapModenone</app:wrapMode
<app:referencePoint
<gml:Point
<gml:pos> -5.0-5.0</gml:pos>
</gml:Point
</app:referencePoint
<app:orientatior 0.05 0.0 0.0 0.06666%/app:orientation
<app:target#ground/app:target
<app:target#lod1RoofPolyk/app:target
<app:target#lod2RoofPoly¥/app:target
<app:target#lod2RoofPoj2</app:target
</app:GeoreferencedTextare
</app:surfaceDataMembrer
<app:surfaceDataMembelink:href="#lod 1Material/>
<app:surfaceDataMembelink:href="#side Texturg>
<app:surfaceDataMenei>
<app:ParameterizedTexture
<app:imageURtront_back_winter.png/app:imageURt
<app:wrapModenone</app:wrapMode
<app:targetri="#fFront' xlink:href="#frontTexCoord/>
<app:targetri="#fBack' xlink:href="#backTexCoord>
</app:ParameterizedTexture
</app:surfaceDataMember
</app:Appearance
</app:appearanceMember
</CityModeb

Listing3: Except from the CityGML dataset illustratingP Fi@€bandBdvM36s appear a
The following three raster imageFBig. 54 - Fig. 56) are referenced in the dataset BgrameterizedTexture
objects to texturize the vertical boundary surfaces of the building in LOD2. The fawegke.pndcf. Fig. 54) is

assigned to the side surfaces usingtéxture wrapping moderrap and is applied both within the summer and
the winter theme.

Fig. 54: Imagefacade.pngised in the dataset to texturize the side surfaces of the building in LOFy(&3a.and b.) (image: Hasso
PlattnerInstitute).

Fig. 55 shows the texture atldont_back_summer.prgpmbining the textures for the front surface and the back
surface of the building in LOD2 within the summer theme. Only a portighisfimage is assigned to theesp
cific surfaces. The relevant parts are defined usiigx@CoordLisbbject.

() T,

Fig. 55: Texture atlasront_back_summer.prmpntaining the textures for the front surface and the back surface afildiadpin LOD2
within the summer theme (dfig. 53a.) (image: HassPlattnerInstitute).

Identically tofront_back summer.pripe texture atlafront_back_winter.pngontains the textures for the front
surface and the back sack of the building in LOD2 within the winter theme.
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Fig. 56: Texture atlagront_back_winter.pngontaining the textures for the front surface and the back surface of the building in LOD2
within the winter theme (cFig. 53b.) (image: Hass®lattnerInstitute).
The raster images shownhing. 57 andFig. 58 are assigned to the terrain and the roof surfaces of the building in
LOD1 as well as in LOD2. Ithe dataset this is implemented bysaoreferencedTextumabject linking to the
according GML geometry objects. Whereas the imgeind_summer.pncf. Fig. 57) represents the texture
for the summer themground_winter.pndcf. Fig. 58) is used within the winter theme.

™

Fig. 57: The imageground_summer.pnig assigned to the terrain and the roof surfaces of the building both in LOD1 and LOD2
(cf. Fig. 52 a. andFig. 53 a.) within the summer theme (image: HaBdattnerInstitute).

Fig. 58 The imageground_winter.pngs assigned to the terrain and the roof surfaces of the building both in LOD1 and LOB®g.(®&2b.
andFig. 53 b.) within the winter theme (image: HasB@ttnerInstitute).
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F.4  Example of a CityGML dataset illustrating the use of texture coordinates for
complex surfaces with holes

The following example demonstrates the use of texture coordinates for complex surfaces with holes-Additio
ally, the concept of overwriting (cf. chapt@rl) is exemplified. The example shows a textured road in LOD1,
which consist®f a rourdabout and two entering streeEd. 59). It uses twapp:ParameterizedTextujects,

a regular road pieced , Fig. 60) and a dirt track becoming a paved rodd,(Fig. 61). All geometry is co-

tained in a singlgml:MultiSurface(road ) being the target afd . The roundabout is modelled as a polygon

with holes foun daboutPoly ). Both ringsraEx andraln need to receive texture coordinates. For efficient
texturing, textire coordinates and wrap mode are chosen such that the regular road piece is draped onto the
polygonal ring as desired at the price of some distortion. A disteirgenalternative, e.g. for higher LODs,
requires an adtional road piece texture for theundabout Fig. 62) or a texture for the complete roundabout

(Fig. 63). In both cases, texture space is wasted. Wasted areas are marked red.

Fig. 59: A rendering of the texturecegmetry (images for this example: Ha$4attnerInstitute).

Fig. 60: The road piece texture.

Fig. 61: The dirt track texture.

Fig. 62: A distortionfree road piece for the rouablout.
Red areas never become visible and are wasted.
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Fig. 63: The complete roundabout in a distortivee texture.
Red areas never become visible and are wasted.

The entering dirt track requires a different texture. Even thatsggeometrydirtPoly ) is contained in the
already texturedoad , the existing texture is overwritten and replaced by udintpoly as target ofit .
Overwriting only occurs when assigning a new texture to a surface geometry object contained indgn alrea
textured aggregated geometry object. Assigning two textures to the same surfaegygebject directly is not
allowed. The same applies to materials.

<?xml version="1.0" encoding="uf"?>
<CityModel xmIns="http://www.opengis.net/citygml/1'0
xmins:app"http://www.opengis.net/citygml/appearance’1.0
xmins:tra"http://www.opengis.net/citygml/transportation/1.0
xmins:gmE"http://www.opengis.net/grhl
xmins:xlink="http://www.w3.0rg/1999/xlink xmIns:xsE"http://mwww.w3.0rg/2001/XMLSchemsinstancé
xsi:schemalocaticH'http://www.opengis.net/citygml/appearance/1.0 http://www.citygml.org/citygml/appearance/1.0/appearance.xsd
http://www.opengis.net/citygml/transportation/1.0 http://www.citygml.org/citygml/transportation/1.0/traatspastsd>
<gml:boundedBy
<gml:Envelope
<gml:lowerCorner-45.0-20.0 0.6&/gml:lowerCorner
<gml:upperCorner45.0 20.0 10.8/gml:upperCorner
</gml:Envelope
</gml:boundedBy
<cityObjectMember
<tran:Road
<app:appearance
<app:Appearance
<app:themevisuak/app:theme
<app:surfaceDataMembrer
<app:Parameterized Textugenl:id="rd">
<app:imageURtrd.png</app:imageURt
<app:wrapModemirror</app:wrapMode
<app:targetri="#road>
<app:TexCoordList
<app:texture@ordinatesing="#raEx>01110111011101 1 1 &/Mhpp:textureCoordinates
<app:textureCoordinatesg="#ralni>00100010001 00 0 1 0 &@pp:textureCoordinates
<app:textureCoordinategg="#roadEX>0 0 2.50 2.5 1 0 1 0 @app:textureCoordinates
<app:textureCoordinatesg="#dirtEX'> 00 2.5 0 2.5 1 0 1 0 €/app:textureCoordinates
</appTexCoordList
</app:target
</app:ParameterizedTexture
</app:surfaceDataMembrer
<app:surfaceDataMember
<app:Parameterized Textugenl:id="dt">
<app:imageURtdt.png</app:imageUR+t
<app:wrapModemirror</app:wrapMode
<app:targetri="#dirtPoly'>
<app:TexCoordList
<app:textureCoordinates\g="#dirtEX'>001 01 1 0 1 0 &/app:textureCoordinates
</app:TexCoordList
</app:target
</app:ParameterizedTexture
</app:surfaceDataMembrer
</app:Appearance
</app:appearance
<tran:lod1MultiSurface
<gml:MultiSurfacegml:id="road">
<gml:surfaceMember
<gml:Polygongml:id="roundaboutPolp
<gml:exteriop
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<gml:LinearRinggml:id="raEx">
<gml:posListsrsDimensios"3"> -8 20 5-20 8 5-20-8 5-8-2058-20520-8520858 205
-8 20 5</gml:posList
</gml:LinearRing
</gml:exterior
<gml:interior>
<gml:LinearRinggml:id="raln">
<gml:posListsrsDimensios"3">-41054 1051045 14 5 4-10 5-4-10 5-10-4 5-10 4 5
-4 10 5</gml:posList
</gml:LinearRing
</gml:interior>
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="roadPoly>
<gml:exteriopr
<gml:LinearRinggml:id="roadEX>
<gml:posListsrsDimensior"3"> 20-4 5 45-4 545 4 5 20 4 5 20! 5</gml:posList
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
<gml:surfaceMember
<gml:Polygongml:id="dirtPoly">
<gml:extaior>
<gml:LinearRinggml:id="dirtEx">
<gml:posListsrsDimensior"3"> -20-4 5-45-4 5-45 4 5-20 4 5-20-4 5</gml:posList-
</gml:LinearRing
</gml:exteriop
</gml:Polygor»
</gml:surfaceMember
</gml:MultiSurface
</tran:lod1MultiSurface
</tran:Road
</cityObjectMember
</CityModeb

Listing 4: CityGML dataset illustrating the use of texture coordinates for complex surfaces with holes. The datasésediiskig. 59.
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Annex G
(informative)

Example ADE for Noise Immission Simulation

This amex illustrates the usage of CityGML within an environmental simulation application. The definition of
the corresponding Application Domain Extension (ADE) is included as an example.

The Environmental Noise Directive of the European Union 2002/49/EG tddighe EU member states to
calculate every 5 years the noise levels at a height of 4m on buildings and to document the results in noise maps.
The noise maps serve as information for the European Union and the citizens affected yigndge These

noise maps are generated on the basis of acoustic models and noise propagation calculations, not on the basis of
measurements ig. 65). For the noise propagation calculaspa great number of thematic data and 3D geodata

is necessary for each EU member state. Because of the large spatial extent of the ol@Etergaite provision

of statewide and ubiquitous 3D geodata on buildings, roads, railways and terrain folitadeudf users is
necessary, in part with high requirements on resolution.

The calculation of noise levels from a road requires information about the traffic flow, the heavy vehicle pe
centage, the speed limits, the road surface types and the road fgriadidmermore, the noise level depends on

the distance &iween point of emission and reception (immission) as well as on reflection (e.g. on building
facades) or shiding effects (e.g. noise barriers). The noise level is calculated separately for t@6dxy

18.00), the evening (18.622.00) and the night (22.606.00). As the noise level is calculated at a height of 4m
and as the influence of vertical reflecting surfaces is considered (e.g. noise barriers and buildings), a multitude of
geodata in théhird dimension is necessary. In addition to all 3D geodata specific thematic data are required. For
example the following data are necessary for the noise calculation of roads: Digital Terrain Model with 10m
grid, 3D buibding models with their thematic tabutes (e.g. reflection, inhabitants), 3D road data with their
thematic attributes (e.qg. traffic flow, heavy vehicle percentage, speed limit, type of road surface, road gradient,
width of a road), 3D noise barriers and their thematic attributes (dertief).

ire
’//

Fig. 64: Noise map generated from the 3D CityGML geodata and used for the reporting demanded of the EU Environmental Noise Directive
(dark colours show higher noise immission) (source: State Agency for nature, envirameheonsumer protection NRW).
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Fig. 65: Modelling a noise emission source using the 3D CityGML geodata in a special noise calculation software as first step before
generating the noise maphig. 64 (souce: Surveying and Mapping Agency NRW, Stapelfeldt GmbH, Institute of Geodesy and Geoinfo
mation Uni Bonn).
In the state of North Rhiré&/estphalia, special conditions have to be considered: high population and tr@nsport
tion route density and therefore thighest amount of noise calculation areas and objects in Germany. The aim is
to provide a sustainable, efficient and variable access to the required 3D geodata for the 5 years iteration period
and the different noise calculation authorities.

In order toprovide this considerable amount of statewide 3D geodata, the responsible partners, in particular the
State Mingtry of Environment, Nature Conservation, Agriculture and Consumer Protection of North- Rhine
Westphalia, the State Agency for nature, envirortnagl consumer protection of North Rhiéestphalia and

the Surveying and Mapping Agency bdliiorth RhineWestphalia, have decided to use the Spatial Data Infcastru

ture in North RhinéNestphalia (GDI NRW) and to extend it with statewide Web Services f@ arisl 3D
geoinformation. Therefore, new OGC Web Services for building models, terrain, road and railway data were
implemented (e.g. Web Feature Service for 3D block models in LOD1 and for 3D road and railway data, Web
Coveage Service for DTM).

State road data for motorways in CityGML from WFS

ATKIS roads in CityGML from WFS
(LODO)

ATKIS railways in CityGML from WFS
(LODO)

DTM in GeoTiff from WCS

3D block model in CityGML from WFS-T

Fig. 66: 3D geodata in CityGML for the calculation of the noise mapign 64: DTM in GeoTiff, 3D block model in CityGML, 3D road and
railway data in CityGML, state road data for higherel roads in CityGML(source: Surveying and Mapping Agency NRW, State Road
Enterprice NRW, Stapelfeldt GmbH, Institute of Geodesy and Geoinformation Uni Bonn).
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