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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procgdures used to develop this document and those intended for its further maintenance. gre
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
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list of patent declarations received (see www.iso.org/patents).
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planation of the voluntary nature of standards, the 4€ieaning of ISO specific terms and
hs related to conformity assessment, as well as information about ISO's adherence to the

World Tralde Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.ofg/
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This docujment was prepared by Technical Committee ISO/TC 211, Geographi
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Introduction

0.1 Background

From the start, GDF (Geographic Data Files) was based on similar geospatial concepts as ISO/TC 211
standards (the ISO 19100 family of standards). Over the years, GDF has been specified to provide
data structures to support a range of transport-related applications and in-car navigation systems.
GDF forms the basis of today's solutions used by TomTom, HERE and other navigational systems. The
[SO 19100 family of standards created by ISO/TC211 remain the conceptual basis for general geospatial
purposes The basic concepts standards ofthe IS0 19100 F:\mi]y donot supportany cpp(‘ifir‘ a plication
domains but have been widely adopted by the geospatial industry; ISO/TC211 standards alsg underpin
key European legislation such as the INSPIRE Directive.

With the emergence of increasingly connected and automated road vehicles, theré-is'a needl to share
gepspatial information between the vehicle’s navigational and contextual awareéness systents and the
mdpping and road authorities (the road-side actors). The exchange of map-data’between these actors
requires extensive interpretations and transformation rules to make sure that the map-datalin the on-
boprd car navigation systems is aligned with that of the road-side actor’s;.and that exchanges of data
robustly support safety and efficiency applications in an unambiguousf.coherent way.

GDF continues to be developed to adapt to the requirements of roadwehicle automation, as well as wider
domains of application, such as public transport, geospatial and navigation data. A lack of plignment
between GDF key concepts and those of ISO/TC211 standards reduces the collective effichcy of the
commbined standards, increases the complexity of utilizing<standards-conformant data in an efficient
mdnner and increases the risk and threats arising fromyineffective conversions. This is not efficient,
anfl is mostly due to the lack of harmonization between the conceptual models of GDF and I§0/TC 211
stdndards.

Both models are in extensive use: GDF in the vehitle in-car navigation industry and the ISO 19100 family
of standards in the geospatial industry and-with public authorities worldwide. Thus, it is pot a non-
didruptive option for one group of actors td.switch to the other base of standards - nor indeed are these
stgndards directly functionally equivalent. Therefore, the work underpinning this document aims to
idgntify the gaps between the two goncepts and suggest ways to bridge them.

Fiilst, there is a need to perform a gap analysis, and then after that, suggest means to bridge the gap
anfl finally decide how to create standards or application schemas to accommodate the harnjonization
that is necessary. The idefitification of opportunities to adjust concepts to align GDF and 1§0/TC 211
concepts supports the rieed to achieve an improved interoperability of road and vehicle datg systems,
anfl geospatial datasétsin wider usage.

Within this docament, comparative analysis and recommendations are provided. At a birjoad level,
the¢ analysis and fecommendations suggest modifications to GDF to make an ISO 19100 family-based
application@chema in order to:

—| make-GDF ready to accommodate automated vehicles with support from ISO/TC 211;

— L enable map data nvrhnngp between all actors (r‘:n' makers, map makers mapping authdrities and

road owners);

— align with ISO/TC 211-based standards and related technology used by European institutions,
directives, CEN and in European-wide platforms like TN-ITS and DATEX II, and international
stakeholder groups such as TISA.

During the development of this document, various iterations of the GDF have been used and reviewed.
The current published version of GDF, known as GDF v5.1, Part 1, has been published as ISO 20524-1,
published 2020-03-30, and 1SO 20524-2, published 2020-11-30. These documents revise the previously
used ISO 14825:2011, known as GDF v5.0. ISO 14825:2011 has been withdrawn. The analysis within
this document uses GDF v5.1 (ISO 20524-1 and ISO 20524-2) as a reference baseline.
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0.2 Overview of recommendations
0.2.1 General

This subclause brings together the recommendations that have been made throughout the body of
this document. Each recommendation is summarized; in each case the reader is advised to review the
relevant referenced clause for the full explanation. Also, in each case, the primary actor expected to
address the recommendation is listed.

0.2.2 Model structure

See subclduses 7.1 and 7.2.1.

A more specific modularization of GDF according to the structure of the ISO 19100 family of standards
is recomnjended to simplify maintenance, revision and reuse of the concepts in the document. Specifjed
relations petween the GDF Overall Conceptual Data Model and concepts from the ISO 19100 family of
standardq is recommended to improve interoperability and reduce the need for specifio GDF concepts.

It is recorhmended that the generic feature model and the feature catalogue modélin the GDF GDM|be
divided irfto specific models for a Generic Feature Exchange Model and a Feature Catalogue Model. The
models arje recommended to be defined as application schemas according te1SO 19109 and prepated
for modelidriven implementation.

There is ajneed for further studies on how to define the belt concept arid the location referencing of GDF
features ih general in terms of ISO/TC 211 standards.

There is ajneed to achieve a greater clarity of linear referencing of belts.
To be addtessed by ISO/TC 204 and ISO/TC 211.

0.2.3 General Conceptual Models

See subclduse 7.2.

It is recommended that the internal GDF .stereotypes “Feature”, “Attribute” and “Relationship” |be
replaced With the ISO 19109 stereotype “FeatureType”.

The core |classes Feature and Attribute are recommended to be used only in the Generic Featyre
Exchange[Model, while a specific superclass for feature classes is recommended to be used in the
Feature, Attribute and Relationship Catalogues. The core Relationship class can be removed from the
GDF GDM

The concg¢ptual models forattribute types and attribute values are recommended to be defined|as
metamodgls to achieve an improved structure with a specified level of abstraction for concepts|in
the GDF model. Theimetamodels ought to extend the ISO 19109 GFM in order to achieve improvyed
interopergbility with models in, or based on, the ISO 19100 family.

It is recompmended that the definition of a Feature in GDF be modified to include real-world phenomena
that are ﬂlot physical. Furthermore, it is recommended that classes for logical placement be evaluated
and possibly changed to location referencing classes.

The album and dataset model are recommended to be defined in an application schema according to
rules in ISO 19109. The model ought to include the data organization structure and the generic feature
exchange model. To be addressed by ISO/TC 204.

0.2.4 The GDF Catalogues
See Clause 8.

It is recommended that the GDF Feature, Attribute and Relationship Catalogues be modelled as
application schemas according to rules in ISO 19109. The GDF Metadata Catalogue is recommended to
be modelled as a part of the model for album and dataset, with reuse of elements defined in ISO 19115-1.

vi © IS0 2021 - All rights reserved
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It is recommended that a core superclass to replace the use of the classes Feature, Attribute and
Relationship in the Feature, Attribute and Relationship Catalogues be defined.

The listing of unique IDs in SO 20524-1:2020, A.1, A.2 and A.3 ought to be a report from the UML model,
in order to maintain consistency. To be addressed by ISO/TC 204.

0.2.5 Encoding rules

It is recommended that GML implementation schemas for GDF be derived from the GDF application
schemas. In order to enable handling of requirements for attribute content in GML, it is recommended
that ISO/TC 211 seek to revise or amend ISO 19109 and [SO 19136-1 to facilitate such require

ments.
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Annex A illustrates a continued difference between the definition of defified terms found i

sta
of
ha
an

0.2

It
a
ad
sel

0.2

Co
co
by

the two existing implementation encodings (MRS and GDF-XML) are to be maintaified,
wersion rules ought to be defined in order to enable conversions from the UMl-mo
{ressed by ISO/TC 204 and ISO/TC 211.

.6 Aligning terminology

ndards (ISO 20524-1 and ISO 20524-2) or ISO/TC 204 and definitionsfound in the ISO 191
standards from ISO/TC 211. It is recommended that ISO/TC 211-]ead activities to seek
Fmonization of defined terms and their definitions across the TCs:"To be addressed by IS
1 [SO/TC 211.

.7  Aligning GDF time domain syntax with other ISO'standards

is recommended that a detailed analysis of the syntax characteristics supported by
omparison to the characteristics offered by the ISO 8601 series and ISO 19108 be undg
yance of preparation of future revisions of GDF (ISO"20524 series), with the aim of adopting
ies and ISO 19108 conformant syntax mechanisms. To be addressed by ISO/TC 204 and IS

.8 Adding epoch value to dynamic coordinate reference system in GDF

hcern has been raised that GDF needs to differentiate between the use of 'static' and
brdinate reference systems, and add:the epoch value in referencing to 'dynamic’ CRS. To be
ISO/TC 204.

specified
lel. To be

h the GDF
00 family
improved
0/TC 204

GDF and
rtaken in
ISO 8601
D/TC 211.

'dynamic’
hddressed
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Geographic Information — Gap-analysis: mapping and
describing the differences between the current GDF
and ISO/TC 211 conceptual models to suggest ways to
harmonize and resolve conflicting issues

1

Thlis document maps and describes the differences between GDF (ISO 20524 series);from IS

an
an

Thiroughout this document, reference to GDF refers to GDF v5.1, ISO 20524+1 and ISO 20524

ex

2

Thlere are no normative references in this document.

No
I1S(

orb/21],

Thee following abbreviated terms apply:

Scope

 conceptual models from the ISO 19100 family, from ISO/TC 211, and suggests'ways to H
 resolve issues of conflict.

bressly identified otherwise. Where necessary, reference will be made'to'Part 1 or Part 2.

Normative references

Terms and definitions

terms and definitions are listed in this document.

D/TC 204,
armonize

-2, unless

and IEC maintain terminological databasesfor use in standardization at the following addiresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at hittps: //www.electropedia.org/

TE Geospatial terms occurring in ISO/TC 211 standards can also be found in https://isotc21

1.geolexica

Symbols and abbreviated terms

ADAS advanced driver assistance systems
CRIS coordinate reference system
GDF-6BM—geographicdatafites gerreratdatamodet
GDF geographic data files

GFM general feature model

GIS geographic information system

GML geography markup language

HD high definition

ITS intelligent transport systems

© IS0 2021 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://isotc211.geolexica.org/
https://isotc211.geolexica.org/
https://standardsiso.com/api/?name=f9a5ae8cfc8985feddc6588107d48aa9

ISO/TR 19169:2021(E)

MC&G mapping, charting and geodesy

MDA model driven architecture

MRS media record structure

OEM(s) original equipment manufacturer(s)
OWL web ontology language

POl pointofinterest

UML unified modelling language

DIGEST digital geographic information exchange standard

5 Comparing terms and definitions

Throughout the later clauses of this document there is discussion concerning a comparison and
recommefdations for improved alignment of the defined terms and their défiriitions used in GDF and
the ISO 19100 family.

In additioh, Annex A provides a revised and updated version of a comiparison of terms and definitians
found in GDF and the ISO 19100 family presented in a tabular form¢ The basis for the content of Annek A
is drawn from ISO 19132:2007, Annex E. This content has beensupdated to both reflect current terms
and definjtions found in the latest available editions of GDF and\standards within the ISO 19100 famjly.
Where the recommendations made in this document would result in modification of these defirled
terms and definitions, these are highlighted.

6 Busiphess considerations

Geospatigll datasets have hugely widescale application across every sector of commerce, industry and

society. such, the underpinning and interoperability provided by conformance to the geospatial
standardq defined by ISO/TC 204 and‘ISO/TC 211 in conjunction with OGC, the Open Geospatial
Consortiujm, provide key tools for interoperability. These standards are widely adopted within the

Intelligent Transport Systems (I'FS)-domains and within Geographic Information Systems (GIS) and
geographijc-enabled software and'systems across many domains respectively.

Geospatiall datasets relating\te’'road networks are used for a very wide range of purposes, for example,
navigatioal, asset management, network management, incident response, road design, drainage, acoudtic
propagatipn, land use{planning and access planning, to name a few. Importantly, like other transpprt
networks] road netwiorks significantly interface and interact with other non-highway features, sych
as end-pojnt destinations, POI gazetteers, footways, rights of way, soft estate, rail and water networks,
points of accessSypublic transport interfaces, etc. Coherence of the standards underpinning all of th¢se
geospatial] data sets is important for interoperability and cross-domain interactions, analysis and
applicatiorsand-serviees:

Within road networks, and the domain of ITS, detailed geospatial information that represents road
networks and the surrounding road environment is a critical component for route planning and
navigation. Advanced Driver Assistance Systems (ADAS) and systems for automated driving depend
on accurate and updated geospatial information from a variety of sources for the complete knowledge
needed for legal and safe navigation. Modern road vehicles are increasingly equipped with sensor
technologies. The outputs from these on-board sensors, and other sensors at the roadside, can be used
to generate and create local contextual geospatial knowledge, and can share this information with
map providers, Original Equipment Manufacturers (OEMs) and other road users. This sensor-derived
data can be very transitory and dynamic in nature, or can indicate detection of permanent change.
However, the local knowledge is neither sufficient for route planning nor for local navigation under
challenging conditions, such as fog or snow-covered roads, or where road maintenance activities such

2 © IS0 2021 - All rights reserved
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as road closures are present; it needs to be combined with geospatial information from pre-processed
databases covering larger areas.

Commercial map providers and OEMs create and deliver ITS databases and services for the users of
ITS applications for route planning, navigation and other services. These products and services are
being extended to support ADAS and automated driving with higher integrity map data, so-called
High Definition (HD) maps. Map providers and OEMs need reliable and harmonized mechanisms that
can provide them with information from authorities and other sources for further sharing with the
road users, and for simulation and testing. Sharing information from authorities can improve the
data quallty of ITS databases for route planmng and nav1gat10n and thereby improve public safety,
re d improve
thd eal world
an y of these
m( inities for
sel

e quality of mobility services. To enable the flow of information, models that describe ther
[l specifications for information exchange are needed; the harmonization and consjstenc
dels and specifications, ought to reduce translation losses and errors, and improve:opport
vice developments to reach the widest audiences possible.

7 | Reference model

7.1 General structure

7.1.1 Analysis

A {
of

bsentation
GDF from

tandardized methodology for information modelling is a«€ore foundation for a digital reprg
real-world features and events. The ISO 19100 family from ISO/TC 211, as well as

I1S(
the
ap
mg
de

/TC 204, are based on the approach described in ISO 19103 and illustrated in Figure 1: a
 real world, referred to as the universe of discourse; is perceived in a specific context (e.g. g
blication in general, or navigation specifically) and defined in a conceptual model. The ¢
del is formally described and represented;in a conceptual schema. The conceptual

scribed by use of a conceptual schema language. For this purpose, both GDF and the ISO 191

portion of
eographic
onceptual
bchema is
00 family

apply the Unified Modelling Language (UME)[191,

Universe of discourse

Real world

Perceived in
the context of

Deﬁned in

{ Conceptual model ) [

-

rovides concepts
for describing

Geographic informati
navigation

bn for j

(.

S
Co@ormalism P
o |
Formally represented in

Ba5|s for
]— Conceptual schema ]

Figure 1 — Information modelling (adapted from ISO 19103)

Conceptual schema languag;
Unified Modelling Language
(UML)

Formal language
for representing

The standards in the ISO 19100 family are based on the concepts of a Model-Driven Architecture
(MDA) 1] and a specific use of UML defined in the UML profile in ISO 19103 and the General Feature
Model (GFM) defined in ISO 19109. The founding principle in MDA is that models (represented in
schemas) are defined for different levels of abstraction. Furthermore, the conceptual schemas are

© IS0 2021 - All rights reserved 3
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independent of specific implementation technologies. This brings benefits of being able to create
multiple technology-dependent implementations from common abstract models.

ISO 19103 defines four levels of abstraction for the use of MDA for geographic information, as illustrated
in Figure 2.

Within Figure 2:

— The top level contains the metamodels that define how information models is to be specified, e.g.
the UML Metamodel.

— The sg¢cond Ievel contains abstract schemas with basic concepts for representing e.g. geometry, tilne
and cpordinate reference systems.

— The third level describes application schemas for specific applications such as 3D City,Models|or
road petworks. The application schemas reuse concepts from the abstract schemas.

— Finally, the fourth level contains implementation schemas for specific implementation technologies.
Specific rules for conversion from UML to individual implementation technelogies (such as XNIL,
GML, |SON, etc.) are applied to derive implementation schemas from the application schemas.

UML modelling \‘0
AN
Methmodel UML Metamodel, ISO 19103 UML Profile, Q
efpmodels ISO 19109 General Feature Model QO
AN
N\
Abstract 1SO 19107 Spatial Schema, I1SO 19108 Temporal Sch ,1SO 19111
schemas Referencing by coordinates, e@ UML modelling
rules
(s:g: E::]r;t:al X According to 1SO 19103
N\ 150 19109
Application : g 1SO 19136
INSPIRE, OGC CityGML, L. fra/InfraGML etc.
schemas &

Conpersion 1SO 19136 : q 1SO 191502
rulek 1S 19139 Apply rules Conversion Apply rules 0GC Testbed 12 & 14
Implementation
schpmas GML owL
\J
% Implementation
A

Figure 2 —Model Driven Architecture (MDA) as defined in ISO 19103 (adapted from
Reference [12])

! 0 inly-been—to-develop—concep ' of

The scop A 211 has—mainly-been—to-develop—conceptus
abstraction as defined in ISO 19103. The core standards ISO 19103 and 19109 define metamodels and
modelling rules at the top level, while the majority of standards in the ISO 19100 family are defined as
abstract conceptual schemas. Application specific schemas for geospatial purposes are, in general, not
developed by ISO/TC 211, but rather by national or regional authorities, agencies or organizations.

Information modelling based on MDA has been applied for standards in the ITS domain as well, e.g.
in the ISO 21219 TPEG2 series for traffic and travel information services and the European public
transport standards such as CEN 12896 Transmodel and the CEN 16157 DATEX II series for traffic
information exchange. These standards are based on modelling and conversion rules that are similar
but not identical to rules in the ISO 19100 family.

The GDF standard (both the withdrawn ISO 14825:2011 [GDF v5] and the current revisions of GDF,
ISO 20524-1 and ISO 20524-2 [GDF v5.1]) contains a complete specification of concepts from several
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levels of abstraction according to the structure in Figure 2, ranging from a metamodel to implementation
schemas. The GDF standard does not have a clear separation of the different levels of abstraction. In
order to perform a comparison between concepts defined in GDF and the ISO 19100 family, a mapping
from the structure of GDF to the MDA structure in ISO 19103 is suggested in Figure 3. Further details
are discussed in subsequent clauses of this document.

UML modelling
Metamodels
Abstract Overall Conceptual Data Model (Clause 5)
schemas
Conceptual
schemas
Apt:ollcatlon Feature Catalogue (Clause 6), Attribute Catalogue (Clause 7), Relationship Catalogtie
schemas (Clause 8), Metadata Catalogue (Clause 10)
Implementation Logical Data Structures (Clause 11) Media Record Specifications (Clause 12), XML Schema
schemas Specifications (Clause 13)
N
Implementation
&

Figure 3 — Suggested mapping of GDF clauses to ISO 19103 MDA structure

Explanation of Figure 3:

—| Clause 5 in GDF defines the Overall Conceptual Data Model which forms the fundamentals for the
catalogues that are defined in GDF Clauses 6, 7, 8 and 10. The Overall Conceptual Data Model is
partly a metamodel that defines specific UML concepts, and partly an abstract conceptujal schema
for reuse in the catalogues.

—| The Feature model in GDF subclause 5.2 is implemented as a generic model for feature exchange and
can be considered an applicationl schema.

—| TheStructure modelin GDFsubclause 5.8 canalsobe considered anapplication schema, implemented
in GDF Clause 11.

—| The GDF cataloguesin GDF Clauses 6, 7, 8 and 10 are directly comparable to the applicatipn schema
level.

—| The impléntentation specifications described in Clauses 11, 12, and 13 can be defined as
implementation schemas in the MDA levels of abstraction. Clause 11 realizes the structure defined
in GBEssubclause 5.8 and describes the logical structure independent of file or database format.
Claugses 12 and 13 describe implementation in specific technologies.

Clanicn Qi CNEDdoacexmibhac foqtien ranpncantatingy wlacy

paXal aco
CTrototT oD T OCotT ot o TCatuTr C T CpPTroStIrtatroT T ot S vy I cotr ot—T0

ideredimnereaeartographic
issue that is independent of the modelling structure.

7.1.2 Consideration of options

The MDA approach has clear advantages for interoperability, reuse and revision of schemas and has
been successful for the development of interoperable standards in the GIS domain. This is also true
for several domain application areas within the ITS domain, as described in subclause 7.1.1 of this
document. The metamodels and the abstract conceptual schemas from the ISO 19100 family are
reused in application schemas world-wide, defined by national and regional authorities, agencies
and organizations representing a wide range of geospatial information. Implementation schemas
for database and exchange formats are derived from the application schemas, and large amounts of
structured geospatial information is maintained according to the application schemas[13l,
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Furthermore, the core concepts from the ISO 19100 family have been implemented in the majority of
GIS software. This enables the exchange of information according to the ISO 19100 family between
stakeholders and software. Developers of application schemas can select to reuse specific parts
and versions of abstract schemas, and schemas in separate standards can be revised individually.
As different application schemas are founded on the same abstract concepts, conversions between
different application schemas are possible. Examples of such conversions are mapping from national
application schemas in European states to the common INSPIRE application schemas for the European
Union.

The GDF standard reuses some concepts from the metamodels and abstract schemas defined in the
[SO 1910 i . i ; ifi i i nal
Data Modgl in GDF. The previous structure of GDF with the whole range of concepts defined/n“qne
standard has the advantage that implementers need to consider only one standard, in isolatjon)baged
on currerft editions. However, a module-based approach would be preferred to simplify maintenance
of individpal parts of the standard suite. Furthermore, the lack of precise reuse of concepts from the
ISO 1910( family is a challenge for interoperability, exchange and reuse of informationtbetween the GIS
and ITS dpmains.

Finally, inhplementation schemas for GDF are not derived directly from application schemas but have
been credted manually. This approach is time-consuming, error prone and-.can lead to differenges
between qonceptual schemas and implementation schemas.

7.1.3 Recommendation and expected impact

A more specific modularization of GDF according to the structure of the ISO 19100 family of standagds
is recomthended to simplify maintenance, revision and retise of the concepts in the standard| A
modularization can be performed within the main GDF, standards, or through Parts or a series| of
standardq as in the ISO 19100 family and the various Parts of the ISO 21219 series. The latter i a
preferablg solution for maintenance and revision. Fusthermore, specified relations between the GDF
Overall Cpnceptual Data Model and concepts from.the ISO 19100 family is recommended to impragve
interopergbility and reduce the need for specific GDF concepts. Finally, implementation schemas can|be
derived friom application schemas, following cenversion rules as defined in the ISO 19100 family.

Note As mentioned in subclause 7.1.1 of this document, the MDA approach and the derivation| of
implementation schema direct from application schema successfully underpins a number of series of standafds
in the ITS [domain. The conversion rulessadopted for this purpose do differ between each series of standaifds.
For the purpose of alignment of GDF with the ISO 19100 family, use of the conversion rules defined in ISO 19100
family stapdards is recommended (ISO 19118, ISO 19136 series, ISO/TS 19139-1). Specific conversion rules [for
other implpmentation technologies)as defined in GDF Clauses 11, 12 and 13 can need some modifications to|be
applied in pn MDA-based derivation of implementation schemas. It is recommended to define conversion ryles
following the MDA approach dcdcording to requirements in ISO 19118.

A prototype model tifat can be a foundation for a modularized GDF, based on ISO 19100 famlily
standardy, is suggésted in Reference [14] and illustrated in Figure 4. The model is based on the Genejral
Feature Model frem ISO 19109 and the Feature Catalogue model from ISO 19110. Three main applicat{on
schemas dresuggested in Reference [14]: the Feature Catalogue, the Feature Catalogue Exchange Moflel
and the Feature Exchange Model. Further details are to be found in Reference [14]. Figure 5 presents
the proposed configuration of the suggested model in an MDA structure.

Compared to the existing GDF standard, the Overall Conceptual Model in Figure 5 corresponds to the
basic concepts in Clause 5 of GDF (ISO 20524-1). The Feature, Attribute, Relationship and Metadata
Catalogue Application Schemas correspond to the existing Clauses 6, 7 and 8 of GDF. The Catalogue
Exchange Model and the Feature Exchange Model are Application Schemas based on the Overall
Conceptual Model and correspond to parts of Clause 5 of GDF.
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UML modelling
Metamodels UML Metamodel, ISO 19103 UML Profile,
1SO 19109 General Feature Model
Abstract 1SO 19107,1S0 19108, ISO 19110, 1SO 19111, ISO GDF Overall Conceptual
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Implementation N
NS,

7.2 Ger

721 G

7.2.1.1
[SO 19109

as a metamodel according to the MDA structure in. ISQ* 19103 (see Figure 2) and specifies the use

UML conc
shown in |

The core

specializations AttributeType, Operation\and FeatureAssociationRole, and FeatureAssociationTy

The meta

— FeatureType is instantiated as-YML Classes.

— Attril]

— Opere

— FeatureAssociatignRole is instantiated in UML Classes through the roles on the connecting ends

assocC

Figure 5 — Suggested modularization of GDF in an MDA structure

jeral Conceptual Models
bneral feature models
Analysis

describes a General Feature Model (GFM) for,geographic information. The model is defin

epts for development of application schemas'of geographic information. The ISO 19109 GFM
Figure 6.

concepts of the ISO 19109 GFM.aré the metaclasses for FeatureType, PropertyType w

flasses are instantiated in conceptual models through core UML concepts:

uteType is instantiated as attributes of UML Classes.

tion is instantiated as operations on UML Classes.

ations to.other UML Classes.

ed
of
[ is

ith

of

— Feat

eAssociationType is instantiated as associations between UML Classes, and can be furtlFAer

refingd-to compositions or aggregations. FeatureAssociations can also be instantiated as U

L

Association Classes with attributes.

The use of the core ISO 19109 GFM concepts in other models are further discussed in subsequent

clauses.

NOTE 1

An Association Class is a complex UML concept that is subtyped from both the Association and
Class concepts in the UML Metamodel. Association Classes have rarely been used in models in, or based on, the
ISO 19100 family. Classes (feature types) associated with other classes through FeatureAssociationRoles have
been used for this purpose.
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FeatureAssociationType was a subtype of FeatureType in the first edition of ISO 19109 (2005). The

subtyping was removed in the current edition (2015), as it was not used in models and could lead to unexpected
abnormalities such as abstract associations and associations with associations. FeatureType classes with
FeatureAssociationRoles are recommended for representing a phenomenon with associations to another

phenomenon.
IdentifiedType
+superType 0..*

«metaclass»

FeatureType
+ isAbstract: Boolean = false
::ldentifiedType ~
+_constrainedBy: CharacterString [0 *] PSR V% *
+ definition: LanguageString [1..*] «n.1etaclass» 7
+ description: LanguageString [0..*] InheritanceReJqtion
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+ name: GenericName [0..1] + name: CharacterString,{0..1]
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+ o+ o+ o+
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definition: LanguageString [1..*]
description: LanguageString [0..%]
designation: LanguageString([0.. *]
name: GenericName [0,,4]

+ o+ o+ o+ +

::IdentifiedType

+ o+ o+ o+ o+

constrainedBy: CharacterString [0..*]
definition: LanguageString [1..¥]
description: LanguageString [0..*]
designation: LanguageString [0..*]
name: GenericName [0..1]

«metaclass»
AttributeType

«metaclass»
Operation

+ cardinality: Multiplicity:

+

+characterize 0..1 valueType: TygeName

+ valueDomain: CharacterString

+ signature: CharacterString

canstraints
{name is prandatory}

AttfibpteOfAttribute #CharacterizeBy 0..*

IS(

logua xmaadal dafianc

cara-cancantaefar

catalogiiac of

Figure 6 — The General Feature Model (GFM) from ISO 19109

footiin tazanc oo

{roleName
1.2

«metaclass»
FeatureAssociationRql:

@

+ cardinality: Multiplicity
+ valueType: TypeName

constraints
{name is mandatory}

19110 describes a conceptual model for Feature Catalogues, defined as a realization of the GFM. The
+tha

arir

Ao cat o
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ypes and

feature association types from the ISO 19109 GFM, as illustrated in Figure 7.

The class FC_FeatureType is a realization of the ISO 19109 GFM metaclass FeatureType.

The classes FC_PropertyType, FC_FeatureAttribute, FC_FeatureOperation and FC_AssociationRole

are realizations of the ISO 19109 GFM metaclasses PropertyType, AttributeType, Operation, and
AssociationRole respectively.
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NOTE 3  The class FC_FeatureAssociation is subtyped from FC_FeatureType, like in the GFM in the first edition
of ISO 19109 (2005). It is not clear why this subtyping is still present in the revised version of ISO 19110, but it
makes it possible to describe associations between two FeatureTypes in the feature catalogue as an Association

Class with attributes.

FC_FeatureCatalogue +featureCatalogue

1 ConsistsOf

+superType 0..* \ ; +subType OI.*

«metaclass»

+featureType \|/1..*

FC FeatureType General Feature Model::
> _ A ittt > FeatureType
+featureType’ 0..1 +theFeatureType {)0..*
MemberOf O
FC_FdatureAssociation | | o _______ — Sa{ta:rlzslf:odel::
'\ reAssociationType
1 +relation +carrierOfCharacteristics \[/0..*
FC_CarrierOfCharacteristics
A +carrierOfCharacteristies’\[/0..*
«metaclass»
FC_PropertyType |__ __ _ _ _ _ ___________£» N General Feature Model::
PropertyType
Rple Zr Zr
) I «metaclass»
FC_FeatureOperation BN N General Feature Model::Opefation
FC_FeatureAttribute «metaclass»
—————————————————————————— T>{ General Feature Model::
AttributeType
+roleName \|/2}.* +roleName\\[f1..2
FC_AssociationRole «metaclass»
—————————————————————————————————————————————— {>> General Feature Model:}
FeatureAssociationRolg
Figure 7 — Conceptual medel of a feature catalogue with realization from the ISO 19109 GFM,
from ISO 19110
The core fnodel of GDF (ISO 20524-1) is the General Data Model (GDM), defined in Clause 5 of GDF and
illustrated in Figure’8 (from ISO 20524-1:2020, Figure 8). The GDF GDM serves several purposes in the
standard:
— It is defihedin-GDE subclause 5.1 (1SO 20524.-1) tg be a3 metamodel thouoh the concepts are ot
T 7 7 5 i

modelled as metaclasses. The core concepts for Features, Attributes and Relationships are modelled
as regular UML classes and reused as supertypes in the Feature, Attribute and Relationship

Catalogues respectively.

— It defines the generic model of a feature catalogue with FeatureClasses, FeatureThemes and

FeatureCategories. The feature catalogue model is implemented as tables in Annex A of G
(ISO 20524-1).

— Itisused in the implementation specifications for GDF, with classification of feature types based

DF

on

geometry and topology type. All features, relationships and attributes are instantiated as generic
types with relations to identifiers in the catalogues. This implementation is an essential feature in

GDF that reduces data set redundancy in a data file.
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<<CodelList>>
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1 |<<CodeList>>

2. +classifiedFeature
) <<Feature>>
+attributedFeature Feature [ q = +featureClassification | FeatureTheme
P\
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ICPIese feuFeatre ?represen[eduass U..

1
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PlanarTopoComplexFeature

AttributeValue
AttributeValue must be +featureRepresentation |<<gnmeration>>
either simple or FeatureCategory
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<<Feature>> <<Feature>> <<Feature>>
PlanarTopoFeature NonPlanarTopoFeature NonExplicitTopoFeature
<<Feature>> <<Feature>> <<Feature>> <<Feature>>

NonExplicitTopoSimpleFeature

NonExplicitTopoComplexFehture|

Thie GDF GDM also includes(the concept of complex features as implementable subtypes of
complex feature consists ofjother features as feature parts, as shown for planar topology fi

Figure 9.

<<Feature>>
NonPlanarTopoSinipieFeature

<<Feature>>

NonPlanarTopoComplexFeature

Figure 8 — The General Data Model of GDF

Feature. A
patures in

Finally, GDF part 2-describes a specific type of area features, named a belt. A belt is a feature with a

defined set of surrounding lines: side lines that represent the sides (e.g. road markings or rd
anfl terminaldibes that represent the ends. The belt feature has at least one direction that 1

ad edges)
epresents

an|orientation of the feature as a property. A belt feature is discriminated from an area fleature by

haying the property of directions enabling ITS applications to represent properly a specific
diectional phenomena, e.g. specifying the direction of traffic flow. Figure 10

fedtures applied in the field of ITS application.

area with
shows examlees of belt

Note An area feature specified in ISO 19107 can be degenerated to a simpler representation but this is not
specified (e.g. could be degenerated to a point or a line). The belt feature of ISO 20524-2 does have a specified
mechanism of degeneration (i.e. a line).
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+spoke +hub
+startBoundedFeature +startFeature
0.* 0. 02 0.1 0.1
+endBoundedFeature <<Foature>> +endFeature
PlanarTopoComplexFeature
0..*

Figure

Key
1 termir
2 sideli

TTeatureNumber - Posttivelnteger |

+complexFeatureAssembly

0..1 0.*
+featurePart

PlanarTopoComplexFeaturePart
+ featurePart : FeaturePartinPlanarTopoComplexFeature

<<Union>>
FeaturePartinPlanarTopoCemplexFeature

+ simplePart : PlanarTopoSimpleFeature
+ complexPart : PlanarTopoComplexFeature

9 — The conceptual model of Planar Topology Complex Features (from ISO 20524-1)

2 , 1

a) Road b) Intersection

al line 3  direction
he 4 Dbelt

Figure 10 — Example of Belt structure (from ISO 20524-2)

7.2.1.2

onsideration of goptions
r

The GDF GDM mixes several levels of abstraction from the MDA approach defined in ISO 19103. Besides
being a metamodel, it is an abstract conceptual model and an application schema for a generic feature
model and a feature catalogue. The mixed purpose ought to be avoided in order to create models and

concepts with a clear purpose.

Furthermore, the relations to core concepts from standards in the ISO 19100 family are not specified,
specifically concepts for location referencing through geometry or linear referencing. The concepts of
complex features and belt features are not defined in ISO/TC 211 standards and need to be defined for

use in ISO

12

19109-conformant application schemas.
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7.2.1.3 Recommendation and expected impact

ISO/TR 19169:

2021(E)

An improved structure of GDF with closer relations to the ISO 19100 family of standards is
recommended. It is recommended that the GDF GDM be split into several parts, according to the scope
and level of abstraction it is meant to serve. The structure described in Reference [14] and illustrated in
Figure 4 and Figure 5 can be a basis for further development.

— Metaclasses are recommended to be specified in a separate metamodel based on the ISO 19109
GFM. Whether a specific metamodel for GDF is needed will be discussed in subsequent clauses.

— Itis recommended that the generic feature model and the feature catalogue model in the GDF GDM

The improved structure would make the different core parts of the GDF standard)more explic
stgndard would become interoperable with the ISO 19100 family of standards.

Thie model presented in Figure 11 is centred around the class “Feature”ylike in the GDF GDM
GDF GDM Feature can have attributes, a Feature in Figure 11 can have properties. A Featur
be|complex and have feature parts through a self-association. However, the model does suppd
funpction of the complex feature, which implies so-called “map generalization”. In addition,
dops not yet cover the concept of belts. There needs to be further studies to define how to use
farpily concepts to model complex features, belts and a greater clarity of linear referencing of

be divided into specific models for a Generic Feature Exchange Model and a Feature
Model. The models are recommended to be defined as application schemas according to
and prepared for model-driven implementation. A further development of the prototype
in Reference [14] as presented in Figure 11 can be a basis for the improved mogdels:

Catalogue

SO 19109

suggested

it, and the

.Justasa

e can also

rt not the

the model
SO 19100

belts.

«FeatureType»
FeatureSet
+feature L.
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PropertyType

Figure 11 — Suggested Generic Feature Exchange Model (adapted from Reference [14])
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7.2.2 Feature models

7.2.2.1

Analysis

ISO 19101-1 defines features as abstraction of real-world phenomena, and ISO 19109 requires that
features be modelled as instances of the ISO 19109 GFM Metaclass FeatureType. This requirement is
implemented in UML models by modelling features as UML Classes with stereotype “FeatureType” as
illustrated in Figure 12.

The term phenomena in the definition from ISO 19101-1 includes both physical objects such as railings

and more

GDF defirles a feature as a database representation of a real-world object.“Fhe term “object” can
interpretgd in various ways but is more related to physical objects thai the term phenomena fr
ISO 191011. Abstract objects such as manoeuvre are modelled in GDFusing the Relationship concep

Features fn GDF are modelled as subtypes of the core abstract clas§ Feature with stereotype “Featu
in two pafts of the standard:

1) The

featu
relati
mode
Figur
of Fed

2) The (

speci
class
show
as tal
assoc

attribute from the core class Feature is implemented. The ID attribute is not shown in Figure 14

@AbSTract objects such as a manoeuvre.

«FeatureType»
Feature

Figure 12 — Generic feature type class according to ISO 19109

F GDM (Figure 8) defines abstract subtypes of Feature for different types of graph topologies,
and implementable subclasses underneath these for point, line and area features. The GDF GPM
is thg generic model that is used in implementation specifications. The associations betwgen
Featulre and other concepts in the GDF GDM (attribute values, relationships, feature classes and

bnships on one side and to feature classes on the other side. Figure 13 shows the concept

P 8, the class PlanarTopoSimpleFeature is a subtype of PlanarTopoFeature which is a subcl
ture.

nlized into feature 'elasses for specific abstractions of real-world objects. Each feature the
can have attributes that are common for all feature classes within the theme. Figure
5 feature clagses/for the road furniture feature theme. The Feature Catalogue is implement
les in AnnexA of GDF and referred to with identifiers in the implementation schemas. 7|
ations i the GDF GDM are not implemented in the Feature Catalogue, only the inherited

DF Feature Catalogue (defines feature themes and feature classes. The core class Featlhtre
is subtyped into abstract classes for feature themes. These feature theme classes are furt

'e categories) are the basis for linking'features in implementations to attribute values and

1al

| of implementable subtypes of theiabstract class PlanarTopoSimpleFeature. As illustrated in

HSS

er
me
114
ed
he
ID

14
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Figure 13 — The GDF conceptual data@odel of Planar Topological Simple Featufes
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+pedestrianCrossingPart | 1..*
<<Feature>> <<Feature>> <sfFeature>>
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<<Feature>> <<Feature>>
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Figure 14 — The GDF Conceptual Data Model for Feature Classes in the Feature Theme Road
Furniture

7.2.2.2 [Consideration of options

The use ¢fcthe stereotype Feature 1n GDF is 1dent1cal to the use of classes w1th the stereoty
“FeatureType ' 0 raer 0 T
only one of the stereotypes be used in both GDF and standards in, or based on the ISO 19100 family.
The ISO 19109 stereotype “FeatureType” has been implemented in a wide range of specifications in, or
based on, the ISO 19100 family. It is a fundamental concept for MDA according to ISO 19103, ISO 19109
and ISO 19136-1. Some examples of implementations are the European INSPIRE Specifications and OGC
specifications such as LandInfra/InfraGML and CityGML, which are widely used world-wide.

The core abstract class Feature in GDF can be considered as a generic realization of the GFM Metaclass
FeatureType, as illustrated in Figure 12. However, the use of the class as a core concept for two different
model branches with different purposes have some implications. The core class represents a generic
feature for exchange in the GDF GDM, while it represents a core Feature Class in the GDF Feature
Catalogue. All characteristics from the core class are inherited for all implementable classes, including
associations from the GDF GDM.
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7.2.2.3 Recommendation and expected impact

As the use of the stereotype “Feature” in GDF is identical to the use of the stereotype “FeatureType”
as described in ISO 19109, there does not seem to be any need for a specific Feature metaclass and
stereotype in GDF. It is therefore recommended that the internal GDF “Feature” stereotype be replaced
with the ISO 19109 stereotype “FeatureType”.

Furthermore, in order to describe concepts with a clear purpose, the different model branches ought
to have specifically scoped top classes. The core class Feature ought only to be used in the Generic
Feature Exchange Model, while a specific superclass for feature classes ought to be used in the Feature

Cat

7.2

7.2

1S(
At
the
me
ru
for

Thie UML Profile in ISO 19103 defines metaclasses for modelling the value domain of attrib

T

Forroores

.3 Attribute models

.3.1 Analysis

19109 describes the concepts AttributeType and FeatureAssociationRole,in the ISO 19109
ributeType concept is to be modelled as an attribute of a UML class or{ds an UML associg
 representing class to a class representing the value domain of the AttributeType. The Attr
taclass is further subtyped into different thematic types of attributes, as shown in Figure 1
es are defined for some of the subtypes of AttributeType, but the specific metaclasses arsg
practical modelling purposes.

value domain of an attribute can be one of (see Figure\16):

adatatype (implemented from the UML metaclassDataType). Adatatype can be simple or g
An instance of a data type has no identity and*cannot exist on its own;

an enumeration with a fixed list of values’(implemented from the UML metaclass Eny
which is a subtype of DataType);

a code list with an extendable list-of-values (implemented from the ISO 19103 metaclasg
subtyped from the UML metaclass DataType);

a union of possible data types (implemented from the ISO 19103 metaclass CodeList, subt)
the UML metaclass Classifier); or

a class (implemented\from the ISO 19109 metaclass FeatureType, subtyped from the UML
Class).

GFM. The
tion from
ibuteType
5. Specific
b not used

Lite types.

omposite.

meration,

Codelist,

yped from

metaclass
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«metaclass»
PropertyType

«metaclass»
AttributeType

1

+characterize 0..1

+characterizeBy 0.

*

AttributeOfAttribute

«metadlass»
SpatialAttriputeType

Use keyword
interface

njetaclass»
UML pnetamodel::

<.<metac.lass» «metacl.ass» «metaclassy
LocationAttributeType TemporalAttributeType ThematicAttribiteType
T T T
| | nameOfTemploralPrimitive
data yalue | |
| nameOﬁehporaIType [
v ' v
Gazetteer:: Temporal Objects:: «metaclass»
SI_Locationlnstance TM_Object CoverageFunctionAttributeType
|
|
data yalue
«metaclass» «metaclage» |
QualityAttributeType MetadataAttributeType \‘I/
[ \
| Mta «type»
| Coverage Core::
valu\e
data vélue CV_Coverage
V N
Data quality::DQ_DataQuality Data quality:;DQ_Element
+report
+ scope: MD_Scope . + standaloneQualityReportDetails:
1. CharacterString [0..1]

this context

scope::level = "feature" in

Figure 15 — At{ributes of Feature Types (from ISO 19109)

«metaclass»

«metaclass» «metaclass»
UML metamodel:: UML metamodel:: UML metamode}::
Ipterface {> Classifier <} DataType <} ation
— T T
[ ' '
P ' '
' \ ' '
i v ' '
q v ' '
\
\ «metaclass» «metaclass» . !
| UML metamodel:: Union ! «metaclass» :
H \ " ' Codelist '
N \ Package . .
' \ ' '
' \ ' '
h .
, v . '
i \ ' '
' ' ' '
' \ ' '
' . ' '
' ' ' '
' \ ' '
i \ ' '
' ' ' '
' ' '
' ' '
' ' '
H ! «stereotype» '
' '
«stereotype» «stereotype» Codelist
Leaf Union

type

Use keyword

Use keyword
dataType

+

codelist: String [0..1]

Figure 16 — The ISO 19103 Formal UML Profile

Use keyword
enumeration
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GDF defines the stereotype “Attribute” for composite attributes in addition to the possible value domain
types defined in ISO 19103. The stereotype “Attribute” is used for attributes where a single instance
can be identified and applied to several features. This approach reduces the need for duplication of
information in a data set, as identical attribute values can be assigned to several features instead of
being duplicated. Attribute types in the GDF Attribute Catalogue are defined with one of the stereotypes
“Attribute”, “DataType”, “Enumeration”, “CodeList” or “Union”.

Furthermore, GDF specifies conceptual models for attribute types and attribute values. The conceptual
model for attribute types (Figure 17) lays the foundation for how attribute types are to be modelled
in the GDF Attribute Catalogue. The conceptual model of attribute types is modelled as a hierarchy
of pttributetypeclassesamd-tsaclassificatiomr i the—samre mamer—as T 1S6-19109-tFigure 15) but
following a different classification approach. The conceptual model for attribute values (Figure 18) is
th¢ basis for assigning attribute values to features according to the GDF GDM.
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<<DataType>>
Attribute Type
<<DataType>> <<DataType>>
SimpleAttributeType RestrictiveSubAttributeType
+ simpleAttributeTypeName : CharacterString + restrictiveSubAttribute TypeName : RestrictiveSubAttribute TypeName
+ simpleAttributeTyprCode : SimpleAttribute TypeCode + restrictiveSubAttribute TypeCode : RestrictiveSubAttribute TypeCode
+ attributeDataType : AttributeDataType + attributeDataType : AttributeDataType
+ attribute TypeUsage[1..*] : Attribute TypeUsage + restrictiveSubAttribute TypeUsage[1..*] : RestrictiveSubAttribute TypeUsage
<<DataType>>
CompositeAttributeType

+ attribute TypeUsage[1..*] : Attribute TypeUsage

?

RegularCompositeAttribute Type AtlributeOperatingOnAttribute\’\\
+ compositeAttributeName : CharacterString + attributeAssemblyPart : Attribute A % blyPart
+ restrictivePart][1..*] : RestrictiveSUbAttribute Type
AN

% ¢ N\~

UnrestrictedCompositeAttribute Type Rgs%te‘d'CompositeAﬂributeType
+ attributeAssemblyPart[2..*] : AttributeAssemblyPart + attribut emblyPart[1..*] : AttributeAssemblyPart
+ restrictivePart[1.."] : RestrictiveSubAttribute Type
(7.2
<<CodelList>> N
AttributeDataType <<Union>> @ o SRORREES
+ codeList= cob AttributeTypeUsage RestrictiveSubAttributeTypeName
+ endmeration = ENM + attributableFeature : FeatireClass + validityPeriod = VP
+ nurhber = CNT + attributableRelations hip : RelationshipType + vehicleType = VT
+bodlean = BOL +assembly : CompositeAttributeType +pedestrianType = HT
: . act + sideOfLine = SI
+ =
o E:Irz:tﬁfglse:ei BSI:VIR +laneDependentValidity = LD
+tim ,Domaig =TMR @}\%Union» + validityDirection = VD
+ sinfpleCharacterString = SCS . _ |buteA.ssemnyP.art + Imearngmentahon
+languageCodedText = TXT + simpl r|but§Pan : S|r.aneAttr|bLlJteType +scope =CY
+ perpentage = PRC i cc;_\ AttributePart : CompositeAttribute Type
+ con posite =CMP <<CodelList>>
LR ICERULY " <<CodeList>> RestrictiveSubAttribute TypeCode
+ gedpoliticalStructureDefinition = GS si > c
+ sighedPercentage = PRS impleAttributeTypeCode * VVTP
+mepsure = MSR % see Annex W
PAN +HT
<<Union>> : EIID
RestrictiveSubAttributeTypeUsage +\D
+ compositeAttributeAssembly : RestrictedCompositeAttribute Type| |, cy
+ attribute OnAttributeAssembly : AttributeOperatingOnAttribute

+ attributableRelationship : RelationshipType

Figure 17 — The GDF conceptual data model for Attribute Types
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<<Attribute>> . ) ) " . ’
AttributeValue +relationshipAttribute 0.. <<|’??ellatt|'ons’:1.|p>>
0..* +attributedRelationship elationsiip
<<Attribute>> <<Attribute>>
SimpleAttributeValue Atk RestrictiveSubAttributeValue
+ value : AttributeValueDataType CompositeAttributeValue + value : AttributeValueDatalfypp
+typedAttributeValue | g..* 0..* +complexCharacteristic 0 * +typedAttributeValue 0..*
+simpleCharacteristic o +typedAttributeValug
0..*
+attributedFeature 0..*/ +attributedFeature
<<Feature>>
Feature
+attributeType | 1 +attributeType [ +attributeType 1
<<DataType>> <<DataType>> <<DataType>>
SimpleAttribute Type CompositeAttribute Type RestrictiveSubAttribute Type

<<CodelList>>
AttributeValueDataType

+ printableCharacters-= G

+ alphabeticCharacters = A

+ digits = N

+ digitsAnd+Or-'= |

+ alphabeticAndNumeric = AN
+ localCharacters = L

Figure 18 +— The GDF conceptual data model for Attribute Values

Thie GDF Attribute €atalogue defines classes that are to be implemented as value domains for pttributes
of features. Globdl attributes are defined in tables and assigned to feature or relationship clgsses from
seyeral specifiédfeature themes. Other attributes are defined for specific feature themes or fpr specific
fedture classes.

7.2.32_Y Consideration of options

TheTwo 1SO 19109 GFM metaciasses Attributelype and FeatureAssocationRoie can be considered
equivalent for most implementations. For example, attributes and association roles for a feature type
are implemented identically in XML schemas, as child elements of the element implementing the feature
type. This is probably also the background for the rule req/uml/attribute in ISO 19109, which states
that an AttributeType from the GFM is to be modelled as either an attribute or an association role.
However, this rule is rather confusing as the two concepts are described with different metaclasses in
the ISO 19109 GFM.

A good practice for modelling attributes or associations is to use attributes for data types and
associations for classes. In standards modelled according to ISO 19103 and ISO 19109 this would mean
that attributes with domain value defined as a DataType, CodeList, Enumeration or Union ought to be
modelled as attributes, while attributes with domain value from a FeatureType can be modelled as
associations. The modelling of attributes and relations in GDF is good according to this practice.
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The GDF models for attribute types (Figure 17) and attribute values (Figure 18) describes a hierarchical
classification of attribute types and attribute values at a meta-level. The classification is like the
classification in the ISO 19109 GFM but with a different approach. However, the classes in Figure 17 and
Figure 18 are defined as implementable classes with stereotypes “Attribute” or “DataType”, they are
not modelled as metaclasses as has been done in ISO 19109. Furthermore, there is a duplication of the
associations between AttributeValue and Feature in the model: the conceptual model of attribute values
(Figure 18) defines associations between subclasses of AttributeValue and the core class Feature. This
association is defined between the superclasses AttributeValue and Feature in the core GDF GDM. The
redefined associations can lead to a possible duplication of associations between features and attribute
values, or a mix of associations at different levels in the model.

The use of the term “Attribute” as a stereotype is confusing and in conflict with the term "attribulte”
as a clasgdifier in a UML class. It is recommended to use a different term to identify the congépt of
attribute yalues (instances of attribute classes) that can exist individually. Technically, as~‘Attribute”
classes rdpresent abstractions of real-world phenomena that can exist individually, tHeyclasses qre
more comjparable to feature types from ISO 19109 than to UML data types. According tothe ISO/TC 211
definition| and use of the term “feature”, they can be defined as feature types. One possible solutjon
is therefgre to use the ISO 19109 stereotype “FeatureType” for classes that,are now stereotyped
“Attributd’. This is equivalent to classes defined as feature types in models based-on'the ISO 19100 famfily
of standafds, such as address components and postal descriptors in the INSPIRE Data Specification|on
Addresse§l12], as illustrated in Figure 19.

+parentAddress
«voidable»|0..1

«featureType»
Address

+ inspireld: Identifier
+ position: GeographicPosition [1..*]
+ locator: AddressLocator [1..*] {erdered}
«voidable»
alternativeldentifier: CharacterString [0..1]
status: StatusValue [0..1]
validFrom: Datefime
validTo: DateTime 0..1]

+ o+ o+ o+

«voidable,lifeCyclelnfo»
+ beginLifespanVersion: DateTime
+ endLifespanVersion: DateTime [0..1]

+component 1%

«featureType»
AddressComponent

+ inspireld: Identifier [0..1]

«voidable»
+situatedWithin + alternativeldentifier: CharacterString [0..1]
«voidable» 0..* + status: StatusValue [0..1]

+ validFrom: DateTime
+ validTo: DateTime [0..1]

«voidable, lifeCyclelnfo»

/7+ beginLifespanVersion: DateTime m

+ endLifespanVersion: DateTime [0..1]

AN

«featureType» «featureType» «featureType» «featureType»
AdminUnitName AddressAreaName ThoroughfareName PostalDescriptor
+ name: GeographicalName [1..¥] + name: GeographicalName [1..*] + name: GeographicalName [1..¥] + postName: GeographicalName [0..*]
+ level: AdministrativeHierarchyLevel + postCode: CharacterString [0..1]

Figure 19 — INSPIRE Addresses Spatial Object Types (from Reference [15])

22 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f9a5ae8cfc8985feddc6588107d48aa9

ISO/TR 19169:2021(E)

Optionally, if a clear distinction is needed for classes that are only to be used for attribute value

domains, a specific metaclass with an accompanying stereotype can be defined in a UML
GDF. A different name than “Attribute” would then be preferred, to avoid confusion.

7.2.3.3 Recommendation and expected impact

It is recommended that the conceptual models for attribute types and attribute values be

Profile for

defined as

metamodels to achieve an improved structure with a specified level of abstraction for concepts in
the GDF model. The metamodels ought to extend the ISO 19109 GFM, in order to achieve improved
interoperability with models in, or based on, the ISO 19100 family. The extended General Feature Model

can be of interest for other domains as well and could be developed as an addition to [SO 191

9.

Atfribute classes represent abstractions of real-world phenomena and can be modelled-as)feature types

with the ISO 19109 stereotype “FeatureType” instead of the GDF stereotype “Attribute”.

A specific

concept for attribute classes is probably not needed. If a specific concept for attributes is needed in GDF,

a different term from “Attribute” ought to be used, to avoid confusion.

superclass for attribute classes in the Attribute Catalogue.
7.2.4 Relationship models

7.2.4.1 Analysis

In pddition, the same approach as recommended for features ought to be followed (see subclaxse 7.2.2.3
in fhis document): one core class for attributes in the Generic Feature Exchange Model, and o

e specific

GDF defines the Relationship concept for identifiable spatial relations between two or morg features
that are not necessarily of different classes, and~with attributes on the relation. The sftereotype
“Relationship” is used for defining classes as Relationships. The conceptual model for Relationships

(Figure 20) is a part of the GDF GDM and specifies that an instance of a Relationship is
Relationship Type and be associated with atleast two instances of Feature.

to be of a

<<Relationship>>

<<DataType>3
RelationshipTyp

[©]

Relationship +classifiedRelationship 1
+ ID : Positivelnteger| 0..* +relationshipClassification

+ name : Charactertring
+ code : Positivelnteéger

Figure 20 — The GDF conceptual data model for Relationships

Like the core class Feature, the core class Relationship is used in two parts of the standard.

+attributedRelationship/ 0" 0.* +featureRelationship
Feature instances distinguished b
role and then (if multiple) by feafure
number qualifier
0." / +relationshipAttribute +rolelnRelationship\ o =
Attribute =ZFeauresS
AttributeValue Feature

1) The GDF GDM defines the generic class Relationship. The class is set as abstract in the model, but it

is implemented as an instantiable class in the implementation specifications.

2) In the Relationship Catalogue, where the class Relationship is subtyped into instantiable
Relationship Types representing specific abstractions of real-world relationships. Figure 21 shows
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an example from the Relationship Catalogue, with Manoeuvre Relationships modelled as a subtype
of the core abstract class Relationship. The Relationship Catalogue is implemented as tables in
Annex A of GDF and referred to with identifiers in the implementation schemas.

+firstRoadElement | <<reature>>
1 | RoadElement
+firstElementManoeuvre
+junction
<<Relationship>> <<‘l;eat? re>>
Relationship 1 unction
/\ +manoeuvre oSN .
rsecomdRoadEtement——rairess
1 RoadElement
0. +secondElementManoeuvre
<<Relationship>>
Manoeuvre
0.* +rafficSign |(2«Feature>>

+ exfernalldentifier[0..1] : LanguageCodedText TrafficSian
+ myltimediaFileAttachment[0..1] : MultimediaFileAttachment +lastPartnerManoeuvre 0..1 9

0.*

+subsequentElementManoeuvre

featureNumber : Positivelnteger|

secondRoadElement,
stbsequentRoadElements)}

{notEqual(firstRoadElement, j

PfohibitedManoeuvre

{ordered}

RightOfWayRegulation

<<Feature>>
+subsequentRoadElement RoadElement

RestrictedManoeuvre

Figure 21 — The GDF Conceptual Data Model for Manoeuvre Relationships

The ISO 1p109 GFM defines the FeatureAssociationType concept for associations between two featyre
types (or|self-associations for ore jfeature type), modelled as UML Associations or UML Associatjon
Classes. As noted in subclause”7%2.1, Association Classes can be used for associations with their own
attributeg, but this concept lias rarely been used in models in, or based on, the ISO 19100 family.

7.2.4.2 [Consideration'of options

The ISO 19109 GEM/does not have a specified equivalent concept to the Relationship concept in GDF.
Thereforg, in erder to improve the harmonization between GDF and models in, or based on, the
ISO 1910() famijly, the role of the Relationship concept needs to be defined according to the GFM. The
ISO 19109 GFM metaclass FeatureAssociationType describes a relation between two classes and dan
be attributed by using an UML Attribute Class. However, a FeatureAssociation is only concerning one
specific relation which is connecting two classes, while the Relationship concept in GDF can connect
many classes. Therefore, FeatureAssociationType is not a possible equivalent for the Relationship
concept.

The only technical difference between the Relationship concept and the Feature concept in the GDF
GDM is the mandatory associations from the Relationship class to the Feature class. Except for this
difference, the concepts are equivalent. A Relationship can therefore be considered a special kind of
Feature, with at least two associations being mandatory. Application schemas based on ISO 19109 (e.g.
the European INSPIRE Specification of Transport Networks[1l) have used the FeatureType concept for
classes that are defined as Relationships in GDF. The basis for this use of the FeatureType concept lies
in the definition of a feature as an abstraction of a real-world phenomenon. A phenomenon does not
need to be a physical object, it can be a more abstract thing such as a manoeuvre. On the other hand,
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GDF defines a feature as a representation of a real-world object. The difference between the terms
(phenomenon and object) is a matter of interpretation, but an object can be considered to be more
physical.

Two possible solutions can be considered for defining the Relationship concept according to the GFM:

1) Define a Relationship metaclass with an accompanying stereotype specifically for GDF, as a
subtype of FeatureType. Specify that it is to have at least two association roles. With this solution,
the Relationship concept can still be used in GDF.

2) _Use the “FeatureType” stereotype for relationships as well as for features in GDF. This solution will
be closer to the approach in ISO/TC 211 based application schemas for transport netwofk such as
INSPIRE.

Fi

Be
ch

pure 22 — Example of Relationship modelled as a FeatureType (adapted from Refere

cides, some classes thatfave defined as Relationships in GDF need to be further evaluated an|
hinged to location references. This includes classes for linear assignment (linear referer

Figure 22, adapted from Reference [14], shows how parts of the relationship class\Manoefivre from
Figure 21 can be modelled as classes based on the FeatureType concept.
iHfirstRoadElement
«;ea;L:ErIeTypet» «FeatureType» «FeatureType»
oadElemen 1 Manoeuvre +junction Junction
+secondRoadElement X
1
«FeatureType» «FeatureType» «FeatureType»
ProhibitedManoeuvre RightOfWayRegulation RestrictedManoeuvre

nce [14])

d possibly
cing) and

cldsses for logical placEment within other classes.

7.2.4.3 Reconumnendation and expected impact

Relationships in GDF represent abstractions of real-world phenomena and can be modelled hs feature
types with the ISO 19109 stereotype “FeatureType” instead of the GDF stereotype “Relgtionship”.
A

$pecific concept for relationship is probably not needed. The FeatureType concept can bg¢ used for
clalsses in the Rplnfinnqhip ('nf;\]ngnp aswell asthe Feature (";lfnlngnp

With the suggested solution, the core Relationship class can be removed from the GDF GDM. The
generic class representing features in the Generic Feature Exchange Model (Feature) will also represent
relationships, while the superclass for feature classes in the Feature Catalogue will be a superclass for
classes in the Relationship Catalogue as well.

Alternatively, if relationships is to be specified as an individual concept in GDF, the same approach as is
recommended for features ought to be followed (see subclause 7.2.2.3): one core class for relationships
in the Generic Feature Exchange Model, and one specific superclass for relationship classes in the
Relationship Catalogue.
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In any case, the definition of a Feature in GDF ought to be modified to include real-world phenomena
that are not physical. Furthermore, classes for logical placement need to be evaluated and possibly
changed to location referencing classes.

7.2.5 Album and dataset structure

7.2.5.1 Analysis
Subclause 5.8 in GDF (ISO 20524-1) describes a structure of features within sections, layers, datasets

and albu?WW&mWMMMwot
defined apywhere in the ISO 19100 family of standards.

Album
+ ID : Positivelnteger

! +albumComposition

1..* | +macroGeographicPartition

Dataset

+ ID : Positivelnteger
+ unitSystem : UnitSystem = metric

1 @+datasetCom position

1..*| +contentPartition

Layer +layer +edtureTheme | <<CodeList>>
+ ID : Positivelnteger 0 FeatureTheme
WX 1.7
1 +layerComposition

1 +geographiePartition

GeographicPartition <<Union>>
LayerComponent

+ geographicPartition : Layet€omponent

+ planar[1..*] : PlanarTopoSection
+ nonPlanar[1..*] : NonPlanarTopoSection
+ nonExplicit[1..*] : NonExplicitTopoSection

Figure.23 — The GDF Organization of data (from ISO 20524-1)

7.2.5.2 [Consideration of options

The mode] iDFigure 23 describes a structure that can be defined in an application schema according to
rules in ISO 19109, together with the generic feature exchange model described in subclause 7.2.1.

7.2.5.3 Recommendation and expected impact

Itis recommended that the model in Figure 23 be defined in an application schema according to rules in
ISO 19109. The model ought to include the data organization structure and the generic feature exchange
model defined in subclause 7.2.1. An application schema with the data structure model and the generic
feature model will enable model-driven implementation in different implementation technologies and
improve interoperability with standards in, or based on, the ISO 19100 family.
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8.1 The Feature Catalogue

8.1.1 Analysis
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Clause 6 of GDF describes the GDF Feature Catalogue with the classification of feature classes within
feature themes. Feature themes are abstract subclasses of the core class Feature, as shown in Figure 24.
GDF A.1 lists all feature themes and feature classes with unique identifiers.

Thie purpose of the Feature Catalogue is to define feature classes and the relations betwee
few attributes are defined for some feature classes, but attributes are mainly defined in, the
Cagalogue. Relations between feature classes are described in the UML models, e.g. between
ferry features as shown in Figure 25. Definitions and constraints for each feature class‘are de

the¢ text in GDF, Clause 6.

<<Feature>>
Feature

+ ID : Positivelnteger

I

<<Feature>>
LinearDatumFeature

<<Feature>>

AdministrativeAreaFeature

<<Feature>>
LinearReferencingFeature

<<Feature>>
GeneralFeature

<<Feature>>

LandCoverAndUseFeature

n them. A
Attribute
road and
scribed in

<<Feature>>

TerrainElevationFeature

<<Feature>>
WaterwayFeature

<<Feature>>
StructureFeature

<<Feature>>

ServiceFeature

<<Feature>>

RoadFumitureFeature

<<Feature>>
NamedAreaFeature

<<Feature>>
RoadAndFerryFeature

<<Feature>>
PublicTransportFeature

<<Feature>>
RailwayFeature

Figure 24 — The GDF Conceptual Model of the Feature Catalogue
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The Featu
classes dé
subclause
andasas

tstartintersection

+startedFerry

+startedRoad +startintersection
0.* 1 1 0.*
<<Feature>> | *+roadSpoke 2 7| <<Feature>> +intersectionHub 0.* <<Feature>> | 0.1
Road 0.* +intersectionHub Intersection 2, +ferrySpoke ey
01 ! 0.1 Mrsection\/o“**ﬁtureNumber : Positivelnteger
+endedRoad endintersection intersectionAssembly +endedFerry +ferryAssembly

1.* | +intersectionPart

IntersectionPart

+ featurePart : FeaturePartInintersection

0.1
q *

RoadOrlIntersection

+assembly : RoadOrintersectionAssembly

0.1 [+roadOrintersectionAssembly

+ferryConne(c;|r((er;}:’;dr; AR
FerryConnection
<<Union>>

FeaturePartInintersection

<<Union>>
RoadOrlntersectionAssembly

+ roadAssembly : Road
+ intersectionAssembly : Intersection

+roadElementPart : RoadElement
+ junctionPart : Junction
+ trafficAreaPart : EncloSed¥rafficArea

+roadElementPart 0.*

<<Feature>> 0.1

+roundaboutAssembly

RoadElement |, ,44ElementPart

{ordered}

1.

<>| featureNumber.Positivelnteger

<<Feature>>
Roundabout

{same}

Figure 25 — Relations between GDF.rodd and ferry features

0.1

re Catalogue is modelled based on conceptsfrom ISO 19103 and ISO 19109, but with featyre
fined by the stereotype “Feature” instead of “FeatureType”. Furthermore, as described|i
7.2.2 document, the core class Featurehas been used both as a generic class in the GDF GDM
iperclass for all feature themes and{eature classes.

Besides this, only minor conceptual differences from standards in, or based on, the ISO 19100 famlily

can be fo
Reference
an applicq
class Pede

strianCrossing in Figure 26.

ind, such as missing navigability direction for some associations. The study described
[14] indicated that feature classes from the GDF Feature Catalogue could be implemented
tion schema according te'ISO 19109 with only minor modifications, as shown for the featyre

in
in

«FeatureType»
RoadFurnitureFedture

«CodelList»
PedestrianCrossingPriorityValue

«CodeList»
PedestrianCrossingSignageValue

+ pedestriansOverRoadTraffic + noTrafficSigns
+ pedestriansOverRoadTrafficOnRequest + passiveTrafficSigns
+ roadTrafficOverPedestrians + trafficSignsWithWarningLights
+ trafficLightRegulated
«FeatureType» @Codelist»
PedestrianCrossing PedestrianCrossingTypeValue «Codelist»

+ o+ o+ o+

priority: PedestrianCrossingPriorityValue [0..1] noRoadMarkings
signage: PedestrianCrossingSignageValue [0..1]
type: PedestrianCrossingTypeValue [0..1]

level: PedestrianCrossingLevelValue [0..1]

+ + o+ +

otherType

refugelslandinMiddleOfRoadNoMarkings
zebraCrossingWithOrWithoutAdditionalAids

PedestrianCrossinglLevelValue

streetLevelCrossing
overpass
underpass

Figure 26 — IS0 19109 compliant model of PedestrianCrossing (from Reference [14])

Two feature themes are closely related to ISO 19148 (Linear referencing): LinearReferencingFeature
and LinearDatumFeature. The theme LinearReferencingFeature adopts the concepts from ISO 19148,
but the relationship is not clearly described.

28
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8.1.2 Consideration of options

The use of the stereotype “Feature” was discussed in subclause 7.2.2 of this document and recommended
to be replaced with the ISO 19109 stereotype “FeatureType”. Furthermore, the duplicate usage of the
core class Feature was recommended to be avoided by defining a specific class as a supertype for the
Feature Catalogue.

8.1.3 Recommendation and expected impact

The Feature Catalogue is recommended to be modelled as fully ISO 19109 conformant application

ngs that are
re ted to ISO 19148 (LmearReferencmgFeature and LmearDatumFeature) ought to descr1be how they
implement the concepts from I1SO 19148.

A dore superclass to replace the use of the class Feature in the FeatureCatalogue otuight to be defined. A
suggestion is to define a generic abstract class IdentifiedClass, as illustrated in Figure 27.

Thie use of a generic feature exchange model like the GDF GDM requires that all feature cldsses have
a ynique ID as listed in GDF, A.1. This identification can either be based on the feature class name as
suggested in Reference [14], or it can be added to the classes as taggedvalues. The listing in GDF A.1
ought to be a report from the UML model, in order to maintain congistency.
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«FeatureType»
Global classes::
IdentifiedType

id: Integer
uri: URI

A

«FeatureType» «FeatureType»
Linear Datum:: Terrain Elevation::
LinearDatumFeature TerrainElevationFeature
«FeatureType» «FeatureType»
Administrative Area:: Waterway::
AdministrativeAreaFeature WaterwayFeature
«FeatureType» «FeatureType»
Linear Referencing:: Structure::StructureFeature.

LinearReferencingFeature

«FeatureType»
General::GeneralFeature

«FeatureType»
Land Cover And Use::
LandCoverAndUseFeature

«FeatuteType»
Servicé::ServiceFeature

«FeatureType»
Named Area::
NamedAreaFeature

«FeatureType»
Road Furniture::
RoadFurnitureFeature

«FeatureType»
Public Transport::
PublicTransportFeatdre

«FeatureType»
Roads and Ferries::
RoadAndFerryFeature

«FeatureType»
Railway::RailwayFeature

Figure27 — IdentifiedType as abstract superclass

8.2 Thge Attribute ‘€atalogue

821 A

Clause 7

bf-GDF describes the GDF Attribute Catalogue with attributes that can be applied to G

DF

Features and the value domains of attributes. An example of the model for general attributes is shown in
Figure 28. Attributes are assigned to feature classes in cross-tables and in UML diagrams, for example
for feature classes in the Road and Ferries theme as shown in Figure 29.
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<<Attribute>>
AlternateName

<<Attribute>>
AlternateNameBody

<<CodelList>>
AssociationType

+ altemateNameBody : AlternateNameBody
+ namePrefix[0..1] : LanguageCodedT ext

+ nameComponent[0..*] : NameComponent
+ alternateNameText : LanguageCodedText

+ geographicallyLocatedIn = 1

+ commonlyAssociatedWith = 2

<<DataType>> <<CodeList>> <<CodelList>>

BitMaskRegister DirectionCategory DisplayClass
+digit1 : Boolean = FALSE | [+ noDirectionIndicated = 0 + firstClass = 1
+ digit2 : Boolean = FALSE ||+ ghead = 8 + secondClass = 2
+digit3 : Boolean = FALSE ||+ petweenAheadAndRight = 16 + thirdClass = 3
+ digit4 : Boolean = FALSE ||+ right = 32 + fourthClass = 4
+digit5 : Boolean = FALSE ||+ betweenRightAndBackward = 64 +fifthClass= 5
+ digit6 : Boolean = FALSE ||+ haclward(lITurn) = 128 +sixthClass=6
+digit7 : Boolean = FALSE | |+ petweenLeftAndBackward = 256 + seventhClass = 7
+digit8 : Boolean = FALSE ||+ |eft = 512 + eighthClass = 8
+ digit9 : Boolean = FALSE ||+ petweenAheadAndLeft = 1024 +ninthClass = 9
+digit10 : Boolean = FALSE| |+ mergelntoRightLane(LaneEnds) = 2048 +tenthClass = 10
+digit11 : Boolean = FALSE| |+ mergelntoLeftLane(LaneEnds) = 4096

+ mergingLanes(NoPriorityLane) = 8192

<<DataType>>
GeopoliticalStructureDefinition

<<Attribute>>

LanguageCodedW

&

+ geopolitical Structureld : Number
+ geopolitical StructureComponentld : Number

+ overridingLanguageCode[0..1] : LangL@‘Code

+ characterString : CharacterString
+ notation[0..1] : Notation
+ compositePronunciation[0..1] :

&

positePronunciation
+ compositeAlternatePronunciation{0..1] : CompositeAlternatePronunciafi

)

+ spokenLanguagel[0..1] : uageCode
<<Attribute>> <<Codelist>> ;
f ) <<CodelList>>
LocationReference Locatlor’lRe\ nceType Mime
+ locationReferenceType : LocationReferenceType + rds/tmc\V
+ locationReferenceCode[1..*] : LanguageCodedText + vics @
DO
<<CodeList>> @ - <<Attribute>>
MultimediaDescription MultimediaFileAttachment

+ buildingRoofObject = 1
+ facadeComponentObject = 2
+ facadeFabricObject = 3
+ 3-DLandmarkObject = 4 ~

+ multi

+ multimediéF?leAttachmentContext[O..1] : MultimediaFileAttachmentContext
+ mult]

iaFileAttachmentName : LanguageCodedText

ggiaFileAttachmentType : Mime

+ elevationPointGridObject = 5

<<Attribute>> *
NameCompc;ue‘

<<Attribute>>
MultimediaFileAttachmentContext

+ nameComponentLength ; umber

+ nameComponentOffset : ber

+ nameComponentTy;
Vad

.1] : NameComponentType

+ multimediaDescription : MultimediaDescription
+ multimediaAction[0..1] : UserDefined
+ multimediaTimeDomain[0..*] : Time

<<00deL'%\TC’
NameConzmq ype

<<Attribute>>
OfficialName

<<Attribute>>

OfficialNameBody

+ nameCo ntType1 =1
+ name onentType2 =2

+ namePrefix[0..1] : LanguageCodedT ext
+ officialNameBody : OfficialNameBody

+ officialNameText : LanguageCodedText
+ nameComponent[0..*] : NameComponent

e rﬁ@omponentTypeN =N

SummerTime

+ currency . LanguageCodedText

<<Attribute>> <<Codelist>>
X <<Da_|t_ei1n'l;)épe>> Toll UndergroundFlag
N e L + tollCharge : Number + aboveground = 1

+ underground = 2

+ imeDifference . SummerlimeMeasure
+ validityPeriod : Time

Figure 28 — A part of the GDF Conceptual Model for General Attributes

© IS0 2021 - All rights reserved

31


https://standardsiso.com/api/?name=f9a5ae8cfc8985feddc6588107d48aa9

ISO/TR 19169:2021(E)

<<Feature>>
Feature

i

<<Feature>>
RoadFumitureFeature

+ equipmentldentifier[0..*] : LanguageCodedText

+ externalldentifier[0..1] : LanguageCodedText

+ multimediaFileAttachment[0..1] : MultimediaFileAttachment

+ roadFumiturePosition[0..*] : RoadFurniturePosition

+ notation[0..1] : Notation
—compositePromumetatonto—*—CompositeFPrommeration

+ compositeAlternatePronunciation[0..*] : CompositeAlternatePronunciation
+ spokenLanguagel0..*] : LanguageCode

<<Feature>> <<Reature>>
Lighting SafetyEquipment
<<Feature>> <<Feature>>
RoadMarkings MeasurementDevice
<<Feature>>
TrafficLight <<Feature>>
+ displayClass[0..1] : DisplayClass EnvironmentalEquipment
<<Feature>> <<Feature>>
TrafficSign Signpost
+ displayClass|0..1] : DisplayClass + displayClass|[0..1] : DisplayClass
+ trafficSigninformation : TrafficSigninformation + trafficSigninformation : TrafficSigninformation
+ signText[0..1] : LanguageCodedText + signText[0..1] : LanguageCodedText

<<Feature>>
PedestrianCrossing

+ displayClass|[0..1] : DisplayClass

#+~accessibility[0..1] : Accessibility
+.pedestrianCrossingPriority[0..1] : PedestrianCrossingPriority
+ pedestrianCrossingSignage[0..1] : PedestrianCrossingSignage
+ pedestrianCrossingType[0..1] : PedestrianCrossingType

+ pedestrianCrossingLewel[0..1] : PedestrianCrossingLevel

Figure 29 — The GDF Conceptual Model for attributes of Road Furniture

140400-€ =1

The Attribute Cdtaluguc tsTodetedbasedom corrceEpts fromrstamdards i thetS6-19166 tamy; butwith
the stereotype “Attribute” for some value domains, as described in subclause 7.2.3 of this document.
Besides this, only minor conceptual differences from standards in the ISO 19100 family can be found,
such as a lack of reuse of data types already defined in the ISO 19100 family. The study described in
Reference [14] indicated that attributes defined in the GDF Attribute Catalogue could be assigned to
feature classes from the GDF Feature Catalogue and implemented in an application schema according
to ISO 19109 with only minor modifications, as shown for the feature class PedestrianCrossing in

Figure 26.

One important aspect is the use of global attribute types in GDF. The GDF Attribute Catalogue defines
global attribute types that are reused in many Feature Classes. For this purpose, GDF, A.2 lists
all attribute types with unique identifiers. The concept of global properties is well known from the
semantic web and is defined in the feature catalogue model in ISO 19110 as well.
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8.2.2 Consideration of options

The use of the stereotype “Attribute” was discussed in subclause 7.2.3 of this document and is
recommended to be replaced with the ISO 19109 stereotype “FeatureType”.

In order to enable derivation of implementation schemas based on MDA, all attributes need to be
assigned to their respective classes as shown in Figure 29. A possible approach for modelling globally
reusable attributes is described in Reference [12] and illustrated in Figure 30. This approach could also
be applied to the GDF Attribute Catalogue.

Globel-ck

+ displayClass: DisplayClassValue [0..1]
+ accessibility: FeatureAccessibility [0..1]

RoadFurnitureFeature RoadFurnitureFeature PublicTfansportFeature
«FeatureType» «FeatureType» «FeatureType»
Road Furniture::PedestrianCrossing Road Furniture::TrafficSign Public Transport::StopPoint
displayClass: DisplayClassValue [0..1] displayClass: DisplayClassValue [0..1] +  dccessibility: FeatureAccessibility [0..1]
accessibility: FeatureAccessibility [0..1] signClass: TrafficSignClassValue + _publicTransportMode: PublicTransportM ¢deValue [0..*]
priority: PedestrianCrossingPriorityValue [0..1] signSymbol: TrafficSignSymbolValue [0..1] +, ~dndergroundFlag: UndergroundFlagValu¢ [0..1]

signage: PedestrianCrossingSignageValue [0..1]
type: PedestrianCrossingTypeValue [0..1]
level: PedestrianCrossingLevelValue [0..1]

signText: LanguageCodedText [0..1]

signValue: Measure [0..1]

directionCategory: DirectionCategoryValue [0..1}
exitNumber: LanguageCodedText [0..1]
destinationlnfo: DestinationInfoOnTrafficSign [0..1]
otherTextContent: LanguageCodedText {0..1]

+ + + + + +

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

Figure 30 — Example of modelling glabal attributes (from Reference [12])

8.2.3 Recommendation and expected impact

As|for the GDF Feature Catalogue, it istecommended that the Attribute Catalogue be modellgd as fully
ISQ 19109-conformant application/schemas conformant to requirements in ISO 19103 and SO 19109.
Thlis would include to use stereetypes according to ISO 19103 and ISO 19109, and reuse [core data
types from standards in the SO~ 19100 family. In particular, it is recommended to use core|primitive
dafatypes, measure data types, name types, etc. from ISO 19103. The use of the stereotype “Attribute”
is fecommended to be replaced with the stereotype “FeatureType”.

Conhcepts for defining-attributes for reuse in several classes would improve the structure qf the GDF
Attribute Catalogue-model. The approach suggested in Reference [12] can be a basis for definfing global
atyributes in GDE.

Thie use of.a.generic feature exchange model like the GDF GDM requires that all attributes havg a unique
ID|as listed in GDF, A.2. This identification can either be based on the feature and attribute class names
as|suggested in Reference [14] or it can be added to each attribute as tagged values. The|listing in
GDEA.2 ought to be a report from the UML model, in order to maintain consistency.

Finally, to enable identification of instances of attributes, it is recommended that the same core
superclass as suggested in subclause 8.1.3 of this document be applied for identifiable attribute types
as well.

8.3 The Relationship Catalogue

8.3.1 Analysis
Clause 8 of GDF describes the GDF Relationship Catalogue with models for relationship classes. GDF,

A.3 lists all Relationship classes with unique identifiers. Like the Feature Catalogue, the purpose of the
Relationship Catalogue is to define relationship classes and the relations between them. In addition,
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attributes from the Attribute Catalogue have been assigned to relationship feature classes, as shown in
Figure 31.

<<Feature>>

<<Relationship>>
RoadElement

Relationship

+roadElement

0.” +rafficLightRegulation

<<Relationship>>
| TrafficLightRegulation +trafficLightRegulation 0..T] <<Feature>>

+ traﬂ’chightInfo[O..*] : TrafficLightinfo featureNumber : Positivelnteger |<5.* | +rafficLight | TrafficLight
|
0.* | {same}

0.* | 0.*
+trafficLightRegulation
+junction
<<Attribute>> 1
TrafficLightinfo <<Feature>>
+ direftionCategory[0..*] : DirectionCategory Junction
+ roaqFurniturePosition[0..*] : RoadFurniturePosition

Fighire 31 — The GDF Conceptual Model for the Traffic Light Regulation Relationship

Like the Heature Catalogue, the Relationship Catalogue is mgdelled based on concepts from ISO 19103
and ISO 19109, but with classes defined by the stereotype “Relationship” instead of “FeatureType”.
Furthermpre, as described in subclause 7.2.4 in this document, the core class Relationship has bgen

used both|as a generic class in the GDF GDM and as a:sdperclass for all relationship classes.

can be fogind. The study described in Referenee [14] indicated that relationship classes from the GDF
Relationship Catalogue could be implemented as feature types in an application schema according to
ISO 19109 with only minor modifications, as shown for the relationship Manoeuvre in Figure 22.

Besides t{is, only minor conceptual differencessfrom standards in, or based on, the ISO 19100 family

Three reldtionship classes implementiconcepts from ISO 19148 (Linear referencing): LinearAssignment,
MultiPoinfAssignment and ExclusiveMultiPointAssignment.

8.3.2 Consideration of options

The use (f the stereotype “Relationship” was discussed in subclause 7.2.4 and recommended to [be
replaced yith the 1SO~19109 stereotype “FeatureType”. Furthermore, the duplicate usage of the core
class Relationshipiwas recommended to be avoided by defining a specific class as a supertype for the
Relationship Catalogue.

dati d tedi t
8.3.3 Recommendationand expectedimpact

It is recommended that the Relationship Catalogue be modelled as fully ISO 19109-conformant
application schemas and conformant to requirements in ISO 19103 and ISO 19109. As stated in the
recommendation from subclause 7.2.4 in this document, relationships can be considered as a kind
of feature types. The use of the stereotype “Relationship” is recommended to be replaced with the
stereotype “FeatureType”.

In principle, a specific Relationship Catalogue is not needed. Instead, relationship classes can be defined
in the Feature Catalogue. Furthermore, the recommendations regarding the Feature Catalogue apply to
relationships as well: use the core superclass IdentifiedObject, add identification of classes to the model
and generate the listing in Annex A as a report from the UML model.
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8.4 The Metadata Catalogue

8.4.1 Analysis

Clause 10 of GDF describes the GDF Metadata Catalogue with definitions of metadata inform

are to follow a GDF delivery. The metadata is to be provided as a part of the overall delivery, at
levels: Album, Dataset, Layer and Section. The content of the GDF Metadata Catalogue is des
text only; except for one figure with codelists from ISO 19115-1 there is no UML model for me

GDF.

erimes a metadata structure 1or geospatial Iform

GDF Metadata Catalogue is defined as conformant with ISO 19115-1. A table in GDF,
depcribes a schema crosswalk between ISO 19115-1 elements and GDF Metadata Catalogue
relations are partly based on the adoption of ISO 19115-1 elements intg the GDF Metadata
anfl partly through a mapping between elements. The schema crosswalk shows that the n
content from ISO 19115-1 (point of contact, dataset identification@nd date information) is
th¢ GDF Metadata Catalogue.

8.4.2 Consideration of options

asic improvement of the GDF Metadata Catalogue could be to define the catalogue ina U
l enable MDA-driven implementation. The textualdéscription of the GDF Metadata Catalog
b metadata elements to the album and datasetstructure. It would therefore be natural to
tadata UML model as a part of the applicationschema suggested for the album and dataset
e subclause 7.2.5).

an
thd
me
(se

Fu
AT

'thermore, a UML-model for GDF Metaddta ought to reuse concepts from the ISO 19115-1 U
euse of concepts from ISO 19115-1-could be done in at least three ways:

Reusing individual elements from ISO 19115-1 in GDF.

Reusing larger portions.of ISO 19115-1 in GDF by defining a GDF profile (further refin
ISO 19115-1.

Reusing the complete ISO 19115-1 model as-is.

Ornfe possible approach has been used in the European CEN TN-ITS specification[18], where
simple set of metadata elements and added an optional connection to the ISO 19115-1 core
Mdtadata ifaddition, as shown in Figure 32.

2021(E)

ation that
different
cribed in
tadata in

htion. The
defined in
-1 defines

Clause 10
elements.
Catalogue,
handatory
overed by

ML model
ue relates
define the
structure

ML model.

ement) of

a specific
class MD_

Metadata Information::MD_II’letadata

metadataldentifier: M D_Ident‘iﬁlr [0..1]

defaultLocale: PT_Locale [0..1]
parentMetadata: Cl_Citation [O..
contact: Cl_Responsibility [1..*]
datelnfo: CI_Date [1..*]

«FeatureType»
Dataset::Dataset

«DataType»

+metadata Metadata +is019115Metadata

>

+ datasetld: CharacterString
+ datasetCreationTime: DateTime

0..1 0..1

+ o+ o+ o+ o+ o+ o+ o+ |+

otherlocale: PT_Locale [0..*]

metadataStandard: Cl_Citation [0..*]
metadataProfile: CI_Citation [0..*]
alternativeMetadataReference: CI_Citation [0..*]

metadatalinkage: Cl_OnlineResource [0..*]

1]

From EN SO 19115-1:201.

]

Figure 32 — Metadata in CEN TN-ITS (from Reference [18])
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8.4.3 Recommendation and expected impact

The GDF Metadata Catalogue is recommended to be defined in a UML Model, as a part of the album
and dataset structure. As recommended in subclause 7.2.5, the UML model ought to be defined as an
application schema according to ISO 19109, and thereby enable MDA-driven implementation. Elements
defined in ISO 19115-1 ought to be preferred for reuse in the UML model instead of defining specific
GDF metadata elements. This approach would reduce the gap between GDF and ISO/TC 211 standards
and increase the interoperability with GIS.

A simple approach is to associate the ISO 19115-1 core class MD_Metadata with the different structural
levels of GBEfles—as—in—the CEN -TNJITS Specification—This—approachds—Hustrated fn— o 7
Alternatively, a profile of ISO 19115-1 could be used instead of the ISO 19115-1 model, to include spécific
GDF elemgnts and remove irrelevant parts from the ISO 19115-1 model.

«FeatureType»
Album +metadata
1
+dataset\[/1..*
«FeatureType»
Dataset +metadata Metadata)lnformation::MD_Metadata
0.1 + metadataldentifier: MD_ldentifier [0..1]
+ defatlttocale: PT_Locale [0..1]
+ _ _pafentMetadata: CI_Citation [0..1]
+%_eontact: Cl_Responsibility [1..*]
4 datelnfo: Cl_Date [1..*]
+layer\|/1..* + metadataStandard: Cl_Citation [0..*]
a + metadataProfile: CI_Citation [0..*]
«FeatureType» + alternativeMetadataReference: Cl_Citation [0..*]
Layer +metadata + otherLocale: PT_Locale [0..*]
+ metadatalinkage: CI_OnlineResource [0..*]
On1
+section 1.*
«FeatureType»
Section +metadata
0..1

Figure 33 — Simple reuse of the ISO 19115-1 model

9 Encoding rules

9.1 Analysis

The derivation of implementation schemas from UML models requires models that are specified
according to profiles and modelling rules, as illustrated in Figure 2. Furthermore - as shown in Figure 2
as well - specified rules for conversion from UML to implementation schemas must be defined.

Rules for conversion of UML models according to the rules in ISO 19103, ISO 19109 and ISO 19136-1 are
defined in ISO 19136-1, ISO/TS 19139-1 and ISO 19150-2. ISO/TS 19139-1 specifies rules for conversion
to XML; ISO 19136-1 specifies rules for conversion to the XML-based format GML, while ISO 19150-2
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specifies rules for conversion to the Semantic Web format OWL. UML models that follow the rules in
ISO 19103, ISO 19109 and ISO 19136-1 can be converted to implementation schemas for GML and OWL
by applying the conversion rules.

GDF has two implementation formats with described encodings: the Media Record Structure (MRS) is
described in GDF, Clause 12 while XML schemas with conversion rules from UML to XML (GDF-XML)
are described in GDF, Clause 13. The encodings are not derived from the GDF UML models; they are
described manually.

The conversions from UML class names and property (attributes and associations) names to the MRS
and—GDE-XMIL ig ation to the
UML model is not obvious. For example: a layer in a GDF file contains feature data of one.dnd only one

topology type (non-explicit, non-planar or planar). The two UML classes PlanarTopoPaintFe]
NonPlanarTopoPointFeature represents point features in different explicit topologyitype
both implemented as the XML class “Point_feat_explicit”. The conversion from the;two UML
a dingle XML class with a new name is not clearly described in GDF. Likewise, the two XML
“point_feat_ID” and “line_feat_ID” are different representations of the attribute Feature.ID
mqdel. The conversion from the single UML attribute to two XML attribute$As not described.
issjues can be found for the MRS encoding.

The differences between the UML models and the GDF encodings are challenging for ex
information based on GDF. The UML models do not describe the agtual model that is used for
Anyyone delivering or receiving data in MRS or GDF-XML needs¢o understand the differences
to pnderstand the data. Furthermore, though the MRS and GPF-XML is commonly understood
for] exchanging map databases in the ITS domain, neither‘of them is a format commonly }
GI$ applications, which makes it challenging for GIS applications to deliver information basg
mqdels.

In [the case of the MRS format specified in GDF \attributes are limited in the format and/o
values in which they can be presented. This.¢onstraining of the values is beneficial as it s¢
requirement for the provision of data in confoermance with GDF. The use of constrained valu
lerjgths and in some cases input masks ‘is“widespread across many implementation stand:
within the ITS domain and other domains. Such requirements for the content of attributes
an|important tool to aid implementation interoperability through conformance with stand
ISQ/TC 211 modelling and conversion rules do not currently support the definition of requirg
atfribute format or range in GMLx

9.2 Consideration ef.options

Thie proposed UME-niodelling of GDF according to rules from ISO/TC 211 standards w
derivation of GDE implementation schemas in the GIS format GML as well as the Semantic W
OWL. The implémentation encodings will then be as aligned and coherent with the UML
teqhnically¢possible. As long as the UML models are developed according to the specified

rules, no<further actions are required to enable implementation in GML and OWL, which

inforpaation exchange easier in general, and in particular with the GIS domain. However, {
mqdelling and conversion rules for requirements on attribute content is a limitation for the u

ature and
5 and are
classes to
attributes
the UML

The same

change of
exchange.
to be able
and used
tnown for
bd on GDF

 range of
ts a clear
es, format
irds, both
is seen as
ards. The
ments for

ill enable
eb format
model as
modelling
will make
he lack of
se of UML

v YA 8% aya v, T aVaYa

and Ode d 10 [mple OIl Cdll De 1Improved by (Ule OI' INOd
requirements and rules for conversion to XML facets in GML implementation schemas.

lling such

The derived GML schemas can replace the specific GDF-XML encoding. If a specific XML encoding for

GDF is to be maintained additionally, specific conversion rules will also need to be developed.

Likewise,

conversion rules from UML to MRS will need to be developed in order to maintain the MRS encoding.

9.3 Recommendation and expected impact

The primary recommendation is to develop GDF as UML models according to the ISO/TC 211 MDA
approach.
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In order to enable handling of requirements for attribute content in GML, it is recommended that
ISO/TC 211 seek to revise ISO 19109, ISO 19136-1 and ISO 19136-2 to facilitate requirements for
attribute content.

Furthermore, if the two existing implementation encodings are to be maintained, it is recommended
that they be derived from the UML model, based on conversion rules. Such rules will then need to be
developed.

10 Other issues arising

10.1 Introduction

This clauge covers a number of items that have arisen during the preparation of this documentsStrig
speaking,[some of the issue items listed below do not arise from a direct comparison@f’GDF w
100 family of standards, but have been items that have arisen during earlier‘recent ballot

the ISO 1
comments
been addi
of this do

10.2 Ten

Comment
the appro
ISO 8601
ISO stand

It is reco

comparispn to the characteristics offered by the ISO"8601 series and ISO 19108 be undertak

in advand
ISO 191089

10.3 Ged

The latest
defines fi
refer to IS

Location
'static' or
and coord

whole anf

to dynam
accuracy.
reference

made on the latest releases of GDF (v5.1, both ISO 20524-1 and ISO 20524*2) that have 1|
essed within revisions of the latest releases, or from comments made against earlier versic
ument.

nporal referencing

5 made by AFNOR, BSI and Standards Norway in a 2018 ballot on ISO 20524-1 noted tl
ach used for defining the Syntax for Time Domains (Anhéx D), only partially refers to {
Keries and that redefinition of this syntax could bring GDF into greater alignment to exist
hrds, namely the ISO 8601 series and 1SO 19108.

mmended that a detailed analysis of the syntax characteristics supported by GDF ang

e of preparation of future revisions of GDF, with the aim of adopting ISO 8601 series- 4
-conformant syntax mechanisms.

detic location referencing

version of GDF (ISO 20524-1:2020, 10.6) defines geodetic parameters. ISO 20524-1:2020,
ked code lists for geodetic parameters. It has been recommended that future versions of G
0 Geodetic registry codesinstead.

tly
ith

hot
ns

nat
he

ng

| a
en
nd

B.1
DF

Feference using coevdinates refers to a coordinate reference system (CRS) that is eit

'dynamic’

er

'dynamic', as defined in ISO 19111. In a static CRS the CRS is fixed to the surface of the eafth
inates do not'change with time. In a dynamic CRS, coordinates are fixed to the earth af a
coordinate-values at a location on the earth change with time. Static CRSs move relatjve
ic CRSs.over time, so differentiating CRS and its dynamic nature is critical for the highpst
Subclause 10.6 of GDF (ISO 20524-1) specifies the datum origin as being WGS 84. Coordinates
l to'the WGS 84 coordinate reference system used by the GPS satellite navigation system qre
Therefore, at a location, WGS 84 coordinates do change with time, and specification of the

epoch (time reference) is also required. Concern has been raised that GDF needs to differentiate use of
'static' and 'dynamic' coordinate reference system, and add the epoch value in referencing to 'dynamic’

CRS.

NOTE

38

A good explanation of this issue is provided at https://voutube/IKM-bR6SwVs[22],
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Annex A
(informative)

Comparison of terms and definitions in ISO/TC 204 and
ISO/TC 211

A.Il Introduction

A.1.1 Overview

ISQ 19132:2007, Annex E presented a comparison of defined terms and their'definitions foupnd in GDF
anfl ISO 19100 family of standards presented in a tabular form. The basis,for-the content of this annex
is flrawn from 1S019132:2007, Annex E. This content has been updated<to both reflect current terms
anfl definitions found in the latest available editions of GDF and standards within the ISO 19700 family.
Where the recommendations made in this document would resultin modification of thede defined
terims and definitions, this has been highlighted.

A.1.2 Comparative analysis of ISO/TC 211 and ISO/TC 204 terminology and con¢epts
The following ISO/TC 211 documents are in the scope ofthis analysis:

—| ISO 19101-1:2014, Geographic information — Réference model — Part 1: Fundamentals
—| IS0 19103:2015, Geographic information.—=,Conceptual schema language

—| ISO 19107:2019, Geographic information — Spatial schema

—| ISO 19109:2015, Geographic inforfnation — Rules for application schema

—| ISO 19110:2016, Geographic information — Methodology for feature cataloguing

—[ ISO 19111:2019, Geographic information — Referencing by coordinates

—| IS019115-1:2014, Geographic information — Metadata — Part 1: Fundamentals

—[ ISO 19132:200Z-Geographic information — Location-based services — Reference model
Thie following ISO/TC 204 documents are in the scope of this analysis:

—| ISO 14825:2011, Intelligent transport systems — Geographic Data Files (GDF) — GDF5.0

—| 1S6.20524-1:2020, Intelligent transport systems — Geographic Data Files (GDF) — GDF5.1] — Part 1:
Application independent map data shared between multiple sources

— IS0 20524-2:2020, Intelligent transport systems — Geographic Data Files (GDF) GDF5.1 — Part 2:
Map data used in automated driving systems, Cooperative ITS, and multi-modal transport

— IS0 17262:2012, Intelligent transport systems — Automatic vehicle and equipment identification
—Numbering and data structures

The following International Standards from other sources are in the scope of this analysis:
— ISO/IEC 11404:2007, Information technology — General Purpose Datatypes (GPD)

— ISO/IEC TR 10000 (all parts), Information Technology — Framework and taxonomy of International
Standardized Profiles
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— ISO/IEC 19501, Information technology — Open Distributed Processing — Unified Modeling
Language (UML) Version 1.4.2

These International Standards are aimed at supporting applications with similar functionality. The
purpose of this analysis is to guide users of the International Standards in differences in terminology

and conce

ptual models that will help minimize confusion.

A.2 1SO/TC 211 terms and concepts versus corresponding ISO/TC 204 terms and
concepts

The follow

The termd

ing Tables A.1 to A.6 compare terms and concepts from ISO/TC 211 and ISO/TC 204.

have been subdivided along conceptual lines to facilitate understanding.

40
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