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ISO/TC 211 have used UML for the development
and implementation of standards since 1998.
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3 Event Time & Date @ Duration £y Collaborate with Knut
= T post session at teams

PDT 10.00 - Sep 10 60 Min

8 L Knut Jetlund
R ARAL S : Statens vegvesen
AEST 03.00 - Sep 11

Franschhoek
; : ENTERPRISE
Register Now | www.eaglobalsummit.com ARCHITECT i oitsen PrOla bOI’ate

E T T

1l
= f < L
L] Y

Dr. Knut Jetlund
Convenor
ISO/TC 211 Harmonized Model Maintenance Group (HMMG)

k| e il
'-—*JI PhIPRl o N knut.jetlund@vegvesen.no

Twitter: @Jetgeo
LinkedIn: https://www.linkedin.com/in/knut-jetlund/

T
ISO
==

1 ISO/TC 211

10 September 2021
ISO/TC 211 Geographic information/Geomatics


mailto:knut.jetlund@vegvesen.no
https://twitter.com/jetGeo
https://www.linkedin.com/in/knut-jetlund/

Introduction

ISO/TC 211 have used UML for the development and
implementation of standards since 1998

Agenda:
« About ISO/TC 211 and the HMMG
e How ISO/TC 211 use UML and MDA

« How we store and work with the
models

* Implementation and documentation
« Example models
* Improvements in progress
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Everything happens somewhere

Geospatial
information

10 September 2021
ISO/TC 211 Geographic information/Geomatics

78% of German Wikipedia articles in
2013 were found to be either
directly or indirectly related to
geospatial location references.

Source: Hahmann, S., Burghardt, D., How much
information is geospatially referenced?
Networks and cognition. International Journal of
Geographical Information Science 2013, 27(6),
p.1171-1189,DOI:
10.1080/13658816.2012.743664.
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Standardization in the field of digital geographic
information.

This work aims to establish a structured set of
standards for information concerning objects or
phenomena that are directly or indirectly
associated with a location relative to the Earth.

These standards may specify, for geographic
information, methods, tools and services for data
management (including definition and
description), acquiring, processing, analyzing,
accessing, presenting and transferring such data
in digital/electronic form between different users,
systems and locations.

The work shall link to appropriate standards for
information technology and data where possible,
and provide a framework for the development of
sector-specific applications using geographic
data.



UN Sustainable Development Goals

ISO/TC 211 contributes with over 100 standards
supporting the UN Sustainable Development Goals

UN-GGIM: Committee of Experts on Global Geospatial

Information Management i g om 3 waon | 4w
POVERTY HUNGER AND WELL-BEING EDUCATION
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LIFE LIFE PEAGE. JUSTICE
BELOW WATER ON LAND AND STRONG
INSTITUTIONS
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https://committee.iso.org/sdgs.html
http://ggim.un.org/
https://twitter.com/UNGGIM

History

1994
— 1st ISO TC/211 Plenary. Oslo, Norway

1997

— OMT Object Model as a graphical language, EXPRESS and
CORBA IDL as lexical languages

1998

— UML was selected as the conceptual schema
language

2002
— The Harmonized Model Maintenance Group (HMMG)

10 September 2021
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The Harmonized Model Maintenance Group

Convenor: Dr. Knut Jetlund, Norway
Core responsibility:

— Ensure that UML models and derived
resources for implementation are maintained
and made accessible.

Establish, maintain and make available the
Harmonized UML Model

Coordinate the use of UML

Coordinate the work on resources for
implementation

— Close cooperation with the XML Maintenance Group
(XMG), the Group of Ontology Management (GOM) and
the Terminology Maintenance Group (TMG)
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Information modelling: There is a real world out there

10 September 2021
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Geospatial information is more than maps
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ISO/TC 211 Information modelling concepts

ISO 19103:2015 Geographic information — Conceptual schema language

This International Standard provides rules and guidelines for the use of a conceptual schema language
within the context of geographic information. The chosen conceptual schema language is the Unified
Modeling Language (UML).

Real world

This International Standard provides a profile of the Unified Modeling Language (UML).

Universe of

The standardization target type of this standard is UML schemas describing geographic information. discourse

defined in

> Conceptual model
provides concepts
for describing

basis for one or more

Conceptual
formalism

formally represented in

(¢

onceptual schema language(s) \

UNIFIED o Lexical languages 1

MODELING ® / ~ > Conceptual schema

LANGUAGE - provides formal
language for

representing
. J

ISO 19101:2013 Geographic information — Reference model (Figure E.1)

Graphical languages

10 September 2021
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Model Driven Architecture (MDA)

< —>
- ®
Abstract conceptual models % / ¢ \ e'w
- Hrrec<®
Network Time Geometry ITEG
X ki %/‘ Platform
PIM Realize - Independent
/ Models
Domain models
Transport Networks Buildings
| 1
Model transformation
/ v . Z A Platform
PSM TN-GML TN-sQL TN-JSON Building-GML | Building-SQL | Building-JSON - SpeCiﬁC
Models
Transformation to implementation schema
. Platform
PM TN-GML TN-SQL TN-JSON Building-GML Building-SQL | Building-JSON ol
Schema Script Schema Schema Script Schema M Od eIS

Source: Jetlund, K., Harmonizing and linking conceptual models of geospatial information, in
Faculty of Engineering, Department of Manufacturing and Civil Engineering. 2021, Norwegian
University of Science and Technology. p. 207.
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ISO/TC 211 MDA — levels of abstraction

7 N
UNIFIED
b MODELING ®
LANGUAGE ..
—

_‘

<GML>

W3Css

Source: Jetlund, K., Onstein, E., Huang, L., Information Exchange between GIS and Geospatial ITS Databases Based on a Generic
Model. Isprs International Journal of Geo-Information 2019, 8(3), p. 141,DOI: ARTN 141 10.3390/ijgi8030141.
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ISO/TC 211 MDA Framework

Metamodels

Abstract
schemas

Conceptual
schemas

Application
schemas

Conversion
rules

Implementation
schemas

UNIFIED o Source: Jetlund, K., E. Onstein, and L. Huang, Adapted Rules for UML Modelling of Geospatial

MODELING ® Information for Model-Driven Implementation as OWL Ontologies. ISPRS International Journal of Geo-
LANGUAGE .. Information, 2019. 8(9): p. 365.
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Modelling rules:
1ISO 19103 UML Profile

Classes and packages

«metaclass»
UML metamodel::
Interface

Use keyword
interface

Use keyword
type

«metaclass»
UML metamodel::

UML Metamodell ISO 19103 UML Profile,l
I1SO 19109 G

ISO 19107 Spatial Schema, I1ISO 19108 Temporal Schema, ISO 19111

Referencing by coordinates, etc.

INSPIRE, OGC CityGML, LandInfra/InfraGML, GDF etc.

Classifier \,l

«metaclass»
UML metamodel::
DataType

A

«metaclass» «metaclass»
UML metamodel:: Union
Package
«stereotype» «stereotype»
Leaf Union

I1ISO 19103:2015 Geographic information — Conceptual schema language (Figure D.29)

10 September 2021

Use keyword

dataType

ISO/TC 211 Geographic information/Geomatics

«metaclass»
Codelist

«metaclass»
UML metamodel::
Enumeration

«stereotype»
Codelist

+

codelist: String [0..1]

14
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1
1
1
1
1
1
1
1
1
1
1
1
1
1

Use keyword
enumeration




Modelling rules:

1ISO 19109

The General Feature

Model (GFM)

| «metaclasen

UW‘G,
ISO 19109 General Feature Model

1SO 19107 Spatial Schema, 1ISO 19108 Temporal Schema, ISO 19111
Referencing by coordinates, etc.

INSPIRE, OGC CityGML, LandInfra/InfraGML, GDF etc.

1SO 19109:2015 Geographic information —
Rules for application schemas (Figure 5)

+

inedBy: CharacterString [0..*]
bn: LanguageString [1..*]
ion: LanguageString [0..*]

name:

tion: LanguageString [0..*]
GenericName [0..1]

IdentifiedType
+superType 0..*
«metaclass»
FeatureType
isAbstract: Boolean = false
> ~
~

+ constrainedBy: CharacterString [0..*] +subType 0..* |
+  definition: LanguageString [1..*] «rfletac ass» )
+ description: LanguageString [0..*] InheritanceRelation
+  designation: LanguageString [0..%] + description: CharacterString [0..1]
+ name: GenericName [0..1] 4+ nama: CharactarChing [0 11

constraints feature type
{name is mandatory} . o

class of features having common characteristics
+theFeatureType \ ' 0..*
feature
abstraction of real world phenomena
naracteristics \|/0..*
IdentifiedType IdentifiedType
«metaclass» «metaclass»
PropertyType FeatureAssociationType
Type ::1dentifiedType

+ constrainedBy: CharacterString [0..*]
+ definition: LanguageString [1..*]

+ description: LanguageString [0..*]

+ designation: LanguageString [0..*]

+ name: GenericName [0..1]

«metaclass»
AttributeType

cardinality: Multiplicity
valueDomain: CharacterString
+characterize 0..1| *  valueType: TypeName

constraints
{name is mandatory}

AttribliteOfAttribute +characterizeBy 0..*

10 September 2021

+roleName

1.2

«metaclass»
Operation

«metaclass»
FeatureAssociationRole

+ signature: CharacterString

+ cardinality: Multiplicity
+ valueType: TypeName

ISO/TC 211 Geographic information/Geomatics

constraints
{name is mandatory}

15



UML Best Practices

https://github.com/ISO-TC211/UML-Best-Practices/wiki

Welcome to the 1SO/TC211 Wiki on best practices for modelling geographic information in UML - Pages@

The purpose of this wiki is to collect and present best practices for modelling geographic information in UML, and to make the
madels understandable for both machines and humans.

See also related wikis for ISO/TC211 XMG and 1SO/TC211-GOM. Best practlces for dlagram des|gn

Tobias Spears edited this page on 24 Mar 2020 - 29 revisions

Find a Page...

Introduction

Home
® Basic UML
» Level of abstraction
* Reference material A class diagram is just a view of a part of a model, and might not show all aspects. But it is an important illustration for

human understanding of the model. This page contains best practices for creating clean and consistent class diagrams that
are easier to understand.

Best practices

» Relevant requirements and recommendations

Required diagrams

* Best practices for modelling

* Best practices for designing class diagrams 1SO19103 - Conceptual Schema Language have rules and recommendations for documentation of models, including which
* Best practices to help implementation diagrams that should be a part of the documentation.

) Designing class diagrams
Model documentation

® Use of colours and fonts in UML diagrams.
* Automated documentation of models

* Versions e Less is more - few elements and few perspectives for one diagram
® Exporting diagrams to image files .

P g ciag 9 * Orthogonality - arrange elements and connectors orthogonally
e |llustrate classes from other standards

Tools, scripts and searches , o
* Avoid crossing lines

® Scripts in Enterprise Architect - Sample scripts e Parent elements above child elements
* Model searches in Enterprise Architect
s ShapeChange plugin ® Harmonize sizes

Creating XML Schemas From the Harmonized Model Using ShapeChange

s |llustrating constraints


https://github.com/ISO-TC211/UML-Best-Practices/wiki

GitHub Script repository

Sample scripts for working with UML models based on ISO/TC 211
standards

— https://qithub.com/ISO-TC211/UML-Best-Practices/tree/master/Scripts

' jetgeo Updates on validation scripts 7§5975a on 18 Jun ) History

B JScript added script that saves all the scripts belonging to the given script... 6 years ago
VBScript Updates on validation scripts 3 months ago
] P p P g
Readmemd Update Readme.md 5 years ago
P y! g
Readme.md P
Scripts

Scripts for working with UML models for geographic information in UML. The scripts are written either in

e JScriptorin

e \BScript
The scripts are organised in different categories:

® CHG: scripts that change the model

e DOC scripts that produce documentation of the model

® [NFO scripts that show information about the eap-file or related stuff
® VAL scripts that validate models

e scripts that start with an underscore should not/cannot be run directly

10 September 2021 17
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https://github.com/ISO-TC211/UML-Best-Practices/tree/master/Scripts

The UML models are the standards!

The standard documents are
the formal representations of
the models as text and
figures...

...and add normative
statements, conformance
classes and conformance
tests...

...but the UML models are
the originals!

10 September 2021

Common classes::
Abstract_Extent

I

«DataType»

/: EX_Extent

+ description: CharacterString [0..1]

+temporalElement 0..*

EX_TemporalExtent

+ extent: TM_Primitive

+geographicElemen +verticalElement 0..*

«Abstract» EX_VerticalExtent

EX_GeographicExtent + minimumValue: Real

+ maximumValue: Real

+ extentTypeCode: Boolean [0..1] ="1"

ISO 19115:2014 Geographic information —
Metadata — Part 1: Fundamentals

18
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Standardized Model-driven implementation

« 1SO 19136 Geography Markup Language
— XML for geospatial information
— Rules for UML Modelling (PSMs)
— Rules for conversion from UML to GML

« SO 19139 XML schema implementation
— General rules for conversion from UML to XML

« 1SO 19150-2 Ontologies

— Rules for conversion from UML to OWL

onversion

Implementation
schemas

10 September 2021
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Standardized Implementation Schemas

Derived from The Harmonized UML Model:

— XML Schemas https://schemas.isotc211.org

— OWL Ontologies https://def.isotc211.0org

TR
Iso TC 211 | Geographic information/Geomatics
v g

XML schema representations of geographic technology standards

BROWSE ALL SCHEMAS AND ASSOCIATED RESOQURCES

LOCATE A SPECIFIC

TR
Standard number Iso o L e —————
NI

Forexampe 19T Ontology representations of geographic technology standards

BROWSE ALL ONTOLOGIES

LOCATING ONTOLOGIES
|} Standard number: Part number: Year:

For example, 19101 72 2008

10 September 2021
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Version:

catalog-v001.xml

Resources

7]
AG5 ]
Harmonized Model
L
[ AG6
| Ontology

= @ ’]

Terminology

XML

AG 12
Control Body Geodetic register )

Locate ontology

20



https://schemas.isotc211.org/
https://def.isotc211.org/

The schemas are the resources for implementation!

Common classes::
Abstract_Extent

f

«DataType»
EX_Extent

Active ontology = | Entities = | Individuals by class = ‘ Individual Hierarchy Tab = | DL Query Cntal +  description: Characterstring [0..1]

The standard documents
present the models as text

Datatypes

‘ Individuals = @ EX_Extent — http:/idef isotc211 org/iso19115/-1/2014/Extentinformagion#EX_Extent
Data properties | Annotation properties [ Annotations | Usage |

Classes COhbject properties Th
Class hierarchy: EX_Exten EIIIE® X

atio E =11,
EX_TemporalExtent
Annctations

o+ L +  extent: TM_Primitive
. e 84| | X frsserted ~| relfs label
and figures... Sl —
= Anr!bule\nstan ces . EX_VerticalExtent
© Attributes skos:definition EX_GeographicEtent + minimumvalue: Real
L) Cl_Address i
and add normative
P

statments, conformance
classes and conformance
tests...

...the UML models are the
originals...

...but the schemas are
the resource needed for
implementation!

10 September 2021

@ Cl_Contact

Cl_Date

CI_OnlineResource

@ Cl_Party
= CI_Responsibility

Cl_Series
Cl_Telephone
@ CountryCode
@ Dataset
DQ_DataCuality
DS_Resource
) DS_StereoMate
ent
eographicExtent
EX_BoundingPolygon
) EX_GeographicBoundingB
) EX_GeographicDescription

- () EX_TemporalExtent

) EX_VerticalExtent

) FC_FeatureCatalogue
@ Featurelnstances

@ Features

-

Git: master

General class axioms

rdfs:isDefinedBy
hitp:i/standards.iso.org/iso/19115-1/ed-1/en/

consiraint

count{description + geographicElement + temporalElement + verticalElement) .gt.0

Equivalent To

SubClass Of
0 description max 1 rdfs:Literal
@ description only xsd:string
0 geographicElement only EX_GeographicExtent
@ temporalElement only EX_TempaoralExtent
0 verticalElement only EX_VerticalExtent

Mo Ressoner set. Select = ressoner from the Ressoner menu v Show Inferences @

O
gex EX_Extent_Type

extent of the resource

ISO/TC 211 Geographic information/Geomatics

P description W

@
LTypa | gco: CharacterString_PmpertyTypeJ

sets of points defining the bounding palygen or any other GM_Object geometry
(point, line or palygon)

0. rgengrauhicElement ®
LTypa | gex:AbstractEX_GeographicExtent_Prop J

0..e0 (lampnraEbment 1
@
LTypa | gex: EXJempnraIEx'tentjrnpartyTyneJ

\_ 0. | verticaElement 1@

LTypa | gex: EX_\."ertica\Ex'tent_PmuertyTypeJ

“—® Substitution Group

21



Application schemas and implementation schemas

D
o""" "’b

Metamodels
. O -~

UML, ISO 19109 General Feature Model

"'l'rEc"

Conceptual schemas - abstract schemas
1ISO 19107 Spatial Schema, ISO 19108 Temporal Schema, ISO

19111 Referencing by coordinates, etc.
UNIFIED o

Conceptual schemas - application schemas
MODELING ®
’ LANGUAGE ..

INSPIRE, OGC CityGML, LandInfra/InfraGML, etc
Implementation schemas < G M I_>
Schemas for GML, OWL, GeoPackage etc, derived from applicaton schemas
Vo
W] owr

Regional National

Global

ﬂ)l.

oGC Gj
Making location count. % G E 0 N 0 V U M
=
e A4 B
Organization Q(/oj{_q len‘?’ﬁ%\ Ka rtve rket
22
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The Harmonized UML Model

A E_i Conceptual Models
4 [Bl1soT1C2n

AII UML mOdels In One repOSItory I> [ Package Context Diagrams

I> [ 1S0O 6709 Standard representation of geographic point location by coordinate
. . > (3 1SO 19101 Reference model
Mal nta I ned by the H M M G [» [ 150 19103 Conceptual schema language
[ [ 150 19105 Conformance and testing

Reuse Of elements b £ 150 19104 Terminology

B [ 1SO 19107 Spatial schema

— Internally in ISO/TC 211 L0108 Temporl cherne

4 [1150 19109 Rules for application schema
standards b £ 150 19109 Edition 2

I> [ 1SO 19109 Edition 1

_ Externa”y OGC INSPIRE > [31S0O 19110 Methodology for feature cataloguing

4 [1150 19111 Referencing by coordinates

Domain models, National models A L_IESETIETEDE

Qg Internal package suppliers
> £ Common Classes
> [ Coordinates

Metamodels 4 [ Coordinate Reference Systems
UML, ISO 19109 General Feature Model EE Coordinate Reference Systems
8 Derived CRS
«interface» CompoundCRS
«interface» CRS
«interface» DerivedCRS
«interface» DerivedEngineeringCRS
«interface» DerivedGeodeticCRS
«interface» DerivedGeographicCRS
«interface» DerivedParametricCRS
«interface» DerivedProjectedCRS
«interface» DerivedTemporalCRS

Conceptual schemas - abstract schemas
1SO 19107 Spatial Schema, ISO 19108 Temporal Schema, ISO
19111 Referencing by coordinates, etc.

C _ N .
INSPIRE, OGC CityGML, LandInfra/InfraGML, etc.

Implementation schemas
Schemas for GML, OWL, GeoPackage etc, derived from applicaton schemas

| O [ W [ o o0 [0 [ S

10 September 2021 23
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Example internal dependencies: ISO 19116

Citation and responsible party information

Coordinate Operations

\TC211::1S0 19115 Metadtﬁ‘\z\a::lso 19115
-1 Edition 1)

(from .

(from 1SO TC211::180.19111
Referencing by coordinates::ISO
19111 Edition 3)

Data quality evaluation

(from ISO TC211::1SO 19157 Data

=

«Leaf»
Positioning Service Model

Coordinates

Measure types

(from ISO TC211::1SO 19111
Referencing by coordinates::ISO
19111 Edition 3)

Coordinate Systems

(from ISO TC211::1SO 19111
Referencing by coordinates::I1SO

Data quality quality::1SO 19157 Edition 1::Data
quality)
<
(from ISO TC211::1S0 19157 Data )
quality::1SO 19157 Edition 1) == Common classes < )

(from ISO TC211::1SO 19115
Metadata::ISO 19115-1 Edition 1)

Record types

19111 Edition 3)

v/

[{from 150 TC211::150 19103
Conceptual schema language::
! I1SO 19103 Edition 1)

Numerics

(from ISO TC211::150 19103
Conceptual schemailanguage::
ISO 19103 Edition 1::Primitive

types)

Date and Time

(from ISO TC211::1SO 19103

Conceptual schema language::

I1SO 19103 Edition 1)

(from ISO TC211::1SO 19103

Conceptual schema language::

I1SO 19103 Edition 1::Primitive
types)

ISO 19116:2019 Geographic information — Positioning services

10 September 2021
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Ways of accessing and working with the HM

https://github.com/ISO-TC211/HMMG/wiki#accessing-the-isotc-211-harmonized-uml-model

HM cloud repository (read/write access, for editors)
— Cloud based, latest versions of all approved changes for all models
Sparx ProCloud Web (open for anyone)
— http://iso.sparxcloud.com/index.php
Sparx ProCloud Reusable Asset Service (RAS)
— Read access - download published versions of individual model packages
directly into any EA project
GitHub resources:
— Standalone ‘Official’ EA project — periodically synchronized with ProCloud

— Standalone ‘Editorial’ EA project — periodically synchronized with ‘Official’ EA
project + merge of ‘Editorial’ XMls

ProCloud and RAS is the primary repository
EA projects on GitHub are provided for convenience

10 September 2021

2
ISO/TC 211 Geographic information/Geomatics 5


https://github.com/ISO-TC211/HMMG/wiki#direct-access-in-enterprise-architect-for-editors-only
http://iso.sparxcloud.com/index.php
https://github.com/ISO-TC211/HMMG/wiki#reusable-assets
https://github.com/ISO-TC211/HMMG
https://github.com/ISO-TC211/HMMG/blob/master/EA/ISOTC211_HM.eap
https://github.com/ISO-TC211/HMMG/blob/master/EditorialVersion/ISOTC211_HM%20EditorialVersion.eap
https://github.com/ISO-TC211/HMMG/wiki#accessing-the-isotc-211-harmonized-uml-model

Sparx ProCloud Web

http://iso.sparxcloud.com/index.php

& Web

1SO (read-only)

ﬂ ?E C | & External package dependencies

71150 AWI 19156 Edition 2
+ .
&7 External package dependencies
&7 Package dependencies - deta..
[ Abstract Sample core
i Conceptual Sample schema
{71 Examples
[71 Abstract Observation core
[71 Basic Observations
(71 Basic Samples
] Conceptual Observation sche...

Name types

(from IS0 T€211::150 19103
Conceptual schema languages:
150 19103 Edition 1) So
~

Text

150 19103:2015 Conceptual schema language, conformance class CoreTypes

Any type

(from ISO TCﬂ\I:.’!SO 19103
Conceptual schema language::
IS0 15103 Editjon 1::Primitive 7

tyqes) e

Lﬂn 150 TC211::150 13103
“Conceptual schema language::
IS0 19103 Edition 1)

General Feature Model

(from I1SO TC211::1S0 19109
Rules for application schema::S0
19109 Edition 2)

~

t
| 4
|

| -

1SO AW 19156 Edition 2

T ~
[gdm IS0 TC211:450 15156 S~

g.bs ervations and mr-!c\rs urements) ~

\ ~
\
\
\
A

10 19107:2019 Spatial Schema, confopfance
class Geometry 7
,

s

4

wrequirementsclass»
Geometry

]

(from I1SO TC211::1S0 19107
Edition 2)

1S0 19108:2002 T(\a‘m poral schema, conformance
class Applicat\or\\schemas for data transfer

N
aleaf»

Temporal Objects

(from I1SO TC211::1S0 19108
Temporal schema::150 19108
Edition 1)

150 19103:2015 Conceptual schema language,
conformance class CoreExtendedTypes

Web environment

(from IS0 TC211::150 19103
Conceptual schema language::
150 19103 Edition 1)

Measure types

(from 150 TC211::150 19103
Conceptual schema language::
IS0 15103 Edition 1)

-~

External package dependencies

Package
Version 1.0
2020-09-29 13:50:31 created by Ilka Rinne
2020-09-29 14:25:34 Iast modified

Full Properties

Location
£1150 AWl 19156 Edition 2

Notes

No Contents

|@
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https://www.isotc211.org/hmmg/HTML/ConceptualModels/

https://github.com/ISO-TC211/HMMG

« EA UML Projects
« XMI Files
o  Wiki

Welcome to the ISO/TC211 HMMG Wiki

The purpose of this wiki is to inform users and editors of the ISO/TC211 Harmonized UML Model how to connect
to and work with the model.

Accessing the ISO/TC 211 Harmonized UML Model

The ISO/TC 211 Harmonized UML Model is maintained with Sparx Enterprise Architect in Sparx ProCloud Services.
The model can be accessed in several ways: Through a Web Browser, Through Reusable Assets in Enterprise
Architect or through direct access to Sparx ProCloud in Enterprise Architect.

WebEA Access

The model is available on http://iso.spancloud.com. Registered user can log in and edit the model, while all users
can view the model in read-only mode. The WebEA Model shows the current medel in the cloud repository and
will always be up to date.

Downloading EA Project

An Enterprise Architect project with a complete copy of the Harmonized Model is available for download from
the HMMG GitHub. The copy is updated periodically.
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¥ master ~ ¥ 2 branches 1tag

@ ictoc0 Upcate README MY

B Documents

README.md

1ISO/TC211 Geographic information/Geomatics

The Harmonized Model Maintenance Group

- Pageso

Find a Page...

munity in the assessment and creation of standards.

Go to file

® baacefd 23 seconds ago X 110 commits

New version of the URI Document 2 years ago
I EA Minor changes on ISO/CD 19144-2 & days ago
B EditorialVersion Minor changes on ISO/CD 19144-2 & days ago
B Wikilllustrations Added folder and files for editorial version 2 years ago
B xXmi2a Models for 1ISO 19111 Edition 3 (Amendment 1) and 150 19116 Edition 2.... 15 months ago
[ READMEmd Update READMEmd 22 seconds ago

#

armonized Model Management Group (HMMG) maintains this repository for use by the members of

ki for information about the Harmonized Model Repasitory and how to access and use it.

~ Home

e downloaded from folders in this repository:
Welcome to the ISO/TC211

HMMG Wiki

Accessing the 150/TC 211
Harmonized UML Model

WebEA Access

Downloading EA
Project

Architect Projects with The Harmonized Model

for packages in The Harmonized Model
e model can be found at http://iso.spamxcloud.com.

Reusable Assets

Direct Access in ation.
Enterprise Architect (for
editors only)

Structure of the
Harmonized Model

convenor:

Tagged values

d, Norway.

Prefixes used in the
model

1S0/TC211 Wiki on best
practices for modelling
geographic information
in UML

27

ps://github.com/ISO-TC211/UML-Best-Practices/wiki for best practices on using UML for

ical errors in the models or in the scripts and macros, or to make contributions to this site, please



https://github.com/ISO-TC211/HMMG/tree/master/EA
https://github.com/ISO-TC211/HMMG/tree/master/XMI
https://github.com/ISO-TC211/HMMG/wiki
https://github.com/ISO-TC211/HMMG

Experiences

* Project teams need to work with the HM in different ways
— Depending on technical restrictions and possibilities set by
governments and employers...
* The cloud repository
+ Direct update with the latest version
— Lack of version control
— Response time challenges — geographic differences (!)

* Inlocal projects
+ XMI file version control on GitHub
« Manual XMI export/import — by Project team or HMMG

— Need manual XMI import into the cloud repository and official
offline projects — by HMMG

10 September 2021
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Automated documentation

Model-based authoring data flow with Metanorma

Models — EA
E....p

v

XMI *| LutaML XMI parser

Annotations == i"i

Documentation —— Metanorma AsciiDoc

»l Metanorma

XML

HTML
PDF
DOC

::: riboseopen

ISO
https://www.ribose.com/about bazad

10 September 2021
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https://www.ribose.com/about

Automated documentation

ISO 19170-1 fully generated via EA model (90%)

Contents ISOTC 211 N 5025
Date; 2020-04-28

ISOVDIS 191 70-1(E)

Eiceepa ISO/TC 211/WG 9
Introduction Secretariat; SN
1 Scope
2 Nomativ reeiences Geographic information — Discrete Global Grid
3 Terms and definitions
SE Systems Specifications —
4.1 Abbreviated terms
4.2 Universal Resource Identifiers
4.3 Unified Modeling Language Part ] :
notation S
R B T *| Core Reference System and Operations, and Equal Area
ok Earth Reference System

5 DGGS specification overview
5.1 Package overview

6 Common Spatio-temporal Classes
package P Information géographique — Systéme Global de Données Maillées Discrétes

6.1 Common Spatio-temporal —_—
Classes overview

6.2 Temporal and Zonal Geo Partie 1:
2 Temps al meLry . Py - - . -
package Systéme de Référence et Opérations de Base, et Systéme de Référence
6.3 Temporal and Zonal RS using Terrestre a Zone Egale
Identifiers package
7 DGGS Core package DIS stage

7.1 DGGS Core averview

::: riboseopen

https://www.ribose.com/about

10 September 2021
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Examples: Three domains, one real world

Plan, develop, g 8 #| Plan and control
construct and maintain L s transportation

...and one approach for modelling geospatial information?

10 September 2021
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Example: Intelligent Transport Systems (ITS)

® ™S

Map Update Exchange

ITS Databases

) -
R M i .
‘m Map e | Information
authorities
sources
p——————
) Road >
M I authorities 3
Q Events
I Maps
Events ; ‘Evems and changes ‘
Road users

Source: Jetlund, K., Onstein, E., Huang, L., Information Exchange
between GIS and Geospatial ITS Databases Based on a Generic Model.
Isprs International Journal of Geo-Information 2019, 8(3), p. 141,DOI:

ARTN 141 10.3390/ijgi8030141.

10 September 2021
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ubproperty 0..*

«FeatureType»
FeatureSet

*
+feature L.

«FeatureType»
Feature

+

typeName: LocalName

+property 0.*

«DataType»

GenericFeatureProperty

+ o+ o+ o+

memberName: LocalName
value: CharacterString [0..1]

unitOfMeasure: CharacterString [0..1]
valueReference: PropertyValueReferenceType [0..*]

+locationReference «DataType»
Location referencing::
1.* LocationReference
+featureTypeReference «FeatureType»
Feature Catalogue Exchange Model::
1 FeatureType
«FeatureType»
+property TypeReference
propertyTyp Feature C ) o
1 PropertyType

¢

Implementation schemas:

<GML>

W3Cis
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Example: Road infrastructure construction

aFEgtureTypens
Landinfra::Feature

name: Characterstring [0..1]

+propertyset

AnyFegture

Set|
Landinfra::
Propertyset

+property Member 1..*
|

+
+ description: Characterstring [0..1]
+ spatialReprezentation: Spatialkepresentation [0..*] “\\‘—W'DD"T&' Landinfra::Froperty
+ linearlyReferencediocation: LineartyReferencedLocation [0..*] —=) . -
e + rarr‘__. .,.I'a'ait_'st ng )
- |+ description: CharacterString [0..1]
+ wvalueType: Characterstring
+  wvalee: Any [1..*]
‘ +  units: CharacterString [0..1]
aFgatursTypes safiznment aFeatureTypes
E - Faolity::Fadlity
o.*
+alignment 1.t
+part | fo..*
set| +elzment aFeatureTypex
Alignment:-Aignmentset +alignmentset aFeaturETypes P N Fadility--PhysicalElement
e Fadiity::FadlityPart o.*
+ fadiityPartiD: ID Al'k
+ type: FadiityParType
Road Stringline +  status: Status uFeatureTypes
R + footprint: Geometry [0..1] Road::RoadElement
i R + ghemative: Characterstring [0..1]
+ name:Characterstring + roadElementiD: ID
+ desoription: Characterstring [0..1] -
P‘frll fiza ring [0..1] \<tringLine ﬁl'k csement | * roadE!En'len‘tT\,rpe. RsniidElemerltT\rpe
+  gEometry: Linestrng + material: Characterstring [0..1]
o uFeatureTypes o
+stringline L.* - Road::Road h +element L.*
+ roadiD: ID
+ approximatewwidth: Length [0..1] sroadElementtet
Set| +stringlineset
Road: Stringlineset 0..*  Road::RoadElementSet
o.*
+ stringlinesetiD: (D + roadElementset: 1D
Defined Codelist in Landinfra,
s but implemented 35
FeumEE Aot gmi:referenceType el e
Road:-Surface +surfaceset o.* Road::RoadElementType
+ =zwfacelD: 1D +surface SET
+ name: Characterstring é s Road::Surfaceset
+ description: Characterstring [0..1]
+ geomety:TIN 1.+ + surfacesetiD: 1D

1V ULUpUIvUL Ve

ISO/TC 211 Geographic information/Geomatics

0OGC

Making location count.

OGC LandInfra/InfraGML
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Example: Building Information Modelling (BIM

IfcPositioningElement

«FeatureType»

+axis 1.1

IfcGeometricRepresentationitem

«FeatureType»

IfcProductExtension::
IfcLinearPositioningElement

«FeatureType»
IfcProductExtension::IfcAlignment

IfcGeometricRepresentationitem

«FeatureType»
IfcGeometricConstraintResource::
IfcAlignment2DHorizontal

startDistAlong: Length [0..1]

+ redefinedType: IfcAlignmentTypeEnum [0..1
IfcGeometryResource::IfcCurve P s s P (0-1]
::IfcObject
+ /dim: Integer + objectType: CharacterString [0..1]
+ curve: Curve [0..1] ::IfcRoot
constraints + globalld: IchIobaIIy_UnlqueId
derivedim}  Lo._.. . + namg. (.jharacterStrlng [q..l]
h +  description: CharacterString [0..1]
4 I
'
'
:
«FeatureType»
IfcGeometryResource:: «EXPRESS_DERIVE»
IfcBoundedCurve {derive dim : Dim : IfcDimensionCount
:= IfcCurveDim(SELF)}
«Fo'aatureTyr.)e» +thorizontal
IfcGeometricConstraintResource:
:IfcAlignmentCurve 11
+
+ tag: CharacterString [0..1]

List aggregatebr _________ 1+
+segments n

«FeatureType»
IfcGeometryResource::IfcCurveSegment2D

Industry Foundation Classes — IFC
* Modelled in EXPRESS
 Converted to ISO/TC 211 UML

Implementation schemas:

+
+

startDirection: Angle
segmentLength: Length

{ordered}
+curveGeometry IfcAlignment2DSegment
«FeatureType»
! IfcGeometricConstraintResource::

IfcAlignment2DHorizontalSegment

<GML>

Source: Jetlund, K., E. Onstein, and L. Huang, IFC Schemas in 1ISO/TC 211 compliant UML for
improved interoperability between BIM and GIS. ISPRS International Journal of Geo-
Information, 2020. 9(4).

10 September 2021
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Improvements in progress: The UML Profile

I1SO 19103:202X
Geographic information — Conceptual schema language

Better conformance to the UML
Specification
Better structure of UML profiles

Semantics for improved
implementation in OWL

Reaching out towards Top-level
Ontologies according to ISO
21831-1.

Create MDG Technologies

10 September 2021

+
+
+

«metaclass» «metaclass» «metaclass» «metaclass»
Package Class Attribute AssociationEnd
+ URI: String + isActive: Boolean
Package (94
+ desaiption: String [0..1]
+ designation: String [0..1 FeatureType [®) PropertyType [$)
+ definition: String [0..1]
+  URI: String [0..1] +  URI: String [0..1]
+ vocbulary: String [0..1] + isGlobal: Boolean = false
+ desiption: String [0..1] + desaiption: String [0..1]
+ designation: String [0..1 + designation: String [0..1
+ definition: String [0..1] + definition: String [0..1]
ExternalNamespace >
+  namespaeURI: String [0..1] «metaclass» «metaclass»
DataType Enumeration
ApplicationSchema >
version: String * *
catalogue-entry: String [0..1]
language: String DataType > Enumeration P
+ URI: String [0..1] + URI: String [0..1]
Leaf <y + vocabulary: String [0..1] + vocabulary: String [0..1]
+ description: String [0..1] + description: String [0..1]
+ designation: String [0..1] + designation: String [0..1]
+ definition: String [0..1] + definition: String [0..1]
Union > Codelist £
+ codelist: String [0..1]
35
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Improvements in progress: Modular specifications

«ModularSpecification»
1SO 191XX Modular Specification

{77 +150 191XX Abstract Test Suite
EI +1S0 191XX RequirementSuite

(from Modular Specification Template)

«AbstractTestSuite»
1SO 191XX Abstract Test Suite

El + Content

El + XML-Implementation

«ConformanceClass»
Content
{uri=https://standards.isotc211.0rg/is0191XX/-/y/conf/content}

Conceptual model and

«RequirementsSuite»
1SO 191XX RequirementSuite

+requirementSuite ﬁ + Content

El + XML-Implementation

—
+ AllContent

tags

standardizationTarget = Instance of an implementaion, regardless of data

encoding

+requirementsClass

Conformance class for the content of an implementation

(from 1SO 191XX Abstract Test Suite)

«ConformanceClass»
XML-Implementation
{uri=https://standards.isotc211.0rg/iso191XX/-/y/conf/xml}

—
+ XML-Encoding

+requirementsClass

tags

standardizationTarget = XML document representing an implementation

Conformance class for XML encoding

(from 1SO 191XX Abstract Test Suite)

10 September 2021

«RequirementsClass»
Content
{uri=https://standards.isotc211.0rg/iso191XX/-/y/req/content}

+ MayDoThis

+ MustDoThat
+ MustDoThis
+ ShouldDoThis

Requirements class for the content of an implementation

(from ISO 191XX RequirementSuite)

«RequirementsClass»
XML-Implementation
{uri=https://standards.isotc211.0rg/iso191XX/-/y/req/xml}

+ XML-Encoding

Requirements class for the XML encoding of an implementation

(from ISO 191XX RequirementSuite)

ISO/TC 211 Geographic information/Geomatics

UML Profile
Extending I1ISO 19105 —
Conformance and Testing
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Summary

Real world

Universe of
discourse

defined in

Conceptual
P P ——— Conceptual model
ormalism provides concepts
for describing

l basis for one or more

MODELING
LANGUAGE ..

l formally represented in

Conceptual schema language(s)

€\ DR,
09 T b«\
SN a’
UNIFIED «~ —

@ Metamodels
UML, ISO 19109 General Feature Model

Conceptual schemas - abstract schemas
ISO 19107 Spatial Schema, 1ISO 19108 Temporal Schema, 1ISO
19111 Referencing by coordinates, etc.

Conceptual schemas - application schemas
INSPIRE, OGC CityGML, LandInfra/InfraGML, etc.

[ Lexical languages W

[ J
L Graphical languages

provides formal
language for

{ Conceptual schema

Implementation schemas
Schemas for GML, OWL, GeoPackage etc, derived from applicaton schemas

representing

([ ]
LI*¥ikl Geographic information/Geomatics || # Commitiee site | About  Strategic Policy Statement FAQ  Related

Geographic technology standard models & schemas

Home
Standard resource links &
latest news

‘ News & Articles PY

isotc211.org

10 September 2021

UML models are the standards!
Implementation Schemas are
needed for implementation
Documents are needed for
normative statements,
conformance classes and tests
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' | EA
E GLOBAL SUMMIT
1 2021
| September 8, 9 & 10 | Connect with world's prolific EA practi

Thank you for listening
- Questions, comments, concerns?

1SO/TC 211 have used UML for the development

PDT ep 10
CEST 19.00 - Sep10

AEST 03.00 - Sep 11
Prolaborate

@ ENTERPRISE
ARCHITECT  pmasens

Register Now | www.eaglobalsummit.com

— Bayview goad
[]

o, .'ﬂ-'l'inuq ——

— Bwviaw Ilbar ST

___II.
|
|
|

e Roag ——
= Brospece g
Hil =S
1 Reag -
¢ Rogy ———

Dr. Knut Jetlund
Convenor
ISO/TC 211 Harmonized Model Maintenance Group (HMMG)

knut.jetlund@vegvesen.no

Twitter: @Jetgeo

LinkedIn: https://www.linkedin.com/in/knut-jetlund/
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