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

Introduction

Agenda:
• About ISO/TC 211  and the HMMG
• 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

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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ISO/TC 211 Geographic Information/Geomatics
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• ISO/TC 211 contributes with over 100 standards 
supporting the UN Sustainable Development Goals

• UN-GGIM: Committee of Experts on Global Geospatial 
Information Management
– @UNGGIM 

UN Sustainable Development Goals

https://committee.iso.org/sdgs.html
http://ggim.un.org/
https://twitter.com/UNGGIM
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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)
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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
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Geospatial information is more than maps
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ISO/TC 211 Information modelling concepts

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

ISO 19103:2015 Geographic information — Conceptual schema language
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PIM

Domain models

Abstract conceptual models

PSM

Geometry

Transport Networks

TimeNetwork

Buildings

TN-GML Building-GMLTN-SQL Building-SQLTN-JSON Building-JSON

Model transformation

PM TN-GML
Schema

Building-GML
Schema

TN-SQL
Script

Building-SQL
Script

TN-JSON
Schema

Building-JSON
Schema

Transformation to implementation schema

Realize

Model Driven Architecture (MDA) 

Platform 
Independent

Models

Platform 
Specific
Models

Platform 
Models

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

ISO/TC 211 MDA – levels of abstraction

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

Source: Jetlund, K., E. Onstein, and L. Huang, Adapted Rules for UML Modelling of Geospatial 
Information for Model-Driven Implementation as OWL Ontologies. ISPRS International Journal of Geo-

Information, 2019. 8(9): p. 365.

Implementation

Conversion 
rules

UML modelling

Conceptual 
schemas

Metamodels

Implementation
schemas

UML Metamodel, ISO 19103 UML Profile, 
ISO 19109 General Feature Model

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

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

UML modelling 
rules

ISO 19103
ISO 19109
ISO 19136

Abstract 
schemas

Application 
schemas

According to

GML OWL

ConversionISO 19136
ISO 19139 ISO 19150-2Apply rulesConversion
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UML Metamodel, ISO 19103 UML Profile, 
ISO 19109 General Feature Model

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

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

UML modelling 
rules

ISO 19103
ISO 19109
ISO 19136

 

 

According to

 
   

«metaclass»
UML metamodel::

Classifier

«metaclass»
UML metamodel::

Interface

«metaclass»
UML metamodel::

DataType

«metaclass»
UML metamodel::

Enumeration

«stereotype»
Union

«stereotype»
CodeList

+ codeList: String [0..1]

«metaclass»
UML metamodel::

Package

«stereotype»
Leaf

Use keyword
interface

Use keyword
dataType

Use keyword
enumeration

Use keyword
type

«metaclass»
Union

«metaclass»
CodeList

Modelling rules:
ISO 19103 UML Profile

Classes and packages

ISO 19103:2015 Geographic information — Conceptual schema language (Figure D.29)
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Modelling rules:
ISO 19109 

The General Feature
Model (GFM)

IdentifiedType

«metaclass»
FeatureType

+ isAbstract: Boolean = false

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

constraints
{name is mandatory}

IdentifiedType

«metaclass»
PropertyType

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

IdentifiedType

«metaclass»
FeatureAssociationType

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

«CodeList»
ValueAssignmentType

+ assertion
+ derivation
+ inheritance
+ observation

«metaclass»
Operation

+ signature: CharacterString

«metaclass»
FeatureAssociationRole

+ cardinality: Multiplicity
+ valueType: TypeName

constraints
{name is mandatory}

«metaclass»
AttributeType

+ cardinality: Multiplicity
+ valueDomain: CharacterString
+ valueType: TypeName

constraints
{name is mandatory}

«metaclass»
ValueAssignment

+ type: ValueAssignmentType

«metaclass»
InheritanceRelation

+ description: CharacterString [0..1]
+ name: CharacterString [0..1]
+ uniqueInstance: Boolean [0..1] = true

+roleName

1..2

+subType 0..*

+superType 0..*

+theFeatureType 0..*

+carrierOfCharacteristics 0..*

+characterize 0..1

AttributeOfAttribute +characterizeBy 0..*

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

 

 

 

UML Metamodel, ISO 19103 UML Profile, 
ISO 19109 General Feature Model

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

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

UML modelling 
rules

ISO 19103
ISO 19109
ISO 19136

 

 

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

UML Best Practices

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

• Sample scripts for working with UML models based on ISO/TC 211 
standards
– https://github.com/ISO-TC211/UML-Best-Practices/tree/master/Scripts

https://github.com/ISO-TC211/UML-Best-Practices/tree/master/Scripts
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The UML models are the standards!

«DataType»
EX_Extent

+ description: CharacterString [0..1]

«Abstract»
EX_GeographicExtent

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

EX_TemporalExtent

+ extent: TM_Primitive

EX_VerticalExtent

+ minimumValue: Real
+ maximumValue: Real

Common classes::
Abstract_Extent

+verticalElement 0..*

+temporalElement 0..*

+geographicElement 0..*

• 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!

ISO 19115:2014 Geographic information —
Metadata – Part 1: Fundamentals
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Standardized Model-driven implementation

Implementation

Conversion 
rules

UML modelling

Conceptual 
schemas

Metamodels

Implementation
schemas

UML Metamodel, ISO 19103 UML Profile, 
ISO 19109 General Feature Model

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

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

UML modelling 
rules

ISO 19103
ISO 19109
ISO 19136

Abstract 
schemas

Application 
schemas

According to

GML OWL

ConversionISO 19136
ISO 19139 ISO 19150-2Apply rulesConversion

• ISO 19136 Geography Markup Language
– XML for geospatial information
– Rules for UML Modelling (PSMs)
– Rules for conversion from UML to GML

• ISO 19139 XML schema implementation
– General rules for conversion from UML to XML

• ISO 19150-2 Ontologies
– Rules for conversion from UML to OWL
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• Derived from The Harmonized UML Model:
– XML Schemas https://schemas.isotc211.org
– OWL Ontologies https://def.isotc211.org

Standardized Implementation Schemas

https://schemas.isotc211.org/
https://def.isotc211.org/
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• The standard documents
present the models as text
and figures…

• …and add normative 
statments, conformance
classes and conformance
tests…

• …the UML models are the
originals…

• …but the schemas are
the resource needed for 
implementation!

The schemas are the resources for implementation!

«DataType»
EX_Extent

+ description: CharacterString [0..1]

«Abstract»
EX_GeographicExtent

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

EX_TemporalExtent

+ extent: TM_Primitive

EX_VerticalExtent

+ minimumValue: Real
+ maximumValue: Real

Common classes::
Abstract_Extent

+verticalElement 0..*

+temporalElement 0..*

+geographicElement 0..*
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Global Regional National

Application schemas and implementation schemas
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• All UML models in one repository
• Maintained by the HMMG
• Reuse of elements

– Internally in ISO/TC 211 
standards

– Externally: OGC, INSPIRE, 
Domain models, National models

The Harmonized UML Model
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Example internal dependencies: ISO 19116

ISO 19116:2019 Geographic information — Positioning services
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• 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’ XMIs

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

Ways of accessing and working with the HM

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

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

Sparx ProCloud Web 

https://www.isotc211.org/hmmg/HTML/ConceptualModels/
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• EA UML Projects
• XMI Files
• Wiki

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

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


ISO/TC 211 Geographic information/Geomatics 
28

10 September 2021

• 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 (!)

• In local 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

Experiences
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Automated documentation

https://www.ribose.com/about

https://www.ribose.com/about
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Automated documentation

https://www.ribose.com/about

https://www.ribose.com/about
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Examples: Three domains, one real world

GIS
Analyze and present

BIM
Plan, develop, 

construct and maintain

ITS
Plan and control 
transportation

Photo: Knut Opeide, Statens vegvesen

…and one approach for modelling geospatial information?
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«FeatureType»
Feature

+ typeName: LocalName

«DataType»
GenericFeatureProperty

+ memberName: LocalName
+ value: CharacterString [0..1]
+ unitOfMeasure: CharacterString [0..1]
+ valueReference: PropertyValueReferenceType [0..*]

«DataType»
Location referencing::

LocationReference

«FeatureType»
FeatureSet

«FeatureType»
Feature Catalogue Exchange Model::

FeatureType

«FeatureType»
Feature Catalogue Exchange Model::

PropertyType

+property 0..*

+locationReference

1..*

+feature 1..*

+featureTypeReference

1

+subproperty 0..*

+propertyTypeReference

1

Example: Intelligent Transport Systems (ITS)

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.

Implementation schemas:
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Example: Road infrastructure construction

OGC LandInfra/InfraGML
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«FeatureType»
IfcProductExtension::IfcAlignment

+ predefinedType: IfcAlignmentTypeEnum [0..1]

::IfcObject
+ objectType: CharacterString [0..1]

::IfcRoot
+ globalId: IfcGloballyUniqueId
+ name: CharacterString [0..1]
+ description: CharacterString [0..1]

IfcGeometricRepresentationItem

«FeatureType»
IfcGeometryResource::IfcCurve

+ /dim: Integer
+ curve: Curve [0..1]

constraints
{derive dim}

IfcPositioningElement

«FeatureType»
IfcProductExtension::

IfcLinearPositioningElement

«FeatureType»
IfcGeometryResource::

IfcBoundedCurve

«FeatureType»
IfcGeometricConstraintResource:

:IfcAlignmentCurve

+ tag: CharacterString [0..1]

IfcGeometricRepresentationItem

«FeatureType»
IfcGeometricConstraintResource::

IfcAlignment2DHorizontal

+ startDistAlong: Length [0..1]

IfcAlignment2DSegment

«FeatureType»
IfcGeometricConstraintResource::
IfcAlignment2DHorizontalSegment

List aggregate

«FeatureType»
IfcGeometryResource::IfcCurveSegment2D

+ startDirection: Angle
+ segmentLength: Length

«EXPRESS_DERIVE»
{derive dim : Dim : IfcDimensionCount 
:= IfcCurveDim(SELF)}

+horizontal

1..1

+curveGeometry

1

+segments
1..*

{ordered}

+axis 1..1

Example: Building Information Modelling (BIM)

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

Information, 2020. 9(4).

EXPRESS

Implementation schemas:

Industry Foundation Classes – IFC
• Modelled in EXPRESS
• Converted to ISO/TC 211 UML 
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Improvements in progress: The UML Profile

• 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

ISO 19103:202X 
Geographic information — Conceptual schema language
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Improvements in progress: Modular specifications

«ModularSpecification»
ISO 191XX Modular Specification

+ ISO 191XX Abstract Test Suite

+ ISO 191XX RequirementSuite

(from Modular Specification Template)

«AbstractTestSuite»
ISO 191XX Abstract Test Suite

+ Content

+ XML-Implementation

«RequirementsSuite»
ISO 191XX RequirementSuite

+ Content

+ XML-Implementation

«ConformanceClass»
Content
{uri=https://standards.isotc211.org/iso191XX/-/y/conf/content}

+ AllContent

(from ISO 191XX Abstract Test Suite)

tags
standardizationTarget = Instance of an implementaion, regardless of data
encoding

Conformance class  for the content of an implementation

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

+ XML-Encoding

(from ISO 191XX Abstract Test Suite)

tags
standardizationTarget = XML document representing an implementation

Conformance class for XML encoding

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

+ MayDoThis

+ MustDoThat

+ MustDoThis

+ ShouldDoThis

(from ISO 191XX RequirementSuite)

Requirements class for the content of an implementation

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

+ XML-Encoding

(from ISO 191XX RequirementSuite)

Requirements class for the XML encoding of an implementation

+requirementsClass

+requirementsClass

+requirementSuite

Conceptual model and 
UML Profile

Extending ISO 19105 –
Conformance and Testing
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Summary

• UML models are the standards!
• Implementation Schemas are

needed for implementation
• Documents are needed for 

normative statements, 
conformance classes and testsisotc211.org
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Thank you for listening !
- Questions, comments, concerns?

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/

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