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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO
through ISO

member bodies). The work of preparing International Standards is normally carried out
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 procedy

described i
different ty
editorial ru

Attention is

- tHS€6 O—6GEYVE1OP b GO CHTEH a11o hose—trtended v, i v e "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the

bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2. www.iso.org/directives

drawn to the possibility that some of the elements of this document may'be the subjé¢ct of

patent rightss. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or

on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not

constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The commitftee responsible for this document is ISO/TC 211, Geographic information/Geomatics.

This second

anation on the meaning of ISO specific terms and\expressions related to conformity
as well as information about ISO’s adherence to*the WTO principles in the Technical

edition cancels and replaces the first edition (ISO 19109:2005).

Vi
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Introduction

Any description of reality is always an abstraction, always partial, and always just one of many possible
“views”, depending on the application field.

The widespread application of computers and geographic information systems (GIS) has led to an
increased use of geographic data within multiple disciplines. With current technology as an enabler,
society’s reliance on such data is growing. Geographic datasets are increasingly being shared and
exchanged. They are also used for purposes other than those for which they were produced.

To ensure that data will be understood hy hoth computer systems and users, the data st

uctures for

data
to be
Stan
metH

An a
one (
othe

defined with respect to data and operations, using the methods standardized in this |

od may be used that enables the standardized interfaces to be supported.

pplication schema provides the formal description of the data structure<and content

" related data. A fundamental concept of geographic data is the featuye.

access and exchange must be fully documented. The interfaces between systems, therefore, need

hternational

Hard. For the construction of internal software and data storage within proprietary dystems, any

required by

r more applications. An application schema contains the descriptions-of both geographic data and

© ISO

2015 - All rights reserved
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Geographic information — Rules for application schema

1

Scope

This International Standard defines rules for creating and documenting application schemas, including
principles for the definition of features.

The §cope of this International Standard includes the following:

onceptual modelling of features and their properties from a universe of discourse;
efinition of application schemas;

se of the conceptual schema language for application schemas;

ransition from the concepts in the conceptual model to the data types’in the applicatid

iintegration of standardized schemas from other ISO geographic*information standaf
dpplication schema.

The following are outside the scope:

2

2.1

¢hoice of one particular conceptual schema language for application schemas;
definition of any particular application schema;

fepresentation of feature types and their properties in a feature catalogue;
fepresentation of metadata;

fules for mapping one application'sehema to another;

implementation of the application schema in a computer environment;
¢omputer system and application software design;

programming.

Conformance

General

n schema;

ds with the

This|Iaternational Standard defines 12 conformance classes shown in Tables 1 to 12, mat

requ

ching the 12

rements classes described In Clauses 7 and 8. Any application schema claiming conformance to any

requirements class in this International Standard shall pass all of the tests listed in the corresponding
conformance class, which are described in detail in the abstract test suites in Annex A. Each test relates
to one or more specific requirements, which are explicitly indicated in the description of the test.

2.2

Meta-model

Table 1 — Meta-model conformance class

Conformance class /conf/general
Requirements /req/general (Clause 7, Table 15)
Tests All testsin A.2

© ISO 2015 - All rights reserved
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2.3 UML application schema

Table 2 — UML application schema conformance class

Conformance class /conf/uml

Dependency /conf/general (2.2)
Requirements /req/uml (8.2, Table 16)
Tests Alltestsin A.3

2.4 Profi]

2.5 Meta

- . " " 1
1115 SUallUdiU SCIICIIId

Table 3 — Profiling standard schema conformance class

Conformance class /conf/profile
Dependency /conf/uml (2.3)
Requirements /req/profile (8.3, Table 19)
Tests All testsin A.4

lata

Table 4 — Metadata conformance)class

Conformance class /conf/metadata
Dependency /conf/uml (2:3)
Requirements /req/metadata (8.4, Table 20)
Tests All testSin A.5

2.6 Quality

2.7 Temp

Table 5)— Quality conformance class

Conformance class /conf/quality
Dependency /conf/uml (2.3)
Requirements /req/quality (8.5, Table 21)
Tests All testsin A.6

oral

Table 6 — Temporal conformance class

Conformance class

/conf/temporal

Dependency /conf/uml (2.3)
Requirements /req/temporal (8.6, Table 23)
Tests All testsin A.7

© ISO 2015 - All rights reserved
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2.8 Spatial
Table 7 — Spatial conformance class
Conformance class /conf/spatial
Dependency /conf/uml (2.3)
Requirements /req/spatial (8.7, Table 25)
Tests All testsin A.8
2.9 r€overages
Table 8 — Coverages conformance class
Conformance class /conf/coverage
Dependency /conf/uml (2.3)
Requirements /req/coverage (8.8, Table 27)
Tests All testsin A9
2.1( Observations

2.11 Spatial referencing by identifiers

2.12

Table 9 — Observations confermance class

Conformance class /conf/eBbservation

Dependency /conf/uml (2.3)

Requirements /req/observation (8.9, Table 29)
Tests All tests in A.10

Table 10 — Spatial referencing by identifiers conformance class

Conformance(class /conf/identifier
Dependency /conf/uml (2.3)
Requirerments /req/identifier (8.10, Table 30)
Tests All testsin A.11
Codelist

Table 11 — Code list conformance class

Conformance class

/conf/codeList

Dependency /conf/uml (2.3)
Requirements /req/codeList (8.11, Table 31)
Tests All testsin A.12

© ISO 2015 - All rights reserved
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-lingual support

Table 12 — Multi-lingual support conformance class

Conformance class /conf/multi-lingual

Dependency /conf/uml (2.3)

Requirements /req/multi-lingual (8.12, Table 32)
Tests All testsin A.13

3 Norm

The followi
references,

tive references

Ig referenced documents are indispensable for the application of this document."\For ¢

bnly the edition cited applies. For undated references, the latest edition of the-referg

document (including any amendments) applies.

IETF RFC 5
rfc5646>

[SO 19103:2
[SO 19107:2
IS0 19108:2
[SO 19112:2
[SO 19115-1
[SO 19115-2
[SO 19123:2
[SO 19156:2
[SO 19157:2
ISO/IEC 195

(OMG UML) |
4 Terms

For the pury
4.1

646 (2009), Tags for Identifying Languages, available at <https://www.rfc-editor.org,

lated
nced

info/

015, Geographic information — Conceptual schema language

D03, Geographic information — Spatial schema

002, Geographic information — Temporal schema

003, Geographic information — Spatial referencing.by geographic identifiers

2014, Geographic information — Metadata —Part 1: Fundamentals

2009, Geographic information — Metadata=— Part 2: Extensions for imagery and gridded
005, Geographic information — Scheima for coverage geometry and functions

011, Geographic information — Observations and measurements

013, Geographic information’=- Data quality

05-2:2012, Information technology — Object Management Group Unified Modeling Lang
— Part 2: Superstructure

and definitions

oses of'this document, the following terms and definitions apply.

data

uage

application|

manipulation and processing of data in support of user requirements

[SOURCE: IS
4.2

019101-1:2014, 4.1.1]

application schema
conceptual schema (4.5) for data required by one or more applications (4.1)

[SOURCE: IS
4.3

019101-1:2014, 4.1.2]

complex feature

feature (4.9)

composed of other features

© ISO 2015 - All rights reserved
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conceptual model
model (4.15) that defines concepts of a universe of discourse (4.19)

[SOURCE: ISO 19101-1:2014, 4.1.5]

4.5

conceptual schema
formal description of a conceptual model (4.4)

[SOURCE: ISO 19101-1:2014, 4.1.6]

4.6

coverage
featyre (4.9) that acts as a function to return values (4.20) from its range for any diréct’poq
its spatial, temporal or spatiotemporal domain (4.8)

[SOURCE: ISO 19123:2005, 4.1.7]

4.7

datalset
identifiable collection of data

[SOURCE: ISO 19115-1:2014, 4.3]

4.8

dompin
well{defined set

Note
thed

49

featyre
abstraction of real-world phenomend

Note

when only one is meant.

[SOURCE: ISO 19101-1:2014) 4.1.11]

4.10

feature association

relat

featyre type
[SOURCE: ¥SO 19110:2005, 4.2]

411

| to entry: Well-defined means that the definitionis‘both necessary and sufficient, as everything
efinition is in the set and everything that doesniot satisfy the definition is necessarily outside tH

1 to entry: A feature can occtirias a type or an instance. Feature type or feature instance sh

jonship thatlJinks instances of one feature (4.9) type with instances of the same o}

ition within

that satisfies
e set.

ould be used

" a different

feature attribute
characteristic of a feature (4.9)

Note 1 to entry: A feature attribute can occur as a type or an instance. Feature attribute type or feature attribute
instance is used when only one is meant.

Note 2 to entry: A feature attribute type has a name, a data type and a domain (4.8) associated with it. A feature
attribute instance has an attribute value (4.20) taken from the domain of the feature attribute type.

[SOURCE: ISO 19101-1:2014, 4.1.12, modified - Notes and examples in 19101-1 have been omitted and
other notes have been added.]

© ISO 2015 - All rights reserved
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feature operation
operation that every instance of a feature (4.9) type may perform

EXAMPLE 1

EXAMPLE 2

A feature operation upon the feature type “dam” is to raise the dam. The results of this operation
are to raise the height of the “dam” and the level of water in a “reservoir”.

A feature operation by the feature type “dam” might be to block vessels from navigating along

a watercourse.

[SOURCE: ISO 19110:2005, 4.5, modified - The note given in ISO 19110:2005 for this entry has been

omitted. A's

econd example has been added.]

4.13
geographic

data

data with impplicit or explicit reference to a location relative to the Earth

Note 1 to ent
or explicitly ¢

414
metadata
information|

[SOURCE: IS

4.15
model
abstraction

4.16
observatiol
act of measy

[SOURCE: IS

4.17

property
facet or attr

[SOURCE: IS

4.18
quality
degree tow

[SOURCE: IS

I'y: Geographic information is also used as a term for information concerning phenromena imp
ssociated with a location relative to the Earth.

about a resource

0 19115-1:2014, 4.10]
of some aspects of reality
n

ring or otherwise determining the vglue(4.20) of a property (4.17)
0 19156:2011, 4.11]

ibute of an object referénced by a name

0 19143:2010, 4.24

hich a setof inherent characteristics fulfils requirements

0 9000:2005, 3.1.1]

4.19

universe of discourse
view of the real or hypothetical world that includes everything of interest

[SOURCE: IS

4.20
value
element of a

[SOURCE: IS

0 19101-1:2014, 4.1.38]

type domain (4.8)
0O/IEC 19501:2005, 0000_5]

icitly

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=6447643642aefa0958c49731fed810a3

5 Presentation and abbreviations

5.1

Presentation

5.1.1 General

ISO 19109:2015(E)

This International Standard describes how to create an application schema that integrates conceptual
schemas defined in the ISO geographic information standards. In addition to stating the rules for
creating application schemas, this International Standard provides guidance through examples.

5.1.2

Confj
class

All t¢
class
pack

5.1.3

Each

a dis

Conformance class

brmance to this International Standard is possible at a number of levels, specified by d
es (Clause 2). Each conformance class is summarized using the template shown as Tab

Table 13 — Conformance class template

Conformance class /conf/{classM}

Dependency [identifier for another conformance class]
Requirements /req/{classA}

Tests [reference to clause(s) containing tests]

Requirements class

psts in a class must be passed, so dependencies are«recorded with respect to other d
es rather than individual tests . Each conformance @lass tests conformance to a set of ¢
hged in a requirements class (Clauses 7 and 8).

normative statement (requirement_otr recommendation) in this International St
memper of a requirements class. In this\lnternational Standard each requirements class is
Crete clause or subclause, and summarized using the template shown as Table 14.

Table 14 — Requirements class template

Requirementgclass /req/{classM}

Target type [artefact or technology type]

Dependency [identifier for another requirements class]
Reguirement /req/{classM}/{reqN}

Recommendation /rec/{classM}/{recO}

Requirement /req/{classM}/{reqP}
Requirement/Recommendation [repeat as necessary]

onformance
le 13.

onformance
pquirements

hndard is a
Hescribed in

All requirements in a class must be satisfied, so the requirements class is the unit of re-use and
dependency, rather than individual requirements. Hence, the value of a Dependency requirement is
another requirements class.

5.1.4 Rules

All rules are normative, and each rule is presented using the following template:

|/re[c|q)/[classM]/[reqN]

[Normative statement]

© ISO

2015 - All rights reserved
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where /re(c|q)/[classM]/[reqN] identifies the requirement or recommendation. The use of this layout
convention allows the normative provisions of this International Standard to be easily located by
implementers.

5.1.5 Identifiers

Each requirements class, requirement and recommendation has an identifier in the form of a path or
partial URIL The identifier supports cross-referencing of class membership, dependencies, and links from
each conformance test to requirements tested. The identifier can be appended to a URI that identifies
the standard as a whole in order to construct an absolute URI which identifies the requirements class,
requirement or recommendation. For example, a URI scheme following the approach described in 2.8 of
[IETF RFC 5[141] would result in

— http://standards.iso.org/iso/19109/ed-2

Hence, the apsolute URI for each requirements class would have the form

— http://standards.iso.org/iso/19109/ed-2/req/[classM
and the abs¢lute URI for each requirement or recommendation would have thé-form

— http://standards.iso.org/iso/19109/ed-2/req/[classM]/[regN

5.1.6 Cornlceptual schemas

Conceptual schemas in the normative part of this International’Standard are presented in the Unified
Modeling Lgnguage (UML) in conformance with ISO 19103. UMY diagrams are presented in compliance
with ISO/IEL 19505-2.

5.1.7 Descriptions of concepts

Concepts frgqm UML are presented in all capitals —elg. CLASS, PACKAGE, ROLE, ATTRIBUTE, ASSOCIATION.

5.2 Abbrgviations

CSL Conceptual Schema Language
GFM General Feature Model

OCL Object Constraint Lafiguage
OWL  Wep Ontology:Language

UML  Unified Medeling Language

5.3 Package’ahbreviations

Concepts from schemas defined in some other International Standards are designated with names that
start with two-letter codes as follow:

Cv [SO 19123:2005 Schema for Coverage Geometry and Functions
DQ ISO 19157:2013 Data Quality

GM [SO 19107:2003 Spatial Schema

LI ISO 19115-2:2009 Metadata extensions for imagery

MD ISO 19115-1:2014 Metadata fundamentals

8 © IS0 2015 - All rights reserved
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MI [SO 19115-2:2009 Metadata extensions for imagery

oM [SO 19156:2011 Observations and Measurements

SF ISO 19156:2011 Observations and Measurements

SI [SO 19112:2003 Spatial referencing by geographic identifiers
™ [SO 19108:2002 Temporal Schema, Temporal Objects

TP [SO 19108:2002 Temporal Schema, Temporal Topology

6 Context

6.1 | Purpose of an application schema

An a:lpplication schema is a conceptual schema for data required by one“or more applications. An
application schema shall define

— the content and structure of data;
and nay define

— I:)erations for manipulating and processing data;
— (¢onstraints to ensure the integrity of the data.

The purpose of an application schema is twofold:

— floprovide a computer-readable data description defining the data structure, which makes it possible
o apply automated mechanisms for datamanagement;

o achieve a common and correctrunderstanding of the data, by documenting the datia content of
the particular application field, thereby making it possible to unambiguously retrieve [information
from the data.

6.2 | Rules for application’schema

This|International Standard does not standardize any application schemas; it only definjes rules for
creating application~schemas in a consistent manner (including the consistent definition|of features)
to fagilitate the aCgiviring, processing, analysing, accessing, presenting and transferring of geographic
databetween different users, systems and locations. The rules in this International Standard are, in the
case of data transfer or interchange, used by suppliers and users of geographic data to

— lbuild.a transfer application schema for data interchange;

— interpret the semantics of the transferred dataset with respect to user’s Tocal data and content and
structure of data;

— determine the necessary transformations between the two datasets.

The rules in this International Standard will assist the users of applications with similar data
requirements in creating a common application schema for the interface between their systems and
data. This includes an agreement about the elements from the universe of discourse. This is described
in more detail in 6.3.

The mapping from one application schema to another application schema may be difficult and even
impossible if the two schemas are too divergent. The mapping is facilitated if the application schema
used within a system is designed considering also the requirements for the data interchange. The rules

© IS0 2015 - All rights reserved 9
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can also be used for building an application schema used within a system, although such application
schemas are not within the scope of this International Standard.

The creation of an application schema is a process. The content of an application schema has to be
settled according to the view of reality in the universe of discourse. This is modelled in terms of types
of features and their properties. Clause 7 contains principles for consistently defining features.

The application schema defines the structure and content of data. It is expressed in a conceptual
schema language (CSL). Clause 7 also includes a model expressed in a UML profile that defines the
concepts required to describe types of features. Feature type definitions may be documented in feature
catalogues (ISO 19110). Such definitions may be used in an application schema. Other ISO geographic
informationrstandards—defineretsable-modites—of \,uuucytua} sehermas—that may be iutcsl ated—n an
application [schema. Clause 8 gives the main rules for integrating these predefined modules’into a
conceptual §chema in UML.

NOTE ISP 19118, 1SO 19136 and ISO/TS 19139 define how a dataset defined by an application schema in
UML is encoded.

6.3 Application schema supporting data interchange

6.3.1 Intrjoduction
Data intercfange between information systems may take place in two ways:

— In the tfaditional data transfer model, the data supplier createsa dataset that is transferred tp the
user. The structure and the content of data are described in,the application schema for the dataset.
The dathset is sent in a transfer format;

— In the interoperability model, the user applicatiewcommunicates with the supplier applichtion
through a common communication protocol. In this scenario, the user invokes services that result
in data|being passed from the service provider to the user application. The application schema
describes not only the structure and contentof the exchanged data, but also the structure qf the
interfages involved in the transaction.

There is a flindamental distinction between a data transfer and a data transaction. In data transffer, a
data set is predefined in an application'schema. The spatial extent and the rules for inclusion of feature
instances are also predefined. Theluser requests and receives a copy of the dataset (or may regeive
it automatidally through a long-tetm agreement for distribution of datasets). In a data transaction, a
requester first specifies selection criteria, such as spatial extent and feature instance inclusion rulgs for
the data from the producer’sdata store. Data meeting the selection criteria are then retrieved from the
data store aphd providedd#po the user.

NOTE Conformance)to the rules in this International Standard does not guarantee that data confoming
to any given [applicdation schema can be transformed in a meaningful way to conform to any other applidation
schema. At best/t\allows the user to determine which elements are common to the two schemas and yhich
could be trapsformed from one schema to another, as well as those that cannot be transformed. Conjplete
interoperability camronty occurwhenm useramd supptiertrave fdemnticatapplication schenras:

6.3.2 Data interchange by transfer

Figure 1 shows the traditional data transfer model for data suppliers and data users. The structure
and content of the data provided by the supplier and received by the user are described in application
schemas. To be able to transfer data, three conditions must be fulfilled.

10 © IS0 2015 - All rights reserved
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Figure 1 — Data interchange by transfer

the user and the supplier must agree on creating an application schema for the
hnged in accordance with this InternationalStandard. In order to facilitate the tran
pplication schema is developed using the application schemas from the user and f
mapping will be made from the supplier’s application schema to this application sch
hnged data, and a second mapping iwill be made from this application schema to thd
na of the user.

hd, the supplier must be ablé.to transform the application data defined according to

hnged data.

1, the user must bé-able to transform the transfer dataset defined according to itg
ma to the application data defined according to the user’s application schema.

Data interchange by transactions

'e 2 shiows data interchange through transactions described in the interoperability]
application makes a request for data that is received by the supplier application. In r

supp

data being
sfer of data,
he supplier.
ema for the
application

the supplier
ma for the

application

model. The
bsponse, the
are defined

lieDapplication delivers a resulting dataset. Both the request and the resulting dataset

according to a common application schema. The supplier application is responsible for transforming the
datain system A into the data in the exchanged dataset. After receipt, the user application is responsible
for transforming the exchanged data into data in system B. Data interchange by transaction is provided
by geospatial services as defined in ISO 19119. In particular, feature access services are defined in
Geographic model/information management services.

© ISO

2015 - All rights reserved
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Figure 2 — Data interchange by transactions

describes general rules for formalizing an application schema, independent of any spé¢cific
schema language. The General Feature Model is the meta-model for application schgmas,
inition of the General Feature Model is part of the general rules. The rules compifise a
s class summarized in Table 15.

12

|5 — Requirements,class covering general requirements and the meta-model for
application schemas

Requirements—class /req/general
Target type Application schema
Requirement /req/general/csl
Requirement /req/general/integration
Requirement /req/general/feature
Recommendation /rec/general/property-name
Requirement /req/general/attribute
Requirement /req/general /operation
Requirement /req/general/association-role
Requirement /req/general/value-assignment
Requirement /req/general/feature-association
Requirement /req/general/inheritance
Recommendation /rec/general/constraint

© ISO 2015 - All rights reserved
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7.2 Features, Coverages and Properties

7.2.1 Features

A fundamental unit of geographic information is called a feature. ISO 19110 provides a standard
framework for organizing and reporting the classification of features.

This International Standard gives rules for creating application schemas, including the principles for
the definition of features. The term “feature” is used in different contexts, and defined according to the
four-layer architecture. Annex B describes the use of the term feature in the four-layer architecture.

This[Intermations andard distmnguishes four aspe of defimng features: the ddfinitions or
description used to group them into types, the attributes associated with each type, thé-relationships
among the types and the behaviour of the features.

EXANPLE “Tower Bridge” is the abstraction of a certain real-world bridge in London/ The terjm “bridge” is
the apstraction of the collection of all real-world phenomena that is classified into the\concept be:rind the term
“bridge”. Later in the document, the terms “feature type” and “feature instance” aré.used to separatle the concept
of “fepture” describing the whole collection from the concept of describing a certain instance occurtence.

Figure 3 describes the most abstractlevel of defining and structuringgeegraphic data. The classification
of real-world phenomena as features depends on their significance té.a particular universe ¢f discourse.

Reality: phenomena

Universe of
Discourse

perceived in context of

[ geographicapplication ]

classified into involving feature catalogue
feature types property types
defining 0:n defining 0:n
data’capture
[ feature instances property instances

feature characteristic

Figure 3 — The process from universe of discourse to data

7.2.2 Coverages

Many aspects of the real-world may be represented as features whose properties are single-valued and
static. These conventional features provide a model of the world in terms of discrete objects located in
it. However, in some applications it is more useful to use a model focussing on the variation of property
values in space and time, formalized as coverages. Users of geographic information may utilize
both viewpoints. While coverages are themselves strictly features as well, it is common to contrast
coverages and non-coverage features when discussing the functionality provided by each viewpoint. In
the following discussion the name ‘feature’ refers to non-coverage features.

© IS0 2015 - All rights reserved 13
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and coverage representations may be related in several ways:

— signal processing to find and characterize features: signals in coverages may provide evidence for
the existence, location and type of features, detected through modelling and interpretation;

EXAMPLE 1
the existence

EXAMPLE 2
underground

Patterns of colour or other radiance bands within a remotely-sensed image may be used to
of specific objects or features on the ground.

infer

Signals in a geophysical borehole log may be used to infer the presence of particular rock-units at

locations.

coverage-typed feature properties: feature properties whose value vary within the scope of a

feature

EXAMPLE 3
spatial functj

features
samplin

dy be described as COVErages WITOSE GOIMal EXTENT 1S e GEOMELTY Of THE [Eature;

on or coverage within the spatial limits of the mine.

sample a coverage: the values of a common property of a set of features provide a dis
g of a coverage, whose range type is the property, and whose domainlis the aggrq

The variation of concentration of a particular ore-mineral within a mine may be described as a

Crete
bgate

geometry of the set of features.

EXAMPLE 4 on of

temperature

The temperature at a set of weather stations may be compiled toshow the spatial variat
across the region where the stations are located.

A constrain{
a coverage d

in the latter two cases is that a property-type from a featfirg catalogue is the range-tyjpe of

escription in the same universe of discourse.
features having property values that vary within the'scope of the feature can be descfibed
neral feature model (7.5.8).

The case of
using the ge|

While the ¢ both

feature- and

verage model is described in detail in ISO 19123, an application schema may include
coverage-types.

NOTE T bctor’

and ‘raster’ 4

e feature and coverage viewpoints areeldted to (though not identical with) the so-called ‘v
proaches from traditional GIS implenientations.

7.2.3 Properties and observations

ralue
ith a

Property values are associated with features and coverages. In the case of features, a property Y
is associatefl with a classified object. In the case of coverages, a property value is associated W
position in the domain.

hrity,
r by
1 the

Property vajues can be assigiied in a number ways, such as through assertion by a competent auth
by inheritance from a_pdrent feature or type, by derivation from more primitive properties,

observation{ In the Jatfer case the value assigned is an estimate, with an error resulting fron
observation|procedure.

erate

NOTE Fa llowmg 1SO 19156, observatlon denotes the generallzed case ofan event usmg a procedure to ger
the estimate. Iheprocedu 3 ] 2373 3 ] 3 cla cationproce

The result of an observation is a property value that is assigned to its feature of interest. Where the feature
property has a constant value, an associated observation result has a static value. Where the feature
property varies with position, the result of an associated observation is a spatial function or coverage.

7.3 Features and the application schema

This International Standard supports the definition of feature types and coverages with respect to
their representation in data structures defined by application schemas.

Figure 4 shows the process of structuring data from the universe of discourse to the geographic dataset.
The definitions of the feature types and their properties, as perceived in context of an application field,
will be derived from the universe of discourse. A feature catalogue documents the feature types.
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An application schema defines the logical structure of data and may define operations that can be
performed on or with the data. An application schema addresses the logical organization, rather than
the physical. An application schema is formalized using a Conceptual Schema Language.

/req/general/csl An application schema shall be expressed in a conceptual schema language.
It shall describe the structure and content of the dataset that represents a
universe of discourse.

When creating an application schema, the concepts of the General Feature Model (GFM; see 7.4)
are mapped to the concepts of the chosen conceptual schema language. For UML, these rules are
described in Clause 8.

Universe of
discourse

Model of the Universe of Model of

discourse in terms of the feature tvpes and < >
concepts of the General yP

Feature Model property types

Feature
catalogue

Model of structure and

content of data in terms Application
of a conceptual schema schema
language

Data with\ogical structure
accerding to the

\ ). Data
applieation schema

Figure 4 — From reality to geographic data

Use of definitions from existing feature catalogues or feature concept dictionaries can reduce the costs
of data acquisition, allowing developers to use existing data, and simplify the process of developing the
application schema. Dependencies are clearly recorded.

/req/general/integration The developer of an application schema may use definitions from feature
catalogues that already exist. Where an application schema integrates com-
ponents from another schema, the dependencies shall be recorded explicitly
using mechanisms provided by the conceptual schema language.

© IS0 2015 - All rights reserved 15
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7.4 The General Feature Model

7.4.1

Introduction

Concepts used to define features and how these concepts are related are identified and described in 7.4.
The description is expressed in a conceptual model, also called the General Feature Model (GFM).

Annex B provides discussions regarding the purpose and design of the GFM.

NOTE

The complete kernel of GFM is found in Annex B.3.

aof tha
Ot—t1e

ibes

7.5 to 7.7 d
different as
concept of ¢

7.4.2 The

The GFM is
which is UM

The things

attributes, f]
feature assd
GFM is a me

Feature typ
the structur
feature typd
concepts (sq
feature typd
concepts ar§

The GFM sp

nict bhaow Aiffarant ~cnnctc
pPreeaow—eaterentasSpeess

pects of attributes and 7.6 describes different aspects of relationships. 7.7 describe
pnstraints.

nropartiac of o foqtiiven Avn poanagnd 70 daco
propertes—or—a—teatutre—are—Hahagea—"—=—6ae5€

purpose of the GFM

n model of the concepts required to classify a view of the real world. It is'eXpressed in 4
L in accordance with 1SO 19103.

we want to classify are called features. Feature types have properties that are fed
eature operations and feature association roles. The relatignsbetween feature type
ciations and inheritance. All these concepts are expressed as metaclasses in the GFM
tamodel of feature types.

bs can be documented in feature catalogues. The GFM-may serve as the conceptual mo
e of a feature catalogue, but the feature catalogue-has additional concepts for docume
s. There is a Feature Catalogue Model (FCM) thatrealizes the GFM concepts and adds

e ISO 19110). Some new concepts are, for. example, a list of the feature attributes of
e, aliases of the feature type name, and codes for the feature type name. These addit]
e not in conflict with the concepts fromthe GFM.

bcifies the requirements for the classification of features, butis not a CSL. We have to u

existing CSI
is used to

to define the application schema! Within the ISO geographic information standards,
efine standard schemas. Astwe want to integrate standard schemas into our applic

s the

CSL,

hiture
5 are
L The

lel of
nting
more
each
ional

e an
UML
htion
dard

schemas, it |s convenient to also express the application schema in UML. This International Stan
defines the main rules for mapping GEM concepts into UML. This may be done for other CSLs as we
UML providgs a general mechanisin for classifications of any kind, it has to be profiled to be used
basis for the classification of features. This profile is UML as specified in ISO 19103 and augment
this International Standard.and is summarized in 8.2.2.

11. As
asa
ed in

The GFM defines the striicture for classifying features that we need to keep in mind when we mak
application schema in\UML. However, the mapping from GFM to UML is a one-way mapping; it i
possible to map batkwards. For example, the application schema has UML classes. Some of these cl
are GFM feafuré.types and some are the datatypes for feature attributes; it is not possible to keep {
things apart. The GFM does not define feature-attribute values to the depth that is needed. That i
necessary to do as the GFM only specifies the structure and content of definition of features.

e our
S not
hsses
hese
s not

Hence, the GFM is a metamodel for definition of features that is also used to define the structure of
feature catalogues. The chosen CSL (i.e. the UML profile as restricted by ISO 19103 and augmented in
this International Standard) is the metamodel for an application schema.

7.4.3 The main structure of the GFM

Figure 5 shows the concepts used to define types of features. Besides a name and a description, a

feature type is defined by its properties such as
feature attributes,

— feature association roles characterizing the feature type, and
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— feature associations between the feature type and itself or other feature types,

— generalization and specialization relationships to other feature types, and

constraints on the feature type.

«metaclass»
IdentifiedType

+ 4+ + 4+ +

IdentifiedType

«metaclass»
FeatureType

+superType 0..*

consfrainedBy: CharacterString [0..7]
definition: LanguageString [1..%]
description: LanguageString [0..%]
designation: LanguageString [0..%]
name: GenericName [0..1]

Attrib

NOTE 1

NOTE 2

+ isAbstract: Boolean = false
:identified Type

I~
~

+ constrainedBy: CharacterString [0..*]
+ definition: LanguageString [1..7]

+ description: LanguageString [0..%]

+ designation: LanguageString [0..%]
+ name: GenericName [0..1]

constraints
{name ismandatory}

N

+subType 0..* «meftaclasg

InheritanceRelation

»

+ descfiptieh: Character:
+ nalmle: CharacterString|
+ Uniduelnstance: Boole

tring [0..1]
[0..1]
an [0..1] = true

tcharacterize 0..1| +{valeType: TypeName

constraints
{name ismandatory}

Lite O fAttribute +characterizeBy 0..*

+theFeatureType {)0..*
metaclasy  p————""_
Val(:JeAssignn):ent +carrierOfCharacteristics \|/0..*
+ type: ValueAssignmentType IdeqtifiedType IdentifiedType
«metaclass» «metaclassy
PropertyType FeatureAssociatignType
:identifiedType 2dentifiedType
«CodelList» + constrainedBy: ChatacterString [0..*] + constrainedBy: CharactefrString [0..7]

ValueAssignmentType + definition: LangdageString [1..%] + definition: LanguageStr|ng [1..%]
+ description:.L'ahguageString [0..*] + description: LanguageS{ring [0..*]

+ assertion + designation: LanguageString [0..%] + designation: Languagedtring [0..%]

+ derivation + name: GenericName [0..1] + name: GenericName [0.}1]

+ inheritance

+ observation

+rpleName
1.2
«metaclass» «metaclass» «metaclassy
Attribute Type Operation FeatureAssociatiopRole
+ cardinality: Multiplicity + signature: CharacterString + cardinality: Multiglicity
+ vdlweDomain: CharacterString + valueType: Typellame

constraints
{name ismandatory

© ISO 2015 - All rights reserved

Earlier versions of this standard prefixed most class names with ‘GF_". That convention is no longer used.

The types CharacterString, GenericName, LanguageString, LocalName, TypeName, are from ISO 19103.
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7.4.4 IdentifiedType

IdentifiedType is a metaclass from which the other key classes in the General Feature Model inherit
some common identification and description attributes. IdentifiedType is the supertype of FeatureType,
PropertyType and FeatureAssociationType.

— name

name of the element. Optional in general, but required on some specializations as indicated below.
The type GenericName [ISO 19103] allows the namespace to be either explicit or implicit.

The CSL may constrain the scope and namespace of model elements. In UML the name of a class is
scoped to tHe package, and the name of an attribute or role is scoped to a class, so when using UNIL as
the CSL [Clduse 8] the Application Schema provides the namespace for feature types, and the\feature
type provides the namespace for properties. In OWL the namespace for both classes and priopertjes is
usually but hot necessarily provided by the ontology. When using OWL as the CSL [ISO 19950-2] classes
will typically be scoped to the ontology or application schema, but property types maybe scoped to a
class, to thefapplication schema, or to an external ontology or catalogue.

— definitipn

concise| definition of the element. One definition is mandatory. Additional definitions can be
provided in multiple languages if required.

— designaftion

natural|language designator for the element to complement the name. Optional, with multiple
designaftions allowed to support different languages.

— description

description of the element, including information beyond that required for concise definition but
which may assist in understanding its scopetand application. Optional, with multiple descripfions
allowed to support different languages.

— constrajnedBy

description of a constraint made.on the IdentifiedType or specified on properties within a fype.
Also seg¢ 7.7.

7.4.5 FeatureType

A feature is|an abstractien-of real-world phenomena. FeatureType is a metaclass that is instantiated as
classes thatrepresentindividual feature types. A certain feature type is the class for all instances of that
feature typd. The instances of a class that represents an individual feature type are feature instandes.

19°]
1

/req/general/feature Features shall be modelled as instances of the metaclass FeatureType, as d

£ R I o1 = 3. 74
IHNITU I r'igui © J dIiu 111 7.7%F. J.

Features shall not be modelled as specializations of GM_Object
(ISO 19107:2003) or TM_Object (ISO 19108:2002).

The feature shall have a name that is unique in the application schema.

NOTE1 Feature types are equivalent to classes and feature instances are equivalent to objects, in object-
oriented modelling.

NOTE2  Geometry-, topology- and temporal-objects (GM_Object, TP_Object, TM_Object) are not abstractions of
real-world phenomena. These types can provide types for feature properties, but cannot be specialized to features.

NOTE 3 Annex B provides a table on the use of the term “feature”.
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FeatureType inherits attributes for identification and description from the abstract metaclass
IdentifiedType. The name is mandatory on a feature type, and is unique in an application schema.

FeatureType adds the following attributes and association ends:

i

sAbstract

Boolean attribute (mandatory). If true, the feature type acts as an abstract supertype.

carrierOfCharacteristics

association role to specify any feature operation, any feature attribute type and any feature

b

q

q

7.4.6

Prop
whic
attri
adds

Prop
occu
madg{
migh
will

with

Ssociation role that carries characteristics of a feature type. While strictly optional,
r a feature type to be defined having no properties. Repeatable.

uperType

issociation role to specify a supertype (generalized type) of the feature type (optional,

PropertyType

ertyType is the abstract superclass for AttributeType, Operation and FeatureAssd
h provide characteristics that may be associated with a{feature type. PropertyTy
butes for identification and description from the abstractmetaclass IdentifiedType. P
no further attributes or associations.

erty types are specified independent of any specific\feature type. A property instan
's in the context of a feature, though in some cases the feature is very generic and 1
e explicit in the dataset. For example, the featute type or feature identity for an obsery
t not be available because the necessary datainterpretation has not yet been complete
bften be described independent of features: It is therefore best if property type name
n an application.

t is unlikely

repeatable).

ciationRole,
'pe inherits
ropertyType

e and value
night not be
ed property
|. Properties
5 are unique

/rec

general/property-name
schema;, or should have the same intention with respect to the C
the\property as any other property with the same name in the A
Schema. A property type may be used by one or more feature tyql
property type definition is the same in all contexts.

The name of each property type should be unique within an appé[cation

ASS owning
plication
es if the

NOTH

appli
charg

EXAN

may be usefully'measured and recorded independently from the feature or medium at any particulz

EXAN
in the

Decoupling property-types from feature-types is consistent with scientific and

bservational

Cations, where properties may be observed prior to feature detection, and where the same property may

cterize more thap one feature at different stages in a processing chain.

IPLE 1 Physical properties like temperature, magnetic field, gravity vector, are present un

PLE\2°  Engineering properties like mass, width, height, distance, velocity, may be used in tH

jversally, and
r location.

€ same sense

context of different feature-types.

7.4.7 AttributeType

Attri

buteType is the metaclass for attribute definitions of a feature type (see also 7.5).

/req/general/attribute

Feature attributes shall be modelled as instances of the metaclass Attribute-
Type, as defined in Figure 5 and in 7.4.7, and further elaborated in Z.5.

AttributeType inherits attributes and associations from the abstract metaclass PropertyType, The
name is mandatory for an attribute type.

© ISO

2015 - All rights reserved
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AttributeType adds the following attributes and association ends:
— valueType
data type of the attribute value (mandatory).

NOTE1 ISO 19103 defines some data types that may be used for the valueType of a feature attribute, and other
ISO geographic information standards define other object types that may be used.

EXAMPLE1 Integer, CharacterString or GM_Object.

— valueDomain

description of a set of values (mandatory). In some cases the domain of values may be aget of
conceptls used as classifiers, organized in a vocabulary or lexicon.

EXAMPLE 2 | Positive, from 3 to 7; GM_Object and all its subtypes as defined in ISO 19107; enumerated sef.

NOTE 2 ISP 19103 provides for a class that defines a vocabulary to be stereotypefd’wenumeration» or
«CodeList», where the members of the vocabulary are modelled as UML attributes. Conyentionally a vocabulary
was considerjed as a set of character string values. However, modern knowledge organization theory considers a
term to be me¢rely a label for a concept (ISO/TS 19104:2008; Miles & Bechhofer, 2009):

— cardinality

number| of instances of the attribute that may be associated with a single instance of a feature
type (mandatory).

— charactprize

the attribute type that is described by this attribute type (in the case of an attribufe of
attribute) (optional).

— charactprizeBy

an attrjbute type that describes this attribute type (in the case of an attribute of attripute)
(optional, repeatable).

EXAMPLE 3 | An attribute that carriesthe position of a feature may have another attribute that holds the
positional acfuracy (data value of QualityAttributeType) of this position.

A taxonomy|of attribute types is-d€scribed in 7.5.

7.4.8 Opdration

The behaviqur of features is described by operations that may be performed upon or by all instdnces
of a feature|type, An*Operation represents the behaviour of a feature type as a function or a method.
ISO 19110 pjrovidés a broader discussion on behaviour of feature types. Operation is the metaclags for
describing Hehaviour of feature types in terms of operations.

/req/general/operation Operations shall be modelled as instances of the metaclass Operation, as
defined in Figure 5 and in 7.4.8.

NOTE1 Operations only apply to the interoperability model and do not apply to the data transfer model as
described in 6.3.

NOTE 2  Instances of Operation are of three kinds: observer operations, mutator operations and constructor
operations. Observer operations return the current values of attributes. Mutator operations include actions that
change those values. A constructor operation creates an instance of a class for which it is defined. For example,
an observer operation may be used to find the height of a dam. Raising the dam is a mutator operation that
changes the height of the dam and also affects the attributes of the watercourse and the reservoir associated
with the dam. Values may be observed or affected for another feature instance if there is an association between
the feature types involved.
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In addition to the attributes and associations inherited from the abstract metaclass PropertyType,
Operation adds the following attributes:

— signature
description thatindicates the name, the arguments and the return values of an operation (mandatory).

NOTE 3 InUML,thesignatureisexpressed inthe form operation_name(input_parameterl, input_parameter2,...):
output_value_type, for example has_height(): real.

Properties of class operations are determined by application schema designers.

7.4.9 FeatureAssociationRole

FeatlireAssociationRole is the metaclass for the classes of roles that are part of a FeatureAssqciationType
(Z4.11). FeatureAssociationRole indicates the role played by the feature type through the|association.
The instance of FeatureAssociationRole that gives the role for one feature typercan also beseen as part
of this feature type.

/reqfgeneral/association-role Feature association roles shall be modelled-as instances of the metaclass
FeatureAssociationRole, as defined in Eigure 5 and in 7.4.9.

FeatyireAssociationRole inherits attributes and associations fromthe abstract metaclass PrjopertyType.
The pame is mandatory for an association role.

Featl@ireAssociationRole adds the following attributes:
— valueType
data type of the role value (mandatory).

— ¢ardinality

umber of instances of the feature type that can act in this role relative to a single inqtance of the
eature type at the other end of the association (mandatory).

7.4.10 ValueAssignment

ProplertyType is the metaclass for any class of property of a feature type that describes characteristics
of the feature, the behayiour of a feature, or the association roles that the feature is in. PropertyType is
the sppertype of Operdtion, AttributeType and FeatureAssociationRole.

Valugs can be asSigned to properties through a variety of methods. In many applications and for
many properties the method is either not known, or is not of sufficient interest for it to pe explicitly
modelled. Nevertheless, in principle a value assignment process is associated with evefry property
valu¢. ValdeAssignment is the association metaclass for any process by which values are assigned to a
propefty, and when required, instances of this metaclass support auditing the evidence for]assignment
of a property value.

/req/general/value-assignment A value-assignment process shall be modelled as an instance of the associa-
tion class metaclass ValueAssignment, as defined in Figure 6 and in 7.4.10.

In a value-assignment instance, the property for which a value is assigned
shall be consistent with the feature-type that it is associated with.

The feature type OM_Observation (ISO 19156), and the classes LI_ProcessStep (ISO 19115-1) and MI_
Event (ISO 19115-2) may be interpreted as instances of ValueAssignment (Figure 6). The description of
a specific observation can provide an evaluation of the likely error in a property value.
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«metaclass»
FeatureType

+theFeatureType <> 0.*

«metaclass»
ValueAssignment

Z N

/
\

+carrierOfCharacteristics

/ \

I
I
/ ! \ *
S : 0
\
. / 1 N «metaclass»
«instanceOf» : «instanceOf» PropertyType
/ \
/ ! \
/7 | \
// I N
/ «instanceOf» AN
« FeatureType» MI Event

OM_Observation

LI_ProcessStep

NOTE Thhe OM_Observation class in ISO 19156 carries an explicit\constraint that the feature-property
combination fs consistent.
Figure 6 — Example instances of ValueAssignment metaclass
Other examples of value assignment classes are:
— Assertign, in which a property value is assigned by a competent authority.
EXAMPLE 1 | The owner of a land parcel or-owner of a building is typically asserted by a land registifation
authority.
— Inheritgnce from a parent feature or type in which a property value is duplicated from aj well
defined|source.
EXAMPLE 2 | All instances ofc¢daffodil’ have the property colour="yellow’ inherited from their class definifion.
— Derivatjon, in which¢a-property value is derived from a number of input parameters based|on a
defined|ruleset.
EXAMPLE 3 | If attand area feature has a surface property that equals ‘paved’, a type property that equals|road

or track’ and

a make property that equals ‘manmade’, then the classification value ‘road’ is assigned.

EXAMPLE 4

Spatial analysis: The municipality a feature falls into given by a point location is automat

determined by spatial analysis against a municipal area dataset.

ically

The ValueAssignment metaclass is shown with a single attribute to indicate the general class involved:

type

class of value assignment (mandatory)

The set of value assignment classes described here is not exhaustive, and is therefore shown in Figure
5 as a «CodeList».
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7.4.11 FeatureAssociationType

FeatureAssociationType is the metaclass for describing associations between features (see also 7.6.3).
A feature association may have attributes.

/req/general/feature-association  Feature associations shall be modelled as instances of the metaclass
FeatureAssociationType, as defined in Figure 5 and in 7.4.11, and further
elaborated in 7.6.3.

NOTE Associations often have spatial attributes, such as the location of the feature interaction. Associations
may need to carry other attributes to describe the interaction, such as in 2D, road-rail intersections need to
be clgssified—as—read-everpasso—road-tnderpass——rat-overpasso—rai—tunderpass—er—at-grage’, and may

need|to carry other attributes such as “clearance”. In many cases, the infrastructure at the pointypf interaction
is naturally treated as a feature in its own right (such as a “rail-bridge”). Association instanees cpn also carry
metaflata information.

In addition to the attributes and associations inherited from the abstract metaclass IdentifiedType,
FeatfireAssociationType adds the following association end:

— foleName

mame of a specific role associated with an FeatureAssociationType(mandatory, two may|be present).

7.4.12 InheritanceRelation

InhefitanceRelation is the class for a relationship between.a-more general feature type (supgertype) and
one 4pecialized feature type (subtype). Any instance ofza specialized feature type is also an instance of
the general feature type.

EXANMPLE The feature type “bridge” may belong@ito both the general class of “transportation feature” for
road features and to the general class of “hazards™foer navigation features. A specific instance of “bridge” is then
also 4n instance of “transportation feature” and ‘hazards”.

/reqfgeneral/inheritance Inheritance relations shall be modelled as instances of the metdclass Inher-
itanceRelation, as defined in Figure 5 and in 7.4.12, and further elaborated
inz6.2.

Each| specialization expressésjya purpose. A feature type can act as supertype in a number of generic
relatfjonships, each having a)different purpose.

— nhame
ame of genéralization/specialization (optional).
— (lescription

xplanation of the generalization/specialization (optional).

— uniquelnstance

Uniquelnstance is a Boolean variable, where .TRUE. means that an instance of the supertype shall
not be an instance of more than one of the subtypes, whereas .FALSE. means that an instance of the
supertype may be an instance of more than one subtype. Optional with a default value of “true”.

— supertype
role of being the more generic feature type of one other or other feature types (optional, repeatable).
— subtype

role of being the more specific feature type of one other or other feature types.
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7.5 Attributes of feature types

7.5.1 Introduction

In 7.5 the role of attributes of features is described in more detail. In addition to the attributes inherited
from the supertype (PropertyType), an attribute type has a type (valueType), a domain (valueDomain)
and cardinality (Multiplicity) associated with it.

The attributes carry all static information of a feature. This covers both spatial and non-spatial
properties. In the ISO geographic information standards, some attribute types are of specific interest.
These types are shown in Figure 7 as subtypes of AttributeType. The attribute provides the interface
to these other ISO geographic information standards because it uses their schemas. The attribute|type
will get the yalue type definition from those schemas and the value domain according to those §chgmas.
For exampld, a spatial attribute type (SpatialAttributeType) will have its value type and value domain
according tq the definition of GM_Object or TP_Object described in ISO 19107.

«metaclass»
PropertyType

i

«metaclass»
Attribute Type

T AttributeOfAttribute
% +characterize 0..1

+characterizeBy 0..*

«metaclass» «metaclass» «metaclass»
LocationAttribute Type TemporalAttribute Type ThematicAttribute Type
! | nameQfTemporalPrimitive
data value \ \
: nameOfTemporalype :
1
\" v
Gazetteer: Temporal Objects:: «metaclass»
SI_Locationinstance TM_Object Cov erageFunctionAttribute Type|
!
data value
«metaclass» «metaclass» «metaclass» 1
SpatialAttribute Type QualityAttribute Type MetadataAttribute Type \1/
- F 7 \\ ,l \\ «type»
nameOfSpana,IO Ject/, nameOfSpatialObject v \ Coverage Core::
’ . \ ' data value CV_Coverage
7 naeOfSpatialType \ datel ;/alue N
2> N 4 N
«type» «interface» Data quality:: .
Geometry ropt: Topology root: DQ Da?:Q:ayI.i.ty +report Data quality::DQ_Element
GM_Object TP_Objeect - N "
1 + standaloneQualityReportDetails:
+ scope: MD_Scope - CharacterString [0..1]

scope:level = "feature”
in this context

Figure 7 — Attributes of feature types

7.5.2 SpatialAttributeType

SpatialAttributeType represents a spatial attribute, which is used to express spatial characteristics of a
feature type. A spatial attribute type has a spatial type or GM_Object or a TP_Object as value type. The
structures of GM_Object and TP_Object are defined in the Spatial Schema described in ISO 19107.

7.5.3 TemporalAttributeType

TemporalAttributeType represents a temporal attribute, which is used as the time reference
characteristic of a feature. A temporal attribute type has a temporal type or TM_Object as value type.
The structure of TM_Object is defined in the Temporal Schema described in ISO 19108.
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7.5.4 QualityAttributeType

QualityAttributeType represents attributes that carry quality information. These attributes are used
when a quality characteristic of a feature or its properties is included as data in the dataset. Quality
attributes can have a value type according to the definition of DQ_Element or DQ_DataQuality defined
in ISO 19157.

7.5.5 LocationAttributeType

LocationAttributeType represents attributes which carry a spatial reference to a feature by using a
geographic identifier. Ideally that geographicldentifier is scoped (e.g. is in a namespace) to a gazetteer.

EXANPLE A postal code references a location by its geographicldentifier, allowing its locationto be found in
arelgvant gazetteer.

NOTH In practice, the identifier is a character string, matching the lexical form~and content rules for a
specific gazetteer.

7.5.§ MetadataAttributeType

MetddataAttributeType represents attributes that carry metadata information when such [information
is in¢luded as data in a dataset. These attribute types can use the metadata element classgs defined in
the Metadata Schema (ISO 19115-1) as their value types.

7.5.7 ThematicAttributeType

TherphaticAttributeType represents attributes whicharry any descriptive characteristidof a feature
except those specified in 7.5.2 to 7.5.6. Their value types and value domains are normplly defined
by the user or by the application area. Both basic types (e.g. see ISO 19103) and user defined data
typep can be used.

7.5.8 CoverageFunctionAttributeType

CoverageFunctionAttributeType represents thematic attributes whose value varies as a| function of
spatio-temporal position withinsthe scope of a feature. Their value types and value domaing are defined
by the user or by the applicatien area, and provide the rangeType of the CV_Coverage (I1SO|19123) that
provides the data values for the attribute.

7.6 | Relationships‘between feature types

7.6.1 Introduction

In 7.¢ the relationships between feature types are described in some more detail. Figure § shows that
relatjonships are classified as follows:

— generalization/specialization of feature types;
— associations between features.

NOTE Association is a kind of relationship that can exist between both feature types and instances of feature
types. The generalization/specialization relationship only occurs between feature types.

7.6.2 InheritanceRelation

The InheritanceRelation represents the specialization and generalization that specifies subtypes and
supertypes of feature types. These relationships exist only between feature types, not between feature
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instances. A typical and powerful property of this kind of relationship is that a subtype will inherit all

properties o

EXAMPLE

fits supertype.

A generalization/specialization relationship between the feature types “lake” and “water body”
says that an instance of the type “lake” is also an instance of the type “water body”; there are two types but only
one instance involved in the relationship.

+theFeatureType
«metaclass» 0.* «metaclass» +superType 0..*
PropertyType <> FeatureType
0..*
+carrierOfCharacteristics
Zr +subType 0..%

1
]
«metaclass» :
FeatureAssociationRole

«metaclass»
InheritanceRelation

+roleName 1.2
«metaclass»
FeatureAssociationType
qmetaclass» «metaclass» «metaclassy «metaclass»
FeaturgAggregationType FeatureCompositionType SpatialAssociationType TemporalAssociationType
Figure 8 — Relationships between feature types
7.6.3 FeatureAssociationType
FeatureAssqciationType represents all other association types between feature types. 1

relationship
An associati

In the area
by rules def

FeatureAss(
Feature]

Feature]

pn type can be characterized:by its own properties, for example having its own attribut

s will appear both as association-types when they are defined and as instances in the daf

of geographic information, there exist multiple kinds of associations, which are har
ined in this International Standard. Four of these are shown in Figure 8 as subtyp
ciationType.

Aggregationlype

AggregationType represents associations between the types that are some kind of “w

part” re

to specilfy types which form a complex type.

lationship, where the parts can exist even if the aggregate is destroyed. Aggregation is

hese
aset.
es.

1dled
es of

hole-
used

EXAMPLE 1

Feature

International organization and its member states.

CompositionType

FeatureCompositionType represents “whole-part” relationships where features of one type are
owned by features of the other type, so the parts will be destroyed together with the composite.

EXAMPLE 2

A bridge structure and the road surface it carries

SpatialAssociationType

SpatialAssociationType represents spatial relationships or topological relationships that may exist
between features. Those relationships depend upon the relative spatial position and extent of
features. See further discussion in 8.7.3.
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EXAMPLE 3  An intersection is a relationship between two roads, and a road is a relationship between two
intersections.

EXAMPLE 4  Containment relationships such as paddocks within farms, tracts within forests, counties
within a state.

— TemporalAssociationType

TemporalAssociationType represents temporal associations that may exist between features. See
further discussion in 8.6.3.

EXAMPLES5 The phrase “built before” is the temporal association in the statement “Amsterdam central

'1 Ry . 1 addel £ Tl - | A 2
raliwgy-statror was otunt DeIoTc TOKYyO ranway statiolr ©

7.7 | Constraints

An dpplication schema may introduce constraints to ensure the integrity of\the data.|Constraints
restifict the freedom in an application to prevent creation of erroneous data bypspecifying combinations
of data that are either allowable or not allowable. Constraints may be used for various other purposes.
Both|a feature and its properties may have constraints.

EXANPLE Examples of constraints are as follows:

— A constraint may specify an acceptable combination of attribute yalues in one or more feature irfstances (that
nay belong to different types);

— A constraint may restrict the cardinality of an associatiorikbétween feature instances;

— A constraint may require that if the real-world phernomenon is of a certain size, the featur¢ instance be
tepresented by a certain subtype of GM_Object;

p

— The behaviour of a feature, as defined in a feature operation, may be restricted by a constraint

Appljcation schema developers may expréess constraints in constraint languages specific to the
seledted CSL.

/recfgeneral/constraint Comstraints on an application schema that are not otherwise captured in the
structural aspects of a model may be expressed formally using a ¢onstraint
language suitable for the CSL.

NOTH Where the CSlZis-UML, the constraint language is normally OCL. Nevertheless, a consftraint can be
exprgssed in a natural language.

8 Rules for'application schema in UML

8.1 | The@application modelling process

The appticatiomrsthemmaserves two purposes: Firstly, itachieves acommomarndcorrectunderstanding
of the content and structure of data within a particular application field. Secondly, it may provide a
computer-readable schema for applying automated mechanisms for data management.

The two roles imply a stepwise process for creating an application schema. The steps are depicted in
Figure 4. The steps can be briefly described as follows:

a) surveying the requirements from the intended field of application (Universe of Discourse);

b) making a conceptual model of the application with concepts defined in the General Feature Model.
This task consists of identifying feature types, their properties and constraints;

c) describing the application schema in a formal modelling language (for example UML and OCL)
according to rules defined in this International Standard;
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d) integrating the formal application schema with other standardized schemas (spatial schema,
quality schema, etc.) into a complete application schema.

This process can involve iterations or feedback loops, and requires two sets of rules:

— how to map the feature types expressed in the concepts of the General Feature Model to the
formalism used in the application schema;

— how to use schemas defined in the other ISO geographic information standards.

8.2 The application schema

8.2.1 GeJeral
In 8.2 the rgquirements for defining an application schema using UML as the CSL are deseribed. These
are formalized as a requirements class summarized in Table 16.
Table 16 — Requirements class for modelling an application schema in UML
Requirements class /req/uml
Target type UML application schema
Dependency /req/general (General Featuse Model)
Dependency [SO 19103:2015 (Conceptual schema language)
Requirement /req/uml/profile
Requirement /req/uml/identification
Requirement /req/uml/documentation
Requirement /req/uml/integration
Requirement /req/uml/structure
Requirement /réqyuml/feature
Requirement /req/uml/association
Requirement /req/uml/aggregation
Requirement /req/uml/attribute
Requirement /req/uml/role
Recommendation /rec/uml/property-name
Requirement /req/uml/attribute-of-attribute
Requirement /req/uml/operation
Requirement /req/uml/inheritance
Requirement /req/uml/constraint
Requirement Jreq/uml/value-assignment

8.2.2 Conceptual schema language for application schemas

The General Feature Model, described in Clause 7, is a metamodel for definition of features. It provides
a model of the concepts required to classify a view of the real world. While the GFM itself is formalized
in UML, it is not a CSL. A different, though related, profile of UML is used as the CSL for formalizing an
application schema.

Use of a formal language provides unambiguous and consistent representation of models, which
facilitates implementations of applications. The normative part of this International Standard uses
UML as the formal language for the description of application schema. The rules defined in Clause 8 are
dependent on the UML formalism, and also provide some constraints on the use of UML for modelling
Application Schemas. The examples in Clause 8 are shown in UML. ISO/IEC 19505-2 explains how to use
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UML. ISO 19103 explains how stereotypes and basic datatypes shall be used within the ISO geographic
information standards and application schemas developed according to these standards, and also
describes other requirements on the use of UML. Together with some requirements described in this
International Standard, this provides a UML profile which is the CSL for modelling application schemas.

NOTE

conceptual schema language.

The UML profile for application schemas is composed of

ate and time, truth, collections, records and measures (ISO 19103:2015, Clause 7 and

ISO 19150-2 provides corresponding rules for OWL 2 (as defined by W3C), where OWL 2 is the

primitive types, common implementation types, and derived types, covering text, names, numerics,

Annex C),

q

All association ends have cardinalities constrained;

Any navigable association end has an explicit rolename;

ome requirements on the use of UML associations (ISO 19103:2015, 6.8.2) specificallyj

An association with role names can be viewed as similar to(class attributes
classes involved,

3 recommendation that attributes, operations and roles are named uniquely within a p

| set of stereotypes and keywords, consistent with the ’UML profile defined in ISO
Annex D, and summarized in Table 17.

for the two

ackage,

19103:2015,

Table 17 — Summary of UML Profile used:as the CSL for application schem3s
Stpreotype or UML meta- Constraints Tagged values Source
keyword class
AppljcationSchema |Package version This International Stapndard, 8.2.3
description This International Sta|ndard, 8.2.4
catalogue-entry
Not'nested in anoth- This International Stajndard, 8.2.5
er ApplicationSche-
ma package
language designa-| This International Stajndard, 8.12
tion definition
CodgList Class IS0 19103:2015, 6.5.3]6.10
datafype Use in attributes or ISO/IEC 19505-2:2012, 7.3.11
strong aggregation IS0 19103:2015, 6.10
(composition)
enumerdtion ISO/IEC 19505-2:2013, 7.3.16
1S0 19103:2015 6.5.2)6.10
Estimated Property This International Standard, 8.2.6
FeatureType Class description This International Standard, 8.2.4,
8.2.6
designation defi- |This International Standard, 8.12
nition
Leaf Package Cannot contain [SO 19103:2015, 6.10
another package
Union DataType 1SO 19103:2015, 6.10
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Table 17 (continued)

Stereotype or UML meta-
keyword class

use ISO/IEC 19505-2:2012, 7.3.54

Constraints Tagged values Source

NOTE Stereotype names are UpperCamelCase, following the UML2 convention [ISO/IEC 19505-2:2012,
18.3.9]. Standard UML keywords are lowerCamelCase [ISO/IEC 19505-2:2012, Annex B]. Nevertheless, since
matching is case-insensitive the distinction is only cosmetic.

/req/uml/profile An application schema shall be modelled using the UML profile defined in

L PPN WP W - V- PN -] 1 1 LT . 1c 1 1 .
I1OU 171VO0.Z2U 10 dlIU dAUZSHICIILCU TIT LITLS TITLET TIdUUIIAT otdIlUdI' a5 SUIIIIIdT lLed

in8.2.2.

8.2.3 Packaging and identification of an application schema

/req/uml/pdckaging An application schema shall be described within a PACKAGE. The PACKAGE
shall carry the stereotype «ApplicationSchema». The PACKAGE name is the
name of the application schema. The application schemd version shall be
recorded in the tagged value “version”.

NOTE The inclusion of a version ensures that a supplier and a user agree.on which version of the applidation
schema descyibes the contents of a particular dataset.

8.2.4 Dodumentation of an application schema

/req/uml/dgcumentation  An application schema shall be documented.

The textual definition of each;CLASS, ATTRIBUTE, ASSOCIATION ROLE, OPER
ATION and CONSTRAINT should be recorded using the primary documentatipn
facility provided by the tooVif this information can be exported.

Secondary descriptiofis and informative notes for each PACKAGE, CLASS, AT-
TRIBUTE, ASSOCIATION ROLE, OPERATION and CONSTRAINT may be recorded
using a TAGGED VALUE with the name “description”.

If a CLASS prother UML component is an implementation of a model element
defined ifi a-feature catalogue, the reference to the catalogue shall be documgnted
in a TAGGED VALUE with the name “catalogue-entry”.

NOTE1 Mpst UML tools support documentation attached to every element of a model, including paclfages,
classes, attributes, associatiéns, association roles, operations, constraints. In the interface this is labelled “Note”
or “Scope Note” or similar,‘and is exported in a tagged value with the tag name “documentation” or similar.

NOTE 2  Fdature types and property types from an application schema will also usually be documenteg in a
feature catalpgue imaccordance with 1ISO 19110, which may be generated automatically from the UML modgl.

8.2.5 Intégratien-ofapplicationschemasandstandardschemtas———————————————————————

When developing a large information model, the work is often broken down into independent parts that
can be integrated by a defined interface. The application schema is one part; the other standardized
schemas in the ISO geographic information standards are other parts.

Furthermore, a complete application may be built from more than one application schema package,
which may be subject to independent governance arrangements. Each of these schemas can refer to
standardized schemas. This organization can be used to avoid the creation of large and complex
schemas. It can also assist in maintenance of a complex schema by allowing orderly delegation of
design and maintenance of different aspects of the schema to different authorities. This may include an
externally maintained vocabulary or lexicon that defines the domain of values for a feature attribute.

The complete definition of the data structure of a certain application consists of the application schema
integrated with the other standard schemas to which it directly and indirectly refers. Integration of
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application schemas uses UML dependencies rather than package nesting. The unit of re-use is a UML
Package with the stereotype «ApplicationSchemay, or a package from one of the standard schemas.

EXAMPLE1 Figure 9 shows an application schema that uses elements from schemas defined in the other ISO
geographic information standards, and from other application schemas. The usage dependencies in Figure 9
mean that the application schema package uses structures and definitions from both standard schemas and
other application schemas.

«ApplicationScheman»
Application Schema C

V4 N\
L AN
/ \
’ \
((,USG)) «use\»
/% N
«ApplicationScheman» «ApplicationSchema»
Application Schema A Application Schema\B
7 N 7
/ \ /
/ \ /
/ \ /
«use» «use» «use,
%4 N y
1ISO 19156:2011 Observations and Measurements «ApplicationSchema»
Base Application Schema
-~ |
_- - 7 \
— / \ N
- — «use» // \ «use»\
ﬁ - / \
1SO 19107:2003 Spatial Schema | // \\ 1SO 19157:2013 Data Quality |
'«u'se» ((USG)z
4 \
// \
i A\
1SO 19108:2006 Temporal Schema | 1SO 19112:2003 Spatial referencing by geographic identifief |

Figure 9— Example of application schema integration

/reqyuml/integration UML PACKAGE dependency shall be used to describe the integration ¢f the appli-
cation schema with the other schemas, including standard schemas, 4s required
to form the complete definition of the data structure.

A PACKAGE with the STEREOTYPE «ApplicationSchema» shall not coptain anoth-
er PACKAGE with the STEREOTYPE «ApplicationSchemany.

Dependencies shall be between PACKAGEs with the STEREOTYPE «Application-
Schemay except for dePthh(‘iPQ on standard schemas A PACKAGE rontaining,

or contained by, a PACKAGE with the STEREOTYPE «ApplicationSchema» shall
not have dependencies or dependants..

PACKAGESs shall not have mutual dependencies, and dependency graphs shall not
include cycles.

Dependencies on standard schemas from the ISO geographic information stand-
ards or other application schemas may carry the STEREOTYPE «use».

NOTE Mutual dependencies would require that multiple packages are maintained as a single artefact, which
therefore cancels a key advantage of packaging.

EXAMPLE 2 Figure 10 illustrates that an application containing roads, rivers and bridges can be described by
the four following UML packages:

— amain schema describing the bridges;
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— aschema defining data type roads;
— aschema defining data type rivers;

— aschema containing a vocabulary that provides the domain of values for road classification.

All of the application schemas use spatial primitives from the spatial schema, ISO 19107.

«ApplicationSchema»
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\ \ T ’
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1 A} qase» R Roads
\ \ T =
\ Aininiee |
N River
\ «usey 7 \
\ 4 \
\ N d \
\ «ApplicationSchema» , \
GM_Pqint - Rivers Y =" RoadClass
GM_C{rve == ad \
«use» | Vi «use»
\ . , \
\ / Ve \
\ A
\ / «use»
\ !/ _{GM_Cure // ‘\ Classifications
\ L ’ \
\ «use» //
\ // y GM_Curve
s
N4 V2
1SO 19107:2003 Spatial Schema |
(fromISO 19107 Spatial Schema)
NOTE A diagram note can be used to indicate the classes.involved in the dependency.

Figure 10 — Example of an application'schema based on other application schemas

8.2.6 Modelling structures in UML

A basic rule|concerns data structuresjand instantiability.

/req/uml/stfucture Thedata structures of the application shall be modelled in the application sche-
1)

All CLASSES used within an application schema for data transfer shall be instlan-
tiable, or if abstract, shall have non-abstract specializations. Any CLASS integrat-
ed from another PACKAGE must not be STEREOTYPED «interface».

NOTE 1 Tlte stereotype «interface» is defined in ISO 19103. While it is appropriate for use in stangards
packages, it iknet used in application schemas

The following rules concern the implementation of the structures of the General Feature Model in UML.

AnyFeature is an abstract class that is the generalization of all feature types. AnyFeature is an instance
of the metaclass FeatureType (7.4.4) as shown in Figure 11, and thus following /req/uml/feature it has
the stereotype «FeatureType». All feature instances are members of the set represented by this class.
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ldentifiedType

«metaclass»
FeatureType

A

I

|

|
«instanceOf»

NOTHE 2  AnyFeature corresponds to GFI_Feature from ISO 19156.

« FeatureType»
AnyFeature

Figure 11 — The AnyFeature feature type

/reqfuml/feature

An instance of FeatureType shall be iniplemented as a CLASS. The CL/
carry the STEREOTYPE «FeatureType». The CLASS shall have a GENE
TION with AnyFeature.

The CLASS name shall be unigue within an Application Schema.

The textual definition of-the CLASS shall be recorded utilizing the do
facilities in the software’tool, if this information can be exported.

\SS shall
RALIZA-

umentation

NOTHE 3  Most UML tools support documentation attached to a class. In the interface this is labe

led “Note” or

“Scoge Note” or similar, and is exported in.atagged value with the tag name “documentation” or sinpilar.

/reqfuml/association

Each instance of FeatureAssociationType shall be associated with ong

instances of PropertyType. It shall be implemented as an ASSOCIATIQN CLASS;

the.associated instances of PropertyType shall be implemented as AT]
of-the ASSOCIATION CLASS.

P O more

TRIBUTES
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Complex features are defined as aggregations. Both strong and weak aggregations may be used.

/req/uml/aggregation An instance of FeatureAggregationType shall be implemented as an AGGREGA-
TION (empty diamond). An instance of FeatureCompositionType shall be imple-
mented as a COMPOSITION (filled diamond). Members of an AGGREGATION can
exist independently of the AGGREGATE, and may belong to other AGGREGATES.
Members of a COMPOSITE may not exist independently and may belong to only
one COMPOSITE.

/req/uml/attribute An instance of AttributeType shall be represented in an application schema in
either of two ways:

case 1: as an ATTRIBUTE, unless it is an attribute of an attribute [see /req/ullnl/
attributeOfAttribute]; or

case 2:as an ASSOCIATION between the CLASS that represents a featute andja
class representing the value domain of the AttributeType.

The ATTRIBUTE or ASSOCIATION ROLE may carry a stereotype «Estimat-
ed» if the value of the attribute is assigned using an observation procedure
[ISO 19156:2011].

/req/uml/rdle An instance of FeatureAssociationRole shall be implemented as a ROLE nameat
the appropriate end of the ASSOCIATION represénting the FeatureAssociatiop-
Type. The ASSOCIATION end may carry the SEEREOTYPE «Estimated» if the
value of the ASSOCIATION target is assigned tsing an observation procedure
[ISO 19156:2011].

It is strongly recommended that the names of attributes, operations and association roles are ulntique
within an Application Schema, or that attributes, operations and association roles with the same name
in different ¢lasses have the same meaning. This recomniéndation is consistent with the General Feature
Model (Figufre 5) where ValueAssignment is an aggregation, so instances of the metaclass PropertyType
exist indepgndent of any FeatureType with which*they are used. Although in generic UML attrilputes
and association roles are scoped to a class, undeér this usage each attribute, operation or associption
role is implicitly scoped to a UML package. As,foreseen above (8.2.1) this defines an aspect of the[UML
profile that |s used as the conceptual schema language for Application Schemas.

/rec/uml/prpperty-name  The name-of-an ATTRIBUTE, OPERATION or ASSOCIATION end should be unigue
within.amApplication Schema, or should have the same intention with respedt to
the ELASS owning the property as any other property with the same name inthe
Application Schema.

EXAMPLE 1 | Road:widthard River:width can both appear in an application schema consistent witl this
recommendaltion, since the-property type "width” has the same meaning in the context of features of both types.

EXAMPLE 2 | ForeSt:iclassification and Farmland::classification can both appear in an application schema
consistent with theirecommendation, even if the value types are different (e.g. different code lists), as long gs the
meaning of tllle property “classification” is the same in both contexts.

NOTE 4  Thisapproach is consistent with ontologies, where properties are first-class objects alongside classes.
If an application schema follows this recommendation then it is possible to have a parallel representation of its
structure in UML and OWL using the same names.

NOTES5 This is also consistent with common practice in observational applications, particularly in natural
sciences. Observations of physical phenomenon like temperature, magnetic field, gravity are generally made
separately from their association with any specific feature, sometimes in order to support detection and
characterization of a feature of unknown type. The same property-type may be characteristic of many different
feature types. The property types are typically listed independent of their potential association with one or more
feature types.
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/req/uml/value-assignment An instance of ValueAssignment shall be represented by a CLASS that provides
metadata for the assignment of the property value.

NOTE6 OM_Observation and its specializations defined in ISO 19156 provide a suitable model for value
assignment using an observation procedure. A requirements class for use of [ISO 19156 is provided in 8.9.

/req/uml/attribute-of-attribute An instance of AttributeType that acts in the role characterizeBy in an attrib-
uteOfAttribute association shall be instantiated as a CLASS. That CLASS shall
be used either as the data type of the AttributeType, or in an ASSOCIATION
with the CLASS that contains the AttributeType. ATTRIBUTEs that act in the

role characterize shall be instantiated as ATTRIBUTEs of the CLASS that rep-

step 1: Introduce a new CLASS to represent the ATTRIBUTE-that'is character-
ized by other ATTRIBUTES. Use the ATTRIBUTE name as the-CLA[SS name;

step 2: If appropriate, insert one ATTRIBUTE in this GEASS to repfresent the
value of the attribute represented by the CLASS. Use the same namne as the
original ATTRIBUTE name;

step 3: Insert additional ATTRIBUTE(s) into,this' CLASS to repres¢nt the at-
tributes that characterize the original ATTRIBUTE;

step 4: Use this CLASS as the datatype fépthe original ATTRIBUTE in the
CLASS that contains it, or delete the-otiginal ATTRIBUTE from the CLASS that
contained it and add an ASSOCIATJON from that CLASS to the new CLASS.

/reqfuml/operation An instance of Operation shall bé.implemented as an OPERATION of the CLASS
representing the feature typethat it characterizes.

Operfation signatures can reference various attributes in the schema, as required for the apjplication.

EXANPLE 3  Figure 12 shows some simple feature operations. A feature type “Building” has a feafure attribute
“temp” which carries the measured temperature. The OPERATION “GetTemperature” measureg the current
tempprature and affects the values of the attriibute. The OPERATION “Alarm” will be triggered if the value of the
attribute exceeds a maximum value. The UML model is shown below. Additional constraints and|rules for the
operation must be documented.

«FeatureType»
Building

+ temp: Measure

+ Alarm(Temperature): void
+ GetTemperature(): Measure

Figure 12 — Example of a feature with operations
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/req/uml/in

heritance

condition:

case 1: If uniquelnstance is true (default value), the {disjoint} constraint may

An instance of InheritanceRelation shall be represented by a GENERALIZA-
TION relationship, with additional characteristics depending on the following

be attached to the generalization relationship;

case 2: If uniquelnstance is false, the {overlapping} constraint shall be attached

to the generalization relationship.

/req/uml/constraint

CONSTRAINTS may be stated in OCL or in plain language and attached to the
CLASS, OPERATION or RELATIONSHIP that is constrained.

EXAMPLE 4
concepts in
attribute Cer]

Tab

Figure 13 shows an example of an application schema expressed in UML, based on real*yvorld

Ilable 18. The attributes Horizontal accuracy and Vertical accuracy describe the quality qf the

tre point. There are two associations: A Property parcel contains zero, one or many Buildings. A
Building is financed by zero, one or many Loans.

e 18 — Example of real-world concepts in terms of the General Feature Model
Feature types Attributes Kind of subtype of Attribute
Property parcel identification Thematic attributetype
name Thematic attribute type
border Spatial attribute type
updates Metadata attribute type
Building centre point Spatialattribute type
shape Spatial attribute type
address Location attribute type
type Thematic attribute type
owner Metadata attribute type
horizontal accuracy Quality attribute type
vertical accuracy Quality attribute type
position Spatial attribute type
Loan amount Thematic attribute type
period Temporal attribute type
classification Metadata attribute type

«FeatureType»
PropertyParcel

bo
idg
na
up

+ o+ 4+ o+

der: TP_Face

ntification: Propertyld

me: CharacterStridg

Hates: MD_Maifitenancelnformation

+thePropertyParcel

+contains

«FeatureType»
Building

0..*

«enumeration»

0.%[ +

+ address: SI_LocationInstance
owner: Cl_Party
+ type: BuildingType = private

0..1

0.*
+theAD_Building

+centre_point

1

R ctuled BuildingType +shape
~ 24
i «type»
+ municipalityNumber: Integer tourist GM_Surface
+ propertyNumber: Integer pnva'te
public

+financed| 0..

«dataType»
PositionWithQuality

«FeatureType»
Loan

+

position: GM_Point

+ horizontalAccuracy: DQ_AbsoluteExternalPositionalAccuracy [0..1]

+ verticalAccuracy: DQ_RelativelnternalPositionalAccuracy [0..1]

+ amount: Currency
+ classification: MD_LegalConstraints
+ period: TM_Period

36

Figure 13 — Example of UML implementation of feature types
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Domain profiles of standard schemas in UML

8.3.1 Introduction

Instead of using the classes as they are defined in the standard schemas directly, it is possible to make
adjustments to the standard schemas to fit the actual domain application. The adjustments can be done
in either of two ways:

— to add attributes to the classes defined in the standard schemas;

— torestrictelements ofastandard schemaas permitted by the conformance clause of the International

In 8.}
as a{

8.3.2

$tandard thatspeciftes thatrschema.

B the requirements for defining a profile of a standard schema are described. TheSe ar
ingle requirements class, summarized in Table 19.

Table 19 — Requirements class for defining a profile of a standard schemg

Requirements class /req/profile

Target type UML application schema

Dependency /req/uml (Application,schema using UML)
Requirement /req/profile/extend

Requirement /req/profile/restrict

Recommendation /rec/profile/names

Adding information to a standard schenia

The ¢lefinitions in a standard schema can be extended with additional information.

b formalized

|

/req)/profile/extend If it is necessatry to extend a CLASS specified in a standard schema, a hew CLASS
shall be défined as a SUBTYPE of the CLASS in the standard schema, 4nd ATTRIB-
UTEs and ASSOCIATIONS shall be added to this CLASS to carry the additional
information.
Thenew CLASSES shall be collected in a separate PACKAGE.

EXANPLE Figure 14¢shows an application schema which is using a definition (GM_Surfafe) from the

stand
domd
using
contd
infor

ard spatial schema.ditrectly, and a definition (SurfaceWithQuality) in a package called Domai

a definition froni quality schema (DQ_AbsoluteExternalPositionalAccuracy). The class Surfac
ins two additional attributes which are appropriate to be used in this domain of application
mation about the geometry describing the footprint of the building.

h Spatial. The

in spatial packdge-Contains adjustments to the spatial definition (GM_Surface), and at the sajme time, it is

eWithQuality
as additional
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SurfaceWithQuality
«ApplicationSchema»

Building '
! Domain Spatial
+ Building | _ __ _ _ _ _ s X -
o, | + SurfaceWithQuality
I
I P I’
| //
| - I’
GM_Point - _: GM_Surface P e L= DQ_PositionalAccuracy
«use» S~< -y s, «ulée»
| «use» |
| z ;
| 7
I d \!/
: 7 ISO 19157:2013 Data Quality |
s’
Y 24
1S 19107:2003 Spatial Schema (from ISO 19157 Data quality)

(ffom iSO 19107 Spatial Schema)

GM_Orientable Sufface

«type»
Geometric primitiv.e{GM_Surface

«FeatureType»
Building::Building

+

footPrint: SurfaceWithQuality
name: CharacterString
position: GM_Point

+ +

Domain Spatial::SurfaceWithQuality

+ accufacy: DQ_AbsoluteExternalPositionalAccuracy
+ methodOfMeasurement: CharacterString

Figure 14 — Example of adding information to a standard schema

8.3.3 Tailored use of standard schemas

A standard $chema can be tailoréd)so that only selected parts of that schema, which are relevant fdr the
application schema, are supporfed. Any tailoring needs to honour the requirements and conformjance
classes spedified in the standard schema.

/req/profilefrestrict A tailored profile of a standard schema may be constructed by defining
CLASSES in a new UML PACKAGE, with a dependency on the standard schema,

and uses either

Case 1: realization relationships between CLASSES in the tailored schemg and

THTST T Torroro oo e e

Case 2: specialization relationships between interfaces in the tailored schema
and interfaces in the standard schema, with CONSTRAINTS on ATTRIBUTES,
ASSOCIATION ROLES or OPERATIONS that restrict their cardinality or type to
a value allowed by the original definition

If the standard schema specifies requirements on the use of the schema, the
tailored schema shall conform to all requirements associated with the con-
formance classes that the tailored schema is intended to conform to.

The two cases have different semantics and characteristics.
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In case 1, the tailored schema is on a different abstraction level than the standard schema: the standard
schema will typically model interfaces!) while the tailored schema will typically model classes and be
on the same abstraction level as the application schema.

NOTE1 As the classes are realizations, they may implement the attributes, association roles, operations,
constraints and other characteristics specified in the standard schema in a different way, e.g. use different names
for attributes.

In case 2, the specialized classifiers will still be on the same abstraction level as the standard schema.

NOTE 2  SeeISO 19103:2015, 6.3 and 6.8.4 as well as ISO 19107:2003, 2.1 provide additional discussion about
the use of interfaces from the standard schemas in application schemas.

A naming strategy can be used to express the lineage of the elements in the tailored schemj.

/recfprofile/names Classifiers in such tailored schemas that realize or specialize interfages from the
standard schemas should have the same local name as the.interface i the stand-
ard schema.

EXANIPLE A tailored profile of the spatial schema (ISO 19107) could be specified as only using definitions of
GM_(Qbject and its subtypes, but not using operations associated with those classes.

8.4 | Rules for use of metadata schema

8.4.1 Introduction

Metddata are data describing and documenting data,Metadata for geographic data typicplly provide
inforjmation about their identification, extent, quality; spatial and temporal aspects, spatial reference
and dlistribution. The metadata schema (ISO 19115-1) is an application schema for metadata data sets.
A schlema for data quality is defined in ISO 19157

In agplication schemas, definitions from ISO 19115-1 and ISO 19157 may be used. This Ipternational
Stanglard does not place restrictions onsuch use. In 8.4 the requirements for an application schema that
inclu|1des metadata elements from IS0, 19115-1 are described, and 8.5 describes the requirements for an
application schema that includes guality elements from [SO 19157.

The fequirements for metadataelements are formalized as a single requirements class, sunmarized in
Tablg 20.

Table 20 < Requirements class for an application schema including metadata

Requirements class /req/metadata

Target type UML application schema

Dependency [SO 19115-1.2014 (Metadata)

Dependency /req/uml (Application schema using UML)
Requirement /req/metadata/feature

1) IS0 19103 uses the terms “abstract classes” or “types”, too.
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8.4.2 Metadata for features, feature attributes, and feature associations

The elements of the ISO 19115-1 metadata schema can be used as feature properties.

/req/metadata/feature A metadata element may be used as a Metadata_AttributeType (subtype of At
uteType) to carry metadata about instances of feature types, feature attributes or

associations between features [see 8.2.6, /req/uml/attribute].

The data type of any feature attribute carrying metadata shall be a metada-
ta element or specialization as specified as CLASSES in the metadata schema
[SO 19115-1:2014.

Ifthe typesare suitable a feature attribute mayv use definitions from

trib-

ISO 19115-1:2014 for purposes other than metadata.

A metadata attribute shall be represented in an application schema in-éither
two ways:

case 1: as an ATTRIBUTE of a CLASS that represents a feature; ox

case 2: as an ASSOCIATION between the CLASS that represents-a feature and
CLASS from ISO 19115-1:2014.

A metadata attribute may be used as an attribute of arhattribute, in which cas
the main rule for attributeOfAttribute shall be applied{see 8.2.6, /req/uml/at
uteOfAttribute].

e
trib-

EXAMPLE

Figure 15 shows an application schema expressed in UML, where two definitions frox

metadata schema are used. MD_LegalConstraint is used to identify we€strictions on the use of the dd

req/metadath/feature, Rule 2)]. EX_GeographicBoundingBox is used to specify a geographical ar
req/metadatp/feature, Rule 3)].
«ApplicationSchema»
Parcels
+ Parcel
GM_Object EX_GeographicBoundingBox
.~ , N | MD_LegalConstraints
~e Vi N _--
~. 7 N -
\/ -
«use» «usens
N
7 AN
Y N\
1SO 191p7:2003 Spatial Schema | 1SO 19115-1:2014 Metadata - Fundamentals
(from I$O 19107 Spatial Schema) (fromISO 19115-All Metadata (parts and versions))

«FeatureType»
Parcels::Parcel

border: GM_Object

n the

ta [/
pa [/

hasExtent: EX GeographicBoundingBox

parcelName: CharacterString
restricionOnUseOfData: MD_LegalConstraints

+ + |+ +

Figure 15 — Example of metadata included as data in an application

8.5 Rules for use of quality schema

8.5.1 Introduction

In 8.5 the requirements for an application schema that uses quality elements from ISO 19157 are
described. The requirements for quality elements are formalized as a single requirements class,
summarized in Table 21.

40
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Table 21 — Requirements class for an application schema including quality information

Requirements class /req/quality
Target type UML application schema
Dependency [SO 19157:2013 (Data quality)
Dependency /req/uml (Application schema using UML)
Requirement /req/quality/attribute
Requirement /req/quality/additional-quality
Requirement /req/quality/attribute-quality

8.5.7 Data quality rules

8.5.2.1 Rules for reporting quality information for instances of data

Qual
be re

Elem

ty information for datasets or parts of datasets does not affect the application schema
ported in the metadata for the dataset in accordance with the specifications given in [

ents of the [SO 19157 schema provide a means for reporting qudlity information.

, and should
50 19157.

/req

quality/attribute

Information on the quality of individual instances of features or prop
be reported by attribution whenevefithe quality of an instance is exp
differ from the implied quality for:the dataset or parts of the dataset.

A quality attribute (an instance of QualityAttributeType) shall be defi

application schema and shallbe used to carry data quality informatidn.

A quality attribute shall:be represented in an application schemain e
three ways:

case 1: as an ATTRIBUTE of a CLASS that represents a feature, in whi
ATTRIBUTE shdll take one of the subtypes of the CLASS DQ_Element

taQuality (see:Pable 22) defined in the Data Quality Information Packpage in

ISO 19157:2013 as the data type for its value;
case2:as an ASSOCIATION between the CLASS that represents a feat

of the subtypes of the CLASS DQ_Element or DQ_DataQuality (see Tahle 22) de-
fined in the Data Quality Information Package in ISO 19157:2013 as the data type

for its value; or

case 3: as an attribute of an attribute, in which case the main rule for
OfAttribute shall be applied [see /req/uml/attributeOfAttribute].

erties shall
bcted to

Ined in the

ther of

th case the
pr DQ_Da-

lire and one

attribute-

5
=

b 22 shows the concrete subtypes of DQ_Element defined in ISO 19157.
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Table 22 — Concrete subtypes of DQ_Element

Categories of quality
element

Quality element

Subtype of DQ_Element

Positional Accuracy

Absolute or External Accuracy
Relative or Internal Accuracy
Gridded Data Positional Accuracy

DQ_AbsoluteExternalPositional Accuracy
DQ_RelativelnternalPositional Accuracy
DQ_GriddedDataPositional Acuracy

Temporal Accuracy

Accuracy of a Time Measurement
Temporal Consistency
Temporal Validity

DQ_AccuracyOfATimeMeasurement
DQ_TemporalConsistency
DQ_TemporalValidity

Thematic Ac

Classification Correctness

nQ ThematicClassificationCorrectness

ClLLLEAC\L
J

Non-quantitative Attribute Correctness
Quantitative Attribute Accuracy

DQ_NonQuantitativeAttributeCorrecf
ness
DQ_QuantitativeAttributeAccuracy

Logical Cons

istency

Consistency with conceptual schema
Consistency of values

Format Consistency

Topological Consistency

DQ_ConceptualConsistency
DQ_DomainConsistengy
DQ_FormatConsistency
DQ_TopologicalCemsistency

Completeneds Excess data present DQ_CompletennessCommisssion
Data absent DQ_CompletenessOmission
Usability Usability element DQ_UsabilityElement

NOTE W
carrying qua

EXAMPLE 1
the classifica

herever an ATTRIBUTE is using DQ_Element or one of its subtypes as data type, this ATTRIBU
ity information about the CLASS within which it is defined.

Figure 16 shows the ATTRIBUTE featureClassificationQuality carrying quality information
fion of the feature Land Area into subareas.

Application Schema

«EeatureType»
LandArea

+ landName: CharacterString
+ outline: GM _Su«face

+ featureClassificationQuality: DQ_ThematicClassificationCorrectness

TE is

hbout

EXAMPLE 2

42

«FedtureType» «FeatureType» «FeatureType»
Farm Area Industrial Area Residential Area
Figure 16 —

Figure 17 shows two alternatives for UML implementation of the feature Land Area whose
attribute Outline has a quality attribute Accuracy.
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Application Schema 1 Application Schema 2
«FeatureType» «FeatureType»
Land Area Land Area
+ featureClassificationQuality: DQ_ThematicClassificationCorrectness + featureClassificationQuality: DQ_ThematicClassificationCorrectness
+landName: CharacterString +landName: CharacterString
+ outline: Outline

+outline 1

Outline i
Outline

+ accuracy: DQ_AbsoluteExternalPositionalAccuracy| —
+ outline: GM Surface +accuracy: DQ_AbsoluteExternalPositionalAccuracy
B + outline: GM_Surface

Figure 17 — Examples of quality of attributes of features

8.5.2.2 Rule for reporting additional quality information

For many purposes, it is convenient or necessary to extend the data quality information as|it is defined
in the Data Quality Information Package in ISO 19157 with an additional description called an additional
quality sub-element.

Elements of the ISO 19157 schema provide a means to record additional quality informatio

[

/reqyquality/additional-quality =~ User-defined quality sub-elentents shall be defined as a specialization of
DQ_Element or one of its-subtypes (see Table 22) according to rfiles for
domain profiles of stardard schemas (see 8.3).

EXANPLE Figure 18 shows a user-defined quality sub-element.
Application Schema

«FeatureType»
BuildingQuality::Building

+ nameOfBuilding: CharacterString
+ position: GM_Point
+ positionAccuracy: MyQualityDescription

Data quality::
DQ_AbsoluteExternalPositionalAccuracy

i

BuildingQuality::MyQualityDescription

+ methodUiMeasurement: Characiersiring

Figure 18 — Example of user-defined quality

8.5.2.3 Reporting quality information for attributes of feature instances

Elements of the ISO 19157 schema provide a means to indicate quality of attributes of feature instances.

/req/quality/attribute-quality Quality characteristics of feature attributes shall be implemented according
to /req/uml/attributeOfAttribute.
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8.6 Temporal rules

8.6.1 Rules for modelling applications with temporal properties

In 8.6 the requirements for an application schema with feature types that have temporal properties are
described. These are formalized as a single requirements class, summarized in Table 23.

Table 23 — Requirements class for applications with temporal properties

8.6.2 Use
ISO 19108 p

Requirements class /req/temporal

Fargettype Bi-appheation-sehema

Dependency IS0 19108:2002 (Temporal schema)
Dependency /req/uml (Application schema using UML)
Requirement /req/temporal/schema

Requirement /req/temporal/attribute

Requirement /req/temporal/association

Requirement /req/temporal/succession

of the temporal conceptual schema

rovides a schema for temporal objects.

/req/tempot

al/schema

Any description of temporal aspectstapplied to geographic data shall be in
accordance with the specifications given by 1SO 19108:2002.

NOTE It
attribute typ

8.6.3 Tenpporal attributes

is possible to use Date, DateTime and Time, butthis makes the attribute an instance of Thematic
e, not a Temporal attribute type, as there ismo reference system connected to them.

/req/tempot

al/attribute

A temporal characteristic of a feature type shall be defined as a temporal attiib-
ute, which {s'a‘subtype of feature attribute (7.5.3).

The implementation of temporal attributes in UML shall follow the rules for refer-
encjngstandardized schemas [see /req/uml/integration].

Atemporal attribute may be represented in an application schema in either of
two ways:

case 1: as an ATTRIBUTE of a CLASS that represents a feature, in which case the
ATTRIBUTE shall take one of the temporal objects defined in the temporal sche-
ma, ISO 19108:2002, as the data type for its value; or

case 2: as an ASSOCIATION between the CLASS that represents a feature andfone

of the temporal ohjects defined in the temporal schema, ISQ 19108:2002

The value of a temporal attribute shall be implemented as a CLASS (i.e. subclass
of a temporal object) when any of the following cases apply [see /req/uml/attrib-
uteOfAttribute]:

case 1: attributes have multiple components;
case 2: data types for attributes of temporal objects need to be restricted;

case 3: operations from the interfaces defined in ISO 19108:2002 need to be refer-
enced explicitly.

A temporal attribute may be used as an attribute of an attribute [see /req/uml/
attributeOfAttribute], in which case the attribute shall be a subtype of one of the
temporal objects defined in ISO 19108:2002.

Valid temporal objects, which shall be applied, are given in Table 24.
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Table 24 — List of valid temporal objects for temporal attributes in an application schema

Temporal geometric primitives | Temporal topological primitives Temporal complexes
TM_Instant TM_Node TM_TopologicalComplex
TM_Period TM_Edge

EXAMPLE1 Figure 19 shows part of the application schema for observations and measurements from
ISO 19156. Temporal geometric primitives are identified as data types of the temporal attribute types used in the
feature types OM_Observation and OM_Measurement.

«ApplicationSchema»

I
|
L OM_Observation
imp OM_Observation
«import»

| «FeatureType»
\V OM_Measurement,
«ApplicationScheman»
observation ::OM_Observation
+ parameter: Named\aiue [0..*]
T + phenomenonTjime:*FM_Object
| + resultQualityBQ. Element [0..7]
: TM_Obiject + resultTim€ JTM_Instant
e TM_Instant + validTime:TM _Period [0..1]

«import» TM_Period
|

1SO 19108:2006 Temporal Schema

Figure 19 ~— Example of temporal attribute

EXANPLE2  Figure 20 illustrates a use of TM_TopologicalComplex as a temporal featufre attribute.
BuildiingHistory is an attribute{of the feature type Building that is represented in the schema as a‘:FML class. As
a subtype of TM_TopologicalComplex, it is an aggregation of TM_TopologicalPrimitives that descrilpe events and
statef in the history of a bGilding. BuildingHistory is an inheritance of TM_TopologicalComplex with fa sequence of
episodes. BuildingHistary forms a linear graph. Each episode corresponds to a node or edge in the ljnear graph.
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GM_Surface

«use»

Model Integration

«ApplicationSchema»
HistoryOfBuildings

TM_TopologicalComplex Iﬁ

+ foot
+ heig
+ num

rint: GM_Surface
ht: Length
berOfFloors: Integer

Figury

+ episode: Episode [1..*] {ordered}

periodOfOccupancy
vacantPeriod

/
A
1SO 19107:2003 Spatial Schema | 1SO 19108:2006 Temporal Schema_|
Application Schema
. «CodeList»
TM_TopologicalComplex Episode
+\abandonment
+ constructionPeriod
+ dateOfConstruction
«FeatureType» + dateOfOccupancy
Building +history BuildingHistory + destruction
+
¥

8.6.4 Temporal associations between features

8.6.4.1 Ty

According t
association
associations

8.6.4.2 Si

A simple ter
Primitives i

'pes of relationships

mple tempgoral associations

IINAL

p 20 — Example of TM_TopologicalComplex used as a temporal feature attribute

b the General Feature-Model, a temporal association (TemporalAssociation) is a subty]
between features (FeatureAssociationType) (see Figure 8). There are two types of tem
: simple temporal-associations and feature succession.

hporalsassociation can be derived by applying the operations defined for interfaces of
1 [SO 19108 to the temporal geometric primitives used as datatypes for temporal attrih

pe of
boral

™

utes.

EXAMPLE 1

A N 43 1 raold-dafi 1 s aloo £ 4 4 D..:1d: 1 hh
I dppIICatiUuTT SUITCTITa THITSITCUTTTITIC da O VT LIaSSTO T U PT TS TIIT UTT TCatuT U Uy T D UTTUTITS, vV ITTC as

an attribute dateOfConstruction that takes a TM_Instant as its data type. Building A was constructed in 1950 and
building B was constructed in 1970. If the operation TM_Order.relativePosition is applied to the TM_Instant that
is the value for dateOfConstruction of building A with the TM_Instant that is the value for dateOfConstruction
of building B as an input parameter, it will return the value “before”. If the operation TM_Separation.distance is
applied in the same way, it will return the value “20 years”.
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/req/temporal/association

one of two ways:

case 1: Temporal primitives used as data types of attributes shall

the operation TM_RelativePosition from the interface TM_Order defined in
IS0 19108:2002, so that simple temporal associations can be derived from the

data;

case 2: Asimple temporal association between features shall be implemented
in an application schema using an ASSOCIATION [see /req/uml/association].

Simple temporal associations shall be implemented in an application schema in

implement

EXAMPLE 2

indic

Figure 21 shows a simple temporal association implemented as an ASSOCIATION.

The schema

8.6.4

;;;;;

«FeatureType»
Road

«FeatureType»

+after Service Station

0.~

+before
1..

*

Figure 21 — Example of explicit representation of a simplé-temporal associat

.3 Feature succession

Feat

instances by other feature instances. There are three types of feature succession: feature 3

re succession is a sequence of changes over time involving the replacement of one or 1

ion

nore feature
ubstitution,

featyre division, and feature fusion. Feature substitution is the replacement of one featyre instance

by another feature instance. It establishes a one-to-one relationship between two featur
Featyire division occurs when a single feature instance separates into two or more feature

esta
mord
betw

Ther]
occu

lishes a one-to-many relationship between feature instances. Feature fusion occurs ¥
feature instances merge into a single<feature instance. It establishes a many-to-one
een feature instances. Combinations-of these types are possible.

e are both spatial and temporal aspects to feature succession, in that the features in the
by the same spatial location, at different times and in a particular order.

Feat

However, this requires eyery feature type to have a temporal attribute that identifies th|
which the feature exists-The feature succession can be derived by identifying those feature
spatial primitives, and-then determining the TM_RelativePositions of their periods of existe

re succession relationships'may be derived from the spatial and temporal attributes of

e instances.
instances. It
vhen two or
relationship

relationship

the features.
e period for
s that share
bnce.

Featfire succession-is not always type-dependent. That is, the type of a feature instance is hot always a
predjctor of the type of the feature instance that replaces it. Feature succession can be moflelled at the
generic feature’level, but not always at the feature type level.
/req)/temporal/succession Feature associations of the feature succession type may be instantjated in an
appticatiomrschemaas Uit assoctations betweenfeature typeclasses.
Feature associations of the feature succession type may be instantiated in an
application schema as self-referent associations of a generic feature class.
The names, roles, and multiplicities shall be appropriate for the type of feature
succession.
EXAMPLE1  Figure 22 shows a feature succession modelled as an ASSOCIATION between feature type classes.

It is an example of a type of ecological succession, known as old-field succession, common in the Eastern United
States. The types occur on a single site in the sequence shown, if the site is left undisturbed.

© ISO
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«FeatureType» +SUCCESSOr o +predecessor «FeatureType»
Pasture FeatureSubstitution Oak Hickory Forest
1..1 1.1
+predecessor| 1..1 +successor | 1..1
FeatureSubstitution FeatureSubstituion
+successor| 1..1 +predecessor | 1..1
«FeatureType» +predecessor EFgatureSubstitution +successor «FeatureType»
Brushland Pine Forest

1.1 1.1

Figure 22 — Example of feature succession between feature types

Figure 23 shows a feature succession modelled as a self-referent‘ASSOCIATION of a CLAS}
e for the various feature types that may be involved in succession relationships. Modelling i
bary because there is no way to predict the order in which inStances of these feature types

other.
+parent
1.*
F

eatureDivision

«FeatureType» *child

+predecessor| GenericFeature 2.n
1

Ii +antecedent
2.n

FeatureSubstitution T FeatureFusion

1
Tsuccessor +succedent
1

«FeatureType» «FéatureType» «FeatureType» «FeatureType»
PlayGround ParkinglLot Building VacantlLot

Figure23 — Example of feature succession at the generic feature level

8.7 Spati

b that
h this
might

nlvules

8.7.1 Rules for modelling applications with spatial properties

In 8.7 the requirements for an application schema with feature types that have spatial properties are
described. These are formalized as a single requirements class, summarized in Table 25.

48

Table 25 — Requirements class for applications with spatial properties

Requirements class /req/spatial

Target type UML application schema

Dependency ISO 19107:2003 (Spatial schema)
Dependency req/uml (Application schema using UML)
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Table 25 (continued)
Requirement /req/spatial/object
Requirement /req/spatial/schema
Requirement /req/spatial/attribute
Requirement /req/spatial/aggregate
Requirement /req/spatial/complex
Requirement /req/spatial/composite
Requirement /req/spatial/geom-complex

Requirement /req/spatial/topo-complex

Requirement /req/spatial/association
Requirement /req/spatial/shared
Requirement /req/spatial/single
Requirement /req/spatial/interpolation
Requirement /req/spatial/independent-conmplex
8.7.1 Use of standard spatial schema
ISO 19107 covers vector data, which consists of geometric afid topological primitives (spa3

used|to construct objects that express the spatial characteristics of features. However, sp
and features are disjoint.

tial objects)
htial objects

/reqfspatial/object Spatial objects shall not,be used as feature types, either directly o1 by special-
ization.

Spatijal attribute types are required to confetim to ISO 19107.

/reqfspatial/schema The valuéxdomain of spatial attribute types shall be in accordance yvith the
specifications given by ISO 19107:2003, which provides conceptual schemas for
describing the spatial characteristics of features and a set of spatidl operators
consistent with these schemas.

Geometry provides the /means for the quantitative description, by means of coorglinates and

matHematical functions;-of the spatial characteristics of features, including dimension, ppsition, size,

shapp, and orientatiofiTthe mathematical functions used for describing the geometry of an object depend
on the coordinate-system used to define the spatial position. Geometry is the only aspect of geographic

inforymation that.changes when the information is transformed from one coordinate system

Topodlogy deals with the characteristics of geometric figures that remain invariant if 1

to another.

he space is
bd from one

deformed ‘elastically and continuously, for example, when geographic data are transform
linate system to another. Within the context of geographic information, topology is co
to descrit . OTIT YAURYARS . TIETSIoT ST ETTUTF Avarant under
transformation of the graph.

imonly used
continuous

Computational topology provides information about the connectivity of geometric primitives that
may be derived from the underlying geometry. The most productive use of topology is to accelerate
computational geometry. Geometric calculations such as containment (point-in-polygon), adjacency,
boundary, and network tracking are computationally intensive. For this reason, combinatorial
structures known as topological complexes, networks or graphs are often constructed for the purpose
of optimizing computational geometry algorithms. These data and processing structures convert
computational geometry algorithms into combinatorial ones.
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8.7.3 Spatial attributes

/req/spatial/attribute Spatial characteristics of a feature shall be described by one or more spatial
attributes. In an application schema, a spatial attribute is a subtype of a feature
attribute (see 7.5), and the taxonomy of its values is defined in the spatial schema,
1SO 19107:2003.

A spatial attribute shall be represented in an application schema in either of two
ways:

case 1: as an ATTRIBUTE of a CLASS that represents a feature, in which case the
ATTRIBUTE shall take one of the spatial objects defined in the spatial schema,
1SO 191 (]7-700?’ asthe data fypn forits ‘ID]IIF\; aor

case 2: as an ASSOCIATION between the CLASS that represents a feature and-gne
of the spatial objects defined in the spatial schema, ISO 19107:2003.

A spatial attribute shall take a spatial object or type as its value. Spatial objectk are
classified as geometric objects or topological objects, both of whigh-are subclagsed
as primitives, complexes or aggregates (for geometric objects). Table 26 lists
spatial objects and types that shall be used in an application.schema as values ffor
spatial attributes.

NOTE In| case 1 the geometry is owned by the feature and in case 2 it is an independent object whosg life-
cycle is indegendent of the feature and may be shared between multiple features.

Table(26 — List of valid spatial objects for spatial attributes in an application schema

Geometric objects and types Topological objects
Geomet'rlc primi- | . o tric complexes Geometric aggre- Topolqg,_lcal prim- | Topological c¢m-
tiveq gates itives plexes
GM_Point GM_CompositePoint GM_Aggregate TP_Node TP_Complex
GM_Curve GM_CompositeCurve GM_MultiPoint TP_Edge
GM_Surface GM_CompositeSurface |GM_MuiltiCurve TP_Face
GM_Solid GM_CompositeSolid GM.MultiSurface TP_Solid
G . GM_Complex GM)MultiSolid TP_DirectedNode
eomei‘rlc TP_DirectedEdge
typep TP_DirectedFace
DirectPositign TP_DirectedSolid
NOTE The tlable lists only the highést level classes of spatial objects. Subtypes of these may also be used.

EXAMPLE Figure 26 shows-an extract from the application schema for sampling features (ISO 19156). The
application sthema has a dependency on the spatial schema because it uses the UML-class GM_Point defirjed in
this schema. [The feature.SE_SamplingPoint has a spatial attribute (shape) which takes an instance of datg type
GM_Point as {ts value.
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Model Integration

«RequirementsClass» 1ISO 19107:2003 Spatial Schema

samplingPoint «use» + Geometry
+SF_SamplingPoint [ T____> + Topology

GM_Point

Application schema

8.7.4
attri

8.7.4

The 1
type

geonpetric objects.

8.7.4

GM_4
strug
colle
GM_I
insta
insta

«type»

*shape| oM point

Geometry
«FeatureType»
SF_SamplingPoint

Figure 24 — Example of spatial attributes in UML

butes of features

.1 Introduction

patial configuration of many features cannot be-represented by a single geometric pr
5 GM_Aggregate and GM_Complex support the representation of such features as c

.2 Geometric aggregates

\ggregates can be arbitrary colleetions of GM_Objects that have no required addition
ture. GM_Aggregates can ‘eontain other aggregates. GM_MultiPrimitives can b
ctions of GM_Primitives blitjcannot contain other aggregates. The particular types GM
MultiCurve, GM_MultiStrface, and GM_MultiSolid are “type-safe” aggregates that (
nces of subclasses 0f) GM_Point, GM_Curve, GM_Surface, and GM_Solid, respectivg
nce of GM_Aggregate does not have this restriction.

Use of geometric aggregates and spatial complexes toxepresent the values of gpatial

imitive. The
bllections of

hl geometric
e arbitrary
| MultiPoint,
nly contain
ly. A direct

/req

spatial/aggrégate GM_Aggregate may be used as the value for a spatial attribute that rep
feature as an unstructured collection of GM_Objects.

case 1: GM_Aggregate shall be used as the value for a spatial attribute
sents a feature as an unstructured collection of different types of GM_
there is no restriction on the types of contained objects.

resents a

that repre-
Dbject where

case Z: GM_MultiPoint, GM_MultiCurve, GM_Multidurtace, or GM_Mult1

be used as the value of a spatial attribute that represents a feature as a set of ge-

ometric primitives of the same type.

A particular composition or constraint on definition of the spatial attribute shall
be implemented in the application schema by introducing a new CLASS that carries
the user defined spatial configuration with all constraints as a subtype of GM_Mul-

tiPrimitive.

olid shall

NOTE This rule requires the use of concrete specializations of GM_Aggregate in preference
specializations of GM_Primitive with a multiplicity greater than unity (i.e. GM_MultiPoint not GM_Point[0..*], etc.).

EXAMPLE 1

that support the wire, and the line of the wire itself. In this schema, a GM_Aggregate could be used.

© ISO
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A power line may be viewed as consisting of two types of geometric objects; the individual poles
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EXAMPLE 3
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An orchard may be viewed as a collection of trees. The spatial attribute of the feature “Orchard”
should be a GM_MultiPoint, in which each GM_Point represents an individual tree. Although the orchard could
be treated as a complex feature, and the trees as simple features, this is not necessary; the orchard could also be
viewed as a simple feature represented by a set of GM_Points.

Figure 25 shows a user defined spatial aggregate named 3pointslcurve, which is data type of a
spatial attribute in the application schema.

«type»
Geometric aggregates::
GM_Aggregate

«FeatureType»
MyFeature

district: CharacterString
geometricShape: 3PointsiCurve

8.7.4.3 G{

Geometric c
geometric p
the spatial 4
GM_Comple

The primitiy
share a com
dimension i
primitive wj
only where
“Interior To

name: CharacterString
registrationValue: Integer

+ o+ |+ +

3Points1Curve

curve: GM_Curve
p1: GM_Point
p2: GM_Point
p3: GM_Point

+ o+ + 4+

Figure 25 — Example of spatial aggregate defined inapplication schema

tometric complexes

omplexes are used to represent the spatial.characteristics of a feature as a set of conng
rimitives. In addition, instances of GM_Complex allow geometric primitives to be shar
ttributes of different features. There afe no explicit links between the GM_Primitive
X; the connectivity between the GM_Primitives can be derived from the coordinate dat

bes of a single dimension contained in a single complex must be disjoint except where
mon boundary. A primitive within a complex may intersect another primitive of 1 |
h that complex only whereithe first primitive contains the second within its boundaq
ithin a complex may infegSect another primitive of even lower dimension in that con
the first primitive completely contains the second within its interior and there is an ex
association instattee for these primitives.

pcted
bd by
5 in a
a.

they
pwer
ry. A
plex
plicit

/req/spatial

A GM_Complex shall be used as the value for a spatial attribute that repres
a feature as a collection of connected GM_Objects, which are disjoint excep
their boundaries. Subclasses of GM_Complex may be specified to constrain|

complex

tion.

structure of the GM_Complex used to represent a particular spatial configyra-

ents
tat
the

Features that share elements of their geometry shall be represented as GM

Complexes that are subcomplexes within a larger GM_Complex.

EXAMPLE 1

A drainage network could be represented as a GM_Complex composed of GM_Curves constr

so that the GM_Curves form a connected graph.

EXAMPLE 2

52

ained

Each parcel in a cadastral data set has a boundary composed of GM_Curves. Each GM_Curve
is shared by two parcel boundaries. The boundary of each parcel is a GM_Complex, and the set of all parcel
boundaries is a larger GM_Complex (see Figure 26).
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«FeatureType»
Parcel

+spatialConfiguration «type»

Geometric complex::GM_Complex

1
+ nameOfParcel: CharacterString

*

1.

8.7.4

A ge
excej
used
kind

pbmetric composite is a geometric complex that has all the properties of a geomety
bt that it is composed of smaller geemetric primitives of the same kind. Geometric cof

«FeatureType» «type»
ParcelBoundary +tgeometry Geometric complex::
7 GM_CompositeCurve
«FeatureType» «FeatureType» «FeatureType»
UndefinedBoundary CalculatedBoundary BoundaryWithPoles . .
*+isLyingOn «FeatureType»
4 ¥ BoundaryPple
2.7
+ poleNumber:|Integer
+ position: GM | Point

Figure 26 — Example of spatial complex,defined in application schema

4 Geometric composites

to represent complex features thatare composed of smaller geometric objects that hg
of geometry.

ic primitive
nposites are
ve the same

/req

A.GM_Composite shall be used to represent a complex feature that
geometric properties of multiple geometric primitives.

spatial/composite

has the

NOTH
diffeq
Curvg
the R
of GM

A Road Networkis composed of Roads, each of which may be composed of simple features
ent kinds of Read-Elements (see Figure 27). The spatial attributes of the Road Elements
bs. Each Road{courld be represented by a GM_CompositeCurve that contains the GM_Curves t
bad Elements-of that Road. The Road Network could be represented by a GM_Complex that co
_CompositeCurves that represent the Roads.

representing
ould be GM_
hat represent
htains the set
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«FeatureType»
RoadNetw ork +spatialConfiguration «type»
: GM_Complex
+contains 1..%
«FeatureType»
Road +spatialConfiguration «type»
. GM_CompositeCurve
+contains 1..%

RoadElement

«FeatureType»

+spatialConfiguration

1

«type»
GM_Curve

«FeqtureType» «FeatureType»
Street Tunnel
+ heightRestrictions Integer
Fi

gure 27 — Example of gedmetric composites defined in application schema

8.7.4.5 Global geometric complexes

Primitives
additional {

may, and usually are, used simultaneously in multiple complexes. This means
tructure may-be placed on features whose geometry is structured as composites.

«FeatureType»
Bridge

+ widthRestriction: Integer

that
This

structure mhay be used to explicitly store the topological relations between features. The gsual

manner in v
“themes”, “1

Vhich thisvhappens is to create large (sometimes implicit) features, which are often c

hyeps?’or “maps”.

alled

/req/spatial/geomr-tomptex

belong.

Globatfeaturestonsisting of geometricobjects thatare used torepresent the
value of one or more attributes of one or more feature classes shall be repre-
sented as instances of GM_Complex in such a manner that the attributes so
represented are subcomplexes of this object. This inclusion shall be specified
by the application schema. Such global features shall be unique by name within
each dataset. Feature attributes that are required to be subcomplexes of such
a global feature shall be specified by name as to which global feature they

Like any other feature, one of these global themes may be specified as belonging to a larger theme. In
this case, the base features would logically also belong to the larger theme. For example, a “Stream
Theme” and a “Canal theme” may be involved in a “Hydrologic Theme”. Nothing prevents a feature from
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belonging to many global features or “themes” through multiple attributes, but each attribute should, in
most cases other than the one mentioned here, be in at most one theme.

NOTE

If all roads in a dataset are to have their centrelines represented as a network (wit

h or without

additional topological structure), then a “Road Theme” feature may be defined by the application schema. It will
have restrictions that 1) only one such feature exists, and 2) all road centrelines must be defined as composites of
primitives also contained in the “Road Theme”.

8.7.4.6 Topological complexes

Topological complexes carry explicit descriptions of the connections between the topological primitives

of w
from
relat
the d

I;Lh thc_y dl' T bUlll}lUOCd- Cuc uostT Uf tUlJU}Uslba} bUllllJlCAUD ;D tU Cuablc thC Cll}l}libcltiul
computational topology to geometric complexes. This requires implementation of ths
jonship between a TP_Complex and a GM_Complex. Another use of topological complexe
escription of the connectivity between features independently of their geometrie conf|

of methods
» Realization
5 is to enable
iguration.

/req

spatial/topo-complex A TP_Complex shall be used as a spatial attribute of@feature when|
application requires the explicit representation of'connectivity bef
geometric primitives that represent the featuré. The TP_Complex s
linked in a REALIZATION ASSOCIATION to aGM_Complex that rep
geometric configuration of the feature. Thé.TP_Complex may be su

within a larger TP_Complex that represents multiple features.

TP_Complexes may be used to represent attributes of features in of
represent connectivity that is independent of the geometric config
the features. In this case, the TPy€omplex is not a member of a REA|
ASSOCIATION.

ever the
ween the
hall be
esents the
bcomplex

der to
iration of
LIZATION

EXAN
Node]
the p

NOT]H
Reali
GM_(

8.7.5

Acco
of fe
topo
cann

NOTH
and 1
attril
how

PLE An electrical power distribution networkcould be represented as a TP_Complex
s represent power plants, transformers, switches or other connection points, and TP_Edg
pwer lines.

In cases where a single class is defined for each valid combination of TP and GM class|
pation association (through a multiplelinheritance of the types), the relationship between T}
bjects may be “to-self”.

Spatial associations between features

rding to the General Feature Model (see 7.4), a spatial association between features
hture association. Seme spatial associations — e.g. within, intersecting, touching —
ogy of the features,;and may be described implicitly by that topology. Others — e.g. east
ot be described by topology, and can only be described by explicit associations between

1SOA9107 defines geometric and topological complexes that carry relationships betwe]
opological¥primitives, respectively. These can be relationships between the components
ute of’a-single feature or relationships between the spatial attributes of different features. I
he geometry of one feature relates to the geometry of another feature, but provide no infor

in which TP_
es represent

es, under the
 Objects and

s a subtype
involve the
of, above —
the features.

en geometric
of a spatial
hey describe
mation about

how thefeatures relate to each other. On the instance level, the relationships between features ard derivable by
computation from the geometry.
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/req/spatial/association A spatial association between features may be described implicitly by repre-
senting the features as geometric or topological objects that are associated
with each other in a geometric or topological complex.

A spatial association that is not described by an ASSOCIATION between the un-
derlying geometric or topological primitives shall be defined in an application
schema as an ASSOCIATION between the features.

EXAMPLE1 Figure 28 shows the spatial association implemented by mechanisms in the Spatial schema. The
feature to feature topology is described by the topological primitives TP_Node and TP_Edge, which belong to a TP_
Complex that represents the road network. These spatial objects implicitly carry the spatial association (see also
the example in C.1). TP_Edge for Road represents the centreline of the road, and is associated in the application

schema withp GM_Curve that is its geometric realization. In an application schema, some features may intr¢duce
another attripute carrying a second geometric description of the feature, for example, geometryDeseribedBy,
which in thig example represents the surface of the road. The geometric object and the topological\objedt of a
feature may have different dimensions, but the geometric object, in this case, is not the geometrierealizatjon of
the topologicpl object. In this example, road and crossing features are described geometrically(©nee as surfaces,
and a second| time as a curve and a point, respectively. They are also described topologically by an edge and a
node, where fhe curve (but not the surface) is the geometric realization of the edge, and the’point (but n¢t the

surface) is the geometric realization of the node.

«FeatureType»
RoadNetw ork

+ topology: TP_Complex

«FeatureType»
Crossing

+ geometryDescribedBy: GM_Surface
+ position: GM_Point
+ topology: TP_Node

Figure 28 — Example of spatial.associations implemented by use of spatial objects

«FeatureType»
Road

+

+ geometryDescribedBy: GM_Surface

+ topology: TP_Edge

location: GM_Curve

EXAMPLE 2 | Figure 29 shows a spatial association between road and crossing described explicitly by the

association between the two classes.

«FeatureType»
Road +connects

+con

«FeatureType»
nectedTo Crossing

+ geomejtryDefinedBy:\'\GM _Curve 2.t

0.2, geometryDefinedBy: GM_Point

Figure 29 “©Example of spatial associations implemented as associations in the applicatipn
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8.7.6 Features sharing geometry

Different features can share, partly or completely, the same geometry when they appear to occupy the
same position. To share a common geometry, spatial feature attributes must share one or more GM_
Objects.

/req/spatial/shared An application schema may require instances of two or more feature types to
share their geometry completely by including a constraint that the GM_Objects
representing the features be equal.

A spatial association that is not described by an ASSOCIATION between the
underlying geometric or topological primitives shall be defined in an application
schema as an ASSOCIATION between the features.

Therg are two ways to share geometry. Complete sharing occurs when two feature instances both take
the spme instance of a GM_Object as the value of a spatial attribute. This can be required, or precluded,
by sflating a constraint in the application schema. In the absence of such constraints, it hay be done
whenever necessary.

EXANPLE1  Figure 30 A shows a transformer mounted on a pole whose geometry is the same M_Point that
descrjibes the geometry of the pole.

EXANPLE 2  Figure 30 B shows a similar example with mailboxes and fence-posts. In this case the position is
moddlled as a class attribute, rather than association.

FeatureType» «FeatureType» «Featu.reType»
Pole Transformer Mailbox

+ heightAboveGround: Length
+ position: GM_Point

constraints
{If Mailbox mounted on Fenceppst,
Mailbox.position = Fencepost.ppsition}
1 1
+geometry +geomietry

+ | height: Length

GM_Primtive Measure «FeatureType»
«type» Units of Measure:: FencéPost
. R\ L h
Geometric pr!mltlve.. engtl + position] GM_Point
GM_Point
A B

Figure 30 — Examples of features sharing geometry

Partjal sharing/of geometry between feature instances requires the geometric objects that represent
the spatial-characteristics of the features to be modelled as elements in a geometric complex. See 8.7.3.3
and 8.7Z.3:4'for rules and examples.

EXAMPLE 3  Figure 31 shows partial sharing of geometry between features where one GM_Curve may depict
(part of) aroad and potentially also a bridge simultaneously.
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«FeatureType»
Bridge

+ name: CharacterString
+ type: CharacterString

+feature X1

Depict

*

+geometry \ 1..

«FeatureType»
Road

+ name: CharacterString
+ numberOfLanes: Integer

+featl71

Depict

8.7.7 Point features, line features and area features

The traditio
primitives,

classified as
amounts of
geographic

This Intern
information
not defined
same featur
generalized

N

1..*/ +geometry
| 4

«type»

Geometric primitive::

GM_Curve

lata.

form as geographic features.

Figure 31 — Example of partial sharing of geometry between features

hal way of structuring geographic data does not distinguish between features and geomn
but includes geometric information in the definition of\a feature type. Thus, feature
point features, line features and area features becausé€ of the nature of the geometry:. ||
bxisting geographic data and functional standardsiare based on this way of structuring the

ational Standard uses the geographic feature as the fundamental unit of geogr
The geometry is one of several waysCof describing the feature. Since a feature ty
on the basis of its geometry, several.geometric descriptions may be associated wit
e. It is recommended that point features, line features and area features are redefined in a

etric
5 are
arge

hphic
pe is
h the

/req/spatial

spatial attribute.

its spatial attribute.

spatial attribute.

single A point feature shall take a GM_Point as the value of its spatial attribute.

Aline feature shall take a GM_Curve or a GM_CompositeCurve as the value of
Amarea feature shall take a GM_Surface or a GM_CompositeSurface as the value of

A solid feature shall take a GM_Solid or a GM_CompositeSolid as the value of i

its

LS

8.7.8 Def]

Ining interpolation methods

In ISO 19107, a GM_Curve can contain any number of segments where every segment is one of the
subtypes of GM_CurveSegment. Different segments in one curve do not have to be of the same type.
A GM_Surface can contain any number of patches where every patch is one of the subtypes of GM_
SurfacePatch. Different patches in one surface do not have to be of the same type. If an application
requires, for example, that all the segments in the GM_Curve or GM_Surface have the same interpolation,
a subtype of GM_Curve or GM_Surface should be introduced. If, and only if, the existing set of subtypes of
GM_CurveSegment and GM_SurfacePatch defined in Spatial Schema do not fulfil the requirements of an
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application schema, a subtype will have to be introduced. This is done by subtyping GM_CurveSegment
or GM_SurfacePatch or one of the subtypes of these classes.

/req/spatial/interpolation If any existing subtype of GM_CurveSegment or GM_SurfacePatch fulfils the re-

quirements of interpolation method, this subtype shall be used in the application
schema.

If, and only if, none of the existing classes fulfils the requirements of the applica-
tion schema, the application schema shall subtype GM_CurveSegment or GM_Sur-
facePatch (or one of the subtypes) with a CLASS that encapsulates the appropri-
ate data and behaviour for the application-specific interpolation method.

8.7.9

Independent spatial complexes

It is possible to include two or more topologically independent sets of features and spatial opjects in the

sameg

application schema.

/req

spatial/independent-complex  Different spatial representations of the same feature are allgwed, but
they must belong to different complexes;

Topologically independent sets of spatial objects must belong to differ-
ent TP_Complexes.

EXAN
32.T
repre
infor
the c
as TH
have
repre
the T

IPLE1 Consider an urban area with an underground rail system, such as that represented by Figure
he surface features could be represented as GM_Objects, such as the shaded squares in the figure, which
sent stations for the underground rail system. The GM_Objects contain the actual shape|and position
mation for the features. They might belong to a GM_CompleX representing the urban area. At the same time,
bnnectivity of the rail system could be represented bya’TP_Complex in which the stations arg represented
| Nodes and the connections (not the actual routes) are represented as TP_Edges. The TP_Comjplex does not
h geometric realization. Although the example does not show it, the actual routes of the rail lines could be
sented as GM_Curves within the GM_Complex,\but these GM_Curves would not be geometric realizations of
P_Edges that represent station connectivity
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1
e ——
1
/
—/
-q/’/
«FeatureType»
«FeatureType» RailSystem
Spatialjepresentation UrbanArea
+system
«typg»
GM_Complex Connectivity
9 o
con ofex «FeBaltJLiJIl:‘eiL)épe» +representedBy
1. «typem
” Complex
TP_Complex kK>
«typg» {root}
GM_Primitive
Shape
«FeatureType» . \ «type»
RailStation ConnectionP ot TP_Node
«type»
> TP_Primitive
{ropt}
StationConnectivity «type»
TP_Edge
1.*
Key
[] rail station as GM_Surfacg
e rail station as TP_Nodé
— station connectivityyas TP_Edge
Figure 32— Example of independent spatial complexes in an application schema

EXAMPLE 2 Figure 33 illustrates an application schema that uses independent geometric complexes to
represent a single road network. One GM_Complex describes the routing; it is composed of GM_Curves that
represent the centrelines of the road segments. The other GM_Complex describes the paved area as an aggregation
of GM_Surfaces.
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«FeatureType»
RoadNetw ork
pavement specified by 77 +pavement \[/ 1 1)/ +routing 7~~~ routing specified by
complex of surfaces «type» complex of curves
Geometric complex::
GM_Complex

8.8

Cove
and/|
set o
dom
grids
may
a me
two |

A
+complex 0..

Complex

+element|1..*

«type» «type» «type»
Geometric primitive:: Geometric primitive:: Geometric primitive::
GM_Surface GM Primitive GM_Curve
«type» «type» «type»
Geometric primitive:: Geometric primitive:: Geometric primitive::
GM_OrientableSurface > GM_OrientabiePRrimitive < GM_OrientableCurve

+ orientation: Sign

Figure 33 — Example of independent spatial complexes

Rules for use of coverage functions

rage functions are used.té describe characteristics of real-world phenomena that var
pr time. Typical examples are temperature, elevation and precipitation. A coveragg
f such values, eachassociated with one of the elements in a spatial, temporal or spaf
hin. Typical spatial domains are point sets (e.g. sensor locations), curve sets (e.g. co

(e.g. orthoifiages, elevation models), etc. A property whose value varies as a func

y over space
P contains a
io-temporal
htour lines),
tion of time

be represented as a temporal coverage or time-series. A continuous coverage is ass¢ciated with

thod foruinterpolating values at spatial positions between the elements of a domain, {
bointSyer contour lines.

In 8

b.g. between

8 the requirements for an application schema with feature types that have cove

rage-valued

properties are described. These are formalized as a single requirements class, summarized in Table 27.
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Table 27 — Requirements class for applications with coverage-valued properties

Requirements class /req/coverage

Target type UML application schema

Dependency ISO 19123:2005 (Coverage geometry and func-
tions)

Dependency /req/uml (Application schema using UML)

Requirement /coverage/req/schema

/req/coverage/schema

Any Qpprifir‘aﬁnn ofa caverage functionin an npp]irnfinn schema shallbe in

accordance with ISO 19123:2005 and 7.5.8.

An application schema package that uses coverage functions shall imiport the
coverage schema specified by ISO 19123:2005.

A coverage function shall be defined as a property of a feature type where fthe
type of the property value is a realization of one of the typesgiven in Tabld 28.

NOTE
schema.

Table 28 — List of valid coverage types in an applieation schema

This approach creates an implementation profile of the relevant ISO 19123\types in the applidation

Abstractcoverage types

Discrete coverages

Continuous coverages

CV_Coverage

CV_Discretefoverage
CV_ContinuousCoverage

CV_DiscretePointCoverage
CV_DiscreteGridPointCoverage
CV_DiscreteCurveCoverage
CV_DiscreteSurfaceCoverage
CV_DiscreteSolidCoverage

CV-ThiessenPolygonCoverage
CV_ContinousQuadrilateralGridCoverjage
CV_HexagonalGridCoverage
CV_TINCoverage
CV_SegmentedCurveCoverage

EXAMPLE 1

Figure 34 illustrates an application schema that uses solid-coverages to represent the grdde of
ore mineralsfin a mine.

«ApplicationSchema»
Mine

+ Mine

CV_DiscreteSolidCoverage %\

«use»
7

2

1ISO 19123 Cov'erage geometry and functions

GM_Object

«use»
N
NN

1SO 19107 Spatial Schema

CV_DiscreteCoverage

+oreGrade
«type»

«FeatureType»
Mine

CV_DiscreteSolidCoverage 0.

Figure 34 — Example of a coverage-valued property, with package integration of application
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Figure 35 illustrates an application schema that uses a discrete point coverage to represent the

water level at a gauging station. The points in the coverage domain are given relative to a temporal coordinate
system, or a 1-D coordinate reference system in which the single axis measures time.

Model Integration

«ApplicationScheman»
Water gauging

+ GaugingStation
+ TimeSeries

TM_CoordinateSystem

1
\
\

I

GM_Object

~ 7
</

7

O\ Di taRainil,

1
«use»

\

«use»

2

~
«use»
~

RSN

ISO 19107 Spatial Schema | ISO 19123 Coverage geometry and functions | 1SO 19108 Temporal schq

ma

8.9

An ol
an ok
of th
insta
featy

Application Schema

«FeatureType» CV_DiscreteCoverage

GaugingStation «type»

CV_DiscretePointCoverage

+waterLevel

TimeSeries

constraints
{CRS.fordomain isa temporal coordinate system}

Figure 35 — Example-of'a coverage-valued property using a specialized cover

Rules for the useof observations

pservation is af.act in which a procedure is used to estimate the value of a property. The |
servation provide metadata for the value assigned to a feature property, for example: thq

age

broperties of
description

e procedare and the time that the observation of the value was made. Observation is an important

ntiatiorrof the ValueAssignment metaclass (7.4.10). The relationships between observat
resqand properties whose value assignment they document, are shown in Figure 36.

ons, and the
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IdentifiedType

«metaclass»
FeatureType

+theFeatureType{) 0..*

«FeatureType»
AnyFeature
< T nsmnceon ]
K
+featureOfinterest
«metaclass»

ValueAssignment

Figure 36

Itis unusual
they are ing
value metad
likely to mo
isincluded

An application schema may include‘the standard observation feature types through integration d
rided in ISO 19156. I'necessary, specific observation types may be derived by specializ
types provided iSO 19156.

schema proy
of one of the

In 8.9 the r¢
through ol
summarize

\l/o " «instance Of»

. N
IdentifiedType NJ «FeatureType»
«metaclass» +observedProperty Observation

PropertyType

l in Table.29.

dita
value
+procedure
\Q +result / 4 N 1
«interface» «FeatureType»
Any Process

Model (Clause7)

to have relationships other than dependency or realization that cross metalevels. How
luded in the model shown in Figur€ 36 because this expresses requirements of prop
lata. Without a common mechdnism every application schema with this requiremg
lel it differently. This model wds introduced in ISO 19156 to provide a common pattern
lere to support a rule for application schemas.

quirementsfor‘an application schema with feature types that involve value assign
servation Vare described. These are formalized as a single requirements ¢

Table 29 — Requirements class for applications involving observations

— Key elements of the observation schema (ISO 19156) related to General Featyre

ever,
erty-
nt is
, and

f the
htion

ment
lass,

64

Requirements class /req/observation

Target type UML application schema

Dependency ISO 19156:2011 (Observations and Measurements)
Dependency /req/uml (Application schema using UML)
Requirement /req/observation/model

Requirement /req/observation/property

Recommendation /rec/observation/estimated
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/req/observation/model Observation features in an application schema shall be modelled according to
the schema for observations provided in ISO 19156:2011.

The model in Figure 36 implies some consistency requirements relating the observed property, feature

types and the application schema.

/req/observation/property The value of observed-property in data conforming to the application schema
shall be constrained to be a property-type from the feature catalogue for the
application schema, and shall be a characteristic property-type for the fea-

ture-type or the reature-ol-interest.

The gtereotype «Estimated» can be used in an application schema to indicate featurge propeérties whose

valugs are assigned by observation.

/recfobservation/estimated  If a feature-attribute or association role is stereotyped «Estimatedp, the meta-
data for the assigned value may be provided by an instance of the )M_Observa-
tion class or one of its specializations.

EXANPLE Figures 37 and 38 illustrate application schemas in which-a property of a feature|type has the
stereptype «estimated», with suitable observation-types that provide metadata about the value asdignment.

Model Integration

«ApplicationScheman»
Fruit

+ Fruit
+ Weighing

OM_Measurement

~
~
~

Application Scherha

wFedtureType»
Fruit

«estimated»
+ mass: Measure

~

~ 4
«usey y”
<

7
4
'

~

~

AN

ISO 19156 Observations and Measurements

+feature OfInterest

«FeatureType»
OM_Measurement

Weighing

Figure 37 — Example 1 of links between properties and evidence for the assignment of values
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Model! Integration

«ApplicationSchema»
Scene
+ colour
+ ImageCapture
. + Scene
CV_DiscreteSurfaceCoverage OM_DiscreteCoverageObservation
~~~~~ s N -
~~~. N_—-~
_«lse» «use».
. &
1ISO 19123 Coverage geometry and functions ISO 19156 Observations and Measurements |
Appli¢ation Schema
«FeatureType»
OM_DiscreteCoverageObservation
«FealureType» +featureOfInterest Zf
Scene

\ ImageCapture

constraints
{observedProperty == colout}

+colour

«Estimated» \J/ 1. +result

«type»
CV_DiscreteSurfaceCoverage 1

Figure 38— Example 2 of links betweenproperties and evidence for the assignment of values

8.10 Spatipl referencing using geographic identifiers

With spatial referencing using geographic identifiers, the position is found by a reference to a locgtion.
A geographic identifier is a labelor code that identifies a location. A dataset that depends upon spatial
referencing by geographicidentifiers does not explicitly contain coordinates. A gazetteer may contain
the geographic identifief/arid provide the corresponding coordinates and thus enables the data fo be
displayed or manipulated geographically. Figure 39 shows the concept of spatial referencing yising
geographic jdentifierswhere coordinate information is provided.

Multiple gapetteers may exist for a spatial referencing system, containing different coordjnate
representatjons of the locations. The choice of gazetteer to be used will be application dependent. For
example, for a census application, in one case a gazetteer of census area centroids may be sufficient,
while for another case, a full coordinate description of the boundary area may be required.

In 8.10 the requirements for an application schema with feature types that use geographic identifiers
are described. These are formalized as a single requirements class, summarized in Table 30.
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Table 30 — Requirements class for applications using geographic identifiers

Requirements class /req/identifier

Target type UML application schema

Dependency [SO 19112:2003

Dependency /req/uml (Application schema using UML)
Requirement /req/identifier/general

An attribute of a feature (LocationAttributeType) provides the link to the gazetteer where the location
and its position described by coordinates, will be found.

Feature
\has
Spatial reference
identifies
N\
Geographic_
identifier
contained
N in
Gazetteer
provides
Position
Figure 39.2 Spatial referencing by geographic identifiers

/reqfidentifier/general The value domain of attributes using spatial referencing by geographic identifi-

ers shall identify objects that are in accordance with ISO 19112:20038.

The geographic identifier shall be referenced from the application s¢thema by an

attribute (an instance of LocationAttributeType) which shall carry the value of

the spatial reference.

EXAN

that

PLE Figure 40 shows the feature type Customer which is located by the attribute post

hile the target of the association is of type SI LocationInstance the association is hy refereice, using the

District. Note

geographic 1dent1f1er which is typically a character string.
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Model Integration

«ApplicationSchema»

Customers
SI_LocationInstance
+ Customer

Tusen_
RSN
ISO 19112:2003 Spatial referencing by geographic identifier
+ Gazetteer
+ ReferenceSystem by Identifier
Application Schema (fromISO 19112 Geographic identifier)
«FeatureType» Gazett
Customers::Customer st azelteer::
+postDistrict SI_LocationInstance
+ adfress: CharacterString

+ na

me: CharacterString 1

8.11 Code

In many app
possible, su

In 8.11 the
formalized 4

Tagged value:
inlineOrByReference="by
Reference"

Figure 40 — Example of spatial referencing by geographic identifier

lists, vocabularies, lexicons

lications, there is a well-establisheéd-¢ode list already used in a thematic community. W
h code lists should be re-used in.application schemas.

requirements for the use-ofitode lists in application schemas are described. Thes
s a single requirements-class, summarized in Table 31.

Table 31 — Requirements class for applications using code lists

here

P are

Requirementsiclass /req/codeList

Target type UML application schema

Dependency IS0 19103:2015

Dependency /req/uml (Application schema using UML)
Requirement /req/codeList/management

Requirement /req/codeList/formalization

A well managed code list will meet a number of requirements.

/req/codeList/management A code list shall be managed by a competent organisation;

The code list and each of its values shall be denoted by a persistent identifier,

such as a URI;

All values of a code list shall be available, including those that have been dep-

recated, retired or superseded.
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The code list formalization defined in ISO 19103 is used in application schemas.

/req/codeList/formalization

Where a class attribute takes a value from a code list, the code list
formalized in the application schema according to ISO 19103:2015.

shall be

8.12 Linguistic adaptation

In some contexts it is necessary or desirable for key information in an application schema to be
available in more than one language, and it is preferable if the alternative designations and definitions
are stored in the model itself. In 8.12 the requirements for annotating a UML application schema for

sum

arized in Table 32.

Table 32 — Requirements class for application schemas in multi-lingual. environ
Requirements class /req/multi-lingual
Target type UML application schema
Dependency IETF RFC 5646
Dependency /req/uml (Application schema using UML)
Requirement /req/multi-lingual /package
Requirement /req/multi-lingual/feature

ments class,

ments

/req

multi-lingual/package

A PACKAGE containing an application schema shall use a TAGGED

“language” to indicate thé\primary language used for names and ¢lefinitions

in the application schemd. The TAGGED VALUE shall use a value t
IETF RFC 5646.

A PACKAGE shall use a TAGGED VALUE “designation” to contain t
of the PACKAGEin an alternative language to the primary langua
TAGGED,VALUE may be repeated for multiple languages. The valy
formatted-according to the pattern:

“{Name}"@{language}

Where {Name} is the name in a desired language, and {language}
guage code, taken from IETF RFC 5646.

VALUE

hken from

he name
be. The
e shall be

is its lan-

EXAN

NOTH

PLE “Observations et Mesures”@fr

This follows)the compact syntax for localized strings used in the W3C N-Triples RDF enc

bding.[13]

/req

multi-lingual/feature

A FeatureType or PropertyType shall use a TAGGED VALUE “desig
record its name in an alternative language to the primary langua

A FeatureType or PropertyType shall use a TAGGED VALUE “defin

nation” to
re.

ition” to re-

cord its textual definition in an alternative language to the prima

ry language.

The TAGGED VALUESs “designation”, “definition” and “description’
repeated for multiple languages.

The value of these TAGGED VALUESs shall be formatted according to the pat-

tern:

“{Name}’@{language}

Where {Name} is the name in a desired language, and {language} is its lan-

guage code, taken from IETF RFC 5646.

" may be

NOTE
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Annex A
(normative)

Abstract test suite

A.1 Introduction

The test suilte is structured into 12 conformance classes (Clause 2). Each test relates to oneror

more

hage;

ng a

ther
S are

specific requiirements, which are explicitly indicated in the description of the test.

A.2 Meta-model

A.2.1 Conceptual schema language

The test forjuse of a CSL is as follows:

a) testidentifier: /conf/general/csl;

b) testpurpose: Verify that the application schema is formalizedusing a conceptual schema lang

c) test method: Inspect the application schema to verify that it is expressed consistently us
recognifsed conceptual schema language;

d) referenge: /req/general/csl;

e) testtypg: basic.

A.2.2 Schema integration

The test for fintegration of an application-sechema with other schemas is as follows:

a) testidentifier: /conf/general/integration;

b) test purpose: Verify that dependencies on other schemas are recorded;

c) test mdthod: Inspect the application schema to verify that if any components from
application schemasor standard schemas are used, the dependencies on the external schema
recorded explicitly;

d) referenge: /req/general/integration;

e) testtypebasic.

A.2.3 Features

The test for modelling features is as follows:

a)
b)

c)

70

test identifier: /conf/general /feature;

test purpose: Verify that feature types and their properties are modelled according to the metamodel;

test method: Inspect the application schema to verify that feature types, feature attribute types,
association roles, and feature operations have been defined, named and documented according to
the elements and rules specified in 7.4.5, 7.4.7, 7.4.8 and 7.4.9;
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reference: /req/general/feature, /req/general/attribute, /req/general/operation, /r
association-role;

test type: basic.

4 Value assignment

The test for modelling value assignment metadata is as follows:

a)
b)

c)

d)
e)

A.2.

The test for modelling feature associations is as follows:

A2

The test for modelling featureinheritance is as follows:

d)
e)
A2

.6 Feature inheritance

test identifier: /conf/general/value-assignment;

est purpose: Verify that tvpes providing value assignment metadata are modelled

eq/general/

ccording to

the metamodel;

lest method: Inspect the application schema to verify that value assignment type-defi
Ibeen defined according to the elements and rules specified in 7.4.10;

feference: /req/general/value-assignment;

flest type: basic.

5 Feature associations

tlest identifier: /conf/general/association;
tlest purpose: Verify that feature associations are miodelled according to the metamode|

lest method: Inspect the application schema ta'verify that feature associations have h
dccording to the elements and rules specifiedin 7.4.11;

feference: /req/general/association;

tlest type: basic.

lest identifier: /conf/general/inheritance;
lest purpose;Verify that feature inheritance is modelled according to the metamodel;

lest method: Inspect the application schema to verify that feature inheritance has b
jccording to the elements and rules specified in 7.4.12;

feference: /req/general/inheritance;

hitions have

I;

een defined

een defined

test type: basic.

.7 Constraints

The test for modelling constraints is as follows:

a)
b)

c)

d)

test identifier: /conf/general/constraint;
test purpose: Verify that constraints have been specified according to the metamodel;

test method: Inspect the application schema to verify that any constraints have b
according to the rules specified in 7.7;

reference: /rec/general/inheritance;
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e)

test type: basic.

A.3 Creating application schemas in UML

A.3.1 UML profile

The test for use of the UML profile is as follows:

test identifier: /conf/uml/profile;

test purpase: Verify that the npplirnfinn schema uses the QpP{‘ifiP(] UMI prnfilp-

test method: Inspect the application schema to verify that the CSL used is UML followin

nts, stereotypes and tagged values described in 8.2.2 and Table 17;

fe: /req/uml/profile;

test typle: capability.

kaging

packaging the application schema is as follows:

test identifier: /conf/uml/packaging;

name and version recorded;

Fhod: Inspect the application schema to verify 'that all elements owned by the applic

recorded in a tagged value;

fe: /req/uml/packaging;

e: capability.

A.3.3 Dodumentation

a)
b)
c)
constra
d) referen
e)
A.3.2 Pac
The test for
a)
b) test puf
c) test me
schema
of the p
d) referen
e) testtyp
The test for
a)
b)
c) testme
d)
e) testtyp

documenting the-application schema is as follows:

test identifier: /conf/uil/documentation;

test purlpose: Vetify that the application schema is properly documented;

thod: Inspect the application schema to verify that the definition of each primary ele

(packages;classifiers, properties) is recorded using the primary exportable documentation fa
that any secondary documentation 1s recorded In a tagged value description’, and that any
reference to a corresponding catalogue entry is recorded in a tagged value “catalogue-entry”;

b the

pose: Verify that the application schema is contained in a UML package with the cofrect

htion

are contained within a package with the stereotype «ApplicationSchema» where the pame
hckage matches the name of the application schema, and the application schema versjon is

ment
rility,

reference: /req/uml/documentation;

e: capability.

A.3.4 Integrating an application schema

The test for integrating an application schema is as follows:

a) testidentifier: /conf/uml/integration;

b) test purpose: Verify that the application schema has been integrated with other schemas according

72

to rules

specified in this International Standard;
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